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Abstract: The ecological value, cultural value, economic value and industrial value of the county
space, where a variety of human activities and natural ecological processes are carried out, act as the
key elements considered in county spatial planning. However, there is a lack of carrying space for
integrating these values in the actual Chinese county construction. In this article, the construction of
a county greenway network is based on multiple needs, such as ecological protection, characteristic
landscape, leisure and recreation. The ecological, cultural and economic values of resources are
taken as the basis of identifying a greenway network. We establish the gravitation-resistance model
to measure network flow based on the attraction and resistance between resources. In particular,
by means of network flow analysis and the geographic information system (GIS), the resistance and
gravity are assigned to the resources and landscapes, respectively. The attraction between elements is
then measured using the gravitation-resistance model. The distribution of resources and the trend of
integration are analyzed by the combination of the centrality of resources and the ratio of supply
to demand. Based on the analysis results of network flow, the paper puts forward a strategy for
developing a county greenway network, and improves the scientific evaluation of the spatial resource.
It provides a new perspective for the construction of a county greenway network.

Keywords: greenway; compound greenway structure measurement; network structure evaluation;
spatial modeling; gravitation-resistance measurement

1. Introduction

Green spaces have been an important part of the urban and rural environment, making a positive
impact on public health by providing sports activities and social network promotion. Among all
green spaces, greenways have been highly valued [1–3]. In their original definition, greenways are
multi-functional linear spaces that connect natural ecological patches in order to avoid the fragmentation
of ecological patches and maintain the balance between the natural and artificial environments [4].
According to the concept put forward by Jack Ahern, as a linear network land-use system, a greenway’s
functional diversity (ecology, entertainment, culture, aesthetics) determines that the construction is
the result of multiple resources combination [5]. While economic growth improves citizens’ living
standards, potential ecological patches and resources networks can be disturbed by economic activities
like disorderly construction [6]. Therefore, in the construction of public spaces, the greenway, as an
important network system connecting ecological and landscape functions, meets the needs of landscape
upgrading and resources reorganization to a certain extent and plays an essential role in multi-functional
planning in most areas [7,8].
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During the current rapid development of Chinese urban and rural areas, the county has gradually
become the space for urban infrastructure and non-environment-friendly industries [9,10]. Counties
are made up of towns and villages in China and are the basic administrative jurisdiction unit.
They also constitute the most widely distributed, numerous and basic residential area type in the urban
system of China [10]. The total area of county-level administrative jurisdiction in China accounts
for about 80% of the land area, and the total population accounts for about 70% of the national
population [10,11]. It concentrates a large number of ecological, cultural and landscape resources, and
plays an irreplaceable role in China’s ecological situation [10,12]. Therefore, China’s county green space
planning involves many types of spatial resources and complex population characteristics. However,
its actual construction still remains a “greenway-like” form [12]. In addition to economic reasons, the
lack of measurement methods and theoretical models of composite resources in greenway network
planning is one of the most important reasons for this. To enhance the vitality of the greenway in
an all-around way and also realize its complex functions, it is particularly important to measure the
network structure of the greenway and to integrate the values of ecology, production and living factors
in the planning [13,14].

Relevant research shows that a greenway is multifunctional in addition to the diversity of its
types and the richness of its forms. In this study, a greenway network refers to a compound green
system that glues together natural factors, artificial factors and social factors [15,16]. It is an all-around
construction that meets the overall development of the economic industry, the social environment
and the ecosystem, hence being characterized by comprehensiveness, economy and sociality [17,18].
The diversity in construction of a county greenway network refers to the consideration of a variety
of natural conditions and cultural resources such as complex cultural sites, folk customs, related
construction land (e.g., village and town residential areas) and industrial resources (agriculture,
forestry, tourism, transportation resources, etc.) that can increase its economic value [19]. The weight
of different functions is generally obtained by the method of the Delphi system [20]. In this method,
experts in related fields are invited to score the functions involved in related research to obtain the
weight of each resource [21]. With such diversity, comprehensive benefits can be multiplied by the
complex ecological, cultural and economic values [22]. Furthermore, this value promotion comes from
people’s affirmation of the rural environment, as well as the protection and utilization of secondary
cultural and tourism resources. There are three ways to achieve the value promotion by function
compounding [21–23]: (1) Functional diversification: controlling the scale of resource land or function
unit in a small range, and combining relevant research with the Delphi expert system method to
determine the compounding relationship and composite intensity coefficients of different resource
types. (2) Space sharing: On the basis of the main functions determined by the nature of land use,
the spatial composition of the greenway functions can generate a public space-sharing mode without
being restricted to one land use type. (3) Interlacing: flexible time and space in the use of greenway
space, making possible the alternation among landscape, ecology, commerce, recreation, humanities,
transportation and municipal functions on the same land (the main functions of greenways involved
in this study), and thus improving the composite utilization rate of a single space and the conversion
rate of multiple values.

In previous studies, network structure was the essential content that greenway planning was
concerned with [22,24]. Generally, quantitative evaluations on the structure focus on the relationship
between point–line elements in the network, and reveal the importance and validity of the network
structure according to graph theory, probability theory and more [24,25]. Furthermore, a network
with multi-value coupling has a complex structure and complicated elements. This kind of complex
network forms the power to promote the mutual transformation of integrated functions, which is
called the integrated network function flow [26,27]. For a network dominated by an ecological
function, landscape centrality and its measurement were put forward to identify key elements and
to build a coherent ecological network [28]. However, the carrying capacity and functional flow of
resources are less discussed, and the network function flow is mostly defined based on the number of
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people or amount of traffic [29]. From the perspective of landscape ecology, the least-cost distance
model and landscape connectivity theory are usually applied to solve the related problems [30,31].
In the least-cost distance model, the existing green space patches with suitable ecological functions
constitute the network source points, forming the ecological function flow diffusion and maintaining
the ecosystem balance [32]. The basic definition of the widely used landscape connectivity theory was
mainly proposed by Taylor et al. Landscape connectivity is the degree of promoting or hindering the
movement of organisms between source patches in a certain ecological process, forming a network
in the mode of resource nodes and corridors [33]. In the process of landscape connection, landscape
resistance refers to the influence of elements on ecological flow rate, and the resistance increases with
the increase of the frequency of crossing various landscape boundaries [33,34]. It can be seen that
the theory of landscape connectivity is to explore the organic relationship between similar patches or
heterogeneous patches in the process of function and ecology [34]. This kind of organic connection
may be the direct exchange of material and energy between the elements or the species exchange
between biological groups [35].

However, the functional flow and its spatial structure in this study involve not only ecological
function and value. On the basis of landscape connectivity, we find multi-functional and multi-resource
networks can be explained directly and clearly in theory and space by using a gravity model [36–38].
In this study, the generation of the network and function flow are calculated by the gravity and
resistance between resources. This is a calculation similar to the gravitational model, which can
reveal the relationship between elements directly and clearly using the concept of network flow [39].
The gravity model can be regarded as a bridge connecting physical science and geographical science.
Geographers strive to use the law of gravitation of nature to analyze and study the relationship between
regions [40]. According to the gravity model, each research object has a certain mass and is usually
treated as a point of mass, which may be the center in the geometric sense or the center in another
specific sense, such as regional politics, culture, economy or population center [41]. The gravity model
also naturally assumes that there is a mutual attraction between any two points, which can be used to
study the relationship and network flow between the objects; the intensity of this attraction is inversely
proportional to the distance between the two measured points [42].

In light of the previous research on the subject of the greenway, the current study aims to propose
a new measurement method of a greenway network structure under the influence of multiple elements,
and to explain the application and analyzing process of the measurement through the case study of
Ning’an. In this study, the resource flow between the resource nodes of a greenway is taken as the
mutual attraction. The method of networked organization of resources is applicable to county areas
with rich resources and a controllable scale; thus it is feasible to do this research at the county scale.
This method has been implemented on the case study of Ning’an. The main concept is the structural
organization of a county greenway network. The organization of the greenway network needs the
combination of multiple resources and functions, so it is different from scenic byways used by buses
full of tourists. First of all, we conducted a wide survey of all resources in Ning’an to select the suitable
resources for the greenway network; then the structure was measured using network structure abstract
analysis, and the scheme of the structure reconstruction was proposed; the emphasis of this method is
the realization of the structure reconstruction, which was illustrated by the planning of a greenway
line location using GIS.

2. Measurement and Analysis Method of Greenway Network Flow

2.1. Measuring Steps and Framework

The flow measurement of a greenway network can be realized using a gravity model. Through the
structural evaluation and analysis of the flow measurement of the gravity model and the improvement
of the least-cost distance formula, each path is assigned with a flow for the network measurement.
The measurement and analysis can be concluded in the following four steps (see Figure 1). Firstly, based



Sustainability 2020, 12, 1352 4 of 19

on the multi-value coupling of ecology, recreation and resource coordination functions, the related
elements including cultural resources protection, ecological conservation, tourism value promotion
and land comprehensive utilization are selected to identify and extract resources. These elements are
the resource points of the network flow analysis and the basis of the greenway network reconstruction.
Secondly, landscape resistance and gravity are assigned to the resources and the gravitation-resistance
model is adopted to measure the attractiveness of the elements. Thirdly, given the centrality of the
resource landscape and the supply-to-demand ratio, we analyze the distribution and the use situation
of the corridor function flow. Finally, the results of the structure flow analysis guide us to propose the
structural optimization and ecological, cultural and economic multi-planning strategies to enhance the
overall planning and optimization of county resources.
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Figure 1. Measurement and analysis route.

2.2. Gravitation-Resistance Model Construction

(1) Greenway network resources extraction

• Compound relationship and weight of resources

In the process of building the greenway network measurement model, it is necessary to clarify the
composite weights of various resources because of the multi-function involved in the measurement.
As for the function of the compound greenway, the compound features proposed in this study are
determined by the characteristics of the studied area. Combined with the researches of spatial resources
types in the county, the key composite resources include natural resources, economic and industrial
resources, human resources, transportation land resources, village and town settlements and other
recreational resources [43–45]. The function composite weight of the greenway network composite is
determined according to the combination of different functions through relevant research results and
the Delphi expert system method. The weights were assessed by a group of fifteen experts consisting
of four professors specialized in landscape analysis as well as in techniques and methods for greenway
spatial planning, and eleven landscape architects specialized in designing public green areas. Specific
composite weights are illustrated in Figure 2.
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• Identification of resources from the perspective of pluralism
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To start with, we first identified whether the resource elements of the greenway network have
ecological value, cultural value and economic value. The ecological function of the greenway was
evaluated based on the principle of reducing the negative impact of artificial construction on the
ecological environment along the way. The ecological function was considered the center of the
complex greenway network, and the resources with cultural and economic value suitable for joining
the greenway network were screened. In the consideration of the humanistic value of the greenway
resources, we focused on the service ability of service facilities, the influence ability of the humanistic
resources and the scale and influence degree of the recreational resources. With regard to economic
value, it is essential to pay attention to the economic benefits of resources, industrial types and scale.
In the resource identification and organization, the multi-functional attribute of the greenway, which
differs from that of a traffic road or scenic road, was emphasized.

The basic investigation of ecological resources, human resources and economic resources stands
as the foundation of the evaluation of resource ecological value, human value and economic value [46].
The resource extraction standard was used to evaluate the value of resources and extract the resource
elements that are key factors of greenway network. Under the relevant evaluation criteria of Landscape
Ecological Construction (released by the Ministry of Housing and Urban-Rural Construction in 2012)
in China, and the Guidelines for Greenway Planning and Design (released by the Ministry of Housing
and Urban-Rural Construction in 2016) [47], we constructed the extraction index system (see Table 1)
with the scores corresponding to indicators in the evaluation system. Through field investigation and
image and data analysis, we studied the current situation of resources in the whole region, including
land use, natural environment, industrial development, transportation resources and related planning.
Ecological resource value, cultural value, and economic value were then coupled. The resources of
each indicator were scored according to the actual situation of the county resources. The resources
whose comprehensive score exceeded 60 were regarded as the structural measurement objects.

Table 1. Greenway network resources extraction standard.

Resource Value Coupling Direction
of Resource Extraction Index Score

Ecological Value

Green Quantity
Planning

A1: Net loss rate of wetland woodland 1

A2: Forest coverage 3

A3: Per capita area of public green space 7

Structure Planning

A4: Greenway density 3

A5: Greenway connectivity 5

A6: Greenway accessibility 9

Restoration of
Ecological Structure

A7: Species diversity 3

A8: Proportion of native plant species 1

Environmental
Benefit

A9: Carbon reduction 1

A10: Environmental protection investment index 3

Cultural Value

Service Facilities

A11: Service radius of facilities 5

A12: Coverage rate of noise achievement zone 1

A13: Harmless treatment rate of domestic waste 1

A14: Standard emission rate of industrial pollution 1

A15: Proportion of administrative village for domestic sewage treatment 5

Human Resources
Planning

A16: Age of construction 7

A17: Historical position 5

A18: Popularity 7

A19: Integrity 1

Recreational
Resources Planning

A20: Number of recreational projects 3

A21: Convenience of recreational resources 5

Economic Value
Economic

Performance

A22: Benefits of tourism resources 7

A23: Employment-driven benefits 9

Industry Type
and Scale

A24: Industrial service radius 3

A25: Supporting function of industry 4
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(2) Gravitation-resistance measurement model

Generally, gravity models have been proposed by relevant researches via replacing the parameters,
mass and distance in the original model by other factors [48]. At present, the gravity model has been
widely used in the research and analysis of economic geography and regional geography, especially
in the field of new economic geography. The gravity model has become the core tool for analyzing
the spatial interaction of different regions [49]. The gravity model considers that each research object
has a certain quality, and the interaction between the research objects can be seen as a focus on a
certain “point”, which can be the center in a geometric sense, or other specific meaning centers, such as
regional political, cultural, economic and population centers. When the research object is abstracted
as a point in space, different points have mutual attraction, and the two points attract each other
to make the research object connected with each other [50]. In order to measure mutual attraction
between patches, the mass and distance parameters in the gravity model are replaced according to
the greenway network. Therefore, the measurement model can be constructed by determining the
landscape resistance and gravitational value among the elements and improving the gravitational
formula. Afterwards, resource centrality and a supply–demand ratio are applied to the analysis on the
needs of network planning.

• Gravitation-resistance value of resources

The landscape resistance of resources is the influence of resources on the energy flow rate of a
composite network. In this study, the resistance content is expanded from a single ecological field to
all kinds of resources in the whole region in order to reflect the mutual influence of resources and the
supporting capacity of the whole network. By taking the landscape type as a resistance factor and
referring to the existing research results [51–53], the landscape resistance coefficient f can be determined.
Starting from the type of composite resources, considering the interference of ecological, humanistic,
industrial and recreational factors in the diffusion of energy flow in the network [54], the gravitational
value R (see Table 2) of resources can be calculated from the composite weight coefficient under certain
resource extraction criteria (decided according to Figure 1 and Table 1). A stronger composite function
implies a higher gravitational value of resources.

Table 2. Resistance coefficient and gravitation value per unit of different resources 1.

Resource Type Resource
Subgroup

Classification of
Land Use

Landscape Resistance
Coefficient (f)

Self-Gravitation
Value (R)

Ecological
Resources

Wetlands Wetlands 1 0.21 (A1 + A3 . . . + A10 + A20
+ . . . + A25)

Rivers Water bodies 5 0.21 (A1 + . . . + A10 + A20 +
. . . + A25)

Non-productive
Woodland

Forests/Industrial,
commercial and
transport units

5 0.21 (A1 + . . . + A10) + 0.18
(A20 + . . . + A25)

Grassland Scrub and/or herbaceous
associations 5 0.21 (A1 + A3 . . . + A10 + A20

+ . . . + A25)

Cultural
Resources

Cultural Relics
Urban fabric/Industrial,

commercial and
transport units

10 0.21 (A11 + . . . + A21) + 0.18
(A20 + . . . + A25)

Residential Areas Urban fabric 65 0.10 (A3 + . . . + A10 + A20
+ A21)

Economic
Resources

Agroforestry Heterogeneous
agricultural areas 20 0.21 (A1 + A3 . . . + A10 + A20

+ . . . + A25)

Industry Industrial, commercial and
transport units 100 0.18 (A20 + . . . + A25)

Transport Land Industrial, commercial and
transport units 15 0.12 (A5 + A6 + A9 + A10) +

0.08 (A11 + A12)
1 Land use classification referred to Corine Land Cover 2000.
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The last step in presenting resistance-gravity value involves transferring the evaluation of the
gravity-resistance measurement to the GIS environment to improve the construction application of the
model. Firstly, the data is digitized and transformed into the GIS environment. Specifically, according
to the functional flow calculation between node resources using a cell size (90 × 90 m) to perform the
rasterization, the grating of gravity-resistance values is realized. Finally, the function raster calculator
is applied to generate functional flow distribution maps. After data standardization, corridors with
a flow above 40 are considered as high-function flow corridors; corridors with a flow between 30
and 40 are considered as medium function flow corridors; corridors with a flow between 10 and 30
are regarded as low function flow corridors. For node resources, flow determines the centrality and
supply–demand ratio.

• Measuring the mutual attractiveness of resources

The “mass” is replaced by the node’s own gravitational value, and the “distance” is replaced
by the resource resistance distance, a function of the actual distance between nodes and their own
resistance coefficient. The improved gravitational formula is expressed as follows:

Fij = RiRj/Lmin = RiRj/(Dij × fi × fj), i = 1 . . . N, j = 1 . . . N (1)

Fij denotes the attraction between node i and j. Ri and Rj denote the attraction value of nodes i
and j, respectively. Lmin denotes the distance of landscape resistance between nodes i and j. Dij denotes
the distance between nodes i and j. According to this, the flow matrix of attractiveness for the N nodes
in the network is generated.

• Node resources function centrality based on flow measurement

The measurement of greenway nodes is mostly based on a center degree under the influence of
node connectivity and the Euclidean distance between nodes [55], and the attributes and functions of
resources are not fully considered. The analysis of landscape function centrality based on network
flow measurement and the measurement of mutual attraction between resources can help to clarify the
characteristics of resource nodes and the use of different age groups by replacing the value of spatial
distance in the original centrality evaluation with the restriction of characteristic conditions.

Ci =

∑N
j = 1; j,i Fi j

N − 1
(2)

In this formula, Ci is the function centrality of the first resource node. N is the number of nodes.
Fij is the mutual attraction between nodes i and j.

• Supply–demand ratio of network resources based on flow measurement.

Inter-resource attractiveness is expressed in terms of inter-resource flow. The actual problems of
county space, including the selection of complex accessible resource nodes by human flow and the
utilization of resources in working days and rest days, can be analyzed by using of the supply–demand
ratio of nodes [56]. The node’s supply capacity is expressed by the ratio of its own gravity to the
gravity sum of other nodes in the network. The study of the supply–demand ratio can be grouped by
age, land type and traffic peaks. The supply–demand ratio Li of the node i is defined as follows:

Li = Si/Di = Ri/
∑n

i = 1

(
F1n + F2n + . . . F(n−1)n + Fn1 + Fn2 + . . .+ Fn(n−1)

)
(3)

where Si is the supply capacity of node i, and Di is the demand of node i. By using the natural
breakpoint method of GIS, the resource nodes with different centrality and supply–demand ratio are
divided into five grades. The higher the grade, the higher the value of the node is.



Sustainability 2020, 12, 1352 8 of 19

3. Case Study: Measurement and Planning Strategy in the Ning’an Greenway

3.1. Case Selection and Survey of Current Resources

Ning’an is a county-level city in the main ecological landscape and tourism development zone of
Mudanjiang City, Heilongjiang Province. It comprises important agricultural and forestry industrial
nodes in the Mudanjiang Economic Development Zone (see Figure 3e). It is also well known for its
unique volcanic landforms and ecological resources in the Jingpo Lake Scenic Area (see Figure 3e).
There also exist a remarkable folk customs culture and ancient sites.

Under the ArcGIS 10.0 platform (Environmental Systems Research Institute, Redlands, CA, USA),
referring to the Corine Land Cover 2000, the land use image (2017) of Ning’an is used as the basis
for analysis (see Figure 3b). In terms of the development and combination background of resources,
relevant planning is taken as guidelines, such as the 2011–2030 Master Plan of Ning’an city (by the
Ning’an municipal government), the 2006–2020 Master Plan of Land Use of Ning’an city (by the natural
resources department of Ning’an government) etc. In terms of land distribution, the structure of land
use in Ning’an is still dominated by cultivated and forest land, accounting for more than 90% of the
total area. There are 15 key agricultural and forest resource nodes (see Figure 3d). In the development
of recreation and tourism, there are 60 tourism resource nodes in Ning’an, which include both natural
and cultural ones. In other words, green space and the basic conditions of resources have certain
advantages for using as greenways in Ning’an. However, according to the survey of 465 local people
(500 questionnaires about greenway utilization rate), the utilization rate of greenway resources is less
than 60%. Therefore, cultivated by its rich resources of nature, culture, agriculture, forestry industry,
tourism industry etc., Ning’an has witnessed the formation of its greenway network (see Figure 3b–f),
which offers important ecological services and environmental regulation functions in the south of
Heilongjiang Province. In general, the planning of the greenway network in Ning’an is facing a
critical stage of improving its utilization rate by combining multiple resources. The multiple-resource
coordination and value combination of the greenway network are of great significance to the county
itself, as well as to the ecological environment optimization and industrial value promotion in the
south of Heilongjiang Province.
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3.2. Network Structure Recognition and Analysis

3.2.1. Network Structure Recognition

Elements are identified and extracted according to the recognition model, the characteristics of
integrated ecological background resources and the coupling potential [57]. The weights of indexed
elements were assigned by experts to a scale referring to the corresponding standards of national and
regional indicators, along with the actual situation of Ning’an. A total of 23 nodes and 31 corridors were
identified to form a three-grade network structure (see Figure 4). The first-grade network structure
is the network skeleton that links important transportation resources, rivers, industries, scenic spots
and other resources together, connecting the main residential areas, industrial parks and the Jingbo
Lake scenic spots from the north to the south. It also connects the Xiaobeihu scenic spot in the west
and extends to the Huashuchuan Reservoir in the east. The second-grade network structure links
the fringe elements and improves the connection degree of the first-grade structure, showing a trend
of expansion to the county fringe areas. However, the integrity and connectivity of the secondary
network itself are weak. The third-grade network mainly contains the location-level links, which yield
a more intensive network layout in the east and south.
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3.2.2. Network Structure Analysis

(1) Network function flow

On the basis of network identification, the cost matrix of mutual attractive capability among nodes
(see Table 3) is obtained according to Formula (1) and the actual situations of resource points.
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Table 3. Cost matrix of mutual attractive capability among nodes.

1 2 3 21 22 23 Serial Number

F11 = 0 F21 = 0.13 F31 = 0.22 F211 = 5.91 F221 = 5.71 F231 = 4.59 1

F12 = 0.13 F22 = 0 F32 = 0.53 F212 = 13.16 F222 = 14.67 F232 = 9.77 2

F13 = 0.22 F23 = 0.22 F33 = 0 F213 = 11.52 F223 = 12.84 F233 = 14.49 3

F121 = 5.91 F221 = 13.16 F321 = 11.52 F2121 = 0 F2221 = 0.07 F2321 = 0.41 21

F122 = 5.71 F222 = 14.67 F322 = 12.84 F2122 = 0.07 F2222 = 0 F2322 = 0.14 22

F123 = 0 F223 = 9.77 F323 = 14.49 F2123 = 0.41 F2223 = 0.14 F2323 = 0 23

The network corridors are divided into three grades by using the natural breakpoint method of
GIS, based on the mutual attraction of resource nodes (see Figure 5). From the overall distribution of
flow, there is a positive correlation between the distributions of corridors. However, it also leads to
the uneven distribution of resources, resulting in low resource utilization and limited development
in the south and southeast. High-function flow corridors are relatively concentrated between the
county center and Jingpo Scenic Area along the Mudanjiang River. In these areas, cultural tourism
resources are densely distributed and the corridor utilization rate is relatively high. Medium-function
flow corridors are mostly distributed in the central Korean Folklore Experience Zone. The functional
flow is generally at low grades in eastern corridors, mountain woodlands and southern areas.
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flow classification. 
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Figure 5. Calculated results of county corridor function flow. (a) Structural calculation results;
(b) flow classification.

Network flow is affected to some extent by the difference in the recreational flat peak (see Figure 6).
In the peak period, because of low road impedance and strong accessibility, the function flow of
the greenway around main roads is relatively large. The resources of scenic spots in the west and
southwest are relatively concentrated, and the corridor flow between the central area of the county
and scenic spots is largest when the node flow is equal. Compared with the flat peak, the flow of
resource points, which are more marginal in peak period, decreases, while the flow of corridors near
the county center and scenic spots increases. The corridors with higher functional flow levels decrease
and become relatively concentrated due to the increase of road impedance during peak period, and the
influence range in scenic spots and surrounding areas also decreases.
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The scale of recreational functional land is large and landscape resistance between resources is
relatively small in Ning’an. The resource nodes with higher landscape function centrality are mainly
distributed in the Jingpo Lake Scenic Area, the main road and the Bohai Kingdom Site (see Figure 7a),
which has a great impact on the county resource function transmission. At the same time, regional
high-intensity nodes have appeared in limited areas, such as the Huashuchuan Reservoir and the
Korean Folklore Experience Zone, but the development and compounding degree of these nodes
is relatively low, and the diffusion mode of the facilitating peripheral functional flow has not yet
been formed.
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Figure 7. Analysis of node resource centrality. (a) Distribution; (b) distance from the central town.

The relationship between node resources centrality and distance from the county center shows an
upward trend and then a downward one. Medium and high centrality nodes mainly distribute in the
radius range from 15 km to 25 km. The number of nodes within the radius of 10 km from the central
city is relatively small and only 2/7 of them distribute in high and middle centralities (see Figure 7b).

(2) Resource nodes distribution based on a supply–demand ratio

• Analysis of resource supply–demand ratio under age difference.

People of different ages have distinct expectations from the greenway space and function in
Ning’an. Considering the aging population of Ning’an, the senior citizens are greatly affected by their
physical strength and external climate conditions, and therefore they have higher demand for the
accessibility of the greenway activity space. On the other hand, the main outdoor activities of these
elders in Ning’an during the day are carried out in squares, grasslands, parks, etc., which are close to
the greenway space, so the demand for the daily recreational function of the greenway is also relatively
high. Overall, the areas with high supply and demand of adult daily node resources are mainly
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located in the county center, in the Jingpo Scenic Area and in its surrounding areas (see Figure 8a).
The resource nodes with a supply–demand ratio above 35.21 are mainly distributed along the national
highway, forming a more adequate area for daily leisure supply and demand. The resource nodes
with a supply–demand ratio above 59.43 have a higher degree of coupling of ecological, economic and
human values, which are concentrated in the western areas with dense human resources and abundant
natural resources, such as the Jingbo Lake Scenic Area and the Bohai Kingdom Site. Because of the low
population base of the elderly, the supply–demand ratio of resource nodes is generally higher in the
scope of their action, and quite different in the county center, scenic spots and other parts. The resource
nodes in the county center have relatively sufficient supply capacity for the daily recreation and leisure
for the elderly (see Figure 8b). At the same time, although large-scale resource nodes have a high
functional flow, the daily needs of the elderly are limited by travel time, traffic friendliness and other
aspects. The utilization rate of large-scale recreational resource sites remains relatively low, such as the
Jingbo Lake and the Bohai Kingdom Site.Sustainability 2020, 12, 1352 12 of 18 
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• Supply–demand ratio of recreational resources in the peak and off-peak periods.

To some extent, the supply and demand of recreational resources are greatly affected by holidays.
The supply–demand ratio of daily resource nodes is less affected by the distance from the county
center area (see Figure 9a). The resource nodes with a larger demand for holiday days’ flow are
concentrated outside the radius of 10 km from the county center. The lower the supply–demand
ratio of tourism resources, the greater the demand (see Figure 9b). Adequate supply and demand
nodes are concentrated along the Mudanjiang River, while there are problems such as shortage of
supply and demand or idle resources in the county center area, eastern forestry areas and other places.
On weekends or holidays, only the Jingpo Lake Scenic Area, the Bohai Kingdom Site, the Korean
Folklore Experience Zone, the Agricultural Eco-Park and other resource points have relatively sufficient
recreational supply capacity, while agricultural, forestry, reservoirs and other resource points can
hardly meet the needs of villagers and tourists for recreation. On average, the supply–demand ratio of
resource nodes in the whole region is less than 1, which indicates that their supply–demand capacity is
relatively poor, while the carrying capacity of recreational resources such as scenic spots is insufficient
and the vacancy rate is higher in the peak period. For county residents, the daily supply of the central
county is insufficient and the attractiveness of recreational resources is relatively weak. For tourists,
holiday recreation is dominated by bus transportation or self-driving. Due to the increase of road
impedance during the peak period, the decrease of accessibility to resource nodes and the decrease of
pressure on some recreational nodes, the carrying capacity of some recreational nodes rises; thus the
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ratio of supply and demand of resources in the peak period is comparable. The peak period did not
exceed a large number, but it was still at a low level of service capacity.
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3.2.3. Greenway Network Planning Strategy under Flow Structure Reconfiguration

According to the results of flow measurement, the Ning’an greenway network is still in the
preliminary stage of structural development. The coordination level and the low use of various
resources result in the limitation of its functional composition and resource co-ordination. The high
differential distribution of flow caused by the insufficient allocation and linkage of ecology, life and
production factors leads to difficulty in balancing the supply and demand of resources, thus affecting
the optimization and upgrading of the whole county landscape pattern and resource construction.
Furthermore, the integration of ecology, production and life requires the Ning’an network to focus
on green, residential and industrial patches in the reconstruction of the process structure. Therefore,
the overall planning of all grades of the structure is conducive to the complex generation and diversified
development of the network with the goal of whole resource collaborative flow allocation.

(1) Reconfiguration strategies for network structure

• Four-core leading mode of internal and external flow

The county center area and the Jingbo Lake Scenic Area are two important flow points in the
network framework. Although the polarization of “two cores” is obvious, the network connection
between them is still in a sluggish state, forming a “dumbbell” structure. On the other hand, the Bohai
Kingdom Site and the Huashuchuan Reservoir have embodied the potential of becoming a “new core
access point” of regional network flow due to aspects of geographical location, passenger flow support,
landscape and industrial connection already present. Therefore, the opportunity to form a “four-core”
development model exists, in order to balance the flow distribution of the primary structure and lead
the core agglomeration and coordinated development of the whole region. Through the coordination
of key villages and towns, residential areas, the agroforestry industry, the traffic structure and the
spatial development direction, the “four-core” flow rate is strengthened and the radiation range of
corridors is raised (see Figure 10a). The external areas of the “four cores” drive the external flow of the
network to improve with the linkage development of circles, weaken the administrative boundary,
strengthen the flow connection and resource sharing and form the flow connection expansion area.
Within the North–South core belt, an overall balanced and integrated resource development pattern is
realized by way of ecological, landscape, economic and infrastructure flow integration.

• Secondary stability mode of functional flow blending

At present, the landscape pattern of Ning’an is heterogeneous. Smaller flow is distributed in the
large forestland, in the mountainous area and in similar areas. The development level of the secondary
resources outside the “four cores” is relatively low and has a slow development speed. Therefore,
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more “new potential points” with high centrality and a low supply–demand ratio should be gathered
in the reconstruction of secondary circles to achieve a stable flow distribution mode by combining
similar functions and natures of the resource nodes (see Figure 10b). Through “ecology + recreation,
humanities + recreation, industry + recreation” and other chain-in modes, resource reorganization and
agglomeration are formed in the connection of elements. The secondary network has been improved
in the aspects of the integrity of the ecological landscape pattern, the protection of human resources,
the sustainability of industrial economy and the high utilization rate of leisure resources.

• Edge linkage mode of the characteristic functional flow

Third-grade network resources are relatively scattered, highly eco-sensitive and relatively weak
in infrastructure. However, they still have the potential to spread residential, ecological, humanistic
and industrial functions. According to the distribution characteristics of resource centrality and the
supply–demand ratio, the reconstruction elements are divided into four categories (see Figure 10c): (1)
Residential-driven elements. Medium and high flow residential areas on the edge are included in the
network reconstruction. (2) The reconstruction of ecological agglomeration elements is based on the
high-function flow of ecological resources as the core, with many low-function flow nodes gathered. It
is represented by the “triangle” composed of the Jingpo Lake scenic area, the mountain forest area and
the human resources protection area in the south. (3) The humanistic conservation type aims at the
human resources with a low function flow and weak resource utilization and protection. It combines
the landscape and recreation functions brought by the greenway network to enhance the protection
and utilization of resources, and forms the expansion and value-added of the flow with humanistic
characteristics. (4) The industrial upgrading type combines non-key industrial resources with the
greenway. On the one hand, it provides recreational places for the surrounding residents, while on
the other hand, it provides opportunities for non-key industries to enhance efficiency and realize
mutual benefits and a win–win between the industry and the greenway, especially in the process of
resource combination between industrial resources on both sides of the traffic axis and the greenway
belt connection.
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(2) The Strategy of Network Multivariate Value Promotion

• Diversified development of ecological value.
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Combining natural scenic resources such as Jingpo Lake, Xiaobeihu Lake and Huashuchuan
Reservoir, a multi-core collaborative model of “Greenway Network + Whole-region Scenic Area
Resources” is formed to achieve a balance of social, ecological and economic benefits from the balance
of flow supply and demand: (1) Promoting ecological benefits and returning to the nature of ecology.
A great increase in green elements in pedestrian scenic spots, building a green vitality and relaxation
rhythm of the changing recreational space. (2) Strengthening the traffic connection ability of scenic
spots by the mode of a “three-in-one” scenic spots tourism special line, village bus line and greenway
recreational line, and linking the greenway with important traffic hubs to improve the convenience of
scenic spots and the richness of the experience content.

• Cultural system of mutual promotion of resources.

Balancing the supply–demand ratio by means of mutual promotion of resources not only comprises
the protection of the county cultural system, but is also the driving force of a balanced development
of the region-wide resources: (1) Promoting the blending the space between historical culture and
green resources. This can not only solve the disorderly outward diffusion of cities and towns, but
also avoid the conflict with the surrounding environment’s construction. (2) Fully excavate historical
routes. Taking the cultural development of different regions as the backbone, the cultural heritage sites
can form a heritage corridor representing the cultural heritage of different regions, from the Bohai
Kingdom Site to the Yinggeling Culture Site. (3) Cultural display experience. Utilize the material or
intangible cultural heritage resources along the greenway, encourage the development of a cultural
experience with Manchu characteristics, and explore the traditional culture and art of ethnic minorities
in the Ning’an area.

• Promoting network economy by recreational industry

In the early stage of the greenway network development, there is a need to balance multiple
interests. Taking rich tourism resources as a development basis of the compound greenway, while
considering the ecological benefits and the interests of residents in villages and towns, is conducive
to the multi-value development of the resources. It can be fed back by the economic benefits in the
middle and later period: (1) Tourism convenience and economic benefits are optimized by promoting
the development of “greenway tourism + Internet” and “greenway tourism + sports”. It can balance
the fluctuation of economic income caused by the difference during the peak period of tourism flow.
(2) Economic benefits and industrial value are promoted by the mode of “Greenway Network + modern
agricultural experience” promoted in combination with the Ning’an Industrial Park. It takes “the
integration of agriculture and tourism, culture and tourism, and forestry and tourism” as the starting
point, and comprehensively promotes the integration development of all industries in the whole region
through the strategy of “one industry-driven, multi-industry simultaneous development”.

4. Conclusions and Implications

Although more and more counties are building multi-functional greenways with the development
and popularity of the healthy environment, one of the major reasons why the quality and utilization rate
of greenways have not been improved in China is the lack of planning methods for effective resource
organization [58]. Therefore, the current study attempted to identify the important dimensions
of improving resource inter-relations, further leading to the harmony of the overall green space.
Additionally, the study verified that there are differences in corridor flow caused by different resource
combinations. The current study is unique, because the gravity-resistance model was generated and
used to measure the functional flow of corridors and nodes, contributing to a more efficient integration
of multi-functional resources in the greenway context.

First, the multi-value of resources is integrated into the concept of the network and the traditional
single line space of the greenway is broken in the process of connecting resources in a series. Specifically,
the multi-functional greenway integrates the functions of ecology, recreation, culture, society, aesthetics



Sustainability 2020, 12, 1352 16 of 19

and economy [59]. We summarized the identification of resources from the perspective of pluralism,
which it possible for the greenway to realize the concordance of resources development along the
corridors step-by-step and to form a multi-value network. Natural resources, cultural resources and
economic resources have been strengthened in the process of identification and utilization. At the same
time, the networking potential of natural, cultural and industrial resources was utilized especially in
the counties with abundant tourism resources, where additional economic value can be harvested in
the form of a regional network. Taking the whole county’s ecological value protection as the core,
the greenway network targets boosting a single value of ecology, recreation or landscape, as well
as coupling multiple values. It combines all types of important resource nodes of ecology, life and
production to form a networked function flow covering the whole public space.

Second, the study stresses the research of the building and application of a gravitation-resistance
model, indicating the relationship between identified resources by using the network flow analysis
method. The multiple demands of the Ning’an greenway network construction are analyzed.
The greenway network has been seen as the process of organizing resource points and resource
corridors into a network in the green space structure. From the perspective of multi-component
resources, a network system composed of linear and patchy resources has been formed, by integrating
industrial resources, infrastructure resources and leisure tourism resources. The centrality and the
supply–demand ratio of nodes were quantitatively analyzed according to the flow distribution.
The ecological value, humanistic value and economic value of the network were excavated intuitively
by the mutual attraction of the elements. The result implies that the high-function flow corridors are
relatively concentrated in the county center and main scenic spots due to the impact of the artificial
environment. In villages and surrounding areas with better ecological conditions, high-function flow
corridors are scattered. At the same time, peak hours and off-peak hours and age differences have a
greater impact on functional flow differences. Therefore, from the perspective of flow distribution
balance, it is necessary to improve the accessibility of the network and the convenience for the elderly
to reach recreational resources in the structural reconstruction. At the same time, the “new core access
points” of the network are the resource nodes with high flow and centrality. In the reconstruction of
a network circle layer, resource nodes with high centrality and supply–demand ratios are gathered
to form a stable distribution, so as to improve the utilization efficiency of various resources. In a
relatively low-level network, combining different functional features to connect and combine resources
can promote the flow balance and value improvement of a greenway more than using resources alone.

Constructed this way, the network has a more comprehensive nature and is able to highlight the
ecological value, cultural value and economic value of resources. After measuring and analyzing the
network structure, development strategies of network structure optimization and value promotion
are put forward. At the same time, the simple operation mode and moderate data demand make
the model universally practical and operable for county areas. It is more scientific and convenient to
analyze the greenway structure and lay a foundation for the construction and implementation of the
greenway network in county areas.

Note: the pictures were drawn by the authors.
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