Al 128 Hi R R} Earth Science Vol. 41 No. 12
2016412 A http://www. earth-science. net Dec. 2016

doi: 10. 3799/dgkx. 2016. 514

LB RARRERET D MR IR

gt AEE L EANRL. B A &
1L PERAKRFERIF R, HLX L 430074
2. W B YR H BT AT AL 310007
A ERFHAE R FRAE TR, B FFE OX13QY

R Ve K R TR E A M X 5 DR RS Y9 228 [ AR 9 H R H A 7 LA A DI B A9 0F 7 8 B b A e T
VLA /NSRS A U M 5 T R A DA BRI - T VA 48 Y A0 U K T AR AL R 25 A BRI BT S D I8 A it
A A £ VRIS RIAE TR, G 5 TR0 6 A U8 A I o AR 70, 100 MU i 27. 406, T L5 X IR (. 35 s e A L 76
TLAR = R DX BRI 5 IXURRT 48 DX AR 42 DRI 65 R S XA 2 () 20 A AT B 8 2 S v R B R g T 1l 5 XU 42
] DX A s EE B R U AN A M X AT FUAY 2 A 8 A0 3 D) 2 W) A 4R o A Y St DX, A SR A 20 SR T A TR A
BT BT VLA AR R 32 DX 1 302 DX 5 | A 8 A0 AL P o W 5 0428 0 A 90 oy A ot P2 XK 11 L 24 341 T T390 47 28k
PR 3 NPT DU R P 50 3 Tl S BHe T i A 1 JR A RS R X P AR Y. R 9T 5 R (L AE
SRR AR 43 H BN — YA AU 7 43 b S 2k IR 57 L DL 2004 ARSI G X R AT 2006 4F 6 H By T I A A i JeA
TR E AT AR 5 BRAEAG 46 . TIE B B0 45 3R 15 2.

KSR : VeI s S TT 3 AT R s AT 407 3 5 W B s DSOS 5 R 3 B s TR

hEHES: P694 XEHS: 1000—2383(2016)12—2088—12 IFE HEE: 2016—04—02

Development and Distribution Characteristics of Debris Flow in
Zhejiang Province and Its Regional Forecast

Feng Hangjian"?, Zhou Aiguo'* , Tang Xiaoming®, Yu Jianjun®, You Shengyi’
1. School of Environmental Studies, China University of Geosciences, Wuhan 430074, China
2. Zhejiang Institute of Geology and Mineral Resources. Hangzhou 310007, China
3. Environmental Change Institute , School of Geography and the Environment , University of Ox ford . Ox ford OX13QY, UK

Abstract: Debris flow is one of the major geohazards that may lead to mass injuries or casualties in Southeast China, however, studies
on the development law and predictions need to be furthered. This study presents the characteristics of debris flow development and
spatial-temporal distribution in Zhejiang Province based on the results of small drainage geohazards survey. It is found that the debris
flows mainly occur in Meiyu period (i. e. 27.4%) and typhoon season (i. e. 70.1%). Generally, the debris flows in typhoon season
are mostly distributed in southeast Zhejiang, whereas those in Meiyu period are distributed in west. Based on that, rainfall thresholds
of different raining seasons have been determined. Separate forecasting models based on extension method have been established taking
small drainage as assessment unit, where the susceptibility map, 24-hour forecast rainfall and effective antecedent precipitation are em-
ployed as model inputs. Two debris flows, occurred in Yunna typhoon period in 2004 and in Meiyu period in June, 2006, were selected
to validate the established forecasting models. The results in terms of hazard intensity (R) and receiver operating characteristiccurve
(ROC) confirm the feasibility of the proposed scheme for debris flow forecasting.
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AU R E T TR A 3. TR A ¥ 2 AR AR A%
PO T HOLEL TR BRGNS AR R 2
TE » A TR 32 2R AR D AN /N R T
B34 AR R R 24 b PR R AR e 24 h JER



5512 TR WA YA R R T A B B DX SR TR 2095
F1 RARTRIREDTREE
Table 1 Standard matter element model for debris flow hazard prediction
X “HHETIHHX X Rt “HRRWI”YZ X pRifE oG “H W FRHEY IT
ThE RN W <0.1> RN W <0,1> alfgtEsN W <0,1>
o [ J <o.50>} [ I <o,30>} [ I <o,1oo>}
Y <0,100> Y <0,50> Y <0,100>
— et R W <1,2> ARk W <1,2> AR W <1.2>
bk [ J <5o,75>} [ I <30,60>i| [ J <1oo,15o>J
w Y <100,150> Y <80,120>> Y <100,150>>
T AfgER W <2.3> AfREER W <2.3> EEMER W <2,3>
HEk [ J <75,100>J [ I <60,1oo>} [ I <1so,zoo>}
Y <150,200> Y <120,150>> Y <150,200>
AR REEHRK W <3.4> REMAR R W <3,4> AREMIR R W <3,4>
EH;c [ J <1oo,1so>} [ J <1oo,25o>} [ J <zoo,soo>J
1 Y <200,300>> Y <150,250> Y  <200,500>

* i HX XL ARG YZ XL 47 TS X BT X AT TE B 5 — 5 8.

. B -
e [ wmevsx [0 warex [l merex (o] s

K9 2004 4F“ 7 5 K () F1 2006 4F 6 7 24 H AT (b Y1 3 fa Jo v Tt 45

Fig. 9 Predicted hazard zones of debris flows in Yunna typhoon period (a) and in plum rains season in June 24 th, 2006 (b)

(R VR A it 9 3 & AR 24 H G i AT AR
TTT AT 396 0 T DU e R X (2D SR AR [ ) 2248
1B 53 1K HBUOHEE VR R 45 VRSB 19 1> 5 497 ) 3 9 2 11
i 2 3 PR AT A S R A R AN 9 .
ARWFFER K FRE R $8F5 (Li et al. , 2012;
AT - 2013) FE RSP TR 23 b S0 — P A it
B A H B 2k (Pradhan and Lee, 2010; van
Westen et al. s 2003) #EAT PR 45 RAG L.
(DRKF R E R f8briff7 805, 4k R (H
AT REHE /N AT RE PR AT BB KR AT BEMEAR KA
U A Ry 73 X 45 R G B K o 25 R a3k 2 e
TN EEXT 2004 4EC W87 6 XU E) A AR U A TR
A E R U R T REME /D AT REME RN ]

ReME KRN AT BEEAR KA R {643 3124 0. 01,0. 21,
0. 46,5, 10 KU A s TR > AT g PR AR K 1) 43 DX 1
FUX b7 SRR 2. 520 ARSI HHR 72. 2069 F A
TN T RERCR B LA 88 G 43 XN A 17 Kb i
ATHLHCE 5 KLY 94. 4%, £ X} 2006 4F 6 H {34
TR A U6 A TRE AR 5 3 3 32 AS A 78 4% mT g
/N CRTREPEE/IN L AT RE 2 KRN AT REPEAR K R {H
A3 51A 0. 00,0. 82,9, 35,45, 38, UK K 7T g1k
JAA] BB PR AR R Y T4 0 XN AR 1Y U8 A0
80%. FRIETF K FEIRIE R EM K K45 R UL, T
VAR A 2 & VUL 58 T AR SCH2 M 1Y Fo i 452
{14 TR 235 5 A5 34

(2) 2R FH e s P 1T R 4 Bb B8 — e A I A
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Table 2 Verification of the debris flow forecasting model using hazardintensity, R
SRS 3 R TR 5 BT AL EG B (%) O3 RN R A O R R A () REHE R
2006 4EHEI T HE A 2006 4EHEIUY “mETHE N 2006 4E MG “EHRT A R
a] GEME /N 71.4 80.9 0.0 5.6 0. 00 0.01
G TN 24.3 14. 4 20.0 16.7 0. 82 0.21
Ohi=iN 3.2 2.2 30.0 5.6 9.35 0. 46
AREMEAR K 1.1 2.5 50. 0 72.2 45. 38 5.10
100 AT AT T 53 e SR i £ PR R 38 0 ) s B

0
(=]

(=N
(=]

Ve AT ARE 1 43 L B N(%)

40
20
HETRITI(20064:6 7124 F)AUC=87. 7%
=== = HIWI20044F = 1 £ K)AUC=95.6%
0 1 1 1 1
0 20 40 60 80 100

S W TR BA 71 43 L 32 (%)

P10 @A I DX I AT AR 300 3G 56 1 2
Fig. 10 Thepredictionrateofthedebris flow forecast models

using area undercurve

A5 B b & AT R g, 7535 2004 4E 8 13 H
“TUIR” RS ) T 6 A I ) 4R TR AUC
(area under curve){H., Bp FiN %K 87. 7%, 2006 4F
6 H 24 H MgTRH T4 45 SR AG 36 1 fHh 48 F A AUC
{8, BUFINR495. 6% ([ 10). _FiRKGHEE HE 0, I
A I TR AR R A5/ INTRTRR ) 1 S P DX PN s B i
i TR ATREZ B9Ye A I I E R B IITIN 25 2R 5 2L

5 Gk

(DASCRIHHTA 48 A X EL T (X0 /N ik
Je A1 U5 I A A PP ORI D B, RS T
WTTTAS /N IR A I 9 1) 4 7 R AR AR 23 23 A KL
. 20 BRI AEETUB AN & TR i 1 R B (AT 5T
BT AE Xl oy A B Bl XA 7 5 XA AN [
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24 h B RN AN AT A AR A AR 3 R BRI T
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PERZIS R B 53 51 W6 GBS P S G KM v 38 Kk
F 2 AUC {853 93k 5] 87. 7% M195. 6% , 4 UE W
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e 25/ I R L S R L i BN SR R
B BN R E WX 43 52 I FEAE 2007~
30003 A% F5 25 7E 200~ 300 m LI BEAE 257~
45°%; TV K <2, 0 km; FB <0, 5 km®. 18 Hh
JZEPER A T AE OB R e SRS
wadlhECHRE. AT S5 W R B AR
R 8 BE 2R, 24 AT Y0 BT A0 I S A A R T2
0. 5 kmf [E .

(DFEZS [ oA b AR LA = R X R & R
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