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ABSTRACT
With the rapid development of urban construction and the rapid expansion of scope, especially in
developing countries, many cities are threatened by floods. At the same time, there is no
connection between the urban rainwater management system and the urban landscape, which
seriously affects the sustainable development of the city. Taking Zhengzhou City, a central city
in China, as an example, this paper explores the problems in rainwater management and urban
landscape on the basis of planning and engineering design, and according to the data from
websites, government and previous research, the stormwater management of the whole city and
10

urban green space are analyzed, the analysis reveals the separation between urban rainwater and
urban green space, and then a strategy of using urban landscape to effectively improve the
rainwater management system and optimize urban landscape facilities is proposed.

Key Words: urban stormwater management, urban green space, sponge city
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INTRODUCTION
Sustainable design is one of the perennial topics in all walks of life. Human development
should be in harmony with the natural environment. In terms of natural and social attributes, it
needs to seek an optimal ecosystem to support ecological integrity and the realization of human
desires, so as to improve the quality of life of human beings on the basis of sustainable living
environment. In modern city construction, how to use the strategy of sustainable design to make
cities better human living space with the rapid development of the city is something people need
to consider.

With the development of urban construction and rapid expansion of the scope, a lot of
cities are suffering the threat of storm water. At the same time, the water environment has been
damaged to varying degrees, which seriously affects and even restricts the sustainable
development of the city. The management of urban water environment and the control and
utilization of storm water are extremely urgent.

Heavy rainfall during the rainy season can lead to rainfall exceeding the capacity of the
city's drainage system. Previous direct drainage of rainwater would cause severe urban
waterlogging and environmental degradation across the country (such as Beijing, Wuhan, and
Zhengzhou). The main reasons are as follows:
1. Urban sprawl leads to extensive hardening of the road surface which can increase the
surface runoff in a short period of time.
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2. Many original ponds and reservoirs have been buried and the vegetation on the mountain
has been destroyed, so that the flood control capacity of the cities has been reduced.
3. Traditional urban flood control strategies have failed to adapt to urban runoff growth;
4. Rainfall carries a large number of pollutants into the water body, causing serious nonpoint source pollution.

Henan province is located in central China. Zhengzhou, the capital of Henan province, is a
large city. With the deterioration of climate and the advance of urbanization, it is easy to flood in
summer due to long periods of continuous rainfall. After a series of investigations, it can be
found that the rainfall in Henan province is generally distributed along the latitude. From north to
south, the annual precipitation ranges from 520mm to 1130mm, the highest is in Xinyang city,
which is over 800mm in most years. The northern region has a minimum annual precipitation of
550mm, most of which is between 700mm and 900mm. Most of the precipitation is concentrated
from April to June, accounting for 80% of the total precipitation, and the continuous heavy
precipitation makes it easy for urban waterlogging to occur during this period. However, from
November to January, Zhengzhou has little precipitation, leading to drought.1

Therefore, Zhengzhou is one of the typical cities that need sustainable urban rainwater
management. In China, every city has its own land planning, of which the essential part is the
landscape facilities which often appear in the form of the park. Heshan Park, located in the north
of Zhengzhou, is used to solve the problem of locally heavy rain by means of the urban
landscape. For example, sponge city is a new construction mode that China urgently demands to
solve the problem of urban storm water. Elastic city, low influence development and sustainable
1

Zhengzhou Meteorological Bureau, Henan Province: http://www.henanqx.gov.cn
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resource management are the core ideas of sponge city. Sponge city can accurately reflect the
sustainable development of urban storm water management. Sponge city is closely related to
eco-city and low-carbon city. The new concept and landscape facilities are combined to better
solve problems.

Based on the contradiction between urban environment and resources, a design method
suitable for the sustainable design of storm water management in an urban park is proposed.
Taking the sustainable design of Heshan Park in Zhengzhou as an example, the present situation
and existing problems of Heshan Park in Zhengzhou city are investigated and analyzed.
Sustainable design such as sponge city has been explored in the design process.

14

RESEARCH BACKGROUND
Water issues
According to projections by the United Nations population agency, urbanization rates in
every developing country or region in the world will exceed 50 percent by 2030. Two-thirds of
the population will live in cities by 2050. At present, the world is in the period of rapid
urbanization, and the urban water problem is becoming more and more prominent, and the
demand for urban hydrology research is becoming more and more urgent. In the early 1990s, the
earth's urban area was about 1 million square meters, accounting for 0.67 percent of the earth's
land area.2
Since 1990, the urban area of the world has grown by an average of 5% a year, and the
current urban area accounts for about 3% of the global land area. According to statistics from
657 cities in China, the average annual growth rate of China's built-up area in the last 10 years is
7%, which is equivalent to adding one Shanghai city every year. Urbanization brings a series of
hydrological effects, including "rain island effect"(RHI) and "dry/wet island effect". With the
increase of urban population, building density and energy and water consumption intensity, these
effects become more and more intense, which seriously affects the life of urban residents and
urban ecological and environmental security, for example, the "rain island effect" makes urban
waterlogging more and more obvious. According to incomplete statistics, in 2013, there were 11
severe floods in Chinese cities, and about 6 million people were affected to varying degrees. 10
people died, and the direct economic loss was nearly 10 billion yuan.
In China, many inland cities face similar waterlogging problems, and the government is
actively taking measures. For our designers, to use sustainable design to solve the problem is the

2

UN News： https://t.qianzhan.com/caijing/detail/180518-4f766875.html
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optimal solution. How to combine landscape facilities and urban storm water management and
how to deal with the relationship between them are urgent problems for us.

Storm water management and urban landscape
Since the 21st century, due to the worldwide shortage of water resources and storm flood
disasters, the emergence of population, resources, environment, energy, especially water
resources, has brought about the focus of the research on the utilization and management of
rainwater. In the early 1980s, the establishment of the International Rainwater Harvesting
System Association (IRCSA) triggered a boom in the use of rain and flood by many countries
around the world. Some European countries and regions with high level of urbanization in
Europe, America and Asia have adopted urban rainwater harvesting and utilization as a strategic
measure to solve the problem of urban water supply. After trials, legislation, implementation and
promotion, the rainwater harvesting and utilization industrialization road is gradually on track.

For China, from the aspects of climate change, urbanization, and flood control
construction, global climate change has led to more and more intense rain and flood disasters. In
addition, the disorderly spread of cities has caused the construction of cities to expand to the
floodplain with higher risks of flood. Urban green spaces used for detaining floods have been
eroded, and “people and water disputes” has reduced water areas in urbanized areas and
increased storm floods. Disaster-affected areas and urban areas are threatened by flood.
Meanwhile, due to the poor construction quality, aging and damage of earlier original flood
control infrastructure, with long-term disrepair, they are not adapted to the changes and
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characteristics of the current rain and flood disasters, leading to an increase in the threat of rain
and flood to urban areas.

Urbanization makes urban green space area decrease dramatically. There is an increasing
demand for green space. Urban landscape area construction has also become a major topic in the
study of urban planning now. China is in the process of accelerating urbanization. The internal
population of the city is rapidly expanding, the industry is developing quickly, land use has
undergone great changes, and the nature of the city has been gradually reduced. Due to the lack
of direct economic input and output, urban green space is gradually being replaced by other land
in fierce land competition, and the number of urban green space has dropped significantly.
People have finally realized the ecological and environmental problems caused by the reduction
of urban green space. Although many cities have begun to pay attention to the construction of
urban green space systems in recent years, there are still three prominent problems in urban
green space:

1. Per capita green space is low. Among 223 prefecture-level cities with statistical data
(China City Statistical Yearbook 1998),there are 6 cities with the per capita green space over 10
square meters, accounting for 2.7% of the total cities, there are 9 cities with the per capita green
space between 5 square meters and 9 square meters, accounting for 4.0%, there are 28 cities with
the per capita green space area between 3 square meters and 4.9 square meters, accounting for
12.6%, there are 115 cities with the per capita green space area between 1 square meter and 2.9
square meters, accounting for 51.7%, there are 65 cities with the per capita green space area less
than 1 square meters, accounting for 29.1%. Therefore, judging from the per capita level,
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Chinese urban green space is at a relatively low level, and it does not meet the requirements of
modern cities.3

2. The distribution of green space is irrational. The unreasonable distribution of urban
green space is highlighted by the contrast between the new urban area and the old urban area. On
the one hand, there are large-scale parks, public lawns and other projects still under construction
in the new urban area with a per capita green area of 30 square meters. On the other hand, there
is no improvement in the old urban area where the per capita green area is less than 2 square
meters.

3. Urban green space has been invaded by a large number. With the rapid economic
development after the reform and opening up, urban land use has also undergone tremendous
changes. Among them, the green space in the urban center area has been invaded by a large
number, mainly as follows: Firstly, due to the adjustment of the industrial structure, with the
rapid rise of the three industries, the number of land-uses in the tertiary industry has risen sharply
and accumulates in urban centers with high population density. Secondly, the living standards of
urban residents have increased, the per capita living area has increased, and the population in
urban centers has not moved outward. The evacuation caused an increase in residential land in
urban centers. Thirdly, the land capacity in urban centers is limited. With the rapid increase in
other land use, the area of green space in urban centers has become smaller and smaller.

3

China Statistical Yearbook: http://www.yearbookchina.com/navibooklist-N2005110395-1.html
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LITERATURE REVIEW
Phenomenon
Since the reform and opening up, Chinese economy has developed rapidly and entered a
stage of rapid urbanization. According to statistics, Chinese urbanization rate exceeded 50
percent for the first time in 2012, and the trend is increasing year by year. With the expansion of
urban population, the increase of building density and the change of urban landscape pattern, the
urban development is faced with huge environmental and resource pressures, among which the
water environment problem is especially prominent.

Figure1 The influence of urbanization on the city water system
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From the figure, it is easy to conclude the influence of urbanization on the city water
system, urbanization population density has increased and the urban building density has
increased greatly, at the same time, the rain has increases, impervious area has expands
unceasingly, which has certain influence on the source of water, the climate, groundwater and
surface water, and then causes the degradation of water quality, control non-point source
pollution and flood control problems.

The basic concept of storm water management
Storm water management is to utilize the engineering method to better utilize the rainwater
while effectively managing the excess water. Preventing disasters such as flood and
waterlogging is the basic function of storm water management. Of course, as time goes on,
people also suggest that the concept of storm water management is not only to prevent disasters
but also to make use of sustainable ways to manage storm water.

At present, the average amount of natural groundwater recharge in Henan province is
16.458 billion cubic meters, accounting for about 40% of the total water resources in the
province. In distribution, the groundwater in the southwest can be directly drunk, but the shallow
groundwater in the north and southeast is polluted seriously and the water quality is poor. The
shallow groundwater in major cities of the province, such as Zhengzhou, Shangqiu, Xuchang and
Puyang, is seriously polluted and the water quality is declining. Zhengzhou has a total water
resources of 1.339 billion cubic meters, and its per capita water resources are 212 cubic meters,
only one tenth of the national average, the water shortage is severe. There are endemic diseases
related to some degrees to drinking water quality all over the province. In the hilly mountainous
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areas in the north and west and in the plains in the east, there are high fluorine water, low iodine
water and high ferromanganese water, which are related to endemic diseases such as kashin-beck
disease, fluorosis and goiter. Nearly10 million people in the province are still drinking
groundwater that does not meet the standards for drinking water (Cui, X. Xu, Z. 2008).

Rainwater is collected by means of retaining devices on roofs, courtyard cement floors and
road permeable floors，and then transported and stored in the ecological pool through a
specially designed conveying system. The rainwater can be used for flushing toilets and greening
after environmental protection treatment. In this way, it not only reduces the rainstorm runoff,
prevents the rain flood damage, and refills the groundwater, but also realizes the reasonable
allocation of surface water and groundwater, and coordinates the relationship between human
and nature.

The rainwater is mainly collected, processed and stored through rain collection facilities. It
can be designed as a decentralized system for individual buildings or a gourd string type storage
tank provided in buildings or residential communities. The system consists of six subsystems:
current collection, water delivery, purification and filtration, water storage, elevation and water
use.

The use of rainwater can not only greatly ease the city's water load, but also reduce and
eliminate urban floods caused by rainfall, increase groundwater conservation in urban areas,
alleviate ground subsidence, increase shallow groundwater level and maintain shallow water for
a long period of time. The stability of the groundwater level ensures normal complementarity
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between surface water and groundwater, assuring that the surface vegetation and underground
microbial systems are in a virtuous cycle.

Domestic research in China
With rapid growth of urban economy, more and more people get into cities. City land
reduces with the increase of population quantity continuously. The construction of urban
infrastructure for people to use is reducing constantly. Therefore, urban land is insufficient, and
the urban ecological landscape pattern is constantly changing. With reinforced concrete replacing
the original vegetation and soil, the original land hydrological condition has been changed,
adding to the poor of water, storm runoff pollution and the problem of seasonal water logging.

China is one of the world's most water-deficient countries, with a per capita water supply
of only a quarter of the world's per capita water. Urbanization causes the increase of urban
population base and the growth of a variety of industries. To meet the needs of the water
resources, groundwater resources are overexploited and used, so that the underground water level
is falling and the city water shortage phenomenon is more serious, which also increasingly
causes the urban water resources to dry up. According to statistics, more than 400 cities in China
are affected by the lack of water resources, so the lack of water resources has become one of the
major obstacles to urban development.

In recent years, in many cities of China, it is easy to form waterlogging when it rains. In
July 2012, the Beijing's urban waterlogging caused widespread concern. The change of the urban
surface has broken the surface balance of the upper bound and affected the flow of nearby air
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and hydrology, resulting in the formation of small climate in the region and the concentration of
precipitation. The construction of urbanization makes the impervious surface of the lower
cushion surface increase, which greatly weakens the surface self's capacity for water storage and
stagnation and makes urban waterlogging more severe. Not only Beijing, Wuhan and
Zhengzhou, other cities have similar problems. The previous rapid development has brought
great troubles to the current urban construction and the storm water management.

Research abroad
Some European and American countries have already decades of experience in the
rainwater resources utilization and management. This paper combines the actual situation of
China with some other countries' outstanding cases of the scientific and reasonable management
measures as an important reference to achieve the construction of sponge city in China.

The main idea of the United States to manage and control storm water is to improve the
natural infiltration capacity of the surface, which is the most developed technology of urban
storm water management and storm water runoff pollution control. The development and
comprehensive utilization of non-engineering ecological technology is an important part of urban
storm water utilization technology. The system of urban storm water management and the runoff
pollution control is designed scientifically using vegetation, water and other natural factors
combined with artificial ornamental landscape such as buffer zones, plant fence, wetland
vegetation. A large number of ground surface mitigation systems and water reflux systems made
up of roof water pool, well, the grass and permeable ground surface can achieve the interaction
of ecological landscape and natural and the combination of natural beauty and artificial beauty.
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In the 1990s, a "low-impact development" rainwater management technique based on microscale
landscape control was proposed in Prince George, Maryland, Seattle and Portland. Evenly
distributed small water source control mechanism, using the local design technology of
penetration, filtration, storage and evaporation, and runoff interception near the source,
effectively control storm runoff and pollution, relieve and repair the water system of chaos
caused by the excessive development and the production of human living activities.

The specific technique used by Japan in the management of rainwater is to reduce the
ground height of the playground, green space and flower bed and pave the square with permeable
road or gravel road. And seepage well is established to accelerate the flow of storm water. Large
underground water storage facilities are built under the sports field, and the basement of highrise buildings is used as the reservoir for storm water storage.4

Research significance of the project
The promotion of urbanization also requires the improvement of urban ecological quality.
In evaluating a regional urbanization construction level, the basis is not only the expansion of
city scale and the rate of cultivated land and utilization but also should include whether urban
human settlements environment and the natural ecology can be recycled. The meaning of
"sponge city" is to solve the ecological problems of urban development. That human gets along
with nature is a gradual process, which has gone through the stages of adapting to the natural and
using natural phase, now people have to live in harmony with nature. So "sponge city" has
irreplaceable function and meaning in the construction of urban ecological landscape, it not only
provides comfortable, safe and sustainable living environment for the city residents through a
4

http://www.china-up.com:8080/international/message/showmessage.asp?id=2606
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scientific theory but also is the basis of urban ecological environment evaluation. Urban
ecological landscape construction is an organic combination of the natural environment and
residents, it serves the residents and also is the direct response of residents' quality of life. It has
more far-reaching significance, as the foundation of the sustainable development of the urban
ecological system.

City "sponge" system is not simply to deal with the problem of the rain, it also focuses on
the city's ecological environment, starting from the natural geographical environment of the city,
dealing with all kinds of ecological problems and the species problem in the process of
urbanization, making the waste water produced by urbanization complete self-purification or
store in the human ecological landscape system. This is the goal of ecological self-circulation,
and also the construction significance of "sponge city". Every inch of land and every ecological
landscape space in the city has ecological functions, such as storm water management, regulating
atmosphere, rain and pollution purification and so on. In the process of ecological restoration
using ecological landscape, whether it truly makes use of the existing facilities is the key to the
realization of "sponge city".5

The ecological landscape infrastructure is generated under the scientific and reasonable
landscape pattern, which requires the rational planning and design of the land and the city.
"Sponge city" as a living system, diversification of function design is one of its characteristics. It
is systematic. Sustainability can effectively solve the problem of urban water collapse and
atmospheric pollution, fundamentally different from traditional engineering and inflexible gray

5

CNN: https://www.cnn.com/2017/09/17/asia/china-sponge-cities/index.html
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landscape infrastructure. As the most basic ecological service system in the city, it forms the
ecological circulation system of the city.

In the resource utilization, the park is the carrier of storm water management
implementation. With the rapid development of the urban economy, people's demands for living
standards are becoming increasingly high, and the sustainable use of resources is becoming more
and more urgent. In today's society, people also make sustainable development a top priority. As
the largest green space system in the city, parks have become the first choice for the study of the
new ecological storm water management system in China.

In recent years, the park designs tend to be integrated into the system of storm water
management, emphasizing the regulation of rain water. In order to relieve the pressure of city
municipal drainage network, the storm water in the parks can be overstayed to relieve the flood
peak, so as to alleviate the urban waterlogging. To reduce runoff pollution, park green space is
used to collect, store and dispose the sewage when it rains. The combination of the storm water
management and urban park design not only improves the benefit of city parks but also puts the
storm water management ideas into the landscape design, in maximize creates the sustainability
of the city park rainwater control using the concept of ecological storm water management. In
the case of the flood disaster in the city, the saving, purification and reutilization of rainwater
resources have become an important thing. The related technical facilities can be used in the city
park, so as to solve the problem of storm water in the city.
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Park is one of the elements of the landscape, to a certain degree, it is also the city's
ecological environment and has a huge impact on air environment, for example, in developing
countries, urban park as the city's green lung plays an irreplaceable role. The park is the tip of
nature and the nature of a city.
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RESEARCH QUESTIONS AND OBJECTIVES
Research questions
Storm-water management in urban areas in China represents a challenge from different
perspectives. The major research questions are:
1. What are the major problems with the current storm-water monument techniques in
ZHENGZHOU , China?
2. What are the sustainable solutions that can be implemented to improve the situation?

Research objectives
The objective of this paper is to study the storm-water management system of Zhengzhou
City, Henan Province, China. This include collecting relevant data about the history of urban
development, geographical analysis, statistics of storm-water, development of green space, and
the impact between landscape and stormwater management. Also, one of the objectives is to
analyze the waterlogging in summer and droughts in winter in Zhengzhou and propose feasible
solutions to achieve sustainable development in similar cities in China.

Expected Conclusions
In this paper, the design method takes the park as the carrier and integrates into the
“sponge city”, concept of the “sponge city” which is taken from the field of urban sustainable
design and applied to the concept of urban rainwater management and the practical application of
sustainable design concept. The following conclusions are drawn.
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This paper explores the design method of using the “sponge city” concept taking the park
as the carrier. Domestic studies in this field apply more to urban storm water management, since
the urban park landscape has not yet provided a set of complete rainwater resources usage and
relevant design methodology, with the “sponge city” concept as the basis, on the basis of the
practical cases at home and abroad and the authors’ self-practice, this paper systematically
discusses the relatively complete design theory and design method.

This paper also analysis the design scheme of Park Heshan in Zhengzhou city, Henan
province, and points out the design scope, basic principles, overall planning ; it is also details the
storm water resource reutilization infrastructure design method, aimed at resolving the local
problems due to excessive development, such as waterlogging in rainy season, water shortage in
dry season, poor water connectivity, low water self-purification function, groundwater level out
of balance, unsustainable habitats caused by water pollution.

The implementation of the design method in this paper can alleviate the urban waterlogging,
water shortage and water pollution of Zhengzhou City to a certain extent, which can ensure the
storage, purification and reutilization of rainwater resources during the rainy flood period to
reduce the load on municipal engineering infrastructure.
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METHODOLOGY
Overview of Methodology
The purpose of this chapter is to introduce the scientific theories supporting this research
and to introduce how to combine the research strategies and concepts with the practical ones.
This chapter defines the method used to conduct this research. This includes collecting data
about the rainfall in ZhengZhou as well as the parks and green spaces in the city. The data
sources are comprised of local publications, internet sources and journals articles.

This study is informed by a very popular theory of sustainable design and storm water
management. However, local conditions are one of the most important considerations for each
design. In recent years, this target site has been investigated in person, and the situation of the
site has been recorded in real time. Meanwhile, data collection and analysis, questionnaires
surveys and other means have been used to get more information.

Zhengzhou is located in the central part of Henan Province, north of the Yellow River, and
Zhengzhou City is a warm temperate zone-Northern subtropical transitional continental monsoon
climate. It is rainy and prone to smog in summer while it is less rainy in winter. Heshan Park is
located at the north end of the "South-to-North Water Transfer Project"6 of the city of Zhengzhou
and the Changxihu Lake area. In this research, several facilities for placing urban floodgates and
assisting the urban storm water management system are described and are worthy of in-depth
study.

6

Introduction: https://en.wikipedia.org/wiki/South–North_Water_Transfer_Project
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Research Approach
The purpose of this study is to analyze the relationship between urban storm water
management and urban landscape from the perspective of urban parks and to investigate the
feasibility and effectiveness of the strategy of using urban landscapes to solve a series of
problems such as urban internal disasters. The degree of urban landscape use in cities, what types
of plants are needed, and what kind of storm flood facilities and technologies are needed to assist
in urban storm water management is been discussed. Though the design solves problems, it also
gives people an improvement in the aesthetics of the city and increases economic value.

This paper also adopts other design case study to be implemented as the research object.
Firstly, an analysis of the design site selection is made. The real design is irreversible. This paper
studies a real project, so the research method of this paper is a front-rear research method. This
research is a non-experimental research design. It is expected to be a retrospective-prospective
study. The above research methods are more in line with the status quo of the project; the method
include irreversible design, through a summary analysis and real-time inspection of the
construction progress, with a certain degree of making projections into the future.

According to the data analysis, it is easy to recognize that the urban landscape is closely
related to the urban storm water management. The function is to use various means to solve the
problem of the city's internal haze, make the urban landscape beautify the city and increase the
urban green space, and repair the urban ecological environment.
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Data Collection
The purpose of collecting data used in this study is to collect the background of the theory
and the background of the site through the network and books. These approaches are
authoritative, with reliable information to support its authenticity. They have detailed
introduction of the theory on sustainable design and sponge city.
After collecting the overall data, a general understanding of the research object's history
and culture, current facilities, problems, and people's views and visions on the status quo can be
achieved. According to the analysis of data sources, the relationship between urban landscape
performance and urban storm water management can be concluded, as well as its role, feasibility
and effectiveness. Appropriate policies to encourage the development of urban landscape parks
and facilities should be provided. For example, the sponge city policies are used to make
landscape facilities to adjust the relationship between urban storm water and landscape, and
physical methods such as collection and filtration are used to clear water again, some special
plants can also be used to filter, clean and maintain the water resources in the city.
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ANALYSIS
study area selection
The selection of the site is based on a series of comparisons and studies. After fully
understanding the regional soil, climate, cultural and many other factors, Zhengzhou as the
research site is chosen.

The choice of research site is mainly based on geographical environment and the people
living in overdeveloped and highly urbanized areas. These residents have long lived in urban
areas and have stable jobs, eager to spend time on squares and other public places with a good
environment. In general, most of the residents living in these areas are the subjects of this design
study. It is very difficult to study every element of the population. In determining the population
for the sample, firstly, considering geography, areas that meet the research criteria are selected.
Then the range of activities, life needs, work, age and other conditions to filter out the most
suitable samples were used.

Zhengzhou is the capital of Henan Province, one of the eight ancient capitals of China, a
national historical and cultural city, a national central city of China, and an important integrated
transportation hub of the country. Zhengzhou is located in the central part of Henan Province,
north of the Yellow River. The total area of the city is 7,567.18 square kilometers. In 2015, the
city's permanent population was 9.569 million.
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Figure 2

Location introduction (Author drawing)

Since the city of Zhengzhou had its master plan for cities in 1927, the size of cities has
increased and the population and urban areas have grown quickly. Zhengzhou City in the 1930s
was only east to Jingwu Road, west to Beijing-Hankou Railway, north to Agricultural Road, and
south to Longhai Railway with a total area of approximately 10.5 square kilometers and a
population size of approximately 250,000. In the 1950s, Zhengzhou City identified the west as
an industrial zone, the eastern part as a functional zoning of the administrative and cultural areas,
and introduced the concept of wedge-shaped green space. In the 1980s, the urban area of
Zhengzhou was 85 square kilometers with an increase of about 16 times from the 50s. At the end
of the 2000 year, in 20 years, the downtown area of Zhengzhou had reached 133.2 square
kilometers and had a population of 1.54 million. With the improvement of the planning and
construction of Zhengdong New District and the promotion of the development of Zhengzhou
New District, by 2009, the total population of Zhengzhou had reached 7.52 million and the builtup area had reached 336.6 square kilometers. Integrating many advanced concepts such as
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“symbiotic city” and “metabolic city, ” Zhengzhou City will pay equal attention to the
transformation of the old city and the development of the new city, and coordinate the
development of the city. The scale of the city will further advance towards the large cities.

In December 2010, Zhengzhou proposed the development idea of “Zhengzhou
Metropolitan Area”. In 2011, the surrounding areas of Zhengzhou were incorporated into the
central city, and a modern metropolis with a population of 10 million was planned and
constructed, which echoed with the development of surrounding cities. Regional central cities
will play a role in Zhengzhou’s demonstration and core role in promoting the formation of the
economic zone and the rise of central China in the Central Plains region of China.7

Table 1

7

The change about urban size in ZhengZhou (Rui, L. 2011)

http://lunwen.nangxue.com/guanlixue/guanliqita/201208/1345884107.html
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Land use
From the master plan map and the overall green space distribution plan of Zhengzhou, it
can be concluded that various park green areas are superimposed on the base of the city in the
form of patches or corridors, which form the spatial layout of urban park green space. According
to statistics, there are currently about 50 parks in Zhengzhou City (excluding street green space),
and three comprehensive parks are located in the central area of the city. Banded parks and
specialized parks are mostly located in the fringe areas of the city. Individual parks are still in the
center of the city because they were constructed earlier or remodeled. Community parks and
street green spaces are more numerous and scattered than other types of parks, but they are also
mostly in the area of the old city, satisfying the residents in the old city. In general, parkland is
mostly distributed in the west and south of the city, and the types of parkland are also abundant.
This shows that the urban development of Zhengzhou City relies on the industrial development
of the west, and the number of parkland in the west is relatively large. The development of
Jinshui River and Qili River's riverside green areas has driven the development of residential
areas. New and old residential areas have thrived here and promoted the construction of park
green spaces. Green spaces and cities are symbiotic in the interaction, and the layout of park
green spaces in the old city areas has been initially formed. With the development of the city to
the north, the Yellow River Road, Agricultural Road, Dongfeng Road and Beihuan Road become
the important traffic routes from the east to the west in the north. The construction of park green
space has developed on a large scale based on comprehensive parks and community parks. The
problem is that its size is small, its distribution is scattered and there is no system.
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Figure 3 Zhengzhou City Overall Plan(city center) 8

8

http://tieba.baidu.com/p/5231797464
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Figure 4

9

Zhengzhou City Overall Plan(green areas)9

http://tieba.baidu.com/p/5231797464
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Water resources analysis
1. Serious water pollution and soil erosion
The urban water pollution in Zhengzhou is becoming increasingly serious. With the
population growth and economic development, the discharge of industrial wastewater and urban
domestic sewage has rapidly increased. Rivers and reservoirs have been polluted to varying
degrees. The water quality of West Stream Lake in Zhengzhou City has reached Grade 5 water
quality, and shallow groundwater has also been polluted. All rivers crossing the city have been
seriously polluted and become sewage channels. Therefore, the management of pollution, the
protection of water sources, and the formation of an ecological river system with four rivers and
one lake have become a very urgent task for the planning of water resources in Zhengzhou City.

At the same time, due to the rapid population growth and rapid economic development in
Zhengzhou City, the city’s land use area has expanded several times. For this reason, in many
places, there are problems of land use disorder, natural vegetation being broken down and
garbage contaminating water sources. This not only offsets the benefits of existing soil and water
conservation measures, but also increases the water and soil erosion in some areas, causing river
silting or drying up. It is the fragile sand and sand landform of the Yellow River that has
increased in size and scope.

2. Surface drainage status and floods
There are two sets of drainage systems, sewage pipe network and rain water pipe network,
in Zhengzhou city. Under normal circumstances, the water from the roof and road formed by
rainfall flows directly into the drainage system of the underground rainwater pipe network, and
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then drains through the rainwater pipe to the urban area and enters the river channel. The annual
total rainfall in Zhengzhou is about 632 millimeters. However, in the process of urbanization of
human living conditions, more than 80% of rainwater can't directly infiltrate into the
underground due to the concrete's hardening and water-repelling effect on the city's ground.
Instead, it enters the river through underground drains. Outflows from the urban areas can block
the benign relationship between groundwater and surface water, and the balance of the water
circulation system would be destroyed.

At present, the Zhengzhou drainage system is old and outdated, and it is in disrepair year
after year. It has not been able to fully meet the needs of urban drainage, and has increased the
risk of urban flooding. This will not only increase the drainage load of storm-water pipe
networks and urban canals, but also cause groundwater levels to decline year by year. The area
of groundwater landing funnels will continue to expand. The urban floods in Zhengzhou are
becoming more and more serious, and each time heavy rain will form a fixed water point. On
August 2nd, 2009, Zhengzhou City dumped 52.6mm10 storms within 3 hours, causing a
considerable number of floods. Among them, near the intersection of Beihuan and Zhongzhou
Avenues, the Ziheshan Road Shunhe Road section was the most serious, and the flood disaster
was already serious, which caused serious traffic jams.

10

Data from Zhengzhou Meteorological Bureau: http://www.henanqx.gov.cn
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Figure 5

Surface drainage status and floods11

3. Rainwater is the ideal source of water for urban ecological environment
Urban public green spaces, gardens and flower beds are important components of modern
urban infrastructure. With the improvement of citizens' living standards and the enhancement of
environmental protection awareness, urban greening construction can not only provide citizens
with places for entertainment, leisure, sightseeing and viewing, but also an important measure to
improve and beautify the urban environment. In the past more than 20 years, the area of green
space in China has doubled, and the total amount of water used for garden green space is about
1.8x109 tons per year. Green space is scattered and distributed in space. This feature creates
conditions for the use of rainwater. Rainfall is not only distributed in space, but also is clean
water without odor, making up for the shortage of reclaimed water. Therefore, rain is the ideal
source of water for urban ecological environment.

11

https://news.dahe.cn/2018/03-05/277756.html
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Figure 6 The lunar rainfall distribution of ZhengZhou in 1958-2008 12

Table 2
12
13

The lunar rainfall statistics of ZhengZhou in 1958-2008(mm) 13

Data from Zhengzhou Meteorological Bureau: http://www.henanqx.gov.cn
http://lunwen.nangxue.com/guanlixue/guanliqita/201208/1345884107.html
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Urban landscape (green area)
Urban planning in modern Zhengzhou began in 1927. At that time, Zhengzhou did not
have a real park. There were only a few green spaces, such as the interior of Penggong Temple,
Hugong Temple, the Bishagang Mausoleum in the western suburbs, Bohai Garden in the
southwestern suburbs, Horticultural Gardens in the northern suburbs, and several smaller private
gardens such as Dujia Garden and Yijia Garden.

Urban parks are the types of green land that can best reflect the various functions of urban
green space. Their number, area, and spatial layout directly affect the urban environment and the
quality of life of urban residents, and to a certain extent affect the development of the city.

With the rapid development of urban construction, the intensity of urban development in
Zhengzhou City has become increasingly strong. However, the development of green land has
not been synchronized. People’s Parks, Zijingshan Park, and Bishagang Park are the main green
lands in the urban area. New parks are rare. By 2002, the number of parks in the old city of
Zhengzhou City had reached approximately 9, with an area of only 256.78 hectares. As the city
of Zhengzhou continues to develop along the ring, the park green area begins to be constructed
in the old town. There are some newly constructed parks, such as Xiliu Lake Park, Longhu
Central Park, Bronze Craft Park, and some parks converted from nursery or other production
green land Parks, such as Zhengzhou Botanical Garden. Due to the limited area of land available
for construction, the old urban area will improve the urban living environment by renovating or
building some new green streets. Relevant data shows that in 2005, the per capita public green
space in Zhengzhou was 7.6 square meters and the number of parks was 47; in 2006, the per
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capita public green space was 8.7 square meters and the number of parks was 52; in 2007, the per
capita public green space was 9.2 square meters and the number of parks was 58; in 2008, the per
capita public green area was 9.1 square meters and the number of parks was 58; in 2009, the per
capita park green area was 9.7 square meters and the number of parks was 59.14

Figure 7 Photos of the current parks15

The characteristics of parks in Zhengzhou
1. Distribution along major traffic routes
Most of the parks in Zhengzhou City are located around major highways and rapid roads,
so that people can reach them smoothly. Zhengzhou City has a wide area. People travel more
depending on public transport. The park is set around the city roads. From the point of view of
recreational schooling, citizens can use the public transportation system to arrive, which shortens

14

https://wenku.baidu.com/view/a9c22a02a8114431b90dd8e2.html?re=view
https://www.google.com/search?q=%E9%83%91%E5%B7%9E%E5%85%AC%E5%9B%AD&rlz=1C5CHFA_enUS791US79
1&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjDkquFztvbAhUIKKwKHZqTAY4Q_AUICigB&biw=1352&bih=804
15
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the commuting time and at the same time gives full play to the recreational functions of the
park's green space. From an environmental perspective, the park green space placed on the main
roads of the city can play a role of dust prevention and noise reduction, lighten the pollution and
pressure brought by the traffic environment of the traffic team, and truly play the role of "urban
green lungs." Parks around the arterial roads can be used as patches of broken and fragmented
roads to protect biodiversity.

Figure 8

Distribution parks along major traffic routes(Author drawing)
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2. Distributed along major rivers
The main rivers in Zhengzhou City are Jinshui River, Dongfeng Canal, Xiong'er River,
Xiliu Lake, and Jialu River. The parks are mostly distributed along major rivers in the form of
banded green land. Such as the Jinshui River River Park, the Dongfengqu Riverside Green Belt,
the Xiong'er River Waterfront Landscape Beltway and the Jialu River Waterfront Park are
relatively open to other parks and have close contact with the surrounding interfaces. The
landscape resources can be fully opened to the outside world. To complement each other in the
surrounding environment, the parks have played a higher role in promoting urban beautification.
At the same time, the role of the corridor is obvious, not only in its form, but also in the
circulation of the city's air. After the natural air is blocked by the natural barriers or artificial
buildings on both sides of the urban ribbon park, it naturally gathers and becomes a banded park,
and pass through to become a ventilation corridor for the city. Moreover, the distribution of park
green areas along the rivers also helps the parks to form a natural landscape of “mountain and
water dependence,” reducing the cost of park construction and facilitating.
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Figure 9

Distributed along major rivers (Author drawing)

3. Park network distribution at all levels
Taking Xihuan Road of Zhengzhou City as the dividing line and analyzing the distribution
of park green areas in each district of Inner Ring Road, it can be seen that there are
comprehensive parks in the center of each district as well as in the commercial bustling area to
serve as the core park in the area. The distances between other community-level parks are not
uniform. Among them, various belted parks, specialized parks, and some green streets on a
certain scale form an unbalanced network system, serving the surrounding residential areas and
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commercial areas. For example, People’s Park in Erqi District, Zijingshan Park in Jinshui
District, and Bishagang Park in Zhongyuan District form three comprehensive parks in the core
area of the old city with other district-level parks distributed around these three major parks,
which solves the problem of crowded urban areas and small per capita green space. In the four
directions of Zhengzhou, there are new large-scale integrated parks, such as the Longhu Central
Park in the east, the South-North Water Diversion Park in the south, the West Stream Lake in the
west, and the Garo River Park in the north. In the north-south direction, the parks along the eastwest direction are connected in series in the form of a strip park, and radiate in the north-south
direction to form a network distribution, thus facilitating the public's activities such as rest,
assembly, recreation and sightseeing.

48

Figure 10 Park network distribution at all levels (Author drawing)

Urban landscape analysis
The areas of park green areas in each district are shown in the figure. The areas of park
green areas in each district are arranged in descending order, followed by Zhengdong New
District, Jinshui District, Zhongyuan District, Guancheng District, Erqi District, Gaoxin District
and Jingkai District. Among them, Zhengdong New District, as a newly planned area of
Zhengzhou City, has a number of water systems and large-scale public green areas. It should be
based on the establishment of a district-level commercial service center and a city-level tourism
and leisure center in the Central Plains City Cluster and Henan Province. To cope with the
49

overall development of the Eastern District, the government has invested a large amount of funds
in the construction of park green areas. Currently, the government mainly focuses on large and
medium-sized parks, such as Zhengzhou Zhilin and Hongbaihua Park, which have improved the
urban environment. It is more conducive to the integration of Zhengzhou and the formation of
the Central Plains city agglomeration. The Jinshui District, located in the central area of the city,
ranks second in size and focuses on the development of business, service, culture, entertainment,
and education. As a combination of the new city and the old city, its land resources are limited.
There are no major changes in the construction of large-scale parks in this area, such as the
People's Park and Zijingshan Park. Currently, in addition to guaranteeing the rate of green land,
the construction of park green areas in Jinshui District focuses on the construction of ecological
green space, but it is accompanied with the development of the city and gradual population
growth. In order to improve the living environment and investment environment, Jinshui District
will increase the amount of green space by adding “community” to the community parks and
greenery along the street.
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Figure 11 Comparison and analysis of green in space in parks in different district16

The relationship between the green area of the park and the total area of the land is shown
in the figure. They have basically the same correlation. It can be found that the correlation
coefficient is 0.724 which reaches a significant level. Among them, Jinshui District, Erqi
District, Central Plains District, Zhengdong New District, Economic Development Zone, and Hitech District, the park green area and the total area of the land are exactly the same, showing a
clear positive correlation. The park's green area follows as the land area increases, both changes
are mutual. In order to meet the corresponding regional construction, the park green area should
be increased to meet the basic conditions for the city's overall development. In the two districts
of Guancheng District and Huiji District, the trend of the green area of the park and the total land
16

https://wenku.baidu.com/view/a9c22a02a8114431b90dd8e2.html?re=view
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area is slightly different from the overall trend. The total land area is relatively large compared to
other regions, and the green area of the park is relatively small compared to other regions, but
overall It is positively related. Guancheng District is located at the junction of urban and rural
areas in the southeast of Zhengzhou City, mostly belonging to the outskirts of the city. There is
much arable land here, and the development of construction land is fast, and the land that can be
developed is almost completely depleted. The construction of park green land is neglected, so the
park green area is small. Huiji District is located in the northern part of Zhengzhou City with
several superior food enterprises, as well as a large-scale modern trade market. In the initial
planning and construction, the development of light industry was emphasized, and the
construction of green land was put in a secondary position. However, because there are largescale urban parks such as Yellow River Scenic Area and Stone Buddha Park, the park green
space in this area still has good development space.
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Figure12 Comparison and analysis of green area and total land area in parks in different district17

With the continuous improvement of urban ecological infrastructure in Zhengzhou, the
area of public green space in Zhengzhou has increased year by year. To date, the urban green
areas in the built-up areas in Zhengzhou have reached 9.816x107 square meters, the green space
rate is 31.87%, and the per capita public green area is 8.9 square meters. There are 55 parks, 20
green parks, 208 gardens, and 13 other large-scale public green areas. The continuous expansion
of public green areas has produced positive environmental benefits for the use of rainwater in
urban areas of Zhengzhou.

17

https://wenku.baidu.com/view/a9c22a02a8114431b90dd8e2.html?re=view

53

Figure 13 Comparison park green area and population in different district18

Figure 14 Distribution map of park green areas at various levels in Zhengzhou city19

18
19

https://wenku.baidu.com/view/a9c22a02a8114431b90dd8e2.html?re=view
https://wenku.baidu.com/view/a9c22a02a8114431b90dd8e2.html?re=view
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Spongy city strategies
Sponge City compares cities to sponges and has a good ability to adapt to environmental
changes and natural disasters. It absorbs water, stores water, seeps water, and purifies water
when it rains. When water is needed, it releases water that has been accumulated. Changing the
concept of traditional urban construction, and realizing the coordinated development with
resources and environment are the essential goals of the sponge city. Sponge City emphasizes the
harmonious coexistence between human and water environment and the harmonious coexistence
between man and nature. The traditional urban construction is mainly extensive, which seriously
undermines the ecological balance of water. The sponge city is to protect the original natural
ecological environment, reduce the interference to the original aquatic environment and reduce
the damage to the surrounding environment.

The city's storm-water management is the core of the sponge city. The construction of a
sponge city can effectively collect, utilize rainwater and reduce surface runoff. Therefore, sponge
cities can also be regarded as low impact design and development cities (LID). Sponge City
emphasizes the priority use of green, environmental, and ecological facilities and effectively
links with traditional facilities. Through the low-impact development and design, the city's
“sponge” will be added and improved to achieve the purpose of alleviating urban pollution,
reducing runoff, improving the efficiency of rainwater utilization, and reducing costs. It can also
improve the landscape of the city and finally build a healthy and sustainable ecological city.
Sponge City's construction focuses on conforming to nature, emphasizing harmonious
coexistence between human and nature, protecting the original ecological green space,
combining physical, biological and ecological technological measures to restore the hydrological
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characteristics and ecological functions, enhancing the urban ecological diversity, and reducing
the disturbances and damages to ecological environment. Based on the natural environment, lowimpact development and design are implemented. Sponge urban construction should integrate
low-impact development systems, urban storm-water drainage systems, and excessive stormwater runoff discharge systems. Each system is not isolated, but complementary and
interdependent, which is an important basic element for the construction of a sponge city.

Figure 15

20

Sponge City Schematic (Water cycle)20

https://baike.baidu.com/item/海绵城市/16012711
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Analysis of the post-design vision
The "sponge city" system has gradually built and improved low-impact rainwater system
by combining multiple special plans in the urban master plan. Among them, the pattern of
blending water and green space in urban has become a good carrier for building “sponge cities”.

Picture 10

Copenhagen Rainwater Collection Street21

Urban sunken green landscape construction
Sunken green space: the height of the ecological landscape green space is lower than the
height of the paved roads around the surrounding roads or parks, forming a high difference
conducive to the collection of rainwater, and providing overflow outlets for the rainwater
collection sites. The position of the overflow can be in the middle of a sunken green space or at
the junction of the green space and the road, the height of the rainwater outlet is also lower than
that of the hardened street or park pavement, which is conducive to the collection of rainwater.
The main purpose of the study of sunken green spaces is to pool the small flow of rainwater
21

http://www.sohu.com/a/157574192_651611
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generated from the hardened road surface after rain based on the “sponge” principle. Under the
action of vegetation and soil, rainwater that exceeds the amount of water stored in vegetation
green land is discharged into the urban rainwater pipe network through the rainwater outlet,
forming the most basic and simple urban storm water storage and drainage facilities, which is of
a wide range of applications and can be found in streets, park squares, and parking lots. The
sunken green space can not only reduce the phenomenon of flood regulation after the rain in the
city, but also enable irrigation of landscape plants through rainwater. The number of artificial
irrigation can be reduced to save human and financial resources and increase the ecological value
of urban green space.

Figure 16 Urban sunken green landscape construction schematici22

22

Drawing based on https://thefield.asla.org/2018/04/26/philadelphias-green-stormwater-infrastructure-landscape-guidebook/
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Setting up the roads and parks in cities as sinking green spaces to consume surface runoff
caused by precipitation requires prior scientific planning and design. When designing sunken
green land, in order to ensure that surface runoff can flow into the gully, it is necessary to
scientifically and rationally design the interface of the sinking green land with the surrounding
hard paving and gullies. The hard paving requires a slope of a downward-looking green space to
allow the surface runoff to flow downward at a certain angle. The height of the talc needs to be
level with the surrounding surface, allowing the surface runoff to disperse into the sunken green
space. If the talc is higher than the surrounding green space, a certain distance can be set on the
talc. During this process of runoff collection, water erosion may occur on the green soil, so fabric
filling is used as a barrier in the gutter area.

Protecting plants from normal absorption of water and avoiding the formation of internal
drought in subsidence areas need to be started from improving the soil in sunken green spaces,
and avoiding the use of large-scale heavy machinery to carry out the compaction of soil in the
early stages of construction. If the soil has been mechanically compacted, the soil structure of the
sunken green land can be improved by using construction materials such as expanded shale and
clay particles according to actual conditions. On the other hand, the important influencing factor
of seepage rate of sunken green land is the height difference between green land and surrounding
hard pavement. If the soil is composed of soil that is permeable to water, the reasonable depth of
sinking should be calculated, adhering to the principle of adapting to local conditions. If the soil
viscosity is large, the water seepage ability of the soil will be weakened, and the water collapse
area will be formed in the sinking area. Combined with the actual situation in the area, the depth
of sinking should not be designed to be too deep, to avoid the formation of water collapse areas
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in the sinking area. That the rainwater can’t infiltrate or infiltrates too slowly can result in the
lack of oxygen in the roots of plants, which is a great hazard to plant growth. In the design of the
height of the rain overflow and the height difference of the green space, care should be taken to
appropriately shorten the height difference between the rain overflow port and the green space,
thereby shortening the time for rainwater infiltration.

The sunken green space landscape is a decentralized and easily-accessible green
ecologically recyclable landscape infrastructure. Combining the planned green areas in the area
for comprehensive design can greatly reduce the investment in engineering and manpower. The
use of urban sunken green land can well solve the problem of rain and water seepage caused by
hard paving, thereby reducing the amount of rainwater discharged and realizing urban ecological
functions such as the recyclable use of water resources. To achieve the true meaning of sunken
green spaces, it needs the combing and integration of multidisciplinary professional knowledge
such as landscape architecture and municipal specialties, and scientific methods to calculate local
hydrology, combined with the influence of local natural geography and climatic factors. To
ensure that the sunken green-bellies really play the role of hydrological regulation, it is necessary
to rationally plan and vertically design the local sites.
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Figure 17 Urban sunken green landscape construction 23

Urban rain garden construction
The ecological recyclability of rainwater gardens and the uniqueness of site requirements
add to the possibility of rainwater gardens to be used in cities. Rainwater Garden has the
characteristics of low construction cost, simple management and operation, and ecological
beauty. It is a kind of engineering measures for the decentralized control and utilization of smallscale rainwater in the initial stage of urban rainfall, and realizes the purification of rainwater by
soil and plants, which is an easy-to-use ecological landscape facility. In the use of urban
rainwater, the concept of green infrastructure has become the carrier of rainwater gardens to
build a network framework. When more ecological benefits are needed in the process of
urbanization, it is necessary to plan and use the green space that is divided during the urban
construction. As part of the green infrastructure of urban ecological landscapes, Rainwater
23

from google pictures
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Garden not only realizes the natural recyclable process that exists in the ecological landscape,
but also combines design, aesthetics and practical technology to provide a greater space for the
development of urban ecological landscape infrastructure. The final realization of rain garden
needs to combine the climate, hydrology, soil, plants and other natural factors in the natural
landscape. The study and establishment of a set of rainwater garden suitable for the local
environment and natural ecological conditions requires the cooperation between multiple
disciplines, and finally realizes the diversification of urban ecological landscape.

Figure 18 Urban rain garden schematic24

24

Drawing based on https://thefield.asla.org/2018/04/26/philadelphias-green-stormwater-infrastructure-landscape-guidebook/
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The design principle of rain garden
The rainwater garden is designed to minimize interference with nature——to supplement
groundwater resources and allow surface water to flow back to the ground through scientific and
rational channels, so that the city's ecological self-circulation can be realized. After rainwater
garden purification, the rainwater can be used in plant irrigation and landscape water, which
greatly reduces the human and financial resources of the city.
The design of the rainwater garden needs to change the traditional green structure. It needs
to increase the aquifer and cover, and transform the traditional structure into a rainwater storage
area, cover layer, planting soil layer, artificial filling layer and alkali stone layer. Aquifers need
to filter part of rainwater pollutants, precipitate rainwater and enable rainwater to have a shortterm storage space. The cover layer can increase the permeability of the soil and slow the erosion
of the runoff rainwater to the soil, thus maintaining the soil moisture and providing an organic
environment for the growth of microorganisms. The planting layer is mainly to ensure the water
requirement of the plant roots. To ensure the normal infiltration of rainwater, there must be an
artificial filler layer. When a certain amount of rain and water cannot reach the infiltration, the
soil cannot be collapsed. It is necessary to solve the problem of the drainage of rainwater. The
alkali stone layer should be embedded in the water pipe and connected to the surrounding water
system or other water storage system to achieve the infiltration of rainwater and ensure the
recyclability of water resources.
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Figure 19 Current urban rain garden schematic25

Rainwater Garden Case study: Heshan Park
After the rainy season, the excess rainwater is treated ecologically and then discharged
from the flood outlet into the reservoir B for storage. When the reservoir B is full, the rainwater
is discharged into the municipal pipeline through overflow pipes. At the time of the dry season,
the water stored in the reservoir B can be supplied to the reservoir A through the water pump to
achieve the ecological water cycle.

25

雨水花园 https://www.google.com/search?hl=zh-
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Figure20 Stormwater management in Heshan park

The two irregular sites at the entrance to the park were designed as "corrugated gardens."
Compared with the low shrubs and lawns, the trees are able to prolong the time the rainwater
falls, which is the most effective element of the rainwater management. Therefore, in this plot we
plant trees in the high point of the polygonal slope, contrasting with the low vegetation and
reference. Since the sloping lawn causes the rainwater to quickly flow away, a wavy lawn is used
to provide a different sense of space in terms of form and increase the time of rainwater
infiltration. The slope of the lawn and the waves can be adjusted to achieve the best penetration
without causing any accumulation of water or excessive flow velocity. Both the rainwater from
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the mountains and the water from the rippled gardens will flow into the rainwater gardens and be
purified through aquatic plants. Here, the channels and functions for visiting and maintaining are
organized, providing possibilities for education, appreciation, and entertainment.

Figure 21

Corrugated slope node profile analysis (Author drawing)

66

Figure 22 Rainwater garden node section (Author drawing)
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DISCUSSION AND SUGGESTION
Rainwater interaction with urban landscape
Sustainable development of storm-water management in urban landscape
1.The restoration and protection of the diversity of animals and plants in the original green space
Urban green areas all have a certain degree of ecological services. The establishment of
core green habitats will strengthen the ecological functions of green areas and the function of
storm-water storage and adjustment in sponge cities. The establishment of core habitats is to
establish an absolute core area for the protection of habitats, focusing on the ecological
restoration of rivers, wetlands, reservoirs, and large areas of original ecological green space.
Regional green areas such as ecological conservation green areas, wetland parks and country
parks have been established around the core habitats to reduce human intervention. Wetlands,
rivers, reservoirs, natural mountains are linked by ecological corridors to enhance the
connectivity of green-land landscapes and to provide more sponge green urban infrastructure,
such as parks, roads, transport facilities, and protected green areas. Strategic points for wetlands,
forest lands, and other green patches are established to improve the overall structure at the distant
intersections of ecological patches and corridors and in more vulnerable areas.

2.The natural restoration and purification of water bodies
The rivers that pass through the urban area become important places for residents and
factories to discharge pollutants. Lack of vegetation protection on both sides of the river and
loose soil would lead to serious soil erosion and water area reduction. The existing hard
revetment is changed to a natural ecological revetment to restore the natural form of the river,
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and the concept of a sponge-like city with natural storage is strengthened. Water-dried arid rivers
are properly diverted to restore their natural water forms.

3. Establishment of Urban Natural Rain Flood System
In the area, the original sponge should be effectively protected. To maximize the protection
of existing "cavernous bodies" such as rivers, lakes, wetlands, ponds and ditches from the impact
of development activities, on this basis, it is gradually restoring and repair damaged "cavernous
bodies." In the process of urban development and construction, a certain size of "sponge" should
be created. A potential flood storage space analysis is conducted to identify potential flood
storage space through 20, 50, and 100-year submerged flood areas and carry out flood storage in
the low-lying areas of the city. Ecological rain corridors, group rain gardens, and road bioretention belts in potential flood storage areas should be set up, and “sponge” as green spaces for
residential green spaces, gardens, roads, and transportation facilities should be increased. The
rivers, tributaries, aqueducts, and low-lying lands in the planning area are included in the floodadjusted storm-water storage system. The dewatered wetlands will be connected with major
urban drainage network channels to jointly form a rainwater flooding system and use natural
processes to regulate rainwater as much as possible.

69

CONCLUSION
This research takes Zhengzhou City, Henan Province, China as the research object. In the
previous chapters, it introduced the basic situation of the city firstly, such as hydrology, history,
and urban development. Then it introduced the urban storm-water management situation and
used sponge city as the main solution to analyze and discuss issues concerning the development
of green areas and storm-water management. Finally, proposals and solutions to the problem
were put forward.

After a series of data collection and analysis, it is not difficult to find that the problem of
storm-water management in Zhengzhou City is closely linked with the green space. To solve the
problems related to storm-water management, such as urban flood, it is necessary to combine
urban landscape facilities with sustainable design and low-impact development of design
techniques to come up with solutions. In order to protect the city, it is not enough to identify and
pay attention to only a small part of the problem. Considering the long-term viewpoint, the
purpose is to make the perfect combination and cooperation between the storm-water
management system and the green space landscape facilities of the entire city. While solving the
current problems, it also has certain significance for future development.

Firstly, in terms of storm-water management, the goal is to implement a series of technical
enhancements and improvements to use ecological methods to alleviate the current problems
based on the special geographical location of the design site, such as collecting rainwater and
introducing it into the wetland, controlling the peak flow of rain during the torrential rainstorm
period, and establishing a regional "sponge" for the flood control system. The strategy is to make
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full use of the rainwater in the city's municipal land surface and the natural surface water in the
green space according to the design of the watershed and drainage direction of the city. The
surface runoff rainwater is collected, transferred and used as landscape water. In the event of a
torrential rainstorm, the function of adjusting and accumulating infrastructure systems in various
sponge cities can be fully utilized to collect rainwater and supplement groundwater.

Secondly, most of the urban green spaces are represented by urban landscapes. Solving
urban rain and flood problems in a sustainable manner in combination with urban green space is
mainly achieved through the addition of greening facilities, such as vegetation buffer zones,
sunken green spaces, and ecological landscape green spaces. In areas where the height difference
of ecological landscapes forms a favorable combination of rainwater, overflows port are set up,
and based on the principle of “sponge city”, under the action of vegetation and soil, the most
basic and simple urban storm water storage and drainage facilities are formed. In the form of
urban landscapes, urban storm-water can be solved in a sustainable way.

Thirdly, the construction of rain gardens and the promotion of sustainable design such as
“Sponge City” should be increased. The use of rain gardens in the city perfectly combines the
interaction of ecological landscapes and urban storm-water regulation, minimizes the
interference and influence on nature, and makes the surface water return to the ground rationally.
At the same time, it also plays a role in landscape appreciation and shows the important role of
sustainable design in urban development.
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