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Research Framework and Anticipated Results of Flash Flood Disasters Under the
Mutation of Sediment Supply
WANG Xiekang, LIU Xingnian, ZHOU Jiawen
(State key Lab. of Hydraulics and Mountain River Eng., Sichuan Univ., Chengdu 610065, China)
Abstract: The mountain area accounts for 30% of the land area globally, with more than 5 000 people dying each year from flash floods. China’s
flash flood disaster control zone covers 48% of the land area, with the living population accounting for 44.2% of the country’s population. Since 2 000,
about 1 000 people in China have died each year as a result of flash floods, and the number of deaths from flash floods accounts for about 70% of
the death toll from flood disasters. A mountain area often shows the characteristics of steep terrain, broken surface, thick soil layer and frequent
rainstorm, and thus, the mountain flood and sediment movement coupling causes the disaster to be prominent because of the steep rise and fall of
the flood and the dramatic changes of riverbeds. The prevention and control of flash flood disaster has become a prominent problem to China’s
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ment and the safety of people’s lives and property. The study of rainstorm and flash flood disaster is still the focus of flood control and disaster re-
duction in China. Facing the severe disaster risk situation of flood and sediment transport, it is difficult to solve the problem of disaster prevention
using the traditional theory and technology of sediment movement, which do not consider the actual coupling process of flood and sediment. In
fact, there is not enough understanding of the catastrophic effect of sediment supply mutation on major flash flood disaster. Nowadays, the mech-
anism between flood and sediment transport coupled into the disaster area identification is unclear, and the prevention and control technology of
flood and sediment disaster is not perfect in mountain area. Therefore, it is urgent to systematically sort out the law of flood and sediment trans-
port in rainstorm mountain, by realizing the theoretical innovation of the coupling disaster of flood and sediment movement, putting forward the
effective measures of source control and regional comprehensive prevention of major flood and sediment disasters, and significantly improving
the technical level of flood and sediment disaster prevention and control in China. It will provide theoretical basis and technical support for safe-
guarding the safety of major projects in the country and the safety of people’s lives and property. The research on early warning theory and pre-
vention and control technology of rainstorm and flash flood disaster has been studied mainly by rainfall-runoff—water level analysis, taking the
critical rainfall/water level threshold condition as the criterion, and less involving the severe adjustment mechanism of riverbed caused by the
mutation of sediment supply. But a large number of rainstorm flash flood disaster scene shows that the coupling between sediment supply and
flood is the key source power of major flash flood disaster. The project “Research on flash flood disaster under the mutation of sediment supply”
is based on the field investigation of rainstorm and flood disaster in mountainous areas and the inversion simulation of disaster experiment.
Through the theoretical analysis of hydrology, soil mechanics, hydraulics and river dynamics, in combined with the numerical simulation, the ap-
plicants will investigate the coupling disaster process of storm flood in typical small watersheds, sediment from landslide, gravel and pebble trans-
port with a large range of size distribution and the excess sediment supply in a gully. The characteristics of storm flood and sediment in mountain
regions, the complex transport power of the riverbed, the water and sediment motion and channel response patterns with excessive sediment sup-
ply will be systematically investigated. The response disaster mechanism of rainstorm flood process in the mountain region and the mutation of
sediment supply will be clarified. The forgoing researches will provide theoretical and technical support for the early warning and prevention of
flood disaster in the mountain region, and will enrich and perfect the hydrological sediment motion and the disaster prevention method during the
flood disaster.

Key words: mountainous area; storm flood; sediment supply; flash flood disaster; disaster mechanism

LWLk AR TR AR 1L e X 5] & i kK K
B Rrh A A U W B A T R T RN
A= A W 7™ 3 b 2R R, B R R M KR
AR IR R SR A Akl T R o Bl R
30%, EREFAEA M5 000 AFE Ttk 3, 5 1
LA 1002 4 50K 1L ik 9 FE G HEFE AR K E Y
HIPAL, kg OB RS 2 AR K F I T
R EE 2 I E R, 19 E B R X T
P Bl o T AR 48%, B IR X B AE NI A 550N,
S EENORA44.2%,20004F DLk, o EH 444
1 000 A A 1Lk 30T, b oad FE AT 805 o
KEFET NEINT0% 2240 o ILk R F S 2w, &4E
W, P e E A A, WA E L R &Sk
Je& , 2 B DR A AR ) B s R a5

H ] L AT I X R A A AR 2 AR R
JAEE e g L B DX, DA PG g e it L B 2 O b D
KT rg AR 2R TR IR 9 L M e B X0 A ol 4R
Y P i X R L R R R AR M B IX, B
B NATTOF LU DX R R FH 8 R 8 I R B SR PR B I ek
AR (A Lt 9 S R A R T AR, PR RS L
[X 32 MY | 3 B s 7 1 6 ) b R B R A K
(A5, 1Lk AR R 28 H . 4n20104E8 7 12 H

F14H, WA H IR, 712 BUIE
Mt 5 AL 56 7 T IX 22 A0h R A R R Lt T ARV
AL BE TR, KR A O MRS R R 2 B AN LA 4
it 5z B IR, RETIASET Kk, A TEHRA
11.6/2.70. 201048 H 18 H , 25 g 44 VT BT 1l B4
e N RS TR - NI 976 - /N1 /DT RULIAN
1L, S ECR T SBT BT, R4S Hh X 3K A7 1 FH6 m,
HEFE RIS UL S5 7K A R, (BT B JRUK A R 3 mZE A,
KEBWICT 10N, KEES2A, HIELTFH K 1.412
TG0 201 14FE6 H 6 H 5 M B0 ELA7E J 0 i I A/ INsF 1
TR & BRI B 15300 mm UL b, 51 & TR R
FRRIET R ERS2N, i R B 4 B P 2k 20,742
TG 20144E7HOH 10 H , 74 11 M 9 X 1l 38 58 [
T, Ao R e R A ) AP A 34 154.1 mm, 23
AR R L, KA BERK, KRR B .
2015455 H 10 H 8 134), /44 # o1 B R S T
S PR o JECTRT VT K R T i L R A 144 L i
U T0T R 3 W, TR A TR R 3.914.9T . 201548 /1
16 H i JH UK Bl Z s fe i 28, B 2 2 134102
BAzH, R RIS, AR T 200N, B
LB J:3.242 90,201 74E8 A 8 H U )1 45 4% HL 11
BER FE W MASTHARIRREZ K, NRFET2048 A .



5 439

TEPpEE, A PRV TS Y 1L U WS AR A AR R 3

g, v L X it o A0 S 2 R AR 4
[53%, T DU Ry 4 a2 B 30% . 2
- AU Hp KT e X 1Lt g 3 5 R X A A
TE VU 235 Mo PG A6 o DU 45 D ok 2 H [ 2% W ik 7K 0
B Oy, T e AR R, ik R AR p e A
T AE It 9 R 1 A R R R L 201248, )1 L =
T EH T RN O A, b A AR B AR B AR | IR AR K,
L6 R A B BB T N 22, 43 3] o 4 [ BB
f4939.0%.35.9%",

KA LAR, vl el Ay Lk o 3 TR 31 1 48 v ok |

] 55 e Y i B2 B A0 . 2002459 H g X B 80 L 73t ¢
FTAEMUE EZA R IRk EUR, R E
K, B R B GEIR I T AR — 4> 58 H [ 3, L2048
B 34 LUk g A T A B, N BB A 2 H0, BF
FE LT R AR B R B R, SRIRZE A BT IR R OR, ek
B J32 b sk /0 i A5 2 20034F 7K R A Sk T 3R 16k
Aol T (LR FER R ) | 20064F [H 55
Bedtt i (4B kg E R ia ) |, R s s T
Lt o 3 B 9A 32 S K, 201348 10, K FI3K . W B
A B T AR 9E 34042 709« A 1Lk % 3 Bl iR 0
H” o (e NRILMEE RS Mt &2 RE 1+
ASTAERRI N E ) DI o — - 2 rh g ) IR 4 7
TS A SRAE S R 3, KA SR A I,
WSk B A BRI S  FoRE Rl
AT T M0 N g L T U e T E B I Y RE
F1o (P N AR B R 25 fdh & R RS+ =
ANTAEMRINE ) Wi g (R 8 5 Tkt A 25
IRBE 5 H 28 AR U8 T ZR Ge A T SR, i i b
IE PIIRTISE o 20184F, Ay fif e v [ ¢ 8 22 T ot e M
RO, ] 55 e 20 R 07 2 4 PR , R B Y AL A T AR 2 A
SR , i 5 By 4 s 9 K g B T IR SR

SRR, R E L X A2 I S | Ry b A
NG SR, 1 DX 3857 % W R 51 & i it K
b R, AR K SR VRS s B L EVE L, nglve
PR R T IR 3% R 3%, KA BER , 51 & I L ) L | v
B e w88, 1L PR VARG BUK B S BE R AT
R =483 2% o 4 10 LA A SR FH 1) e T — e — /K 0 6 3R
SR 1L I FE B iR X B K AR, BT 2w IR
VoA 2R AR B SE R, B ME LA EC S AR Ltk v S )
AL, DT RIS T 1Lt ¢ F B IR A A Ak
CHE T E ONEE N E 1S WS PN
W T 2K, MR R GE A AT B W Ltk s sh R R Bk
BLER, A B H I8 I B S AR A 5 H AR S

1 ERSMUSREKDEHMRAR

Lk ¢ R 4 BRI BN e A7 A 1 B A AR K

2 — 7 e A B A L 5 AT S E IR
ZEARN, 5T LK PR Vs Bl S im] R N 2% DA
X%, Higm RN R E L4 4 Mk, st EeK
HLEIFS 2] T FE MR R,
11 WA IERERE R

EESI L HECYW L E R TE WA 5% T
F B A 26 (R I 100, R 5 /N X3 & A Bl T i
T S B K U KV B B S  Ak Z2F9E R R
2 1L R T 0 T R & R K Borga 2 O 11 it
F A — bz koK, 280 i T R X
6 D7 B s R R 5 |k, H P Y00 Ao A i e, — A
TRl JLAS /N o 2 2 A g — A L R HE TR
SRR A /0N BV 3 i 2 T B 1 T K ) 9 U PR R
KA AR o T A S IR YT 19 157K Sk
K AR I A O O R DL R I 31 20 104 PN 19 17t
KB K B 1 AT 5= XSt K & 1 i AT 4y
BT, A PR [ 0 2 M 5 i 2 b DX L 3t 2 A 1) 3
R, L b R= 5 2 it K 2 A 1 I 5 R I I R
e 7K R R AR 5 8 0, Barredol” 43 BT A Sk RR UM
1950—20064F [A] 40% A4 7k 7K 9¢ 3 & i 2% W 1L i 5|
FE o AU A U D L R B A 5 R L R 00 3
PR, FERIE AR K Lk | A i L
T LR 3 25 kA 25 U T A Ay 92 9T ik 7 A 39k 250 11
I FE P TR

N2 2 25 0 A AN [A) (R 5 T 2 %60 L DX /)N 3 dk 2
T IR TR AR HEAT T FSE o Brauer e 2 #5 /3 8
B8 A T e R o 240 25 Lt b e 2 VT R AT IA
Ay LA R A BRI T AR R R () A FH B 4
S, ¥ i TR R RS S [R], AR R R R 5 R A N
I5] 14 77 7 45 S . Kundzewicz25 UM A S [ R 19 B 25 43
A % T L T ) 45 5 32 Whitfield 251047 T
20134F 4 K Upper Bow Ay Ll i B, 4535 1 11 X 3m]
iUk A s e R I AR 2 Ol s 24k ok Bl 2
Fe HCART AR (3 Sl il AR 0 B DR Y ) b R 1)
e FEHEAT TR, R K ) ) A R A R A
S, BEMS A b S W 8 W Lt prg e - kL R T R
RAE L Radice L 725 ) BT R SRL3T 11 X 3] 37 o 49
X 7K SO 25 A B R TR K A B 7 TH 0 BR 47 1 BF
FY o Apel Z It — ok i 21t K K R T AR B Y
BEHLT 5, (0 I3 % I VD B2 IR, Neuhold % (')
TR AP 3t i r e /0 b R A ] B R v b 45 1 AL
AR PR Vb 45 (I 5E F BE L o MarchiZE P50 Sy iy
Tl = 1t A A A AL, BELAS T L e A
T ] AT 38K E B e it Y S
1.2 WA RE~ED S

IR i A v, A2 K phVE R 518 A4 3% i b



4 TRRNE SR

5% 51 %

i R A o 2% TS WL 1 3 v S e s P o
A PR VA BRI, 1Lt o EL A i 2 B R T R R
)T S A AR ok T A b AR B ) 3 B A T
5315 AT P B YRR B RS P AT, L X
e A9 EAE T, et BAT IR iR BOR R, 16
A3 A6 3 094 65 7 I R T A PR L b A
TR VDA , 8 I Rk v AR E
A AR MR B AR R PR R P s
FE R AT — B P, A T v R
ARG L4 . Wang 25 200 )1 b 5 v 7 2R 3T 67
Ak LR 3, K 22 B0 S 5 28 4 A 7R XA 1 35
FNAS Mo 5 . Parker 5 PTHA Sk 1301 3 72 5 K 19 4
35 YRR AT T A RSB IS AR A B3k 5~ 15 km,
W B AR TR AR H S 0 A T X I — %
L9t 5 B R ke U T A 2 PR B S TR R
L T e R AR L B K - 37 2 14 Jo o 2 T 37 ke v i
1IN Y T T 45 Tang 55 P00 S SRV A TR E,
R S MR T 7 A 1 R R Y SR B B A
SR WA T S P 8 B, HE BB AR B R 1A 7x 100 m?, K
R VD B S T, S B B 2, TRk
G T A A T ] T R R Y VD SR VB
i, 2 B0V A3 b7 T i 72 T 57 0T T Y g 3 A
Ak, 5 M3 LA SR v B T ARG I T 36.62%, I FLZ 1%
i DX 38R V4% TR 2 ), 9 B T AR S 0 o, W e R i
AR R A SR L T R R VAN A R U5

SR VE, BB AR VDR 3 25 MR A

Peir = b A AR E RS A DG, e TP AN I 2
TRTE AR A, J6 I B SR R ) TE T A (AN i 28
T DX B 7 A ] ) ] BeHEHE fy v RE 7 55 , bk 72
H R e VAN AE R B R R TR BOR M, 5 20
PRIE A SR % | el AR T 2 KooKk it 244, 1 i Kk v
B R THAKER
1.3 WLtoK b 3B o K2 5A] A M) 152 B0 R

L1 DX e i 3 T S0 R i 9 20 T D R Ay 3
AT, 1 RGN S PR, AT ok ™ A LK v
REP W5 F B, BT ROV VDR 24 1 kA
{45 DR T A AR P2 (et 2V o L gl
SR VP IE AT, 34K T K RE 1 TG = 7K A7 o 4F
A4 Y S R 6 B 35 S T 3 ) R v K
T, MR U G ] B E S BT R R R R
$ v R ) B b AK A7, Roca e P Vet it b o i 1) X —
YR Lt BT AT 3 P B — BE90° 3 I DX a4 S i 2% 1
2AEBE BT, 2 B V0 B I A 1L kB B AR 1Y
TR RRIR, AT SR VRS B A g n, Je %
WHE TSI IX 1 HIE A8 4k . SwansonZE POV 11t

Fh R JE T ST R VD BERE, 5 R 2SI X TR
W TR , R BORLAL 2R )2, 327730 9\ ) 1 3 AR
A8 R L5 1] PRI 28 00 S 3t ok AR Y0 2 35 DD AH 56

Ly DX YR) PR ) Jo 2 18 22 Sy B 9% e B9 A R, L
TR TR VD AR 5 0 DX M | S8 AR ME (R4S R IE S
R 47 Je 22708 Recking 48 H 7E 3 B 33k 5% 11 X
TG, R AS AR B TR JE U0 kb 4 i R R 1)
B vb AR, (R R s BT H VD 0 B C Diet-
rich%E PG PR VDM A A5 1F S R s A T B A LAk T
PR J2 I B ik P 5 O A HE RS o i A% HE AR IS AN A
[7] . Madej 2P g T07 38 S ¥4 116 725 1k 5 00 ] A o
I, i B AR BT e VD Kb 45 5 v e 7 B R
12 . ChatanantavetZ: O B SR 4 5 25 N IR 06, 45
VYD RN T TE LR B D AR A R 4 7 IR e
i 32 3 2 Elgueta-Astaburuagas ' % 3 FR
B 32 A7 BV A 4 B ORI R R T O
Podolak % % B PR T 25 il e Y Bk 5 48 o T 0647 325
I P R Jay ER 4 EE Y- 24500 0 g A S B A b AR A
AT ARk, LA N E i v P, I e e v b 4
oy g R PR R AR IR AR, PRV 2 i R R Sl 23
Wit =2 B8 o Zen A g §T e A L o T 1 F £ I IR
SR A bl 0 R A K e AR e A
Billit* Vi i 437 S5 1 S R BEORE, 45 HH K T
it A Lt R B 2R SR A VD RRAE, Sk VD it R
Joal B B ] PR 75 % ik Y Long ™ i A T B2
Lyt A58 R A R 4 n T L YA T B R A T T T ok
1 . Ortega-Becerril 25 A Sy 11t 1P A YR V0 5
R S ] R BRI 25 o GanZg 011 201 547 U 1| ALK
Sl gt FE R A Sy FLml, B B 51 R AR D
EROR T LB R 3 Y AR o R D A
de Vb AR S FE R LK Vb E AN,

2 HE KD REFHRRIIED

JE T VG g L XLt g B 37 A R R
X2 W75 A Y TP A 45 58 A8 I PE BUR DL AT T &
GLor AT, B0 B T R W — kKU VD — 8 IR
N7 GEAS TR B L B R ARE, AR — A T
AR FS AT B E T IR SR
2.1 )13 Bk “7.28" LR E

200147 H27—28 H )11 45 T B D i ye] I i
TR R R RN, VRS LI AR B v Al TR R, B
uhi] A, T NIV IR R AR 18826.5 m, BUK K
3714 828.5 m, fifi Ll 52 2k L A HLRE ST, BRI 212
TG o M, P B K L < 7.28”7 1k g E A .
ZE AT, SR K, 6 hiFE TN #2:1579.5 mm, 24 hfFE™M



%4

TEPpEE, A PRV TS Y 1L U WS AR A AR R 5

Ti594.4 m, 125 BRI K S G oK AR T, 42 PR K
SEZ T O ) K e U 7E 3 I IX R AR, L 3 R K B
TR R R R 34 822 m, BIASEIANIR 7.5 mo ) F5 IR R
I REIA826.0 m, | B b K7 S AR 1A $1828.5 m, L
A A% K A7 824.80 mE 3.7 m, A B D 3 Ol A
7= U0 — 389 DX U Vb R 3 — K A7 B 34 R e, ET
iR

(b) 5 4 5 3

28.5 m /

828 F A —

0 500 1000 1500 2000 2500 3000
M/ (m?s™)
(c) WK CLBER K 2
1 MOBE TRk UHRE
Fig. 1 Flash flood disaster at Boluo power station in Mabi-
an county, Sichuan

22 IRIZRBWAFERALHERE

“S27 WONRF R MR K& A e, RT3 A V]
TR V30T 3 5k P4 33 YA B R P i, R LR 2 A S
e T HE R B A B AR o iR R R AR S, MR AR
Tt Bty A Y Vb A A RN FE AT, kg A
20104E8 H 13 14 H , H#5 7T HE iy X 8 38 K 1 A i f
W, 51 T A | o 1A ORI Lk 5, i A
2B R 2 T 77 VD — I TG A S B AT T K v T
BRI, WEI2FTR o
23 HMEBE6.6" LHARE

20114E6 H S HR I E6 H % /=, 5 M4 25 VG g M
T B P RE S0 K 5 | R R KR Ik 9, 1 Al

8T ANZHK, 21 NFET:, 31 NK R, HELFHA
16.41270 . Jovh, B L3R I 2 g i B %
B 27 R, T R VD IR AR, MR BERE, 72
5 D o T i BB R R K, T B 2 AR B A B
BHAE Y FIAER, I TR, K 3ETR o

(b) B i K FEB S A

B2 )8 ENALRA AR RE
Fig.2 Flash flood disasters at Miaoba and Longchi vil-
lages in Baisha River and Longxi River, Sichuan

(b) b3 2K IR

B3 S=MEEE2011-06-06" LR E
Fig.3 Flash flood disaster on “6 June, 2011” in Wangmo
county, Guizhou

2.4 PO)IIHGKk“8.17" stk E
201548 A 16 H 200} £ 17 H 81}, ¥ M Ak B 5%
SEMET, AR 2 2R H™HE, NRGT204



6 TR SHEAR

%51 %

N, HARZFF3.91070 . Hoh, )RSk R B3 2 AL
T BEAR AN Uir, BeA T IE WA, AU T8 T o B B
J&, 36 NFET o BUR T E g I AR R 8, JK i
UG 90 S Y/ N

(b) JRE3kVE R E B IR

B4 I8k “2015-08-17" LR E
Fig. 4 Flash flood disaster on “17 August, 2015” in Xuy-
ong county, Sichuan

2.5 PO)IEHE8.8" LLHtRE

201748 H 8 H % =55 2547, DU A8 Bt Ll M 5 4%
FLIRm AR b 98 K B, 33 18 3 A 0 7= 458 2
NBTZ (25 NFETS, SAZG) BRI I TP 4534,
— ARG R R E, 5 — AR R E, K

5 MJIIE+E“2017-08-08" LR E
Fig. 5 Flash flood disaster on “8 August,2017” in Puge
county, Sichuan

2.6 WX“FEM—HK—RP—HRME" K DIEBE

TER R RIIE D7

FEF 11k K B A A 5 R AT, L X R
TETK ™= Vb # 175 S 1Ltk KA S AT ) A0 S - 5
KRR 5 | A 1) KT 4 | 2 N K5 & T B S5 YA G
U K VPR EAE S R B 1 R R g AR | AR
X2 K PV RNA TRAS AT, 175 R IR e VI
IRAVE B8, B i Tt K B B 7 4 X R AR A AR
PIX, anE 6T o

3l e
| —

(c) VAR M

(d) RPIZFHRE G B
6 RWBEDFRHLBRIDBE B REHE

Fig. 6 Characteristics of flash flood induced by excess sed-
iment supply with storm

3 RIPHERTETRAEULHKDBER R
i ok

3.1 XERZFEIR

TN L7 ok R ot 33 b K 98 PR R IR 1 K, B &
RIS 2O AR AL, #5717 R 1 1 IR Ak A U8 VD JS0R: 7
ATHGE, B 5 A 58 I RN 8 A5 AH 1] HE B s VD BE 22
BRI B, BHLASRIE A7k, o — 20 AT it i D HE VL B
1o VEVP IRV BN Fa 45 78 R IR & L KA BERY , TE
RIS MK, ™ ) L EE L AR, KRR
St E AT TR Z M5, (AR Z 20 TR



5 439

TEPpEE, A PRV TS Y 1L U WS AR A AR R 7

2 g AR A 1L B G R R B, DA X LV
PN BRI EE B R IL Pt K E 5 KX, 45
LUt 5 58 B 3 A R A R TR G o 2% W 1t 3 AL B AF
F 42 Lk 7 A 14 56 S ] S 254 B T 1 kg AR
il 29 78 R M L 7R, Ve VD Rb 25 58 48 R K i R v
IR 32 By 307 R L I S 3t K A AR b iy O e
ETS N TR A A A ORI R P S AR a1 ||
LG ERFFEA 0 205 1) S (] 2 K IR, AR L
TG E B IR IE LA B I A R R S kK 2
KA X 22 g 6 0, TS R i e k) ki —
ViR R PO B I S kBTl S K
Pl

SASR VR, 24 Fi 2R R Lt AR S B A 5 2 LUK
SCo AR A I T AR K A AR DG R R IR, LAY AT
HEOKALAR A R BF 5T H AR RN 38, = % e v
H0 25 5 A8 XoF 11 8t T AR BR 5 ] o SR T L b X R
WL R o e e v, Ho b v ki AR e R
VRN B SV RE IR AR AL, 51 YA IR B 2R
o7 8, 50 T ke 1) B — K A6 O R M DL LS
e 37 5 DX 35k 114 37 18k 7K A7 5 9 % 4 4B, DT AT
S P I A W L O O DAL e 1 G R 2
J7i) A1 2 AL

1) 2 T 1L 3% R VbR 45 2 738 B K Vb 31 1 27 L
il 2 58 43 BT 2 T TR AKORT 39 AR P O 0 338 2 A L VAR
S Wi KL AR J2 IR S5 DA B rh e RS A YR VD
A B IR,

2) F W 1Lt 5 90 PR % v 31 1 A0 B RS & VA IR
ORI R LB 2 G 5T e VD R AN A RS TR A IR
TEAS 50 WY i U0 R | 16 DR i g 1o A5 = 8 A g
F R i o

3) {8 R I 25 T UK A7 BE 3 11 P SR HLEE .
R VR TP AN A T K- AL B S L R, A
FE JA R 0P IR 25 AT K A8 AR £k B B W 1L 3 08 3
DU D FH TR 8 bR T0TE 5 R R VDR 45 228 152
32 ESMAEAR

DL IR S 10 DX W L 2 48] 40 A o Bl 2 Hh F
5 7 TN L LV A A b R B R VD R VR S L IR
XHYE RIEAS W52, DL i 5| % i koK ofal L 78 PR
W KIS MG K VDB SR, DAAE 7R L b IX a2
TR K T A o AR 5 YR VD A A 2 AR A 1 8t I B I AL
B N ALEE

1) 5 TN L Bt % PR v b 45 R A8 B K Vb 3l F1 2R AL
il : 28 A0 BT 2 RN K R BRI KRS A AR 1R L K
VARG PEnIWAE B LY SO B L NIUE 137 NIz 8 B S LNNATZ R
S i KL AR J2 B IR S5 4 DA B rh e RS A R VD
BN ISR,

2) 2% W LU 5 90 R 5 V0 59y 3 AH BAE RS & TR R
AU R HLEE . 3 B ST U0 VDR BN 4 A S R YA R
TEA A T WK Uiz stk  HERS ki vb 6 1 R
T8 DA o i e IO A X R A I T i

3) V8 RUALE S5 AT B AL BE Y 1) 2% 7R Lk SR
HLIL: 28 ATV VD 5 5 A8 T YA PRV A8 S 72, Jie B
IR A AL R, 4B R TR v B A A T |
TR A I 38 S0CU LB, B ST YA PR I S F R KA
A Al B 5 W 1Lt T L
33 FEUFHS

D) WF 8 BB AHT : 5 F it itk 51
LR R B AT, A e AL Gy« R+ K ”
WEEEE AR Iy« B KR v i 5T o

2) WFFEHUEL A BT . DLAE N 3 BRI — AR i — Ll
L7 YEAR A R 198 B ) 7, A O 2 H ST YR VD RN 4R 28
A 55 L AR R A R ML

3)VWFFE TR BH AR G LK SC# T sh 1 2%
R FE R BT T vk R R BIK S0 | A T2 E TR
S N2 2R X, R HE N B WG R RV 5
AR B HLEE,

4 MRBRRERE

LS LR P v b 25 58 A8 R U DDA R,
5 H T 5 2 TR HE AR A FH T 9 L DX/ N U 03 B A 7
UL 5 4 7% e V0 4D 2 S A8 BT PR b 18 ML A %
oK e v 3 [ FH SR LB ; ALy B R 198 o e 3
BRI, DAL I DX/ TR A I8 70 b 25 58728 T B L kK
F RIS, LA TR 1) D5 T 5 K e D A 45 S AL TR
L By i 00 R R A, 2 U R 4

1) 46 7% B W 1L Ao i S R B IR 30 3% L 7 RO
PCTERIR ZEAF T 4 e PR v A 25 BIL A B 389 PR 6 0% e
YRR A7 S Sl i B LA, i R R R VD A AR Bl T Ak
PERAT ST

2) 7 2 W L P AR i R PR b b4 5 AN [R] T8 PR
T 25 T8 G IE I Wk A i A% 30 7 R L 8 249 149 R Wi oz R
e, ST BRI LI AR A 9 PR e A

3) B0 5 AN [ 38 R 8 45 05 T K Ui Bl S PR
IO RRAE , 75 1) R i | kK T8 W 5 B 1S ) K
L BEHS AL o

4) Z2 Gt 7 11 DX W Lk 2o e PR v A 45 5%
AR B ECR LR, BT A 5 T 1Lt A 5 R L 9 R )
{14 42 L kK U0 am 2l 15 9 PR I A I RUE BT ik, 2
HR AR R 8 9K 2 75 K T3 o

5) 16 LA AN T5 TSR B9 JE AL, H AT 46 78 2R
L LT 55 PR UD R 2 S AL 2 AF T 143 PR Wi o R AL
B st g B iR R A e SR



8 TR SHOR

5% 51 %

S

[1] Li Zhongping,Bi Hongwei,Zhang Mingbo.Studies on pre-
cipitation distribution in mountain flood-prone areas in
China[J].China Water Resources,2007(14):25-27.[Z
S B, T R T Lt o 3 v o P DX AR B E D).
rhE K], 2007(14):25-27.]

[2] Ma Meihong,He bingshun,Guo Liang,et al.The character-
istics and problem of flash flood on 2012 in China[J].China
Flood & Drought Management,2014,24(2):15-18.[ 53¢
1A ST, 58 B, 2. 2011 247 3 5 11t o o i K [l [T].
o E BT, 2014,24(2):15-18.]

(3] HhAe N RN [ R 22 U A 2 R e 2+ — A AR
RIZNE[R].http://www.gov.cn/20111h/content 1825838-
7.htm,49-50.

(4] e N RIEFNE [ R 22 T fdh 2 R RS+ = A TR M
RIMER] . http://wewy.ahxf.gov.cn/village/sdnewContent.
asp?webid=5264&ClassID=76115&id2066705.

[5] Huschke R E.Glossary of meteorology[M].Boston: Americ-
an Meteorological Society,2000.

[6] Borga M,Boscolo P,Zanon F,et al. Hydrometeorological
analysis of the 29 August 2003 flash flood in the eastern
Italian Alps[J].Journal of Hydrometeorology,2007,8(5):
1049-1067.

[71 Gao Yanchao,He Jie,Chen Ningsheng,et al.Analysis of
characters of torrent disasters in the wowns of the mountain
areas,Sichuan,China[J].Journal of Chengdu University of
Technology (Science & Technology Edition),2006,33(1):
84—89. [ A, AT A, B 77 A, A5 D 1 4 L DXL L it ok
FFAE 2> B (9] AR B TR~ 22 4l (AR B2 i), 2006,
33(1):84-89.]

[8] Ding Hairong,Li Yong,Zhao Guohua,et al. Analysis of flash
flood formation character and cause in the upper reaches
ofMinjiang river after Wenchuan earthquake[J].Journal of
Catastrophology,2013,28(2):14—19.[ T V#4525 58 X [F
e85 PO bR R RYT. B3t Ll K & R AIE 5 IR 43 BT ).
JCEZ£2013,28(2):14-19.]

[9] Barredo J I.Major flood disasters in Europe:1950—2005[J].
Natural Hazards,2007,42(1):125-148.

[10] Cao Shuyou, Liu Xingnian, Huang Er, et al. Mechanism and
assessment factors for flash floods induced by earthquakes[J].
Journal of Southwest University(Natural Science Edition),
2008, 34(6): 1077-1082.[ B HUL, XMLAE, /R, 55 T
K P LB 5 PP FE AR W R (] 74 R R R~ 24l
(HRFIFAR), 2008, 34(6): 1077-1082.]

[11] Du Jun,Ding Wenfeng,Ren Hongyu.Relationships between
different types of flash flood disasters and their main im-
pact factors in the Sichuan Province[J].Resources and En-
vironment in the Yangtze Basin,2015,24(11):1977-1983.[#k
R, T 3 AT E T U148 AN [RI R B 1t o 5 5 2R

PHER B0 G 2R (] I VL S W8 U 5 30 458,2015,24(11)::
1977-1983.]

[12] Brauer C C,Teuling A J,0Overeem A,et al.Soil buffer limits
flash flood response to extraordinary rainfall in a Dutch
lowland catchment[J].Hydrology & Earth System Sciences
Discussions,2011,8(1):111-150.

[13] Jiang Jinhong,Shao Liping.Standard of mountain flood
warning based on the precipitation observation
data[J].Journal of Hydraulic Engineering,2010,41(4):
458463 [VIHRLL, HFINE. 56 T UL BEOREfO L1 L T
FRE[T]. K F2431,2010,41(4):458-463.]

[14] Kundzewica Z W, Kanae S,Seneviratne S et al.Flood risk
and climate change:Global and regional perspectives[J].In-
ternational Association of Scientific Hydrology Bulletin,
2014,59(1):1-28.

[15] Whitfield P H,Pomeroy J W.Changes to flood peaks of a
mountain river:Implications for analysis of the 2013 flood
in the upper bow river,Canada[J].Hydrological Processes,
2016,30(25):4657-4673.

[16] Pan Jiajia,Cao Zhixian,Wang Xiekang,et al. Comparative
study of simplified and full hydrodynamic models for flash
floods[J].Journal of Sichuan University (Engineering Sci-
ence Edition),2012,44(Supp1):77-82.[1& {1k, & &6, T b
g, A6 23 T 1Lt K Bl T 2 AR R B TR A B 1) LRI Y
DI PR AA2AR (T AR RR),2012,44(0 T111):77-82 ]

[17] Radice A,Longoni L,Papini M,et al.Generation of a design
flood-event scenario for a mountain river with intense sedi-
ment transport[J].Water,2016,8(12):597.

[18] Apel H,Thieken A H,Merz B,et al.A probabilistic model-
ling system for assessing flood risks[J].Natural Hazards,
2006,38(1/2):79-100.

[19] Neuhold C,Stanzel P,Nachtebel H P.Incorporating river
morphological changes to flood risk assessment:Uncertain-
ties,methodology and application[J].Natural Hazards and
Earth System Science,2009,9(3):789—799.

[20] Marchi L,Borga M,Preciso E,et al.Characterisation of se-
lected extreme flash floods in Europe and implications for
flood risk management[J].Journal of Hydrology,2010,
394(1/2):118-133.

[21] Lin G W,Chen H,Hovius N,et al.Effects of earthquake and
cyclone sequencing on landsliding and fluvial sediment
transfer in a mountain catchment[J].Earth Surface Pro-
cesses & Landforms,2008,33(9):1354-1373.

[22] Izmailow B,Kamykowska M,Krzemien K.The geomorpho-
logical effects of flash floods in mountain river channels[J].
The Case of the River Wilsznia (Western Carpathian Moun-
tains),2006,116:89-97.

[23] Koi T,Hotta N,Ishigaki I,et al.Prolonged impact of earth-

quake-induced landslides on sediment yield in a mountain


http://dx.doi.org/10.3969/j.issn.1001-4179.2008.17.021
http://dx.doi.org/10.3969/j.issn.1001-4179.2008.17.021
http://dx.doi.org/10.3969/j.issn.1673-9264.2014.02.007
http://dx.doi.org/10.3969/j.issn.1673-9264.2014.02.007
http://dx.doi.org/10.3969/j.issn.1673-9264.2014.02.007
http://www.gov.cn/2011lh/content_1825838-7.htm,49-50
http://www.gov.cn/2011lh/content_1825838-7.htm,49-50
http://wcwy.ahxf.gov.cn/village/s4newContent.asp?webid=5264&amp;Class_ID=76115&amp;id=2066705
http://wcwy.ahxf.gov.cn/village/s4newContent.asp?webid=5264&amp;Class_ID=76115&amp;id=2066705
http://dx.doi.org/10.1080/00431672.1960.9925073
http://dx.doi.org/10.1080/00431672.1960.9925073
http://dx.doi.org/10.1080/00431672.1960.9925073
http://dx.doi.org/10.1175/JHM593.1
http://dx.doi.org/10.3969/j.issn.1671-9727.2006.01.016
http://dx.doi.org/10.3969/j.issn.1671-9727.2006.01.016
http://dx.doi.org/10.3969/j.issn.1671-9727.2006.01.016
http://dx.doi.org/10.3969/j.issn.1671-9727.2006.01.016
http://dx.doi.org/10.3969/j.issn.1671-9727.2006.01.016
http://dx.doi.org/10.3969/j.issn.1671-9727.2006.01.016
http://dx.doi.org/10.3969/j.issn.1000-811X.2013.02.004
http://dx.doi.org/10.3969/j.issn.1000-811X.2013.02.004
http://dx.doi.org/10.3969/j.issn.1000-811X.2013.02.004
http://dx.doi.org/10.1007/s11069-006-9065-2
http://dx.doi.org/10.3969/j.issn.1003-2843.2008.06.001
http://dx.doi.org/10.3969/j.issn.1003-2843.2008.06.001
http://dx.doi.org/10.3969/j.issn.1003-2843.2008.06.001
http://dx.doi.org/10.3969/j.issn.1003-2843.2008.06.001
http://dx.doi.org/10.3969/j.issn.1003-2843.2008.06.001
http://dx.doi.org/10.3969/j.issn.1003-2843.2008.06.001
http://dx.doi.org/10.11870/cjlyzyyhj201511023
http://dx.doi.org/10.11870/cjlyzyyhj201511023
http://dx.doi.org/10.11870/cjlyzyyhj201511023
http://dx.doi.org/10.11870/cjlyzyyhj201511023
http://dx.doi.org/10.5194/hessd-8-111-2011
http://dx.doi.org/10.5194/hessd-8-111-2011
http://dx.doi.org/10.13243/j.cnki.slxb.2010.04.003
http://dx.doi.org/10.13243/j.cnki.slxb.2010.04.003
http://dx.doi.org/10.1080/02626667.2013.857411
http://dx.doi.org/10.1080/02626667.2013.857411
http://dx.doi.org/10.1002/hyp.10957
http://dx.doi.org/10.3390/w8120597
http://dx.doi.org/10.1007/s11069-005-8603-7
http://dx.doi.org/10.5194/nhess-9-789-2009
http://dx.doi.org/10.5194/nhess-9-789-2009
http://dx.doi.org/10.1016/j.jhydrol.2010.07.017
http://dx.doi.org/10.1002/esp.1716
http://dx.doi.org/10.1002/esp.1716
http://dx.doi.org/10.1002/esp.1716
http://dx.doi.org/10.3969/j.issn.1001-4179.2008.17.021
http://dx.doi.org/10.3969/j.issn.1001-4179.2008.17.021
http://dx.doi.org/10.3969/j.issn.1673-9264.2014.02.007
http://dx.doi.org/10.3969/j.issn.1673-9264.2014.02.007
http://dx.doi.org/10.3969/j.issn.1673-9264.2014.02.007
http://www.gov.cn/2011lh/content_1825838-7.htm,49-50
http://www.gov.cn/2011lh/content_1825838-7.htm,49-50
http://wcwy.ahxf.gov.cn/village/s4newContent.asp?webid=5264&amp;Class_ID=76115&amp;id=2066705
http://wcwy.ahxf.gov.cn/village/s4newContent.asp?webid=5264&amp;Class_ID=76115&amp;id=2066705
http://dx.doi.org/10.1080/00431672.1960.9925073
http://dx.doi.org/10.1080/00431672.1960.9925073
http://dx.doi.org/10.1080/00431672.1960.9925073
http://dx.doi.org/10.1175/JHM593.1
http://dx.doi.org/10.3969/j.issn.1671-9727.2006.01.016
http://dx.doi.org/10.3969/j.issn.1671-9727.2006.01.016
http://dx.doi.org/10.3969/j.issn.1671-9727.2006.01.016
http://dx.doi.org/10.3969/j.issn.1671-9727.2006.01.016
http://dx.doi.org/10.3969/j.issn.1671-9727.2006.01.016
http://dx.doi.org/10.3969/j.issn.1671-9727.2006.01.016
http://dx.doi.org/10.3969/j.issn.1000-811X.2013.02.004
http://dx.doi.org/10.3969/j.issn.1000-811X.2013.02.004
http://dx.doi.org/10.3969/j.issn.1000-811X.2013.02.004
http://dx.doi.org/10.1007/s11069-006-9065-2
http://dx.doi.org/10.3969/j.issn.1003-2843.2008.06.001
http://dx.doi.org/10.3969/j.issn.1003-2843.2008.06.001
http://dx.doi.org/10.3969/j.issn.1003-2843.2008.06.001
http://dx.doi.org/10.3969/j.issn.1003-2843.2008.06.001
http://dx.doi.org/10.3969/j.issn.1003-2843.2008.06.001
http://dx.doi.org/10.3969/j.issn.1003-2843.2008.06.001
http://dx.doi.org/10.11870/cjlyzyyhj201511023
http://dx.doi.org/10.11870/cjlyzyyhj201511023
http://dx.doi.org/10.11870/cjlyzyyhj201511023
http://dx.doi.org/10.11870/cjlyzyyhj201511023
http://dx.doi.org/10.5194/hessd-8-111-2011
http://dx.doi.org/10.5194/hessd-8-111-2011
http://dx.doi.org/10.13243/j.cnki.slxb.2010.04.003
http://dx.doi.org/10.13243/j.cnki.slxb.2010.04.003
http://dx.doi.org/10.1080/02626667.2013.857411
http://dx.doi.org/10.1080/02626667.2013.857411
http://dx.doi.org/10.1002/hyp.10957
http://dx.doi.org/10.3390/w8120597
http://dx.doi.org/10.1007/s11069-005-8603-7
http://dx.doi.org/10.5194/nhess-9-789-2009
http://dx.doi.org/10.5194/nhess-9-789-2009
http://dx.doi.org/10.1016/j.jhydrol.2010.07.017
http://dx.doi.org/10.1002/esp.1716
http://dx.doi.org/10.1002/esp.1716
http://dx.doi.org/10.1002/esp.1716

5 439

TEPpEE, A PRV TS Y 1L U WS AR A AR R 9

watershed:The Tanzawa region,Japan[J].Geomorphology,
2008,101(4):692—702.

[24] Ddadson S J,Hovius N,Chen H,et al.Earthquake-triggered
increase in sediment delivery from an active mountain
belt[J].Geology,2004,32(8):733.

[25] Cui P,Chen X Q,Zhu Y Y,et al. The Wenchuan Earthquake
(May 12,2008),Sichuan Province,China,and resulting geo-
hazards[J].Natural Hazards,2009,56(1):19-36.

[26] Wang J,Jin Z,Hilton R G,et al.Controls on fluvial evacu-
ation of sediment from earthquake-triggered landslides[J].
Geology,2015,43(2):115-118.

[27] Parker R N,Densmore A L,Rosser N J,et al. Mass wasting
triggered by the 2008 Wenchuan earthquake is greater than
orogenic growth[J].Nature Geoscience,2011,4(7):449-452.

[28] Ding Hairong,Li Yong,Yan Liang,et al.Influences of dis-
aster chain driven by Wenchuan earthquake on sediment
discharge in upper reaches of Minjiang river,Sichuan,China[J].
Journal of Chengdu Univeristy of Technology (Science &
Technology Edition),2013,40(6):712-720.[ T 45,25 5[]
58, A O 3 52 B B 1) 9 TR XU VL 3t e 1) 5 TR
[J]. BB B TR 222 4R (A SRR 1i2),2013,40(6):712-720.]

[29] Tang C,Van Asch T W J,Chang M,et al.Catastrophic debris
flows on 13 August 2010 in the Qingping area,southwest-
ern China:The combined effects of a strong earthquake and
subsequent rainstorms[J].Geomorphology,2012,139-140:
559-576.

[30] Chang Ming,Tang Chuan,Jiang Zhilin,et al. Dynamic evolu-
tion process of sediment supply for debris flow occurrence
in Longchi of Dujiangyan,Wenchuan Earthquake area[J].
Mountain Research,2014,32(1):89-97.[# W, & 1| &
R, A B DR VL IE 7 e b e A U A0 1 1 e SR 3 24 i
AR[T]. 1024 4%,2014,32(1):89-97.]

[31] Fan D,Cai G,Shang S,et al.Sedimentation processes and
sedimentary characteristics of tidal bores along the north
bank of the Qiantang Estuary[J].Chinese Science Bulletin,
2012,57(13):1578-1589.

[32] Nie Ruihua,Liu Xingnian,Yang Kejun,et al. Experimental
investigation on the maximum bedload transprot rate dur-
ing the process of armoring layer destruction[J].Journal of
Sichuan University (Engineering Science Edition),2013,45(2):
1-5. =B XIDAE A v B 5 M Z B B b i de Rk
IR i v AR W ST (0] DU R 2 2l (TR ko
f%),2013,45(2):1-5.]

[33] Hou Ji,Liu Xingnian,Jiang Beihan,et al. Experimental study
of water depth in steep channel flow carrying sediments by
mountain torrents[J].Journal of Hydraulic Engineering,
2012,43(Supp2):48-53. {7, X D44F F L FE 55 1 L 4 AHF
Pe Vb5 1 K Y 1L DX B B i K RS A LRI 52 [T 7K A
2442,2012,43(HT1)2):48-53.]

[34] Li Bin,Gu Aijun,Guo Zhixue,et al. Experimental study of
water level in steep channel flow under high sediment con-
centration[J].Journal of Sichuan University (Engineering
Science Edition),2015,47(Supp2):34-39.[ 25 i 2% 2= 55 ks
o7, S I VRS BRI B K S e R S (0] 7Y
J K22 (TR ),2015,47(351]2):34-39.]

[35] Roca M,Martin-Vide J P,Moreta P J M.Modelling a torren-
tial event in a river confluence[J].Journal of Hydrology,2009,
364(3/4):207-215.

[36] Swanson B J,Meyer G.Tributary confluences and discon-
tinuities in channel form and sediment texture:Rio Chama,
NM]J].Earth Surface Processes & Landforms,2014,
39(14):1927-1943.

[37] Recking A.Influence of sediment supply on mountain
streams bedload transport[J].Geomorphology,2012,
175/176(6):139-150.

[38] Dietrich W E,Kirchner J W,Ikeda H,et al.Sediment supply
and the development of the coarse surface layer in gravel-
bedded rivers[J].Nature,1989,340(6230):215-217.

[39] Madej M A,Sutherland D G,Lisle T E,et al.Channel re-
sponses to varying sediment input:A flume experiment
modeled after Redwood Creek,California[J].Geomorpho-
logy,2009,103(4):507-519.

[40] Chatanantiavet P,Parker G.Experimental study of bedrock
channel alluviation under varied sediment supply and hy-
draulic conditions[J].Water Resources Research,2008,
44(12):37-42.

[41] Elgueta-Astaburuaga M A,Hassan M A.Experiment on
temporal variation of bed load transport in response to
changes in sediment supply in streams[J]. Water Resources
Research,2017,53(1):763-778.

[42] Podolak C J P,Wilcock P R.Experimental study of the re-
sponse of a gravel streambed to increased sediment
supply[J].Earth Surface Processes and Landforms,2013,
38(14):1748-1764.

[43] Zen S,Zolezzi G,Tubino M.A theoretical analysis of river
bars stability under changing channel width[J].Advances in
Geosciences,2014,39:27-35.

[44] Billi P.Flash flood sediment transport in a steep sand-bed
ephemeral stream[J].International Journal of Sediment Re-
search,2011,26(2):193-209.

[45] Owczarek P.Hillslope deposits in gravel-bed rivers and
their effects on the evolution of alluvial channel forms:A
case study from the Sudetes and Carpathian Mountains[J].
Geomorphology,2008,98(1/2):111-125.

[46] Tarolli P,Fontana G D.Hillslope-to-valley transition mor-
phology:New opportunities from high resolution DTMs|[J].
Geomorphology,2009,113(1/2):47-56.

[47] Huang R Q,Fan X M.The landside story[J].Nature


http://dx.doi.org/10.1016/j.geomorph.2008.03.007
http://dx.doi.org/10.1130/G20639.1
http://dx.doi.org/10.1007/s11069-009-9392-1
http://dx.doi.org/10.1130/G36157.1
http://dx.doi.org/10.1038/ngeo1154
http://dx.doi.org/10.3969/j.issn.1671-9727.2013.06.11
http://dx.doi.org/10.3969/j.issn.1671-9727.2013.06.11
http://dx.doi.org/10.3969/j.issn.1671-9727.2013.06.11
http://dx.doi.org/10.3969/j.issn.1671-9727.2013.06.11
http://dx.doi.org/10.3969/j.issn.1671-9727.2013.06.11
http://dx.doi.org/10.3969/j.issn.1671-9727.2013.06.11
http://dx.doi.org/10.1016/j.geomorph.2011.12.021
http://dx.doi.org/10.16089/j.cnki.1008-2786.2014.01.012
http://dx.doi.org/10.16089/j.cnki.1008-2786.2014.01.012
http://dx.doi.org/10.1007/s11434-012-4993-6
http://dx.doi.org/10.3969/j.issn.0559-9350.2012.z2.010
http://dx.doi.org/10.3969/j.issn.0559-9350.2012.z2.010
http://dx.doi.org/10.3969/j.issn.0559-9350.2012.z2.010
http://dx.doi.org/10.15961/j.jsuese.2015.s2.006
http://dx.doi.org/10.15961/j.jsuese.2015.s2.006
http://dx.doi.org/10.15961/j.jsuese.2015.s2.006
http://dx.doi.org/10.15961/j.jsuese.2015.s2.006
http://dx.doi.org/10.15961/j.jsuese.2015.s2.006
http://dx.doi.org/10.15961/j.jsuese.2015.s2.006
http://dx.doi.org/10.15961/j.jsuese.2015.s2.006
http://dx.doi.org/10.1016/j.jhydrol.2008.10.020
http://dx.doi.org/10.1002/esp.3586
http://dx.doi.org/10.1016/j.geomorph.2012.07.005
http://dx.doi.org/10.1038/340215a0
http://dx.doi.org/10.1016/j.geomorph.2008.07.017
http://dx.doi.org/10.1016/j.geomorph.2008.07.017
http://dx.doi.org/10.1029/2007WR006581
http://dx.doi.org/10.1002/2016WR019460
http://dx.doi.org/10.1002/2016WR019460
http://dx.doi.org/10.1002/esp.3468
http://dx.doi.org/10.5194/adgeo-39-27-2014
http://dx.doi.org/10.5194/adgeo-39-27-2014
http://dx.doi.org/10.1016/S1001-6279(11)60086-3
http://dx.doi.org/10.1016/S1001-6279(11)60086-3
http://dx.doi.org/10.1016/S1001-6279(11)60086-3
http://dx.doi.org/10.1016/j.geomorph.2007.02.028
http://dx.doi.org/10.1016/j.geomorph.2009.02.006
http://dx.doi.org/10.1038/ngeo1806
http://dx.doi.org/10.1016/j.geomorph.2008.03.007
http://dx.doi.org/10.1130/G20639.1
http://dx.doi.org/10.1007/s11069-009-9392-1
http://dx.doi.org/10.1130/G36157.1
http://dx.doi.org/10.1038/ngeo1154
http://dx.doi.org/10.3969/j.issn.1671-9727.2013.06.11
http://dx.doi.org/10.3969/j.issn.1671-9727.2013.06.11
http://dx.doi.org/10.3969/j.issn.1671-9727.2013.06.11
http://dx.doi.org/10.3969/j.issn.1671-9727.2013.06.11
http://dx.doi.org/10.3969/j.issn.1671-9727.2013.06.11
http://dx.doi.org/10.3969/j.issn.1671-9727.2013.06.11
http://dx.doi.org/10.1016/j.geomorph.2011.12.021
http://dx.doi.org/10.16089/j.cnki.1008-2786.2014.01.012
http://dx.doi.org/10.16089/j.cnki.1008-2786.2014.01.012
http://dx.doi.org/10.1007/s11434-012-4993-6
http://dx.doi.org/10.3969/j.issn.0559-9350.2012.z2.010
http://dx.doi.org/10.3969/j.issn.0559-9350.2012.z2.010
http://dx.doi.org/10.3969/j.issn.0559-9350.2012.z2.010
http://dx.doi.org/10.15961/j.jsuese.2015.s2.006
http://dx.doi.org/10.15961/j.jsuese.2015.s2.006
http://dx.doi.org/10.15961/j.jsuese.2015.s2.006
http://dx.doi.org/10.15961/j.jsuese.2015.s2.006
http://dx.doi.org/10.15961/j.jsuese.2015.s2.006
http://dx.doi.org/10.15961/j.jsuese.2015.s2.006
http://dx.doi.org/10.15961/j.jsuese.2015.s2.006
http://dx.doi.org/10.1016/j.jhydrol.2008.10.020
http://dx.doi.org/10.1002/esp.3586
http://dx.doi.org/10.1016/j.geomorph.2012.07.005
http://dx.doi.org/10.1038/340215a0
http://dx.doi.org/10.1016/j.geomorph.2008.07.017
http://dx.doi.org/10.1016/j.geomorph.2008.07.017
http://dx.doi.org/10.1029/2007WR006581
http://dx.doi.org/10.1002/2016WR019460
http://dx.doi.org/10.1002/2016WR019460
http://dx.doi.org/10.1002/esp.3468
http://dx.doi.org/10.5194/adgeo-39-27-2014
http://dx.doi.org/10.5194/adgeo-39-27-2014
http://dx.doi.org/10.1016/S1001-6279(11)60086-3
http://dx.doi.org/10.1016/S1001-6279(11)60086-3
http://dx.doi.org/10.1016/S1001-6279(11)60086-3
http://dx.doi.org/10.1016/j.geomorph.2007.02.028
http://dx.doi.org/10.1016/j.geomorph.2009.02.006
http://dx.doi.org/10.1038/ngeo1806

10 TR SHOR

5% 51 %

Geoscience,2013,6(5):325-326.

[48] Long D G F.Evidence of flash floods in Precambrian gravel
dominated ephemeral river deposits[J].Sedimentary Geo-
logy,2017,347:53-66.

[49] Ortega-Becerril J A,Garzon G,Bejar-Pizarro M, et al.To-
wards an increase of flash flood geomorphic effects due to
gravel mining and ground subsidence in Nogalte stream
(Murcia,SE Spain)[J].Natural Hazards and Earth System
Sciences,2016,16(10):2273-2286.

[50] Gan Binrui,Liu Xingnian,Yang Xingguo,et al. The impact
of human activities on the occurrence of mountain flood
hazards:Lessons from the 17 August 2015 flash flood/debris
flow event in Xuyong County,south-western China[J].Geo-
matics Natural Hazards & Risk,2018,9(1):816-840.

[51] Cao Shuyou,Liu Xingnian.Adaptive adjustment and muta-
tion response of river bed within changing sediment supply
in mountain river[J].Journal of Sichuan University (Engin-
eering Science Edition),2016,48(1):1-7.[ & UL, X %4E 6
YD AD 25 78 AT L DR G T A 1 9 R 5 5 A e
[T PUNR2E2E 4R (T AR R 227),2016,48(1):1-7.]

[52] Smith J A,Baeck M L,Steiner M,et al.Catastrophic rainfall
from an upslope thunderstorm in the central Appalachians:
The Rapidan storm of June 27,1995[J].Water Resources Re-
search,1996,32(10):3099-3113.

[53] Gaume E,Livet M,Desbordes M, et al.Hydrological analys-
is of the river Aude,France,flash flood on 12 and 13 November
1999[J].Journal of Hydrology,2004,286(1):135-154.

[54] Brauer C C,Teuling A J,Overeem A, et al. Anatomy of ex-
traordinary rainfall and flash flood in a dutch lowland catch-
ment[J].Hydrology and Earth System Sciences,2011,15(6):
1991-2005.

[55] Chen Guiya,Yuan Yaming.Research on critical precipita-
tion amount computation method of mountain torrential
flood disaster[J].Yangtze River,2005,36(12):40-43.[BfAE

7, NG 1L T i AR AT R T R R
£71,2005,36(12):40-43.]

[56] Ye Yong,Wang Zhenyu,Fan Boqin.An analysis method for
ascertain critical rainfall of mountain flood disaster of small
watershed in ZhelJiang Province[J].Journal of China Hydro-
logy,2008,28(1):56-58.[ " 55, F 4R T Ju I WiV 4 /Nt
Il L 5 i B R S T 3 0 M [9].7K 3C,2008,28(1):
56-58.]

[57] Li Changzhi,Sun Dongya.Determination of flood warning

index for mountain flood[J].China Water Resources,
2012(9):54-56.[28 B 7k PR 0. LL B & F A8 R i
). E7KF1],2012(9):54-56.]

[58] Lee K T,Chen N C,Chung Y R.Derivation of variable [TUH
corresponding to time-varying rainfall intensity during
storm[J].Hydrological Sciences Journal,2008,53(2):
323-337.

EEN7IY: PN 220/ 1A A B
Ui, BB B A R
7 AEH )N F AR AR %
AN ERRABTRESE TS
B AL T AR B ARAF A, E RGO
mmiRFE (OKI2E) TP, EZM
FiK Sy 25 B sh 12 i R 2
A R B SRMIF TR, 78 1L X
VLK LKL e VDI B B ] RS | 2 W Lt g E A5y
HARKBIMOFM R, ERMS 5 200 H R R0 H Ik
AR E, & FESCIRFEIE L3045 - 20014F 4 [ 45 e = i
TRARZERSIE N = TR it TS,
2002—20034F FEAR PU )1 48 Bl k20 = 4 42270 20104F )i
R E TR A — S5, 20 1 34F AR LT SRk 4
AR,

(%% % )

L e S I S S S e e S S S e e e S S e S S SR S S SR S S S e . Sl S SR S S S S SR R SR e S S S e S 2

> o o o o

5| A #&1\: Wang Xiekang,Liu Xingnian,Zhou Jiawen.Research framework and anticipated results of flash flood disasters
under the mutation of sediment supply[J].Advanced Engineering Sciences,2019,51(4): 1—10.[ E MR, X1 D44E, B 5 3C PR v #b
YRRAETF BT I ST A ARRN R JE B[], TR AR 55K, 2019,51(4):1-10.]

* o o o -

LR S S SR S S S R R S S S SR S S R S S S R S S SR S R R S S SR S IR S SR R R S SR S S S 2


http://dx.doi.org/10.1038/ngeo1806
http://dx.doi.org/10.1016/j.sedgeo.2016.11.006
http://dx.doi.org/10.1016/j.sedgeo.2016.11.006
http://dx.doi.org/10.1016/j.sedgeo.2016.11.006
http://dx.doi.org/10.5194/nhess-16-2273-2016
http://dx.doi.org/10.5194/nhess-16-2273-2016
http://dx.doi.org/10.1080/19475705.2018.1480539
http://dx.doi.org/10.1080/19475705.2018.1480539
http://dx.doi.org/10.15961/j.jsuese.2016.01.001
http://dx.doi.org/10.15961/j.jsuese.2016.01.001
http://dx.doi.org/10.15961/j.jsuese.2016.01.001
http://dx.doi.org/10.15961/j.jsuese.2016.01.001
http://dx.doi.org/10.15961/j.jsuese.2016.01.001
http://dx.doi.org/10.15961/j.jsuese.2016.01.001
http://dx.doi.org/10.15961/j.jsuese.2016.01.001
http://dx.doi.org/10.1029/96wr02107
http://dx.doi.org/10.1029/96wr02107
http://dx.doi.org/10.1029/96wr02107
http://dx.doi.org/10.1016/j.jhydrol.2003.09.015
http://dx.doi.org/10.5194/hess-15-1991-2011
http://dx.doi.org/10.3969/j.issn.1001-4179.2005.12.016
http://dx.doi.org/10.3969/j.issn.1001-4179.2005.12.016
http://dx.doi.org/10.3969/j.issn.1001-4179.2005.12.016
http://dx.doi.org/10.3969/j.issn.1000-0852.2008.01.013
http://dx.doi.org/10.3969/j.issn.1000-0852.2008.01.013
http://dx.doi.org/10.3969/j.issn.1000-0852.2008.01.013
http://dx.doi.org/10.3969/j.issn.1000-0852.2008.01.013
http://dx.doi.org/10.1623/hysj.53.2.323
http://dx.doi.org/10.1038/ngeo1806
http://dx.doi.org/10.1016/j.sedgeo.2016.11.006
http://dx.doi.org/10.1016/j.sedgeo.2016.11.006
http://dx.doi.org/10.1016/j.sedgeo.2016.11.006
http://dx.doi.org/10.5194/nhess-16-2273-2016
http://dx.doi.org/10.5194/nhess-16-2273-2016
http://dx.doi.org/10.1080/19475705.2018.1480539
http://dx.doi.org/10.1080/19475705.2018.1480539
http://dx.doi.org/10.15961/j.jsuese.2016.01.001
http://dx.doi.org/10.15961/j.jsuese.2016.01.001
http://dx.doi.org/10.15961/j.jsuese.2016.01.001
http://dx.doi.org/10.15961/j.jsuese.2016.01.001
http://dx.doi.org/10.15961/j.jsuese.2016.01.001
http://dx.doi.org/10.15961/j.jsuese.2016.01.001
http://dx.doi.org/10.15961/j.jsuese.2016.01.001
http://dx.doi.org/10.1029/96wr02107
http://dx.doi.org/10.1029/96wr02107
http://dx.doi.org/10.1029/96wr02107
http://dx.doi.org/10.1016/j.jhydrol.2003.09.015
http://dx.doi.org/10.5194/hess-15-1991-2011
http://dx.doi.org/10.3969/j.issn.1001-4179.2005.12.016
http://dx.doi.org/10.3969/j.issn.1001-4179.2005.12.016
http://dx.doi.org/10.3969/j.issn.1001-4179.2005.12.016
http://dx.doi.org/10.3969/j.issn.1000-0852.2008.01.013
http://dx.doi.org/10.3969/j.issn.1000-0852.2008.01.013
http://dx.doi.org/10.3969/j.issn.1000-0852.2008.01.013
http://dx.doi.org/10.3969/j.issn.1000-0852.2008.01.013
http://dx.doi.org/10.1623/hysj.53.2.323

