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Tab.2 Results of accuracy evaluation
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Tab.3 Parameter estimation of Power Law Distribution
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Tab.4  One-way ANOVA results
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Tab.6 Comparison of three types of rocks

E0O AR B3 FE B PRI i HUIE 5 Gy WAL 1
KA AT CaCO; >50% 3-~5 49.0 ~117.7 MPa 5 WAk
R Y AT b KO 65% <Si0, <75% 6~17 100 ~300 MPa A5 WAk
=&p KA SRR 65% <Si0, <75% 6~7 100 ~300 MPa 5 WAk




Vol.39, No.2

IR T 35 3035 R X6 T W I A8 3 AR IR S AT —— LA AR PR BEE SO ke DY BT A5 3 35 1 233

AR AL, DT FE SRR T RA WO HE B . PR, #E T
T U ) 80 3000 R ik e 7 GF T A 0 3 M T
PEAMCOER BE 125 58 BR T 25 A1 A5 B 10 1 350 R0 Ak 27 R
A, BB RIS T XA R X A R
145 T, DA 1T 3B G 7 K T 7K S R &k AR s AT RE Y Ok
RSy I
3.2 FHUARMBEREXNLERNZM
3.2.1 (Al 3 e AR AL 5K

VeFEAE G807 ot 45 R 1 40 A A 5 T B
. TEARBESE Y, 25 G 25 IEE 9T XY b TR M3 R
fiE A G B R T RE 2 11 00 T T DA 35 2
L N 073 LR T S v (U I I RTINS o a1
DX ) T B 4% B 100 m 5 8] J§ 43 B, W0 3 o0 A
WA 43530 R 53 517 A~ Ge it 50T, 2R 5 4 il i 5 A
ANGETT LI N 1 Rl T AR R i 5 2K TR R b S5
PESFHEATAH DGR 43 o S5 R 3R PT, # ] 100 m fy [A]
B Rl 43 GE B TT , 9T A5 B 1 B0 R AR LA — o 1 i
S AR A b el TE RS R | b A R T R R
(AR G 2 B ke B T AR A AN T 4 b
b AR n] DA et e T AR B S TR R 1) Y A2 Al
FRAE (1545 10 5 A 55w 1 w] {5 B AU AR 77 o

B T AT 5 o 1 4 (8] B0 48 3 B T X 43 O 5 4h,
AT DA BT IR A A A B A A A 2 Ay i
Frgeit oy X 4 o AR 46 A 58 1 M SO ), J5 2k
A LA#EAT Z R0 ge it o R 4 O S L SR T 2 AN
IFi] B T 5
3.2.2 MRS BT R RS FE

WF 5% BT FH Hb S5 B4 A 4 [ 12100 7 1 55 24 7 253
51 T R N B A DG | O S 1 (S B G o
S ERN Y NI B R NEAR K AR R L
ik R BR: 1L ok R R AR 1Lk 7 RS PR AT
P BER A KR 5028 3 ~4 DARFER N,
PR, AR F 55 T 45 380 19 5 1l 4 28 55 e ) T AR
KAFEREGHIEER MR NE S, FRCS
72 T Hb A5 28 TR o AR — E i s2 e (Al T
A5 i PSR B 0 B, 7 JC vk 4 T [
OIS A AR DG 06 R o Ak, M R B R o A AR
2 HoAtn 75 2K, 5 2 AT LA B w5 5O RS 8 R0 45 B
AWy AT IR AR

AT v T R b 5 A MRS R 1 50 TT i 4
] i 0 2 1 225 00 43 A7 500, LA 45 8000 Z Al it
PETC, A E O N 35y 41 SR A AR,

WFFE ] BB 5 =Rl 1k, 0 e R e RS a2 —
RAER A M =B “RAERM Ao o TP A PR
A BE A BRI, Gk ol Rl i BR 5 A 28 R 2 ) B O A
20 PR OGO AR T8 S 25 W F 5 rP AT DL S 3 X de
(A BE AT IR A BB

4 4hig

AR S R B FETT BE 20 A 38 AR B 1) i R
FAL R, Ak T HEZE WS b K R X T T 48
By P e T LR G 2 R A BOR 8 K & 5 A
R SR -, W HTE 3 553 R0 b 5 = Ay T 40 A T 3
SR T BT 22 S s PR 2L AR BN 4518

(1) 58 & 0 R B 7K SC = o % ¥ 45 0 39k 38 o 1 5%
LIS NNIERTESSUR T ik L UL TSR ORU T g ot
55T 25 F0OE B A A DG, i T AR A 0 K
43 A5 AE T L Ak

(2) b TB X6k o ] T AR A R o 4 FH . A b
R 5 o) T AR R A A A O &R k) T AR R
4 DX 35835 132 TR 43 43 A A 20° ~ 40° 22 1] 5 78 Ik B (E
R 35° ~40°Z [H), T A DG S i o 7E S /DN
T 35° ~ 40° i, I BE 5 vl k) AR S OE R G O6 R TE
YRR F 35° ~40°mF, W F B R, 7E R F i
AR i e N R T R Y DX kA 3 AR
RN B 2 TR

(3) Mo A M S P AR E M B
A, S W R 5 55 AN 5 A A R B B
A2 W53 TS5 K #E) 5 45 07 T G, 5 8 A BUE AR AR
AL R S0 T B KA RE BE % AN 0] 43 o % X 3AE
A XARET R, R B AR MR 58 T R3S, R H
TEMWFIE DR RR AL B )2 20 A1 1 DI, o 43 3 3352 3]
UK A R ) e T AR . PR, R R R TR
Tt (8 e HE B, e FUA R R S B R,

(4) b T8 2 20 T of il 1 FR A — 22 09 52, {H
32 AHIE G rh RO 28 B AR B A R, % B /Y 52
T B 1 G A5 21 B JIORS 1 19 4538, £E S5 S i g8 b )
DASE 3 2 i b A B0 28 TR0 1 % B R4 v O 1 RS
07 Aok AT R AR o

it AL MF PR A R ZEELIFRA
BRAFSERNAGHBER , EREATHEY
Bt



234 il

39 % H2 M

2 % 3Lk ( References)

(1] EatE. WL THmm MR AR [T, %R, 1999, 54
(2):142 - 149. [ WANG Zhihua. Landslides and debris flows in
the lower reach of the Jinsha River, China [J]. Acta Geographica
Sinica, 1999, 54(2) :142 -149] DOI; 10.11821/xb199902006
A R, 25 M, D 3. R S I TR A 10 IR Yy S AR i
BLT]. HARKRE S (M ERBL 2 R ) , 2018 ,48 (1) :203 - 212.
[ FU Jiankang, LUO Gang, HU Xiewen. Physical model experiment

[2

[

on overtopping overflow failure of landslide dam [ J]. Journal of Jilin
University ( Earth Science Edition), 2018, 48 (1):203 - 212]
DOIL: 10.13278/j. enki. jjuese. 20170151

[3] HU Kaiheng, ZHANG Xiaopeng, YOU Yong, et al. Landslides and
dammed lakes triggered by the 2017 Ms6.9 Milin earthquake in the
Tsangpo gorge [J]. Landslides, 2019, 16 (5) :993 - 1001. DOI:
10.1007/s10346 -019 -01168 —w

—
S
i

CIAMPALINI A, RASPINI F, FRODELLA W, et al. The
effectiveness of high-resolution LiDAR data combined with PSInSAR
data in landslide study [ J]. Landslides, 2016, 13(2) :399 -410.
DOI: 10.1007/510346 - 015 - 0663 -5

—
W
[

PHAM B T, BUI D T, PRAKASH I, et al. Hybrid integration of
multilayer perceptron neural networks and machine learning
ensembles for landslide susceptibility assessment at Himalayan area
(India) using GIS [J]. Catena, 2017, 149(9):52 - 63. DOI;
10. 1016/j. catena. 2016.09. 007

ALARAE TR, X 4 [, 4. A V0 v b Ui e il 9 38 R AL o
KAGENEHTLT]. MUK FE G4 ,2008,19(1) ;12 - 15.
[ WU Baoxiang, SHEN Junhui, LIU Weiguo, et al. Analysis of

—
=)
—

origin and the stability evaluation of the Zangqukou landslide of
Jinshajiang [ J]. Journal of Geological Hazards and Environment
Preservation, 2008, 19(1) :12 —15] DOI; 10.3969/j. issn. 1006
-4362.2008.01.003

FOue, ERR XA, SF . M E IR H B R LT S TR (T
NE #9,2015,37(9):1 —7. [ WANG Guanggian, WANG

—
-
[

Yongqgiang, LIU Lei, et al. Reviewed on barrier dam and simulation
on dam breach [ J]. Yellow River, 2015, 37(9) :1 -7 ] DOI; 10.
3969/j. issn. 1000 - 1379.2015.09.001

JEI G RS W B A Vb VI RS R E ) B LK S A (D]
KA & H,2019,45 (3):8 - 12 + 32. [ ZHOU Xingbo, DU

[8

[

Xiaohu, YAO Yu. Research and analysis on Baige landslide dam
break flood in Jinsha River [J]. Water Power, 2019, 45(3) :8 -
12 +32] DOI: 10.3969/j. issn. 0559 -9342.2019.03.003

—
e
[

WOOLDERINK H A G, KASSE C, GROOTEMAN L P A, et al.
Interplay between climatic, tectonic and anthropogenic forcing in the
lower Rhine Graben, the Roer River [ J]. Geomorphology, 2019,
344(1) .25 -45. DOI. 10.1016/j. geomorph. 2019.07. 009

[10] SHUAI Pin, CHEN Xingyuan, SONG Xuehang, et al. Dam
operations and subsurface hydrogeology control dynamics of
hydrologic exchange flows in a regulated river reach [J]. Water
Resources Research, 2019, 55 (4). 2593 - 2612. DOI. 10.
1029/2018 WR024193

[11] BREEE, 0,294, 48, 1990 ~ 2010 4F ) M 36 i3 i i Ak 08 25

[12

(14

[15

[16

[17

[18

[19

]

—

[

[

[

[

—

WALWEIT [J]. HH R} 2% 2013,33(2):223 - 230. [ CHEN
Kunlun, WANG Xu, LI Dan, et al. The morphological evolution
of river and water body in urban area of Guangzhou city in 1990 —
2010 [J]. Scientia Geographica Sinica, 2013, 33 (2).223 -
230] DOI: 10.13249/j. cnki. sgs. 2013.02. 001

X6 R /N R A A AR O = A R UK T[T ]
O FH B A 5 TR AL 2 41,2016 ,24 (5) 1943 - 954. [ LIU Fei,
ZHANG Xiaofeng, DENG Anjun, et al. Formation and
development law of rivers into the lake delta [ J]. Journal of Basic
Science and Engineering, 2016, 24 (5):943 - 954 ] DOI. 10.
16058/j. issn. 1005 - 0930.2016.05. 008

L1972 NECR 21N i = SO P S U S CDURTINZ - § P& i A e
B RE LT ). WA KB (AR BL#0) ,2012,52(6) ¢
725 —729. [ ZHANG Kang, WANG Zhaoyin, HAN Lujie, et al.
Influence of supply sediment to streambed structures and bed load
motion [ J ]. Journal of Tsinghua University ( Science &
Technology) , 2012, 52(6) :725 -729] DOI; 10.16511/j. cnki.
qhdxxb. 2012. 06. 007

RHENE , 5 = 1, AR, AF . ARG VUL RO RS 3 ORI
BL SR #r (1] CRERE 2 5 4R ,2019,51 (1) :9 ~ 16.
[ DENG Jianhui, GAO Yunjian, YU Zhigiu, et al. Analysis on the
formation mechanism and process of Baige landslides damming the
upper reach of Jinsha River, China [J]. Advanced Engineering
Science, 2019, 51 (1):9 - 16 ] DOI. 10. 15961/j. jsuese.
201801438

MCFEETERS S K. The use of normalized difference water index
(NDWI ) in the delineation of open water features [ J].
International Journal of Remote Sensing, 1996, 17 (7) :1425 -
1432. DOI: 10.1080/01431169608948714

WO E, BE R =, 55 B TR B0 & = K % AR
B AWM [T]. 2 B2 ,2008,33(2) : 158 - 160. [ CAO
Ronglong, LI Cunjun, LIU Liangyun, et al. Extracting Miyun
reservoir’ s water area and monitoring its change based on a revised
normalized different water index [ J]. Science of Surveying and
Mapping, 2008, 33 (2):158 - 160 ] DOI. 10. 3771/j. issn.
1009 -2307.2008.02.054

War. RERTZESNTRRT2ZNEESEIELT]. SitS
Pe3,2017 (8) :23 - 26. [ DAI Jinhui. Test and correction of
heteroscedasticity in the single-factor variance analysis [ J].
Statistics & Decision, 2017 (8):23 - 26 ] DOI. 10. 13546/j.
cnki. tjyje. 2017. 08. 005

B E, ARk, /) A A R R KA e I ) 4 B O i
SR LT]. &R E 4 %R, 2016,32(2):60 - 64. [ YIN
Chuanyin, ZHU Bin, SI Wenwen. Digital filter analysis of time
series of groundwater level in Zhaogezhuang coalmine [ J].
Shandong Land and Resources, 2016, 32(2) :60 —-64] DOI. 10.
3969/j. issn. 1672 —6979.2016.02.012

FAl, R . It R R T E ORI [T s ML,
2019,46(9) :77 —=79. [ WANG Xu, ZHAO Chong. Research on



Vol.39, No.2 IR T 35 3035 R X6 T W I A8 3 AR IR S AT —— LA AR PR BEE SO ke DY BT A5 3 35 1 235

median filter in borehole seismic data processing [ J]. Yunnan BT [1]. = g Hb i, 2013,32 (2):238 - 240. [ HOU
Chemical Technology, 2019, 46(9) :77 —=79] DOI: 10.3969/j. Debo, NING Fei, YIN Fei, et al. A probe into the correlation
issn. 1004 - 275X.2019.09.030 between slope gradient and slide scale, width, depth [J]. Yunnan
[20] k& F, ok 855, R K Je, 5. MGk — SeAl Hb X B3] 7K R Geology, 2013, 32 (2):238 - 240] DOI. 10. 3969/j. issn.
TR 25 F5AE B H A 3 3 SCLT]. % 42 BF 5%, 2008 ,28 (2) 1004 - 1885.2013.02. 032
299 -309. [ ZHANG Huiping, ZHANG Peizhen, WU Qinglong, [23] KUSHNIR A R L, HEAP M J, BAUD P, et al. Characterizing the
et al. Characteristics of the Huanghe River longitudinal profiles physical properties of rocks from the Paleozoic to Permo-Triassic
abound Xunhua-Guide area ( NE Tibet ) and their tectonic transition in the Upper Rhine Graben [J]. Geothermal Energy,
significance [ J]. Quaternary Sciences, 2008, 28(2) :299 -309] 2018, 6:16. DOI: 10.1186/540517 -018 -0103 -6
DOI: 10.3321/j. issn:1001 —7410.2008.02.012 [24] Zgrde M4y, MR 5 780 5 2R 330 4 U VI 300 3 400 b ki b R Ak
[21] GOURIET K, CORDIER P, GAREL F, et al. Dislocation RAE[ T, U0 B 5 R B T BB T, 2010,30 (3) 118 — 23, [ QIN
dynamics modelling of the power-law breakdown in olivine single Jianhua, DU Gu, RAN Jing. Continental weathering features in
crystals: Toward a unified creep law for the upper mantle [J]. the Jinsha River drainage basin in the eastern part of the Qinghai-
Earth and Planetary Science Letters, 2019, 15(506) :282 - 291. Xizang Plateau [ J]. Sedimentary Geology and Tethyan Geology,
DOI: 10.1016/j. epsl. 2018. 10. 049 2010, 30 (3) .18 = 23] DOIL: 10. 3969/j. issn. 1009 - 3850.
[22] GRfEde, 7%, TR 5. BB 5 SO & IR R AT 2010.03. 003

Analysis of the Effects of Dammed Lake Outburst Floods on
Geomorphology of River Basin: A Case Study of the Valley Slope
Erosion within S0 km Downstream of the Baige Landslide, Tibet, China

. 1,2 -1,27 . 1,2 . 1,2
LIU Qing *, WANG Wei © |, GAO Xing **, LAN Hengxing
(1. State Key Laboratory of Resources and Environmental Information System, Institute of Geographic Sciences and Natural Resources Research, CAS,

Beijing 100101, China; 2. University of Chinese Academy of Sciences, Beijing 100049 , China)

Abstract; Dammed lake outburst floods cause serious erosion to riverbanks downstream, posing great threats to the
safety of local communities and infrastructure in the lower reaches. In order to evaluate the effects of dammed lake
outburst floods on geomorphology of river basin, a representative segment of river valley in the upper reaches of the
Jingsha River was targeted in this study within a range of 50 km downstream of Baige landslide, Jiangda county,
Tibetan Autonomous Region, China, which occurred on October and November of 2018 with serious economic
losses. It quantitatively examined the scouring actions to basin shapes incurred by lake water gushing from the
breached dam based on extraction technology of remote sensing information, GIS technology and spatial analysis
method. The influence of different geo-environmental factors on the scouring effects for Baige landslide was
comprehensively analyzed from the three aspects of topography, geomorphology and geology, as well as it
considering the evolving history of fluvial landform. The results show that: (1) Fluvial erosion quite occurred at
places with large curved reaches. (2 ) The distribution of slope areas and fluvial areas obeyed power-law
distribution, and in a slope range of 35° ~40° the scouring action of a flash flood was the strongest. (3) Geological
lithology had a significant impact on scouring area. Due to weathering effect, scouring took placed at places with
granite riverbed in river channel generally larger than that with marble riverbed. (4) Limited to the scale and
accuracy of current research, only geomorphic elements appeared to have a certain correlation with fluvial area as
results of dammed lake outburst floods, which is worthy of further study. The results of this study provide reference

for the prevention of landslide disasters and the site selection and construction of large-scale projects in this area.

Key words: Dammed lake outburst flood ; valley slope; correlation analysis; Jinsha River; Baige landslide
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Appendix-fig. 2 Location of Baige landslide

S ’ = 2 : N
PR UL :2019 4F 4 1 7 HAARE T RS T3 R PIR o it ik (R iy
R AR P 2K A R ) £ < Y VLA B SRR A B 25 R B AR O 19
VLTAT , (575 70 1 2 b R 1o V0 U 7 1
ME3 REEREEDIIHE@EE
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