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Modeling the Effects of Green Infrastructure on Storm Water Runoff Reduction

at Community Scale
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Abstract: Rapid urbanization has greatly changed the underlying surface, resulting in frequent floods and waterlogging in
urban areas and causing enormous economic damage and loss of life. Of the innovative storm water management strategies,
green infrastructure ( GI), which uses vegetation, soils, and natural processes to manage storm water and create healthier
urban environments, has proved to be an effective measure to mitigate urban flooding. The runoff reduction effectiveness of
green infrastructure facilities under different scenarios can be simulated by mathematical models. However, complex models
like the storm water management model are difficult for planners and managers to operate and apply. Furthermore, they are
inadequate in demonstrating the runoff reduction mechanisms of green infrastructure. Although the performance of green
infrastructure in mitigating urban flooding has been extensively investigated, few studies have attempted to examine and
compare runoff reduction effectiveness between integrated green infrastructure and single green infrastructure facilities under
different storm recurrence periods. In this study, a community —scale simulation model based on water balance and urban

hydrological processes was developed to quantify the reduction effect of green infrastructure on storm water runoff. A typical
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community in Beijing was selected as a case study to assess the reduction effectiveness of different green infrastructure
configurations, based on the volume and peak flow of storm water runoff under 1-year and 5-year storm events. Four
scenarios of green infrastructure configuration were considered, namely: converting to concave green land; constructing a
storage pond; converting to porous brick pavement; and combining the previous three measures. Field-monitored runoff data
of two rain events were used to validate the model. The validation results yielded determination coefficients of 0.68 and 0.71
respectively for the two rain events, while the Nash-Sutcliffe efficiencies were 0.99 and 0.96 respectively, indicating that
model performance was satisfactory and reliable. For the scenario of concave green space with 5 cm depth, runoff volume
was reduced by 8.23% and 23.30% and peak flow was reduced by 20.31% and 29.11% respectively for 1-year and 5-year
storm events. For the 300 m’ storage pond scenario, runoff volume was reduced by 84.90% and 20.97% respectively for 1-
year and 5-year events, while peak flow was reduced by 88.99% and 0.10% respectively. For the scenario in which 50% of
impervious surface area was modified to porous brick pavement, runoff volume was reduced by 46.51% and 38.52%, and
peak flow was reduced by 39.96% and 35.48% respectively for 1-year and 5-year events. These results indicate that each of
the three facilities showed good runoff reduction effectiveness. With increased rainfall intensity, the reduction effectiveness
of concave green space, storage pond, and porous brick pavement was slightly enhanced, decreased, and relatively stable
respectively. The integrated green infrastructure configuration scenario showed significant reduction effects, with 100%
reduction of runoff generated by the 1-year storm; runoff volume and peak flow were reduced by 75.47% and 64.52%
respectively under conditions of the 5-year storm, as well as showing increased rainwater infiliration and harvesting for
utilization. Therefore, the integrated green infrastructure configuration is among the optimal strategies for storm water runoff

reduction and rainwater resource utilization in communities.

Key Words: green infrastructure; storm water runoff; concave green land; storage pond; porous brick

pavement ; community
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Fig. 1 Schematic depiction of the model calculation
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Table 1 The parameter values of model simulation

280 B L) R
Parameters Values Units Sources
FEF TS EL Runoff yield parameters

i K M FR IR Depression of impervious areas 3 mm [29]
TR M FIHTEH Depression of pervious areas 4 mm [30]
S8 535 Meteorological conditions

H ¥ EE Maximum daily temperature 31 < Elynta® Tie
H ¥ 85 I Minimum daily temperature 22 C b S48
HEH4IR B Average daily temperature 26.5 < Syt ® Tie
T HEPEBT S48 Soil properties

A FIK# Saturated hydraulic conductivity 0.144 mm/min [31]
TRV AL -4 71 Wetting front suction 69.696 mm [32]
M 7K & Saturated water content 40.627 % [31]

WA £ 7K 42 Tnitial water content 26.279 % [31]

FE BRI B %L Vegetation characters

T FESL Leaf area index 3.85 — [33]
TYEZREL Extinction coefficient 0.3 — [24]
HEE T i 7K i Special leaf storage 0.2 mm [24]

H B HAFIESEL Green infrastructures characters

VEE MR AKAAERE ST Water storage capacity of storage pond 300 m? AR E
7K 4 il Rainwater collection ratio 100 % BRI E
LM MR BE Depth of concave green space 50 mm RLAUE
13k + 32 A 3338 Infiltration rate of subsoil 0.3 mm/min [28]
KA 1K fE ST Water storage capacity of porous pavement 32.86 mm [28]

1.3 BAIPEAY
KRR A S 52 AR B R R A P e BB (R DL S AT 38R R %4 ( Nash-Sutcliffe Efficiency,
NSE ) e PPN AB R S K SCid BRI IR . AR R B A R R B,

N

2 (0,-0)°
NSE =1 -7 (19)
Z (0, -0,)°
P NSE O T A RURLLL SE PRIt (] e8] L it iR 22 AN AT 3R 8, @, 1 Q, It a 2B o B4R IR
PUEAIME (m®/min) , N A RSP B B A i[RI 28k, Q, AU ] B Y S 42 9 1 P34 {E (m®/min ) .
M R*>0.6 LK NSE>0.5 HHA R0 25 SRR A By
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Table 2 The ratios of runoff and infiltration to rainfall under different scenarios

P=99.9% P=20%
R B 1-year storm 5-year storm
Scenarios - H ABHEWH W ABHEWH A
Runoff to rainfall ratio Infiltration to rainfall ratio Runoff to rainfall ratio Infiltration to rainfall ratio
HEANG 5
AR . 67.07% 23.89% 87.87% 10.82%
Base scenario
L
RS 61.55% 29.41% 67.40% 31.29%
Concave green land
&Y
A 10.13% 23.89%* 69.44% 23.89%"
Storage pond
N o
ﬁﬂ({uﬁﬁ-é 35.88% 55.08% 54.03% 44.66%
Porous brick pavement
i
it 0% 60.61% 21.56% 65.14%

Integrated scenario

a, b WEIMBATFHAKAL SRR HEAN 5

222 g T MR 1 5

B LA SR A b TR 5RO, 7R R BT A S N IRK I Hh Gk, DR e B R Sk b B B e S, T MK
LA M5 18] R AT 50 8 AR K, (38 B K A B IR, AT 18 385 T KORITS ool k04 37 B A e Y L AR
WFFE R S rp KT 2 b s A T P B I 5 e, K %5 5828 T RNGE 6 25 AR B /K AR T A Gkt 7231t
T P=99.9% BT, T MA LR HLIE T AR TR HR TR 61.55% , APBFEW FL RN S 29.41% (% 2) ,
SRR T 8.23% AR FIEEIN/L T 20.31% (3 3) ;78 P=20% BT S M T, F MR S 1 542 7 1%
T R BEARE] 67.40% , NIBFEM HCRIE NS 31.29% , SARTH /D T 23.30% , A2 EE /> T 29.11%, H
TR S T MRk b I A 25 FE AN AN B /K M TR AR, PRI T 2 b B Y 0k 1 2l 7= A i R
B, T 1 AR — B TR T EL )N T S5 A — B 0 ], T T gt X R AR O e ) T RO
AN IR T AT X B AR A ST L AR — BN 5 AF—8 B FR TN R 43 2R AR TR Y 7.0% A
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VAR TR IR 78 K R R A P AR AL T DR W /N I R TR 2% 0 2 Fl T B 2 1 R K Bk
WEABR LI, T Mkl DL3e A R R 2k 2 ], 58 T 2 7 0 R BT 0, B9 i &g b i R 2K A
BRES Wik —B AN TEH K,

£3 TRFBEMIZERS THRRHRBR

Table 3 The runoff reduction effectiveness of different green infrastructure scenarios

P=99.9% P=20%
FELALLI 5% 1-year storm 5-year storm
Scenarios ERES A U TR UL R L AR
Total runoff reduction Peak flow reduction Total runoff reduction Peak flow reduction
w5
I 2 8.23% 20.31% 23.30% 29.11%
Concave green land
P&
{JE? i 84.90% 88.99% 20.97% 0.10%
Storage pond
i 2%
% kﬁ?ﬁﬁm 46.51% 39.96% 38.52% 35.48%
Porous brick pavement
T
LA 100% 100% 75.47% 64.52%

Integrated scenario

2.2.3  HEEEE MR

2 B 3T P K R U e e Ak DX AT e S R L SR ARG T K PR BORAE /D IR K A
s — A E W, PERARN 300 m*, 5IEARGFABIILE X, 7E P=99.9% T R ST, HE g
B RETR FRFRRE] 10.13% (F£2) , MR EA T 84.90% , 2 HIE IR/ T 88.99% (£ 3) ;78 P=20%1%
TR, B R KR 69.44% , MART R T 20.97% A2 HIE(ER/D T 0.10%, 162 DRI ERY T,
RIS T T UBORSCR AR 22 A K, E/INA B R ST R B AR DA e R e W (L P T DR AR B (ERTE R AR T
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Fig. 5 Comparison of runoff dynamic between different scenarios
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