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Abstract; The patterns and topographic complexity inherent in urban surfaces cause considerable variations in flow paths,
and may influence the simulation outputs of urban stormwater management models (SWMMs). However, the influence of
these variables in urban storm water management is largely unknown and so it is usually ignored, consequently reducing the
accuracy of the simulation results. To examine how patterns of land use and overland flow routing options influence the
simulation outputs of the SWMM, we chose an experimental site in Bazhong City. We developed three sub-area overland

flow routing methods (outlet, impervious, permeable) for different precipitation intensities and land use patterns within the
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sub-catchment area module of the SWMM, and compared the simulation outputs. The results indicated that the simulated
surface runoff for the outlet and impervious routing methods were the same, but were considerably different from those for
the permeable routing method. Under the permeable routing method, the surface runoff decreased by 52% and the amount of
rainfall that permeated almost doubled. The percentage of runoff routed by the permeable routing method had a significant
impact on the simulation results. As the percentage of routed runoff increased, the directly connected impervious area
(DCIA) gradually decreased and the unconnected impervious area (UTA) gradually increased, which led to a considerable
reduction in the total runoff volume and a decrease in the surface runoff coefficient. Simultaneously, the amount of rainfall
that permeated gradually increased, but the peak flow rate initially increased and then decreased. When the percentage of
routed runoff reached 30 or 40% , the UIA was nearly equal to the permeable surface area, and the peak flow rate was at a
minimum. The results from the present study showed that land use patterns and overland flow routing options influenced the
SWMM simulation outputs. The results also suggest that for the effective management of urban stormwater, urban land-use
patterns and overland flow paths should be optimized at a small scale, as this will reduce the risk of urban stormwater

disasters. This approach will support the planning and development of sponge cities.

Key Words: Storm Water Management Model (SWMM ) ; Overland flow routing methods; Directly Connected Impervious
Area (DCIA) ; Percent routed; Sponge city
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routed ) , ZEREHY rh Hod A0 07 AR I 18 A U R s A AN, 78 Pervious VLW AR U S SX AR L UIA
s TA B HUEE (%) , fEAE Impervious 1 Outlet R TIA LLAIN DCIA 5 6 TA B HE (%) (R 1) .
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Table 1 Parameter values of experimental site

kK L{IRVIREE=X E20 HA PA fﬁﬁ A IA ﬁﬁfﬂ AL
sub-catchment Subarea- Area/hm? Pervious Impervious  DCIA/hm?>  DCIA/IA/%  UIA/hm? UIA/IA/ % Percent
Routing area/hm? area/hm? routed/ %
S1 Pervious 6 1.5 4.5 4.05 90 0.45 10 10
S2 Pervious 6 1.5 4.5 3.6 80 0.90 20 20
S3 Pervious 6 1.5 4.5 3.15 70 1.35 30 30
S4 Pervious 6 1.5 4.5 2.7 60 1.80 40 40
S5 Pervious 6 1.5 4.5 2.25 50 2.25 50 50
S6 Pervious 6 1.5 4.5 1.8 40 2.70 60 60
S7 Pervious 6 1.5 4.5 1.35 30 3.15 70 70
S8 Pervious [ 1.5 4.5 0.9 20 3.60 80 80
S9 Pervious 6 1.5 4.5 0.45 10 4.05 90 90
S10 Pervious 6 1.5 4.5 0 0 4.50 100 100
S11 Impervious 6 1.5 4.5 4.5 100 0 0 100
S12 Outlet 6 1.5 4.5 4.5 100 0 0 100
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Fig.1 Land use component of experiment site (a), the definition of UIA Percent (b) and the corresponding 12 scenarios under different

land use pattern and overland flow routing options (c)
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Fig.2 The conceptualized sub-area flow routing methods; Outlet, impervious and pervious ( revised according to Earles!**) and

Gironas'®)

2 BW|EMRTE

2.1 SR XME L SHRIESHORE

SRR AR B A — Pk 5 AT L R G TR MR I B S S O I AR 2 SR AR, AR SR 12 AN
KX B LA YR (1 A ) BRARAE 57K SR SRR B e 2 — B3R 2) o BRI AN 6 AW 3833 I L
T 25% T 0 300 K SE R 1.2% ARB BN 75% , Hofthk SCRAE S E0S 5 A00 T AR G SCHR i A 2256
(B (3 2) s BRI AKX 38t <7 X6 07 1 TR K S AN K A8 2, 6 g A TR K A B S s i — (181 3)

22 BEWRSEINIE

SRR 5 T 2 BRI 1 LS S5 o, AR SO EL T R R AR AR 2015 4 6 H 23 H ELSERE TR A
(B RAL BB R 10 4380) o ARKEEFRDTES 5 /NGE, BV &R 26.4mm , 5 K40 B FET N 4.2mm (K 4)
AR YR 588 T S AT B T r T 2 A U] A R E B

http ; //www.ecologica.cn



14 34 PEE e A5 RIS R0 SWMM AR B A e 56 KA I 7 S AR A ) 5 i 5

*2 SWMMRESHIGER
Table 2 Parameter values used in SWMM

SRR Hfi HUE SR X SRR E TR
Project Unit Value Value Meaning Data Sources
SABIEE TR Area ha 06 ILKKHE p R
5% Width m 300 KX T U O G 1
Wi Slope % 1.2 WK DX 3
N 3% Imperv % 75 VK XA I3 /K 1 Er R
TC TR A Outlet — — R AR EHE FERR AR
Subarea-Routing Impervious — — R AR I 22 A3 K T HE
Pervious — - HFRR WA BB mHE
i FBUE T L Percent routed % 10—100 oK LA &
ftp Y 4 g
AFIEKIE Pipe length m 30260 HEKEEKE ;§%$%ﬁ
IR Pipe diameter m 0.8—1.5 H/KEEHR
FEA 5 304
IRSCHFHIES L A BRI 2 7 R KL Imp-n — 0.01 VAR KA B IR X e TR R Rossman|[ 8],
Gironas[ 23 ]
BIEE T R4 Per-n — 0.1 KX B 5 X 8 TRERE
B K EEE LA K Tmp-DS mm 1.5 VLK XA K X KRB
BIBHETEHAEK Per-DS mm 2.5 LK X B X KR
i G R A 1
T MUK R B B Zero-Imp % 25 gﬁgiﬁéhx@mgﬁ
BAR BRB A ; "
v i =) 5 ok
(HORTON) Max. infil rate mm/ hr 72.4 KX H R KT BN
20NR AR ) N
SN A mhe 32 KK SRR
Min. infil. rate
T K ; s A b 2
LA e 18 KRR R R R
Decay constant
HETHF [ 568 A RN 3 B 58 A HE T Y
L day 6 .
Drying time 1 []
=) 23F0
TR - 0 RKTTHEE AR
Max. infil. vol
BT Z AL Con-n — 0.02 RS TR
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Fig.3 The conceptualized layout of stormwater conveyance system in each sub-catchments of experimental site
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IFTRI AR, AT PA ok A R R I3 A, 7RI K SR B A/ IN T 30 8 i AR L AR AT 7K DXt A8 3t )™
P (v S A A AR R A A, T T AR LB PRI K DXl A A0 9L O S R A 0 3 A
PSR R A RRIE (% 3,1 5) o

£3 HBLDKREBERFEITR

Table 3 Variation in surface hydrological characteristics of each designed sub-catchment

PE¥ e ; B Y
. A TR B R4 I A N
ik BT TR BA Total flow PUREEILAL ] R
Percent Rainfall Peak flow/ - .
sub-catchment . . volume/ 3 Peak flow Runoff coefficient
routed/ % infiltration/mm (10°L) (m>/s) time( hrs min)

S1 10 8.49 1.02 0.28 1620 0.65

S2 20 10.39 0.91 0.25 16:20 0.57

S3 30 11.67 0.83 0.22 1620 0.53

S4 40 12.16 0.80 0.22 16:20 0.51

S5 50 12.43 0.79 0.23 1615 0.50

S6 60 12.62 0.78 0.23 1615 0.50

S7 70 12.78 0.77 0.25 16:20 0.49

S8 80 12.92 0.76 0.27 16.20 0.48

S9 90 13.04 0.75 0.28 16:20 0.48

S10 100 13.16 0.75 0.30 16.20 0.47

S11 100 6.6 1.14 0.31 16:15 0.72

S12 100 6.6 1.14 0.31 1615 0.72
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Fig.5 Temporal variation in surface runoff of each designed routing scenario
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JEE R AR Bt K R BRI I R 10 B9S2 R Y 85.7% \52.4% \2.2% 1 3.7% , LG HEAKTRIE K
PRI AT T 5 400 (R 4,18 6) o FERIZKIFE T1 & J10 Bl iR FE RS Jo) (00 725 Ak 3 4 1 L LG 484 o

http ; //www.ecologica.cn



8 S % 36 &

(mm%ﬁﬁum%)¥ﬁﬁmﬁﬁpu#/%§HLﬁWﬁfmﬁ A FE AKCTR R ATk e 1 5t o D) S R IS T, EL
TEWA AL 30% F1 40% I (TR K I J4 ) Bk /K % B it 1ii&ﬁJﬁﬂﬁowmﬁomm

(%4®6)5%#Wmﬁfmﬁmm#mkﬁ§§%%ﬁﬂﬁ F1R) 5 ] 2% T 6 J 14 K 1) — mﬁﬁﬁ

L U BE 1R H R AR B R] A SESR AR N (IR 6)

F4 FLKRIERKFEMERSG TR

Table 4 Variation in junction flow rate and peak flow time of the designed twelve sub-catchments

K4 B S HEK R R AR R K IR TR R R K -3t e e ]
) Juneti Average Total flow volume/ Average peak Average peak Peak flow time
unetion depth/m (10°L) depth/m flow/ (m*/s) (hr min)
J1 0.12 1.02 0.44 0.28 16 :20
J2 0.11 0.91 0.41 0.25 16 :20
J3 0.11 0.83 0.39 0.22 16 :20
J4 0.10 0.80 0.39 0.22 16 :20
J5 0.10 0.79 0.39 0.23 16 :20
J6 0.10 0.78 0.40 0.23 16 :20
J7 0.10 0.77 0.41 0.25 16 :25
J8 0.09 0.76 0.43 0.27 16 :25
J9 0.09 0.75 0.45 0.28 16 :25
J10 0.07 0.75 0.46 0.30 16 :25
J11 0.13 1.14 0.47 0.31 16 :20
J12 0.13 1.14 0.47 0.31 16 :20
Wk —e— Il —_—n —_—3 —=—J4  —I5
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Fig.6 Temporal variation in inflow depth of different junctions under each designed routing scenario
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FIRAELZE AR TR, {H S Pervious B0 F IBLIZ5 S 22 3 B 2% . 2) 7E Pervious AU, V6 380 11 AL HE X /K X 1l
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B EAS [F] LA AR R S, %o He 0 i gk D0 A = A A JRs B AIC DCTA S 38 T R L 48 BR800
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