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Fig. 1 Guangming sponge City construction demonstration area
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Fig. 2 Design rainfall with different return periods
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Fig. 3 Model calibration and verification results

®2 30% LIDHRERTHREMEMUSER

Tab. 2 Simulation results under 30% LID layout area
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Fig. 4 Runoff process under designed rainfall with different return periods

5 P=1aBARE LID#EHEEMER
Fig. 5 Simulation results of different LID measures while P=1 a
TEREL 6 v AR [ T 5 I A [A] B A2 0 R
B HISOCR - G LID A 3 > 375 /K ##% =>4k (0
B> T Uik, T X DR By s R
INDC R 2 AN R BT S L B AT B A I

+ 838+ KXKFKE R

FHBOA BKAE BRI I K 3. A5 kA
P« 10T DTSR 3 1 42 i OR AN R 25 T 32
TR FFEIX N R T et — A 0N T AR B 1]
SR, HASHGBN 1 B XA 2 T ROR AN ]
o FERTERE 10 45— DUG . Bl R4 FR 5 B2 A 1
R LID S it %o A2 37 14 1 D0 SR s 5753 » LID X A2 30 Y
VEFARCRIZ B A0 A2 30 28 B 32 220 [ 32 O %
FRTHIUASE 3 2 D e i 3 i sk 3 ) PR B RE D A PRI

XHEARGEIE LID A58 70 3 B LID
ALK 3 Fft LID 45 A B0k 4 FhJ 58 9 3k g )
R X T A LID A SRRl 2 [ RN 5k B/ T
10 4F— BB HFEFT , LID 4 ¥ 08 4 Y b 88 (H 3%
TR T I B R R 20 4F—B LLS AR R it
U A S 200 RS 2 0k 553 » o 0 P LB A T
An i A A REAR PR 2R R 5 RS By AT [l AL 5 8
KRB XA BT S — LA 14N 25 18K S it
RS 2 DI JR]  H12 oo A 2GR PO 60 R0 0 AR T A 25
FOEI A R AR L SN R K AR U A A T
ST AR )RR BB R A ) T A 0 A
PR, » 4 Ff s SR HE W R HISCR, - 414 LID Aii e ™
LR R T 57K > T Uit . (H2 A
AR AR FRT L+ 4 Fob 5 S0 e R 5 88 728 1k 1) SR «
A5 LID A 3 = 2 (0 J2 T0 > 75 /K Gl 288 = F Ui
M LR LID X T — B R i T A9 91 48 8OR
AR (AT X R B R HC A 42 R AR RS B A X
NG5 A 3 B T I 24 S o o W A2 3 P 4 A
“HE Y



XBER.F AR LDHFENRTERERLIEY N

6 [ LID #7562 7 B Bl R R

Fig. 6 Effect of different LID facilities on runoff reduction
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Impact of LID on urban rainfall and runoff process
WU Yingying"?,SHE Dunxian'? , XIA Jun'®,ZHANG Yin'? ,ZHOU Yan'*
(1. State Key Laboratory of Water Resources and Hydropower Engineering Science ,Wuhan University ,Wuhan
430072, China; 2. Hubei Key Laboratory of Water System Science for Sponge City Construction ,Wuhan 430072 ,China;
3. Key Laboratory of Water Cycle and Land Surface Processes , Institute of Geographic Sciences and
Natural Resources Research ,CAS, Beijing 100010, China)
Abstract: Urbanization can greatly change the underlying surface and thus have a large influence on the urban runoff process.
Recently, most big cities in China have undergone serious waterlogging problems which are caused by many factors,such as the
"July 21" urban flood in Beijing, the heavy rain in Wuhan on July 6,2016 and the "May 22" torrential rain in Guangzhou in 2020
all caused huge economic losses. Since 2013, China has promoted the construction of sponge cities to play the role of nature in
regulating water bodies, reducing urban waterlogging and water pollution through a series of measures. Low impact development
(LID) is considered as a useful practice for sponge city construction and can reduce urban surface runoff to a certain extent.

To evaluate the influence of LLID on urban runoff generation in sponge city construction, this work takes Guangming Dis-
trict of Shenzhen as the study area and analyzes the impact of different LID measures and their combinations on the urban rain-
water process by establishing a regional SWMM model. After the verification by the observed rainfall-runoff, a reasonable and
effective model is obtained to simulate the runoff process. The different return period of design rainfall (1 a,5 a,10 a,20 a,50 a,
100 a) was input into the model,four LID layout schemes (green roof, permeable pavement, sunken green space,and combined
layout) were designed,and three LID areas (10% ,20% ,30%) were laid into the model at the same time. Their simulated runoff
results were compared with those of traditional NO-LID, respectively.

The results show that the SWMM model constructed can well simulate the rainfall-runoff process in the study area, with
Nash-Sutcliffe efficiency coefficient of 0. 868 and relative error of 0.186. The greater the rainfall intensity is, the greater the
peak value and flood amount of urban rainfall-runoff are under the design rainfall of different return periods, which indicates that
the short-duration and high-intensity rainfall tends to form higher flood peak and flood amount of runoff, which is one of the
causes of urban waterlogging. With the same rainfall intensity and LID type, it becomes more obvious for the reduction effect of
LID measures on runoff with the increase of LID layout area. The impervious rate of urban underlying surface was changed by
LID layout area, which could greatly affect the urban rainfall-runoff process. LID can reduce both the peak value and total
amount of runoff,and delay the peak time to some extent. Besides, the larger the area of LID is, the more obvious the effect of
LID on runoff reduction is. The combined layout scheme has a better regulation effect on runoff than the single layout scheme.
While in the single layout scheme, the best runoff reduction effect is permeable pavement, the best peak runoff regulation effect
is green roof,and the sunken green space has the worst runoff regulation effect among the three. Sponge measures on runoff
coefficient and peak flow reduction effect is abate in designed rainfall with a return period of more than 10 years, meaning that
the sponge measures reach saturation later, the urban waterlogging relief mainly reflected in the case of the small intensity of
rainfall.

Both the structure and area of the LLID layout have an impact on urban rainfall and runoff, and the reasonable layout of LLID
can effectively alleviate urban waterlogging to a certain extent. The regulation effect of LLID measures under low rainfall intensi-
ty is obvious, but its regulation effect quickly reaches saturation in view of heavy rain,and the regulation of urban rain and flood
in sponge city is "elastic", so it is necessary to further optimize the layout scheme in view of heavy rain, such as considering the
dynamic coordination of grey-green measures, increasing the saturation threshold of sponge measures, and grasping the whole
from the perspective of urban ecosystem to realize the effective control and utilization of rainwater runoff.

Key words: urban rainfall runoff; sponge city;low impact development; SWMM model; runoff regulation; urban waterlogging
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