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ABSTRACT

Computer-based hydrological model simulates the rainfall-runoff events, which is an important tool for
the evaluation of an urban watershed with mixed land use and land cover (LULC). In this research, inte-
gration of storm water management model (SWMM), geographic information system (GIS) and statisti-
cal analysis such as linear correlation coefficient (R?), Nash-Sutcliffe efficiency (NSE), percent peak flow
error (PFE) and the percent volume error (VE) were used to simulate the quantity and quality of storm
water from small mixed LULC catchment (1.451 km?). Results showed the goodness of fit (NSE > 0.78;
R? > 0.78) of both modeled hydrographs and pollutographs between observed and calibrated. There-
fore, the validity of the SWMM model calibration and the suitability of the calibrated model served as a
good prediction tool, and it can be used as baseline data for empirical modeling in future study:.

Keywords: Geographic information system; Land use and land cover; Statistical analysis; Stormwater;

SWMM

1. Introduction

Urbanization leads to conversion of vegetative areas to
impervious covers such as buildings, roads, parking lot, side-
walk and so on [1]. Stormwater runoff in urban area caries
various pollutants including biochemical oxygen demand,
chemical oxygen demand, heavy metals, nutrients, patho-
genic organisms and suspended solids consequently causes
of water quality impairment of receiving waters; change in
eco-hydrological diversity; and stress in stream hydrology
due to increase peak flow at shorter interval [2-5]. Due to
negative impacts of urbanization, management of urban
stormwater runoff requires monitoring and analysis of con-
stituents entering the system, and subsequent implementa-
tion of preventive practices [2]. In an urban runoff, location of
sampling site is selected according to specific sources such as
highway runoff, industrial, commercial, residential and oth-
ers, whereas in mixed land use system with new land use and
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land cover (LULC) development and construction activities,
it is difficult to identify the specific pollutant source to be
sampled [6]. Also, stormwater monitoring and analyzing
are expensive and time consuming. Therefore, stormwater
quality and quantity models are needed.

Various computer-based hydrological models have
been used to better understand urban stream responses to
potential stressors. Stormwater models are readily available
for analyses of non-point source pollution, which provides
a good alternative to monitoring. Increasing urbanization
requires that the effects of urban developments on water
resources be assessed in advance, so that preventative main-
tenance can be practiced. Frequently used models include
the Storm Water Management Model (SWMM) [7,8], the
Hydrological Simulation Program-Fortran model [9], and
the Soil and Water Assessment Tool [10], which can be used
to predict hydrological responses to user-designed scenarios
at relatively low cost. Among these models, SWMM has been
applied in studies of urban area due to its ability to simulate

Presented at Diffuse Pollution Conference/Asian Regional Conference (DIPCON/ARC 2014) Kyoto University, Japan, 3—4 September 2014.

1944-3994/1944-3986 © 2017 Desalination Publications. All rights reserved.



382

the hydraulic dynamics of artificial drainage systems. Also,
this model enables appropriate design of drainage sys-
tems (e.g., sizing for detention features, evaluating effec-
tiveness of different runoff control strategies), can be used
to simulate dynamics of single events or for modeling on a
continuous basis, and incorporates precipitation data to sim-
ulate surface runoff and pollutant outputs for subcatchment
areas which are then conveyed to the watershed outlet by a
user-designated drainage system [11].

In this study, therefore, the collected stormwater quality
and quantity from June to November 2012 were used: (1) in
SWMM, as the rainfall-runoff dynamic model to represent
the study site; (2) to calibrate the SWMM as input parame-
ters; (3) in assessing the accuracy of calibrated hydrograph
and pollutographs using linear correlation coefficient (R?),
Nash-Sutcliffe efficiency (NSE) (E), percent peak flow error
(PFE) and the percent volume error (VE); and (4) to obtain
baseline data for stormwater management and empirical
water quality modeling.

2. Material and methods
2.1. Study area description

The selected study catchment was located within Geum-
Hak stream, Yongin City, Gyeonggi Province, South Korea
(Fig. 1(a)). The surface area and average slope are 1.451 km?

(a)

Geum-Hak stream
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and 20.98%, respectively. This catchment was categorized as
mixed catchment because it covers the agriculture (3.63%),
bare land (32.69%), forest (36.74%), grassland (10.93%)
and ground (16.01%). According to the hydrological
characteristics in the SWMM handbook [8], the study site was
divided into six subcatchments, and their LULC distribution
is listed in Table 1. Subcatchments either have combination of
natural/pipe drainage system or with separate sewage drain-
age system. Water draining from the subcatchment with nat-
ural drainage is collected in channel at the upstream end of
the urban area. This channel discharges into a pipe that con-
veys the water further to sewer area then to the final outfall.
The outfall drains into Geum-Hak stream, which eventually
flows into Paldang reservoir, the major source of drinking
water for the Seoul Metropolitan area and nearby provinces.
The selected catchment was based on site-specific and hydro-
logical characteristics to investigate the impacts of LULC
development on stormwater runoff quality [12].

2.2. Stormwater runoff sample and monitoring

Six storm events from June 2012 to November 2012 were
monitored, and a total of 125 grab samples (1 = 11 — 20) were
collected. To ensure that there will be enough runoff flow
and allow build-up of pollutants during dry days, sampling
collection was initiated when there is at least 3 d of anteced-
ent dry days (ADD) and the weather forecasted to produce
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Fig. 1. Study area: (a) location and; (b) discretized catchment distribution.

Table 1

General characteristics of six subcatchment areas
Subcatch- Average Area (m?) Imperviousness Percentage LULC
ments 1D slope (%) (%) Agriculture Bareland  Forest Grassland ~ Urban
S1 20 436,733.12 1.62 0.45 1.96 80.08 15.89 1.62
S2 18 75,154.88 6.01 6.52 0.07 57.50 29.90 6.01
S3 15 48,111.86 12.36 5.35 56.44 19.39 6.46 12.36
S4 13 458,107.70 5.31 0.00 85.80 7.57 1.31 5.31
S5 16 322,698.49 20.86 0.41 19.97 36.81 21.96 20.86
S6 8 110,693.95 100 - - - - 100.00
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at least 4 mm of total rainfall and 6 h total rainfall duration.
The sampling duration for each event was from the begin-
ning of the runoff until water samples became visually clear
(<30 NTU). Initial sample has 0-30 min time interval; peak
sample has 120-240 min or 300-360 min interval and final
sample has more than 360 min interval [13]. Flow was mea-
sured through automated flow meter with an accuracy of
+5%; the rainfall was measured by a tipping bucket rain gauge
installed 100 m away from the catchment outfall in increments
of 0.2 mm; and the storm rainfall-runoff samples were col-
lected at the outfall. Other metrological information for each
rainfall event was obtained from the Korean Meteorological
Administration (http://web.kma.go.kr/eng/index.jsp).

Two liters of samples were collected in polyethylene
bottles and transported to the laboratory and refrigerated at
4°C until analyzed. Total suspended solids (TSS) concentra-
tion was analyzed for each collected water sample following
the standard test methods for the examination of water and
wastewater [14]. Sampled rain events varied in duration,
total rainfall, total rainfall intensity and runoff, which ranged
from low flows to high flows.

2.3. SWMM description

The Environmental Protection Agency SWMM was
selected as the rainfall-runoff simulation model for this
study. This model is a computer program that computes
dynamic rainfall-runoff for single- and long-term (contin-
uous or period of record) runoff quantity and quality from
developed urban and undeveloped or rural areas [8]. The
model requires physiographic characteristics of the catch-
ment (e.g., the area and slope), physical characteristics of
the drainage (e.g., diameter, length, slope and material) and
the hydrological/hydraulic parameters such as the width of
the subcatchments (e.g., overland flow width), among others.
To generate these variables, spatial analysis using geographic

Spatial analysis Catchment

delineation, area,

Stormwater
drainage (natural
and pipe system)

SWMM Input

slope, pipe system,
parameters

imperviousness and
flow path

Fig. 2. SWMM input parameters procurement process.
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information system (GIS) software, ArcGIS 10.1 (Redlands,
CA, USA), was utilized (Fig. 2). Values for other catchment
characteristics such as catchment surface roughness described
by the Manning coefficient, surface depression storage depths
and the infiltration rates for pervious areas were based from
the ranges given by reference [7]. Subcatchment width was
calculated based on the method described by reference [15].
Discretized catchment and the input parameters were entered
in SWMM to produce the initial model area (Fig. 1(b)).

2.4. SWMM calibration

SWMM was coupled with MATLAB to perform
auto-calibration model using reference [16] complex method.
Water quantity and quality calibration performed separately.
First, the SWMM simulate the dependent variables for each
storm events and transfer the simulation result to MATLAB,
which compare the observed and the simulated data. Then,
MATLAB will update the independent variables (model
parameters) and return the updated input to SWMM. This
process repeated until the maximum iteration was reached.

The flow calibrations taken into consideration in this
study were: surface roughness of the impervious (N-Imperv)
and pervious (N-Perv) catchment surfaces, and the depths of
surface depressions on impervious (Dstore-Imperv) and per-
vious (Dstore-Perv) areas (Table 2). Following the calibration
of modeled flows, water quality subroutines in the SWMM
model were also calibrated, assuming the characteristics of
the catchment being constant for all storms (land use, phys-
ical properties, pollutant inputs in rainwater, and buildup
and wash-off rates) [8].

Runoff volume and peak flow rate (Qp) was chosen as
dependent variables while percentage change in subcatch-
ment width, infiltration rate and evaporation rate were the
independent variables for water quantity calibration. The
percentage change in subcatchment width was computed
by calculating the allowable maximum percentage change in
each subcatchment with and selecting the minimum value.
This method was selected so that it will not exceed the other
subcatchment’s allowable with change and every change in
value of any parameters applies to all the subcatchments
because the calibration applied in the whole area as one.

Horton method was used as infiltration model in
SWMM for the forest subcatchment. Generally, coniferous

Table 2
General SWMM parameters used in the model
Parameter N “mpP N “PER “storeIMP “storePER N p 1 (kg ha) P 2 (Iday?) P 3 P 4
Value 0.3 0.35 3 3.8 0.011 150 0.36 0.31 9
N-np Manning’s n for overland flow over the impervious portion of the subcatchment
N-pir Manning's n for overland flow over the pervious portion of the subcatchment
A evip Depth of depression storage on the impervious portion of the subcatchment
[/ — Depth of depression storage on the pervious portion of the subcatchment
N Manning’s roughness coefficient of the conduit
P, (kg ha?) The maximum potential buildup (mass per unit of area)
P, Buildup rate constant
P Wash-off coefficient

P Wash-off exponent
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forest was found in the study area, which characterizes
to be fine sandy loam [17]. According to reference [7], this
soil type has maximum infiltration rate, minimum infil-
tration rate and decay constant of (3-5) x 2 in hr™, 0.43 in
hr? and 2-7 h7, respectively. While reference [18] proposed
6-10 in hr!, 0.3-0.45 in hr' and 4.14 hr! as values for max-
imum infiltration rate, minimum infiltration rate and decay
constant, respectively. However, reference [19] suggested
ranges of 1-5 in hr?, 0.01-4.7 in hr and 2-7 hr for maxi-
mum infiltration rate, minimum infiltration rate and decay
constant, respectively. In this study, 8 in hr?, 0.43 in hr and
4.14 hr! were used for maximum infiltration rate, minimum
infiltration rate and decay constant, respectively.

The variation of the TSS in the study area is described
by the hydrograph Q(t) and the pollutographs C(f), where
Q is the flow rate and C the pollutant concentration. To
calibrate the water quantity, TSS discharge load and TSS
mass flow rate were the dependent variables while maximum
buildup, rate of constant of buildup and wash-off coefficient
were the independent variables. The amount of buildup (as
a function of the number of antecedent dry-weather days)
and wash-off was computed using exponential function.
Reference [20] suggested values between 0.22 and 0.382 per
day for the buildup rate constant for exponential functions
of pollutant buildup. TSS event mean concentration (EMC)
value of 1.5 mg L™ was used for pollutant concentrations
coming from deciduous and coniferous forest runoff [21].
The EMC (mg L) can be defined as the total mass pollutant
load yielded from a site during a storm event divided by the
total runoff water volume discharged during the storm [12].

2.5. Goodness of fit criteria

The goodness of fit of the modeled hydrographs and pol-
lutographs was evaluated based on the criteria used in refer-
ence [5]. The criteria were the linear correlation coefficient R?
(Eq- (1)); the NSE (Eq. (2)); the percent PFE (Eq. (3)) and the
percent VE (Eq. (4)). NSE [22] is a criterion most widely used
for calibration and evaluation of hydrological models with

Table 3
Hydrological description of stormwater sampled

observed data. NSE is dimensionless and being scaled from
(-) infinity to 1.0:
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where Q. and Q, . [l s7] are the observed and modeled dis-
charge values, respectively; Q, and Q [l s] are the observed
and modeled mean discharge values, respectively; Qo, and
Qup [1 s7] are the observed and modeled peak discharge
values, respectively; V, and V [mm] are the observed and

modeled total discharge volume, respectively; and # is the
number of observations [5].

3. Results and discussion
3.1. Storm monitoring summary

Table 3 summarizes the hydrological characteristics of
six storm events that were monitored between June 2012
and November 2012. The antecedent dry days (ADD) varied
from 3 to 31 d; rainfall duration varied from 480 to 980 min;
rainfall depth varied from 7.5 to 65.7 mm; and average rain-
fall intensities varied from 1.1 to 5.7 mm h''. Also, shown
are the total runoff volume and peak flow rate, which were
used in the quantity calibration of the model. Runoff coeffi-
cient, which is equal to the ratio of runoff to rainfall volume
through the entire event [23], was also given. The fifth storm

Event Antecedent Rainfall Rainfall depth ~ Average rainfall ~ Runoff Peak Runoff
(2012) dry day (days) duration (min) (mm) intensity (mm h') volume (m?®) flow rate (m*hr™) coefficient
29 Jun 31 980 63.7 3.8 30,697.04 3,510.0 0.814

18 Jul 3 880 33.5 2.6 21,604.56 7,501.6 0.797

12 Aug 23 690 28.5 2.4 24,502.20 10,021.00 0.805

4 Sep 3.8 775 65.7 5.7 32,321.76 12,340.00 0.878

22 Oct 11 495 30.5 5.7 9,583.32 3,145.60 0.606

16 Nov 3 480 7.5 1.1 2,125.62 450.00 0.621

Table 4

Summary of water quantity parameter calibration

Evaporation rate (mm day™)

Constraints

Calibrated

Infiltration (curve number)

Constraints

Calibrated

% change in subcatchment width

Constraints

Calibrated

1.32-35

35

56-67

58.35

1.25-1.61

1.61
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event had small runoff coefficient which may caused by the
small amount of rainfall on that particular monitoring date.
Generally, the runoff coefficient from commercial is ranged
from 0.5 to 0.95 [24].

3.2. Water quantity and quality calibration

Table 4 summarizes the independent variables used
for quantity calibration in this study: evaporation rate
(35 mm), infiltration curve number (58.35) and percentage
change in the subcatchment width (161%). The evapora-
tion rate used in this study reflects the anticipated losses
infiltration through damage or cracks in impervious cov-
ers such as roads and sidewalks. Exact delineation of the
subcatchment’s pervious areas due to massive groundwork

Table 5
Summary of water quantity parameter (per event) calibration

activities during monitoring period maybe was another
factor for the runoff loss. In addition, the stormwater run-
off from pervious surfaces is more difficult to predict than
the runoff from impervious surfaces. This is because it
depends on the soil and vegetation type, drainage system,
storm intensity and duration as well as on antecedent con-
ditions [25]. In addition, during monitoring, leaks in the
pipe/sewer systems were observed, therefore introducing
losses in the runoff.

For water quality calibration, maximum buildup of
150.0 kg/ha, buildup rate constant of 0.36 and was-off
coefficient of 0.31 were used as the independent variables
(Table 2). Table 5 shows the summary of calibrated water
quality parameters per event. The average values were used
as the single representation of the calibrated values per event.

Event Maximum buildup possible (kg ha™) Buildup rate constant (day™) Wash-off coefficient
Constraint Calibrated Constraint Calibrated Constraint Calibrated
29 Jun 30-160 126.03 0.271-0.485 0.59 0.1-0.25 0.35
18 Jul 120.81 0.37 0.42
12 Aug 258.07 0.58 0.21
4 Sep 77.46 0.19 0.22
22 Oct 240.07 0.19 0.38
16 Nov 77.54 0.21 0.29
Average 150 0.36 0.31
8000 —— 0 20000 0
[==1 Rainfal =1 Reinal
. gsm’,fd 29 Jun 2012 b 100 —— Obsened 18 Jul 2012 Lo
6000 - Qp, = 4716 m'lhr s000{ T SWMM Q, = 7401.6 m¥hr
Inax = 83.5mm Inax = 9:4 mm
g ty = 980 min L 200 3 < t, = 880 min L 40 2
"E 4o | g “E 10000 ] g
g 3 g 3
[ 2 I teo3
2000 1 5000 -
80
0 . . . . 0 : : ‘ . 100
0 200 400 600 800 0 200 400 600 800
Time (min) Time (min)
20000 0 20000 0
[ Rainfall [ Rainfall 4 Sep 2012
—— Obsened 12 Aug 2012 L 1o —— Obsened Q= tsa0mie |
10001 SWMM Q, = 9446.4 m’/hr 10004 SWMM Inax = 13.5mm
lnax = 7.0mm ty = 775 min
ty = 690 min
< F2o 2 T t2o B
& 10000 g “E 10000 %
z 3 z 3
= 3 2 tso 2
5000 5000
k40
0+ - T T 0 j\/\ T T T 50
0 200 400 600 0 200 400 600
Time (min) Time (min)

Fig. 3. Observed (solid line) and modeled (hatched line) storm event hydrographs for mixed LULC catchment.
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Fig. 3. (Continued) Observed (solid line) and modeled (hatched line) storm event hydrographs for mixed LULC catchment.
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Table 6

Performance statistics for individual calibration events. The model was evaluated for Nash-Sutcliffe efficiency (NSE); linear correla-
tion (R?); percent peak flow error (PFE); and percent volume error (VE) for hydrographs (first row) and pollutographs (second row)

Parameter 29 Jun 18 Jul 12 Aug 4 Sep 22 Oct 16 Nov
NSE 0.78 0.90 0.88 0.80 0.95 0.82
0.94 0.87 0.80 0.78 0.87 0.84
R? 0.67 0.87 0.83 0.73 091 0.78
0.91 0.80 0.78 0.65 0.81 0.83
PFE (%) 11.3 5.8 3.1 133 -9.3 15.7
10.4 6.3 2.3 14.2 -8.1 14.1
VE (%) 7.3 3.2 2.1 10.4 52 12.2
6.8 2.6 2.9 9.5 4.8 11.5

3.3. Model performance

The goodness of fit of the modeled hydrographs and pol-
lutographs (TSS) was described by the linear regression cor-
relation coefficient R? which for quantity simulations was, on
average, greater than 0.80, and for quality simulations; it was
greater than 0.79, on average. With R? larger than 0.73 for five
out of six events, the best fit was noted for event of October
22,2012, and the worst fit for June 29, 2012. The data in Figs. 3
and 4 indicate that the agreement between the observed and
modeled hydrographs and pollutographs was fairly good.
Furthermore, hydrographs and pollutographs have good fit
of between observed and calibrated data. Because both have
NSC of range 0.78-0.95, reflecting a satisfactory predicting
power for runoff volume. NSC is one of the ways to assess
the predictive power of hydrological models. The closer the
NSC is to one, the more accurate the model is. The percent
PFE was ranged from —9.3% to 15.7% for hydrographs and
-8.1% to 14.2% for pollutographs, and VE was ranged from
2.1% to 12.2% for hydrograph and 2.6% to 11.5% for polluto-
graphs. Table 6 shows the performance statistics for individ-
ual events. Such results confirm the validity of the SWMM
model calibration and the suitability of the calibrated model
to serve as a good prediction tool.

4. Conclusions

A mixed LULC catchment was monitored for six storm
events and was calibrated the hydrograph and the pollu-
tograph using SWMM. The methodology adopted in this
study, to generate criteria of evaluation to be used for future
application for specific geographical location, is an effective
way of extrapolating input parameters for other water qual-
ity parameters (e.g., fecal indicator bacteria) and land uses
in future research. The calibrated model shows a goodness
of fit in simulating hydrograph with NSE (0.78-0.95) and R*
(0.67-0.91) and PFE (9.3 to 15.7); and pollutograph with NSE
(0.78-0.94), R? (0.65-0.91) and PFE (-0.81 to 14.2). Therefore,
the SWMM performed well in this study in predicting water
quantity and quality parameters with correlations between
the observed and simulated hydrographs characterized. One
of the major impediments statistical approaches in studying
the relationships between the hydrological characteristics
and pollutant transport is caused by the scarcity of flow qual-
ity data. Additional research concerning these impediments

and application of probabilistic approach in this study area
is in progress. Furthermore, the calibration, addressing only
the identified parameters and hence drastically reducing the
number of calibration parameters, produced good results
throughout the calibrated statistical measures.

Acknowledgments

This research was supported by Korea Environmental
Technology and Industrial Institute, as the Next Generation
Eco Innovation Project. The authors are grateful for their
support. Furthermore, the authors would like to thank the
following persons: Bum-Yeon Lee, Seung-hoon Yu, Sheeraz
Memon and Umer S. Raja, for their field and laboratory
assistance.

References

[1] S.Wang, H. Qiang, H. Ai, Z. Wang, Q. Zhang, Pollutant concen-
trations and pollution loads in stormwater runoff from different
land uses in Chonggqing, J. Environ. Sci., 25 (2013) 502-510.

[2] V.A. Tsihrintzis, R. Hamid, Runoff quality prediction from
small urban catchments using SWMM, Hydrol. Process., 12
(1998) 311-329.

[3] S.B. Shaw, J.R. Stedinger, M.T. Walter, Evaluating urban pol-
lutant buildup/wash-off models using a Madison, Wisconsin
catchment, J. Environ. Eng., 136 (2012) 194-203.

[4] W.Ouyang, B. Guo, F. Hao, H. Huang, J. Li, Y. Gong, Modeling
urban storm rainfall runoff from diverse underlying sur-
faces and application for control design in Beijing, J. Environ.
Manage., 113 (2012) 467-473.

[5] G. Krebs, T. Kokkonen, M. Valtanen, H. Koivusalo, H. Setala,
A high resolution application of a stormwater management
model (SWMM) using genetic parameter optimization, Urban
Water J., 10 (2013) 394-410.

[6] S.A.Memon, M.A. Paule, S.-J. Park, B.-Y. Lee, S. Kang, R. Umer,
C.-H. Lee, Monitoring of land use change impact on stormwater
runoff and pollutant loading estimation in Yongin watershed
Korea, Desal. Water Treat., 51 (2013) 4088-4096.

[7] L.E. Rossman, Storm Water Management Model: User’s
Manual, US Environmental Protection Agency, Cincinnati, OH,
2010.

[8] W. James, L.E. Rossman, W.C James, Water Systems Models:
User’s Guide to SWMMS5, 13th ed., Computational Hydraulics
International, Guelph, Ontario, Canada, 2010.

[9] B.R. Bicknell, J.C. Imhoff, ].L. Kittle Jr.,, A.S. Donigian Jr., R.C.
Johanson, Hydrological Simulation Program - FORTRAN:
User’s Manual for Version 11. EPA/600/R-97/080, US Environ-
mental Protection Agency, National Exposure Research Labo-
ratory, Athens, GA, 1997.



388

[10]

[11]

[12]

[13]

[14]

[13]

[16]
[17]

[18]

Ma.C.A. Paule-Mercado, C.-H. Lee / Desalination and Water Treatment 63 (2017) 381-388

S.L. Neitsch, ].G. Arnold, J.R. Kiniry, R. Srinivasan J.R. Williams,
Soil and Water Assessment Tool: User’s Manual, TWRI Report
TR-192, Texas Water Resources Institute, College Station, TX,
2002.

J.Y. Wy, J.R. Thompson, RK Kolka, K.J. Franz, T.W. Stewart,
Using the Storm Water Management Model to predict urban
headwater stream hydrological response to climate and land
cover change, Hydrol. Earth Syst. Sci., 17 (2013) 4743-4758.
M.A. Paule, S.A. Memon, B.-Y. Lee, SR. Umer, C.-H. Lee,
Stormwater runoff quality in correlation to land use and land
cover development in Yongin, South Korea, Water Sci. Technol.,
70 (2014) 218-225.

M.K. Leecaster, K. Schiff, L.L. Tiefenthaler, Assessment of effi-
cient sampling designs for urban stormwater monitoring, Water
Res., 36 (2002) 1556-1564.

American Public Health Association/American Water Works
Association/Water Environment Federation, Standard Methods
for the Examination of Water and Wastewater, 20th ed., Wash-
ington, DC, USA, 1998.

W. Huber, R. Dickinson, Storm Water Management Model,
Version 4: User’s Manual, 2nd ed., US Environmental Protec-
tion Agency, Athens, GA, 1992.

M.J. Box, A new method of constrained optimization and a
comparison with other methods, Comput. J., 8 (1965) 42-52.
National Academy of Agricultural Science (NAAS), 2013.
Retrieved from http://www.naas.go.kr/english/.

R. Pitt, J. Lantrip, R. Harrison, C.L. Henry, D. Xue, Infiltration
Through Disturbed Urban Soils and Compost-Amended Soil

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Effects on Runoff Quality and Quantity (EPA/600/R-00/016),
National Risk Management Research Laboratory, Office of
Research and Development, U.S. Environmental Protection
Agency, Cincinnati, OH, 1999.

J. Gironas, L.A. Roesner, J. Davis, Stormwater management
model applications manual (EPA/600/R-09/77), National Risk
Management Research Laboratory, Office of Research and
Development, US EPA, Cincinnati, Ohio, 2009.

I. Hossain, M. Imteaz, S.G. Trinidad, A. Shanableh, Development
of a catchment water quality model for continuous simulations
of pollutants build-up and wash-off, Int. J. Environ. Chem. Ecol.
Geol. Geophys. Eng., 4 (2010) 11-18.

M.C. Maniquiz, J. Choi, S. Lee, L. Kim, Stormwater runoff mon-
itoring in a deciduous and coniferous forest, Desal. Water Treat.,
38 (2012) 364-370.

H.V. Gupta, H. Kling, K. Yilmaz, G.F. Martinez, Decomposition
of the mean squared error and NSE performance criteria: impli-
cations for improving hydrological modelling, J. Hydrol., 377
(2009) 80-91.

J.C. Guo, B. Urbonas, Volume-based runoff coefficients for
urban catchments, J. Irrig. Drain. Eng., 140 (2014) 04013013.
L.W. Mays, Urban Stormwater Management Tools, McGraw-
Hill Companies, New York, 2004.

M.J. Boyd, M.C. Bufill, RM. Knee, Pervious and impervious
runoff in urban catchments, Hydrol. Sci. J., 38 (2009) 463-478.



