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Fig. 2 Flow chart of coupled model optimization of gray-green sponge facility area

2.1 WM R EE
AR T BCHE K 45N CAD %ekh . TLE 245 Fl i,
e R, R ArcGIS #4445 W 5504 5 48 )
HEATIEHE . W RAR B Z AT R 2 A, ML AT T
T, I . AR RE AL R 4 2 X HOE R AR
AT B B A AR (A", K AR AR AE AL R 1 m,
$:4 I InfoWorks ICM X4 X5 45 I EA T4 AN | 1R
b, A =, SR IR AR 2D T I K X sk
33053, XS B A X, I E R TR 0.15 m
DA ke B SRR L AL S A X HEK R g3k
H 73 FILKIX 73AREE . 1 AHED AT 1008 4
=AM (AR N 25 m’, R 100 m) .
i R DA TR 5l e TR A5 38 F 5 DX 3 1) 3
DENGERES: B
22 mWAEEEA R T 5IE

R (18 S 5 B0 2 3k T T A AR A A0 30 T
A R A IR AR OB P B BT IR R S
=R R 7S P URE (T/CECS 647—2019) ). “fk
RIS R85 B UE Y 90 A 35058 2 40 (Nash-Sutcliffe
efficiency coefficient, NSE) AN 15 /N T 0.5, 15 7l I
2R KT 25%" o #EHL 2023 44 H 17 H | 2023

c 132 #BRES5E

E6 H 11 H, 2023 4F 8 H 26 H 3 737K [ Al
DU S5 KA | k8 A B 2 A7 A TR R B IE (4
17 H. 6 H 11 HEYREM . KA 350 T Fa 4
4 5 min; 8 J] 26 HFEFRIEIE [ FF 4 1 min, K47, it
o W K ] B A 10 min, 8 5 B0 1E o A5 2 ey )
Pt 5 A0 5 %) B ] 25K SR — B0 S BO0RUE S [
2 PV T ARG SCHR™ . 3R 5 45 S HUuR A
HZEH LR 2, ST AL 5K AL 5% L 25 5 DL
3, S B S AR X E L2 3

P & 3 RN 2 A, W KA L S B RN
F14) M 0 7 A R — 38, AL A S DU 1) 005 A
JERRE AT 3 B A AL L, K A7 06 B B
[i] 3 53 b 22 43 31 R 0. 0 T 10 min, 7 & W B0 R ]
T 2243 910 0. 0 F1 10 min, 7K 457 015 1 22 43 1) Ky
8.62%. 13.70% 1 0.55%, i & W {H s 22 43 3 A
10.34%. 6.60% F1 12.82%, 7KAii NSE {543 %4 0.85.
0.92 1 0.81, it it NSE {H 4371l 4y 0.84. 0.92 F10.83,
RE B0 UE 25 0 R O B B R R G R R
HI 4 8 0 ] B FE (T/CECS 647—2019) Y45 5 2
FAAH SC R , BT AT BT R — 25 9 B B AL S
30T



FR,F

#1822 A0 K U AR WY o 4 /N IR R -8R 4 6 B AT R AL AL

2

REEFSH

Tab. 2 Model calibration parameters

CHZBEIS TR

FIHR K AL /m

Syl — — — — — — (i ey
L HE FenE el BUE FenE el HE
sty 0.001~0.015 0.012 0.001~0.010 0.002 0 0.5~1.0 0.88 Fixed
Tk e 0.001~0.015 0.013 0.001~0.010 0.001 0 0.5~1.0 0.88 Fixed
NATHE B 0.001~0.015 0.013 0.001~0.010 0.001 5 0.5~1.0 0.90 Fixed
ik 0.100~0.300 0.200 0.001~0.010 0.006 0 - - Horton
B 0.011~0.400 0.014 - - - - -
I
121 R E g
& ED! g £ £
= 08 16 = & =
% A M % %
04t \ 19
\
0 ' — 12 0 ' === 4 0 ' ' 24
19:25 20:25 21:25 22:25 19:10 20:10 21:10 22:10 22:00 02:10 06:20 10:30
i ] I 16] i)
(a) 20234F4 A 17 H K A7 (b) 20234E6. A 11 H /K7 (c) 202348 26 H 7K ;.
0.8 0.8 0.8
~ 0.6} ~ 0.6 ~ 0.6}
©n e E ‘v ‘v
X F4L ks 4
E 04f - -6;52 E 04} E 04}
I} \ ¥ = P
= 02} \ 9 B 02} \ 18 B o2t
N 'l \
0 — — 12 0Ll— o= 24 0 ' e
19:25 20:25 21:25 22:25 19:10 20:10 21:10 22:10 22:00 02:10 06:20 10:30
Fisf 1] Bisf ] Aif 1]
(d) 20234F4 A 17 H Hi i (e) 20234F6 H 11 H it () 20234F-8 H 26 H it it
3 RIS BRI
Fig.3 Comparison diagram between simulated data and measured data
F3 LMEESEDETE L
Tab.3 Comparison between measured data and simulated data
2 H 15 S B ASF ] LI SR (1] S [EEA VB 25/ % NSE
2023-04-17CREW) 20:30 20:30 0.72 0.66 8.62 0.85
FKA /m 2023-06-11CKEH]) 19:50 19:50 1.68 1.91 13.70 0.92
2023-08-26(HIEY)) 5:40 5:30 1.81 1.80 0.55 0.81
2023-04-17CREH)) 20:30 20:30 0.29 0.26 10.34 0.84
Fit/ (m'es™) 2023-06-11CFEM) 19:50 19:50 0.33 0.35 6.60 0.92
2023-08-26(HiIEY) 4:40 4:30 0.39 0.34 12.82 0.83
23 &kit%H M HE 22.6 mm, W0 250 0.46, X IR} 1 4E 1%

Wt CEL B TR T e B S 0 ), B B
VG DX 200 3l T ) A A2 D S B 1 3R 759% (O i
AIBLTTHRERT R 22.6 mm) . N BFBTIA H AR R 7EE
Y 30 AR AR DI BRI, JE RN X R R AR P
ANTEAK CSEHB TR AT/ BT TR 2T R 5 em) o
2 A AARTEAR R P AR B AR R B Sl R i . AR5
K B B T A B R SE8 SRy 28 78 19 2% R 58 JEE
2, BT 2 h (5D B2 e 25 D LR

T8RRI R FH TR) A% 2R 46 10 5 30 4F—38 24 h i K
B S T (AR B 206.35 mm), PR LA 4.
T TR R T 2N

;12592 (1+0.6851g p)

(t+19.445)"%

K PR E B, a; ¢ A TR I, ming i Ry 2
MR JE, mm/min.

(D

#ERELE 22 133



%234 %18 BALELGAFBREEESD 2025F2 A
40 . 200 - )
I R O R R
_ 30 _ 150 -
F 5
g g
g &)
Q 20 & 100
= =
& &
10} II' III 50 ‘
l l | L L -I- ‘M |m“d.u" 'y J‘
0 4 100 120 0 240 480 720 960 1200 1440
Eﬂlﬂ/mm s 1] /min
(a) FRTAE I BE TR (b) ¥ P B RE R
4 &itEW
Fig. 4 Designing rainfall
24 255 SRR IR 2% 22 35 1 AR 22 WF Y F 2% T 45 PR AL Y (storm water

Ay B 2 IR T IR SR B, 75 B4 5 2 s Ol
DR Ml ) P AR AT L B v A 08 Sl i S B R 00 )
50T IR, 0 F 58 AL T 1 Rl
Bt 3 Fhak (Bt . KB A M SR

management model, SWMM ) FHH, &% {0,765 43 15 i 3
FHH I 4. BFFE XG4t A TR AN Ay
WS A TR, 4 /X (2) ~(5) 17 AL
.

it o3 T TSk, Ak (R TAIZE KAl %e . 2

T4 BEEEETESH
Tab. 4 Main parameters of sponge facilities
- KifJZ +HEZ FIKZARR
R/ mm B Ko REEE/mm AR BKEAEE/mm LR BEESE/(mmeh )
Tt 200 0.8 0.15 250 0.5 - - -
Lrfa R I 5 0.6 0.20 150 0.5 75 0.50 -
BRI 100 - 0.20 500 0.5 200 0.75 10

THE MR I AN
Y, =2768x077 2
K Y, HIE @R, 770; x, HHE ML
L m’,
U S B A A
Y, =(0.335a+31.54)x, (3
Kb v, RO g @ 2, 1985 a AU
SRR YR, myx, R RIS AL, m’,
st R S A
Y; = (167.3b+455.32)x;3 4)
K v, AR, J10T; b AR T
HRERE, m;x, HEkERETAR A, m’,
by S E S S AL N W
Y, = (44.79-7.116¢* + 163.8)x, (5)
Ao Y, FHH, TT 0T ¢ i KA

* 134 #BRES5E

IR EE, m; x, B KR A B, m’.
2.5 MhRALBEAIE 5
251 RIEE HA

R FHH T % g P 5l A 7 40
B BBl e 0 AR TR R, A CEL B
T T 208 I T R AR 5 D) ) X0 4 /N X1 A R«
T T S TE BURAS /N T gk MR RN Y 30% . 4R
8 J2 T T AR R A R T Ak 1 = T TR AR A EL A AN
REAIE T 20% . B /KBl b7 L ASAS /DRl £k % 1 1 X
19 50% . 7 SR BIFGE T 5% DX RT A7 5 TR 4 1 it
FIABE, 55 00 T 20 8% it 81 5 b 15 B8 1 22 OF 2 m, JEC AT
FEFi FEGES R RS T8I AR 50 m°, B RIS I AR 350 m’,
INFER S0 m Y B QLB R 5 A R AR 60 I 4 it
) T AR L 05 i BN 250 10% BY 25 25 5051 3% 8 P
B B M % B A TN 100~700 m’; FULR S, 5
02 T 375 7K A 2 119 A 52 T RR 43 501 SR A 9 DX



FR,F

56 I8 R AR U I Y 8 AN KRS A AT R

AR 30%~100% ., FEHLY) AR 20%~100% Fihd
A58 55 T FRAY 509%0~100%, L% 3 20 A% . 14
H InfoWorks ICM H X AN W] 7 58 14 46 g B a5t 1 2 T
PR AR D 25 S 5 K DT B 30 4F— 18 2% FR S I A
PSR, E 57 OC T K | SR 40 U it A 1 R
R . P B R D8 = ] A R R (DL A S
Kl 6). T RANh

X1

R | | a a a.; || x
[Qi]_[bo by -+ by X3 ()

X4

;R WIS X 4R IR AR T 4% 4, m*; O, A F
5 DX 408 TR it 4 R A, ms x L 0 . x MBS
XYEE M, FOIR Sk, 26 )R T, B KA
PO, m*/m?; ay. b, i 2270 1A 7 R 10 8 800
b, WZICIHA T AR EL

&L 5 FEL 6 AT, AN [R] TR K -2 1 447 15 it X
PR Wk AR e RPLA RO R AP, R ¥ 1,

140 il
— WA
130 |
£ 20t
=
©
pos i
& 1o
100 - R=0.989
) =—2.426x10°x*+4.472 x 10x'—0.003x+0.803x—44.961
90 1 1 1 J
0 200 400 600 800
VEE A B R /m?
(a) A A BURE AR f e R WA E
240 - s
el
AL
200 |
£ 160 |
2
b
BS L
Rl
80 - R=0.998
1=—5.394x107x0.025x—10.537
40 1 1 1 J
0 4000 8000 12 000 16 000
4516 2 A R AU’

(c) AN [ THIARER (0 = TRAR LA i G R UG T

PAE M, T UM | S (02 THLL K% K Bl 2 it o
A BERUSEIE NN, A2 00 5 Yk U A 0 4 o) R 22 W 4
R, R T A B e T2 . BV - TR A i
Tt TR RN A28 U - i AL B9 ORI E AN O S B
LR RN, G B B D, X g2 g e
AOBFFECRANAT oAby, 7R 38 b X A2 7 M it U
AR UL 2 T, AR DX A 33 i BN
B R, X A A o A O — L, R R A B
TR R 22.6 mm i 2 1t A i R ) e Rk
o BN, MK SR B B B AL K, X
A UL 5 YA DA D D A T ) R R O R TR AR, R
TR T A i A v, AR S X T T o 1
) I R R B A S A A ) 38 i o
ARG%, T H XA B IR A S N T
MR 9% . XN IR Skt A7 2 HARRIE AL 382 T
Hehit

10 e
— AL
8 L
E 6l
:E
:ﬁg
€
2+ R=0.998
1=—9.529x107°+6.803 x 10 “x—1.908
0 1 1 1 J
4000 8 000 12 000 16000 20000
UL SR AT U TR /m?
(b) AR Uit AR s i e R U A 1K
700 - JR
[k kil
— AL
600 -
£ 500
=
i
12 i
3 400
300 R>=0.992
y=2.686x107x2+0.029x—100.836
200 1 1 1 J
12 000 18000 24000 30000 36000
B AT T FY/m?

(d) AT TR IE 7K B R AR T 1 DG R AU 14

B 5 ARERFBHIERRIEHIUE HLE

Fig. 5 Fitting curves of runoff control pipelines for different grey and green sponge facilities
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Fig. 6 Fitting curves of overflow control pipelines of different grey and green sponge facilities
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Tab. 5 Ranking of comprehensive evaluation of optimal solution set
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Fig. 8 Comparison of the maximum water accumulation area of a long-duration rainstorm in 30 years
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Layout optimization of gray-green combined facilities in sponge community
considering economic and hydrological benefits

LI Ao', XIANG Daigin'?, DONG Yan', GUO Jiali"**, LI Yinghai"**, LI Ying"**
(1. College of Hydraulic & Environmental Engineering, China Three Gorges University, Yichang 443002, China; 2. Yichang Housing and Urban
Renewal Bureau, Yichang 443000, China; 3. Hubei Key Laboratory of Construction and Management in Hydropower Engineering, China Three
Gorges University, Yichang 443002, China; 4. Institute of Water Resources Informatics, China Three Gorges University, Yichang 443002, China )

Abstract: The acceleration of urbanization has changed the characteristics of the original underlying surface,
destroyed the previously stable water circulation system in nature, and intensified the probability of urban flood
disaster. In recent years, the concept of sponge city construction is continuously being developed, and the concept of
"blue, green and gray" infrastructure has been proposed, which possibly could reduce the risk of urban flooding. In
the process of sponge city construction, the sponge transformation of building districts is an important content.
However, the recent research at this stage focuses on a single green or gray facility layout, and few scholars have
conducted research on the scientific allocation and layout optimization of gray-green combined sponge facilities on
the scale of building districts.

The current research on sponge infrastructure should align with the specific requirements of regional sponge city
construction. Therefore, a building district in Yichang City was selected as the research area. The urban storm flood
model combined with the optimization algorithm model, a multi-objective optimization was carried out to optimize
the deployment ratio of sponge infrastructure, and the scheme with the highest score was compared with the current
situation of the study area and the scheme with the maximum allowed deployment of sponge facilities.

Compared with the study area planning scheme, the cost of the optimization scheme was increased by 20.46%,
but the overflow control volume and runoff control rates were also increased by 28.30% and 25.82%, respectively.
Compared with the largest gray-green sponge facility that can be deployed, the cost showed a reduction of 17.97%,
while the overflow control volume and runoff control rate were reduced by 10.99% and 3.36%, respectively, and the
bottom residents of the community were not flooded under the scenario of a long-lasting rainstorm once in 30 years.
The optimization scheme proposed illustrate the economic and hydrological benefits.

The research showed that: (1)When the scale of various grey and green sponge facilities was increased, the range
of runoff and overflow reduction control moved gradually towards stability, this means that in the process of sponge
city construction, the growth rate of sponge facilities for flood response control will gradually slow down with the
increase of their investment scale (2) The optimized sponge construction scheme reveals economic and hydrological

benefits, and can provide technical support for future sponge city constructions.

Key words: urban waterlogging; grey-green combination; sponge city; economic and hydrological benefit;
InfoWorks ICM model
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