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Fig. 1 Precipitation process of 7.20 heavy rainstorm in Kaifeng City (56 hours)
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Fig. 2 Distribution of urban waterlogging monitoring points in research area

®1 FHHRKAEBRNEN®E S E

Tab. 1 Location of automatic monitoring points of waterlogging in Kaifeng City

S HoHEAE ZepE LR/ XSG I
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Tab.2 Waterlogging risk assessment index data of 7.20 heavy rainstorm in Kaifeng City

S5 Eizton A5 1 2 3 4 5 6 7 8 9 10 11 12
e KBUKIREE /em Xni 75 83 76 51 104 90 18 56 37 6 38 68
FIBUKIREE /om 2 1625 5554 3498 2481 6044 4459 3.10 4680 1425 401 11.05 15.61
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BUKIREES1~80 cem B /min+ g 238 1692 940 48 402 746 0 110 0 0 0 58
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RSN R A 1 ASE AR AR, BIRRUK IR xoa, HRAETE AT MRS SR HE A G R 3R, T E %4
PRAGFRRS O E AR G F
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AR T AL ARG PPl By B, LA B v 5% W 75 A F PR R A 7 A AR TR 52 i 0 XL R e ¢ i
WU, K O AMNEHRBEAT 702, s TR e R BRI IR L 1 BRI (5 I 0] B b e /A U (L HE LA B 1],
HH TR ARG A 357 DR AL DN, DRI 32418 o I [ MR B T A s L Ax 8 SR DA b i) i/ IVBR A B A o 2
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Tab. 3 Entropy value and weight vector of short-term and long-term risk subsystem

et Xnl Xn2 Xn3 Xng Xal Xa2 Xa3 Xad Xas
EAE) 0.992 0.990 0.992 0.993 0.986 0.995 0.993 0.994 0.995
BUE 0.234 0.293 0.254 0.219 0.371 0.139 0.184 0.163 0.143

PSS 2 245 T RGN T ZM L E B R, THE A — LRI R B X 30 XUBS: PR 26 L 430 XS
K2 2 AT RS E A R AR AL PP SRR 00, A3 00kt PR A EE 13 AN A B BN PN 45 5 f 22 7]
B, RGN RS 1A 2 E AR i (w=(0.381,0.619) ) . &5 2 Fh 5 32 X S5 A% [ 1 (w=(0.500,
0.500) ) FIEf 3 Fh oy ik o S A S A ) £ (w=(0.600, 0.400) ), 55 3 RS i A i 4, B Rk A
RIS 12, ARER TR RSP . 2RI EC(10) . (LD #FF7IHEE, 455Nk 4 o .

X, = 0.623 0.841 0.770 0.624 0974 0.803 0.490 0.554 0.437 0.414 0.600 0.658 (13)
271 0671 0.747 0721 0.728 0.700 0.761 0.169 0.118 0.678 0.631 0.671 0.427

B — 0.627 0.238 0.365 0.625 0.000 0.305 0.864 0.750 0.958 1.000 0.667 0.564 (14)
271 0140 0.023 0.063 0.052 0.096 0.000 0.920 1.000 0.129 0202 0.141 0.520
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Tab. 4 Level characteristic values of 12 stations for waterlogging risk assessment in Kaifeng City

HAFFTE(E
F RGN
1 2 3 4 5 6 7 8 9 10 11 12
R AL Hiw=(0.381, 0.619) 3759 4595 4215 3.851 4.810 4465 1591 1598 3.386 3248 3.712 3.011
XS AL 1] HEw=(0.500, 0.500) 3.443 4332 3976 3514 4844 4164 1708 1.879 2954 2.830 3.440 2.998
PR AR IFAL ] B w=(0.600, 0.400) 3.166 4.151 3.872 3233 4870 3.993 1.794 2031 2607 2490 3200 2.991
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Tab. 5 Comprehensive evaluation results of waterlogging risk assessment of 12 stations in Kaifeng City
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three methods in Kaifeng City



18 KoOFH oK B L B #H 2022 %E 8 H

BT PR A AR AR, 2 A ul e R e W s BUK R BE /N B S N )R . 5 5 il AL TP BT AR 4 GH P B,
H T AR RS RS | AR A U, P D U B R i 2 ok A= N 7, BROK TR R ELIT IR o 6 5 i A
(LT ERIE G ARACEE S X, BUKRFEERS RIECR, 7 B R s, PR 4 2R -5 SE PR A 7 i A 58 42 W)
o BUORIE g T 387 -IU 1A R ) S B, S A Y T e A A 2 2, N RN R 1
SSEAE R AT, IR 7.20 R R BT 885 T 55 6 Suli s N7 KU AT O, DRI Jm 0175 20 i
SCRIEHEKAE Wi g B2, A B SRl RO SE 5 i . 7 Sl s AL TP 2 =k i T, 7ERE RN
AR BIRATBUK, (B BUKBGR, RIHZE e BRI AT EIDCOMEE N8 7 5 9 il s KUK A4
BURAN P AR, WAFAE T NK RARZ, (T, K REEEIA.

SRR T ARG RE KRR LG, A S5/ NI K B L 3 h RITREKEE . 48 h RFROK R 7 40
SR PR R, AELX IO 8 P AR K XU A e o 3 S PR Ry I S ) W 0l DX 9 X, K A 0 B 2 i R K 4558
A, FRAC T N BUK YRR o Bk 24 h B3TFR/K & B G ol (B G BB s 9 N BF b a5 h 7. 8 5 B XURS:
WA B . S55 X DEM ER] UL: 7e i 3y m AL RBUR2 M 1, BRI X ZR DX B UK XU A5 32 1 A7
R of, FREEEIIX A HE KSR . B F 59 48 h BITRR/KER 7 A3l sh /I, HXF R 5. 6 5
PRI Ot 02 KRS B o FIASE R . DEM R B 7 : JFEFB IX M 3R, HEK IR R B022, B 5 /N R 5
o XNZGEE,

2021/7/200:00:00
2021/7/227:00:00 12000 2021/7/20 2:0000
2021/7/22 6:00:00 2021/7/203:00:00
2021/7/225:0000 2021/7/204:00:00

2021/7/224:00:00 e 2021/7/205:0000
00.00
2021/7/223:00:00 2021/7/20 6:0000
2021/7/22 2:00:00 2021/7/20 7:00:00
80.00
2021/7/221:00:00 2021/7/20 8:00:00

2021/7/22 0:00:00 2021/7/20 5:00:00

2021/7/2123:00:00 o 2021/7/20 10:0000
2021/7/2122:00:00 Gl 2021/7/20 11:0000
2021/7/21 210000 - ) 2021/7/2012:00:00
2021/7/21 200000 2021/7/2013:00:00
2021/7/2119:00:00 2021/7/20 14:0000
2021/7/2118:00:00 2021/7/20 15:00:00
2021/7/2117:00:00 2021/7/20 16:00:00
2021/7/211600:00

2021/7/20 17:00:00

2021/7/2115:00:00 2021/7/20 18:00:00

2021/7/2114:00:00 2021/7/20 19:00:00

2021/7/; 00:00

2021/7/21 10:00:00 2021/7/2023:00:00

2021/7/21 9:00:00 2021/7/21 0:00:00

2021/7/218:00:00 2021/7/211:0000
2021/7/217:00:00 2021/7/212:0000

22735998 s0000 2021/7/21 3:00:00

— b — 2 - A3 i 4 — S — i 6
— T — A8 - UHAT O - B 10 - Bl 11 - dhA 12

Bl 4 JFET 7.20 FEREMT 12 D ut R (56 h) (A7 mm)
Fig. 4 Waterlogging process at 12 stations of 7.20 heavy rain in Kaifeng City (56 hours) (unit: mm)

5 % iE

TEITR 7.20 FF R T A ESEH 51, S0 Sl iy 3 UG PAG AL IS . AR 3l vy P 7 s I )
Pt T PR AR | R IIXURS: 2 AR, O MR PR FINEY 3 2PN IR o AEBOHIIEA B 2R Al XS AR I3 =
WA AT 1 Bt SRR AJZ L MENEA R BT o X 2 1 RGUICEA R AR RS i O,



5 4 W, S JTET 7.20 RO AR PR KU DAL 19

FKH T 1 OB EAL i (w=(0.381, 0.619) ) | 2 2 Fh %484 1] it (w=(0.500, 0.500) ) F1%E 3 Fi 7
TR R A 1) £ (w=(0.600, 0.400) ) WA 51, A 0kt PR AR 14 BN A BR300 P 245 SR 22 50K,
PRIPMZE R B EEIVE . DUFETT 7.20 R KB F AT 5201, 688 1 12 AP 85l sl 47 XU DA, PP 25 2R
ESEBRARRT o 3 FIASRIRA T I T VAN 25 SR DR — 20, SUESE T PP 45 4 R R EL A A 19 38 I o

WL 7.20 FERERRT 12 A3k £ 0 KU TPAL A5 L, WA A DL JRURS: st o LEGR B T 83.3%, Ui AT £
T e 4 v T HE i 0 R T N 2 RO o P RS TP A 25 SR A A T S T HE KA I el it | HE 2R i 0 i
b A IR T R AR AR £5 AR SRR, IR TR SR 2 JE VAN AE AR ST e 0 RS R XU 14 A Ak
TE R, FREN GG AR, M A3 1T 577 55 107 2 T 5 Tl FnAt B 2 AL 1) AL

& £ X W

(1] WA, RS TR T Rg 3208 K R K 2 R [EB/OL] . (2021-07-20)[2021-08-22]. https: // www.thepaper.cn/newsDetail
forward 13664935. ( Surging news. Torrential rain! Over limit of 32 large and medium-sized reservoirs in Henan[EB/OL].
(2021-07-20) [2021-08-22] . https: // www.thepaper.cn/newsDetail forward 13664935. (in Chinese))

(27 SHTTRHT I . AR 4 22 T 3 i 1 3 2 B 40 2% 53242, 5T [EB/OL]. (2021-08-02)[2021-08-221. https: // news.sina.cn/kx/2021-
08-02/detail-ikqcfncc0496637.d.html. ( Sina News. The torrential rain in Zhengzhou caused a direct economic loss of 53.2
billion yuan[EB/OL]. (2021-08-02)[2021-08-22]. https://news.sina.cn/kx/2021-08-02/detail-ikqcfncc0496637.d.html. ( in
Chinese) )

(37 TR N RBUR. {0 8 N BBURF S TS0 UK R bR BT i A Gk M AR AL 722 UL [EB/OL. (2018-09-24)[2021-08-
22]. https: / www.henan.gov.cn/2018/11-15/722253.html. ( The People’s Government of Henan Province. Opinions of the
People’s Government of Henan Province on implementing the same governance of four rivers and accelerating the
modernization of water conservancy in the new era[EB/OL]. (2018-09-24) [2021-08-22]. https: // www.henan.gov.cn/2018/
11-15/722253 html. (in Chinese) )

(4] fLEE BIAALIREET 09 P T AR N 7% T4 N S BCR AL L] AKFDK R, 2019, 50(10): 42-52. (KONG
Feng. Perspective on urban rainstorm waterlogging disaster in China under changing environment: situation, causation and
policy suggestion [J]. Water Resources and Hydropower Engineering, 2019, 50(10): 42-52. (in Chinese) )

[5] skite, FHRE, BUERL, &, o B IR TT 6B ) 80 5l (R 4347 [0]. KB &, 2016, 27(4): 485-491. (ZHANG Jianyun,
WANG Yintang, HE Ruimin, et al. Discussion on the urban flood and waterlogging and causes analysis in China[J]. Advances
in Water Science, 2016, 27(4): 485-491. (in Chinese) )

[6] SCHELFAUT K, PANNEMANS B, VAN DER CRAATS I, et al. Bringing flood resilience into practice: the FREEMAN
project[J]. Environmental Science & Policy, 2011, 14(7): 825-833.

(7] SLANEY S. W& iy SEAfi 5 It 20 T [MO. 9 DI, 196, bk ) PO IIE R 24 i iiAt, 2017: 56-68. (SLANEY S.
Stormwater management for sustainable urban environments[M]. PAN Xiaoxiao, trans. Guilin: Guangxi Normal University
Press, 2017: 56-68. (in Chinese) )

[8] SR, BRIEZ:, T &, LV TR bR XK & S22 W (1], AKFI224%, 2011, 42(9): 1129-1134. (ZHANG Ling, CHEN
Xiaohong, QIAN Huaisui. Diagnosis of resilience to flood hazard in lower reaches of the Beijiang River[J]. Journal of
Hydraulic Engineering, 2011, 42(9): 1129-1134. (in Chinese) )

[9] LIUD D, CHEN X H, NAKATO T. Resilience assessment of water resources system[J]. Water Resources Management, 2012,
26(13): 3743-3755.

(101 B i, BRSO, BT 0. S T Sl 5 20 ORI ) T o IR A 0] K BB IRA}27, 2021, 39(6): 55-59. (CHEN
Jialei, CHEN Wenjie, HUANG Guoru. Urban waterlogging risk assessment based on scenario simulation and multi-source
data[J]. Water Resources and Power, 2021, 39(6): 55-59. (in Chinese) )

1] Bt S0, BRI A, S5, T T 190 3 i TR 7K 2R e HEZK R 7 B oA 93 IKUR: Ak P AT (0] 7K L RETRAR272, 2020, 38(8): 66-68,
73. ( LU Minbo, WANG Huan, WEI Qingfu, et al. Assessment of drainage capacity of urban rainwater system and
waterlogging risk in plain river network area[J]. Water Resources and Power, 2020, 38(8): 66-68, 73. (in Chinese) )


https://www.thepaper.cn/newsDetail_forward_13664935
https://www.thepaper.cn/newsDetail_forward_13664935
https://www.thepaper.cn/newsDetail_forward_13664935
https://www.thepaper.cn/newsDetail_forward_13664935
https://www.thepaper.cn/newsDetail_forward_ 13664935
https://www.thepaper.cn/newsDetail_forward_ 13664935
https://www.thepaper.cn/newsDetail_forward_ 13664935
https://news.sina.cn/kx/2021-08-02/detail-ikqcfncc0496637.d.html
https://news.sina.cn/kx/2021-08-02/detail-ikqcfncc0496637.d.html
https://news.sina.cn/kx/2021-08-02/detail-ikqcfncc0496637.d.html
https://news.sina.cn/kx/2021-08-02/detail-ikqcfncc0496637.d.html
https://news.sina.cn/kx/2021-08-02/detail-ikqcfncc0496637.d.html
https://news.sina.cn/kx/2021-08-02/detail-ikqcfncc0496637.d.html
https://news.sina.cn/kx/2021-08-02/detail-ikqcfncc0496637.d.html
https://www.henan.gov.cn/2018/11-15/722253.html
https://www.henan.gov.cn/2018/11-15/722253.html
https://www.henan.gov.cn/2018/11-15/722253.html
https://www.henan.gov.cn/2018/11-15/722253.html
https://www.henan.gov.cn/2018/11-15/722253.html
https://www.henan.gov.cn/2018/11-15/722253.html
https://www.henan.gov.cn/2018/11-15/722253.html
http://dx.doi.org/10.1007/s11269-012-0100-7
https://www.thepaper.cn/newsDetail_forward_13664935
https://www.thepaper.cn/newsDetail_forward_13664935
https://www.thepaper.cn/newsDetail_forward_13664935
https://www.thepaper.cn/newsDetail_forward_13664935
https://www.thepaper.cn/newsDetail_forward_ 13664935
https://www.thepaper.cn/newsDetail_forward_ 13664935
https://www.thepaper.cn/newsDetail_forward_ 13664935
https://news.sina.cn/kx/2021-08-02/detail-ikqcfncc0496637.d.html
https://news.sina.cn/kx/2021-08-02/detail-ikqcfncc0496637.d.html
https://news.sina.cn/kx/2021-08-02/detail-ikqcfncc0496637.d.html
https://news.sina.cn/kx/2021-08-02/detail-ikqcfncc0496637.d.html
https://news.sina.cn/kx/2021-08-02/detail-ikqcfncc0496637.d.html
https://news.sina.cn/kx/2021-08-02/detail-ikqcfncc0496637.d.html
https://news.sina.cn/kx/2021-08-02/detail-ikqcfncc0496637.d.html
https://www.henan.gov.cn/2018/11-15/722253.html
https://www.henan.gov.cn/2018/11-15/722253.html
https://www.henan.gov.cn/2018/11-15/722253.html
https://www.henan.gov.cn/2018/11-15/722253.html
https://www.henan.gov.cn/2018/11-15/722253.html
https://www.henan.gov.cn/2018/11-15/722253.html
https://www.henan.gov.cn/2018/11-15/722253.html
http://dx.doi.org/10.1007/s11269-012-0100-7

20

KoOoH K B I OB #H 2022 4E 8 H

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

FAAE, FNNT, B8Rk ST SRR ST HE K RE ) BN 87 KU PPA O] P 27K K, 2020, 36(17): 115-120. (WANG
Junjia, WANG Chuantao, ZENG Sheng. Assessment of urban drainage capacity and waterlogging risk based on scenario
simulation[J]. China Water & Wastewater, 2020, 36(17): 115-120. (in Chinese) )

B, 1F5e, 5 . s LT e D e i 4 T 5 3 A5 2 B PR AU 43 (9. NIRRT, 2020, 41(4): 15-20. (YANG Fan, XU
Liang, HAN Jing. Risk analysis of waterlogging under combination of short-duration heavy rainfall and tidal level in Foshan
city [J]. Pearl River, 2020, 41(4): 15-20. (in Chinese) )

SRR, &k, BUEIE, 4. 3 T MIKE FLOODR & #5528 i) 3 7 PN 85 401 [T, /K BE R4, 2021, 37(2): 81-88. (LUAN
Zhenyu, JIN Qiu, ZHAO Siyuan, et al. Simulation of urban waterlogging based on MIKE FLOOD coupling model[J]. Water
Resources Protection, 2021, 37(2): 81-88. (in Chinese) )

T BTSRRI K B IR T R A R RE T AU T AR A [J]. A RYEEET, 2017, 39(3): 45-50, 54. (FENG Feng,
JIN Xiaoying, XIE Qiuhao. Research on water resources carrying capacity based on nature-society binary pattern and fuzzy
variable method [J]. Yellow River, 2017, 39(3): 45-50, 54. (in Chinese) )

U, WTIBER, XU, A, S TARN 22 5 R AR IR Ty AN (0], KR ZKGE TSR, 2021(1): 53-61. (FENG Feng, JIN
Xiaoying, LIU Cui, et al. Resilience evaluation of sponge city based on relative difference function[J]. Hydro-Science and
Engineering, 2021(1): 53-61. (in Chinese) )

WAy KBRS By ik 2R 4t Al AR B A B8 5 5 7k (M. R RO B TR~ Y kL, 2005: 156-168. (CHEN Shouyu.
Theories and methods of variable fuzzy sets in water resources and flood control system[M]. Dalian: Dalian University of
Technology Press, 2005: 156-168. (in Chinese) )

FRSTIE. KB IR R G n] AR R P IR 507 [T KR 2441, 2013, 44(2): 134-142. (CHEN Shouyu. Variable sets assessment
theory and method of water resource system [J]. Journal of Hydraulic Engineering, 2013, 44(2): 134-142. (in Chinese) )
TSGR, BN TR ORI ) O R A K BT 2R 6 PP o i R A (00, 7K R 2% 42, 2005, 36(9): 1057-1061. (ZHANG
Xianqi, LIANG Chuan. Application of fuzzy matter-element model based on coefficients of entropy in comprehensive
evaluation of water quality[J]. Journal of Hydraulic Engineering, 2005, 36(9): 1057-1061. (in Chinese) )

R, A, L, % 5 TE BRSO LA WEERPAL (1], KRS TRE24R, 2018(4): 38-45. (WU
Yunxing, GU Yanchang, WANG Shijun, et al. Assessment of seismic damage for earth-rockfill dam based on information
entropy-variable weight fuzzy model [J]. Hydro-Science and Engineering, 2018(4): 38-45. (in Chinese) )

UL W AR T : B S5 SR (M. Jbat: v E S Tk A, 2016: 81-87. (YU Kongjian. Sponge city: theory and
practice [M]. Beijing: China Construction Industry Press, 2016: 81-87. (in Chinese) )

DUFYT N. The importance of connected communities to flood resilience[C] //8th Victorian Flood Conference. Melbourne:
The Berkeley Electronic Press, 2013.


http://dx.doi.org/10.3969/j.issn.1001-9235.2020.04.003
http://dx.doi.org/10.3969/j.issn.1001-9235.2020.04.003
http://dx.doi.org/10.3880/j.issn.1004-6933.2021.02.013
http://dx.doi.org/10.3880/j.issn.1004-6933.2021.02.013
http://dx.doi.org/10.3880/j.issn.1004-6933.2021.02.013
http://dx.doi.org/10.3969/j.issn.1000-1379.2017.03.011
http://dx.doi.org/10.3969/j.issn.1000-1379.2017.03.011
http://dx.doi.org/10.12170/20200318002
http://dx.doi.org/10.12170/20200318002
http://dx.doi.org/10.12170/20200318002
http://dx.doi.org/10.3969/j.issn.0559-9350.2013.02.004
http://dx.doi.org/10.3969/j.issn.0559-9350.2013.02.004
http://dx.doi.org/10.3321/j.issn:0559-9350.2005.09.006
http://dx.doi.org/10.3321/j.issn:0559-9350.2005.09.006
http://dx.doi.org/10.3969/j.issn.1001-9235.2020.04.003
http://dx.doi.org/10.3969/j.issn.1001-9235.2020.04.003
http://dx.doi.org/10.3880/j.issn.1004-6933.2021.02.013
http://dx.doi.org/10.3880/j.issn.1004-6933.2021.02.013
http://dx.doi.org/10.3880/j.issn.1004-6933.2021.02.013
http://dx.doi.org/10.3969/j.issn.1000-1379.2017.03.011
http://dx.doi.org/10.3969/j.issn.1000-1379.2017.03.011
http://dx.doi.org/10.12170/20200318002
http://dx.doi.org/10.12170/20200318002
http://dx.doi.org/10.12170/20200318002
http://dx.doi.org/10.3969/j.issn.0559-9350.2013.02.004
http://dx.doi.org/10.3969/j.issn.0559-9350.2013.02.004
http://dx.doi.org/10.3321/j.issn:0559-9350.2005.09.006
http://dx.doi.org/10.3321/j.issn:0559-9350.2005.09.006

5 4 4 W, S JTET 7.20 RO RIS T PP KU A 21

Urban waterlogging risk assessment of 7.20 heavy rainfall in Kaifeng City

FENG Feng"? YU Qianhua’, LUO Fusheng*, HUO Jichao®’, FENG Yuehua*, JIN Xiaoying"? LIU Cui"?
(1. Yellow River Conservancy Technical Institute, Kaifeng 475004, China; 2. Henan Engineering Technology Center for Water
Resources Conservation and Utilization in the Middle and Lower Reaches of the Yellow River, Kaifeng 475004, China; 3. Kaifeng

Meteorological Bureau, Kaifeng 475004, China; 4. Eastern Henan Water Conservancy Administration Bureau, Kaifeng 475004,
China)

Abstract: On July 20, 2021, the heavy rain in Henan Province attracted wide attention due to its heavy rainfall
intensity, long duration and frequent floods. The heavy rain caused serious waterlogging in Zhengzhou, Kaifeng and
other cities. Aiming at the problem of urban waterlogging risk assessment, the data of 12 automatic monitoring stations
were screened, and a semi-structural index system consisting of two dimensions of short-term risk and long-term risk
and nine influencing factors was constructed. In the input layer, information entropy weight vector was adopted, and in
the criterion layer, three weighting methods were adopted: entropy weight vector, equal weight vector and decision
preference weight vector, which constitute the improved risk fuzzy evaluation model. Waterlogging risk was assessed at
five levels (very high, high, medium, low, and very low) for 12 sites. The results show that: in the short-term risk
assessment, site 5 means very high risk, and site 10 is medium risk. In the long-term risk assessment, site 6 is high risk,
and site 8 is very low risk. In the final evaluation of the target layer, the three methods all show that the risk of No. 5
and No. 2 sites is very high, and the risk of No. 7 and No. 8 sites is low. Compared with the actual situation of
waterlogging in Kaifeng City, the evaluation system and improved model are considered to have strong applicability.
Accurate evaluation results of short-term risk, long-term risk and comprehensive risk can be provided for urban
waterlogging risk, providing reliable data support for urban drainage pipe network improvement and waterlogging
prevention and control. It provides a basis for making emergency disaster reduction plan and countermeasures to deal

with waterlogging caused by rainstorm.

Key words: heavy rain; urban waterlogging; risk assessment; Kaifeng City of Henan Province
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