
 
 

 
 

 
Water 2022, 14, 3460. https://doi.org/10.3390/w14213460 www.mdpi.com/journal/water 

Article 

Study on Location Decision of Multi-Functional Rainwater 
Storage Space in High-Density Built-Up Area 
Jiayue Jing 1, Zhiming Zhang 2 and Junqi Li 1,3,* 

1 Key Laboratory of Urban Stormwater System and Water Environment, Ministry of Education, School of 
Environment and Energy Engineering, Beijing University of Civil Engineering and Architecture,  
Beijing 100044, China; jingjy98@163.com 

2 Beijing Climate Change Response Research and Education Center, School of Environment and Energy  
Engineering, Beijing University of Civil Engineering and Architecture, Beijing 100044, China;  
zhangzhiming@bucea.edu.cn 

3 Beijing Energy Conservation & Sustainable Urban and Rural Development Provincial and Ministry  
Co-construction Collaboration Innovation Center, Beijing 100044, China 

* Correspondence: jqli6711@vip.163.com; Tel.: +86-136-0128-7031 

Abstract: Multi-functional rainwater storage space is a practical solution to flood and runoff pollu-
tion in high-density built-up areas. This study presents a location decision method to improve the 
control effect of total runoff volume, runoff peak flow, and runoff pollution. The results show that 
this method can accurately and quickly screen available locations for multi-functional rainwater 
storage space and prioritize them as optimum, suitable, less suitable, unsuitable, and not available 
for construction. In the case of this study, greening the road can achieve a better effect on runoff 
control. 
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1. Introduction 
The emergence of a series of problems, such as stormwater runoff pollution and fre-

quent flooding in cities [1,2], has drawn extensive international attention to urban storm-
water management. In the past decades, stormwater management concepts such as Low 
Impact Development (LID) in the United States [3] and Water Sensitive Urban Design 
(WSUD) in Australia [4] have emerged. In recent years, China has also proposed the con-
cept of “Sponge City” for stormwater management and has gradually developed the con-
struction of sponge cities nationwide. However, the traditional urban development model 
has brought many challenges to Sponge City [5]. The high-density development model 
focusing on space utilization has squeezed the green space in cities, and the space availa-
ble for rainwater storage is seriously insufficient. Coordinating space utilization and rain-
water storage in high-density built-up areas has become a problem. 

So far, many studies and applications of rainwater storage [6–8] have been carried 
out in many countries, resulting in various multi-functional storage measures for urban 
rainwater [9]. Multi-functional rainwater storage facilities mainly store rainwater while 
considering more than one function, such as the environment, climate, ecology, energy, 
and landscape. Due to its ability to achieve multiple effects with limited space resources, 
multi-functional rainwater storage is the best choice for high-density urban flood control 
systems. Among the many land use types in cities, green spaces are flexible and change-
able, which have good retention and purification effects on the first flush, can control the 
volume of runoff, reduce the peak flow of runoff, and reduce the pollution of the receiving 
water [10–12]. Green space can also reduce ground temperature while alleviating the ur-
ban heat island effect [13]. Converting green space into storage space is an effective 
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method for multi-functional stormwater storage in high-density built-up areas. To max-
imize the runoff control effect of multi-functional rainwater storage space, selecting a 
good location is a crucial issue in the construction of Sponge City. Many scholars have 
achieved LID layout optimization by combining optimization algorithms with hydrolog-
ical models, such as coupling the Non-Sorting Genetic Algorithm (NSGA-II) [14–17] or 
Marginal-Cost-based Greedy Strategy (MCGS) [18] with the Storm Water Management 
Model (SWMM) for location decision. These studies often use a single or comprehensive, 
objective function but rarely consider the different problems of each region. At the same 
time, model-based optimization methods often require a lot of data for region modeling 
and very time-consuming calculations, which is unsuitable for large-scale studies. Some 
scholars have proposed index frameworks to support spatial decision-making for LID and 
determine facility location [19–21]. However, these studies did not focus on the character-
istics of a specific facility [19,20], nor did they analyze the main problems that may not be 
the same in different regions [21]. This may make the location decision less targeted, the 
benefits of the facility not fully exploited, and the status problems not very well solved. 

Therefore, this study proposes a method to control runoff in high-density built-up 
areas. This method can quickly select the location of a multi-functional rainwater storage 
space in a large-scale area, which can simultaneously control the total runoff volume, peak 
flow value, and pollutants. In this study, multi-functional rainwater storage spaces refer 
to small green spaces, sunken green spaces, wetlands, parks, etc. The multi-functionality 
is reflected in the control of total runoff in many aspects. The method is suitable for an 
urban scale and allows for quick screening of the locations of multi-functional rainwater 
storage spaces and comparing their priority. The method uses cluster analysis to analyze 
the problems in each area so that the location decision is more targeted. The data used in 
this method are mainly processed in ArcGIS and ENVI (The Environment for Visualizing 
Images), and the hydrological process is considered in the location decision system. It is 
hoped that this method will provide a reference for the preliminary work of urban plan-
ning and urban rainwater management to facilitate further detailed planning and design 
proposals. 

2. Materials and Methods 
2.1. Study Area and Data 

The study area is Xicheng, a district of Beijing, China, which has a typically temperate 
climate with a continental semi-humid and semi-arid monsoon climate, covering an area 
of 50.7 km2. Rainfall conditions do not differ much in the study area, and geographical 
conditions are the main reason for the formation of runoff. In recent years, local rainfall 
has increased, especially frequent extreme rainfall, causing runoff to accumulate on urban 
roads and low-lying areas, seriously affecting traffic and people’s lives. As a core area of 
Beijing, it has a high building density with many historical relics, buildings, and streets. It 
is hard to find dedicated space for rainwater storage. Therefore, it is necessary to maxim-
ize the available space. 

In order to evaluate the suitability of this area for rainwater storage, the data used 
here are: ① The boundary data of the administrative districts of Xicheng (Polygon); ② 
The remote sensing image of Xicheng is used to extract land cover types (Raster images, 
the resolution is 1 m, Figure 1a); ③ Digital elevation model data (DEM) of Xicheng is used 
to calculate the elevation, slope, and catchment flow path of the study area (Raster images, 
the resolution is 30 m, Figure 1b); ④ Road distribution data in Xicheng, which is used to 
calculate road network density (Polyline, Figure 1c); ⑤ Buildings’ outline data of 
Xicheng, which is used to remove the areas not available for construction (Polygon, Figure 
1d); ⑥ Point of Interest (POI) data of Xicheng, which is used to calculate the density of 
significant point sources for pollutants (Point, Figure 1e). 
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Figure 1. The five types of data used for the evaluation of the study area. (a) The remote sensing 
image; (b) Digital elevation model data; (c) Road distribution data; (d) Buildings’ outline data; (e) 
Point of Interest (POI) data. 

2.2. Methods 
The overall study method has four parts (Figure 2): First, a classification and evalua-

tion system was established to classify and evaluate plots in the study area. Second, the 
plots were clustered according to the system, and the major problems of each plot were 
identified. Third, influencing indicators were selected for the location decision of multi-
functional rainwater storage space. Finally, the influencing indicators’ weights were de-
termined, and the priorities of the location decision were calculated. The purpose of the 
classification and evaluation system for land plots is to identify the main problems present 
in the plots, so six indicators related to flooding and runoff pollution were selected based 
on hydrology. The selection of indicators in the location decision evaluation system is 
based on the goals to be achieved by the multi-functional rainwater storage space, which 
affect the total runoff volume, peak runoff, and runoff pollution in a plot, and by which 
the plots are evaluated so that it can be determined in which locations the multi-functional 
rainwater storage space can be placed to produce more efficient benefits. The indicators 
in these two systems are discussed in more detail in Sections 2.2.1 and 2.2.2. 

 
Figure 2. The overall framework of the technical method of this study. 
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There are two index systems in this method: the classification and evaluation system 
for land plots and the location decision evaluation system. The purpose of the plot classi-
fication and evaluation system is to classify the plots and distinguish the main problems 
of each plot. The location decision evaluation system proposes indicators that affect the 
location decision. The main problems of each plot determine the weights of the location 
decision indicators. Finally, the priority of the location decision is calculated based on the 
weight of each indicator and the evaluation value after classification. The relationship 
among these parts is shown in Figure 3. In this chapter, Part a corresponds to Section 2.2.1, 
Part b to Section 2.2.2, and Part c to Section 2.2.3. 

 
Figure 3. The relationship between the three parts of the method. (a) Identification of the main 
problem in the plot. (b) Selection of indicators influencing location decision. (c) Calculation of the 
priorities of the location decision. 

2.2.1. Classification of Plots and Identification of Main Problems 
Urban roads have changed the original catchment flow path with road dividers and 

curb stones that block and divide the runoff. Therefore, this study divided the area into 
38 plots based on major urban roads (Figure 4). 
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Figure 4. The division of land plots and their corresponding numbers. 

To classify the plots and identify their major problems, it is necessary to construct a 
system of indicators for classification and evaluation. These indicators are in terms of 
flood and runoff pollution. The indicators in terms of flooding include four specific indi-
cators: elevation, slope, runoff coefficient, and imperviousness. The indicators in terms of 
runoff pollution included two specific indicators: road network density and the density 
of major point sources. No industrial pollution sources exist in this study area, and the 
major sources of pollutants are the commercial areas and roads. Therefore, road network 
density and major point source density were selected as the specific indicators of runoff 
pollution. Supermarkets and restaurants were selected as the major point sources. The 
system of classification and evaluation of land plots is shown in Table 1. 

Table 1. The system of classification and evaluation of land plots. 

The Types of 
Indicators 

Specific Indicators Quantification Method Reason for Choice 

Flood 

Elevation (above sea 
level) 

Calculated by the average elevation of 
the plot (m). 

Runoff is affected by gravity and tends 
to flow to areas with low elevation, so 

the risk of flooding in low-lying areas is 
greater. 

Slope 
Calculated according to the average 

slope of the plot (°). 

The runoff in the area with a large slope 
cannot be fully stagnant, so it is easy to 

cause the runoff peak to advance. 

Runoff coefficient 
Calculate the average runoff coefficient 

according to the fraction of different 
underlying surface types. 

The larger the runoff coefficient, the 
more runoff will be generated. 

Imperviousness 
Calculated according to the proportion 
of the hard underlying surface to the 
total area, excluding the water area. 

The higher the impermeability, the less 
chance the runoff will infiltrate. 

Runoff Pollu-
tion 

Road network density 
Calculated according to the ratio of the 
total length of the road to the total area 

of the plot(km/km2). 

A large number of pollutants accumu-
late on the surface of urban roads with 
frequent traffic activity [22]. The high 

impermeability of urban roads leads to 
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the dissolution and scouring of pollu-
tants with stormwater runoff, causing 
significant damage to the quality of re-

ceiving water [23]. 

The density of major 
point sources 

Calculated according to the proportion 
of the total number of supermarkets 

and restaurants in the total 
area(pieces/km2). 

A variety of pollutants show similar dis-
tribution trends among different func-
tional areas, which are more easily dis-

tributed in commercial areas [24,25]. 

When constructing a multi-functional rainwater storage space, the main problems of 
each plot should be identified first so that the location can be targeted. In this study, the 
six indicators were selected to categorize the plots, which reflect the main reasons why 
flood and runoff pollution risks exist in high-density built-up areas. This study classified 
the plots to identify the main problems in each category of plots. This study used K-means 
clustering [26] by Statistical Product Service Solutions (SPSS) to classify the plots with 
equal weights of specific indicators. Based on the cluster analysis results, it was possible 
to analyze the characteristics and differences between different types of plots so that the 
main problems could be identified. 

The specific indicators need to be processed before clustering. A positive indicator 
(PI) means that the more important indicator has a larger value, while a negative indicator 
(NI) does the opposite. In this paper, elevation is a NI, and other indicators are PIs. Due 
to the differences in the nature, dimension, order of magnitude, and other characteristics 
of each indicator, it cannot be used directly to analyze the characteristics of each plot. 
Therefore, this study used the min-max normalization method to deal with the indicators, 
which scaled the data to the range of [0, 1]. If the indicator is a PI, its equation is defined 
as: 

𝑥 =
𝑥 − min (𝑥)

max(𝑥) − min (𝑥)
 (1)

If the indicator is a NI, its equation is defined as: 

𝑥 =
max (𝑥) −𝑥

max(𝑥) − min (𝑥)
 (2)

In the equation, x represents the original value, xnormalized represents the indicator value 
after normalization, max(x) represents the maximum value of a set of data, and min(x) 
represents the minimum value of a set of data. 

2.2.2. Establishment of the Location Decision Evaluation System and Data Processing 
Establishing a location decision evaluation system requires screening indicators for 

flooding and runoff pollution. Many influencing indicators in the control of flood and 
runoff pollution overlap and influence one another. This study selected the representative 
influencing indicators. Firstly, three goals were selected for controlling flood and runoff 
pollution: total runoff volume control, peak runoff rate control, and runoff pollution con-
trol. Moreover, the respective influencing indicators of the three goals were then deter-
mined. Table 2 shows the influencing indicators of the location decision. The data was 
processed with ArcGIS after selecting the influencing indicators for the location decision. 

Table 2. Influencing indicators and their quantification methods for the location decision of multi-
functional rainwater storage space. 

Influencing Indicators Goal Impact on Goal Achievement Quantitative Method 

Land cover types 
Total runoff volume con-
trol, peak runoff control, 
runoff pollution control 

The green space infiltration capacity is 
better. Under the same conditions, the 
runoff produced by green space is less. 

Performing supervised 
classification on remote 
sensing image in ENVI. 
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Average runoff coeffi-
cient 

Total runoff volume con-
trol 

The runoff coefficient indicates how 
much the precipitation becomes runoff, 
reflecting the influence of the underly-
ing surface factors in the watershed on 
the precipitation-runoff relationship. 

Setting up grids with a 
length and width of 300 m 
and calculating the average 
runoff coefficient from the 
fractions of the green space 
and the impervious surface 

in a grid. 

Road network density 
Total runoff volume con-

trol, runoff pollution 
control 

Urban roads have poor water permea-
bility and are prone to generating run-
off. Compared with other underlying 

surfaces, runoff on urban roads causes 
more severe water pollution, especially 

the first flush [27–29]. 

Creating grids and analyz-
ing the road data in the 

grids, calculating the road 
network density. 

Elevation 
Total runoff volume con-

trol 
Runoff in areas with lower elevations is 

easy to accumulate. 

Filling the original DEM 
data and calculating the 

overall elevation distribu-
tion of the study area 

Slope Peak runoff control 
Runoff peak flow increases with slope 

[30]. 

Processing DEM data and 
calculating slope by the 3D 

Analyst in ArcGIS 

The level of the catch-
ment flow path 

Total runoff volume con-
trol, peak runoff control, 
runoff pollution control 

Along the catchment flow path, the run-
off can be controlled more effectively, 
and pollutants in runoff can be inter-

cepted [31]. 

Using the hydrological 
analysis tool in ArcGIS to 
extract the catchment flow 

paths and differentiate 
their levels according to 
the Shreve classification 

method [32] 

(1) Average runoff coefficient calculation 
The building density in the study area is relatively high. According to the reference 

of the “Code for Design of Outdoor Wastewater Engineering” (GB50014-2006) [33], the 
runoff coefficient of the green areas was 0.15, and the runoff coefficient of impervious 
surfaces was 0.85 because these areas are mainly composed of buildings and asphalt 
roads, the runoff coefficient of the water body was 1. Grids were set up with a length and 
width of 300 m. The proportions of various underlying surfaces were calculated in a grid, 
respectively, and then the average runoff coefficient was calculated. 
(2) Road network density calculation 

Road network density is the ratio of the total length of all roads to the total area of 
this area, and the unit is km/km2. To analyze the density of the road network, it was nec-
essary to create grids in ArcGIS with the appropriate scale according to the size of the 
study area. In this study, the length and width of the grid were both 100 m, and then 
intersection analysis of the grids and road data was performed. The road network density 
was calculated in the attribute table. The calculation equation is: 

𝐷 =
𝐿

𝑆
 (3)

In the equation, D is the road network density, km/km2, L is the total length of roads 
in a grid, km, and S is the area of a grid, km2. 
(3) The level of the catchment flow path 

The value of the accumulation reflects the strength of the raster’s ability to converge 
water flow [34]. The larger the accumulation value, the easier it is to form surface runoff. 



Water 2022, 14, 3460 8 of 18 
 

 

When the accumulation reaches a certain threshold, the surface runoff will be generated, 
and all raster images with values larger than the critical threshold are potential catchment 
flow paths [35]. The storage facilities for rainwater collect mostly large-scale runoff, so 
only the main catchment flow path in the study area needed to be extracted. In this study, 
the spatial analysis module in ArcGIS was used to extract the catchment flow path with 
the D8 single flow direction algorithm [36]. The accumulation was calculated for each ras-
ter image, and a threshold of 50 was set for the accumulation of the catchment to extract 
the catchment flow paths. Then their levels were differentiated by the Shreve grading 
method. 

2.2.3. The Priority of Location Decision for Multi-functional Rainwater Storage Space 
The weights of the three goals of multi-functional rainwater storage space in the plot 

were determined based on the main problems of each plot after the classification of the 
plots. By analyzing the main problems, the priority of achieving the goals was ranked. 
According to the sorted results, the weights of the three goals were 0.50, 0.30, and 0.20, 
from high to low. This method screened out the relevant influencing indicators of different 
plots, but the weight of indicators cannot be determined due to the different characteris-
tics of different plots. For this reason, the weights of the influencing indicators corre-
sponding to each goal were considered equal, and then the total weight of each influenc-
ing indicator was calculated (Table 3). 

Table 3. Calculation of the weights of the influencing indicators of location decision. 

Goals 
Weights 
of Goals 

The Weights of the Influencing Indicators 

Land Cover 
Types 

Average Run-
off Coefficient 

Road Net-
work Density 

Elevation Slope 
The Level of The 
Catchment Flow 

Path 
total runoff vol-

ume control 
a a/5 a/5 a/5 a/5  a/5 

runoff peak flow 
control  

b b/3    b/3 b/3 

runoff pollution 
control  

c c/3  c/3   c/3 

Total Weight a/5 + b/3 + c/3 a/5 a/5 + c/3 a/5 b/3 a/5 + b/3 + c/3 

The six influencing indicators were divided into different levels, and evaluation val-
ues(E) were assigned to each level. The land cover types, green space, impervious surface, 
and water body were assigned evaluation values of 70, 30, and 0. Average runoff coeffi-
cient, road network density, priority elevation, the level of the catchment flow path, and 
slope were divided into five grades according to the method of the Jenks Natural Breaks 
Classification [37], which were assigned evaluation values in the order of 90, 70, 50, 30, 10 
according to the grade from high to low. The calculation of the priority evaluation value(I) 
was as follows: 

𝛪 = 𝑊 ⋅ 𝐸  (4)

In the equation, I is the priority evaluation value, W is the weight of influencing in-
dicator i, E is the evaluation value of influencing indicator i, and n is the number of influ-
encing indicators. I is the weighted calculation of the six influencing indicators, which 
correspond to three goals (Table 2), so I is the priority evaluation value of the location 
decision in which the three goals are factored. A high value of 𝛪 indicates that this loca-
tion is suitable for constructing multi-functional rainwater storage space in urban plan-
ning, while a low value of 𝛪 indicates the opposite. 
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3. Results 
3.1. The Distribution of Land Plot Types 

Values for the six specific indicators of the classification and evaluation system of the 
land plots were calculated on the ArcGIS platform. The results are shown in Figure 5. 

K-means clustering of the six specific indicators was performed using SPSS, and var-
iance analysis was used to analyze the differences between each indicator for the cluster-
ing categories. The results are shown in Table 4. The significance of the six indicators was 
less than 0.05, indicating that the differences between the six groups obtained by cluster 
analysis were large [38], and the clustering categories showed significance for all study 
items. In conclusion, each indicator had obvious differences in clustering categories. 

The 38 plots were divided into six categories by cluster analysis. Their characteristics 
and main problems were analyzed according to the classification results. 

 
Figure 5. Calculation results of specific indicators of the classification and evaluation system of the 
land plots. (a) Average elevation in each plot, (b) average slope in each plot, (c) average runoff co-
efficient in each plot, (d) imperviousness in each plot, (e) road network density in each plot, (f) the 
density of major point sources in each plot. 

Table 4. Difference comparison results of a cluster category analysis of variance. 

 
Clustering Error 

F Significance 
Mean Square 

Degrees of 
Freedom 

Mean Square 
Degrees of 
Freedom 

Elevation 0.209 5 0.019 32 11.151 0.000 
Slope 0.221 5 0.023 32 9.487 0.000 

Runoff coefficient 0.217 5 0.015 32 14.238 0.000 
Imperviousness 0.275 5 0.015 32 17.944 0.000 

Road network density 0.123 5 0.041 32 3.005 0.025 
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The density of major point 
sources 

0.201 5 0.013 32 15.932 0.000 

3.2. The Sorting of Goals for Location Decision 
According to the main problems, the ranking of goals in the location decision of 

multi-functional rainwater storage space was determined. Different categories of plots in 
the cluster analysis results have their characteristics, and they have different levels of ur-
gency for performing total runoff volume control, peak runoff control, and pollutants in 
runoff control, which leads to various rankings of urgency for achieving the goals. The 
cluster analysis results, type characteristics, main problems, and the ranking of desired 
goals of the plots are shown in Table 5. 

Table 5. K-means cluster analysis results and analysis of plots. 

Category 
Number of 

Plot Samples 
Type Characteristics Main Problems 

Ranking of 
Desired Goals 

1 2 

The overall situation is good. The eleva-
tion is generally high, the slope is gentle, 
the imperviousness is low, and the run-

off coefficient is small; the density of 
roads and primary point sources is low. 

Compared to other plots, these 
plots have a low capacity to gen-

erate runoff and a low potential to 
generate pollutants. Among the 
specific indicators of the classifi-
cation and evaluation system, the 
elevation of this plot is quite low, 
and the risk of flooding is higher 

than other risks. 

Ⅰ 

2 4 

The runoff coefficient is large, the imper-
viousness is high, the slope is very gen-
tle, the elevation is generally high, and 
the road network density is high. How-
ever, the primary point source density is 

low. 

It is easy to generate a large 
amount of runoff, but the velocity 
of the runoff is low, and the pol-
lutants can be precipitated and 

adsorbed. 

Ⅱ 

3 2 

The runoff coefficient and impervious-
ness of these plots are very high, and the 
density of roads and main point source is 

also relatively high, but the average 
slope level is moderate, and the elevation 

is relatively high. 

The level of pollutants in the plot 
is high and generates a large 

amount of runoff. The pollutants 
migrate with the runoff, and the 

risk of pollution is high. 

Ⅲ 

4 15 

The elevation is low, the average slope is 
large, the runoff coefficient and impervi-
ousness are high, and the road network 
density and main point source density 

are low. 

Large amounts of runoff can be 
generated. The average slope is 
large, and the runoff velocity is 
large. But the level of pollutants 

generated is relatively low. 

Ⅰ 

5 9 

The runoff coefficient and impervious-
ness are at a medium level, and the aver-
age slope is high. The road network den-

sity is high, but the main point source 
density is low. 

The runoff velocity is fast, and the 
production flow is large, which 

washes away the pollutants 
brought by vehicles. 

Ⅳ 

6 6 

The overall elevation is low, the slope is 
slightly large, and the runoff coefficient 

and imperviousness are high, but the 
road network density and main point 

source density are low. 

A large amount of runoff can be 
generated. There is a higher risk 

of flooding but a lower risk of 
pollution.  

Ⅰ 
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Note(s): Ⅰ: total runoff volume control> peak runoff control > pollutants in runoff control; Ⅱ: total 
runoff volume control > pollutants in runoff control > peak runoff control; Ⅲ: pollutants in runoff 
control > total runoff volume control > peak runoff control; Ⅳ: peak runoff control > total runoff 
volume control > pollutants in runoff control. 

Table 5 shows that the six types of plots can be further divided into four categories 
based on the ranking of desired goals. The ranking of the desired goals implies that the 
achievement of the former has a higher priority than the latter. The salient problems of 
the plot determine the ranking of these goals, and location decisions should focus more 
on the achievement of the top-ranked goals and prioritize the salient problems in the plots. 
The classification results of the plots are shown in Figure 6. 

 
Figure 6. Distribution of the four categories of plots in the study area. 

In Type I plots, the road network density and the major point source density were 
relatively low. The risk of pollution was low, but the plots had a solid ability to generate 
runoff, or the average elevation level was low, into which runoff was easy to flow, so the 
runoff volume should be controlled first. 

The Type II plots still had a strong ability to generate runoff, and road network den-
sity or major point source density was high, but their average slope was low. So for the 
Type II plots, controlling runoff pollution was more important than controlling runoff 
peak flow in this situation. 

Type III plots had high road network density and major point source density, so pol-
lutants in runoff should be mainly controlled. At the same time, these plots had strong 
runoff generation capacity and a relatively gentle average slope, so the priority of control-
ling total runoff volume was higher than controlling peak runoff. 

The average slope of Type IV plots was large, and the runoff velocity was fast, result-
ing in a large peak flow [30]. The road network and primary point source density were 
small, so the runoff pollution degree was low. 
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3.3. Influencing Indicators of Location Decision 
The original data were processed in ArcGIS. The results are shown in Figure 7. 
Figure 7a,b show a high percentage of impervious surface, and the amount of green 

space was all scattered. The north has a higher runoff coefficient and generates more run-
off than the south. 

Figure 7c,d show that the road network density in the study area was quite high, and 
there was a risk of runoff pollution. The north was at a higher elevation than the south. 
This implied that the south had a higher risk of flooding than the north. 

Figure 7e,f show that the study area was relatively flat, with most areas having a 
slope of no more than 11°. The areas with larger slopes were mainly located in the west 
and the south. 

 
Figure 7. Calculation results of six influencing indicators of location decision. (a) Land cover types 
distribution of Xicheng, (b) average runoff coefficient distribution of Xicheng, (c) road density 
distribution of Xicheng, (d) elevation distribution of Xicheng, (e) slope distribution of Xicheng, (f) 
the level of the catchment flow path distribution of Xicheng. 

Urban construction has changed the natural drainage pattern. The catchment flow 
path shown in Figure 7f overlaps with roads to some extent. The existence of roads has 
changed the catchment flow paths in the city. Most of the roads in the study area were 
asphalt with poor water permeability. When rainfall occurs, a large amount of runoff may 
be generated, affecting the safety of vehicles and pedestrians. At the same time, the pollu-
tants brought by many vehicles may affect the level of runoff pollutants and cause water 
pollution. 
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3.4. The Results of Location Decision Priority of Multi-functional Rainwater Storage Space 
The results were calculated in ArcGIS. The values of the six influencing indicators 

need to be classified, and the evaluation values (E) need to be assigned to them to facilitate 
the calculation of the final result. The grading situation and evaluation values (E) of the 
six influencing indicators are shown in Table 6. 

Table 6. Grading situation and evaluation values of influence indicators in the selection of a multi-
functional rainwater storage space site. 

Evaluation 
Value (E) 

Grading Situation of Influencing Indicator 
Land Cover 

Types 
Average Run-
off Coefficient 

Road Network 
Density (km/km2) 

Elevation (m) Slope (°) 
The Level of the 

Catchment Flow Path 
10  0.15–0.29 0–6.03 65–113 0–2 1–8 

30 
Impervious 

Surface 
0.29–0.50 6.03–16.39 58–65 2–6 8–26 

50  0.50–0.62 16.39–28.60 52–58 6- 10 26–68 
70 Green Space 0.62- 0.72 28.60–74.61 46–52 10–18 68–104 
90  0.72–1 74.61- 82.17 36–46 18- 49 104–747 

The weights of influencing indicators were determined in various land plots accord-
ing to the land plot classification and evaluation results, and the final result was calculated 
according to equation 4. The final calculation results were classified by the method of The 
Jenks Natural Breaks Classification, and they were divided into four levels: Optimum, 
Suitable, Less Suitable, and Unsuitable. Buildings and water bodies were then removed 
because these areas could not be used as the location of multi-functional rainwater storage 
space. Figure 8 shows the priority of the location decision. 

 
Figure 8. Spatial distribution of comprehensive evaluation results of the location decision. 

By superimposing the evaluation results of location decision priority and the actual 
satellite photos of the study area, it was found that the areas with higher priority for con-
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structing multi-functional rainwater storage space are mainly on roads. To avoid the haz-
ards caused by flooding and waterlogging, the road dividers and roadside green space 
should be fully utilized. The slope of the road cross-section and the way of connecting the 
road to green space should be reasonably set to promote the drainage of the road and the 
collection of runoff. 

Based on the evaluation results of the priority, the layout planning of multi-func-
tional rainwater storage space can be carried out. The existing green areas with high pri-
ority in the location decision are converted into multi-functional stormwater storage 
spaces. From the spatial distribution of the evaluation results (Figure 8) and the actual 
satellite images, it can be seen that the areas with high priority include green space in 
parks (Figure 9a), dense residential areas (Figure 9b), and roads (Figure 9c). The current 
conditions of each area are different. For the existing green space, the renovation should 
be reasonably arranged according to the priority of the evaluation results; for the areas 
without green areas in the current situation, those with high priority should be considered 
for renovation. The large green space can provide much space for regulation and storage 
(Figure 9a,c), and the dispersed green space can also control the runoff at the source (Fig-
ure 9b). The urgency is low for the green spaces that are centrally distributed but have 
low priority. Where resources are limited, multi-functional rainwater storage green space 
can be selectively retrofitted. 

 
Figure 9. Correspondence between evaluation results of the location decision and the current situa-
tion. (a) A park in front of the office building, (b) a dense residential area, (c) the city ring express-
way. 

According to the final results of the location decision priority evaluation, the propor-
tion of five evaluation types in the 38 plots was calculated. The results are shown in Table 
7. 

Table 7. The area proportion of each priority of multi-functional rainwater storage space in each 
plot. 

Types of Priority 
Plot Number 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Unconstructive 13% 30% 29% 29% 31% 21% 20% 24% 28% 26% 27% 29% 24% 

Unsuitable 16% 1% 1% 2% 7% 9% 2% 0% 2% 3% 8% 5% 5% 
Less Suitable 42% 31% 39% 40% 32% 42% 42% 37% 38% 42% 35% 44% 45% 

Suitable 26% 29% 27% 26% 28% 23% 31% 31% 27% 24% 24% 19% 23% 
Optimum 3% 9% 4% 4% 3% 5% 5% 8% 5% 4% 6% 3% 3% 

Types of priority Plot Number 
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14 15 16 17 18 19 20 21 22 23 24 25 26 
Unconstructive 31% 29% 27% 22% 22% 22% 33% 35% 38% 32% 25% 28% 28% 

Unsuitable 10% 2% 1% 3% 3% 6% 7% 1% 9% 3% 11% 4% 8% 
Less Suitable 38% 33% 36% 42% 39% 38% 39% 44% 34% 34% 41% 34% 42% 

Suitable 19% 31% 32% 26% 30% 29% 18% 17% 16% 25% 19% 26% 19% 
Optimum 2% 6% 4% 7% 7% 5% 3% 3% 3% 6% 4% 8% 3% 

Types of priority 
Plot Number 

27 28 29 30 31 32 33 34 35 36 37 38 
Unconstructive 26% 25% 24% 29% 39% 40% 29% 27% 35% 20% 28% 29% 

Unsuitable 3% 1% 5% 4% 3% 9% 10% 8% 8% 9% 11% 10% 
Less Suitable 35% 48% 39% 44% 36% 33% 41% 39% 36% 44% 34% 41% 

Suitable 29% 23% 27% 20% 18% 17% 17% 21% 16% 23% 25% 17% 
Optimum 6% 3% 4% 3% 4% 2% 3% 5% 5% 4% 2% 4% 

As shown in Table 7, except for the Unconstructive area, the priority types of each 
plot are mainly focused on two grades: Suitable and Less suitable. The optimum and un-
suitable areas were relatively few. The horizontal distribution of the priority types of each 
plot was uneven. The building density of Plot 21 was high, and Plot 22, Plot 31, and Plot 
32 had a large body of water, so the proportion of Unconstructive areas in these plots was 
relatively high. The proportion of the Optimum areas in Plot 2, Plot 8, Plot 17, Plot 18, and 
Plot 25 was higher than that in other plots, and the proportion of the Suitable areas in Plot 
7, Plot 8, Plot 15, Plot 18, and Plot 18 was higher. 

4. Discussion 
“Priority” is reflected in the urgency of flood risk and runoff pollution risk control 

and the suitability of building multi-functional green spaces. Urgency affects the runoff 
control benefits of multi-functional rainwater storage green spaces. The suitability affects 
the construction costs and the impact on the lives of the citizens. The priority of the loca-
tion selection of the multi-functional rainwater storage space can be quickly evaluated 
through this method. Moreover, the final evaluation result can accurately indicate the lo-
cation of the multi-functional rainwater storage space. At the same time, the plot classifi-
cation results are used to assign weights to the influencing indicators in the location deci-
sion, avoiding the neglect of specific problems and making the location decision for each 
plot more targeted and better able to solve the problems in the plots. In urban planning 
and urban stormwater management, the multi-functional rainwater storage green space 
can be selected first by this method, which can provide a reference for subsequent plan-
ning and design, save time and cost, improve the rationality of location selection, and 
make the urban multi-functional rainwater storage green space more systematic. 

In this case, the locations with the highest priority mainly concentrate on roads. The 
roads have a strong runoff-generating capacity and high risks [39], so the benefits of multi-
functional rainwater storage green space are higher here. The current green space area is 
in good condition to be converted into multi-functional rainwater storage green space, 
especially a concentrated green space such as a park (Figure 9a). If the green space is 
sunken, it can provide a large amount of storage space with great benefits. The study area 
has many early constructed lanes (Figure 9b). The high building density and low construc-
tion standards of the drainage network make them prone to flooding. These areas are at 
high risk but are difficult to retrofit. There are few green spaces, and most of them are tree 
pools and flower beds. In constructing multi-functional rainwater storage green space, the 
tree pool should be fully used as the rainwater storage space, and the courtyard space 
should also be fully used. If necessary, it can be used in combination with rainwater tanks 
and other facilities. Road reconstruction, such as West 2nd Ring Road in the case (Figure 
9c), should fully use green space on and around the road. In this area, the roadside green 
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space should be sunken, and the form of curb stone should be adjusted to channel road 
runoff into the sunken green space. 

In this study, the priority of location decisions was strongly influenced by roads. Bet-
ter benefits can be obtained from multi-functional rainwater storage spaces arranged 
along roads. Therefore, the sponge transformation of roads should be emphasized in the 
next urban renewal. Roads with good greening should be reconstructed by fully using 
existing green space resources. If there is no space for rainwater storage on the road, 
grassed swales can be installed on the roadside to receive and transmit runoff from the 
road, which has a relatively narrow width and can save space. The distribution pattern of 
location decision priorities will vary between different areas, which is determined by the 
main problems of the current situation. In this method, the weights of the indicators in the 
location decision evaluation system are not fixed. The weights take into account the char-
acteristics of the location and change flexibly according to the main problems in the plot, 
which increases the adaptability of the method to other cities. 

5. Conclusions 
(1) The location decision method proposed in this study can quickly, simply, and intui-

tively screen out the areas that can be used for multi-functional rainwater storage 
space and evaluate their priorities. This method takes into account the control of total 
runoff volume, peak runoff, and pollutants in runoff simultaneously. The character-
istics of the different plots are taken into account in this method, and the location 
decision results in a better solution to the city’s problems. 

(2) The difference in the weight distribution of influencing indicators for the runoff prob-
lem in different plots must be considered. In this case, the building density is high, 
and the area has a lot of underlying impermeable surfaces. There is no huge indus-
trial pollution source. Many plots in the study area focus on controlling total runoff 
volume. Among the 38 plots in the study area, two plots focus on controlling pollu-
tants in runoff; nine plots that focus on controlling peak runoff are mainly distributed 
south of the study area; eleven plots focus on controlling total runoff volume. The 
weights corresponding to the different plots are not the same. 

(3) Different plots have different priorities of location decisions for constructing multi-
functional rainwater storage space. The priority is determined by the conditions and 
urgency of constructing multi-functional rainwater storage spaces. Plot 1 has good 
conditions for constructing multi-functional rainwater storage space and low ur-
gency, so its priority is low. In a comprehensive comparison, Plot 2, Plot 8, Plot 11, 
and Plot 25 have higher priority than other plots to build multi-functional rainwater 
storage space. 

(4) In the case of this study, laying multi-functional rainwater storage space along the 
urban road can get the maximum benefit in a high-density built-up area. It is vital to 
renovate roads. Transforming roadside green space and road isolation belts into 
multi-functional green spaces can store runoff and control runoff pollution more ef-
ficiently. 
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