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THE SPATIAL ECOLOGICAL ENVIRONMENT DESIGN  
OF THE WATERFRONT PUBLIC AREAS OF RURAL RIVERS 

Abstract: To revitalise established urban areas in the context of stock planning, the river surges in established 
urban areas play an irreplaceable role. In recent years, the water systems of rivers and surges in established urban 
areas of many international metropolises have undergone transformation and regeneration. The formerly hardened 
river banks have begun to be transformed into post-industrial places of integrated residence, leisure, and work, 
reshaping the ecological landscape and the functions of leisure activities of the rivers and urban spaces. By 
selecting typical representative cases for analysis and research, this paper determines the research angle and 
conducts a comparative study of waterfront open space in small and medium-sized cities and large cities from the 
perspectives of spatial layout, functional structure, ecological restoration, and artistic style, summarises the 
characteristics and current problems of waterfront open space in small and medium-sized cities at the present stage, 
and takes the problem as a guide, combining urban design, place theory and other theoretical studies as  
a guide. Planning and design strategy for waterfront open space in small and medium-sized cities is proposed.  
This paper selects representative waterfront open spaces and open waterfront spaces for field research. It uses the 
waterfront open space planning strategy proposed in the paper as a guide to provide a basis for waterfront open 
space planning and design and, at the same time, selects typical lots for optimal design to verify the 
implementation ability of the strategy. This paper digs into the rich historical, and geographical information 
contained in the sample villages in each area summarises the site selection characteristics of traditional villages in 
Hebei at the mesoscopic level between different areas and analyses the characteristics of the overall layout of 
villages dominated by natural factors such as mountains, hills and plains, and human factors such as ancient defile 
post roads, military defences, industries and temples. The spatial skeleton structure of the single-axis type,  
multi-axis type, organic network type, regular network type, and the fortress-wall enclosed village is extracted. 
The characteristics of its subtypes are summarised with sample cases. The elemental composition of village 
centres and boundaries is summarised. 
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Introduction 

The dual urban renewal focuses on "making life better" with a more comprehensive 
and progressive design approach, constantly improving the public space in the city, 
adjusting the urban structure, sorting out the urban fabric, and improving urban functions 
[1]. During the period of stock planning, urban development changed from rough 
development to refined renewal and is gradually getting rid of the dependence on urban 
expansion and land economy and paying more attention to the quality of urban life and 
social development [2-5]. In recent years, due to the concept of green, ecological, and 
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healthy cities, urban open space has been attracting attention because of its "green effect". 
Under the guidance of urban double repair and stock planning, the discussion and practice 
projects on the renewal and transformation of open space are blooming everywhere [6].  
The new concept of "the city is the people’s city, people’s city for the people" is the latest 
concept to guide urban construction in the new era, showing that the development of urban 
construction is paying more and more attention to the needs of people [7]. As an essential 
part of urban construction, the planning and renovation of public space is an important 
place for social interaction and other social activities, and it pays more attention to the 
embodiment of the concept of humanisation [8]. Especially for small and medium-sized 
cities because of their relatively slow development compared with large international cities 
and small population flows. Relatively simple social structures and public spaces in small 
and medium-sized cities mainly provide services for residents, so it is more important to 
pay attention to implementing the city’s humanisation concept and providing residents with 
high-quality places that reflect the spirit of the city [9]. 

In recent years, the rapid development of small and medium-sized cities has 
significantly improved people’s quality of life [10]. After basic life, such as clothing, food, 
housing, and transportation, has been secured, urban residents have started paying attention 
to spiritual life’s needs. The rich diversity of urban life has become the focus of urban 
residents at this stage, and people are full of expectations for high-quality outdoor spaces. 
Under the impetus of urbanisation, the planning and renovation of public space in small and 
medium-sized cities are in full swing [11]. However, in this process, the lack of guidance 
on the planning and design of public spaces in small and medium-sized cities has led to the 
planning and design of public spaces in small and medium-sized cities to imitate large cities, 
lacking their spatial characteristics and cultural heritage, resulting in the status quo of  
a thousand cities [12]. Not only wasting money and capital but failing to get the spiritual 
recognition of the space from the citizens of small and medium-sized cities, resulting in idle 
public space failing to achieve the use effect. With the improvement of the quality of life, 
the current public space can no longer meet people’s pursuit of quality of life, so it is 
increasingly urgent to improve the existing problems in small and medium-sized cities [13]. 
Rivers and lakes develop many cities, and waterfront open space plays an irreplaceable role 
in the construction process of cities and is also an eternal topic of human life. Planning and 
designing urban waterfront open space is often an important symbol of urban development 
and construction [14]. Waterfront open space is closely related to human activities; people 
have characteristics of pro-water since ancient times, happy to kiss water, swim in the water, 
and enjoy the water, its space is a collection of social, cultural, ecological, leisure in one 
place, and residents of social interaction is closely linked, for people to carry out outdoor 
activities, a vital space carrier of social interaction. Planning waterfront open space is an 
excellent way to enhance the contact between people and nature and promote interaction 
between people [15]. In cities where rivers exist, waterfront open space is often the focus of 
development and construction in the city. Especially in small and  
medium-sized cities, because the scale of urban space is limited, the number of open 
waterfront spaces is relatively small, and the location of space is also more concentrated, so 
it will become an important place to provide outdoor public space for citizens in the city 
[16]. The necessity of waterfront open space for transforming small and medium-sized 
cities is also prominent [17]. At this stage, some rivers and lakes in small and medium-sized 
cities are still idle or even polluted, so the planning and design of open waterfront spaces 
are conducive to protecting natural environmental elements [18]. Plants as natural 
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environmental elements in open waterfront spaces are the basis of the urban ecosystem, 
which can reduce environmental pollution, improve local water quality, purify the air, 
effectively alleviate the "urban heat island" effect, and improve urban microclimate [19]. 

Integrating the sponge city concept in open waterfront spaces and linking the green 
space landscape with the overall form of the city and the greenway system promotes the 
creation of urban ecological demonstration areas [20]. For the planning and design of open 
waterfront spaces in small and medium-sized cities, it can make the natural environmental 
elements such as water bodies, vegetation, and organisms in the space form a good balance 
within the urban ecosystem, which is conducive to creating an ecological environment 
where people and nature live together in harmony [21-23]. This paper takes the waterfront 
open space of small and medium cities as the research object by selecting large 
representative cities and small. Medium cities waterfront open space for case comparison 
study, analysing and summarising the characteristics and problems of small and medium 
cities waterfront open space in China at the present stage, taking the problems found as the 
guide, based on the existing planning strategy research, sorting out and putting forward the 
planning strategy for small and medium cities waterfront open space. Furthermore, choose 
the typical case Dancheng County Lluvia river waterfront open space for field research, 
under the guidance of the above strategy, propose the way and method of Lluvia river 
waterfront open space optimisation, and choose the specific case area for waterfront open 
space optimisation design practice. This article enriches the theoretical research on the 
waterfront open space planning and design strategy of small and medium-sized cities in 
China. In order to attract more attention of city managers as well as urban planners, in the 
planning and design of waterfront open space, we should pay attention to the ecological 
improvement of small and medium-sized cities, inherit local characteristics, inherit 
historical culture, create high-quality urban space, and build the city more healthy and more 
suitable for the life of residents. 

Research methodology and framework 

This paper has four main research methods: literature research method, case study 
method, field research method, and practice verification method, as shown in Table 1.  
This paper summarises the characteristics and current problems of waterfront open space in 
small and medium-sized cities through case study and field research analysis, puts forward 
the strategy of planning and design for waterfront open space in small and medium-sized 
cities with the problem as the guide, and conducts research on waterfront open space, puts 
forward the direction of Lluvia river renovation for the current problems as the guide, and 
selects typical lots for planning and design. 

 
Table 1 

Summary of research methodology 

Research methodology of this 
paper  

Number of cases  
[-] 

Open space area 
[m2] History problems  

Literature research methodology 25 183.1 None 
Case study methodology 25 182.52 None 
Field research method 25 124.2 Several 

The empirical verification method 25 145.6 None 
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Through collecting and reading relevant books, journals, master’s and doctoral theses, 
and other materials, understanding the development history of waterfront open space at 
home and abroad, studying the relevant theories and research results, then integrating and 
classifying the literature, organising the theories that have guiding significance for 
waterfront open space planning and design, as the basis of the research. This paper analyses 
representative waterfront open space cases in large, small, and medium-sized cities. 
Through comparative research, the characteristics and problems of waterfront open space in 
small and medium-sized cities are found and summarised, and the research angle of this 
paper is determined. The current problems and situation of waterfront open space in small 
and medium-sized cities are studied through field research and photo interviews.  
The collected information is combined with the existing information to lay the foundation 
for further in-depth research. Through practice for verification, the Dancheng County 
Lluvia river in the case study is selected as a typical representative for the practice 
verification of the strategy. The strategy is used as a guide to refine the optimisation 
direction of the planning and design of the Lluvia river waterfront open space. The typical 
lot is selected for optimisation design. 

Concepts that need clarification concerning open space are open, exterior, and public 
space, as shown in Table 2. These concepts have both parts that cross-fold each other and 
parts that formulate their research. They are the concepts various scholars propose at 
different research periods according to their research contents and characteristics. Open 
space and open space are more widely used in foreign academic research. From the 
comparison of the original meaning of their words, openness concerning space means to lift 
the blockade and restriction. And open means open or unobstructed. Open space 
emphasises the freedom of behaviour, free from outside prohibitions, and open space 
focuses on the freedom of vision. Although the two do not emphasise the same emphasis, 
they are seen as the exact definition in many countries for research and exploration.  
The concept of external space was first proposed in a book by Japanese architect Yoshiharu 
Ashihara, which stated that external space is a spatial environment created artificially by  
an individual and that such space is created with a purpose and is more relatable and 
meaningful than natural space. 

 
Table 2 

Proportion of waterfront open space 

Type of space 
Number of spaces [-] 

High Normal Low 
Open space 10 5 0 

Outside space 6 3 0 
Public space 5 2 0 

 
There is no precise and uniform description of public space. Relevant books indicate 

that public space is a broad concept with both a narrow interpretation and a broad definition. 
Specifically, the narrow level of public space is focused on areas such as communities 
where people are more active daily and usually refers to open outdoor places used for 
people’s daily activities, including parks, event venues, squares, etc. This public space level 
is usually divided into two forms: open and dedicated. As mentioned earlier, open space 
mainly refers to parks and squares, while the latter includes only places such as sports 
grounds. In the broader sense, public space extends to the urban level and includes public 
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facilities, green spaces, and commercial centres. The word "waterfront" in the western 
dictionary is "waterfront", which refers to the land or buildings adjacent to the sea, lakes, 
rivers, etc., and is part of the town near the water body. In "Urban Waterfront Landscape 
Design Research", Guo Hongyu defines waterfront from the perspective of people as  
a 200 m - 300 m water space and its adjacent land space, with a human-inducing distance of 
1 km - 2 km, which is a more recognised distance of 15 min - 30 min on foot.  
The waterfront can be divided into riverfront, riverside, lakeside, and waterfront, according 
to the type of waterfront. This paper takes the riverfront as the object of study in the 
waterfront category, i.e., the area adjacent to the river, the part near the water body. 
Furthermore, the waterfront is the area in the city connected with the river water for  
a specific spatial scope. 

Ecological design of public areas along the waterfront 

As an essential medium for the public activities of residents, urban waterfront open 
space is related to the design of green space systems and public space in urban design. In 
recent years, the pedestrian system in the city has been developing and progressing, and the 
quality of the public environment in the city is getting more and more attention, adding new 
requirements and content to the development of open spaces in urban design. In his book on 
the subject, Roger Transik has organised several theories related to urban design, including 
the theory of connection, the bottom of the map, and the theory of place. Connection theory 
explores the linear patterns between various elements in the city. Such linear connections 
can be traffic lines, linear spaces, view corridors, or architectural entities - for example, 
roads at all levels in the city, landscape axes, etc. The first level is both the intuitively 
visible linkages, which are real, and most belong to the first level, such as roads, axes, etc. 
The second level is not only the linkages themselves but also the inner motives, i.e., the 
various "flows" that exist on the linkages, such as human flow, traffic flow, information 
flow, material flow, etc. The second level is not only the connection line itself but also the 
inner motivation. The various "flows" in the connection line, such as the flow of people, 
traffic, information, material flow, etc., have an inherent organisation function, linking the 
many elements of space into a whole through the inner motivation flow. The linkage theory 
analyses all aspects through these two levels of linkage lines to build the linkage system 
between urban spaces, establish the spatial order of the city, and link various spatial 
elements into a whole. That is, it can improve the efficiency of urban space and organise 
the mutual control between building entities and space. The essential thing in urban design 
is to find the connections that can bring each others together among isolated individuals. 
Using connection theory for urban design can create connections in the city, but using only 
connection theory lacks the construction of peacefulness for space. Therefore, theories in 
urban design must be combined to create a good urban space. 

Conclusion 

This paper analyses representative cases of waterfront open space in large cities and 
small and medium cities, compares and studies the differences between waterfront open 
space in terms of spatial layout, functional structure, ecological landscape, and artistic style, 
and summarises the characteristics and problems of small and medium cities in these 
aspects: 
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(1) Taking the problems found as the guide and using the theories of urban design, 
urban imagery, and organic renewal as the guidance, the planning and design strategies for 
waterfront open space in small and medium-sized cities are proposed.  

(2) Selects the waterfront open space of Lluvia river in Dancheng county of small and 
medium cities for planning practice, summarises the current problems in the waterfront 
open space of Lluvia river through field research, provides direction for the planning and 
design of the waterfront open space of Lluvia river in Dancheng county with the proposed 
strategy as a guide, and selects the specific area of the waterfront open space of Lluvia river 
to optimise the design and verify the implement ability of the strategy.  

(3) The research object of this paper is the waterfront open space of small and 
medium-sized cities. When selecting typical cases, the difference in location between the 
north and the south and the spatial layout of the city’s waterfront open space is considered.  

However, our country is vast, and small and medium-sized cities, as the basis of our 
national urban system, are widely distributed and large in number, so the selected cases can 
hardly cover the characteristics of waterfront open space in small and medium-sized cities 
nationwide, and the study has certain limitations. Secondly, the research in this paper starts 
from the common problems and characteristics of open waterfront spaces in small and 
medium-sized cities. It proposes relevant optimisation strategies, but it needs to analyse the 
impact of the differences between the north and the south and the spatial location of the 
waterfront open space in small and medium-sized cities in a targeted way. Therefore, it is 
hoped that more scholars will conduct targeted research in these aspects. 
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