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Abstract

To renovate an ordinary building roof into an extensive green roof (GR), on the basis of optimizing
the runoff process, the total runoff control rate (TR-CR) and peak runoff control rate (PR-CR) were
analyzed with the SWMM model under parameter sensitivity analysis. The response surface method
(RSM) was used to investigate the effect of area ratio (GR area to total roof area), width (surface
width per unit), and soil hydraulic conductivity on TR-CR and PR-CR. The optimal test conditions
were obtained through the establishment of quadratic regression equations. The results showed that
the effects of the three factors on TR-CR were in the order of area ratio>hydraulic conductivity>width,
and on PR-CR was area ratio>width>hydraulic conductivity. Considering the volume capture ratio
(80%) of annual rainfall and construction cost of the GR, under the optimal conditions of the area
ratio of 0.79, width of 2.21 m, and hydraulic conductivity of 55.59 mm/h, the average values
of TR-CR and PR-CR for this optimization scheme were 80.2% and 80.9%, respectively. This result
show that the multiple quadratic regression model established is reliable. Therefore, the RSM can
effectively optimize the simulation parameters, and provide some theoretical and practical basis
for the renovation or construction of GRs.
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SWMM
Introduction urbanization hydrological and environmental problems,
such as the “heat island effect”, “rain island effect”,
In recent years, with the rapid development of and rainfall flooding problems, and especially the rain
urbanization, the proportion of impervious surface areas flood problem is most prominent [1-3]. These problems
has increased dramatically, which has led to a series of can be effectively solved by adopting new stormwater

management strategies, such as the concept of sponge
city construction [4-5]. There are many types of low-
impact development (LID) techniques for sponge cities,
*e-mail: fuxiaohui@ahpu.edu.cn such as permeable pavements, green roofs, sunken
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green spaces, and bioretention facilities, et al [6]. The
GR is one of the vital technical methods of sponge city
construction, which mainly consists of a surface layer,
soil layer, and drainage layer, which is a planting soil
laid on the roof and then planted with green plants [7].
Rainwater can be retained in the plants and soil, thus
delaying rainwater’s total runoff and peak runoff into
the sewers [8]. It reduces the pressure on the drainage
network during peak periods, thus reducing the risk of
flooding, with better economic, ecological and social
benefits.

According to the depth of the planting substrate
(mainly composed of soil layer), the complexity of the
landscape, and the number of optional plants, GRs can
be divided into extensive GRs and intensive GRs, also
known as simple GRs and garden GRs [9]. When the
building is restricted by the load of the roof itself or
other factors, intensive GRs cannot be designed, but
extensive GR can be designed. Extensive GRs are green
roofs with a substrate depth of generally no more than
150mm, usually using drought-tolerant lawns, ground
covers, shrubs or creepable climbers for green roof
coverings [10]. Because of the thinner substrate and
lower maintenance and management costs, it has better
application prospects than intensive GRs.

Many studies have shown that the rainwater retention
effect of GRs is the key to their ability to effectively
delay the time of flow production and reduce the total
amount of runoff [11-12]. The rainwater retention
capacity of GRs mainly depends on the rainwater
absorption capacity of the soil layer [13]. The plants in
the surface layer also have some interception effect on
rainwater [14]. In contrast, the evapotranspiration water
consumption of plants in the surface layer is key to
maintaining the substrate layer’s rainwater absorption
capacity [15-16]. Stovin et al. [17] concluded that the
change of soil water content in the soil layer due to plant
evapotranspiration significantly impacts the change in
soil water content due to plant evapotranspiration on the
total runoff reduction and cannot be ignored.

Most existing studies are based on empirical
equations of soil infiltration (Horton, Kostiakov
equation, etc.) or Richards’ theoretical equations to
study the rainfall-runoff process of GRs by simulating
soil infiltration in the soil layer [18-20]. Related

modeling software includes SWMM, Hydrus-1D, etc.,
which involve the influence of many parameters such
as GR site parameters, physical properties and depth
of soil, vegetation types, and seasonal changes, and the
solution process is complicated [21-22].

In this paper, based on the renovation of an ordinary
building roof into a GR, we take the characteristics
of rainfall-runoff and retention of GRs to screen out
the sensitive factors such as area ratio, width, and
soil hydraulic conductivity from the main factors that
affecting the GR runoff process. The effect of area ratio,
width, and hydraulic conductivity on the TR-CR and
PR-CR was optimized by RSM. This study developed
a dynamic simulation method of the GR rainfall-runoff
process, and provide some theoretical and practical
basis for the renovation or construction of GRs.

Methodology
Site Description

The study has been carried out at Anhui Polytechnic
University, Wuhu City (Anhui Province, China).
The city of Wuhu is located in eastern China and has
a humid temperate subtropical climate with hot and
muggy summers, cold winters, and an average rainfall
of 1100-1300 mm/year [23]. For the implementation
purpose, teaching building C  (31.338822°N,
118.411518°E) has been selected to simulate the
hypothetical GR scenario (Fig. 1).

The experimental site is the C# building of the
university, which is used for office, teaching and
experimentation. It occupies about 2885 m? of an
existing flat roof with a slope of 2.0%, which is only
equipped with solar panels. This condition often
resulted in minor flooding on the campus during heavy
rains. Therefore, the study’s main purpose is to evaluate
the hydrologic performance by changing this roof to a
green one for runoff volume and peak runoff reduction.

GR Simulations in SWMM

The SWMM model is developed by the US
Environmental Protection Agency and is most

Fig. 1. Study area map of teaching building C. a) Area map of location; b) Area map of the SWMM model.
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commonly used to simulate single or long-term
rainfall events generated by different basins. SWMM
is a rainfall-runoff model based on hydrology-hydraulic
and water quality simulation of given rainfall data.
In the version of SWMMS5.0, LID modules are added,
and GR emulation has been equipped in LID modules
since version 5.1 in 2014. In the latest version of
SWMMS5.2.0, eight common LID modules include the
bio-retention cell, rain garden, GR, infiltration trench,
permeable pavement, rain barrel, rooftop disconnection,
and vegetative swale. Through the modeling of
water processes, such as retention, evaporation, and
infiltration, combining the hydraulic modules of
SWMM, the process of sub-catchment runoff and LID
performance can be achieved easily. By changing the
parameters of different LID facilities, such as surface,
soil, storage, and drain, a better rainwater control effect
can be obtained.

LID modules are generally defined and assigned to
sub-catchments with three different LID editor forms:
1) the control editor, 2) the group editor, and 3) the
usage editor [24]. Take GR for example, the LID control
editor aims to define GR types from eight different LID
types that can be applied in the LID group editor to
add GR types in the established sub-catchments. The
usage editor is aimed to explain how the GR types are
deployed in the group’s sub-catchments from the LID
group [24].

Based on the above analyses, the structure of the
GR is mainly divided into three layers: surface layer,
soil layer, and drainage mat. Considering the runoff
bearing capacity of the roof, the lawn block or lawn roll
material is preliminarily selected on the surface layer,
and the thickness is about about 20-30 mm. Because
the total porosity of the pastoral soil is minor and the
drainage rate is slow, the soil layer uses improved soil
[25]. The main ingredients are pastoral soil, lightweight
aggregate, peat, humus soil, and vermiculite. The weight
ratio of 1:1:1:1:0.5, which have better drainage rates
[26]. The user’s manual of SWMM stipulates that the
soil depth of an extensive GR is generally not greater
than 150 mm, so the soil depth of a GR is 150 mm, and
the material of the drainage mat adopts concave-convex
drainage plate, mainly made of polyethylene.

Parameters Simulation and Optimization Design
Parameter Sensitivity

The parameters affecting the output results of GR
in the SWMM model are mainly divided into two
categories: one is the parameter of the surface runoff
and infiltration about sub-catchments, and the other
is the parameter related to GR [27]. To investigate
the influence of different input parameters on the
model’s output, a sensitivity analysis and optimization
analysis of GR parameters are conducted. In the design
process of a GR, the length, the surface width, and the
water storage depth are often used as the main design

parameters. Still, the effect of water storage depth on
runoff control rate is not apparent in rainfall events
with high rainfall intensity. The longitudinal slope is
often closely related to the actual engineering elevation
[28]. Therefore, the area ratio, width, berm height,
vegetation volume fraction, soil thickness, hydraulic
conductivity, and manning coefficient of the impervious
area (N-imperv) were selected for sensitivity analysis.
This paper examined the effect of GR parameters
on runoff control capacity by varying the GR design
parameters through the SWMM model. The sensitivity
coefficients are usually used to respond to the influence
of GR parameters on the model output values, and the
sensitivity coefficients are shown in Equation (1) [29].

AA/A (1)

Where SC is the sensitivity coefficient, AB is the
variation of the model output value, B is the model
output value, AA is the variation of the model input
value, and A is the model input value.

Single Factor

In this study, the TR-CR and the PR-CR were
selected as evaluation indexes to investigate the
parameter settings that affect the runoff control of
GR and thus the optimization of the main influencing
parameters. From the simulated parameters of the GR,
it could be seen that the sensitivity coefficients of the
area ratio, the width, and the hydraulic conductivity
are higher than the berm height, the vegetation volume,
the fraction surface roughness, the soil thickness, and
the N-imperv area. Thus, the area ratio, width, and
hydraulic conductivity were selected as the three main
factors to conduct single factor and RSM analysis.

RSM Design

The RSM was used to study the effects of area ratio
(A), width (B), and hydraulic conductivity (C) on the
TR-CR and PR-CR. The experiments were conducted
according to the Box-Behnken experimental scheme
of Design Expert software. According to the material
properties of the improved soil, the area ratios were set
as 0.70, 0.82, and 0.95, the width was set as 0.50, 3.25,
and 6 m, and hydraulic conductivity were set as 5, 32.5,
and 60 mm/h, respectively (Table 1).

Input Data

The rainfall data used in the simulation parameter
optimization process were derived from the Chicago
rain type. The rainfall data used in the calibration
and validation process were collected from the China
Meteorological Administration. The sub-catchment area
and the slope in the model were field measurements.
Runoff volume was measured using a weight-based
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Table 1. Design of the response surface factors and levels.

Level
Factors
-1 0 +1
Area ratio 0.70 0.82 0.95
B Width (m) 0.50 3.25 6
Hydraulic conductivity
C (mm/h) 5 32.5 60

system from a rain canal downstream of the drainage
outlets [24]. Other model parameters refer to relevant
research results and the SWMM user manual.

Calibration and Validation Procedures

The commonly used model calibration process is as
follows. Firstly, in the same coordinate system plot the
curve of simulation results and the actual monitoring
results. Then continuously adjust the model sensitive
parameters until the two curves are the closest, and stop
adjusting the sensitivity parameters finally [30]. The
model results obtained at this condition are closest to
the actual results, and the model parameter rate is then
completed. Usually, the Nash-Sutcliffe efficiency index
(NSE) is chosen as the evaluation index of the model
accuracy widely in reproducing the runoff flow on an
event basis, and when NSE>0.75, the simulation results
can be considered to be in good agreement with the
actual monitoring data, and the model performance is
good [30]. Which, the NSE was expressed by Equation

2) [31]:

" 2
NSE = 1- Zi:l(Qi»SV'Qi»MV)

- 7
21 QimyQimmy) )

0.25

where SV is the simulated values, MV is the measured
values, MMV is the mean measured values, n is the
number of simulated or measured values.

Results and Discussion
Calibration and Validation Results

Simulations in the current roof without LID modules
are used to calibrate the model. The curves of measured
flow (recorded every 6 minutes) and simulated flow can
be seen in Fig. 2. The simulation results showed that the
SWMM model had a good performance. The value of
NSE was 0.83, which was greater than 0.75. The peak of
the monitoring liquid level and simulation liquid level
were 0.23 m and 0.20 m. The NSE value indicated that
the model could generate the duration and amplitude of
peak flow. The simulated curve was in good agreement
with the measured curve.

Parameter Sensitivity Analysis

The sensitivity analysis of this model parameter
is based on a single rainfall event. It analyzed the
sensitivity coefficients of the area ratio, width, berm
height, vegetation volume, fraction surface roughness,
soil thickness, hydraulic conductivity, and N-imperv.
It could be seen that the area ratio had the most
significant influence on the TR-CR and PR-CR with
sensitivity coefficients of -0.909 and -0.882, respectively
(Fig. 3). The sensitivity coefficients of width were 0.635
and 0.721, which ranked third and second, respectively.
The sensitivity coefficients of hydraulic conductivity in
total runoff and peak runoff were -0.835 and -0.680,
which ranked second and third, respectively. Based on
the above sensitivity coefficient analysis, the area ratio,
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Fig. 2. Comparison of simulated runoff and monitored runoff (rainfall event in 16/03/2022).
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Fig. 3. Parameter sensitivity coefficients of GR model.

width, and hydraulic conductivity were selected as the
main parameters to conduct RSM analysis.

Single Factor Analysis

The commonly used rainfall return period in Wuhu
City is 2~3 years. The SWMM model in this study
performed rainfall time series with a rainfall return
period of 3a. As can be seen from Fig. 4a), the TR-CR

and PR-CR both increased with the increase of the area
ratio. The Technical Specification for Planted Roofs
stipulates that the ratio of GR area to total roof area
should be more than 80% in extensive GR type [32].
Nonetheless, for the consideration of load bearing and
cost, combined with the TR-CR and PR-CR, the area
ratio in this study was taken in the range of 70%-95%.

The runoff control rate is most remarkable at
a width of 0.5 m (Fig. 4b). Both the TR-CR and PR-
CR decreased as the width increased, with the TR-CR
decreasing more than the PR-CR. With the increase in
width, the runoff time will decrease, thus the control
rate will decrease as the width here corresponds to
the characteristic width of the catchment area [33].
Combined with the relevant design codes, the widths
in this study ranged from 0.5 m to 6.0 m. The TR-CR
and PR-CR increased with the increase in soil hydraulic
conductivity (Fig. 4c). Considering different soil types
such as commonly used field soils, improved soils, and
inorganic planting soils, combined with the TR-CR
and PR-CR, the range of soil hydraulic conductivity is
5.0 mm/h to 50.0 mm/h regarding the SWMM user
manual and related specifications.

Response Surface Analysis

The TR-CR and PR-CR were used as evaluation
indexes, and 17 working conditions were designed
according to the Box-Behnken response surface
of the three single factors and three levels (Table 1).
The TR-CR and PR-CR of GR were calculated by
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Fig. 4. Single factor analysis of area ratio, width and hydraulic conductivity.
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substituting 17 working conditions into the SWMM
model and performing simulations. The response
surface test and simulation results are shown in Table 2.
The TR-CR and PR-CR in each experimental condition
have some similaritics. When the area ratio was
0.70, both TR-CR and PR-CR were relatively low.
The highest removal rate of TR-CR (94.8%) and
PR-CR (93.9%) both occurred in working condition 4
(A =095 B =05m, C= 3250 mm/h), which was
also similar to the best working condition in the latter
classification. Relative to the other two area ratios,
TR-CR and PR-CR are higher when the area ratio is
0.95. The water storage capacity of the soil material is
lower when the area ratio is smaller, which subsequently
affects the control of water quality and quantity of
the GR. The effect of width on TR-CR and PR-CR is
relatively tiny compared to area ratio and hydraulic
conductivity. The TR-CR and PR-CR are relatively
high because rainwater’s better permeability when
the hydraulic conductivity is higher.

Construction of Response Surface Model
and Significance Test

According to the experimental results, the TR-CR

(Y1) and PR-CR (Y2) were simulated by equations
using Design Expert, and the results were subjected to

Table 2. Experimental design and removal rate analysis.

ANOVA. Then the significance tests were conducted for
each factor using F-values, specifying that p<0.05 when
the model was significant, and the resulting multiple
quadratic regression equation was shown as follows.

Y1 =79.61 +10.46A — 5.71B + 13.41C - 0.12AB
+ 1.38AC + 6.98BC-1.32A%+ 2.01B*~ 10.58C* (3)

The positive coefficients of the variables A and C in
Equation (3) indicated that they both cause an increase
in the response value, and the negative quadratic
term coefficients suggested that they have extreme
value points and are capable of optimal analysis [34].
The F-value of the model was 33.21, p<0.0001,
the signal-to-noise ratio was 20.356, much more
significant than 5, and the Adj R? of the model was
0.9477, indicating that the model conformed well
to reality (Table 3). The correlation coefficient of
the regression model R? was 0.9771, which is close
to 1, meaning that the empirical model can reflect
the experimental data better and the experimental
error was more minor, which can predict the actual
condition. T-test showed that p<0.0001 for A, and C and
p = 0.0018 for B, indicating that A and C significantly
affected the results than B, which was consistent with
the previous conclusion.

Actual value Code value Total averagg removal
Condition Hvdrauli Hvdraul ratel%
No- Area ratio Width (m) con}:ilfjtlilvlicty Area ratio Width (m) con}ilurs:ilvlicty TI({O;OC)R Pl({%C)lR
(mm/h) (mm/h)
1 0.82 0.50 60.00 0 -1 1 83.8 83.8
2 0.95 3.25 60.00 1 0 1 94.1 93.2
3 0.95 6.00 32.50 1 1 0 88.0 89.7
4 0.95 0.50 32.50 1 -1 0 94.8 93.9
5 0.82 3.25 32.50 0 0 0 79.6 81.7
6 0.70 3.25 60.00 -1 0 1 71.7 72.9
7 0.82 3.25 32.50 0 0 0 79.6 81.7
8 0.82 3.25 32.50 0 0 0 79.6 81.7
9 0.82 0.50 5.00 0 -1 -1 74.6 83.0
10 0.82 6.00 5.00 0 1 -1 443 71.4
11 0.70 0.50 32.50 -1 -1 0 72.4 73.2
12 0.70 6.00 32.50 -1 1 0 66.1 70.3
13 0.82 3.25 32.50 0 0 0 79.6 81.7
14 0.82 6.00 60.00 0 1 1 81.5 81.9
15 0.82 3.25 32.50 0 0 0 79.6 81.7
16 0.70 3.25 5.00 -1 0 -1 44.1 68.5
17 0.95 3.25 5.00 1 0 -1 60.9 87.1
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Table 3. Response surface model results and significance analysis.
Square and Degree of Mean Square F-value P-value
Variables freedom
Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2
Models 3271.56 | 926.08 9 9 363.51 | 102.90 | 33.21 | 137.29 | <0.0001*** | <0.0001%*%**
A 875.25 778.64 1 1 875.25 | 778.64 | 79.95 | 1038.92 | <0.0001*** | <0.0001***
B 261.09 52.72 1 1 261.09 | 52.72 | 23.85 70.35 0.0018%* <0.0001*%**
C 1438.97 59.56 1 1 1438.97 | 59.56 | 131.45 | 79.47 | <0.0001*** | <0.0001***
AB 0.06 0.42 1 1 0.06 0.42 0.01 0.56 0.9435 0.4804
AC 7.67 0.74 1 1 7.67 0.74 0.70 0.99 0.4302 0.3535
BC 194.90 23.94 1 1 19490 | 23.94 | 17.80 | 31.94 0.0039* 0.0008**
A? 7.36 0.22 1 1 7.36 0.22 0.67 0.29 0.4394 0.6049
B? 16.97 0.13 1 1 16.97 0.13 1.55 0.17 0.2531 0.6912
c? 471.04 9.71 1 1 471.04 | 9.71 | 43.03 12.96 0.0003** 0.0087*
Residuals 76.63 5.25 7 7 10.95 0.75
Loss of proposed items 76.63 5.25 3 3 25.54 1.75
Pure Error 0.000 0.000 4 4 0 0
Total deviation 3348.18 | 931.32 16 16

Notes: *significant at P<0.05; **significant at P<0.001; ***significant at P<0.0001.

Y2 =81.72 + 9.87A —2.57B + 2.73C — 0.32AB
+ 0.43AC + 2.45BC + 0.23A% — 0.17B* — 1.52C?
Q)

Similar to Equation (3), the coefficients of both
variables A and C in are positive and can cause
an increase in the response value (Equation 4).
The positive quadratic term coefficients indicated
that they have a minimal value point. The F-value of
the model was 137.29 with a p-value<0.0001, and the
signal-to-noise ratio was 39.555, much more significant
than 5 (Table 3). The Adj R? of the model is 0.9871, which
indicated that the empirical model can better reflect the
experimental data, and the experimental error is small
enough to predict the actual situation. T-test showed
that the p-values of Equation (4) for A, B, and C are
<0.0001, indicating that the effects of factors A, B, and
C on peak runoff control rate were significant.

Response Surface Results and Predictive Analysis

To visualize the effect of area ratio, width, and
hydraulic conductivity on the TR-CR and PR-CR,
three-dimensional plots and contour plots of the
different response values under the interaction of two
different factors were made using Design Expert (Fig. 5
and Fig. 6).

Fig. 5a) showed the effect of area ratio and width
on the TR-CR when the hydraulic conductivity was
32.50 mm/h. It could be seen that the TR-CR rate
increased with the increase of width and area ratio, and

the increase with area ratio was more significant than
that with width, which showed that the effect of area
ratio is more noticeable compared with width. The TR-
CR increased with the increase of area ratio as the rise
of area ratio will improve the water storage space of the
GR. The TR-CR decreased with the width increases
since the catchment length of the GR increases, the
catchment time is shortened, and more runoff cannot be
infiltrated and overflows directly.

The response surface plot of the area ratio and
hydraulic conductivity on the TR-CR at the width of
3.25 m is shown in Fig. 5b). The figure showed that
with the increase in area ratio and hydraulic
conductivity, the TR-CR also increased gradually.
The TR-CR increased faster from 5 to 32.5 mm/h
and increased slowly from 32.5 mm/h to 60.00 mm/h.
At the area ratio of 0.95 and hydraulic conductivity of
60.00 mm/h, the TR-CR reached the maximum value of
94.8%. The overall increase in TR-CR with increasing
hydraulic conductivity is because the more significant
hydraulic conductivity allows for increased infiltration,
which enables more rainwater to enter the subsurface
drainage layer of the GR [35]. The effect of area on
the TR-CR is more significant than that of hydraulic
conductivity, as can be seen from the gradient of the 3D
surface slope of the response surface.

When the area ratio is 0.82, the effects of width
and hydraulic conductivity on the TR-CR are shown
in Fig. 5c). The TR-CR decreased with the increasing
width and increased with increasing hydraulic
conductivity. The effect of hydraulic conductivity on
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the TR-CR is more significant than that of width, as
can be seen from the gradient of the three-dimensional
surface of the response surface. Therefore, it can be
analyzed that the three factors affect the TR-CR in the
order of area ratio>hydraulic conductivity>width.

Combined with the analysis in Fig. 5, the effect
of the area ratio on the PR-CR is the most significant
among the three factors, as can be seen from the
three-dimensional surface slope in Fig. 6. The area
ratio had the greatest effect on PR-CR, and reached
the maximum value (93.9%) at the areca ratio, width,
and hydraulic conductivity of 0.95, 3.25 m, and
60.00 mm/h, respectively (Fig. 6 (a,b)). The effects of
width and hydraulic conductivity were relatively less,
and the effect of hydraulic conductivity was more
significant than that of width on the PR-CR (Fig.
6¢). This conclusion is consistent with the analysis
in Fig. 5. Therefore, from the three-dimensional surface
of the response surface, it can be drawn a conclusion
that the order of the effects on the PR-CR is area ratio>
width>hydraulic conductivity.

Optimization Validation

The statistical analysis of the daily rainfall of nearly
200 cities in China from 1983 to 2012 in the Technical
Guide for Sponge City Construction stipulates the
relationship between each city’s volume capture
ratio of annual rainfall, and its corresponding design
rainfall value, respectively [36]. Based on the above
data analysis, this guide divides the mainland area
of China into five zones. It gives the minimum and
maximum limits of each zone’s volume capture ratio of
annual rainfall. Wuhu City is located in Zone 1V, and
the volume capture ratio of the annual rainfall of this
zone is 70%<0<85%. Combined with the geographical
situation and construction planning of Wuhu City, the
target values of both the TR-CR and the PR-CR of
Wuhu City are set to 80%.

In addition to the 80% control target of the
TR-CR and the PR-CR, seclecting the cost as the
secondary control index for further screening. From
the optimization solutions, when the area ratio is 0.79,
the width is 2.21 m, and the hydraulic conductivity is
55.59 mm/h, the solution is the most suitable, and the
TR-CR and PR-CR are both 80.0%. Multiple parallel
simulations were carried out in the SWMM model,
the simulated average values of TR-CR and PR-CR
are 80.2% and 80.9%, respectively, which was close
to the predicted value. The relative errors were 0.28%
and 1.08%, respectively, indicating that the multiple
quadratic regression model was reliable and suitable for
this study.

Conclusions

(1) The sensitivity coefficients of area ratio, width,
and soil hydraulic conductivity were higher among

the eight influencing factors, so the three factors were
selected for the future simulation in the SWMM model
of GR. The single-factor analysis and response surface
analysis showed that all three factors significantly
influenced the results. The order of influence on TR-
CR and PR-CR were area ratio>hydraulic conductivity
>width and area ratio>width>hydraulic conductivity,
respectively.

(2) The relationships of area ratio, width, and soil
hydraulic conductivity on TR-CR and PR-CR were
established based on the RSM. The adj R? of the
quadratic model were 0.9477 and 0.9871, respectively,
which were well fitted with minor experimental
errors and can be optimized for area ratio, width, and
hydraulic conductivity, respectively.

(3) Based on the volume capture ratio of the annual
rainfall of 70%<a<85% in Wuhu City, 80% was set as
the control target in this study. The construction cost
is the control target based on satisfying this volume
capture ratio of annual rainfall. With an area ratio
of 0.79, width of 2.21 m, and hydraulic conductivity
of 55.59 mm/h, the mean simulated values of TR-
CR and PR-CR were 80.2% and 80.9%, respectively.
The relative errors were 0.28% and 1.08%, which
indicated that the multiple quadratic regression model
was reliable, so was determined as the optimal solution.
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