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Fig. 1 Resilience evaluation system of mesoscale water system in sponge city
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6 444 knv?, Tl X THIF 546 km?. FF 311758 P A9 7K 9 U5 A 455 Hi 2R K R 2 H T oK, K B U S 1 24 24 1E
(RE By 8.35 42 m?, Hohh FoK BEIRN 3.51 42 m?®, (LK BEILE R 1Y 42%; b T /KBS (R R
g 4.84 42 m?, KGR AR ) 58% . VTAER K BEUR LN T i 2R B e & e A E BRI 2 R 2, — 5 T T
BT KGRI R, BT 7K B A i 8B IR IK K IR 55— T & 2B R FR B AN R I ZK A R0t~ i3 R, &
BEERAIWNT B IR E . I RIZ X S8 A 43R T 7K R G it DA st A 2
3.1 IEFRMAREIERIR

2013 AREAE I AL TAE S B R B R T2 30T A, 2015, 2016 4F 4 [ A e Vg 4 3 i et 1
S 30 A4S0 ARG DX I S8 7t A 7 b JR T — S A A 3k T A A TR Tl , R PR 2013—2017 AF Ry
BE, WUEG 4R T R A e T K R GE R SR AR Ak . X IR B B T I 3k T K R G Sk PEAN P AR A T
{8, ARG 5 AR AR A p, H A Ak T B | R B | A SREE R A T AR R A AR B ok
FhFEE o BB DRI mIE R, DESOSPEN 0.8 m, 2610 HERE 3.2 m, 2 EORIETH
BBt T Jmy i o0 TR M T $ 2ty s ARSI h 5 AN B AR A A A, H e R KOS R AR FH T O i AR A
ST AR, At b4 I 4 A AR AR, FEP IR BEIE A I 2553088 |« AR AR R RIS iR
TR, HALRFR PR B B 2013—2017 AFFFE T G4 S8 FOF BT K BRI AR, 036 1 R .

F 1 FAEHMWEEEHKRGHEMEITNIERR (2013—2017 &)

Tab. 1 Resilience evaluation index of water system in sponge city of Kaifeng (2013—2017)

FACISES I ARG 20134E  20144E  20154E 20164 20174F

T £t T B T AR (9% ) I 72.26 73.73 74.94 80.44 82.89

MBI R (%) b 26.66 23.34 22.37 16.83 14.47

SR (S) FRIEBERTFLR (%) L 1.08 2.93 2.68 2.73 2.63
AT K (%) L 1.90 1.00 9.50 12.30 13.80

AR R AP (%) Is 38.35 47.67 60.54 62.19 51.23

HEAK B K (km) Is 1469 1387 1475 1542 1604

TRESPELERE(3) HER S 8 () I 22 22 22 23 24

B IR P (km) I 16.00 8.50 16.00 22.50 32.50

F& TR 2 (mm) Iy 389.9 529.5 598.0 566.4 591.0

KGR 1 (10°m?) I 37.12 38.81 40.16 39.03 44.19

F AR ML (5) FEARAREL (10*m’/km?) I 14.20 14.10 14.30 14.30 15.70
KB TR (10°mY/km?) Iy 11.50 10.30 10.90 10.80 11.90

o KR 2T AR (>8 mix) (km?) I3 210 270 252 287 280

MARIRZ T3k %% (12T) m 1.40 1.96 2.05 1.30 1.55

SO (4) ﬂﬁﬁ%?)ﬁii?&éﬁé(@fn) Iis ) 852 o 791 ,7.\73 5.55 2.87

SO SR R K XK Iis £EVE  HVHE £V V% V%

J77CGDP /K i (m®/ )3 7T) Ii7 94.00 80.00 86.00 62.70 60.70

TE: R JIJLGDP K AR RIS AR
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32 N ERERMEEE
FESI AT IR N A SRR (8 JE Rt L, 25 B A9 XU AR 25 | SEBR AR LR34 7K -, B T TF B4
PETTK R GE 17 AN FEFRXT Y 5 SobruEsiik BAE, X 1. V9l sob: B(E A e Da s, 11, I, IV A1
N5y, QN3 2 Fim o O B A5 R i 3 RIS A, B/ INER O U HE bR o 1 I B A, AR HEXT T et 48 bR
FUATE I, AR A0 LU PP SR AL T n] A7
22 FEHTEEEHARGREERESRIRE (VR

Tab. 2 Classification standard of water system resilience threshold in sponge city of Kaifeng (V)

. . 14 1§23 1|43 V& Vg
Eiztan bt - N o~ — -
(et (i adE) (P AEHYE) (s 3aE) (H s 3 )
I K 0~20 20~35 35~50 50~75 75~100
b b 75~100 50~75 35~50 20~35 0~20
L piiE 15~25 10~15 5~10 1~5 0~1
L bt 15~25 10~15 5~10 1~5 0~1
Is I 80~100 70~80 60~70 50~60 0~50
I Y 2 000~2 200 1 800~2 000 1 400~1 800 1 000~1 400 0~1 000
L Y 30~40 30~28 24-28 20~24 0~20
I b 55~60 40~55 25~40 10~25 0~10
Iy piiE 662.7~773.1 552.2~662.7 441.8~552.2 331.4~441.8 0~331.4
Io bt 55~60 49~55 42~49 35~42 0~35
Iy beibi 50.0~55.0 36.6~50.0 23.3~36.6 10.0~23.3 0~10.0
I Y 50.0~55.0 36.6~50.0 23.3~36.6 10.0~23.3 0~10.0
I3 K 0~55 55~128 128~201 201~273 273~345
I b 8~10 6~8 4~6 2~4 0~2
Iis poiig 20~25 15~20 10~15 5~10 0~5
s FeiY I I m v V(%V)
7 e 0~15 15~50 50~100 100~150 150~200

AT R LA 5 MR

(1) B b T SRR R T AERR,, B Ul AR s o AR 0 P 203 3 T RS e I 2 P B8, 3 198 0 b A0 A SR %o TR
KBRS . B4 FIHEEE H2, LAY A E K R N . S ONgE K T TR 3 75% B, B
A 15% v LIl B AR, 55% B RSN 2EANE K B AL b i D b A2 0 . 23kt R 20% LA 1)
ANEIK RS, 15 60% MIFEBESB AL T o B izdatn 1 SWsm:BIE N 0~20%, VHHN 75%~100%.

(2) AR BEBR A, ¥ RUFE bR o IR 40 3k T A e AR B A ) o R e i B R K | MR 4
FALT K o SAF B T AR I 75% 45230 F ARIRAS I, HA 10% BYFEFR 23T U R AR . YA AR T
20% B, HAT 5% MIBEIREIEE AL T o B 238 hn 1 stk e 75%~100%, V 24K 0~20%.

(3) KSR AR BE R, 1 IR PR AR . T Hp B 7K S8 T DA 5O A B W K, TR R A I AR S s . Biln gk
FEHAL A s T, A K AR o - T ARG 1/4, AaO3 I 130 38 A, K s AR A T i A . ST
[ AT e R B R AR B K ZR A% | TR AE, BN E B ) o B iz s b 1 90 B i BE N 15%~25%,
Vi H 0~1%.

(4) BB IR, B RIFER . AR SRS KRS T K b o Lo sy, 100 I 38 T Bl i el A A PR B
B, X A SRS | apAk KBRS 2 SR TR K IR AGE . Wi, &L i, o (B BRI i &k JRIE T E R
AT ARl 8T RAETE FZKAE, B izt bn 1 900 sk BIE R 15%~25%, V 4R 0~1%.

(5)Z5 R it RAT%, SRR bR . ARYEAE SR EIR, 2020 4FE MR K DL B3Rk 25 B R R B
FLSR N T 809%™, Wi ixdabr 1 20 s (A 80%~100%, V 44 0~50%.

TR PELE A 3 AR
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(6)HEKETE K, B AE R . AR T R A 3 58 B I HEKE N R 48, — 7 THEK A P e 5 kAR
A58 RV R B A5 IR A 1 R FH R D R K, 53— TR HE KA K R TS 40t )i, 7K B8R 28 v ik s vl
PLFROCOR A, FF08 3T & A= B T REME o AR F BT 2 SR HL R ER AT R mb £5 1, B 8 148 A 1 e gin
PEFE A 2 000~2 200 km, V%4 0~1 000 km.,

() HEK S i i, BE I RVFE AR o T 23T I 2 3G 3 5 3 P HE B i it HE7K SRl 7 3 T R e e K
i, BEAE ORI R R AR T . AR A BT . ORBREI T 2 42 o ARSI T8 7 A SRS R AT () B R 4508, B
EZAENS 1 Ry svE{E N 30~40, V4Ch 0~20.

(8T IE IR PR B, 3B I AR AR . T TE VA B B, S B e A3 i Il A A T e 7, a8k I, DRI R AT
AR . FFET IXEATIE A 57.924 km, B %8 br 1 500 A 55~60 km, V444 0~10 km.

HARSAMELE A 5 AR PR:

() PN, B3 RIFE bR . LATF BT Z AN 662.7 mm S IR, B2 %484 1 2% 5] 5 st B
662.7~773.1 mm, V44 0~331.4 mm.,

(10) FRZK B A T 11, b I RIFE bR . S EAFART IR N 5 A X, FREHy T EFEE R B
5 ) 2 T IX A R, 8 ) R B OR 75%~85%1, LA B4 T Z24F - Y B W & 662.7 mm 7= A () i 428 L 1)
85% Ay 1 5 iy stk IR PR, DA 75% R V 9 stk (8 PR o i T 203k R ME o 55%~60%, V R
0~35%.

(11) = 7KALEL, G RIFE bR . TR T2 E 7 K EE 3 X A Y 10~50 Y51, #1368 bs 1 200 ik
(& K 50~55, V4 H 0~10.

(12) b N /K GERAER, e TR A5 . R B T2 B 7 KB X R Y 10~50 Y 1B, B iz 48 4n 1 4251
BRI R 50~55, V40h 0~10.

(13) 0 F K=} AR (>8 m IR, 3B IR TUAE AR . AR nT LA e 70 Mo R R K B2 08, Wb 7K, AT
R s T S F A TEAR . DAF B X AR A 109%~50% VE 9 3k B, 2 iZ 48 bn 1 20 stk 51
0~55 km?, V4l 273~345 km?,

FEEs TR AR EE AT 4 e

(14) FN7K GRIR 2205 80 4k, B3 BUFR bR o V4 30T A I ST B T /KA B 55 A A | Il e e
R RZ RN KR, R NERK L 4 KB . IKIREE . KA SRR 0 B 7K 265 25 AH S (R, AT 512
BAERRAR | AL SRS . VPR I EAR M E KA o AR BT AT AR, B 38 bR T 2000 i 3 [
{E 4 8x10°~10x10° JT, V& A 0~2x10° JC.

(15) FRZK e AR A s, B3 BUAR AR . V23R T A0 iR vl o 25 4 S A VK R HEK R T, B
R B BRI ARG o BK B , @R T, U S S0 T LA e R R M K AR S R B, 7 ok
IR Gy ST S FOWACR | SSRGS IME G B S8GE  MIETTHANEZE R, B 1%
Tebr T FisabE B R 20x108~25%10° JG, V4 0~5x10° JC.

(16) 5oL AR FH/K XK BT, SRR bR . AR e A B ] i 3 /K PR 5% B A5 E (GB 3838—2002)1),
Wi IR bR 1 8V haiES 5 2K —2.

(17)J57C GDP /K&, ik Alfs4n. LA 2018 4F 448 J1 76 GDP F/K & FIME 50 m?/ J7 70 R 3 (A
H LR, B e T 90N B SAPE (R 0~15 m*/ 57T, V4R 150~200 m*/J1 7T,
33 FHMEEEH KRG TN

FRAE 2 2 A9 I 35 17 8 (B 0 G v, A O 7T A8 S 5 PP A B oA DX (B RE P Lo AR 3R 2 1)
17 DFEARXTR ) 5 G BIME, F4 B0 T AR5 B3P 1 AR B X [RIAE B L og . A T X B XA 45 5 (45 i,
PEFE 3 RO k. 5 1 FIOhF RGEAFAUR T, B AT TR . A SRR 2k 4 4
YE 15 T 2 45 S A & (0.2500, 0.2500, 0.2500, 0.2500), 448 A5 4L 24 0.0500. 0.0500. 0.0500.,



513 W, S5 BT 22 S R RO AR T SR 59

0.0500, 0.0500, 0.0834, 0.0833. 0.0833. 0.0500. 0.0500, 0.0500, 0.0500, 0.0500, 0.0625. 0.0625.
0.0625. 0.0625; 55 2 FpJy e NP FR A ] i, B 17 AR AR AR AR ], B8 ARA R 2R 0.05880, &
3 Pl A ) i, (5T 17 A FR AR R E AL ) 20, B F8 bRl £ 24 0.053 0., 0.063 0., 0.0530.,
0.0530, 0.0440. 0.0760, 0.0730. 0.0800. 0.0930. 0.0540. 0.0520, 0.0530, 0.0740, 0.0460. 0.0480.
0.0520. 0.0330, KM= 2)~(4) VI SIERE Ly Toa. MPPHXT R B, THFE BRSO R AR X SR T8 BE R . B
a=1, p=1 AT B, R 3 FALE £ (T HREE A A AR, BOLFBHE IR T8 200, TR AR 1Y
TRFFIEME, QN 3 Fim .
3 FEHTEHEHKRGEEIENEGER

Tab.3 Evaluation results of water system resilience in sponge city of Kaifeng
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2017 3.7170 3.7680 3.6830 3.7230 i SAE
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Fig. 3 Relative membership distribution of each index of water system resilience in sponge city of Kaifeng in 2013 and 2017
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Resilience evaluation of sponge city based on relative difference function

FENG Feng"?, JIN Xiaoying"?, LIU Cui"?, FENG Yuehua’
(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. Eastern
Henan Water Conservancy Administration Bureau, Kaifeng 475000, China)

Abstract: Aiming at the comprehensive evaluation of sponge city water system, based on the concept of engineering
elasticity, we construct a resilient index system with 17 factors from four dimensions: ecological, engineering, natural
and social resilience. Based on the fuzzy variable evaluation model of the relative difference function, the five levels
(very strong, strong, medium, weak and very weak) of the resilience thresholds corresponding to the 17 indicators are
explained and defined. We take Kaifeng as the research example to evaluate and calculate, and the result shows:
the water system resilience classified as V in 2013, 2014 and 2015 suggests that Kaifeng water system has a very weak
resilience; that as IV in 2016 and 2017 shows a medium resilience. In addition, the change trend of relative membership
coverage of 17 indicators in 2013 and 2017 was analyzed and compared with the construction effect of Kaifeng sponge
city, showing that the evaluation results are highly concordant with the actual situation, thus an obvious resilient
enhancement process was found. Through the example verification, we have established a reasonable evaluation system
and elastic threshold, aiming at the evaluation area of mesoscale, to determine the corresponding relative membership
degree through the index information, so as to obtain accurate evaluation results, and provide reliable data support and

theoretical basis for the sponge city to improve the resilience of its water system.

Key words: sponge city; relative difference function; water system; resilience evaluation; Kaifeng City
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