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Abstract [ Objective| Against the backdrop of urban renewal, the low impact development ( LID) reconstruction of old residential
communities generally faces problems such as insufficient pertinence and low efficacy. [ Methods] Taking the sponge transformation
project database of old residential communities in a certain city as the research object, the K-means clustering method was adopted to
classify the communities into high-construction and low-green type and balanced type. The rainwater and flood as well as pollutant
characteristics of the two types of communities were identified through current situation investigation, data monitoring and the storm
water management model (SWMM ). Multiple scenarios of different LID transformation schemes were simulated to quantify the runoff
regulation and pollutant removal efficiency, and the differentiated optimization schemes for different types of communities were screened

out. [ Results | The current high-construction and low-green communities were severely deficient in hydrological performance, with a
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runoff control rate of only 1.3%~-2.3%. These communities have serious deficiencies in rainwater and flood regulation and pollution
control capacity, and bear heavy non-point source pollution loads. High imperviousness was the main cause of excessive runoff, and the
existing LID facilities had insufficient adaptability to high pollution loads. The current runoff control rate of balanced communities was
21.33%-33.49% , with a good drainage foundation but attenuation of pollution removal efficiency under high return periods. The
optimal single LID control measures for the two types of communities were permeable pavement and rain flower boxes, respectively,
whose runoff control and pollutant removal efficiency were significantly better than those of other single facilities. At the level of
combined measures, the cost-effective schemes ( high-construction and low-green type: green roof + permeable pavement; balanced
type ; rainwater flower boxes + pre-pond) could balance efficiency and cost, achieving a runoff control rate and SS removal rate of more
than 37%. The full-facility combination scheme had stable efficiency but high cost, with a runoff control rate of more than 39% and an
SS removal rate of more than 42%. 1t is suitable for high-load areas, while the economically adaptable scheme is applicable to low-risk
areas. [ Conclusion] The differentiated LID optimization schemes and classified and graded LID optimization strategy proposed in this
paper take into account rainwater and flood regulation, pollution control and cost management. They can provide replicable and

quantifiable technical references for sponge-oriented renovation of similar old urban residential communities and facilitate the

improvement of urban flood resilience.

Keywords sponge city; urban renewal ; storm water management model (SWMM) ; residential community ; rainwater runoff control
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Fig. 1 Regional Data and Clustering Results in Research Area

— 143 —



LZES TIPS (ol S [

T SR Y 5T A IH A DR A B AL

Vol. 45,No. 10,2026

1.2 ETF K-means PEHBEER S

K K-means AE L Xzl % IH/N X ol i
FUREE 2 v 1 2 RN KR T RS IR B SR AF
A TE BT L B R SR A TR L SR T
TG T BRHBTE AR 7 L KRR (5 T 6 A% OB R
HEFT RIS AR BRUNS B 5 B IR/ A FR
BUFACSE B PERRAE 5 /N X O i B A 723 ) 6
BXVCTL , 45 & 52 br 2% 0 120 5 6k - i 01 FF A A 53 a0
AT HEREAR IS 1 A3 K, Ge it s /N X BT
PN [) - b R IS 20 B WA 15 T B8 i, b HE A TR 4%
HNREE R A A bR 5, WA SPSS K
X ZFatrik AT

RABR K I 8 ™ e 38 JRE S 9 0 25 A
5 AR 45 nT A R OB R, Y K =3 B,
R 22 T R R LI P AN Ak S R 2 =

J& 1R 25 R K T 122 5 TRl I, 25 5 28 TH /N X 403
MO ()T HEREAE | T I BT oK M W )
i, T T A7 b DX 43N ) 1 IS I /N X R B
EBY AV AR/ QI - ~Ne SPI N O A L% TN ) B
0.00, R Rl sfaw, WHlEmzEnh
(ANOVA) , HiE % B FHE S P % 1 <0. 05, 48
RO AT BHUAEAS  BH FUK AR 5 LAY
2 R] 22 5 RH 6T B 55, X A8 AR 43 T 45 AL R e A
B, R Mg 2R 55 H ik 2 FEl 1
() w200 1 A i AR AR AL /N X Xl 30
FITE I L ) 4 e | s AR B /D ] R A7 9 4k o
23 [E) F 9 A8 /I, 28000 2 hy 359 i RN X X d At
S0 IH B RN SR AR L 8 v, Tl R I AR Al ok i
FH 3 AR E E AR AL/ X SR A b B L A AR
FIIHE B LU A AIC 4 Ak A0t AS e

®2 EBRIMIREER
Tab.2 Clustering Results of Old Residential Communities
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Fig. 7 Model Calibration and Validation Results of the Residential Quarter in the East District of China Three Gorges University
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Tab.4 Related Parameters of Hydrological Model

ZHA SRR % R ANEE SRR X SR X IUE
EHSE BRAB/(mm-h™") 10.0~100.0 77.0 77.0
F/NAB/ (mm-h™") 0.5~52.0 24.0 30.0
PR EY (W) 2.0~7.0 3.0 3.0
BT R RBIKIX 0. 001~0. 024 0.015 0.030
BIKX 0. 100~0. 800 0. 350 0. 200
HHE K AKX/ mm 1.27~2.25 1.30 1.20
#EKIX/mm 0.25~7.62 2.50 5.00
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Tab.5 Parameters Related to Pollution Accumulation and Scouring
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ey SR Y o JEy ™
KA SS 2A COD TP SS 2AA coD TP
R BARBME/ (kg-km™?) 7.2200  0.0250  0.1700  0.0100  2.5000  0.0024  0.1700  0.001 0
HREHY (A7) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
B 0.003 0.010 0.035 0. 002 0. 004 0. 020 0. 035 0. 003
B 0.3 1.2 1.9 0.4 3.0 1.2 1.2 1.2
B H BARZHE/ (kg-km™)  13.000 0. 066 0. 190 0. 060 2. 000 0.016 0.170 0.010
PR (A7) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
HRTTES 4 0. 003 0.010 0.035 0. 002 0.003 0. 020 0.035 0. 003
TR 0.3 1.2 1.9 0.4 5.0 1.2 1.2 1.5
s R BHE/ (kg-km™?) — — — — 1.0000  0.0015  0.0240  0.0005
BRHEH/ (d7) — — — — 0.25 0. 30 0.25 0.25
HRTES 4 — — — — 0. 003 0.010 0.035 0. 002
TR T — — — — 1.0 1.0 1.0 1.2

T —" R B A

1.4 S£GRAERELZE

RRAER—IK SCOK LA BETE AN 1 R BR 1 | 8 3%
2G50 LID SIS BRIV A LIRIK R A5 A4
A R RAR Bk (LCC) X 45 Mo B P R & 5 it
IS . s (1) FroR, LCC PP R 2 i 25 T AR
B — PR AR B 5 W e AR B N IR A s 4
PHACAS 8 0T N s A g — Bk
PUAE, REA% UL | 4 1 S AN [ el 48 A 1A 3
W2 5 W AR A TR | b G AR S 76 HACRE 2 1
DA 3500 T G T Mk O 25

AR SRASEE 2 B 20 IR T i R 45
A CIRAT) ) B P 8 T /) DX 24 A s R 5 5 40 45
RIS R G0 — 7 4528 LID it oo it 1
W VERAAR B Y AR BT A AR PR A A S T

R, Hpgp e R0 BRI Y T E AR
FREL 30 a, DI AETE S K AERA L 25 a d S BLR
BUH 6% , 12K AT 4 BUE 2 B0 18 418 4 AR iF
TR s, fe X BS54 T 58 416 i R 40 Bk
A VEA A LSRR 6 Fk 7 s,

o Co (1 +71)
CLCC = Ccap + ; W (1>
oo, €, S A T

C.,—HBA , IT;
C.,.,— A FIBH A T4

B A, — B 20~ 30 a;
IR (2% ~3%) 5
PR (5% ~7%)

n

r

i

* 6 LIDi&MEEFSEHEE

Tab.6 Economic Parameter Values of LID Facilities
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Fig. 8 Water Quantity and Quality Efficiency under Different Schemes for
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