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Zoning of Mountain Torrent Hazards in Medium-Small River Basins
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Abstract: As one of the effective non-engineering measurements, zoning of mountain torrent hazards is an important part of
flood prevention and disaster mitigation system. A torrent hazard evaluation model is built by using GIS spatial analysis and
modeling techniques and fuzzy mathematics method in this paper, in which the evaluation index weight is determined with ana-
lytic hierarchy process according to the results of orthogonal analysis. In addition, seven factors are chosen as the new evalua-
tion index system to evaluate the torrent hazards, combined with the definition of mountain torrent hazard and the analysis of
factors causing mountain torrent disaster, with the application of orthogonal design method, and the observed influence degree
of rainfall and conflux time on mountain torrent. The areas of the upper reach of the Huaihe River were chosen as the case study
area of mountain torrent hazards zonation. The results show that areas with the shortest confluence time and the largest hypso-
graphic feature are the most dangerous areas.
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1.1 W#ERESS

RZEEE B ER N KRS € OBzl & 3
A5 T ) SCCE IR FNFR S HE L 2007) A FFHAF &
AR FNA] BE AR B S SR ISR R 1 3Rk Ok
B SR U F KUK E (Sinha et al.,2008)
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KPR AN B H R faR BV o 5 5 B2 T W,
Ll 3 XU 43 BT I 32 B 46 3 A4S O T« 1k A R 1
A3 LUk 9 R A Gy 5 P 43 B ALt e 4
PEAR b 1l b A P 0 BT 02 S5 T 3 Y T A R A
A SC b BT AR 0 L S B M R R AE A R T R R
HEAEOCT W AR A B SO i — A i
s 788 i 1) S ) S5 e 2B Y RT
1.2 Wi EKEITFEN

LU A 6 P4 P A 119 5 Jo 59 A 43 AP L e 6 DF Ay

B R R & FEAR A X S, — R 2 B
PR 7R AR 25 5 PP 55, R Rr PP 09 1L it
a1 7R g8 rh 4 A PEAN 46 A 4 IR 1 0 Ay i
S AL LB — R HE AR 2, DT S 30 1L 346 A5 5 2 DA e
B — 1 B X AT 43 2SR HE R (B — 18 4%, 2002
Georgakakos,2006 ; 3% ,2007).
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JUT 345 B ) 4 A 5 e T RE R 38 R G AR TE Y WOTE O
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EALE NN BRI RIS | e o S b N 37 (
PN FE AR, 51 AGEAS B 7 B AT 4R AR AR &R A
T, DA A5 3 7 25 2248 bR B2 19 /NI AN A B
fEPR R A&,

W E 22 BTt AR Lk A RS M 45 A 0 2k vh AR 8
SEPRAE O, R — K A IE M IE R RIE N Le(29). 3
L AIER RS 0 KB R R RS W
NEO e MIELZRATERILHEW I B R ED g R
EAZ R ANEL (R fe 2 W] ZHE N R 50 SR 5 L 15 -
I B TE B 7 B8 T AR R AT L AE S PE A, OO0 o
PR 28 2R 5 Ja R PN 22 73 B 5 40 AT ix 22 25 2R, R 45
AR R S5 18 (R H 55, 2002).

22 IEWRMELLE

SR 1Lk A B v 1 PR B & R R, AR
EMTHALG — TN AR R 26008 H 58— i 17 b5
1k (Islam and Sado, 2000; Creutin and Borga,
20033 Nayak et al.,2005). — i {1 48 b & 1k Jy 15 41
KM EE I 2 BIFE AR DB OR L 1Lk & A 1 AT R
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2.3 HEERIEST

AR AT S AR B 25 B VR I L2 R T ik I
TEAZ A Al b B A ArcGIS 844 F Arc/Info
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KAV Ve Vi Vb
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Pl 2% YRR 0 o A5 90R0 3 1) B A BObR o 22 5 1
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KU, MM 848 GO j 9 fa B BE 1 SR8 B oF
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T AT SR S G e FUBEERFE R,
Stk BN 20 4E—BAE R K 6 h BT R R, 1 R=
Uk R AT REME MR 250,20 4FE —B4ER K 6 h e [Un(gD) U (g Uni (gn)
M b/ T 74 mm L A WL P AL RS PEAR /D BB
LESCETSWALE I 1S RIS R L TE 3" B P D Us (g0 Ui ()
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Table 1 The interval of evaluation index
=L 7 D, D, D3 D, D5
20 4F—iBAFE K 6 h FFEM H (mm) 74 84 94 104 114
20 4F— B4R K 1 h F A (mm) 23 38 53 68 83
o CBUED 1.23 1.37 1.51 1.65 1.79
ﬁﬂﬁ]%ff{‘(m em 2) 0.001 8 0.002 9 0.004 0 0.005 1 0.006 2
25 PRI 2 (m) 7.34 14.62 21.90 29.18 36.46
+ e R 5 4 1 2 3 4 5
iR Ry ST D) 20 40 60 80 100
PR T B i 1] CBUBEI 80 (km? < h™ D) 178.57 196.42 214.27 232.12 249.97
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R ] 5 09 8 5 7 R 2R VTR I G, 2 IR
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£ B P VR B 2% PEAN 48 AR A AR 4

GILEE MK A 5 R #E17 T2 5T, 15 BRI
AN R m i B,

B=A «R=1[b, b,... b;... b,]. (6)

IR Z5 5 VR 45 R 1 B B R AT Ab 3L, R ] B
RS Ja R 1 0 U L A SR

b, =max(hysbyseisbisish,) . 7

3 =W Hr

A5 3 B B b Ui A S D O S I 9L
TR VY i AR A, R RS I AE 15~839 m 2
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== 200220
B 220240
> 240

S8 i VIR 9D R 51 50) (ke + ™)
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204F — 38 % K6 hfF W #(mm)

— 0~10
— 10~20
/=3 20~30

(], P-4 8 R 142 m, B0 XA A Ll X R AIR L X
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RSB IR | TH S A 2R T MROR (227K, 2008).
3.1 HEAE

HT I 98 5 K (R A A Ak AR AR b B T
e E K mAEAE ArcGIS B4 v 52 3L Y 5 A [ OF 52 3L
B 05 S K SCAR S AR U 38 20 4F — 4 B K 6 h Al
1 h BN EEEIEAE ArcGIS B0 b MR Ak 5 B3 1
RO G sf [ R A b 5 B B 25 B 2 e A =03 B
PG 20 4F— 18 1Y B R 2% 1 T 25 A~ T B B
TR BRI i i [va) B 250 5 10 4 8 28 A B4 4 R VD 4 - |
A GRREEL B A EKE 5 R AL I
T 1~5 BUE AT 3 LS HOBE s B DEM
P02 B BK £ HE , B A DEM A48 A B Y 7K
F 1 58 J5T b, 43 A7 FIVRE B o0 A MAK R

7E 30 m x30 m DEM #4i FEAil #2218 g 3k 3 4%
KR FRERE BB LU R 4 48 A ik, Xl 43
B 19 2% A T 0 A ) 8 6 A U 8N BT A R A {1
(R SF- X5 (B 45 A~ 48 b Ak 28 51 DL 15 1.
3.2 EXERITERIER

HY T A A a0 o AR BT T e 9 B b R
B w3t K XU 3 (Georgakakos , 2006 5
B HCHIPE XL IE L 2007 5 Sinha et al.,2008) , i A 3C 1k

(b)

B 3040
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o P A 1 2 (m)

[ 0.0015~0.0018
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Fig.1 Results of index processing
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SRR 2 Py R A R BT R T R A R
T8 IBCAH ] A4 S, ) A LT A 5 M TP A A5 T 3 5
1 W 25 2.

3.3 SRS

331 EREBEMELSWER RAH 4 MRITTER
(4 J7 Z8 vp bl B 8 55 R I RE LA b g UK R M
A A Sy [ 5E A8 A, HEE Dy B AR B X1t S
W PEEAT PR L 25 R L3R 3.

it AR 2 49 BT 3 0 I 45 2R 6 AT 40 B (3R 3D,
Hrp Ki X—170 AR E A B.C W% i PKF
Xif R PEN B 2Z R ki SR KBS X0 e 25 R TR —
G k1, k2 3 PR B R 25 B /M B T IR R
KT X 235 5 1 52 Wi AR A A AT 45 ROk L TR R e R
B v 22 B9 % 22 1.5 B T BRI 3 sf () F 1 h F16 b
Wik T o O A 25 388 0.5, 100 BH o A o 2 2 U %
RN R bR O FEER ;6 h FEM S AL 1 h FE
R IR O A L NP R VAT AR T =
2% (TR EE A AR R B AE S L R X T T S T R YR
PR 2% 38 2ok 6 EU T L3250 BT 9 B £ 1 48 b O B8 R
T R I 22 L6 b i KRR T AN T AR A P )
OEFFE RN
332 BELHREBERITEMNBESHT LidxtiE
s 03 1 o AR SC fie 200 2 ) 46 A AR R T 3K
R 75 R ] R - M A | AR R U 2L 20
eSS RS NI W T = R VA T AR I i ] Tk
RAEARAR R A [ B 3E L K A B P VR R R
FEbR R R R A 7 5 T I 2% 3 b 2 3 .6 h
R BEM L0 N HR PR IR R B) R AT X5 4 #r. R
H 2 B8P R R 5 506 AS BB AT 1L
PEVEAY PR S R, DA AS B3O8 F 5% X 4 AR i 1E
BE53 BT 45 3R T2 WA BT i i 0 1Y 2 B AR AR R R AL
#4354 (0.059,0.082,0.061,0.048,0.366,0.216,
0.168) F1(0.146,0.174,0.089,0.136,0.455) . FF I Hr
S5 R 2 ) UG R VRN B el R bR IR R A BT
1 fE R I LI 2a, AR AR IR R B BT fE 1K
PEVEH &1 UL & 2b.

BB U0 3 3 L A B T A BT (B 220 T
LA U X CAn AT 2 60 B B I A S Ak
AR b I, — MG R R 3 9, ElFHbIX
CHAR RT3k, B 70 3 B 7 i R4 /G 16 45
G W, — MR A g A g, Hoh AR AR L S T

85039 %
2 BEZRKF
Table 2 The factor level
IK A (mm) B(km? « h™ 1) C(m)
1 1 h BT 4t Jc Jc
2 6 h [N i THHEE SR

TR A LB FNC 235 W v LBz T BRI 3 I 8] CH A1 20
AR 2, HIRE B M C B — KT8 2R WA A 25 1
IZAE PR,

xR3I EXEKHERESH

Table 3 The results and analysis of orthogonal design

HE/HM  ACmm) B(km?+h™1)  C(m) LIRS
1 1h ¥ T 2
2 1h HME S PR 4
3 6h X PR A 4
4 6h HHEAE T 3
K1 6 6 5
K2 7 7 8
k1 3 3 2.5
k2 3.5 3.5 4.0
i 2% 0.5 0.5 1.5
SV S A2 B2 C2

H:1.2.3 4 AP BT ENGS . HFEA,BHC & LFEE2,A2
FORFBER R 2 NKFL B0 6 h (FR &, B2,C2 & LRBLHEE
WIRFH C.A.B.

S, B KR T L R B B R I 3 O S S
B oh 5 9.8 2b P AE R IrBIX ML T 2 e fe
B S G F i, A PR L R F R 5 E 2a
FEAAH .

Hi T AR R AR Y LB B R B XL A B
P 6 20 g At b X B v, BD E S5 1L ik Y T R v
K.EGH#E 19982008 3% 11 4F 7 o k7K % R (I 8
NI T K i » 2005 5 7K F 7K SCJRS 5 2008 5 5B 53 %8 kLA
BB A K SC ka5 SR ) AR e DX 3 1 it
UCBCR 5 U i H At b X 3 B 3 WL OF HLE B
it I B T B K B At 3R B i L DXt R
AN YRR B LG T Ui AR X O 30 b X 7™ ) &L A
T o 22 XA 38 A BE S8 25 52 1L P A B AR GOV AN 2
FXTHE ALB AR IEAN 48 BR AR R Lt R L A
PEAN 8 R R R BT AR 45 S 5 ) s b SRR kAR it
GG DLW A R WA SCHERE A PO F8 A iR R A F)
4 LU A S P DT 5 R A Y L AT SR Y b Lk B
BT R AR S

I3 A L f B PR PE A B A T A R DX Y
WA S T W — A PR, X 2 AT
DL S 3 0 s 1 P A5 B AT 3 5 1 O Y D
IR R T8 /K 28 o7 F He v, K K B8 i AR 2 70 km?
HE AL PE A 8 bR CF 90 SR w7 56 L T I B L bR U
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Fig.2 The torrent hazard evaluation map of the upper reach of the Xixian

a fHIRAR AR A B9 LIBEAE B VR AN 45 20 s b A bR R R B A L A 6 P 37 245 20

1 R 22 A ) I 10 e A 0 22 e Bfe
A5 A BRI A

AR SO Lt 16 6 P 78 SRS Wi R 3R 0 1 4
TERT WP R LA 2 b, 5] A IEAZ Bt i i T — &R
SEE B L SRS T 45 AR AR AR O R R K
JE B, TE GIS P 5 b g 7 1l ik £ B RO 7 i A5 A
T JR Y s 1 A8 B8 P BT A T 5

5 LUAE B4 Lt £ B PR A S AR /0 25 1 U S iy 3
S8 5 7K A 0B T BRI I N 1] PR R AR [ AR SR
S S T /NI K SRR I M o S
TR AT A5 H A0 B B 90 O L 8 A I 4 s 2 A
55095 DI A S0 g s 3k K BEORE B A gt 2
[E] A AW, A 485 A SO B A B IR
T AR SO R I7 45 1 A B A

References

Creutin, ]J.D.,Borga, M.,2003.Radar Hydrology Modifies the
Monitoring of Flash-Flood Hazard. Hydrological
Processes s17(7) :1453—1456.doi:10.1002/hyp.5122

Furdada, G., Calderon, L. E., Marqués, M. A., 2008. Flood
Hazard Map of La Trinidad (NW Nicaragua). Method
and Results. Natural Hazards,45(2):183 —195.doi:
10.1007/s11069—007 — 9156 —38

Georgakakos, K. P., 2006. Analytical Results for Operational
Flash Flood Guidance.Journal of Hydrology,317(1—
2):81—103.doi:10.1016/j.jhydrol.2005.05.009

Ghoneim, E.,Foody,G.M.,2011. Assessing Flash Flood Haz-
ard in an Arid Mountainous Region. Arabian Journal

of Geosciences +29(9) :505—514.doi:10.1007/s12517 —

011—0411—7

Guan, M., Chen, X. W., 2007. Research of Regional Torrent
Risk Zonation in Jiangxi Province. Torrential Rain and
Disasters 26 (4):339 — 343 (in Chinese with English
abstract) .

He.B. Y.. Zhang, H. L., Zhang, S., et al., 2002. GIS-Based
Risk Evaluation for Flood Disaster in Hubei Province.
Journal of Natural Disasters,11(4):84—89 (in Chi-
nese with English abstract).

Hu,J.C.. Wan, F.J., Wu, Z. Q., 1998. Application of Fuzzy
Mathematics. Press of Wuhan Technical University of
Surveying and Mapping, Wuhan,20—187 (in Chinese).

Huang,S.F.,Xu,M.,Chen,D.Q.,2001.GIS-Based Extraction
of Drainage Network Density and It's Application to
Flood Hazard Analysis. Journal of Natural Disasters ,
10(4):129—132 (in Chinese with English abstract).

Islam, M. M., Sado, K., 2000. Development of Flood Hazard
Maps of Bangladesh Using NOAA-AVHRR Images
with GIS.Hydrological Sciences Journal ,45(3) ;337 —
355.d0i:10.1080/02626660009492334

Jiang ,W.G.,Li,]J.,Li,Z.W.,et al.,2008.Fuzzy Assessment of
the Population Risk of Flood Disaster. Journal of Hu-
nan University (Natural Sciences),35(9):84—87 (in
Chinese with English abstract).

Jiang, W.G., Li, J., Wu. J.J., et al., 2008. Risk Assessment
System for Regional Flood Disaster ( [[ ) : Model and
Application. Journal of Natural Disasters, 17 (6):
105—109 (in Chinese with English abstract).

Li,L.T.,Xu,Z.X.,Pang,B.,et al.,2012.Flood Risk Zoning in
China.Jowrnal of Hydraulic Engineering ,43(1) :22—
30(in Chinese with English abstract).

Li, Y.T.,2008.Study on Evaluation of Precision and Hydro-
logic Simulation in Ungauged River Basins Based on
TRMM Satellite Precipitation Product ( Dissertation).
Hohai University . Nanjing,22 (in Chinese with English



1444 HoBR A} A —— i [ B A R 4R %539 %

abstract)

Nayak, P. C., Sudheer, K. P., Ramasastri, K. S., 2005. Fuzzy
Computing Based Rainfall-Runoff Model for Real Time
Flood Forecasting. Hydrological Processes, 19 (4):
955—968.doi:10.1002/hyp.5553

Ni, H..Liu, Y.R.,Long.Z.G.,2002. Application of Orthogo-
nal Design to Sensitivity Analysis of Landslide.Chinese
Journal of Rock Mechanics and Engineering »21(7):
989—992 (in Chinese with English abstract).

Sanyal, ]J., Lu, X. X., 2005. Remote Sensing and GIS Based
Flood Vulnerability Assessment of Human Settle-
ments: A Case Study of Gangetic West Bengal, India.
Hydrological Processess19(18):3699 — 3716.doi: 10.
1002/hyp.5852

Sinha, R., Bapalu,G. V., Singh, L.K.,et al..2008.Flood Risk
Analysis in the Kosi River Basin, North Bihar Using
Multi-Parametric Approach of Analytical Hierarchy
Process (AHP).Journal of the Indian Society of Re-
mote Sensing »36(4):335—349.doi:10.1007/s1252 4 —
008—0034—y

Tang.,C.,Zhu,]J.,2005. A GIS Based Regional Torrent Risk
Zonation.Acta Geographica Sinica s60(1):87—94 (in
Chinese with English abstract).

Wang.X.Z.,Shi,W.Z.,Wang,S.1...2003. Treatment of Fuzzy
Space Information. Wuhan University Press, Wuhan (in
Chinese).

Water Resources Information Center of the Ministry of Wa-
ter Resources, 2008. Water Year Book of PRC: Hydro-
logical Data of Huaihe River.Water Resources Informa-
tion Center of the Ministry of Water Resources, Bei-
jing,60—104 (in Chinese).

Wei, Y. M., Jin, J. L., Yang, C.]., et al., 2002. Theoretics of
Flood Disaster Risk Management. Science Press, Bei-
jing,64—125 (in Chinese).

Wen, K. G., Pan, T. H., 2005. China Meteorological Disaster
Authority ( Henan Volume ). China Meteorological
Press.Beijing,163—232 (in Chinese).

Xie,S.,2007.Study on the Hazard Mapping and Risk Man-
agement of the Small Watershed Torrents ( Disserta-
tion).Zhejiang University, Hangzhou, 18 — 27 (in Chi-
nese with English abstract).

Zhou,C.H.,Wan, Q., Huang,S.F., et al.,2000. A GIS-Based

Approach to Flood Risk Zonation. Acta Geographica
Sinica ,55(1): 15— 24 (in Chinese with English ab-

stract).

Bt FR 325 % SOk

I, BR24HE L 2007 VL TG4 1L ik ¢ 3 R IX Kl 40 25 F 52 3 T
KE,26(4):339—343,

T4 ET, SRR, TR, 28,2002, 5 T GIS A1 db 45 ok &
B PEIEAN . B SR R 2E R, 11(4) 184 —89.

kA, TR, R, 1998, I ORI $z . i i« i e
LB KA i, 20— 187,

PRI, 26 MRS L 2001, GIS 33 R Y T 1M 35 JIF 45 I %
FLAE UEOK FE 8 4 v 4 B . AR R 2 4. 10(4)
129—132.

HE, 2, 20, 4, 2008, HE K g L X RG ASR IT A
W R K2 2R R CH SRR D . 35(9) : 84— 87,

W, 22 a0, R AL, 45, 2008, X3 Ik K R OE T A R R
CllH)—8E 8 5 W . B8R K FE =M, 17 (6):
105—109.

ARG AR JE T L2, 2012 7 [ it s AU X R BIF 5T K )
AR, 43(1):22—30

427K W, 2008. TRMM T4 52 0 T 7™ 5 4 B2 37 S HL7E T2 %% Rt
Hb IX 7K SCASE L Hh i 1 F 9T ORI = 2 A 348 30) R 3T« 1)
R, 22.

5 L X AR 2% e 3R B L 2002, 15 38 B T 78 W Bk R 43 A
MR A A %5 TR, 21(7) 1989 —992.

FEI S A i, 2005. 56 F GIS 1 1l it 72 3 KU X 4. b 3 2 4
60(1):87—94.

T, H SO, TR R 2003 08 25 A4 8 AN FL T . 5k
R A

A AR AT [ K R 7K 30 R, 2008, H 4 A BRI A K S0 AR
S R K SO R b BT A G R S N E K R
K S, 60— 104,

B0, % R LR 4, 2002, MK R KUK A H S L
ot B A

T 58 RIS BB KA 5 G 5 2005, P B A4 R E R L T L BT
S M. 163—232.

W%, 2007, /NG 38k LU VG XU T e IR A8 B 5 (A1 2 6 i
OB TR, 18— 27,

JE R BE T R L R, 45, 2000, 38 T GIS 103k 7k 9 3 KU X
KI5 b B 2% 4t ,55(1) . 15— 24.



