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Hazard analysis of debris flows based on different evaluation units
and disaster entropy: A case study in Wudu section
of the Bailong river basin

LI Xiaolong', SONG Guohu?, XIANG Lingzhi'?, LUO Liang', TANG Lianggin', SHEN Na', LIANG Menghui'
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University, Chongqing 400074, China;
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Engineering Survey Institute of Sichuan Province, Chengdu, Sichuan 610072, China)

Abstract: The Bailong river basin is a densely distributed area of geological disasters such as debris flow. In August 2020, due
to the stimulation of heavy rainfall, a large-scale group debris flow disaster occurred in Wudu section of Bailong river basin,
causing serious losses. This paper takes the Wudu section (Lianghekou Township, Dangchang County to Jugan Town, Wudu
District) of Longnan City in Gansu Province as the research area. Through field investigation, we selected the area of drainage
basin, shape coefficient of basin, average slope, density of gully, reference value of material source (HI), lithology, distance
between basin center and active fault, one hour maximum rainfall and vegetation coverage as debris flow hazard assessment

factors. Taking single gully and small watershed units of debris flow as evaluation units, the regional debris flow hazard
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assessment is carried out by using ArcGIS software based on the theory of disaster entropy. The results show that most of the

debris flows in the study area belong to medium and high hazard debris flow gullies. Some of the most heavily weighted

disaster-causing factors like the weight of lithology, source reference value (HI), distance from fault, vegetation coverage and

average slope are consistent with the actual investigation results. Moreover, the evaluation results of small watershed units are

more consistent with the development of debris flow in the study area.

Keywords: Bailong river basin; debris flow; disaster entropy; watershed unit; hazard
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Fig. 1 Distribution of debris flow in the study area

2 ARFAE

N T A R N A M B CE 7 A AR Y
FUH, T 45T S AR 48 15 SR A BE A7 ik, 32 TR



2021 4¢

2N, S FET AT B0 A K T 0 0 e S B 1 34— LA 1 e VU e AR B Ay 491 - 109 -

T, A T — R T B A R
VM T s, ol R TZ e R AT T AR DS S
ié};ﬁ[ll*l}]o

12 TR T W DR IE AT G R PP, B e 2
T DI 22 G 5, RO DX A WL A A AT R
RPPHT IR, SRR 2 TR OO B — A R R Y
(B, MY R F VPR .l T AP D A e
IATE M, T 50K Bk T AT AR A Ab 2L, % 45
JRT LB B R AT LAY T B A, AR R U (D) | (2)
B 9CH A, ARG X (3) TH R AR AN 45 b T 2R T A
PN AR PR ROTE, 285 R X (4) R FIPE O S8 AR 8O L
T A TEAR AL, feJm AR5 (5) TR PR BT
SERPEE . PRI SE R BOR, FoRiZ i o
SRR VAT I K F G R PERITBOR .

F,/=ri,/Zrij 1

E‘,:—MZ:I:F,jlnFU 2
V,=1-E, (3
w=V/V, 4

Piziw/rij (5)

55 i VPO IR j O SR bR L
IR

Fy——5 i VR OCY 5 j M S8 AR e e 41
I E A R L A

E,——55 j WA HEAR 9 9 405

m——F BIC LG

n——VFMN IR 4L

V—8 j WO R m A b8 A

w545 j AN SRR A ;

P——55 i DV SR T K E R fa b o

3 IFMETFSR

AR SR Xk iR BE e A U A4 S A1 52 5 B AN R
SrHTEE B, BEHE 9 RN B A BRI X VA R
HORA R =g T LR AT AN R B2 AN 4 N S0P 93N
WA WIRSIREHD | A b e sh il
JEBEEY —/NIH RO R B AR SR . A ST IR

:_EEEF':I”

i

PERIR R 1 PR
1 HIENAE

Table 1 Data introduction

5553 Kt HIR
1 DEM# http://www.gscloud.cn/
2 /NI E5 R o R SRR I e
3 IR g3 http://www.geodata.cn/
4 M FPE M 5 ) 2 B
5 BRI RESRAEEN
(1) Y i A1

TR 4 KA AL R IR AR, R I A
K Bh 1 2 A S8, e i AU, K 3h ) Sk
U, 2 825, XA IS BN 5 XY VA A It 8 AR
TR LB N A RIS P, AFSE X B 329 45U A1 i
WG 45 R E, ki A 83.6% # /T 10.0 km?,
PRIt AR5 XUl 30 179 39 2 32 B2 4 v T i el AR /N Y
Fidek, WK FAE 3 ~ 10 km? 90 B 9 B8 A7 7 e M TG R

(2) TR 5L

T SHIE IR 2R B0 e T A T S8 9 8 A R i 73 0
B I, 520 2 T b vt OB IR R A (E
AL 1, WU R T F BUE, IC 3 B, sl ) B
KUK, S FEIRA N A G BB AR, il
XS X 329 Fle i B SR W Sk GE AT, &
W1z X 3 A VAT R REUNT 13 B9A 95 45, 5 B
B 28.8%; /T 1.3~ 1.5 Z [ WA 157 4, 5 S50
47.72%; KT 1.5 WA 77 %%, & B 23.4%.

(3) Pk

Il RS e M BV o SRR, I Tk B
SRR, ELWE(E I R, SR 3R TR 5 ) A= Tk
RS T ) ] s 38 B2 R A 8 ) o i LA ) 3
AU A, A D O X B 58 A0 A A H ) R 7 A B R
AR T VA T RN Bl o 485 2 58 % BT SE X )
TRZ A HE 10° ~ 40° 22 [1] .

(4) 1B %

THJ A 7 PR TS e 1t 3 o 7 DA 0 ) ) o R AR R T A &
BRI GE XA I | A REAAE R R e A T
KBS m VAR K, MR AZ K Y
), b 3R AR 22 A, [V R A AR T ) T
B, PR AR AT REVERR R . 2 AT e

(5) iR 2 R4 (HD)

ifF 5% 2% BT T AR — e AR AR (B (HD s i 3ol 32 A o A
£, HI K, 2 W 9 3uk 18 Ak B B AR AT 5, T ol bl A1
I T AR — e AR AR A B A T e A VA b R T R B


http://www.gscloud.cn/
http://www.geodata.cn/
http://www.gscloud.cn/
http://www.geodata.cn/

- 110 - Hh [ M KCE 5 B iR A 4R

% 6l

X 53, REAS A€ it 10 B e XS R (AN B B RE ) o 1B
H ArcGIS P B X WP IX AT 00T, S5 2R LW, AF5EIX 32
BAL TR F B EOIEAR, Ve Tk B AR

(6) A1k

Ve TR B IR A — R 132 VR RN, BIFSE X
WHLJZ A e, s HZ FEAEE R RER .
TERRCERVRP RO AR OHL RS AR M
B, AR THCA  Boa . Koa RIRR K AR5
(RSN LR SN (1 = S S R N CIE WA o= A RN
[Fl, W B A1 A 2 KA R ol 555 0 B V2 D) ) =
PO I X B 5 B, BT XM A AT
T P T (Y ARRE AR ) IR, 21X P VR HT T BP9 IX
FEAE R RO ARY), Sy e e i B se R Wi
ARG X N B3 S22 PR O, AT A 6 2R (55 2),
K2 A VATV A B0 25 2855 2 4 IR i AR o L AT B
JIAT A TR AP T B (DSF )M,

%2 WRRRERALMS KSR
Table 2 Lithology classification of debris flow gully
in study area

B

A -
oy HIZ_HR
it s gt g OO BRI g
ke i g e SRR g
g R
VL 1 3 5 7 8 10

(7) Il o B 3 3 W22 8

WL DX (BT 1 32 336 BR, T e A Uik 35 3l 5 15 3
WiZ R B ). )2 I A7 A (A5 7 2 ] BBl A 25+ 4
TR, S WM L I8 A AR LT K E I R I, X — R
G R B AR A e A AR At T A R L B S )2
BT e Ay YA R ey, RS

(8) /INSF e A et i

TEVEAT L K A 1) = R FAF oK B ) 250 £ 25
R SR AN, T4 B A VA B 7K Bl 1R R R T R R
S 10 ) P R A R, 2 (e A i YA P BT AR K R AR,
MRS K Bl 48 8 T e i 3 e . PR
WESRARNEIAEEY LR, MR 24h &K
K%K &R 90.5 mm, 1 h i KRF/K & 40 mm, 10 min £z K
FEK i 16.2 mm™, ZEGH AR APEEFORNG 1 h &
KR AR R W5 DX e A U A B PR PFp i B TR DR 3R 2
HEE

(9) M B 7 i

RO AE SHEA BBV LR PR
FEAE R DL WOZ i X A 7K - AR FF B0, B TAR 251

PR FHAIAR 28 A ] LA TR0 A7, 7oA U7 o e A
DX AT BT OB 5, T 2 W #8785 1 J e A i
3 3 R B U — AR AR BU(NDVD) I G i+ o i & B, 1% X
SRR W i RSN T 0.4

4 EEMTESSR

FIH DEM = 2408 (30 m), U5 (1 : 200 000),
A — AR AR Z(ND V) il — /N e R T A R 2R A
XEWESE X PP R T 2EA T 2007, 32 F GIS FoR T4
TEARME . 275 A0 G IR A B e A7 U375 S AR 1k
(7 T 4 2R, A5 2 PR 4 Bm 0 o 3 28 500 i K LA 23
1~3(F3).

*3 RARAEKRETFNIERREL S RE
Table 3 Standardized classification table of debris flow gully
hazard assessment index

. FrifE (e
T FEPR
1 2 3
T A A/ km? >10 <3 3~10
HRC I N >1.5 13~1.5 <13
SR /(°) 0~20 20~ 30 >30
VAT /(km-km ?) <0.5 05~1 >1
HI <0.45 >0.60 0.45~0.6
A PERT(DSF) <5 5~7 >7
R 2 P 2 /km >3 1~3 <1
¥4 R /mm <36 36 ~38 >38
NDVI >0.4 0.25~0.4 <0.25

VAN BT S U A T fa R PR I R BN R 2
—, MER T A o i 50 E 2 A Mg 50T sl
FATT AT TR P X S BT 5 e A AR K AT
S Z HIERR . AR SRAMERERAE R
IR FR A VA AN R T E A PR RO, B
A TIAHE R R — DB AN T . DR
A1 LI A PEAT BT AT D A sz i 35 e R 3% U A U Y
FEMA, (25 24045 =) 3 DR 2 52 o /NI 3 AT —
BENS 25 A R BL e A I & A A HT 5 AR FHK St A —
FPEM G, B HRA KIS, Va8 5, X R A &
W Y R SRR A . DA/ TR A PEA BT ]
DL G 8 2 R Y0 Ay i 3 S S b T b B % e A U Y 4
il o UEAEAR O A A28 Hos T e A i K 3 A
PR A P12 24 RSO T DEM s, AR 95 7K STy
LU SR 5T XN R, LUSGAE S — R ST,
L Google Earth 5244 Ry 3L, 6T B Sk 1) /) i 3k g
PRV AU, B HAE R o5 — R PR BT . DL SR Y
1, Kl 2 Fros .



/N, 85 T ORIV BTN K AR B VA1 R FE I S W —— LA U VLG Sk A B 191

BRI T AR AL 23 PORRAEL, 25 VPN R 19 43 9 ], 4
3 TR o 45 30K TR 2F M 48 A (B 28 5 T 4 3 A2 1k
i HI%S 5T E TGN, HRIGHTAEEE ik, T
TR e A I A P e bR i KCF R L AE B A R
HAGE, HHEAR I 4,

2% 4 W] LUALTE LA V8 P SR T I R 43
Breb, A1 iR S RAE . BRI S W2 00 | fE A
JOF- 35 M B B A R K43 il R 0.121 651, 0.120 162,

<111 -

ey [
(a) LAJeA W IEM AT (b) L/NRBEC I T
B2 FEREGEITRE

Fig.2 Schematic diagram of evaluation unit
4.1 DIRATTE AN BT fE R T
PABAR B 329 25 Y8 A1 i VA AR A AT BT
RUSCHTIE 9 A FAE PN HR 5, JFARYER 3 X5 PE

S

= /N

0.113 950, 0.113 231, 0.110 954, X 5 52 B {5 0 L A 4
W6 o FETHE AR FE AR ol B0k R FRIACE J5,
o (5) THE AR SRV A I B fE B B HE, FLi A g R
K 4,

<3 300 =10 0 510km m<130013-1.5%>15 0 510km = <20 20-30 =>30 0 510km
(a) Pk FY/km? (b) TRHIEAR FEL (c) IR /(°)

<0505 m>1 0 510km - <0.4520.45.0.6 = >0.6 0 510 km
(d) Y945 % BE/(km-km ) (e) WIiZ BAME (HI)

<1000 =1 000-3 000w >3 0000 510 km <36 136.38 >33 0 510 km = <02579025-04=>04 0 510km
(g) PRI BT Z B /m (h) /N R i /(mm-h ") (i) FPEE A (NDVI)
B3 HHEFSRE (RAERAATFNEAT)
Fig. 3 Grading of evaluation factors (debris flow gully as evaluation unit)
x4 THERRE[RENE
Table 4 Evaluation index disaster entropy and its weight
P TR WA REUERRE PR WAEE  PRSRE Ak TR S R R Ak NDVI

REIH 12.994 670 12.969 065 13.502476  12.941899  14.539949 14707807  13.840045  12.426344  13.758 987
5 BAUHE —11.994 670  —11.969 065  —12.502476 —11.941899 —13.539949 —13.707807 —12.840045 —11.426344 —12.758 987
WO R AR AL E 0.106 448 0.106 221 0.110 954 0.105 979 0.120 162 0.121 651 0.113 950 0.101 404 0.113 231




S112 - Hh T B S B R A AR %5 64

4.2 L/NGSON T T
PABCHR BEFR IR 1305 A /NFIAE M IEA 2T, &
HEHTSCHITEE 9 SN FAE N PR R b, FFAR G2 3 X4 0F
WARPREEA TR EAL 0 GRRAE, 251 P T - A R e s
F7s o ARPEBTARRITSE 5 ¥, 1] LIS P A7 1 45 DT
TRV I T AR BA HHEL R HALE (£ 5).
Hi e 5 T RLFE 7 LU/ 3800 B B0 Y A 1
i AN 2 S R TR AN ER iD= AR N S B4 3
A B BE A B R, 2338 R 0.128 442, 0.120 691,
e ﬁ?%%mﬁim@ ( %Emmimii ) 0.116 541, 0.109 927, 0.109 034, 33X BL B & {12 A 5 X
Fig. 4 Debris flow gully hazard assessment (debris flow gully as
assessment unit) e ﬁﬁﬁi E’giﬁ%jﬁg A ? o

Tl ot

%) w0 =D 0 km -l 3ml L sm15 Okm = <20 ©120-30 =>30 0 510km
(a) FEIIE AV km? (b) TR T B (©) “FHIE /()

Tailygl ' [~ AT R Y > e
<0505 s 2210 km <045 770.45-0.6 = >0.6 3 #pf (DSF) =<5 5.7

(d) {945 5 B /(km -k ?) (e) VRS IR{A (HI) (D 1% (DSF)

-7

[ —— oo0 km [E—— Olkm - <0.2590.25-0.4 = >0.4 Okm
(g) BRI BT Z B B /m (h) /N R it/ (mm-h ™) () AEHE TR (NDVD)

B 5 NERSITEHEFLEE

Fig. 5 Classification of evaluation factors in small watershed

£S5 IMMERRERRENE

Table 5 Evaluation index disaster entropy and its weight
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