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a b s t r a c t
The application of low impact development (LID) techniques preserves the predevelopment 
hydrologic environment and minimizes the effects of urbanization by reducing impervious areas 
and increasing green areas. The LID method also utilizes decentralized stormwater management 
approaches that attempt to manage stormwater at the location where rainfall occurs. The purpose of 
this study is to demonstrate the integrated effects of the LID technique for stormwater management 
such as flood control, improvement of water balance, and reduction of nonpoint source pollution by 
comparing it with conventional development methods. The economic efficiency of the LID method 
was also analyzed. These analyses were conducted for the Songsan Green City in the Republic of 
Korea, which is the construction site for a new urban area. The results show that flood peak flow 
and runoff volume were decreased by 4.81% and 8.37%, respectively, by applying the LID technique. 
Evapotranspiration and infiltration with the LID method were increased by 1.1% and 2.6%, respec-
tively, compared with the conventional development method. The removal efficiency for nonpoint 
source pollution with the LID method was also 14.6% higher than with the conventional develop-
ment method. Furthermore, the construction cost of the LID method was 9% lower than the cost 
of the conventional development method. These results show that the LID method is superior to 
the conventional development method in terms of stormwater management and can also reduce 
construction costs.
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1. Introduction

The increase in impervious areas due to watershed 
development distorts the hydrologic cycle of the watershed 
by increasing direct runoff and nonpoint source pollution 
loads, and reducing evapotranspiration and infiltration from 
the ground surface during rainfall. Low impact development 
(LID) is an alternative approach to improve stormwater 

management, which imitates the natural hydrology of a site 
by enhancing hydrologic controls such as infiltration, evap-
oration, and storage of runoff close to its source [1]. Use of 
these techniques can help reduce off-site runoff and ensure 
adequate groundwater recharge [2]. In fact, many countries 
are moving toward this type of decentralized stormwater 
management; typical examples include Sponge City in China 
[3] and water sensitive urban design (WSUD) in Australia [4].

LID strategies are structural stormwater best management 
practices (BMPs) and planning techniques that are intended 
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to reproduce predevelopment hydrologic conditions by 
reducing impervious surfaces and infiltrating, evaporating, 
and storing stormwater runoff using native or improved soils, 
vegetation, and bioengineering [5]. In traditional stormwater 
management, water is typically moved off-site as quickly as 
possible to a centralized facility, such as a pond or a local 
tributary. LID, however, treats rainfall on-site by attempting 
to integrate control into site and building design to maintain 
hydrological function [6]. Therefore, the LID-BMPs planning 
process often needs to involve considerations of the relevant 
urban development planning schemes, such as urban master 
planning, land use planning, landscape planning, drainage 
system planning, and water pollution control planning [7].

Recently, various studies on LID methods have been 
carried out. These studies have analyzed the effect of LID 
on water quantity. Alfredo et al. [8] found that green roofs 
can delay and prolong roof discharge and reduce peak flow 
by 30%–78% compared with a standard roof. Chapman and 
Horner [9] analyzed the effect of a bio-retention facility 
located street-side, and found that runoff was reduced by 
26%–52% in real weather conditions. Lee et al. [10] found 
that LID facilities in the Asan Tangjung New Town reduced 
the peak flow of floods with 50–100-year return periods by 
approximately 7%–15%. Qin et al. [11] showed that veg-
etated swales, green roofs, and permeable pavement are 
more effective for flood reduction than conventional drain-
age systems. Zahmatkesh et al. [12] found that LID methods 
had the potential to reduce increased watershed runoff due 
to climate change. A number of studies on the effectiveness 
of LID methods for pollutant removal have also been 
conducted [13–18].

However, most previous studies have focused only on the 
structural properties of LID techniques and have analyzed 
their effect on water quantity or quality by applying the LID 
method. In addition, the hydrological performance and benefits 
of green infrastructure (GI) practices have been demonstrated 
by numerous laboratory scale, in situ scale, and microscale 
studies [19]. In contrast, this study investigated not only the 
structural methods but also nonstructural methods including 
a large basin-scale distributed drainage system. Moreover, 
the stormwater management effect of the LID method was 
quantitatively analyzed in terms of flood control, water bal-
ance, and water quality, and compared with conventional 
development methods. Economic benefits of the LID method 
were also evaluated in comparison with conventional devel-
opment methods. Many researchers have emphasized that it is 
important and necessary to determine the most cost-effective 
selection, size, and placement of LID facilities to accomplish  
the overall development goals and objectives [7,20–22].

In this study, the stormwater management model (SWMM) 
Ver. 5.1 [23] developed by the US Environmental Protection 
Agency (US EPA) was used to compare stormwater man-
agement for conventional development methods and LID 
techniques. SWMM has been widely used for studies and 
design of urban stormwater management because it can sim-
ulate watershed runoff events as well as perform continuous 
simulations and water quality simulations with LID facilities 
such as bio-retention, vegetative swales, infiltrative trenches, 
green roofs, and rain barrels. Examples of recent studies that 
have used SWMM to analyze the effects of LID can be found 
in Refs. [24–27].

Several sites in the Songsan Green City in the Republic 
of Korea were monitored and used to compare stormwater 
management with conventional development methods and 
LID techniques. The effects on flood control, the hydrologic 
cycle, and removal of nonpoint source pollution were quan-
titatively analyzed using SWMM for conventional devel-
opment methods and LID techniques, and their economic 
efficiency was also evaluated by comparing construction costs.

2. Study method

2.1. Study area

The study area is a part of the Songsan Green City project 
site, which is being promoted as part of the Shihwa district 
development project in the Republic of Korea. The Songsan 
Green City Project aims to create a rational city that considers 
nature, the environment, and humanity by efficiently utiliz-
ing the large-scale tidelands created by the construction of the 
Shihwa Dike, while preserving the ecological environment 
around Shihwa Lake.

Fig. 1 shows a land use map for the eastern area of the 
Songsan Green City project site, which is the subject area for 
this study. The study area was planned to be a low-density 
ecological residential complex with a planned population of 
20,000. The development area is 354.34 ha, in which 44% of 
the residential complexes and 38% of the parks and green 
areas are eco-residential complexes. Therefore, it is easy to 
apply LID techniques by utilizing these green areas.

2.2. Conventional development and low impact development

2.2.1. Drainage system

Originally, a centralized drainage system with four 
main channels was adopted as a conventional develop-
ment method at the study site (Fig. 2(a)). In contrast, the 
LID concept pursues a distributed drainage system. Thus, 

 

Fig. 1. Land use in the study area.
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two additional smaller drainages were considered for the 
distributed drainage system, and runoff from the areas 
immediately adjacent to Shihwa Lake and streams were 
designed to drain directly to the outfall. This scheme, which 
takes into account the various drainage directions of storm-
water pipes, does not increase the size or length of the pipes 
(Fig. 2(b)).

2.2.2. Reduction in nonpoint source pollution

The Ministry of Environment in the Republic of Korea, 
in accordance with Article 53 of the Water Quality and Water 
Ecosystem Conservation Act, is implementing a nonpoint 
source pollution reporting system to enforce the establish-
ment of nonpoint source pollution reduction facilities for 
development projects, which can discharge nonpoint source 
pollutants or wastewater [28].

Thus, there were originally 18 manufactured treatment 
devices (MTDs) for stormwater planned in the study area 
under the conventional development scheme. However, this 
study planned the construction of vegetative swales and arti-
ficial wetlands to apply LID techniques using the green space 
in the eastern area of the Songsan Green City. In addition, 

infiltration inlets were also planned for installation on the 
roadsides. Ultimately, 12 of the stormwater MTDs were 
replaced with natural stormwater treatment facilities in the 
LID scheme.

The total length of the vegetative swales installed in 
the study area was 7,000 m, and most of the rainfall runoff 
from the watershed flows into these vegetative swales. The 
outflows from the vegetative swales then enter 17 artificial 
wetlands. Initial rainfall of less than 5 mm is stored or 
infiltrated by these artificial wetlands. Meanwhile, 350 infil-
tration inlets were planned on the roadside.

2.3. SWMM simulation method

2.3.1. SWMM composition 

The SWMM was used to simulate the water quantity, 
quality, and balance in the study area planned according to 
the conventional development method and the LID method. 
The SWMM was revised to analyze the hydrologic effects of 
applying LID stormwater management facilities [28].

Figs. 3(a) and 3(b) show the composition of the SWMM 
with the conventional development and LID methods, 

 

                        (a) (b)

Fig. 2. Comparison of stormwater drainage systems. (a) Conventional development and (b) low impact development.

 

 (a) (b)

Fig. 3. SWMM compositions for the Songsan Green City. (a) Conventional development and (b) low impact development.
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respectively. Table 1 lists the number of subcatchments, 
nodes, and conduits in the SWMM for each development 
method.

2.3.2. Simulation condition of the SWMM

The input data for the SWMM is classified into physical 
and hydrologic parameters. The physical parameters include 
the area and the slope of subcatchments, which were esti-
mated using a digital map, and the dimensions of channels 
(pipes), which were determined from design reports. The 
width of the subcatchments is a hydrologic parameter and 
was also determined using a GIS program, as the width can 
be objectively estimated with recommended estimation pro-
cesses [29]. Other hydrological parameters were estimated 
based on the SWMM manual and previous studies (Table 2). 

Table 3 summarizes the meteorological data and sim-
ulation methods used for the SWMM. The meteorologi-
cal data for the study area includes the hourly rainfall and 
average monthly evaporation data from the Suwon Regional 
Meteorological Office. A nonlinear storage equation and 

kinematic wave model were used for watershed routing and 
channel routing, respectively. The Green-Ampt equation was 
used for the infiltration method.

Watershed runoff event simulations and watershed run-
off continuous simulations were performed with the SWMM 
to compare the stormwater management effects and effi-
ciency in reduction of nonpoint source pollution between 
the conventional development method and LID technique. 
Table 4 summarizes the rainfall duration and time inter-
val, as well as the time intervals for watershed routing and 
channel routing in each simulation method.

In general, models must be calibrated and verified o to 
derive accurate results. However, there was no monitoring 
data available for the study area, so calibration and verifi-
cation of the model were not performed. This is, therefore, 
a limitation of this study. However, we aimed to analyze 
the relative differences rather than absolute indicators of 
the effects of stormwater management with LID and con-
ventional methods. In addition, the physical parameters of 
the model (input data for the subcatchments and channels) 
were applied consistently, and the process parameters in the 
SWMM were estimated objectively from the manual and ref-
erences to reduce errors in the model configuration. Although 
calibration and verification of the model were not performed 
in this study, it is still believed to be a valid method for pro-
ducing the intended results.

3. Results

3.1. Watershed runoff event simulation

To consider the design flood of the target watershed, 
the rainfall depth used for flood analysis was the 30-year 

Table 1
Number of SWMM subcatchments, nodes, and conduits for 
conventional and low impact development schemes

Classification Conventional 
development

Low impact 
development

Subcatchments 362 513
Nodes 366 565
Conduits 362 576

Table 2
Major process parameters of the SWMM

Classification Value Remark/Reference

Subcatchment Roughness Impervious: 0.015, pervious: 0.25 CDM Smith [30]
Depression storage (mm) Impervious: 2.54, pervious: 5.08 Rossman [29]

Infiltration equation Hydraulic conductivity (mm/h) 3.30 Soil group: loam
Rossman [29]Suction head (mm) 88.90

Groundwater Porosity 0.463 Soil group: loam
Rossman [29]Wilt point 0.116

Field capacity 0.232

Channel Roughness Pipe: 0.012
Swale or open channel: 0.04

Rossman [29]

Table 3
Meteorological information and simulation methods

Meteorological information Simulation method

Rainfall and evaporation  
 station

Suwon Regional 
Meteorological Office

Watershed routing method Nonlinear storage  
 equation

Rainfall data Hourly data Channel routing method Kinematic wave
Evaporation data Monthly averages Infiltration method Green-Ampt equation
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frequency probability rainfall for the Suwon Regional 
Meteorological Administration. The critical rainfall duration 
of the watershed was 240 min, and the probability rainfall 
depth for the duration was 171.5 mm.

Fig. 4 shows flood hydrographs at the outfalls for the 
conventional development method and LID method. The 
locations of the outfalls are shown in Fig. 3. Generally, the 
flood hydrographs obtained with the LID technique tended 
to be delayed by 4–5 min, depending on the outfall, com-
pared with those obtained for the conventional development  
method. This observed lag with the LID technique is 
attributed to the increased water storage, infiltration, and 
roughness coefficient resulting from the artificial wetlands 
and vegetative swale. Fig. 4 also shows that the peak floods 

tended to decrease slightly with application of the LID 
technique.

Table 5 lists the results of a quantitative analysis of the 
design flood event. It was determined that the total peak flow 
and total runoff volume at outfalls (ⓐ–ⓓ) were reduced by 
4.81% and 8.37%, respectively, with application of the LID 
technique. In particular, the peak flow rates at outfalls ⓑ, ⓒ, 
and ⓓ decreased by 3.10%, 4.35%, and 8.47%, respectively, 
with application of the LID method. However, the peak 
flow at outfall ⓐ was increased by 1.05% by applying the 
LID technique, which is due to the increased drainage area 
resulting from the change from the conventional method to 
the LID method. In addition, the runoff volume at outfalls 
ⓐ–ⓓ decreased by 0.25–18.36% with application of the LID 

Table 4
Rainfall duration and time interval for the simulations

Classification of simulation Rainfall 
duration

Time interval

Rainfall Watershed routing Channel routing

Continuous Water balance 11 years 1 h 1 h 1 h
Water quality 11 years 1 h 1 h 1 h

Event Design flood 4 h 5 min 5 min 1 min

  

(a) (b)

 

(c) (d) 

Fig. 4. Flood hydrographs for the different development methods. (a) Outfall ⓐ, (b) outfall ⓑ, (c) outfall ⓒ, and (d) outfall ⓓ.
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method. The higher runoff reduction rate at outfall ⓒ is due 
to the larger area of the planned artificial wetlands.

3.2. Watershed runoff continuous simulation

A watershed runoff continuous simulation was conducted 
for the water balance analysis and to evaluate the reduc-
tion efficiency of nonpoint source pollution. The simulation 
period was from 2002 to 2012. The meteorological data 
included hourly rainfall and average monthly evaporation 
from the Suwon Regional Meteorological Office.

3.2.1. Water balance analysis

Fig. 5 shows the relative proportions of surface runoff, 
infiltration to the watershed and channels, and evapotrans-
piration obtained from the results of the 11-year watershed 
runoff continuous simulation.

Evapotranspiration and infiltration were increased by 
1.1% and 2.6%, respectively, with the LID method compared 
with the conventional development method. Therefore, sur-
face runoff was decreased by approximately 4% with the 
LID method. In other words, the LID method improved the 
water balance somewhat compared with the conventional 
development method.

LID techniques include source control approaches and 
the use of microscale integrated management practices 

such as green roofs, porous pavement, and rain barrels 
(cisterns); however, these were not considered in this study. 
In the future, introduction of these LID techniques within the 
neighborhood site can be expected to produce better results 
for the water balance.

3.2.2. Efficiency analysis of nonpoint source pollution reduction

The SWMM uses conceptual formulas for the water qual-
ity simulation, which includes the buildup and wash off of 
pollution on the ground surface [31]. The event mean concen-
tration (EMC) method, which includes only the wash off, was 
used to analyze the efficiency of nonpoint source pollution 
reduction in this study. The EMC was arbitrarily set at a sus-
pended solids (SS) concentration of 100 mg/L because there 
was no measured data available for the study area. The pur-
pose of this study is not a quantitative evaluation, but rather 
a relative comparison of the reduction in nonpoint source 
pollution between the conventional development method 
and the LID method. Thus, this assumption can be valid for 
obtaining the desired results of this study.

Table 6 summarizes the simulated total yield load of 
SS and the reduction amount obtained with the different 
development methods during 2002–2012. The conventional 
development method planned with MTDs reduced the total 
yield SS load by 51.1%, while the LID method with vegeta-
tive swales and artificial wetlands reduced the total yield SS 

Table 5
Analysis results for the watershed runoff event simulation

Outfall Peak flow Total volume

Conventional 
development (m3/s)

Low impact 
development (m3/s)

Reduction 
rate (%)

Conventional 
development (m3)

Low impact 
development (m3)

Reduction 
rate (%)

ⓐ 13.39 13.53 –1.05 80,009 79,812 0.25
ⓑ 12.52 12.14 3.10 71,834 70,598 1.72
ⓒ 32.52 31.11 4.35 195,255 188,966 3.22
ⓓ 31.35 28.70 8.47 213,458 174,259 18.36
Total 89.78 85.46 4.81 560,556 513,635 8.37

 

(a) (b)

Fig. 5. Results of the hydrologic cycle analysis. (a) Conventional development and (b) Low impact development.
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load by 65.7%. Fig. 6 shows the monthly average yield load 
of SS for the conventional development method and the LID 
method.

3.3. Analysis of economic benefit

The conventional development method has a centralized 
drainage system and MTDs, whereas the LID method has a 
distributed drainage system and natural stormwater treat-
ment facilities. Thus, the construction cost for the two meth-
ods will differ, and rough costs were compared in this study 

(Table 7). The sketchy cost is not the total cost, but the direct 
(purity) construction cost that considers the cost of materials 
and labor expenses.

Twelve of the 18 MTDs were replaced with vegetative 
swale, artificial wetlands, and infiltration inlets for street 
drainage in the LID method. Thus, the cost of facilities 
for reduction of nonpoint source pollution with the LID 
method was increased by 63.6% compared with the con-
ventional development method. This means that the nat-
ural facilities in the LID method are more expensive than 
the MTDs.

Table 6
Analysis of SS pollutant load and reduction amount

Classification Conventional development (kg) Low impact development (kg)

Total yield load of SS 7,349,840

Reduction amount Vegetative swale – 3,121,163
MTDs/Constructed wetland 3,756,624 1,707,368
Sum 3,756,624 4,828,531

Final discharge load of SS 3,593,216 2,521,309

 

(a)                               (b)  

 

(c)                            (d)  

Fig. 6. Comparison of monthly SS pollutant load for the different development methods. (a) outfall ⓐ, (b) outfall ⓑ, (c) outfall ⓒ, 
and (d) outfall ⓓ.
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However, because stormwater pipes were replaced with 
vegetative swale and a distributed drainage system was 
adopted in the LID method, the installation cost for storm-
water pipe was decreased by 33.5%. Therefore, the integrated 
total cost was decreased by 8.7% by changing from the con-
ventional development method to the LID method because 
the construction cost of stormwater pipe is a large portion of 
the integrated total cost.

These results are similar to a report published by the 
US EPA [32], which compared the economics of stormwa-
ter management for the two methods. In fact, the US EPA 
[32] determined that in most cases in their analysis, the 
LID method reduced construction costs by 15%–40% com-
pared with traditional methods. Similar to this study, 
the US EPA [32] study demonstrated that LID techniques 
significantly reduced the installation costs for stormwater 
pipes compared with traditional methods.

4. Conclusion

This study focused on urban stormwater management 
with LID methods incorporating a distributed drainage sys-
tem and natural stormwater treatment facilities. The LID 
method was compared with a conventional development 
method with a centralized drainage system and MTDs for the 
study area. In introducing the LID method, it was planned to 
reduce the length and size of stormwater pipes by adopting 
both structural and nonstructural techniques that have not 
been attempted in previous studies. The SWMM was used to 
compare the LID method and the conventional development 
method by simulating water quantity and quality.

The effects of the LID method on stormwater manage-
ment were evaluated based on flood control, improvement 
of the hydrologic cycle, and reduction of nonpoint source 
pollution. The results showed that the LID method was 
superior in all aspects of stormwater management com-
pared with the conventional development method. In 
particular, the flood peak flow and runoff volume were 
decreased by 4.81% and 8.37%, respectively, with the LID 
technique. Evapotranspiration and infiltration with the LID 
method were increased by 1.1% and 2.6%, respectively, 
compared with the conventional development method. 
The removal efficiency of nonpoint source pollution with 
the LID method was also 14.6% higher than with the con-
ventional development method. Construction costs were 
compared for the two methods to determine whether the 
stormwater management effects observed with the LID 
method were due to excessive introduction of natural facil-
ities. The results showed that the construction cost for the 
LID method was 9% lower than the cost of the conventional 
development method.

This study is distinguished from previous studies because 
it includes not only the structural LID techniques focused on 
facility installation but also the nonstructural LID techniques 
considering conceptual methods. The usefulness of the LID 
method was demonstrated with a quantitative evaluation of 
stormwater management effects and economic analysis in 
comparison with the conventional development method. As 
this study is a case study on application of the LID method, 
it may be used to guide various studies and design with the 
LID method in the future.Ta

bl
e 

7
C

om
pa

ri
so

n 
of

 c
os

t b
et

w
ee

n 
co

nv
en

tio
na

l a
nd

 lo
w

 im
pa

ct
 d

ev
el

op
m

en
t m

et
ho

ds

C
la

ss
ifi

ca
tio

n
Ite

m
C

on
ve

nt
io

na
l d

ev
el

op
m

en
t (
①

)
Lo

w
 im

pa
ct

 d
ev

el
op

m
en

t (
②

)
D

iff
er

en
ce

 (②
–①

)

Q
ua

nt
ity

U
ni

t
C

os
t  

(th
ou

sa
nd

 w
on

)
Q

ua
nt

ity
U

ni
t

C
os

t
(th

ou
sa

nd
 w

on
)

C
os

t
(th

ou
sa

nd
 w

on
)

Pe
rc

en
t

(%
)

Re
du

ct
io

n 
fa

ci
lit

y 
fo

r n
on

po
in

t 
so

ur
ce

 p
ol

lu
tio

n

Ve
ge

ta
tiv

e 
sw

al
e

–
m

–
7,

00
0

m
75

2,
00

0
75

2,
00

0–
C

on
st

ru
ct

ed
 w

et
la

nd
–

m
2

–
29

,0
00

m
2

2,
45

0,
11

2
2,

45
0,

11
2

In
fil

tr
at

iv
e 

st
re

et
 in

le
t

–
Pi

ec
e

–
35

0
Pi

ec
e

21
0,

00
0

21
0,

00
0

Fa
ci

lit
ie

s 
ty

pe
 fo

r n
on

po
in

t s
ou

rc
e 

re
du

ct
io

n
18

Pi
ec

e
2,

83
2,

00
0

6
Pi

ec
e

1,
22

0,
00

0
–1

,6
12

,0
00

Su
b 

to
ta

l
2,

83
2,

00
0

4,
63

2,
11

2
1,

80
0,

11
2

+6
3.

56

Pi
pe

C
ir

cu
la

r p
ip

e
35

,0
00

m
6,

45
7,

00
0

39
,0

00
m

4,
95

0,
00

0
–1

,5
07

,0
00

Re
ct

an
gu

la
r p

ip
e

2,
10

0
m

1,
82

1,
00

0
57

0
m

55
7,

70
0

–1
,2

63
,0

00
Su

b 
to

ta
l

8,
27

8,
00

0
5,

50
7,

70
0

–2
,7

70
,3

00
–3

3.
47

To
ta

l
11

,1
10

,0
00

10
,1

39
,8

12
–9

70
,1

88
–8

.7
3



T. Kang et al. / Desalination and Water Treatment 133 (2018) 28–3636

Acknowledgment

This research was supported by a grant (2018-MOIS31-008) 
from the project (Development of mitigation technology for 
hazardous area due to complex disasters in coastal zone) 
funded by the Ministry of the Interior and Safety of the 
Korean government.

References
[1] J.R. Vogel, T.L. Moore, R.R. Coffman, S.N. Rodie, 

S.L. Hutchinson, K.R. McDonough, J.T. McMaine, Critical 
review of technical questions facing low impact development 
and green infrastructure: a perspective from the Great Plains, 
Water Environ. Res., 87 (2015) 849–862.

[2] Prince George’s County, Low-impact development design 
strategies: an integrated design approach, EPA 841-B-00-
003, Department of Environmental Resources, Programs and 
Planning Division, Prince George’s County, Maryland, 1999.

[3] H. Jia, Z. Wang, X. Zhen, M. Clar, L.Y. Shaw, China’s sponge 
city construction: a discussion on technical approaches, Front. 
Environ. Sci. Eng., 11 (2017) 18.

[4] S.D. Lloyd, T.H.F. Wong, C.J. Chesterfield, Water sensitive 
urban design: a stormwater management perspective. Industry 
Report 02/10, Cooperative Research Centre for Catchment 
Hydrology, Melbourne, Australia, 2002.

[5] T. Dorman, M. Frey, J. Wright, B. Wardynski, J. Smith, B. Tucker, 
J. Riverson, A. Teague, K. Bishop, San Antonio River Basin Low 
Impact Development Technical Design Guidance Manual v1, 
San Antonio River Authority, San Antonio, TX, USA, 2013.

[6] M.C. Hager, Low-impact development: lot-level approaches 
to stormwater management are gaining ground, Stormwater, 
January/February, 2003.

[7] H. Jia, H. Yao, Y. Tang, L.Y. Shaw, R. Field, A.N. Tafuri, LID-
BMPs planning for urban runoff control and the case study in 
China, J. Environ. Manage., 149 (2015) 65–76.

[8] K. Alfredo, F. Montalto, A. Goldstein, Observed and modeled 
performances of prototype green roof test plots subjected to 
simulated low-and high-intensity precipitations in a laboratory 
experiment, J. Hydrol. Eng., 15 (2009) 444–457.

[9] C. Chapman, R.R. Horner, Performance assessment of a street-
drainage bioretention system, Water Environ. Res., 82 (2010) 
109–119.

[10] J.M. Lee, K.H. Hyun, J.S. Choi, Y.J. Yoon, F.K.F. Geronimo, Flood 
reduction analysis on watershed of LID design demonstration 
district using SWMM5, Desal. Wat. Treat., 38 (2012) 255–261.

[11] H. Qin, Z. Li, G. Fu, The effects of low impact development 
on urban flooding under different rainfall characteristics, 
J. Environ. Manage., 129 (2013) 577–585.

[12] Z. Zahmatkesh, S.J. Burian, M. Karamouz, H. Tavakol-Davani, 
E. Goharian, Low-impact development practices to mitigate 
climate change effects on urban stormwater runoff: case study 
of New York City, J. Irrig. Drainage Eng., 141 (2015) 04014043.

[13] S.A. Trowsdale, R. Simcock, Urban stormwater treatment using 
bioretention, J. Hydrol., 397 (2011) 167–174.

[14] H. Yang, W.A. Dick, E.L. McCoy, P.L. Phelan, P.S. Grewal, Field 
evaluation of a new biphasic rain garden for stormwater flow 
management and pollutant removal, Ecol. Eng., 54 (2013) 22–31.

[15] J. Liu, A.P. Davis, Phosphorus speciation and treatment using 
enhanced phosphorus removal bioretention, Environ. Sci. 
Technol., 48 (2013) 607–614.

[16] X. Yang, Y. Mei, J. He, R. Jiang, Y. Li, J. Li, Comprehensive 
assessment for removing multiple pollutants by plants in 
bioretention systems, Chinese Sci. Bull., 59 (2014) 1446–1453.

[17] M.C. Leroy, M. Legras, S. Marcotte, V. Moncond’huy, 
N. Machour, F. Le Derf, F. Portet-Koltalo, Assessment of 
PAH dissipation processes in large-scale outdoor mesocosms 
simulating vegetated road-side swales, Sci. Total Environ., 520 
(2015) 146–153.

[18] H. Jia, X. Wang, C. Ti, Y. Zhai, R. Field, A.N. Tafuri, H. Cai, 
S.L. Yu, Field monitoring of a LID-BMP treatment train system 
in China, Environ. Monit. Assess., 187 (2015) 373.

[19] W. Liu, W. Chen, C. Peng, Assessing the effectiveness of green 
infrastructures on urban flooding reduction: a community scale 
study, Ecol. Model., 291 (2014) 6–14.

[20] M.S. Cheng, J.X. Zhen, L. Shoemaker, BMP decision support 
system for evaluating stormwater management alternatives, 
Front. Environ. Sci. Eng. China, 3 (2009) 453–463.

[21] H. Jia, Y. Lu, L.Y. Shaw, Y. Chen, Planning of LID-BMPs for 
urban runoff control: the case of Beijing Olympic Village, 
Sep. Purif. Technol., 84 (2012) 112–119.

[22] A.E. Barbosa, J.N. Fernandes, L.M. David, Key issues for 
sustainable urban stormwater management, Water Res., 46 
(2012) 6787–6798.

[23] L.A. Rossman, Storm Water Management Model User’s Manual 
Version 5.0, EPA/600/R-05/040, National Risk Management 
Research Laboratory, Environmental Protection Agency, 
Cincinnati, Ohio, USA, 2010.

[24] M. Eric, C. Fan, D. Joksimovic, J.Y. Li, Modeling low impact 
development potential with hydrological response units. Water 
Sci. Technol., 68 (2013) 2382–2390.

[25] Z.L. Liao, G.Q. Zhang, Z.H. Wu, Y. He, H. Chen, Combined 
sewer overflow control with LID based on SWMM an example 
in Shanghai, China, Water Sci. Technol., 7 (2015) 1136–1142.

[26] J. Xie, C. Wu, H. Li, G. Chen, Study on storm-water management 
of grassed swales and permeable pavement based on SWMM, 
Water, 9 (2017) 840.

[27] T. Xu, H. Jia, Z. Wang, X. Mao, C. Xu, SWMM-based 
methodology for block-scale LID-BMPs planning based on 
site-scale multi-objective optimization: a case study in Tianjin, 
Front. Environ. Sci. Eng., 11 (2017) 1.

[28] Ministry of Environment, Process Guide for Treatment 
Declaration of Non-Point Source Pollution, Water Environment 
Policy Bureau, 2010 (in Korean).

[29] W.C. Huber, R.E. Dickinson, Storm Water Management 
Model, Version 4: User’s Manual, EPA/600/3-88/001a, U.S. 
Environmental Protection Agency, Athens, Georgia, USA, 1992.

[30] CDM Smith, Stomwater Master Plan Update Phase 1: City of St. 
Augustine, Final Report, 2013.

[31] W. James, W.C. Huber, R.E. Dickinson, R.E. Pitt, W.R.C. James, 
L.A. Roesner, J.A. Aldrich, User’s Guide to SWMM, CHI, 
Ontario, Canada, 2005.

[32] U.S. EPA, Reducing Stormwater Costs through Low Impact 
Development (LID) Strategies and Practices, EPA 841-F-07-006, 
Washington, DC, USA, 2007.


