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Abstract: [ Objective ]On July 20", 2024, a severe flash flood and debris flow disaster occurred in Xinhua Village, Malie

Township, Hanyuan County, Ya’ an City, Sichuan Province, affecting over 1 500 people and causing severe damage to
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infrastructure. A disaster review and analysis is conducted to investigate the formation mechanism of this compound flash flood
and debris flow disaster, analyze the scope and degree of its impact, and propose targeted disaster prevention and mitigation
measures , providing references for the prevention and control efforts of similar flash flood and debris flow disasters in the future.
[ Methods ] Remote sensing measurement, field investigation, numerical simulation, and comparison with design indicators were
employed. In the simulation analysis, the inferential formula method, area analogy method, and distributed hydrological
simulation method were employed for multi-method comparative analysis to comprehensively determine the return period of this
flood. [ Results ] Using the inferential formula method, the peak discharge of a 30-year return period design flood at the
confluence of Dagotou and Malie Gully was calculated to be 286. 00 m*/s. Based on surveyed flood marks, the peak discharge of
this disaster was estimated to be approximately 263.00 m’/s using the area analogy method. By applying the distributed
hydrological simulation method, the peak discharge of this disaster was calculated to be 249. 70 m*/s. A comprehensive analysis
indicated that the return period of this flood was approximately 30 years. [ Conclusion | The analysis confirms that the intense
rainfall is the primary triggering factor of this compound disaster. The unfavorable topographic, geomorphic, and geological
conditions in the watershed exacerbate the severity of the disaster, while the blockage of bridges and culverts further expands the
impact of the disaster. Moreover, deficiencies in early warning systems, emergency response mechanisms, and risk management
during disaster response are key factors leading to the severe loss.

Keywords: flash flood and debris flow; compound disasters; disaster review; disaster mechanism; Hanyuan, Sichuan; risk

assessment; flood; numerical simulation

0 51

R IEAEZ LR UR R T AT ENE . 78
it B st DX, L8 A I 25 5 O3 Rk iRk 4- 1
JEMEAR 5 A — AR BUE A, BB 290
i, 2 BE A& MRE . U AE L X b
AT PP R AR B SR 2 TR VD A B AR o 8 5 R
K, BAT AR RO | RRSEI AL IR ) 5 A
Mo Wb ICE R RN R AR . TR oK
R A R R A K, A ] — 4 DR IX I N BAT B Y
AR RAER Ve A T L R 1 R AR A K
Z—, MRS R A RKE,
A el L b ph 2 R T S B B R | A Bk
FECBRAREBRAEE IR 3 g e A1 R 4 5
AR B TR A AT Lk e A i e L
R A AR I A AR UCE, R R A AR
SEHE A TR W 2, 2B i L A
AT R Y S DR, R A 2 1t
PeAT TR B M X T R I R A I 2 b, #a7n <
AL A BRI IR X I K SCAR AT A L2 oK
fl A AL, XHRETE X I RE ST, S KE R
WM AR BA + 0 AR X,

e W, DA AR S R M R R
TRELM, mlE, X, JUHAERKI B, &
T e i K R DR R B O AT AR L T
Tl =g — . 3 T gud P, AN RKE
i, WRAIEE S, T ssRsd, RRE L

KFKEBEAR(PHRL) $E56%5 2025 FFE8H

AR E R KX H 20 4 80 4EFRLIE, pu)i|
F B B R W S B Lt e A ik E , H
W DU B R R T X e 2 BRI A B S 2 e
WA E, ANGBGT R E RN, 2013 4E 7 A
4 HPUIE BP9 R 0 A A B kAR T R A I K
F, FEOMTIEE | IWIERMEE R, XA RS
IRBE AL U it e s ™ FE R, AR T E K&
PR R T PO DR BB S ARV 38 Sk v A
VAR, 2018 4E 8 J 6 H KA KA H I, Heok
P14 b IR 2% A2 R B R 0 A R TR o, 1 e B — i S A —
T ICERE ) PUREJE 2 A H % B AE 2019 4758
TR A TR E, GRS A A AR
R 19 4000 2 T e BT A R T % [ AR S T A
HF| B HIE S 5 R XA i K T il 31 T B2
PEHEFE N Ak, BEE DA I X &5 R R,
B WL RS E R WIR] . FUBCRWIE K, IR
B — 2 A RIS O o U A 4k e A
ISR A R EY KT RCERREE, R T
RRREE

A8 W 5 b i R 2 R A AR BRI G R K
X B —fiih 2[RI 2R (AR TR ) R A SE A J2 LA 4 T g Bl
RELZIMEMAT ", REZEEFRT KR
AR A ST, DARR R T A 0 B 9 Ik ¢ 3
W o SR FH 3 K S R (5 8 F AR S i & SR L PR A K
ERAIY, XFHICHTR)E X | AR bt
B R R A i R L A T I E ST T R 4
ARTFBE, A 0 o S 0L | s ) A5 R

205



o 3R, /IR 720" UBBRARREE £

FEBORBOCHEE, R T amsiil “8 - 187 1l
YA T BCHL B AN ECIERAE , FE R A ) 8 i
ARBFFE T IUINAEBOINFEX “8 - 20”7 BIEW IR A
WK E G i X IR A5, S A E A B TR E
TR AR, WhRK S S50 33 1 S % SR TG A ML
WEFE, MR TR LT RKZX “8 - 117 1l
LA TP B S84k | SAneiE s Sz sh LB, X
IEFE YRR ST T AT, CHONG %571 1
w1 TR L e A T O E B IR S, R
PRI . IR AR | BUEB IR Z 5 A,
P T —FPEE A AT 5 02 X ¢ B BT L i E
34307, QING 2 it Bl A | 38 B R T AN B ol
ST T BN B S Ihtle Ak E, HT TR
TR RS, IR T AR 8 8T s

F AR J 110 B TR A28 9 2o R R 1L U A R R kA
MAZ0 RSN T, B BUE R AR & R, Ok i
EAINR & S I PLASR//BE PURE S ID ¥ W, ' B
XoF L ke A i L B TR SR AL AT . QTAO AP R
T —Fp 3T BT - AR E R A HLH Y 1Lt e A
T, AT LA A BE TN 5 - AN AR X 1 it
T F AT AT B4 M, DESTRO 45 My T
— Ao A L A AR A A AL T LU
LA e At A, 78 U6 A U fih & AL s 000 O
AT LA A v A3 R R SR S R K Sk 35
RIS Eo2 AT <7 < 207 bR EHITTHE
FAT, TRABFSE T 1t 9¢ 3 1 ik /K 1 5 Rl 1Y)
Whas A8k, Th o A5 200 3 A0 s 23 A8 YR 40 A1 K SO
Pk, a4 i S K SCR R BTG, SEEL T R
BORA T I BRS A AL B, RO YA i K St
PRS2 g 55 R FLO-2D A4
TUNEERE G <8« 37 R R IR A I 0 & R i
ARRERE BT VAT I R R S R R v R A M T M
FIAEML, DING 457 R FLO-2D BER R 48 pF A T
= BRI E B, Al XA I 9 E B iR
RUETRES%,

ARk, BHE N TR RBHE ARG, #oa2aHIT
Aol N T8 BE 5 76 % Lk e A 3 1 A2 45 1
58, JIANG S T —Fh 5 T RIS SR
T AT TG A2 A AR (R R B 2 2T AR T 3
BTN 51 & VA A 25 MER . ABBATE 2570 #2118 T
AJ PAZEA AP K SCHE B8 5 b K % 3 A2 19 CRHyME
B, ASTRUZE L5 B O g B — B, ZEAT U 4R
W T — T Rt s B R A A B A L X R A
TRV T i, T LA o s oA 8 A 3 5 3 1

206

U, BARSR N T R AR 58— A BB 8 L
LA PR TR R B, (R Z IR T AR 5 R
FERGE LA, BRI A A s 2k
FHEET /D ROV 0 B — 3 RN, X AR i
FIREL T B /D, X ¢ 3 Bl A B AT A A R A TA TR
AR

ASCLL 2024 47 H 20 H P BUEE S 5038 10
PR AR E RG], BT RSB, LA
Gy, AR AL | AR LI Sy
A7 2K SO A LRI X <7 - 207 1t
MK EFEHAITLG T, IR EF LA KEILH], I
A9 E MG SRR, FRE R IR U X R R
H A R 4 X SR, RRD TR it A A ity M
FRRANE , ARSI U A U FE B A TR AL
S 5%,

1 WFRXAHER

VU A RRRR B BRIRES | 42 Z% A b R A s A
MR SRS, R E LA TS AR E N =
F X U BN T DU 1 4 2 T P S, A T L
WKACB AR S, b T )11 V4 fes J5 55 0 1| 2 il ek 9 DX
DUREZRPGLEAR 71 km, m LS 70 km, ST AL 2
2382 km?, AEMRETH B 742 mm, B AR AR A R
L3 A 5 i a3 T LN R = =i T A
WX, FEPCIR B, s i AU T 50 km® B WA
14 4., T8 94 %%, whya 1753 4%, EELEIM A
TR . SERRIT AT VAT SRR R
WE(WE 1) .

DO “7 - 207 bR AR E AL T HN DA
S HTARA U] S A AL R S R S A A
W A 82 km®, VA K 21 km, FH R K
113%0, I SR 3 ALl DL 1 ) i 3k m AL 24
49 km®, 1 EIEHATE (IR Z) 40 km® | HFEZ
114%0) FIAT B SR IE 2k ( LFRIZVETE I, Ji s R
2519 km®, HFFZ) 169%0) LA AL, MRIE 2022 41
SR, RIS ZLA 3 R AL A s, I
ORGSR ERE , DORE D208 X k0 TR 1l
Wt 5ty e B 5 e K TR R AR R B X, H A i
Boe, SR E R WA (U 4005 ), W
FUimar A ) S5uvim <7 FRMEERRE GE
i, AR, B s SR ALY X
CERATRAKMICAFZ, WALREL, 50U R
YRRz o3 A . 22 IR 1 32 3l & i 3O IR
wE, KALIRZL, AR EmMEER Y BikRH

KFKEBEAR(PHRL) $E56%5 2025 FFE8H



o 5g, Z/MIBUER 720" WHLRERREEHZNT

B
® PR
© HBRf
0 fErIX
® =5
@ A r1 1= M\
O IR AL
xS

K &
o Ve
S E R <

1 NRED GRS
Fig. 1 Topography of Maliegou watershed, Hanyuan County

RWE (), MRS RE, AW R
Wk B & E, MM K ENEFRMS T &
1o 52 2 MW 3 B N, 9% X AR R e
25, MUBTICH (Andy . AR ) v KURS: XA Hh T
Rt K BEY b B, i BRI MR N S o R L
R
2 MR
2.1 HxRE
RS & IR A TR R e N R — AR
TP 1 5038 2ot X IV B 9 3 P il S R R AT 40
Br, B ZR R X g K, BT 2 Ao
SRWEIETOR, SRR R EH A 3 A
7N [ I K, a5 AR R RN A =X
IR SO S5 B W EA T X E AT, A Sk o B K
HIMW; S, BB A, WA TR E
TERL, K SEARRE, & AR 9E i R xR
B ERT, AARIZ XL A R A% K
TR A B SRR I AR R AR HOR B 2
B2 i
2.2 KBTH
SKY-HydroSAT 43413 27K SO AL 2 v [ 7K R K

KFKEBEAR(PHRL) $E56%5 2025 FFE8H

R 0 STV R AV N Wi b s [ =S 6]
Z PR BT R — A3 A XK SO . HAZ.OTE T
P ARYRT MESAGEE, RDEMES K B AEANAIN R
(FBEWAS, ZE%) SNERR(FE, BERWT)
) SLRIVEITT KA By 2 s A28 4k, X Fhah 848 1k
S SEAIAR R I RAERAE, o R HOK 1 S8R
JH Van Genuchten BERIbRE , AF 8 % A A8 ) 56 T4 [
R AR e %, e B /K i U SE &) LiDAR Hb
TE AT B SR, DA T el A5 ™ YA A A A )
s ) B JRBLH RS S E WA LR A s A4 A
P RN B SN N NP S L O 8 e VAR o ot |
3R A SR SO R BTG, 25625 1 IR R S K
B o S|V B SV o S ) o I 5 B oy 77 5
HURE YN BRI iR R s 7R R
NGNS, W T SR EAIRA AR, %R
MOF-TT 3 ) BB B = AN TR, e
e A R K WA e A% Y T e 11 B~ R
o MZT, BEERK SRR S TR T4
B0 7= i 28 B e AT 1k 1Y Green-Ampt 5 B #4745 481,
M BT BESZ R SKY-HydroSAT 4343 207K
SCERCR T GARTO —ZE AR AN R8T B ik, @
B A A K o B E S K&

207



AN, R E

T 3B, Z/IIEUE “7-20" UWHSRARREEENT
RS

4 IV Y A .
: H;‘I‘ 1 : o : ZJ( 1 [ 1!
DR g U kRS )
I S :ﬁ: o BHEER)
B ! | AE e :
: = |-| g :- VA : PR 30 :
VB g L o mRUEREE
I LA iAo |
1 5} 1 1 il?. : 1 *ﬁ 1 | N !

N R R T \_

K ERPIEAE

™~ FexF ek 35 P i Rl ™

I"I_'_'_'_'_'_'___'_'_'_'_'_"; 1= I
U wkmmEE | M, S 1500 R4
: ____________ : ﬁfj\\%%, 40 é%ﬁ)%)%\
- | 1.2 J5 bt L E 3 BRI 60 A ko B
Er et B, BB LA 3
b mmmm e ' f ML T 8 A I K A i

FIBE KRR

3.2 PEF4HE
ARRDURE Lt e A

b Ol TR U N

l 2024 -7 H 19 H 8 B} JF

- 4, % 20 H 8 W4k

e e | (T N HLBHT 43 20 H 2 1
e —— = D AR N\ | TR/ Tk /NI K F] 55,60
| EhAEE: R R ) BERAE | B B 3h(20 H 0 it
D / E mm, >
| ERmesmp W) I —— %3 ) BB T A

VT PR AT % 2 Ab B 86.50 mm [ WK 5(a)],

2 R “7-20" Wt ARREEERARKE
Fig. 2 Technical roadmap for review of “7 + 20” flash flood and

debris flow disaster in Hanyuan

DXTE], HoRAF—AEAB TR, ROl T o iC
RIZ L PRI, LI T 0 e (7] A2 1Y
PRI AERA I TH A, T K o i
i, GARTO RiLib 580 % i 1 AN [R] 2 7Kt X Ta] 3 I
i, Dt ARTE TR . XTIk
BEHT, (AR I R AAEL rp /N S A o A o e B
S AR MR AT SO RS R B P 3 TR
FEESHIER 1 s,

3 KEREMT

3.1 RETRE

2024 7 A 19 H 23 B, P4 DU E S50 /N
PGSR TR RN, 20 H 0 W 3 B, FEET5E A
BT IO, LU S s i A A R A T FVA
Ui, BREETR 5| & R LU B B VA YA 3 B G TR
EiE Ry E MR, FEOLBRARE A KRENLLE,
FEHAE RV VD B 1L VA 38 P A B 5 R T T
KLy, KRiEpr etk . M, S0 M
B S AHAMNARFREZR (IWE 4), GE0E
T ZWICATE R AR AT, S ER 5 A2 4b
IR, K Ie e s . ROARFHAB I Y AE R R
3 AR AATHR IR N B 135 98, R0t A

208

MR 35 1 A S e A R TR
Bz oA, IR B R
TR I 2 AN 34 2
P, WIRE 7 H 19 HE

i

b Jagin

B 24
Ak e
e

3 HEZRSHAKREEN
Fig. 3 Structure of SKY-HydroSAT model

20 H SRFREW R A F 5200 1iE, H RN
1 100 mm[ WLIE 5(b) ],
3.3 IKIDHHE

DO ELAL T IR i, R ZE ARG, Wi

KFKEBEAR(PHRL) $E56%5 2025 FFE8H



o 5g, Z/MIBUER 720" WHLRERREEHZNT

1 HETRSHRKIRETESY
Table 1 Key parameters of SKY-HydroSAT Model
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Table 2 Calculation results of rainfall return period for “7 « 20” flash flood and debris flow disaster in Hanyuan
ANTA) AT 2 i/ mm
WoOB WL/ i/ c, c/c,

T H HME/mm | ZHE{E/mm P=1% P=2% P=5% P=10%
1h 55.6 34.00 0.45 3.50 85.70 76. 50 63.90 54. 40
3h 86.5 — — — 106. 00 94.20 78.20 65. 80
6 h 86.8 50. 00 0.50 3.50 137.00 121. 00 99. 50 83.00
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Table 3  Calculation results of design flood for Maliegou small watershed in Hanyuan

I/ % 24h PR E/mm n N T, “ v T W/ m® - 5!
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Fig. 7 Data used for modelling “7 « 20” flash flood
and debris flow disaster in Hanyuan

0 15

3

6

(a) AiRERIA

®

)-Eln\

© ik

i

bl

N 1

Bl
)

B

frBES(X)

B ke
o

0 15

3

6

(b) Lo I 26037

0 15

3

6

It

9

(o) EHEHA
M “7 - 20" IR ARREEREIE

i E
2N

I sk

L

[ E3E
| i 5%

12

km

211



o 3R, /IR 720" UBBRARREE £

Hid/md-s!

400 — 0
= e W
— R
= Sa—iB bk
300 10a—BBEIYK | 50
— 20a—BBHPEK
230.0/m’s" — 30a—B B BEk c
‘ g
200 | 184.5/m st \ 100 5
150.5/m’s! &
A\
116.5/m’ s [\

100 j{ \ 150
0— 1 1 1 T 1 1 1 I—— T 200
2024-7-19 2024720 2024720 2024-7-20

T21:00 T 00:00 T 03:00 T 06:00

Fiof 6]/ 4F- A - H THR 43

e

W&
(D7) g -

EikEs
.(X}@-ﬂ:)

%

MR 7 - 207 IitiRARREEBLER

Fig. 8 Simulation results of “7 « 20” flash flood and debris flow disaster in Hanyuan

400 0
mfE W
— PP
300 50
% £
H 200 2024-7-20 T 02:00 100 £
b= 249.7 m*s" g
ES
100 150
0 . " — 200
2024-7-19 2024-7-20 2024-7-20 2024-7-20
T 22:00 T 01:00 T 04:00 T 07:00
I 1) / 4E-H - H T 43
30— 0
mfE T
— B R
50
20
% £
& 2024-7-20 T 02:00 &
= 18.4 m-s"! 100 g
S
10
150
0 1 l L 1 1 1 1 200
2024-7-19 2024-7-20 2024-7-20 2024-7-20
T 22:00 T 01:00 T 04:00 T 07:00
ff1H] / 48 H - H T 43
& 8
CINVYEE 5P U P

(1) 5 FA T A A L U Ll e A 3 K 3 1) 3 2 It
K, 2024 457 A 19 HE 20 H, BEE DF ke
ZRR WA, SR 1h, 3h, 6 h EFENE S5
4 55. 60 mm ., 86. 50 mm F1 86. 80 mm, Fx K 3 /NIFRE
W 30 a —if, SREEWN SRS EIE LA 30 a —1
K,

(2) AN ) His T 1 550 AL ib J5T S5 AR N EE T K FE 1Y fE
T IR ERIG LI FE LSS, B ENA/INL A B ER AT
Sranm, WEPEBE, A R, I i T, RE
PRHE M 2 BOC T, BRI, X RE A i
eV E SR, IR A R F AR E IR, =
E Q1 R TN R T B 2/ M o wb Lo S 9 &= B/ S 3
A KA S Fe s AR IR RGE SR, AR YR SN T AR
B B AL

212

(3) M i 34 28 ZE K P BOUK IR BUE Y K T 520 18
M, Eh3109E 9 N AT B R B R 25 4 5, AR
YR L A7 7 ety B T340 TR A7 AR A 24k ) 25 5 i i
LR, FEHK K[ WIE 9 (a) ], KALSH
Fr [ WLIET9(b) 1. & Uk K BOE PR R 3 4
RIS, 3 T Sk AR oI Ak B R B B, Bl AR
fE R X Rz

(4) PE B S HBR AE A, 12 DX R XU e A
PUIMIE SENEAS AR A RE G AN S Y S R 2
— o R R KT, RIR A K, X
e WarTRBIN, I s REL AR B ZE K B
Ui T AR AL 5 IR A AR AR SR 2 1 30
fedn, FTRIEFERHEE , B, KERER, X
BN TR WG, 2R RS ROK B ™ IR
DR b 5 S50 A AR OR FE B PR JBE S

KFKEBEAR(PHRL) $E56%5 2025 FFE8H



o 5g, Z/MIBUER 720" WHLRERREEHZNT

(a) TH21H 5B NMTHF B (b) 7H23H KW NTHELS

9 NiE “7-20" ILHRARRENVREENH
Fig. 9  On-site conditions of blocked bridge during “7 + 20” flash flood and debris flow disaster in Hanyuan
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