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Abstract: The urban flooding situations have arisen in the modern scenario of urbanization due
to climatic changes. This work contributes to designing a planned and feasible urban rain flood
ecosystem to promote the construction of a sponge city. It has various advantages of improving
the water environment, controlling urban waterlogging, reducing runoff pollution, improving river
and lake water quality, recycling rainwater resources, replenishing groundwater, and many more.
This paper combines the design methods and advantages of the design results formed in decades
using traditional regulation and utilizing it for the present study. It reconstructs and integrates the
traditional regulation and sponge city construction requirements, thereby providing a feasible urban
rain-flood ecosystem in the industrial and smart city scenario. Finally, the regulation of new paddy
areas in Yanjin city of China is considered for experimentation, and the design of the regulation is
applied using this setup. The design results obtained from the test of sponge city construction have
operability and can improve the urban environment and enhance the vitality of the city. The control
plan’s design results integrating the sponge city idea can provide effective technical support and
guarantee the overall urban environment. The work presented in this article can assess and plan
the flood mitigation measures to monitor this type of situation leading to flooding risk reduction in
smart cities.

Keywords: urban rain flood; ecosystems; smart city; sponge city; urban waterlogging; water re-
sources; flood risk reduction; Yanjin city China

1. Introduction

Over the last few decades, various countries worldwide have faced the issues due to
increased urbanization. Majorly, the two countries China [1,2] and UK [3] have witnessed
a steep increase in the urbanization rate, which is expected to rise following a similar
trend by the end of the 21st century [4]. This urbanization has a great impact on modern
civilization leading to the increased need for urban development. The adverse effects of
urbanization have been reported in various urban hydrological literature, which points
out the requirement of proper planning and channelizing the feasibility of the urban rain
flood ecosystem [5,6]. This increased the need for more systematized water resources
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which should be routinely modified or replaced with the proper drainage channels due to
increasing buildings and pavements.

Climatic change and global warming are the two significant phenomena affecting
the global situation of various countries. There are several major examples of climatic
change’s adverse effects in different parts of the world [7]. The flooding situation in
some major parts of China is worse as the millions of people who live in the area are at
a noteworthy risk of flooding [8]. Additionally, heavy rainfall in Ethiopia (which is the
Nile River’s major source) has adverse effects on Egypt’s agricultural outcome [9]. These
climatic changes have led to the rising demand for food, water, and energy resources
worldwide [10,11]. Thus, a systematic approach involves both the interdisciplinary and
transdisciplinary research initiatives to deal with the complex challenges [12,13]. The
challenges lied in the lack of human expertise to deal with the climatic changes, inadequate
human resources, low budget, and less autonomy in risk management due to government
authorities’ dependence [14,15].

The risk management process for identifying flood situations and taking the coordina-
tive steps for its treatment plays a great role in planning and decision making. According
to the International Organization for Standardization (ISO), risk management is the process
of taking the coordinative measures for the direction and controlling of an organization
regarding a risk factor [16]. This process is depicted in Figure 1, which is regarded as an
iterative phenomenon to improve and protect an organization’s value chain.

Figure 1. Risk management guidelines provided by ISO [16].

Risk management is applicable for specific sectors. Various contexts are to be estab-
lished before processing risk assessment like particular needs, the perception, and criteria
considerations, etc. The risk assessment state involves its identification, evaluation, and
treatment. The risk management guidelines provided by ISO also focus on the importance
of communication and monitoring the status to review the entire process.

Urban water challenges like flooding and poor drainage systems have adversely
affected the Chinese cities as well in the recent years of swift urbanization. Complexity
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arises in some parts of China, as various casualties have occurred due to the high-intensity
flash floods causing the downward turn of economy and fatalities across China [17]. With
the acceleration of urbanization [18] in China, a large number of people are migrating
into cities. This has led to new urban areas that need more water resources and a better
water environment to meet the needs of production and life. Since the construction of old
urban areas in China has basically ended, the sponge city’s concept can have sufficient
time to consider the construction of various green infrastructure [19–21]. The urban new
district construction achievements of regulatory approval often cannot keep up with the
new city construction step. In practice, there is always a new city construction site elevation
position of the first set of good roads. Some construction land determines the nature
and construction of the back gauge control design unit and results from the drawing
phenomenon. This situation makes the statutory planning out of control and guidance of
the new district’s construction, leading to the city’s new district construction variability,
too [22–24].

Therefore, the special planning requirements of sponge city should be incorporated
into the regulatory planning results so that the content of the special planning of sponge
city can be accurately implemented through the qualitative and quantitative advantages of
regulatory planning. A set of regulatory planning results can guide the normal construction
of the new area and realize the purpose of sponge city.

This work contributed to putting forward the suitability for sponge key design strat-
egy of city constructions, the total content and regulatory rules in the content integration,
combining the characteristics of all kinds of the new city district. This article aims at criti-
cally reviewing the management practices being adopted, particularly in Yanjin city China.
A planned and feasible urban rain flood ecosystem is designed to promote the construction
of sponge city, improve the water environment, control urban waterlogging, reduce runoff
pollution, improve river and lake water quality, recycle rainwater resources, replenish
groundwater, etc. The traditional regulation and sponge city construction are reconstructed
and integrated into this work to provide a feasible urban rain flood ecosystem in the
industrial and smart city scenario. Yanjin city of China is considered for experimentation.
It was found that the sponge city construction has operability and can also improve the
urban environment and enhance the vitality of the city. This research is viable to evaluate
and plan the flood mitigation measures to monitor and reduce the situation accounting for
flood risks in the smart cities.

The rest of this article has been arranged as: Section 2 presents the literature review of
the urban rain flood designing modules in the state-of-the-art approaches. The urban rain
flood ecosystem design framework is depicted in Section 3, highlighting various design
and planning criteria. Section 4 provides the empirical analysis of the proposed urban rain
flood ecosystem design considering Yanjin paddy field’s new area of China, as an example,
followed by concluding remarks in Section 5.

2. Literature Review

In recent years, there have been many types of research on urban construction of
urban rain flood sponges. Authors in [25] provided a lateral study emphasizing the rain
flood management process in the developing countries and summarize the foreign rain
flood management system periodically. The process of development and evolution, the
governance model of comprehensive, space features of regional convergence, and deep
form of urban development system analyzes the reason for combining this study with
the practical situation of China’s cities. They also presented the future urban rain flood
management method, which can lead to the development in the direction of thinking and
can use the history of exploration to assist the future multi-scale hydrological conditions in
the rain flood damage. The authors in [26] analyzed the practice of sponge city concept
in utilizing rain and flood resources. They put forward the relative opinions and sugges-
tions on the construction mechanism and development in the main city. The authors put
forward the multi-factor analysis and integration process under a complicated rain forest
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environment to act as a research and development plan in smart city planning. Authors
in [27] analyze the generally-used at the rain flood management measures, and summarize
its advantages and disadvantages in China to put forward the background of “sponge city”.
The analysis of ancient Chinese in the aspect of management of water resources problem
draws the lessons from a foreign successful case, and presented a more reasonable and
comprehensive solution to the problem of the urban flood waterlogging. The urban water
system’s overall planning, the green, is combined with all kinds of rain flood management
facilities to assure urban water safety and reduce pollution, prevention, and control of
waterlogging. However, most of the above literature is theoretical summaries, and few of
them mention practical planning strategies [28].

Aiming at the problem of urban rainwater management, the authors took Wanling
Mountain in Jinan city as the research object and conducted landscape planning and
design research of the urban mountain park based on the concept of sponge city [29]. The
theory and method of planning and design of mountain parks with sponge concepts are
studied. By comparing and analyzing the research progress and methods of rainwater
resource utilization at home and abroad, and taking sponge city theory, Low Impact
Development (LID) theory, urban ecology theory, as well as other related theories as the
support, the planning, and design of urban mountain park with sponge city concept, are
systematically studied.

The sponge city program was initiated in 2013 as a sustainable urban development
means in China [30]. China’s central government put forward this initiation, and the
guidelines were formulated for the construction of sponge city in the urban areas [31].
In 2015, many sponge cities were selected and evaluated for the examination of trial
construction [32]. More sponge cities were selected from the year 2016–2017 to prepare the
smart cities for urban planning [33]. In the year 2018, the Chinese government published
the assessment standard for sponge city management, which can use the concept of sponge
absorption for water management in China [34].

The resilience concept came into the picture in the previous decades for climate
change adaptation in the urban scenario [35–37]. Authors in [38] considered urban climate
resilience’s main aspects, such as systems and the agents. Even during the different climatic
changes, the flexible operation of urban cities was considered in the resilient urban systems.
The action plan and strategies related to resilience require cooperation among various
sectors of society [38]. The researchers’ various steps include process setup, assessment of
existing knowledge of risk, and identifying potential adaptation choices, choosing among
them the designing, implementing, and evaluating of the outcomes [39,40]. The assessment
of urban resilience was done by the authors [41,42] to assess the water management process
in recent years, despite the lack of integration frameworks.

This article studies the design and objective evaluation of rainwater management
facilities of famous landscape planning and design cases at home and abroad. It analyzes
the advantages and disadvantages of existing mountain park sponge facilities through
field research. It summarizes the objectives, principles and methods of urban mountain
park landscape planning and the sponge city concept. According to the needs of urban
rain flood construction, this article reconstructs traditional control planning content. It
improves the method system of sponge city control planning by putting forward the urban
rain flood ecosystem. It analyzes the key points of sponge city control planning-level
design strategy corresponding to various new urban areas. Furthermore, it makes the new
urban area that achieves the expected purpose of sponge city construction.

3. Materials and Methods
3.1. Urban Rain Flood Ecosystem Design

There are various factors determining the urban rain flood ecosystem design in the
modern city scenario, like the waterfront environment, road section designing, and plan-
ning and design of rain and sewage engineering. The schematic design of the urban rain
flood ecosystem is presented in Figure 2, which fulfills all the design parameters.
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Figure 2. Schematic design of urban rain flood ecosystem in smart cities.

The complete design requirements and the techniques are elaborated in the following
sections discussing various aspects of design considerations, analyzing the current scenario.

3.2. Waterfront Environment Design

Nowadays, an urban water bank is basically to compress the width of the river and the
width of the greenbelt along the river as much as possible under the condition of ensuring
flood control, so the general situation of water bank is vertical or slope hard embankment,
and narrow belt greenbelt along the coast. In terms of function, citizens only have functions
such as walking and having a rest in the green space, and there are few squares and other
places that can accommodate citizens for group entertainment activities. The vertical type
and slope type hard revetment built on both sides of the riverbank is too steep to set up
footpaths close to the water surface, resulting in citizens’ inability to kiss the water. In
terms of quality, the land along the water body is developed and constructed, squeezing
the water body’s living space and gradually reducing the green water area in the city. Even
if there is open space, it is artificial squares and paving, and the environmental quality is
too rigid [29,43]. The analysis of the current situation of urban waterfront environment is
discussed in Table 1 along with the content which is needed to be improved.

Table 1. Analysis of the current situation of urban waterfront environment.

Analysis of the Situation Content to Be Improved

From the function Unable to provide a place for public activities
such as festivals; unable to be hydrophilic

To keep the waterfront green area to
accommodate more residents; make

gentle slope green land, easy to set steps
or paths to be hydrophilic

From the quality Squeeze the green space along the river, and
reduce the quality of natural environment Leave enough waterfront green width

From rainwater utilization The flow is too fast to store rain. Water cannot
touch plants and get water purification

The setting of gentle slope type ecological
revetment can reduce the flow rate,

facilitate water purification and
infiltration, so as to retain rainwater

Integrate the control planning design unit’s control ability in sponge city and the water
conservancy design unit’s professional technology in water conservancy projects, and let
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the water conservancy design unit and the control planning design unit work together. The
steps are as follows:

• Calculate the water conservancy design unit’s elevation of normal water level and
calculate the elevation of flood level according to the flood control standard [30,44].

• The control planning design unit designs the embankment form and preliminarily
determines the horizontal distance between the flood level elevation position. The
level elevation of the normal water level is according to the space required by the
ecological gentle slope green space.

• Submit the obtained cross-section map of water body green space to the water con-
servancy design unit to calculate again accurately whether it can meet the flood
control requirements.

• The regulatory design unit shall make the corresponding regulatory design results
after obtaining the cross-sectional map of green water space verified by the water
conservancy design unit.

3.3. Road Section Design

The traditional road section design is satisfied in the vehicle, non-motor vehicle,
pedestrian, and green space. For the sake of traffic safety, motor vehicles and non-motor
vehicles are separated by a green belt or guardrail. The sidewalk will be about 20 cm higher
than the road surface to protect pedestrian safety [44,45]. The green space also has an
independent range without interference. The ratio of green space area to road area will be
appropriately increased in areas where vegetation is suitable for growth or in consideration
of garden city needs and city image of landscape avenue. Therefore, this part of green
space is distributed in the form of a point-like tree pool, banded tree pool, banded road
isolation green belt, and a green street belt.

Suppose the collected rainwater is injected into the rain-pipe outlet and drained away
by only relying on the rainy season’s road surface. In that case, there will be LID facilities
to collect the rainwater that cannot be retained and enter the rain-pipe network. Therefore,
this paper proposes to implement a stratified drainage strategy. It is divided into three
levels of drainage: high, medium, and low, such as commercial hard surface, permeable
pavement, and sunken green land. It is suggested that the rainwater collected from the
public buildings along the road and the hard squares along the street be dissolved internally.
It can be constructed in the form of a sunken rain garden or green space. Considering the
needs of plant growth, the depth should not exceed 150 mm, and it needs to be coordinated
with LID facilities in various construction lands connected with the road [45–48]. Rainwater
within the red line of the road can be filtered down by permeable materials laid on the road
surface and then transferred to the sunken green land along the road. The rainwater that
cannot be transferred through the pavement’s infiltration material can be collected through
the surface into the biological retention pool along the side, the sunken tree pool, and
the shallow grass ditch for retention and purification. When the stagnant rainfall exceeds
the predetermined depth, it will turn into the urban rainwater pipe network through the
overflow port. In this way, part of the rainfall can be dissolved. The rainfall on the surface
of green land will be directly detained within the scope of green land, and overflow mouth
or overflow pipe will be injected into the urban rainwater pipe network after exceeding
the limit.

3.4. Planning and Design of Rain and Sewage Engineering

We took the method of rainwater recycling, collect rainwater, which can play the
following role.

(1) Collect rainwater within the planning scope, which can be used for indoor cleaning,
road spraying, plant watering, and other purposes, reducing tap water use, saving
water resources, and urban operating costs.

(2) Retention of rainwater can provide enough time for plant roots to absorb water, and
when plants have enough water, they can increase water vapor transpiration and
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reduce the harm of heat island effect [49–51]. Simultaneously, rainwater retention
time is long, can permeate to the ground, supplement groundwater, and maintain the
same groundwater level.

(3) When rainwater flows through plants’ surface, pollutants such as nutrient-rich com-
pounds contained in rainwater can be decomposed and purified by plants and mi-
croorganisms. In this way, even if excessive rainfall is required to transfer excess
rainfall to large reservoirs or rivers, the surface and groundwater environment will
not be polluted. Table 2 provides the comparative analysis of the effect of rainwater
fast drainage model and rainwater recycling model.

Table 2. Comparison of the effect of rainwater fast drainage model and rainwater recycling model.

Evaluation Content Rapid Drainage Mode Rainwater Recycling Mode

Water conservation

If the rainwater is not recycled, all the water
will come from the waterworks, which is not

conducive to water resource conservation;
the pressure on the water supply network,

waterworks, and other municipal
infrastructure will be increased

After collecting rainwater, it can be used for
domestic water, road spraying, and

landscaping water to save water resources

Microenvironment regulation

Vegetation does not fully absorb rainwater,
leading to the evaporation of water greater
than the storage of water, forming a heat

island effect, resulting in ground sinkholes
and ground-level decline

After rainwater retention, plants can fully
absorb water from rainwater, increase water
transpiration and reduce urban temperature.

After the groundwater supplement, it can
maintain the same groundwater level, and

avoid the ground collapse

Environmental impact

Without purification, rainwater is directly
discharged into the water body, causing

pollution to the water quality of rivers, which
is one of the reasons for the worsening of the

ecological environment in China

The rainwater will not pollute the water after
being purified by plants

In order to realize the effective retention, purification, recovery, and infiltration of
rainwater, different levels of green infrastructure should be built in the planning of con-
trolled rainwater project, and the rainwater engineering system should be built together
with urban rainwater pipe network.

(1) In the case of low-intensity rainfall, all rainwater will be captured by the green roof,
sunken green land, permeable pavement, storage tank, water storage tank, and other
small green infrastructure at the source (i.e., each plot), which does not need to be
reflected in the rainwater project planning.

(2) In the case of moderate rainfall, some rainwater will still flow out after interception at
the source, which can be completely intercepted by storage tanks and small lakes set
up in various public green spaces and protective green spaces in the city [52,53].

(3) In the case of high-intensity rainfall and ultra-high-intensity rainfall, large natural
and artificial water storage sites should be set up. Still, the connection between
water storage sites and urban rainwater pipe networks should also be set up and
be established. The chestnut pumping stations should be set up to pump excess
rainwater into rivers in time. To change the way of centralized transportation of
all domestic sewage through a sewage pipe network to the sewage treatment plant
for treatment, a sewage treatment plant can be configured according to the way of
division of residential areas. The treated water will be discharged into the adjacent
ecological green space for purification and storage, which will be used for road
spraying and landscaping irrigation.
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4. Results and Discussion

In order to test the rationality of the control plan design strategy in the control plan
design of the new district of sponge city, the paper chooses the control plan project of the
new district of paddy field in Yanjin city as an example. The empirical analysis is done to
verify the presented urban rain flood ecosystem design for smart cities.

4.1. Catchment Area and Runoff Control for Smart Cities

The total amount of stormwater runoff control in the catchment area includes the total
amount of stormwater runoff control in the construction land and non-construction land of
the smart cities, not less than 80%. Public storage facilities can accommodate 20% of the
rainwater that still overflows after being stored in LID facilities. By controlling the total
amount of rainwater runoff and the capacity of public storage facilities in various areas, the
annual rainfall of 25.5 mm can be controlled by 80% to 100%, ensure the control of the river
water in paddy fields after the development of new paddy fields, and ensure the storage
and use of rainwater and flood control.

In order to prevent the stored water contamination, the runoff should be diverted
during the rainfall, and a greater number of catchment areas should be used for this incor-
poration. Each catchment area shall meet the construction requirements in Figures 3 and 4
and implement unit control [54].

Figure 3 depicts stormwater runoff control in the catchment area (in hectares) with
respect to the number of catchment areas. This figure reveals that more catchment area is
required if the number is less to control the stormwater runoff; however, if we increase the
number of catchments, the less area can control the runoff stormwater. A comparison is
presented in Figure 4 that reveals the stormwater runoff control in total compared with the
capacity of public water storage facilities in the catchment area.

This figure depicts both the capacity of the public water storage facility and stormwater
runoff control requirements. Both the graphs follow the same trend. The increasing number
of catchment areas improves public water storage capacity and controls the stormwater
runoff in a better manner. While considering the smaller number of catchments, the
increased capacity of public water storage and stormwater runoff control are accountable
for increased catchment area in hectares.

Figure 3. Stormwater runoff control in the catchment area.
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Figure 4. Comparative analysis of total runoff control and capacity of public water storage facilities in catchment areas.

From the year 2000 to 2020, the complete scenario of rainfall (in mm), actual direct
runoff (in mm) and the total runoff (in m3) is studied and depicted in Figure 5.

Figure 5. Scenario of rainfall, actual direct runoff and the total runoff from year 2000 to 2020.

The total amount of stormwater runoff is the next target of LID facilities for all land in
the catchment area. The paper puts forward corresponding control requirements for each
type of land use, as shown in Table 3.

The LID facilities are dedicated to the stormwater runoff control, sunken green rate,
green roof and permeable pavement rate for all the land types like residential land, public
administration land, public service facilities, commercial service lands, municipal roads,
utility land, green space and square land.
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Table 3. List of LID control indexes in paddy field’s new district (%).

Land Use Types Stormwater Runoff
Control Rate Sunken Green Rate Green Roof Rate Permeable Pavement Rate

Residential land ≥80 ≥60 ≥50 ≥90
Land for public administration and

public service facilities ≥80 ≥60 ≥40 ≥60

Commercial service land ≥80 ≥60 ≥30 ≥60
Municipal road land ≥50 ≥80 - ≥20

Utility land ≥80 ≥60 - ≥60
Green space ≥85 ≥60 - ≥90
Square land ≥60 - - ≥90

4.2. Road Traffic Planning for Smart Cities

The real-time traffic condition of smart cities is improved by using sustainable road
traffic planning strategies. The advanced traffic management systems develop the traffic
mitigation methodologies to enable a better city environment by improving the existing
traffic platforms. The complete layout of the road traffic planning system for smart cities is
indicated in Figure 6.
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In addition to the straight line of the city’s main road, the rest of the roads are designed
in accordance with the mountain terrain. The width of the main road is 24 m, the width of
the secondary road is 12–15 m, and the width of the branch road is 10 m.

The vertical design of roads in mountain cities gives priority to the whole urban area’s
topographic conditions. The paddy field’s overall terrain condition is high and steep on
both sides and gentle in the middle, so the road is designed vertically along the terrain
without destroying the topography and green vegetation. As the sewage project planning
and rainwater project planning should be in the form of self-weight transfer, the design
should be carried out based on the vertical planning of roads in mountain cities, so the
sewage treatment facilities and public water storage facilities are located at the bottom of
the valley, in the lower position of the vertical elevation of roads. Besides, the red line width
of the road in mountain cities is greatly restricted by topography. Therefore, the design
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of the green isolation belt is canceled. The purpose of sponge city construction is to make
full use of natural greening to control rainwater runoff and reduce rainwater pollution.
Therefore, the construction’s key contents are the sunken tree pond, grass ditch along the
side, rain garden, the permeable pavement of the sidewalk, and the overflow facilities
connecting the road with grass ditch along the side, rain garden and so on. Moreover, due
to the shortage of funds for the construction of the new area and the good foundation of the
green environment of the new area of the paddy field, therefore, no permeable materials
are used for laying motor vehicle and non-motor lanes.

4.3. Rainwater Project Planning for Smart Cities

Multiple factors should be considered for rainwater harvesting and the management of
water flow in smart cities. These factors include the optimal utilization of existing resources,
anticipation of future demand, and analysis of the impact of climatic changes over the
approaching years. The design of rainwater project planning for rainwater harvesting in
the smart cities is depicted in Figure 7.
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The design specifications given in Figure 7 are considered for the development of
smart cities and thereby indulging better rainwater project planning. Compared with the
traditional rainwater control plan, the presented rainwater project in the Shuitian new
district includes a rainwater pipe network, public storage facilities, and excess rainwater
discharge. The mountain rainfall flows through the interception channel to the channel or
road, planting grass along the side of the ditch. When the capacity of rain flood passage
and grass planting ditch reaches saturation, it is transferred to the urban rainwater pipe
network through the overflow pipe and transferred to public water storage facilities. If
the rainfall is too large, the excess rainwater will be discharged from the public storage
facilities or directly open the excess discharge port to discharge the rainwater into the
paddy river. LID facilities and standard storage facilities reduce rainfall. Excess rainwater
is transferred from the rainwater pipe network to public storage facilities.

4.4. Sewage Engineering Planning for Smart Cities

An effective sewage management system plays a vital role in the establishment of
a smart city. The sewage planning is accomplished by initially performing the screen-
ing process, then categorizing the sewage into grit chambers, followed by its passage
to the skimming and sedimentation tank prior to processing it in the treatment plant.
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Figure 8 depicts sewage engineering planning for smart city designing of an urban rain
flood ecosystem.
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The calculation of sewage quantity in the new area of the paddy field is determined
by multiplying the sewage discharge coefficient. The maximum daily water supply is
17,000 cubic meters per day, and the sewage discharge coefficient is 0.8. Maximum daily
sewage discharge Q = 17,000*X(0.8) = 13,600 cubic meters/day. Considering the needs
of urban development, the scale of sewage treatment plants will be slightly expanded. It
is planned to divide the paddy field’s new area into three sewage treatment zones, each
of which is equipped with a sewage treatment plant. The sewage treatment plant will be
equipped with a wetland or pond as a storage site for purified water in addition to the
necessary treatment facilities. It is then transported to the riverside green land side by the
reclaimed water system as the water for urban road cleaning and landscaping.

The entire scenario of development for urban rain flood ecosystem design and plan-
ning in smart cities is depicted in Figure 9. This indicates the development graph revealed
from various literatures from the year 2000 to 2020 in the field of urban rain flood ecosys-
tem development and planning. The outcomes obtained by the survey indicates that the
exploratory development is seen between the period 2000 to 2005 which is followed by
the initial development between the year 2006 to 2009 and rapid development can be seen
from the graph of year 2010 to 2020.

Figure 9. Development scenario for urban rain flood ecosystem design and planning for smart cities.
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Using the design specification proposed in this work, a new paradigm can be achieved
for the rapid development of urban rain flood ecosystem design and planning in smart cities.

5. Conclusions

This paper combines the various methods and advantages of the design results formed
in decades by the traditional regulation and utilizes it for the present study. It reconstructs
and integrates the traditional regulation and sponge and smart city construction require-
ments and then develops an urban rain flood ecosystem. The regulation of new paddy
areas in Yanjin city of China is considered for experimentation, and the regulation design is
applied. It is found that the design results of the control plan integrating the sponge city
idea can provide effective technical support and guarantees the overall urban environment
and urban vitality. The various contributions of this article are concluded as the following.

This work presents a reasonable arrangement for citizens’ activities according to
different flood levels so that the city avoids the threat of floods. The experimentation
reveals that the considered river banks become ecological revetments, and the green
belt along the river is higher than the flood line. Gentle slope green belt provides more
opportunities for plants to contact the water body and enables citizens to get close to the
river through footpaths and steps.

This article enables the flexible controlling LID indicators and unit management and
rainwater runoff control in catchwater districts. This allows government managers to adapt
to the characteristics of fast construction and changeable projects in new urban areas and
improve urban operation efficiency.

The change in road drainage ensures that the city has enough urban road area un-
changed, runoff pollution can be effectively reduced, and rainwater runoff can be controlled.
Combined with LID facilities in various construction plots, urban waterlogging risk can be
effectively controlled.

Compared with centralized treatment, the sewage treatment facilities utilized in this
article reveal that the sewage pipe diameter in most sections is smaller. The sewage pipe
network laying cost is lower, and the nearby purification treatment and on-site recycling
can be achieved.

This work can mitigate the flood occurrence measures and is capable of monitoring
the situation leading to flooding risk reduction in smart cities.
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