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Study on the runoff regulation effects of typical low impact development facilities in multiple scale regions
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Abstract; [ Objective] In order to investigate the role of sponge cities in mitigating urban waterlogging by selecting the Jincun
development area of Jincheng City as a research area and analyzing the regulation effects of low impact development (LID) facili-
ties on runoff and waterlogging at different spatial scales. [ Methods] A coupled urban stormwater and waterlogging model was
developed by integrating the Storm Water Management Model (SWMM) and the two-dimensional module of InfoWorks ICM. The
model simulated various storm scenarios and LID layout schemes to analyze rainfall-runoff processes and waterlogging characteris-
tics in plots, drainage zones, and regions. [ Results] The findings indicated that LID facilities effectively reduced runoff peak
values, decreased total runoff, accelerated runoff recession, and mitigated overflow nodes and overloaded pipe segments. They
also significantly reduced areas affected by waterlogging and lowered water depths. The regulation effect of LID facilities showed

minor variation across different spatial scales and performed well within a 1 to 5-year recurrence period. Specifically, under
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1-year recurrence period rainfall, the largest LID layout scheme reduced surface runoff by more than 75%. [ Conclusion] LID fa-

cilities demonstrate strong efficacy for short-recurrence-period storms but have limited capacity for long-recurrence-period water-

logging control, particularly at severe waterlogging points. Expanding the scale of LID facilities can substantially enhance their

runoff regulation capacity.

Keywords: sponge city; runoff regulation; low impact development facilities; urban waterlogging; plots; rainfall; climate-

change; SWMM
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Fig. 1 Geographic location of the study area
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Table 1 ~ Simulated results of comprehensive runoff coefficient

for drainage areas

HoKX | SRR AR | SN KR AR | MHRE/ %
D2 0.43 0.39 10
D20 0.38 0.39 -3
D24 0.44 0.39 13
D6 0.35 0.39 -10
D4 0.43 0.39 10
D14 0.41 0.39 5
D12 0.37 0.33 12
D3 0.26 0.27 -4
D21 0.35 0.33 6
D5 0.32 0.33 -3

F2 SWMMREFESHEE
Table 2 Parameters values of the SWMM model
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Fig. 7 Waterlogging distribution in the study area

under 5-year recurrence period rainfall
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Table 3 Parameter values of LID facilities
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Fig. 9 Outflow processes of green roofs under different recurrence periods

WImE, % 2—J5 % 4 B EOF W R R 4
HT0%, F7E 4 T AR IR R 75%, Ui
e a IR T, HE2—HF 4 WAL
PR 70% ¥4 W 58 10 T 499 A0 VA 20 30 T AR B E b, X4 PR
FIIEINE] 5 a iF, M bwe (E I 5 0 UR A 8
HHIBCRE R E 50% LI T 100 a EIR, %
2—EE 4 1 Hb U (E U B I RCR FE E 20% ~ 30%
R A R R A B 25% ~35% 33X 2 e 4 I 2 TR
FEIWIARE N, IR AR, LID iR
A AR C>, HOERERE  B WSS, X T
5a LUFAEEBIHFE RN, LID Bt n] LA R
LML IE G, SR, MR LID B & fERE T i 5
BERNET, UGG A B HE K e 2L [ 45, LID
Bt A 5 a T LA RLOUA 45 B AH S R AT R
JIANG 412 CHENG %' (i 5e 456 —5,
(EAER AR, SR T I e A A AN () [ RN
PR P T I BN B A X A, 2
L R R AR AR E I R 3~ 100 a, J7
Z3 M g e RN ERE AN 5~

KFKEBEAR(PHRL) E56%5 2025 FFE3H

100 a, FZE4 HBL W& it i 2 0 B I 2 BT
H 50 ~ 100 a, BHE S € T AU R, b B3
DL AL R R R SR B RO AT
B g R, — i R RAR SRR
THEE R K36 W0 4A 38 5 & /K 0 S5 U S BORU A
T/NEECR B AR/ 53— 07 ] RE SR AR ()= T AL
EIEEA R, R R TR RE K g £
SokEHE, PANRRERTRGE, SRR R
FEAR K B ORI, 38k, (RS O 2
2—J7 % 4 W R OB AR TR AR A 22 A K, 1]
RE AR A S 1 AR s BRIt L BB i R BN E K2
TR, 5350/ NS A Wi B it v LA 2 547 1Y
BRI B R AR LID 35 BURERT Y B
ghFgnr sz s E R ), R AR I R L
B, AR AR R LAk LID i U A A
fif AR AR 5 1 K A BAE ) A K 5 HEK B B - 1
oy KA
3.2 HKX RE LID & M2 R iAE U 54

HEK X P LID 3 5 He AR B 26 4 Py ik

67



N

BN, F//#1E LD ®iE S RERTIFRGNTR

12 F la
3a

Sa

108 10a
0.6 F 50a

100 a

0:00 1:12
FF [E)/ 6 43

(2)J7 %1

1.8

14 F

12 F ==l
"o 3a
EIAO - 5a
% 0.8 | 10a

0.6 50a
100 a

02F

0:00 1:12 2:24 3:36 4:48

I TR/ I 43
(©)Ji %3

2:24 3:36 4:48

1.8
16 F
14 F
la
12 F
- 3a
M:E 1.0 F 5a
I 0.8 10a
ES
0.6 F 50a
04 100 a
02 F
0 P L |
0:00 1:12 2:24 3:36 4:48
I T/ B 43
(b)Ji %2
1.8
1.6
1.4+
—la
i 12 F 3a
210F 5a
m\m 0.8 F 10a
= 0.6 F 50a
04 k 100 a
02F .
0 — ——
0:00 1:12 2:24 3:36 4:48
g 1)/ B - 4
(d)J5 54

E10 &A% BiEEARERYETN TEFEEMYRERE

Fig. 10 Outflow processes of bioretention facilities under different recurrence periods of rainfall on green roofs
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