324555 T oo R} A Vol. 32 No. 7
20124£07 H SCIENTIA GEOGRAPHICA SINICA July, 2012

URST_E e i A imiE =i fg E A FIR

Mg, B AR

CLA ERREBE L 5 M TR S SE 0 %, UL BHR 6100415 2.7 R A2 (g KR 8 B L ok 2
LIREEWETTRT, DU RHR 6100415 3. P8 R RHSOR A BEla~ e, DU 4B 621010)

I - 0 1 M3 e A T T A% A A 50, Lok AR B SR W () A T A W I ) 0 5 i v AR P Ve A it
HESEWALEAT UL, e 30 U0 T A R B, R IR YL L 35 28 ) 1 B WF 5 DX, i 3ok 43 B 3 g Ve A it T ik
SRAFIR AR A TR A L R S 1) T B O I iy, 306 VRS A Tk Ve A U HE S () B AR F b, R BRI 42 7 mf
PRI, N AE T Ve A DA TE IO £ B A R A Ik S BT 9 X e A D A T T ) B s 1) S
17 %, BRI AGTE T AR S 2 B, LBOR S 4 5 52 MBS i 35 1) s M B o

X 8 W U B Ye Al IR W AR fE s JR

thE %S P642.23 SCERRIRAD: A XEHS: 1000-0690(2012)07-0885-07

B WS DRI T DU A BTN S BBy, 4

AKX TR 565 km?, H URYT () — 2] S0 S645 55 4%
DOVNHGE G KR et 7% (B D.

AR BCDIR , Ve A K F 23 A0 AR K — B

[0 P A T3 AT, 3G 2 K M ST ) f 7 N
TG B, nuRIT Eii 5= 5 2008~2009 4 1 2= HUE ‘QL
P T VST VR AT T, FL 3] 2010 4501 T 1 4 L
AW, FLE R TRk A, 2010488 114 | L BEAL e
F W75 LT M B R VR AT VAL VB A T S ERIETEN
ANURTT, TE % T 4 450 m %8 300 m J5 5K 30 m ) —WE
HEIEAK, B8 S BORI BOE, WOOMA T e s |, |
Bide TR R VI R SO T B S EER-FHIHE
BT BRI T, DRLIE 0 35 I 98 € R A 0 b
HE TR AT S0 LR B KN B i i 7= 1 22 T
A, R BRI R AR SRR L3 - R
T ZE 0501 BORBIFSIX., 3L 4 A S e A T 1 ks
S PRI Al SRR A A HE A 10 5, YRR R
VB ATV 2 T ) R A R P RER 0 7 S,
R, BT HE TR S 2 2 REF

0 4 8km
1 155N —

1 BIFFTDX B 6 7K R M i i YA v 4 A
L1 BREXEESR Fi : ‘
ig.1 The geology, rainfall of the study area and debris
NN s e e N -
ZIK X Jﬁ W ﬂlE Ik Uit Ey% %E =3 } ! [ EXI 7"7 E% 7t X flow distribution before and after earthquake

s B H3: 2011-05-03; 1T HHH: 2011-09-12
EEWA : F 5 RS RS (2009BAK56B05). [ 5% [ S8R5 40 H (40971014) % B
BB/ 01979, U, e S, B EURE ST 0L, SR H K 5290 5 1959 TR 5T, E-mail: livjf@imde.ac.cn



886 Hh #

B % 32%

AFFFE DX AT 75 8 7o i PR 2 0 300 5 i s, e o
o Aehs T 9K v i ) S AR DU )1 b R i L
YA . HESR AR A A%, DA RS O S AE R
Bk 1.000~4 000 m™, HIF 57 [X d - 4 3= 5
LR AT AEHETR 1 000~4 000 m ¥ = TS FL Y, 7
BRI 93.0 %, H itk =2 000 m =y F2 1) A
dT R TR 77.7% 0 RPAIF 9 DX 35 1L 38 45 R 3R AT 43
RG] a0, AR =251 BES 5 87.2%, AT L
B 1 Ll B 2 ABES R 3= .

AIF 5 DX A DY )1 4 s 300 % (1) 25 0 26 1) 4 3
5 T LR 2R 1) R 38 1 5 2R REAG P [ A 3
() ) = G RN, TEHE AR R A — H Ao A
EEJNE Ay ARNITEC - N MR NN
IR IE R = KWE R RE X NI JEAT . X AR
GAWT R R T, UKW R E , Wk b
ZLNRTT TR K B W RAE . ER R E Tl
GBI B FUARA , P 32 DURE AR A | ko B
FRIR A A X S s o B (D

AFF 5 DX A T3 ok 2 DXL o s 2 IRV )
BT, B2 /KA R UG R b TE (R 52 M0, WL 1 30 4% b
KA RZRE D, TWEWNIE, 24X %
FESP- B R R AE 750 mm A2 AT 0L e 1 A
R VT b B B K Dy, AE B /K Bk 1 327.6 mm.
X B KAEZET B AN A), Bk R B4 7
TR (5~10 FD, A A B K & 1) 80%~90%, H.
BB BE R, — H B KB /K B2 79.9 mm.

g5 b, WFAT X RS IR L HbORD B K A4 R T
VAT B, % D387 K Bt Ve AT LK 5 2 K
(X3RS, HERERT g vl , 9T X Lo A A e A i
154 (B 1) o bR 3% A 5T DX I8 1R SR8 S Je A it
B CE NG, S RFER K — B ),
J5E 3 R AR AT R EBE N ARTT S, AL 46 T B R 3
TP, [R) ] 1 2 3= T T2 ol M 3 31 1) ] B oK 25 K
KIGIN
1.2 IRRIEZERBERR

P B AR5, W GUIX R 5 71 2008~2010 4F (1] R
ZE, A 22 VR R T AT, Ho AT 4 0 5%
A&V A VA, Ho 4% 20 2 0 5 5 BT 8 1Y A v
(1. BRI, A 44 (OHRE N
VI IR ILVA RN BV TR R T HEZE , ik T
—E MG N LARTTAT R 0 — S Rl
i, A3 R FE I K A S

AL T 5O AR 2 55 P, 1270 BH g ik

F IR IX 2 5.4 km, BE“5.127 3013 1 5 0 =
A E LI 6.7 km (& 1) LA LETL
)1 H R T I A B R Ik Ve A A VA Y R AR A AT
AR D o REJG, KA BRI 3, Hb 5 5] K )
T I R R ) 122 % 10'm?, G ik B A
FABUIR, R BE R — & B K A, AR 25 5 %
e AT HeEF AR 5%, 755 2008~2010 4 M2,
AT R R T R AR . 2008 4N,
PATRAENE DB T — K 2580 m, 564 150 m
(R HERRU RS 5 Y A7 U I A 2 B RT3 €, 11 A2 K DR YL
T8 ) 6 R MR YL R AT 2 5 m s (] 1 (1]
2a, {148 T-2008 41 10 H); 2009 - Z= ), 4 ¥ e
AT HER B AR, B K4 230 m, 584250 m,
Ve AT T WYL, AR AR Pt gk T, I AR a
KA 3 (E 2b, 3094572009 4E 12 J1): 2010 4E f§ 2=
Ja » RGP 1 gk 22 5, % ZEWRTT, T B %€
1 CHE 2¢, 313% T 2010 4 11 HD, IR B A 1
B3 1.6 km IRVT AT R AR A 2 AR AT (B 1), 97
JROR A ) U R D AR, P I IR
1.5 m([& 2d, #15 1-2010 4 11 J1).

B2 Rl iafe A it 2 Je Hofe
Fig.2 The debris flow barrier lake of Guanshan

gully and its damages

2 EJEie AT R ATAAL

i e e A U A% 1R B K AR A 2 2 A
YT AT AR BT R o KA HLH) L A E
ERSAR B W0 2 1D AR Dl B0 2 g A 9 5 i A8
SRR Y A P RN D (K 9R E , TE 18 2 B e
AU IR AR I 2 2 R, #AN AR W) i F
(RITR3E o AR B A% I o I Je AT T AR ) O Bt
%[6]o



734 GRS O 8 i Y 1 S T D S 1A 887

AICR TM DA AR AR E L MR SV i
J AR LR ) S I T A = M A T Tk
P FCIR 5 Ja WA B AT T A1 Hdi E 2R
FH 72 J5i 2008 4§ Z= i CBERS-2 Al TM A2 514 .
1:25 000 F11:5 000 fiii 25 5415 (K 3) .

B3 B R AN 3 A1
Fig.3 The distribution of landslides induced by earthquake

g5 AR, WEFTIX M= B 5 | R 10 0 35 L T Bk
(1) e M TRk 39.40 km?, (7 B TR 6.97%. B
SE JU B T b TR K 55% Sy FLHERRIX T A,
H S HE R RS R 10 m, AT 5045 30T 5T X #A g
P Tk 2.13%10°m’ s FH IR 3 Wl 40, M
F2 51 PR ) o0 AN it e 75 A i )1 B 3
P, 1K 5 B B R R I )2 A0 1| T W 3R (1 A
I, M R T G, AR ) e T
702 TR D IR Y A I 2 R PR AT R RIASE K
AN T R LA L3 AR ) K A B T A
FEHE N T2, 3 R R TR AR A YA
HEN VTG, 45 ) 3t i 98, Y B FE ], I
I8 CE K 6T
3 W ETERAMIEREM 2 N TG
HIIR
3.1 FiRiEHR

AR 2 - 258 BRI U7 3%, R T B i
J B V0] T J S (10 e A VA AT R . TR
TUAS B 10035 5y 5 5 R 1 A 3 1R 4 1F H o, i

VR AR AV /<3 €/ vl b= B R [ SRR
PRECKE S =56 FE L =30k S AN HRTR bR . 856
H AT IA SCERBIT T, Fabr ) 7 R 1. R 1
XL R bR A SOV I E R R (P=5%) 5
T T 1 AR YA R B 7 Vv 50, 2L
i FE R B O R H RE S I Ui FE I
KW ZE(5~10) H P34 de it i, B ki 1301
S 7K STt W A (2003~2008 4F) .

®1 BEMREAREEWINRERS SR
Table 1 The classification of the indices for potential

debris flow barrier lakes identification

Ve AT I HE T & 2B T g fi% L [
AT THIFAA U U5

X <10 10~50 >50
T e (x10*m*/km*)
Y ERENC <0.5 0.5~1 >1
TR TR LB (%) <100 100~300 >300
TS es(m) >100 50~100 <50
FH IS es(®) <30 30~90 >90

FRPRIEIUS , 70 & AR IR AT K 1) 457
PEAP M, A SCR T SPSS 18.0 844 (-l S 4k 46
TR HE U B 43 ok 5 4, AT 2 AN B FEAR
(RT3 o B e A B AR 1) — P A 562 77 7% : Kruskal
Wallis /7 ¥ « " {8 J7 7% Al Jonckheere-Terpstra J5 7%
K6 ), e W35 YA I /N T 0.05, R HIAE 95%
BRI  EHUR 5 AN bR 2 [0 A 8 25 1k 22 5+
R FLANFEFR A A BT

BT &N bR AE AN A, DAL, e 98 7 1tk D
A 3 FE U R R, T A E 5 AR AR AL
o ASCRHZ RO ik i e 5 A PR I RE,
TSR I W R R R
i Cq Cy C3 Cy c
¢ 1 2 3 5 5
c, 172 1 2 3 5
iles 13 12 1 2 3
cy 1/5 1/3 1/2 1 2
les 1/5 1/5 1/3 1/2 1]

T I — BRI, i AT TR B T
R ARV PR B iR R SR A 5
AT HIRERR A 0.45.0.26.0.15.0.09.0.05.
32 HHRAE

SR RO P 7 T 40 P B R e T
WIBIEW AT 2 T 2R 5 A BORIP oA 2
W5 BTG, FER BT AR S AE 5, AT E



888 Hh #

PRI S A # B LT FERA L ) R R R 7%
RS MR HOE TR e AL TR, nlda Ty
VI EAR B RE ) o C B A A SRR G BE .
GV AL e A U ZE W R o SO BRI T
D Doctfr. Woosr i H R Ak P RL 2
FAET, T 872 70R I8 B U H bR A 2
i) JURRARE ) — R o BT 7 . AEROC A H el Mot
HF S F W IR
R=(M,C.X) (D
A R AT, I AENEJe A T ZE W H I My
P 3 (1240, Sy Bt ot VFOT (8098 A6 P 06 A O i 2
WA REPE R R € O B il i) S IR AIE, Dk
WU FR B AR s X Al AR bR AR .
2) WeHRE . MR B 5 ANV AE e AR
LSl PRIV IS L A Ae 7 BT SR
M ¢ x
€2 X2
R= c3 X3 2)
3) WHEHXNZRYIOHEE . MR 1 kI
SANEAR IR VS, AL o S TR T
Mp ¢ [aplabpl]
Ca [ap25bp2]
R= c3 [ay,b,3] (3)
Cq [ap4’bp4]
Cs [%Sabps]
ST, My 2y b v ) 0 mT Ak o YR £ < )
LR T NS 525 6, A 7 00 B 5 T e R R A
TE L, v =[a,b,] -
2 I B TCHE R RN -
Mg ¢ [ap.bgl]
¢y [ap,bp]
R= c3 [aps,bp) 4
¢y [aps,bp]
s [aps,bps)

K, My A FRAERS B 5 an=[an> br]» R bRUEXT S
My R THEAE ¢ B RAEYE [l o TR xm C (=1,
2,00+,5)0 ARIEE 1 TN IR R 1) 73 VG 53
SR S e PR e A T MR TR v] ek v A =
R0 1R 28 ML ) TG B

4) RIKRE . EWICVEh T, IR ek H Al
PR ANAH 5 i) R 45 R Ak o 45 XA x0=[a,b], x=
[e,d]s Hoxo Cocrs WIDCEREN -

B 324
p(xiaxij)
- xlExU
Xii
p(xiaxij) .
p(xiaxpi)_p(xiaxij) Y
X,

i) = |xi—(ay +b) 2|~ (b —a)2  (©

plaix,) = |xi~(ay + 0,02~ —a)2 (D

5) TRV F TSRS RS, JE A e I
FrlE s g . M b XA B Qe A, Fr VP A
ToR TG EVEVE A L HE ZE WA v REVESE 2 125 A
KB 4% T 5

5
o= Ewgkj(xi) (8)

AT, o A ERE RIS w0y A VPO FEAR B .

oS 1B LA R VAN B G AN S R L5 K
16 AL, FL A B K 1) 45 G BT kg L s 1) i A 1k Ve
FrmHEZE I AT BETE SR
33 FHRER

AL LLRYT. E3i S5 — 01 B 55 4% — 2 S
HVEO LG, AR LR PR T bR R bR HE AR A,
FI A Matlab7.0 A ga FEREAT V5, XPWFFUIX (1)
eV AT B TR (B 4. 3£ 2) . A,
WFFLIX 55 4 — ;S T8 BJE A7 it HE 2391 v fig
PEEIA 17 40 15 B A0 30.9%; v Ae T h S5 1

AR

B
ERA
K&

PR R
GRS
oJ fiE o %
Gl =

K4 e e A it I A RS R
Fig.4 The identification results of the potential

debris flow barrier lakes



Ll R0 A WYL P A R e A R 2 S SRR 889

R2 PREAW—-FIFIERBERAGREEMANRER

Table 2 The characteristic value of first-grade gullies and identification results of the potential debris flow barrier lakes
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Potential Damages and Identification of Debris Flow Barrier Lakes in the
Upper Min River Drainage

LIU Jin-feng"*, YOU Yong"?, CHEN Xing-chang’

(1. Key Laboratory of Mountain Surface Process and Hazards, Chinese Academy of Sciences, Chengdu, Sichuan 610041, China;
2. Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu, Sichuan 610041, China; 3. School of

Environment and Resources, Southwest University of Science and Technology, Mianyang, Sichuan 621010, China)

Abstract:The Wenchuan earthquake caused numerous landslides and collapses that provided abundant loose
solid materials for future mobilization as debris flows. The formation conditions for debris flows were changed
consequently. Debris flows will be very active for a long time in the affected area. Their secondary disaster,
barrier lake, is beginning to appear. Therefore, it is urgent to identify those debris flow gullies which are poten-
tial to form barrier lakes following the environmental changes caused by the earthquake. This paper selected
the upper Min River from Yinxiu to Wenchuan as study area, analyzed the changed formation conditions of de-
bris flows and the damages of a typical debris flow barrier lake, and interpreted the loose solid materials from
TM satellite images and aerial photographs. Then, the identification factors were selected and classified based
on the factor independence analysis. At last, the fuzzy matter-element extension theory was used to construct a
model to identify potential barrier lakes. The potential future increase in debris flow activity relates directly to
the great increase in loose materials. The interpretation results indicated that the area of the landslides and col-
lapses caused by the earthquake is 39.40 km’*, accounting for 6.97% of the total study area. Assuming 55% of
the landslide and collapse area were their deposition area and the average deposition depth was 10 m, the vol-
ume of the loose solid materials can be estimated as 2.13x10°'m’ which was sufficient for debris flow forma-
tion. Based on the factor independence analysis, the volume of the loose solid materials per unit area, the dis-
charge ratio between the debris flow gully and the main river, the slope gradient of debris flow channel, the
main river width, and the included angle between the debris flow gully and the main river were determined as
identification factors. According to the multi-factor comprehensive identification, among the 55 first-grade gul-
lies, 17 gullies have high probabilities for potential debris flow barrier lakes, 15 have moderate probabilities,
and 23 gullies have low probabilities. The most likely debris flow gullies for forming barrier lakes mainly dis-
tribute in the middle-to-lower reaches of the study area (Yingxiu Town to Caopo Town), and those with moder-
ate and low probabilities are mainly distributed in the upper reaches of the study area (Caopo Town to Wench-
uan County). In addition, among the 17 potential debris flow gullies with high probabilities, 4 gullies already
yielded barrier lakes during the 2008-2010 rainy seasons. The remaining debris flow gullies will produce barri-
er lakes in the future with high probability.

Key words: Upper Min River; debris flow; barrier lakes; potential damages; identification



