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Relationships Between Landslide Disaster Induced by Mountain Torrent and

Its Natural Impact Factors in Sichuan-Hubei Folded Mountain Area
— A Case Study at Xiangxi Catchment
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Institute, Wuhan , Hubei 430010, China; 2. Research Center on Mountain Torrent and

Geologic Disaster Prevention , Ministry of Water Resources , Wuhan , Hubei 430010, China)

Abstract; [ Objective ] The key natural factors affecting the distribution of landslide disasters induced by
mountain torrent in the Xiangxi catchment, which represents the Sichuan-Hubei fold mountain area inner
Eastern Three Gorges Area, was studied in order to provide scientific support for the regional prevention and
control of the mountain torrent and geologic disasters. Besides, the performance of Geodetector model was
also discussed. [ Methods] The quantitative relationships between the regional torrent-landslide distributed
pattern in disaster-prone mountain and its main natural impact factors was analyzed based on field investigation,
GIS, general statistic method and Geodetector. [ Results ] The stepwise regression analysis indicated that the
main five factors, i.e. , lithology frangibility, fault range, NDVI, extreme value of storm and lithology hard
degree can totally explain 80. 6% of the variation of the pattern, and the contributions of them were 28. 6% ,
19.8%, 18.9%, 16.4% and 16. 3%, respectively. The Geodetector analysis indicated that the main factors
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were lithology frangibility, fault range, NDVI, soil erodibility and lithology hard degree, their contributions
were 24.5%, 20.9%, 18.3%, 16.3% and 14. 8%, respectively. The interactions between lithology frangibility
and the two vaiables of NDVI and slope, can explained 68. 8% and 62. 0% of the pattern, respectively.

[ Conclusion ] The regional mountain torrent-landslide disaster pattern were mainly controlled by lithology,

fault and vegetation cover. The harder the rock was, and the farther from the fault, and the higher cover

level of vegetation, the less the mountain torrent-landslide developed. The Geodetector is suitable for the

nonlinear geographical phenomenon in general. However, the linear characteristic of independent variable is

ignored in this method, and naturally the repeatability among the variables cannot be distinguished. Therefore,

the classic statistical method should be combined for understanding the results comprehensively.

Keywords: mountain torrent-landslide disasters; Xiangxi catchment; geodetector; spatial analysis; Three Gorges area

=g A X [ B TR Y A S P 0 E 551X, 2003
AR =K B K LK S T XU 38 ) A kg€ . K
L0 ZE (51 14 8 A UL 3 6 2 W L K PR KA Y JE 3
PETH 5 23 AR W A/ S K R T L BRI A AR B BT i
JE o T A2 20 0 AR T L1 A B DL A 1 BB
JC L BETRGER T BERE R L SR AR =k K P K LA
BT RIS RI 40 & A R X Lt b 5T 9 3 (D
BRI K DA e i 5] B B LR A A Y F2
I, BARKIEE KRS JE XA 1 AR
b BRI M 5T % P R B R B S R R TR
24 4h W 3 K B A RS BRI R LR L A 0T g
AR AR - DA HT DX 35k W e 2 U0 & 7 L AN O R R A £
XTI B R TAE. DM RN TiX —M 8 C A —&
PR BT AR R RGN A4 Hh A X M 7 o0 b R
5K 3 ) LSk 1 R e T R T K A AR R B K A G
DRI 3/ 2 R 0 3 30 A K YT R T SR R Y 1)
YRR s R ST I T GIS HR MR R S,
XF =Wk /K FE 175 m [m] 7K 52 Wi DX 3 A AR R AT T 48
TEoBZE T WY A 5 v AL R B ) L
A UM R AE 5 T 7 S AR IS I Tk R
EETE T MR G P | 25 R [ 6 =R X
BH— A& 1L B ¥ 35 43 A7 ) SRR R AE L IR ki 25
J3E RV M) ) A B AN F B i s Wang A1 Niut' i B o
EL 4t Bk 9% U5 TR 8 G AR R AR AR o AR SA
KPR R TR %5 20 AR B, 2 Tk
SR e A B S G U A W B o A R AT T kG
JER T T Sk XIS S 12
BN AR P IR I A 1 N = R
5T I A A S e A s R 1R ST R B T N X T
LB EER T2 A R v KR S
JEE 1 B R A4 K MR 20 2 TR L K
O3S A o ARG VT 3 R A A R Ml b 2k
PR~ 1 SRR AR A T F 45 2 PR 7 22 W 38 2 A 1 A
Xt B M Gl = 4R L HEOR SHR 5T P 22 18R] BEAF R Y

SEH S AR K T 7 AP AE — A, Ak,
B YRGS 11 DG 2 ) 43R Tk — 3 B o 32 AR T Ll DX
HEAC i b B BT | R B 2% 2 vk st o T e O B
(4 7 52 9 3 A5 5L AT RE 5 A B K S M B A 5 A 1
NE 3K AE LA ST h i 80 53 . A5 [ F 8 4 B ] LA
PRIT M | A H8 45 Wsf i) RUJEE P A I ] 722 A R XoF
i JE G 0 5 0 o DRl A T R B R R OGB4
il P 758 B BE AR D7 YA . 53— 7 D, PR 45 A
i (Geodetector) J&— FR M 55 (8] 43 57 4 I 48 7= H
JE IR BN F1 0 — Gt 2 B AR DL A3 AT A5
78 i Xof PR B 1 5 I R 3 R LRI B R i ] 58
HAEHTHRASE RS . 4 A 30228 L T 25 [H] )
BT A s DL =0 J28 DX A5 V8 T i 4l 1) 938 it — 3 B o oy
WX % . 45/ & 58 11 A Geodetector J7 ¥k, R 40
SIHTBRIF SRS G S (8] 4y SRR AR e 5 R A RN
(19 56 28 AR B LLIZ0 0 AR 2 100 J2E X AR A 1 SR 48 4 1l
b Y% Ut — ¥ Y I A3 ) A Y S SR A A Y L R B )
BT b, AR N 8 R AR AE A I 5 b I A B 0 A 5 Ry BR

1 WF X 588751k

1.1 RiEHR

TR TRV B = e X A 5, R TR
W, b pE R AW de g % B ERIE B, T A
BHEAFKIL. THAKZ 94 km, Ji i 3 193
km? , SRV F i — S B e RO A
B RCBE VAT 3L o A2 S PRy Rt e 2 XU A 52 il s A X
D =R a3 L R SR AE R B 1 000 mm DA |, BB
LgEa R TSR e A R i R e IR A N T
AEAL YA T s H IR DA rp i L b oA 3 Ll SR 0 LT 25 R
Y15 i BORE B RS T 20 tH 42 80 AR AR I 2 ™ E IR,
1989 4F 2833 — R AN K L AR H¢ 100 B ik B 15 2 B W
et IR FR AR 55 K58 56 %0, IR BE M Y T R i
308 Ry 3 SN [w) Ji A 14 88 B2 75 R ARG U [ A, HC v 2
R R— BT I ARG BT 2~4 mm 'YX



56 M

FEARAE N SRRE SRR — R EF S EEARR TR 49

PN BT 22455 Sl RS I3 s Hh R TR DU R e RS
Ta AL TERAFE =R PR ZKRITAH LHEZH
ml K GERITA RE R R KA R
W E KA RY R SRR T AR A AR e S b
AR A kU Y ARG P oy I R o

*1

1.2 KR

AR ER T H AR BRI w ok E 5 2
H AR R 19 ¢ & o PRI A B8 k3 BB ) R HEBR 2002
AP Z 5 KB K B 528 ¥ B 1 32 BRSO R R T L
*z1,

o X B At 5 1R 5 Sk IR

e B b 2

1 R RESGE 2002 4 “eEILETCE PR 7 E BT A0 T A B
2 BEFH(1971—2002 4F) LN L0 AE U R B LK SR B L s 2 10 AhFR RS A R RORE . KT K SCAE K
3 HLAIH (2000 4 o [ B A B 5 U B B A A R 0 4 1 A b R R
4 R o [ B 22 B g st R HEEUF ST BT 1 s 100 5 o [ A R 1k A
5 DEM BIF % SRTM 90 m
6 MRS ] 5% b J5 0 R B30 H o0 P T 5 100 T b R A
7 NDVI(2000—2002 4E) b B 25 ] B4R = M35 MODNDIM. 500 m NDVI A 4 7=
1.3 ERGFREISHETE HHLE,

— BNy T R K A B 5 I KRR AR H
BB AR R E M R BUE AR AR E R B
K AEXS T i BRG] A R — i) T B A s
P W= RO R B 5000 A 45 M o 28 3R AR LA

1
1.3.1 BARI(SHFTHFRARAMMEAADESERFZHK
C, (AT Z 4 V- 359 25 TR AR AL B e IX 38 2% WY 17%) 466 %)

i T TR AR 9 78 S 2R BSOS W R A o M, SR
Wk EWAAAEIE LR, G ICE R 10 A5k
MHU1971—2002 ARSI AR B WAL (H & A C, {5, 7F
GIS  #E47 52 FE 85 A0 8 (IDW) R {8, D 45 51 09 39 7 i
12 (RMSE) S/ B A3 B B g Ay fT A,

1.3.2 —HTFTHR@EHA A FILARRA A LE

HET o LT AR R B A A

G55 GORMCAR W 00 - e IR R | 38 PR IR LD e

Ay
WEAFAR AT 9 o M SRR ARG bR A R L AR AR R R
e 1 s .

WE/(C)

360
=F

WE/()
45
1

EEZURBEEAREFHTREMEER

NBHE(AD S NDVI(A)D  HIERZEAZILRAE A
IS RUE IR B A B OCHR A [F AR B 5
R KA S ALK T B . B SE SR WAL L
L2 S 1N = 2l = 0 w1 I e w7 22 IS B N
FHGR LR, TR ABEREE NG
PRI K AE RS A 1 K T ) FRe i AT
&, 2% SCHRL LS I TAF - X AH G H8 AR 2E 47 B0 10 4T 435
NDVI B #5% H 20002002 4F 4—9 H 55X NDVI



50 7k - B F e AR

%38 &

EHHATEAR 53],

1.3.3 WM OEE(AD 53k é (AT MRSk
Xof P DX AURR P 33 B2 1 A 45 I T GIS w1 slope” Al
“raster calculator” 1" E. & B 88 10°~45° 2 [8] (19
JEE AR Bl T A AR s B 1) th GIS rh “aspect” T. A
Xt DEM Ab 3RS  F365 77 [ 70 A5 2 .

Lt B K (A)] WEATERBRERFMEZS
N E A ST 5 5 e M ) | 3 v B R A R L 7R OK
SRS R L ST 43 145 B R 5 A 4 A
(GR2). MO ARG A PERAE 73 2 153 ) ORE A JEE 45 47 5
VO XA BIFFE A I L AR 43 K R 8 4 i 43 A7 75 B
BSWTJZ 5 ke WP 28 DX IR )2 0% SRR 2 A X 45 55

1.3.4 M EMUBEEBME(A) . EBEEELE(A) XK W2 0.5.1,2,3,10,30 km % &
x2 BFZUEHRIBHERE
5 H EHES) H=a A AR AR o AR pLRAY g WL
‘ WEOER TR VUL UL WERE  EEmE T aw

A H o Z — 12 11 10 9 8 7 7
o U i — 11 10 9 8 7 6 6
i F R 10 9 8 7 6 5 5
Hh 45 B — 9 8 7 6 5 4 4
FEARAB A} 5 5E # — 8 7 6 5 4 3 3
FEARIK T TR 6 5 4 3 2 1 1
56 % 15 — — — — — 0.5 0.5
1.3.5 mEBmAKALBREUNABERALNDATRZE iz FREE. UmE IFEEZw F&E B

FAD EARBFEADFBREZHKAD] KH
BEUE 0 /N it Bl — T AR AL/ B T DEM, AT GIS (1)
AR T H 45 B R 3 ) 43 A AL AE 6. 5~
183. 6 km® By /it ds . I R GIS (9 #5551+ 73 B Dy g
A3 SR BOX Be /NI K T 2 km® 5] 0 R L Y
R MR R 5L

1.3.6 MIREFDLER—BRRENELSRE
(B)J 1 TARZ Py 50 K 3 8 43 A 16 /N It B0 300 2 b
G VN W e kR A I E T U e N
S HERAC L L E S FIF G TEW K FE S L
PG A A TS 7~ . 31 B 85 D7 sl ¢ 5 500 1) b X
2R G IR ORH AL 3K — i B, (51 ] 2 [] 476 1 109 O 125 %)
WCER B 109 AN 50 9 3 AT b R A AR 7 02
G5 B S 1 BT R A 6 S8 N B R 340 6 B e R i R
(R b XD O 50, X & U0 SRR 2 b X K F s TR
[ETR N e d el T o 1 DS R O RS I = = U |
IDW 7 {15 21 FAF A 307 I BR it — 8 3 0 W e
by RFEE W 256 R EEI (8 2)

1.4 HEFHE

L4l #Fwia E A& SO 384 3
HAA X EAH R, ARUFFAMH GIS 20U F %
W) 43 AN 25 A R (B) FBR 3% M) (A Ak 14

D ¢(ANB)<<minlq(A), ¢(B)]

@ min(g(A), ¢(B))<g(ANB)<max(q(A), ¢(B)]

® q(ANB)>maxlg(A), ¢(B)]
@ q(ANB)=q(A)+q(B)
® q(ANB)>q(A)+q(B)

A B D A RIRY, 3 AT £ B A AR XHR
e TE WL
1.4.2 32 iEN B A (Geodetector model)  HiE
PRI 255 AY 2 [ S8 b PRI 1 43 J2 () S Joia P w2 ]
O SEVERIE R B — R G2 I B TR AR R s )
3 A TR L I S EEG A R ™ 14 B 5% i o % PR A i 7 P
SR E AR RRNTT 25 KE I ZN KR LI
BT A A8 58 PR AR S ) 52 R B, LA 2 U0h
hile}f
No*

Ao — MR E G0, 1], HE MK, 442
Xof PRIAR S 5 AR B R s h=1,2-, L, AR A A2
R E M AR R T RECR B & H AR
FRAETT DUE H AR RO IH — A S 7K 100 £5 R
AT N N—3K b 2 X 1 HIT
s oi o K h AR AR5 %,

B 7 bR A B 4R D T g 4 . Geodetector
W B AR SR AN A HAE AR B e, A 1 3 28
F R 55 F1 W0 A2 5 0 R AS 5 (9 52 ) 2 5 77 7 b 3%
25 EA BRI LA B AR AR GIS hE& 5 4
B g fH 5 AR N, A AR g (HI R, FEMN AL H
YER A -

q=1— (D)

(AR08 55D
QNSRRI RS S ERT B
CBUA -3 58

(A 57

(AR ZR L3 58D



56 M

FEARAE N SRRE SRR — R EF S EEARR TR 51

o T AR ST A 22 4 100 JE B 2 L AR L 43 A
ZIN UG SR ) (L A S O IR AT e Bk L A o B LB
SN FIRGE B A A XA TR 11 35 AR
i M AR ] G — SR HERS 2 (100 m) I 5% 4K o K &
P Al bibAR A3 3 3 123 AN K koK AR R R
ARSI R 5 N AR i O i R fE ST L SR A T M A
PRI D RE 73 M7 4% H AR R 1 X 25 9 B2

2 RSV

2.1 BEARBZER-BEREAREDHIES

Wt L T7 k. 48 H AR W A K L 1S B AR R
T R — T 2R 5 R WoR (] 2) , 5545 K
Je M A Jag ok DX S TR A R By e R R Y 25
ke, I AN 2 SEBR R TG DL - RS 2 BAR B4 R RUBE
MR 23 I JRE 73 A+ A 18 9 S ) 1R Tt — T K
Gy KX TGP AT AR 2 1 LR B8 U 480G g S, AR AR A Y
At A 208 o3 AT U 3 %) SRR AR L i B A A
A AT BE 5% XN 5 BN v B B A R

SERNE
[]0~0.23

[10.23~0.45
[ 0.45~0.60
I 0.60~0.71
Il 0.71~1.00

0 10 20km
B2 HEARBER-—BRESRESH

2.2 BEARBELE - BREEFERESTIEBAE

FHEEXER

38 128 3728 A5 1] U At BRI 25 B A B, AR TR
T 25 o R Sl R 2 T SR R O A o A IR
TR L 3 A O S (R) 43 S I TR L R OK
A - HE R R 095 AT R /N3 SK S PR R 1R
A, ZEEPIEEE R R ABR A 5 TKE 7 1]
DA R R AR B 80. 6 26 1 A8 £k o 4R 415 b v £ [0l 19 2R 4K
(£ 3), & K F 1Y 57 Bk 2K Kl 5 MM 55 M (Ao
28.6% W22 WX (A0 19. 8%, NDVI(A:)18. 9%,
T AR (A 16, 4% LU K A M 3ORE 2 (A
16. 3%+ 7 J2 220U B AR L A A S T 2
IR SR R R IR,

®3 BEARHEEE-BHREERE
S5FZE8AETHESEIEPER

FrifEdl

F AR U 2 5 tfl pfH df R’ F
Ag 0. 480 3.824 0. 000
A —0.333  —4.611  0.000
A, —0.318  —3.822  0.000 42  0.806  35.863
A, 0.275 2,201 0.034
Ay —0.274  —3.545  0.001

b FEAE I 2R ASE AR 43 AT 1) 45 R 5 LR RS A R
) (2 4) s AR H 45 PR o 1R 725 S 118 figt A 8 Cq {ED HHE T
LA FEABHADBUR T B WA (A . A 55
P CAD AALHE B F 0 43 Fr v HL AT e e 10 file 3
5 At 4 T5 PR 340 43 ) A7 AE A 2 MBS 5 Y 28 B2
SeB b5 M BT I 8 G R B D) YA TR S P (A B
LR R X (AL ) FIA M R 8 B (A 7E 1 2R A8 L v
PoA R e i 2R B, R BT M o 2 80k IX 3 B 0 A 4
SRS 1. AEETICHIE R THRY R K
AR AR T 5 LR B U5 1 A & AR Bk A S il U
FOUBUSE 2 IR ™ T AR b TR K R A [
DURUR ARBE 2, A T 2 i 5 13 300 v 1 i 1 34 38 R
I ARSCR S R — 2 B LR — k. It
Ah s NDVICA;) 76 WG A AY [ 5% i 7 Ak F b 2 4 1
H5WEEN T B S ARSI ADELE/EHT
AT DL R AR B 68, 820 AR AL, B T HR 4 o v
Il 0 R 5

x4 BEARBER-BREERESEE
BARFHEFSEXEERRUER QB

I H Ay A, A, Ay As
Ag 245
A 419 0.148

Ay 592 0.315 0.311 0.209

0.
0.
A, 0.418 0.273 0.163
0.
A 0.688 0.294 0.299 0. 387 0.183

TE A E S R H g (R T 0.1 HyAE &,

— SO R T R B AR T AR B A0 R

K HBIE SR AR AE P 2R B ) ) B T ] X —
77 T J2 A 2y 225 18] 23 B A B (9 S S50+ B X P9 26
iR BRI A T 2k, sl B R DR R A Y B
SR AN R A DU G 2 4 B B4 40 T s AR X 1 3
WK 7 A BT TG 2R PR X 3 A AR 58 o3 Y it
10 ORI R T R AT DR O AR I 5 o A G 4
B A T MR A s M T2 5 T 3850 AR I R R Pt R DR I 22



52 7k - B F e AR

%38 &

— HUE XL F W E S ALK G IR
T A L Geodetector I F#81 (1) ¢ i # AR
(As, 0.0125 Ay 0.008)  H A2 B AR W, WS
R e 5 1 1 3 B SR B IR 62, 020, 2% BH Bk B )
RS I N S i N S A RS E S ]
BB SR B AE R AR 6 B R B MR OF R
R A 9 A A Bl A 3 B L I 1 X A ek e B A
Jai B S e A BR B AT A AR B 22 AR BT B[R] O T .
2.3 Geodetector i 57 A Lk B

Geodetector i i 715 LB 4L T 19 A A8 2 X
R AZ i 2R N 5 2610 25,45 1 AR o 55 1 A8 e ] 7Y
SRIR I /INTRAE AU B LA s D 1] A2 ) R A ) 5
e 2 B85, Sk A St 0 BT Sl R A T ) DG IR PR R AL TR
ORE AR o A1) e a2 B R 0 T A% B — R X i —
T Y25 G I B A3 AT 1 52 T L A5 3] 1 45 DR i B R/
FHEFP 5 [0 U2 45 5 AR AL DX 344 B e+ 8 Fn 2 5 [ 7
(A7 . B HG A, A B R 2 T TN M A
A5 LR G U R AT A (R0 R OC &R (B 1—-2),
BEAk B ] Geodetector 1Y 2% it pi £ 4% 3#F 17 [l
I, LA B M ST RS SR B AIK (2 5) 5 Geodetector
FE AL B A JR P T 50 6F DA T TR 40 A B e 1 R M
MR, SR IEJEH T Geodetector X H 28 & [
A AL BRI BR T A AR 0 B R M (T R
B 7 g o PR A2 S 8 5 0 [ o S T D BRI e 5 o 2
BAEAEABRAEE . HeAk , BAR A SR Ty e 1T LAXT 4%
P 7% g DR S (9 5 0 A% J 2E 4T 4 T L (HL X R 43 AT R
AETE o 7P L AR AT . HLAE SRR U LR TR T A s
e A% Sy B ARABL P | T 52 e A S AR RL Y R 0RO —
SRR, R AT DL R A R e g R A
K5 A AR T B OC FR RE FH 5 ) D AH DG 50
A 1A A5 T vk R AN GE T 1 A 5k AT RE A 2 19 M AH G
HEE LR, 5 Geodetector A — & 1 HAME

x5 BEURBER-BREERESEE
BARFHRAERBEZESOEAER

s it jﬂ;& i pE A R F
Ao —0.416 —32.057 0. 000
Ag 0. 404 30. 175 0. 000
A, 0.234 11.578 0.000 3122 0.386 392.937
As —0.158 —15.521 0. 000
A, —0.047 —3.567 0. 000
3 gw

455 A A FI Geodetector J i » A48 [0] 43 5

T AR X = e J2E X 75 R Y] 3 ek ) YR Tk ke k5
FARSZ M B 11 06 R AT T mAfF oY . 45 SRR ik
A% I RS A 5 300 PR R R 80. 604, BTk
FARK S PENE 55 1 28. 6 % . T2 X 19. 8%,
NDVI 18. 9% . % W M {A 16. 4%, 55 1 k6l 72 JiF
16. 3 %0 5 iy BRI v xcF A AR it R K 5 T
A3 R B E M 24. 5% TR R X 20. 9%, NDVI
18.3% ., HIEA B M 16. 3% . S PEAREE IR 14. 8% ;
FHEMESS M5 NDVIL 3B /) 38 B AE H 58 B 4300 36
68. 801 62. 00 3 H F 2 o 4 A1 . 1 3 Ao 1) S )
TA Ry M 3 B 2R A A M DXV UV 0 2 A B 1 45 [
G A b T ST LA b )2 A PR AR L B L s L B
B TR R L R T BRI K A A RO SR A RS
Ay A AT BRSO L A K R v A B A AN
AN K SCE M5 255 R IE W E R AN, M P i 52
M) 4% B 7€ B3 [ 7 1T

BRSSO S5 B T RS X R
M) 93 4 — Vi 39k 9 0 A R R TR oA i B AR
DUHRAR T B B 7 R SN E T B AR 1 L3
PEFZ MR AN 3 B 3 26 R IR AR X — b KR I 3 K
FEOAMRR . Geodetector hp i 1 43 Hr JE £ 1 A8 &
V] F G I M B AL T T R AR AR BT BR T B AR R AL
(B8 M JC AR AR B DR AR B 5 e g ), 22 A
St 3 BT B AR T 4% 1 A ek DR AR B AT RE A AE Y
RPN 0 I 4 LG T Oy L X A L
FTERG 70 BT 5 FIHT

Bt . 2% P R R KR RO AR L e R F 5 IR AT
RITHRAZ A R A B IR B RAL 5 @4 T8
IREHYBRMRIHFRERS G FMHEL
Rt TR G LR EHIE LH.

L & % x % ]

(1] w5y, by HBh . 285, 4, = Ik X I 50 3 9 A0 0 5 w85 7K s
RIS AR L], M BRI %, 2011,30(4) :132-136.

(2] sdepk, Bh/NGs . 7 188 30T did 11 50 48 T 3 A8 2 Ra L il
ST A TR ,2007,29(6) :938-942.

(3] SREMR YRR AR, 55, =0 DX IR 50 4 3 A8 W
AR BT, B SR K E 44,2017, 26(3):185-192.

(4] BB, ZRIE . 25 a2 4, = e X T B 3 B 00 2 28
Hb 5 b 5 AR AE B RO AR SR (). A e 5 T
2R ,2005,24(17) :3146-3153.

(5] kP&, 800 B4, 3. o B L bk F B s X QI LM
W1AE 2 KT R, 2009.

(6] RBWE AR, T2 &1 =ik B X ¥ 3 45 4 1 0 2h 19 06 &R
[J]. AR M FR 2% 4% . 2000,8(2) : 136-141.

(7] BR&U.ZEWE, M aivk. =0 2 IX 0 3 V) B 2 40 A 5 AF 5



56 M

FEARAE N SRRE SRR — R EF S EEARR TR 53

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

PR ], T M 5 2 41 2005, 13(3) : 305-309.
FI % 18] AR ol 42, 55 BE T GIS i 7L =l i X
i B ) BN A3 A L) L 1 A7 4R 5 2005,23(1) : 63-70.
Tl AP 2%, B e, 55, SR A IR R 7 DTk 2 1k 19
= A DX A B X 3 [T ] Ll b 2 4R L 2006, 24 (5)
569-573.
Wang Xianmin, Niu Ruiqing. Spatial forecast of land-
slides in Three Gorges based on spatial data mining
[J]. Sensors, 2009,9(3):2035-2061.
2T 2RI XL XN S =0 X0 3 s T 40 A
TR BT B A B M A (1], K o I & 5 st BR 34 Sy 2%,
2016,36(7) :630-634.
sk f BRI I AR AR =R X T M X K
RUEPEH AL &4 J1% 5 TR E R, 2016,35(2) .
284-296.
E R AR M AR I &S SR R[] b A
#,2017,72(1) :116-134.
. = PR DX A IR T B M R R AR oK PR E K
X A E M B2 R AWESE LD, DU RHR - RS B TR
,2011.
R T30 AT B E. WA AR B kR FE 5 £
R R ¢ R ] KL 5 R 5 30 85,2015, 24
(11).:1977-1983.
XV ELHE AT L k6, 5. BB UL 60 4F ok %
Tt AR A #E 3 R 5B Ay BT [T ). K AR FE A 52, 2015, 22

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

(4):282-286.

T3 95 AR L. 38 4 b ) /8 B A ke i K STk
Kb okma Bz [T, WA RS, 2004,16(3) :258-264.
FER R, AR S R A BN LS
B i 0 5 BF 5T L) ] Al T 52 3, 2006, 22 (3) -
188-190.

ZRl, SPAE O S R R ERA i R K A B R
SRR A 5T [T ], T 52 1 K AR lk BF 5% 5 2009, 27 (3)
71-77.

MR LU % 8 BEl Bl VT W AR ok 7 v AR SR S B
Hil D Z I 2R 2010, 28(6) - 22-29.

B A L 258 SR B0 K b 52 fik 2 s J9R ¢ 114 BT 2 280
Sy trl) ], TR ML T 24, 2009, 17(1) 1 21-30.
TFLAG L L o S B . =k R X B Y IR DL B K
WP R F MR 3 2 . o ERBL 2 R, 2015,
45(4);1142-1154.

ST AR R AR S =ik I X K Y 28 ] A
B 7k Bt 2s A L), KO 9% I 5 36 88, 2010, 19
(7):752-758.

B R BRACAE 2R R L AL SR 0 28 (] JR AR R B
SRR T e KU X ) [T 0. 1l Ml A 4R L 2017, 35(2)
203-211.

A RS AE L B . X R E M SR T
HURAME 4 M A 58 [T . b B %2 4 Bl 2% 2 4, 2011, 21
(11):3-7.

[14]

[15]

(16]

[17]

[18]

(19]

[20]

(21]

(B35 46 )

BB KT b 2 W BRIt R[] 28
B4,2016(8) :41-43.

AR I 2R, 0, 500, 4 o MR T A0 3 R b 2
WRFE TR 8 5 AE K A 25 KUB DR AR [T . A ol 35 BT B} 2% 2
#7.,2015,34(6):1127-1133.

ZRLL AT A E R AL, 55 RS AR oA LA R 2
2 G ORI B A R AR L) ] R EERE 2%, 2007, 28(7) .
1590-1594.

Wit , P30, e, 4R KSR Z VIR T PAHs Al
PCBs (434 KA B WA [T ], o B 3R B RL 4, 2009, 29
(2):118-124.

TR WA KRR, S T K B R K &R DU
Yy« 4 S U R Y 43 (8] 43 A AR AE B KU SE A [T .
FEERES%,2016,37(6) :2121-2130.

IVHE ] TR A R AR IR TR 2R T £
SRR 175 YRR L], P8 462, 2005, 24(5) :590-594.
MOH 28 2E S0, 5K, 55 T T KAK B K R BT P A AL
SUAR 245 R0 22 GUIK 2 1) 43 A O TR RORUR: A [T, 3 8%
BF%,2011,32(11) :3294-3299.

WA IMVEEAE R R, =V I R BV g P Y

[22]

[23]

[24]

[25]

[26]

[27]

Wy i) 5 B B KU B [T, 9 7 3t B T Y. 2017, 33(8)
63-69.

EUL RN, K0 55 F BRI TLRY 2 300y
J& 2 WA HLEUR 25 1y & R A R AE LT L 3R
BiRkaE,2010,31(11) :2713-2722.

ZEFW W T B =, % BRI AW O RZ VY
Z ARG 5 RPN [T ], A AR 240, 2013, 22
(1):135-140.

T I W, R IR BT i OC AR AL W VLA L b 3R R X
W8 2 G OR s YA F sE ()], THAE RS, 2011, 40
(5):583-586.

Lakshmanan D, Howell N L, Rifai H S, et al. Spatial
and temporal variation of polychlorinated biphenyls in
the Houston Ship Channel[J]. Chemosphere, 2010,80
(2):100-112.

Bt XUVB L, ZERAR L 55 . R4 1L 7 K AT 3 DT AR
rh 2 GUIR R PR 43 A KU A LT, h B R SRR 2
2017,37(11) :4333-4341.

T 0 AL A X I L, A A AE VL ST R DL AR 4 op
Z AR IR Y 3 AR IR B KUBS P LT 1. B B R A
2012,33(10) :3434-3442.



