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Fig. 1 Annual average rainfall of Chongqing from 1951 to 2016
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Tab. 2 Classification of highway flood hazard grades in Chongqing
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Tab. 3 Population density along highway for counties of Chongqing in 2016

N %/ UNEE: 5 ¥ UNEE: ¥ UNEE:- ¥
X H 4 Fr e tm [ i O e km-?) X 24 O e km-?) X 22 Fx e km 2
W 56. 27 18 X 444. 86 AKX 704. 70 YT X 194. 24
MR B 96.53 KHX 583.53 HIX 220. 06 VERi==" 127. 25
T X 296. 72 FHR L 202. 83 TLHE X 422.91 Z 5 198. 49
A1 B 153. 99 i 7 X 535. 92 T IX 497.16 75 FH B 106. 63
“HE 251. 18 B X 389. 75 i X 29 872.73 b 1 X 2 960. 57
I H 181. 16 BEI X 800. 44 B X 3189.42 SNX 583. 87
T7 M X 469. 57 KX 560. 58 L IX 3 897. 74 b X 1103. 65
X 345. 82 B X 576. 00 Jule s X 2 781. 94 L% X 1 054. 44
BH 328. 16 REX 652.73 KX 3 300. 97
HOT 453.43 R PEX 120. 47 wIkE 127. 65
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Tab. 4 Classification of population density grades
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Tab. 6 Unified disposal results
PEMN TR IR AN R bR
X & o B G| UNEE:S X B o W EXRE ANHE
H W ﬁ& T M/ 3] EVAUNY 2 @& T R/ mis/ /A
KE 19 /a ) . KEL ) /a ) B
(X10" km*) #/mm  km™?%) (X10" km?) mm km %)
BROE 0.4289 0.0000  0.0000  0.441 3 1.0000 RPEX  0.8247 0.3396  0.0928  0.6856 0.9975
MIE R 0.6325 0.0377 0.0000 0.1810 0.997 8 AKX 0.8227 0.7547  0.7435  0.0000 0.977 6
FMIX 0.2461 0.3396  0.1482  0.0964 0.988 4 BX  0.6413 0.1887  0.3126 0.7096 0.9935
Ml H 0.0512 0.2642  0.0000 0.469 7  0.995 2 JLHEX.  0.9137 0.3396  0.7714  0.0000 0.985 9
ZMHE 0.4929 0.1509  0.116 8  0.0000 0.989 5 EITIX 0.9278 0.2642  0.3683  0.3040 0.986 6
ZE 0.3014 0.1132  0.0000 0.1539  0.993 6 WX 0.6986 1.0000  1.0000  0.0000 0.0000
FHMK 0.3237 0.3396  0.3937  0.0074 0.9845 FiREIX 0.7107 0.3396  1.0000  0.0000 0.9315
PR 0.127 4 0.5283  0.4808  0.0000 0.9855 ALK 0.6601 0.9811  0.9566  0.0000 0.921 1
BE 0.4403 0.3396  0.7440  0.047 1 0.9864 || JulePEIX 0.7073 1.0000  0.9957  0.0000 0.9379
BT H 0.4552 0.2642  0.6631  0.0000 0.9808 || KRIFEHIX 0.9912 0.9623 0.6523 0.0000 0.927 6
WEIX 1.0000 0.7925  0.9838 0.0000 0.9817 ¥oKH  0.5233 0.1132  0.0363 0.6821 0.996 7
K#HX 0.5624 0.7170  0.7263  0.0179 0.9800 WX 0.0000 0.4151  0.4652  0.6611 0.994 9
FHE 0.7680 0.2642  0.4802  0.2804  0.9925 FARHE 0.4963 0.3396  0.1532  0.3711 0.996 4
X 0.8307 0.5283  0.7205  0.0000 0.980 7 FINE  0.2272 0.1132  0.0000 1.0000 0.993 4
BBEX 0.7424 0.5283  0.8900 0.1701  0.988 6 PPHEL  0.2077 0.0377  0.0000 0.807 7 0.997 2
BEIIX 0.9069 0.7170  0.6248 0.0000 0.978 0 || VPEFIMIX 0.761 3 0.830 2 0.9998  0.0000 0.9325
KX 0.9137 0.7925  0.5845 0.0000 0.978 2 ANX 0.7094 0.6038  0.7712  0.0035 0.979 2
ELR§IX 0.8024 0.7170  0.7000  0.0000  0.985 3 WdbIX  0.6022 0.7547  0.7305 0.0035 0.9811
FEEX 0.7363 0.879  0.5715 0.0000 0.9750 JLREIX 0.586 0 0.6226  0.7151  0.0000 0.9709
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Tab.7 Compounded weight results

— TR A5
R AL W /a WWIEA/(X10" km®)  AFEHEWE/mm AHEE/(N  km™)
5 1 0. 966 4 0. 940 0 0.916 0 0.710 2 0.992 6
CEIBEY 0.565 6 0.8111 0.8389 0.698 5 0.392 6
T A AN 0.070 7 0.126 3 0.176 9 0.610 5 0.015 6
52 A 56 B B0 AL 0.216 3 0.150 9 0.145 9 0.175 2 0.3117
B A E 0.088 9 0.110 8 0.150 0 0.622 0 0.028 2
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I TP 48 b5 0 — f AL PR AU 5 58 bR AT A 32 A 0 MOTT B 8 B Al i S R . IR 2 mAERE Z
I B KA L : Z7 = (maxZ, » maxZ, .+ maxZ, ). WA M Z B Z S5 P /MEB . Z- =
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B a s RIA RGN 15 Z7 B AL 2, W
A= 0<KA <, (4
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0.8), #5iG3R 9 AIGH P A PEUE T AR PEIEAN KRNG5 (R 9) . G5 2R W « 35 POTiT 20 e b 0 A v 38 e 6 [X £
FEZETE HYLE R PN X T X = FHE 6 AN X Bkl o5 3T B WAL 22. 5306 5 i B AR I X
ALFE AN X R XA X G X R XVBE I X K5 X AR L VDX o 5 XA X G A% IR B 13
AN BT o R DR I TR 2806 00 5 v B DXCAL A B XL UL e X P XL X VLG X P BRI
DX R T DX A X 8 AN IR EL T o J T [ e ALY 7. 24 06 s AR EE A B XA AR L B IR T B A R
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Tab. 8 Calculation with TOPSIS method
- E AR fig ﬁiﬂﬁﬁj&’: I%“J‘E\ﬁﬁ@mﬁ X B4 B E AR fi ﬁﬂiﬁﬂfﬁ’q’: Iﬂisz&ﬁﬁ@mﬁ
PEE B/ B B RE A FE#E B/ #EES B RE A
b m ez 0.397 6 0.278 6 0.412 0 REEX 0.249 7 0.435 4 0.6355
IR H 0.542 6 0.129 0 0.192 1 KX 0.624 0 0.159 9 0.203 9
FEH X 0.584 9 0.082 2 0.123 3 I X 0.228 8 0.448 8 0.662 3
P g1ipzt 0.380 9 0.295 0 0.436 4 TLHEX 0.627 3 0.149 0 0.191 9
=R 0.644 5 0.057 4 0.0817 ZT X 0.450 7 0.217 4 0.325 4
i 0.559 4 0.104 1 0.156 9 X 0.623 2 0.196 6 0.239 8
M X 0.631 2 0.080 8 0.113 5 MR X 0.626 8 0.169 2 0.212 5
B X 0.633 8 0.097 6 0.1335 VLA X 0.622 8 0.191 2 0.234 9
iz 0.600 5 0.130 5 0.178 6 TR IX 0.622 5 0.198 1 0.241 4
T B 0.631 2 0.114 7 0.153 8 KEAKX 0.624 2 0.1715 0.215 5
TP X 0.622 4 0.195 4 0.238 9 Tk B 0.267 3 0.427 9 0.615 5
K#H X 0.614 3 0.146 9 0.193 0 WAIT X 0.250 9 0.420 6 0.626 3
FERL 0. 462 0 0.204 7 0.307 1 Atk g 0.420 1 0.240 8 0.364 3
i 2 X 0.625 8 0.146 1 0.189 2 F & 0.192 1 0.623 1 0.764 4
WX 0.519 6 0.193 9 0.2717 Py FH A 0.230 6 0.503 5 0.685 9
BEINX 0. 625 4 0.149 6 0.193 0 YEEHX 0.622 6 0.190 4 0.234 2
KA X 0.625 6 0.150 9 0.194 3 AN 0.6229 0. 150 4 0.194 5
E X 0.624 7 0.152 3 0.196 1 b X 0.6227 0.150 5 0.194 6
EERX 0.6259 0.147 1 0.190 3 Jeas X 0.6259 0.140 5 0.183 3
Fx9 BERMEEMNER
Tab.9 Hazard assessment results
59 b I8k
e =5 JEE S ZE E BT X M X T X A
5 B fE B N B R AR AR R R X VBRI X KRB X AR VLR SR B XV R X X LR
o B £ T B X U 3 X i P XL T X VLA X VD R R X R R X
1% B FE AELEL k0 B A X R AR
Tl B FIE R E M X R ST K
4 5

AT 4 G AR S I S GE T BORE R 22 % Bt 9 AE B VR 8 BCH PR T 38 AN X L AR R AR L S BRI AR N
W B EE BU OB (3 B T BRI 52 KB 5 AN B IR 715 D O 418 s 5 i L A A0 A0 — fh Ak B3 (25 21 AL
6D o DR O B IAE I PR VO R AR AU 1 B S R R AR I S AR £ S B IR A AE TR T A
R AT A b ST TR TR SO A 56 AR B WAL A OB R L O d e B 2 AR B 1A PR 45 B B K
P BT HUE AR TOPSIS 35 M2 B P K 255 FE B R 73 SR U S ASHIF 5005 T 9 X 23 i Bk B0 IR - 1 I A 12 Xl
Gr R R RO S B 5 A AF R AR A A B P SR O L i DR [ R B 51 1306
AT 2 SR A5 28 % R 9 S PR DA AT T oAy T DR i At 9 5 I A T B R 2 Al

S E k-

CL0 X B A o] B A5 o 0. 3 38 R 1 % B ¥ 0 0 5

PEBEAY [T, U I M 55 2% 42, 2008, 28 (1) 1 44-47.

LIU C R,HE Z W,HUANG S B. Assessment of geological
hazards along the Tianshan highway in Xinjiang[J]. Acta

[2] .

Geologica Sichuan,2008,28(1) :44-47.

WRUEBIL , 2= R AU B 2555 TF M vk 78 A B ML K e
B PR 0 e 0 P D . T DG 503 2 2 i IR B D
2010,29(4) :587-591.



50

R A F FWMCH BB HO

% 36 %

http://www. cqnuj. cn

[3]

[4]

[5]

(6]

[7]

(8]

ZENG R,CHEN H K,LI] Y. Fuzzy comprehensive evalu-
ation method based on entropy in road flood risk assess-
ment[ J]. Journal of Chongging Jiaotong University(Natural
Science) ,2010,29(4) :587-591.

PR AL A 2K A LD X T 2 B K 8% S B o O 7
BRI ] AR R F 24, 2012,21(3) :224-229.

MA B C,TIAN W P,LI J C. Assessment of flood-damage
hazard of highway along river in mountainous areas[ J].
Journal of Natural Disasters,2012,21(3):224-229.

NS G SR PN AL R A& Rk A
6515 B LA 2013,34(2) 1 1-5.

SUN Y, HUANG H F. Adaptive algorithm for adjusting
weights of decision-makers and attributes[ J]. Automation
&. Information Engineering,2013,34(2):1-5.

TR A 5k B4 A% SOt AHP I TOPSIS JA 75 YK 3 5 &
PEIEH b B9 L < LA SN B85 3t DXy i L ] 8 PRI i R 27
ZR CH KRB ZE R ,2013,30(3) :40-46.

SHAO W Y,ZHAO C W. Application of combination to
landslide hazard susceptibility assessment based on im-
proved AHP and TOPSIS method: a case of Bijie, Guizhou
province [ J ]. Journal of Chongqing Normal University
(Natural Science),2013,30(3) :40-46.

Frbss s ARV 22K Ll DU T % B K B8 3 XL
PR TR AR K E R ,2014,23(2) ; 271-277.

QI H L, TIAN W P,LIJ C. Quantitative risk assessment of
subgrade flood-damage along river in mountainous areas
[J1. Journal of Natural Disasters,2014,23(2) :271-277.
MEERR S BRUEHL, EAEE 5. THCTT I B2 X G319 A Bt R
DB AR W 52 [T, VL BE U 5 57 85, 2013, 22(2) : 244~
250.

LIN X S,CHEN H K,WANG X J,et al. Risk assessment
of highway flooding on G319 road in Fuling district of
Chongqing city[ J]. Resources and Environment in the Yan-
gtze Basin,2013,22(2) :244-250.

WA R E T B TR AR B 5 5 I IR E A B
BT RUB PR b i B LT L U R 5 AR, 2010, 21
(3):83-87.

ZENG R,L1J Y,WANG B L. Fuzzy comprehensive evalua-
tion method based on entropy in road flood risk assessment
[J]. Journal of Geological Hazards and Environment Pres-
ervation,2010,21(3) :83-87.

XIS AR X 3T GIS Ay X 8 it 7K ¢ 8 KRS 3F 4 7
EFgE )] LA B4 2009, 37(22) :10562-10564.
LIU G Q,XU G,LIU Y. Study on risk evaluation of region-
al flood hazard based on GIS area[J]. Journal of Anhui Ag-
ricultural Sciences,2009,37(22):10562-10564.

CLO BEICME o X0 1] 32 MR b 9 AU 3 5 X Sl F 5 o Jee L.

i BB AF E L2007 ,26 (4) :11-22.
HUANG D P,LIU C,PENG S F. Progress on assessment

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

and regionalization of flood risk[J]. Progress in Geogra-
phy.2007,26(4) ;11-22.

IRIGARAY C, LAMAS F, HAMDOUNI R E, et al. The
importance of the precipitation and the susceptibility of
the slopes for the triggering of landslides along the roads
[J]. Natural Hazards,2000(21) :65-81.

WA, 28, Z B RRMIEIL S EIM et 154
K2 i RRE - 2006.

XU J P,WU W. Multiple attribute decision making theory
and methods[ M]. Beijing: Tsinghua University Press,2006.

GARDENR J S,DEKENS J. Mountain hazards and the re-
silience of social-ecological systems:lessons learned in In-
dia and Canadal]J]. Natural Hazards, 2007, 41 (2):317-
336.

FRULSE AT E MR S A Bk K KCH fE B T 48 AR
[J]. K FE22,2014,29(3) :44-47,

QI H L, TIAN W P,WANG D,et al. Risk assessment in-
dicators of highway flood hazards in China[ J]. Journal of
Catastrophology,2014,29(3) :44-47.

JEJI AR 6T GIS 9 1l it 9 3 KUK KR LT 1. 3~ 4l
2005,60(1) :87-94.

TANG C,ZHU ]. A GIS based regional torrent risk zona-
tion[ J]. Acta Geographica Sinica,2005,60(1) :87-94.

KIA B M, PIRASTEH S,PRADHAN B, et al. An artificial
neural network model for flood simulation using GIS:Jo-
hor River Basin, Malaysia[ J |. Environ Earth Sci,2012,67
(1):251-264.

CHANG S K,LEE D H, WU ] H, et al. Rainfall-based
criteria for assessing slump rate of mountainous highway
slopes:a case study of slopes along highway 18 in Alis-
han, Taiwan[ ] ]. Engineering Geology,2011,118(3/4) :63-
74.

B, AR E NI I 5 S EIM]. dbat B b
Ji 4t . 2005.

HUANG C F. Risk assessment of natural disaster theory
&. practice[ M. Beijing: Science Press,2005.

BRE EWE , AT 4. A BB RIKHE R 4]

K2R A2 R CAARFHARD - 2011,31(2) :33-37.

L1J C,HUANG L Z,TIAN W P,et al. Type classification
on natural disasters of highway[ ]J]. Journal of Chang’an
University (Natural Science Edition),2011,31(2) :33-37.

PR KA R P K B IR A 4R (2004 — 2016 4E)[EB/
OL]. [2018-05-25 . http://www. cqwater. gov. cn/slsj/szygh/
Pages/Default. aspx.

Chongqing Water Resources Bureau. Chongqing waterre-
sources bulletin (2004 — 2016) [ EB/OL]. [ 2018-05-25 ].

http://www. cqwater. gov. cn/slsj/szygb/Pages/Default.

aspx.

FR AT K F] . 2016 4F 8 PCTT K 2 R 45 A R CEB/OL .



Vol. 36 No. 2

Journal of Chongqing Normal University (Natural Science)

http://www. cqnuj. cn 51

[2018-05-25]. http://www. cqwater. gov. cn/slsj/stbcgh/
Pages/Default. aspx.

Chongqing Water Resources Bureau. Chongqingbulletin of
soil and water conservation 2016 EB/OL]. [2018-05-25].
http://www. cqwater. gov. cn/ slsj/ stbegh/ Pages/ Default. aspx.

(227 TERTH KR Ja. 3 PR T =38 30 X 36k 7 Bl 3L B &l (2006 — 2020)

[EB/OL]. [2018-05-25]. http://www. cqwater. gov. cn/Pa-
ges/Home. aspx.

Chongqing Water Resources Bureau. Chongqing Urban
Flood Control Planning(2006 —2020)[ EB/OL]. [2018-05-

[25]

[26]

2017LM]. dtat. B Gt i kL, 2017.

Chongqing Municipal Bureau of Statistics, NBS Survey
Office in Chongqing. Chongqingstatistical yearbook 2017
[M]. Beijing : China Statistics Press,2017.

KUO T. A modified TOPSIS with a different ranking in-
dex[J]. European ] Oper Res,2017,260(1) :152-160.
DELGADO A.ROMERO 1. Environmental conflict analy-
sis using an integrated grey clustering and entropy-weight
method:a case study of a mining project in Peru[ J]. Envi-

ronmental Modelling and Software,2016,77:108-121.

25]. http://www. cqwater. gov. cn/Pages/Home. aspx. [27] SUN Y,CHEN L,HUANG B,et al. A rapid identification
(23] o HEASG K E RS « HEEIM] dba . AL WK
*t,2008.
MA L. Chinese meteorological disaster book (Chongqing)
[ M. Beijing : China Meteorological Press,2008.

[24] ERWHEI R BRG] )R =R A S BN RS THAF4E

method for calamine using near-infrared spectroscopy
based on multi-reference correlation coefficient method
and back propagation artificial neural network[ J]. Appl
Spectrosc,2017,71(7) :1447-1456.

Resources, Environment and Ecology in Three Gorges Area

Study on Highway Flood Hazard Assessment of Chongqing Based on
Compounded Weight with TOPSIS Method

WU Renjie! , CHEN Hongkai®
(1. School of Civil Engineering, Chongqing Jiaotong University, Chongqing 400074 ;
2. School of City and Architecture Engineering, Zaozhuang University, Zaozhuang Shandong 277160, China)

Abstract: [ Purposes ]Aiming at characteristics of highway flood in Chongging, it takes evaluation research on highway flood hazard in
Chongging. [ Methods ] The hazard evaluation index system is established based on 5 disaster inducing factors of 38 counties in
Chongqing. Those are annual average rainfall, population density along highway, flood recurrence period, submergence area and in-
undation time. Compounded weight model is built according to the entropy weight method(EWM) and the Multi-correlation coeffi-
cient method. Thereout, compounded weights for each evaluation indexes are gained and disaster inducing factors are evaluated by u-
sing TOPSIS method. [Findings]Evaluation result shows that 5 hazard area weights for extremely high-risk grade, high risk grade,
moderate risk grade, low risk grade and micro risk grade are respectively 22.53%, 28.6%, 7.24%, 18.09%, and 23.54%. [Con-
clusions | The study result is consistent with the actual situation of highway flood and it provides scientific basis for the highway flood
disaster prevention and mitigation projects in Chongqing City.

Keywords: highway flood; disaster inducing factors; hazard; compounded weight; TOPSIS method; area weight
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