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Abstract

Fractal dimension values derived from variable dimension between landslide distribution and environmental factors can reveal
sensibility of landslide development to the factors. Taking the battered area of Wenchuan Earthquake, Gansu section of
Bailongjang river basin as the research area, with variable dimension fractal theory, the fractal characteristics of the environmental
factors of landslide are analyzed. The results show that: the spatial distribution of landslides is in the second order cumulative and
fractal distribution with elevation, fault, rainfall, river, road, slope gradient, lithology and land use type, and the fractal dimension
values are relatively large, about 1.60, 1.50, 1.38, 1.35, 1.35, 1.30, 1.22 and 1.14 respectively; the spatial distribution of landslides
is in the first order cumulative and fractal distribution with slope aspect, and the fractal dimension values are minimum,
approximately 0.72. Therefore, the main factors of landslide development are elevation, fault, et al, while slope aspect has the least
influence.

Keywords: Bailongjiang River Basin; Landslide Disaster; Environment Factors; Variable Dimension Fractal

=)A= 785 0 N 3 N
Pl 3 4E 5T R4S AIE

A, EFYL, Bz
MR EATREE %%, Hl =M 730000

B E: BRI EFFEE TR RENDEER T BE LT EFHRAGRE. AR MEEXRRRZ - E

EILRHEHFEEAFRE, HBEELSHER, 2T RZETRBARENFAE T OO ML EREW: BHY

At EEmE. WA, DBRWE. M. B8 WE. HEEEPLHAREEYE W EitaWos, HHEo%MEHY

thix A, 4484 1.60. 1.50. 1.38. 1.35. 1.35. 1.30. 1.22 #n 1.14; 5@ E—WEithaKeat, EofE&EAD, X
072, ¥ HARRBHA AW ETETER T RBE R AE, HEBHk.

R aAILRE; WRKE;, FEETF; LW

515

FH TR ()t 387 B AN S 2, HON B B VL [ g e A i s 2 I X 22—, X )5 %

FEBEAWY. M. AR, Hininas, BRAomEET, SRR, WmINE, HMER, fadmESE
B, LA A . 5 B REASC By ge M, 2008 4R HFE SO K H R T L iR
M, BRI RKREMRE. WREARERI, AEARKENRERME TFEmEieklE. £S5
XA KE, BAEZIIGEE, (H 2010 4 8 H 8 H =RIA. % KR4 A 8 KK 1Lt A ok 3,

-79-
http://www.j-es.org



TR IR EIRIA s J,  FEWT B eV B SR, SO G /- X e, i& k. 1501 ABET:. 264 NKESR,
ST G o S 1) RSS2 o

TEYAETE RGBS FE AP R A AR LR E A ELVE D o DA X T i 46 1 Jofd o 55 RO 90 K 22 35
WIS 17, XS4 GE BRI VA ZE W T0 I8 Bl AL I AR MR AE |32 51— 2 (R 1P, 4
TE R 1) 2 38U NI 78 AR T S 20 I R — P (R 5 i RN T B, AR SCPEAIE F0 385 i DA 48 23 T8 9 B K
W, 0 WHGH B T TSR TR 1 A TR S A e e 2 e T s DO, g
T IT IR E R, RSN T B, BT SR TR R, KB
SASHE AVE. LHURIHZREY 2 I BRI T A, RN 4RO R BT IR 3R BN R
AR . E AR T )R L B X A (A AT S AR R MIRERE . WA
ERAL TERG. W AP S IR AR, N R AR B R 3R WA TR 50 B ) 4 BUAR 4E 4y
TR E R J%, RIS A g2 SRR S T BR TP T R B S R R Rk . S 2 S O e vt it L
WO, R T5, WETE R R S i AR, S, BRIMIE S . PR R
I 251 ARG S TEREAE, I\ AR 4 2 T8 B SR A TR0 3 () 25 (8] 3 AR AE T T GIS 723 8] 2 0 2 A B AL
HHEAEEER L W0, A4 LB NI I 2 0 A R 7 I BUBE PRI B 41 T i fe, s %
Je A3 30 1 SR TEAR 3 CEURN o B I 22 St T AT IR N ORIE A, DA B8 4t DA TR 33 2 [ 1) 0 A AR o

A A A VTR H R BN, R0 53 ¢ FE AR I AL HE B W = AN 10155 9 AN IRSEIR T AR 4k 43 T
BEAE,  DAIASE S MR R T 3 P RS R RS LA, AT Rk ok AR SR (LR 22

1 [XigiihsEsR

LIS H R B T H R A B 7l s AR AL e, Ak T 75 5 e JiR 1 2 v T R ) R e S e A
Bt BT PRI IR ph— b iE L, shE PR AR, XGRS R, SRR LR IE L 20
A, Wi EEvE. FrigiEs Hoiaik, e SR, resR R, I BRI TR T
g 2 &= /0#E 1500~3800m. Y ERHIMZ ARG AU R A BoA . KA. Ana. THCE . ks
S, IR, B Bea. B B SRR 5, LR T RAERES . TERE . NGRS,

BRI RE 2 , Wi. FTERE, SRR H A A NIEAL AR, KRR HER
Rz oA, FERRRKS R R A, IR E T Z0AA (B D . KEMEHEH
e, BEELGTIRRE, NRIESNT BRI RS, N2 ik 5k B B kA I T
2R 0A) S FUASTRN 6 FE 55 07 TR AN E P, R 9 X b T 9 36 TR R SR B AN 25 SR W

2 MRFZE
21 [EIE

AR TG S B A TR I R R AL, KIS A R T A M TR AR, B2 Ui AE
(N, DXOSEAEbR, I8 AT RS — SR B SE e ATT, A RER B0 Bl i B D B Bl i 5
— R EATE R, RWRSEINETCRAE T 2 Gkt N AR EZ R Ik, v T e R A
FRRUG L AR BRI R, A SIS N T ARG S A, BSR4 R D RRFAELREE 1 eR AL

D:F(r) 1)

it AR AR, AR N = fRYESFT A H 4E 50T N = CrP ik, Sl bl 7o 2t — &

1B 2 e E B RPN, SR RN o B 4T, i e R R e A O L 4
NS E. HAKDERN:

F—ob, RIRGEEIE AN, r)(=1 2, ..., n)fEXUHEARAR T T SRR 2 sIRBOTO B A br
ARAR P R SR BRI A SR R BUD ER) 73 5K Dijag o IX 800 AEROE B AR B

-80 -
http://www.j-es.org



Di,i+1 = In(Ni/an)/ln(rm/ri) )
WP, WIERR R K NGHESI LT A, B

{N;}={N;,N,, N} .
FEVL B IEAFRHI IR b, i B0 AL 3 25 B SR T A
1S3} ={N;, N, + N, Ny + N, + N, %)
(52,}={SL,S1, +S1,,SL, +SL, +SL,--} )
{Sm,} ={Sm-1,,Sm-1, + Sm-1,,Sm-1, + Sm-1, + Sm-L,,-- -} ©)

KA: SL, S2i, ..., SmiEfa 1, 2, ..., mRIATH] MK TVERT LIE m B B AT A

=00, @R BT BB TR DL—B Bt R, R A S R SL(SL, ) AN
(Slists Fien) FEXCHEABBR A I RLE (DLijar), BI— PR BRI 2> BB LE D TR o0 5. 1R4E n MRS, of
PAIFRE) n-1 52 B> BURAERI 7 48, TR A AT S . H DM Rom m B B 0HF 70 B 4 53 T 1Y
SRS, m=1, 2, ...; i=1, 2, ..., n-l.

FVUD, AR IAR, FEf e AR 4R TR 4E 50

103°0'0"E 104°0'0"E 105°0'0"E
= - z
o o EHE <3
5 5
z e |3

I
z z
o =]
o o
o o
o (a2]
0 20
103°0'0"E 104°0'0"E 105°0'0"E

E1l tARXBH 5 HE
22 MMERFLIT
221 HEETFHERHK

RIS T 94, BEFEHE. Yim. mfE. HEEWE. tEA M. LR HSEREERTE . W,
TE S ERES o NN AR5y T 77, TR B R SRS AT 5, 1 S5 RO PR 8T R R AT 40 Br el oy 28
(RD .

MR 4y B SRR AR (%0 30m (1) DEMD , $REUEFFE X I3 BmE. LA
300m yfalkE, ¥ 600~3000m i [ P m Lo i 8 ANX B, % 3000m PL_EAAMEN—ANX B LA 10° (a6,
VR 8 ANX B BA 45° NIRIRE, #3Em R 8 ANMX B, HFEM &7 Bz S %44, Bl 20mm
RN, K 50~190mm JEE N HFE M & 58 7 MXE

-81-
http://www.j-es.org



R EVES LR R 4r 36 XAMZE AT REBIFTAEFIIARE, FEEARBRII N 93K,
AFETHCE . BCE. BEREEH, TEEBEKE. BEEH, miba. lE. MEDIRESAH, BRbE.
TRk s WRAAH, FEEW S, RARKEEH, BEEKRA. DIRAEEH, WtRaAAH, TR
s BREAE . BRXRAEEH, HREEH, TR Al R SRREZCRZEM LA H 2
bt RIS OR BRAE, RIGrE 835, BFEFHL. Fh. M. RA BRI, KE, B,
TR AR, 73 A TR Ap~H RoR .

Wiz CRIET 1:50 /FHBTED | FRAER Sk B Ll 500m ylE]EEEE S 10 SRS XA —A
it 5000m FIZEMPIX, KibiZdts . IR ALE BRI T 11 S AR IX B

® 1 PREBERERSHERTFIR. HEMKRSLER

FRELH 4 5 (r) 1 2 3 4 5 6 7 8 9 10 11
20~ 30~ 10~ 40~ 50~ 0~ 60~ 70~
A o

BRI BC) 30 40 20 50 60 10 70 80
T#/10°m? 121.83 7254 4175 1353  4.37 1.30 1.09 0.15

180~ 135~ 225~ 270~ 90~ 45~ 0~ 315~
A o
I B () 225 180 270 315 135 90 45 360
T FH/105m? 50.06 3929 32.84 3239 3230 2411 2303 10.26
1800 1500 1200 900 600 2400 2100 2700 3000
RS Bt (m) ~ ~ ~ ~ ~ ~ ~ ~ ~
2100 1800 1500 1200 900 2700 2400 3000
T FA/105m? 5293 5264 5164 33.01 3226 1564 1162 569 1.12

iﬂl)%%ﬁﬁ?é A B, C, D, = Fq G; H; Iy
T /10%m? 14030 4447 2459 1676 1510 1159 255 0.75 0.45
b 2 HE B

Eﬁﬁhﬁiﬁifbﬁéﬁ 05~1 0~05 5~ 1~15 15~2 2~25 25-3 455 3~35 35~4 4~45
T#/10°m? 5825  47.42 3778 2826 2372 1857 1239 10.69 7.56 7.18 473
HEEm 20 B 70~ 50~ 150~ 90~ 130~ 110~ 170~

(mm) 90 70 170 110 150 130 190
T #7/10°m? 8855 60.82 3508 2243 2054 1566 13.48
Nmibra =/

Eﬁﬁq”aﬁifbﬁgﬁ 0~05 05~1 15~2 1~15 25-3 2~25 5~  35~4 4~45 3~35 455
T#/10°m? 87.88 4465 2822 2630 1875 1488 11.78 9.88 6.61 5.11 2.49
N IEAN

ﬂhﬁﬂ%ﬂifi”ég 0~05 05~1 1-15 15-2 2~25 5~ 35~4 25-3 3~35 3~35 45-5
T #7/10°m? 87.49 4295 2825 21.82 18.08 1566 1321 1136  10.81 4.24 2.70
LA 2k A, B, C, D, E, F, G; H,

T#/10°m? 14933 8842 1016  7.12 0.72 0.36 0.34 0.10

I FERTHES SREBFREROHFLREN; FEA~LRA~HMERNREXFELSLS; WEXNMAEKRERS M E IR
BRERF), EERABIBRNAIEEAT, HKEFE~360°EEMA.

222 IMEETFHSMLGIT

FIH Arcgis Al B RS (overlay) i 4, X R B 7040 B SR R 7 BREAT B IR A8 5, #5315
S AL A5 DR 28 BT 480 A T AR A5 B PR B 5200 [R5 1) 2% 0 BE s SRR B AT A (R D o —fiihoN,
5 FARANAZ W A B RE A, [ — A A 2 i B8] 1 ) RS X I S B LR A B, JF H B RS 2
)T B R HEIRAS, B T4 MR A . R, 2% A B e 7k, B8 IRBER e R T
WHARIZ WK BN RS, 2 JE A R 52 5 (r) BB : 1. 2. 3 5%, FHRIRAR ) 07 S0 T 35 AR
(N) 5% 5 ()it irgeit, B & RHA2al R 2 X0 Bk br rh & VEf & 07 2K T 0.99,

3 RSP

DA S R 5 35 P PRI A48 23 T M 5] B B T AL (N AP 38 B 4 5 () R OO 505G 2 it 4 3 B0 L ) o )R et
Kz (H 2A) , VIR A S L M 2R TR R R, Bt — DA A B, DU ST i AR S 35

-82-
http://www.j-es.org



Z A BARYE I R o DRI, oI 3 T AR (NGR4T — B R84, AR 5 145 SR (SL) S 4m 5 (r) &k
PUNAEZME SR . FRAT 0 R UTAR Y, WTDUE BIEUE 2 (S2, n)EARLMERR, HAMHKXRECKT 0.99
(E2A) , VEHIE AT 53 2 8 2 =0 BAF R TR R (0 4EE D,=1.30). £ 2 5IH T 14545 R,
Hor 73 By A 5U(D 1) 5 — B 20 B 4EE(D L o) B B 5 (r) BRI BOK, e T Id B AR S 3% 2
EAERPMERR . KEBFEFEAEER, SRS SRR 8 NIRRT E ML AEE (B 2B~D , HK &
THR S A B 23K 3.

_ah i
N st B il
A -
/.
7-7:_::?,/_-7 e—t—o—o—o =
1o _.é.(,—f/:'_j_n__ 10°F &
R /
o - £ _-vill] "
g0 ~*"No & e 2 ) —
Yo e—Sl1 = —=—N(1) — iy .
E s | g oo ow B L[ —e—s1 -
. A—S2 3 o S1 10F 4 5 M
E RS - e e S \ G
10 & : iz " s \
y=1.30x + 8.10 Y y=0.72x + 7.78 \ [ yTLe0TT3 \
100 R™-0.999 o' L R=0.997 \ 10°F R=0.999 a
1 2 3 4 5 6 78910 1 2 3 4 5 6 7 8 1 3 3 4 5 67809
2 r r
s e 10° e =
10° D //‘/k 10 E // F & s
] = PSS L S e -
o // . i e o i
£ ——Nm R U By *
Er el R — B E10F e
= 10'F —a—52 i " = - ”"’-—--.,,‘_n' I= —
PPN . —=—N( —a. —=— N frtg
5 Bh2k . - S] i b e S1 Bt
_ \ 7L S 1.50x + 7.77 = .
el yress 9 10 +3;2"H4a’a% SI‘;=I 020 " A2 yl3Bx 797
el S S - u i AL Ry gg9 -
; i ; IR . N 107 —
1 2 3 4 5 6 73809 1 2 3 4 5 678910 1 2 3 4 5 6 789
r T r
Ak
10°F 10 At
0
e #— & & & s 8
[ =
10°} -
L. 10°F N
= £ e E o —=NO
2 | —=—no & CEN@ Tt RIE o5 i
= . Sl Rl 1Y =i +—Sl1 e, = —a—82
. El - \
10 E ——s2 — 10f ——S2 . - sl 2 Lk \
& sk . il iz \ 19 Waas .
y=1.36x +7.94 \ y=1.35x + 7.94 28 P —.
1000 R*=1.000 gl R0 48
ms " ! 10° L L L 1
1 2 3 4 5 6 7 8910 1 2 3 4 5 6 78910 1 2 3 4 5 6 780910
r r T

2 BESHERSMEEFH RIS RS HFTIE

F: AR AIRREE. E. &2 WREN. R BMmE. R BRI ARAXBNES, SRINE; NNRTFRERSHE
EFRmSHX R, SIMS2O AR NFRAREIT M Rt TIRE SRR FRSHI X RN,

ML BF UG WX A B A 5308 . e R th. Wi, HFEm&E. Wi, St
Mo ISR B R I A, H I SR LUK T A 2 8] 20 A 55 385 ) S AR 2R 1 A 23 % 73
A7, Ho 4B BN . — AT Al 5 500 K522 e 7y AT 2R 70 AR /N B 118 350 8 X IR 1 14
AACIURE, ZAEEOR, BEUK. B, BRSO E AR, MR EME IO R
Wrdny. HBERE. . GEH. B MRATE. ORISR, KA.

FHE L Chinchina X ()7 4 & 8 % i P SISO 1 K T A E b R P 2K 02 0 A1 o L e (X 7
YR B G TR R R KT IR A R T B A T R B o T R [ B
i D) AU P e B A BRI L BRI RS R B IR MR AR, i, Rt 508
WEFCAREL, ASHETEAT I A T H it B 5O AN R i DR A AR A U BE IRy 5 DA B TUAFAE 22 52
TR ZE 5 SR 17 AN [ b DX 5 A58 2 AR X 38O 7 S M R R A

-83-
http://www.j-es.org



®2 BRSO HERSHENSRETHETESR

iRE () WER TS BN 53 B HESL B G ~Fﬁ%£&%é& W RiH(S2)
(r?) (Di,i+1) #(Dlijn)
20~30 1 121833842 0.7481399 121833842 0.673892 121833842
30~40 2 72536297 1.3625173 194370139 0.479856 316203981
10~20 3 41747262 3.9173744 236117401 0.193643 552321382
40~50 4 13526835 5.0590104 249644236 0.077847 801965618
50~60 5 4374490 6.6554153 254018726 0.027998 1055984344
0~10 6 1300000 1.1651876 255318726 0.027541 1311303070
60~70 7 1086270 14.845995 256404996 0.004369 1567708066
70~80 8 149620 256554616 1824262682
=3 B SIMERTFMTE S IHELRR

75 B[R T S K E (m) 5y 4E{H (D)

A i 2 1.30333

B % 1) 1 0.71798

C = 2 1.60190

D HoJZ A 2 1.21899

E e 2 1.50491

F H B & 2 1.38048

G TR 2 1.35648

H SER 2 1.35041

I - Hb R FH 28 2 1.13578

4 “EiE

T30 A 5 5 TR A e 7y AR 2R 20 AEAE /N R T T SBOR B R AR A B . e TR
N BOASGET R E R B ISR, WRBVIMRUCOY RS Wigda . HEERE. . 8. 0.
MR E S ORISR BA . WFTCEE BT RN T2 X SRR B ) 52 Bl i SRR B S 5 1R

B

AR SCAT B v [ b R b R A AR ICHE O R A B R T U T AR A R 4 o B A
(1212011089083) 1 37

REFERENCES

[1] XK Tang, SY Liang. Correlation between geo-hazards and economic development for the Gansu section of the Bailongjiang
catchment area [J]. Journal of Geological Hazards and Environment Preservation, 2012, (4): 66-71

[2] ZH Wang, SS Ma. Fractal dimension pattern of landslide and its significance for forecating [J]. Chinese Journal of Rock
Mechanics and Engineering, 2001, 20(S): 1699-1701

[3] SR Wu, JL Han, JS Shi, et al. A study of the relationship between stability and fractal dimension of the major landslide trace
pattern near Badong in the reservoir region of the Yangtze Gorge Project[J]. Acta Geoscientica Sinica, 2006, 26(5): 455-460

[4] SR Wu, L Shi, CX Tan, et al. Fractal analysis of Huanglashi and Huangtupo landslides in Three Gorges, Changjiang River, China
[J]. Earth Science: Journal of China University of Geosciences, 2000, 25(1): 61-65

[5] BD Malamud, DL Turcotte, F Guzzetti, et al. Landslide inventories and their statistical properties[J]. Earth Surface Processes and
Landforms, 2004, 29(6): 687-711

[6] F Brardinoni, M Church. Representing the landslide magnitude—frequency relation: Capilano River basin, British Columbia[J].
Earth Surface Processes and Landforms, 2004, 29(1): 115-124

[7] Q Xu, RQ Huang. Power law between volume and frequency of geological hazards[J]. Journal of Chengdu University of
Technology, 1997, 24(S): 91-96

[8] YX Hu, XR Liu, Y Jiang, et al. Three-parameter inverse-gamma probability distribution model of incomplete landslide

-84 -
http://www.j-es.org



(9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

inventory[J]. Journal of Central South University(Science and Technology), 2011, 42(10): 3176-3181

YX Hu, XR Liu, JH Luo, et al. Analyses and example application of spatial data for landslide inventory[J]. Journal of Lanzhou
University(Natural Sciences), 2011, 47(3): 9-17

LS Tang, CY Zhou. Fractal dimension and prognosis of landslide[J]. Acta Scientiarum Naturalium Universitatis Sunyatseni, 1996,
35(3): 87-91

ZW Wang, SS Ma. Fractal dimension pattern of landslide and its significance for forecasting[J]. Chinese Journal of Rock
Mechanics and Engineering, 2001, 20(S): 1699-1701

TF Xue, Q Yang, MT Luan. Research on fractal characters of spatial distribution of landslide based on GIS[J]. Rock and Soil
Mechanics, 2007, 28(2): 347-354

YH Fu. Fractal analyses for parameters of wind, wave and current[J]. Ganggong Jishu, 1996, (3): 6-9

YH Fu. Transform-formed fractals and analyses and forecast of marine environment data[J]. Marine Science Bulletin, 2000, 19(1):
79-88

ZH Wang, ZW Hu, CQ Liu, et al. Susceptibility analysis of disaster-pregnant environment factors of landslide in the hilly area in
Sichuan based on variable dimension fractal theory[J]. Earth and Environment, 2013, 41(6): 680-687

HJ Qiu, MM Cao, W Liu, et al. Research on variable dimension fractal characteristics of spatial distribution of landslides[J].
Geoscience, 2014, 28(2): 443-448

[1EE 4]

LigiE (1990-) , B, W, Witk BE 2L (1989-) , B, W, @it BULAET Lignia i
FeO7 A PRSI S U R . 2013 4F B R ABR AR . 2014 FEEEMY T = MR 2z i TR Lk,
AN T 2 MR TR, I IR T2 A 12247 . Email: tangxk2011@Izu.edu.cn

ESRE S = 2 (V8 s (1965-) , B, W, M, HAE, WERJTE: B
Email: yang13@Izu.edu.cn 5 5 )T 55 . Email: liangsy@lzu.edu.cn
-85-

http://www.j-es.org



	Variable Dimension Fractal Characteristics of Environmental Factors of Landslide in Gansu Section of Bailongjiang River Basin

