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ORIGINAL RESEARCH ARTICLE

Order, scale structure and coupling types of coastal port city system 
from the perspective of multi-function
Jianke Guo*, Lulu Wu, Bo Li, Yafeng Qin

Key Research Base of Humanities and Social Sciences of Ministry of Education, Institute of Marine Sustainable Devel-
opment, Liaoning Normal University, Dalian 116029, Liaoning Province, China. E-mail: jkGuo98@163.com

ABSTRACT
Using the rank scale rule, taking 47 major port cities in China from 2001 to 2015 as research samples, this paper 

discusses the rank scale characteristics and hierarchical structure of coastal port city system from a multi-functional 
perspective, and divides the coupling type of multi-functional development based on shipping logistics. The research 
shows that: 1) from 2001 to 2015, the scale-free area of manufacturing function order scale distribution in the coastal 
port city system appeared bifractal structure, the hierarchical segmentation characteristics appeared, and the other func-
tions were single fractal; From the perspective of long-term evolution, only the order and scale distribution of shipping 
logistics function has developed from centralization to equilibrium, while the business function, manufacturing function 
(scale-free region I), modern service function and population distribution function are in a centralized situation. 2) The 
hierarchical structure of coastal port city system has gradually changed from pyramid structure to spindle structure, 
and generally formed five levels: national hub, regional hub, regional sub center, regional node and local node. 3) From 

the perspective of multi-functional coupling types, the traditional functions of port cities are generally ahead, while the 
high-end service functions lag behind, and the improvement speed of urban functions is slow and tends to be flat, indi-
cating that the multi-functional development of China’s coastal port cities is still at a low level, and the industrial system 
structure needs to be further optimized. 4) From the perspective of port cities at different levels, the functions of region-
al hub cities and regional sub central cities are in the stage of rapid growth; regional and local node cities are still in the 
growth stage of traditional functions such as industry and commerce.
Keywords: Port City System; Sequence Size Distribution; Hierarchy; Coupling Type

Ports and cities not only organically combine production and cir-
culation, but also develop together and promote each other. Coastal 
and river areas will inevitably form a series of port city systems with 
different sizes and characteristics, and become an organic hub system 
for the country to communicate domestic and foreign international 
trade[1]. Urban system is a hot issue in urban geography, but there has 
been little research on port city system for a long time. The reasons are 
as follows: on the one hand, due to the discontinuous distribution of 
ports and their cities, there are more studies on port system from the 
perspective of traffic geography, but less on port city system from the 
perspective of urban geography; on the other hand, in a long period of 
time, the number of regional ports is small, the functional convergence 
between ports and port cities, and the competition of goods supply hin-
der each other’s economic ties, and the relevance and systematicness 
are not strong. Over the past 40 years of reform and opening up, the 
development of ports in China’s coastal areas has changed with each 
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passing day, new ports have been emerging, and the 
characteristics of port regionalization are obvious. 
The coastal urban belt has become a port urban belt. 
Port cities have not only greatly increased in number, 
but also formed a continuous distribution in space. 
Especially with the strengthening of shipping net-
work connection and logistics, the division of labor 
among large, medium and small ports is becoming 
more and more obvious, and they are more closely 
connected with each other. In this context, it is fea-
sible and necessary to deeply study the port city sys-
tem.

The research on urban system mainly focuses on 
the theoretical content of “three structures and one 
network”, namely regional spatial structure, hierar-
chical scale structure, and functional type structure 
and network system organization[2]. Among them, the 
research objects involved in the study of functional 
type structure are relatively rich, such as national 
prefecture level cities, central plains urban agglom-
eration, Yangtze River economic belt urban agglom-
eration, central Liaoning urban agglomeration, etc.
[3–7]; in terms of research methods, urban functions 
are classified and identified by general description 
method, statistical analysis method, factor analysis, 
location entropy and other methods. As a special 
type of city, the port function of port city is the basic 
function. With the development of port industry sys-
tem, more and more other port industries and even 
non port industries are gradually attracted, so as to 
promote the multi-functional development of port 
city. However, at present, domestic research on port 
cities mostly focuses on port city relations, port city 
spatial structure, port city competitiveness and sus-
tainable development capacity[8–13]. The deficiencies 
are as follows:

1) From the perspective of urban system, most 
of them focus on a single port city or port city port 
and shipping logistics, trade and other aspects, and 
there are few studies on exploring the hierarchical 
structure and relationship of port city system from 
the perspective of urban system. 2) In terms of meth-
odology, the rank scale rule is mostly used in the 
study of hierarchical scale structure of urban system, 
but there are few attempts in the study of port city 

system[14]; this rule is also widely used in the fields 
of floating population, tourism flow, oil flow, traffic 
flow and so on[15–19]. However, most of them mea-
sure the scale distribution with a single index, and 
the comparative research on the rank scale from the 
multi-functional perspective has not been carried 
out.

In view of this, based on the theory of port 
function evolution and the characteristics of urban 
development, this paper selects five representative 
functions of port cities, uses the rank scale rule to de-
scribe the multi-functional scale distribution charac-
teristics of port city system from multi-dimensional 
indicators, and constructs the coupling relationship 
between basic port and shipping functions and other 
functional scales based on the rank scale rule, This 
paper discusses the multi-functional differentiation 
and development of China’s port city system[20].

1. Research methods and data sourc-
es

1.1 Rank scale rule of port city system
The rank–scale model of urban distribution 

starts from the whole urban system, reflects the rela-
tionship between the size of different cities and their 
rank in the whole system, and can evaluate the distri-
bution of urban system in a country or region[14]. In 
1913, the law was proposed by German scholars. In 
1935, American linguistics professor obtained Ziff’s 
law through statistical analysis. The basic formula of 
Lotka model now widely used is:

   (1) 

In the formula, Pi is the city scale at i level and 
P1 is the first city scale; q is Zipf index; Ri is the 
order of city i. Based on different functions and re-
ferring to Formula (1), it is concluded that the basic 
form and logarithmic form of the calculation formula 
of port city system rank scale in this paper are as fol-
lows:

  (2)

    (3)
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In the formula, Fi is the functional scale of the 
port city at i level, and F1 is the functional scale of 
the first port city. Zipf index (q value) has the follow-
ing properties: when q = 1, the ratio of the first city 
to the smallest city in the urban system is the number 
of cities in the whole urban system; when q < 1, the 
scale of high-level sub cities is not very prominent, 
and there are more and dominant cities in the mid-
dle order; when q > 1, the urban scale distribution is 
relatively concentrated, the urban scale distribution 
is quite different, and the urban primacy is high. If 
q becomes larger, the concentrated force is greater 
than the dispersed force; if q becomes smaller, and 
the scattered force is greater than the concentrated 
force. When q →∞, there will be only one city in the 
system; when q = 0, the size of cities in the urban 
system is equal.

1.2 Multi-functional coupling type division 
based on bit order scale rule

1.2.1 Construction of multi-functional index 
system of port city

The intergenerational division of ports is not 

based on time period. Different ports in China have 
different development levels, intergenerational dif-
ferences and functional characteristics. In 1999, the 
United Nations Conference on Trade and Develop-
ment (UNCTAD) proposed: so far, the international 
developed ports have entered the fourth genera-
tion[21]. Many scholars have explained the evolution 
theory of port function: the main functional charac-
teristics of the first generation port are transporta-
tion transfer function; the second generation of port 
functions are characterized by industry, commerce 
and value-added services; the third generation port 
features logistics and cargo information flow ser-
vices; the fourth generation ports are characterized 
by resource allocation and global hub functions. The 
multi-functional development of the port also drives 
the diversification of the functions of the city where 
the port is located. Therefore, we regard shipping 
logistics, commercial trade, modern manufacturing 
and modern service as the four functions of port 
cities. In addition, in order to reflect the economic 
vitality and attraction of modern port cities, we have 
especially increased the function of population dis-
tribution. Based on this, the multi-functional scale 

Table 1. The multi-functional scale evaluation index system of port city system
Functional type index

Shipping logistics function Total freight volume, water freight volume, port cargo throughput, port container throughput and 
port foreign trade throughput.

Commercial trade function
Total retail sales of social consumer goods, total sales of wholesale and retail goods above the quo-
ta, employees of wholesale and retail units, total amount of foreign capital actually utilized in the 
current year, and number of wholesale and retail enterprises above the quota.

Manufacturing function
The indexes above designated size include total output value of industries, total profits of industrial 
enterprises, current assets of industrial enterprises, number of industrial enterprises, and employees 
of manufacturing units.

Modern service function
Various loan balances of financial institutions, various deposit balances of financial institutions, em-
ployees of financial institutions, number of inbound international tourists, employees of information 
transmission, computer service industry and software industry.

Population distribution function Total passenger volume, railway passenger volume, highway passenger volume, water passenger 
volume and civil aviation passenger volume.

evaluation index system of port city system (Table 1) 
is constructed to further characterize the function of 
port city.

1.2.2 Classification of multi-functional cou-
pling types

Ideally, the function scale of high-grade port 
cities is larger and the level is higher, accounting for 
a greater proportion in different function sequences, 

while that of low-grade cities is the opposite; under 
the multi-functional coordination and interaction 
mechanism of port city, the development levels of 
different functions are unified. In the double logarith-
mic curve of rank order scale, it shows that the rank 
order of each functional scale of high-grade port 
city is higher, while that of low-grade city is on the 
contrary. The double logarithmic curves of different 
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functional scales of any port city coincide. In reality, 
the curves are misaligned.

According to the double comparison relationship 
between different functional scale and the proportion 
of functional scale, the development differences be-
tween port city functions can be measured from two 
aspects and the port city can be explored based on 
the coupling type characteristics of multi-functional 
development level in the city. The specific calcula-
tion formula is as follows:

                                                                      (4)

        (5)

In the formula, Fai is the port function scale 
(shipping logistics function), Fbi is the urban func-
tion scale (commercial trade function, manufacturing 
function, modern service function and population 
distribution function), and n is the number of cities. 
The ∆Fi obtained from the above formula reflects 
the comparison relationship between the functional 
scale of the port city, and ∆Si reflects the comparison 
relationship between the functional status of the port 
city. Based on this, four coupling types can be divid-
ed (Table 2).

Table 2. The basis and characteristics of coupling type classification of port city system

Type ∆Fi ∆Si Characteristics

Absolute leading type >0 >0 The urban functional scale and status in the urban system are higher than the port functional 
scale.

Relatively advanced type >0 <0 The urban functional scale is higher than the port functional scale, and its position in the 
urban system is lower than the port functional scale.

Relative lag type <0 >0 The urban functional scale is lower than the port functional scale, and its position in the urban 
system is higher than the port functional scale.

Absolute lag type <0 <0 The urban functional scale and status in the urban system are lower than the port functional 
scale.

1.3 Overview of the study area and data 
sources

Taking the coastal port cities as the research 
sample, this paper selects 47 major port cities based 
on the historical evolution and importance of ports 
and the development status of port cities, of which 
only cities below Nanjing are selected along the 
Yangtze River; according to the division of port 
groups and the availability and continuity of index 
data in the national coastal port layout plan issued 
by the Ministry of Communications in 2006, the 
port city samples are finally determined as: port 
city groups around the Bohai Sea (Tianjin, Dan-
dong, Dalian, Yingkou, Jinzhou, Tangshan, Cang-
zhou, Qinhuangdao, Yantai, Weihai, Qingdao and 
Rizhao); Yangtze River Delta port urban agglom-
eration (Shanghai, Suzhou, Ningbo, Lianyungang, 
Zhoushan, Nanjing, Nantong, Wenzhou, Changzhou, 
Wuxi, Jiaxing, Taizhou, Taizhou, Yangzhou and 
Zhenjiang); Pearl River Delta port urban agglom-

eration (Guangzhou, Shenzhen, Zhuhai, Shantou, 
Shanwei, Huizhou, Dongguan, Zhongshan, Yangji-
ang, Jiangmen and Maoming); southeast coastal port 
urban agglomeration (Fuzhou, Putian, Quanzhou and 
Xiamen); southwest coastal port urban agglomera-
tion (Zhanjiang, Beihai, Qinzhou, Fangcheng and 
Haikou).

In view of the availability of port data, the time 
series is determined as 2001–2015. The urban in-
dex data is from China Urban Statistical Yearbook 
(2002–2016), the port index data is from China port 
Yearbook (2002–2016), and the tourism index data 
is from China Regional Economic Development 
Yearbook (2002–2014)[22–24]. Some missing data 
come from provincial and municipal yearbooks and 
Statistical Bulletins, and individual data are fitted 
by mathematical methods. Because the data units of 
each index are not unified, the data are standardized, 
and the five indexes under each function are weight-
ed and summed by entropy method to obtain the 
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scale of each function.

2. Rank scale distribution of coastal 
port city system from a multi-func-
tional perspective

2.1 Comparative analysis of size distribution 
of different functional bit sequences

Since the 21st century, Chinese cities, especially 
the eastern port cities, have developed well. Due to 
its unique location advantages and the support and 
guidance of national policies, the port city belt has 
gradually evolved into a port city system with high 

urbanization level, strong economic development 
speed and close international trade exchanges in 
eastern China. All cities have also become port cities 
with multi-functional characteristics. Using Formula 
(3) for 2001–2015, simulated regression analysis 
was carried out for each functional scale of the port 
city system, and the goodness of fit of the curve was 
as high as 90%, which proved that the rank scale rule 
can be used to explain the scale distribution charac-
teristics of the port city system. The scatter diagram 
of various functions of the port city system and the 
double logarithm fitting curve of bit order scale (Fig-
ure 1) are as follows.

Figure 1. The multifunctional rank-size double logarithm fitting curve and Zipf exponential curve of port city system.

2.1.1 Change track of bit order scale distribu-
tion

The distribution structure, trend and growth 

characteristics of each functional scale of coastal 
port city system have different characteristics. 1) In 
terms of fractal structure, there are two regions with 
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high fitting in the manufacturing function rank scale 
curve, which is a significant bifractal structure, with 
obvious hierarchical segmentation characteristics. 
The number of cities in scale-free region I is much 
higher than that in scale-free region II, while the 
other functions are single fractal structure. From the 
perspective of Zipf index, the Zipf index of business 
function and manufacturing function (scale-free re-
gion I) is less than 1, and its rank scale distribution is 
currently in the stage of equalization; In contrast, the 
Zipf index of shipping logistics, modern services and 
population distribution functions is more than 1, and 
the rank scale distribution is in the centralized stage. 
2) From the curve characteristics and long-term evo-
lution characteristics of scale distribution, the growth 
characteristics of each function are different while re-
alizing scale expansion. The scale of Commerce and 
trade functions shows a significant “funnel-shaped” 
divergent growth. The growth rate of large-scale port 
cities is significantly faster than that of small and 
medium-sized cities. The scale distribution tends to 
be unbalanced, and the concentrated force is greater 
than the decentralized force. The scale of other func-
tions is generally characterized by parallel growth: 
for example, the scale of modern service and popu-
lation distribution functions is parallel and divergent 
growth, which means that the growth rate of large-
scale port cities is relatively fast, and the scale dis-
tribution still tends to centralization; in the bifractal 
structure of functional scale of manufacturing indus-
try, the distribution of urban scale in scale-free area 

tends to be centralized; only the scale of shipping lo-
gistics function tends to be parallel and convergent, 
that is, small and medium-sized cities continue to 
develop and catch up with large cities, and the scale 
distribution is gradually balanced. 3) Compared with 
the development characteristics of shipping logistics 
function, the business function is quite different. As a 
traditional function of port, this function is integrat-
ed into the evolution of urban function earlier in the 
process of continuous refinement of social division 
of labor, and can develop independently to a certain 
extent; modern services, population distribution and 
other high-end service industries are easier to land in 
high-level port cities and give full play to their deriv-
ative potential. At present, the main body with stron-
ger economic vitality and population distribution 
capacity is still a few high-level port cities, which is 
highlighted by the centralized distribution of mod-
ern service and population distribution functions of 
high-level port cities, and the scale is significantly 
higher than that of low-level port cities.

2.1.2 Comparison of changes in urban order
Comparing and calculating the urban order of 

various functions in 2001 and 2015 (Table 3), the 
results show that: 1) from the perspective of total 
change, the adjustment and change range of urban 
order in shipping logistics and population distribu-
tion function is obvious. Among them, cities with 
more than 10 shipping logistics functions are Rizhao, 
Yingkou, Tangshan, Cangzhou, Taizhou, Huizhou, 

Table 3. The changes in port city order adjustment in 2001–2015

Function type

Regional port
city system Bohai Rim (12 ports) Yangtze River Delta (15 ports) Pearl River Delta (11 ports)

Total variation Total variation Unit variation Total variation Unit variation Total variation Unit variation

Shipping logis-
tics function 300 24 2 30 2 12 1.09

Commercial 
trade function 192 10 0.83 14 0.93 20 1.82

Manufacturing 
function 166 10 0.83 18 1.20 8 0.73

Modern service 
function 170 10 0.83 4 0.27 12 1.09

Population 
distribution 
function

292 22 1.83 24 1.60 18 1.64

Note: the value is the absolute value of urban rank change in 2001 and 2015. 



7

Qinzhou and Dandong; cities with a ranking of more 
than 10 are Qinhuangdao, Zhuhai, Maoming, Jiax-
ing, Zhongshan and Wenzhou. During this period, 
the in-depth adjustment of the port system and the 
reorganization and integration of the port area made 
the urban order change greatly, and a stable pattern 
has not yet been formed. Cities with more than 10 
cities in the population distribution function are 
Zhanjiang, Nantong, Weihai and Beihai; more than 
10 cities with a decline in rank are Dongguan, Shan-
tou, Maoming, Dalian, Wenzhou and Cangzhou. The 
change of urban order in this function mostly reflects 
the strength of urban attraction. Regional economic 
level differences, traffic accessibility and industrial 
capital flow have become important factors affecting 
urban population agglomeration. 2) The order of 
manufacturing functional cities has changed steadi-
ly and developed mature. As the core function of 
the second generation port, the adjustment range 
of urban order in the manufacturing function is the 
smallest, which shows that most coastal port cities in 
China are still in the transformation stage from the 
second generation port to the third generation port, 
and the port industry is the leading industry of many 
port cities.

2.2 Difference of multi-functional rank scale 
distribution among the three coastal port ur-
ban agglomerations

2.2.1 Change track of bit order scale distribu-
tion

The study uses Formula (3) to conduct simu-
lated regression analysis on the functional scale of 
the three port city clusters from 2001 to 2015, and 
proves that the rank scale rule can be used to explain 
the scale distribution characteristics of regional port 
city system. The function scatter diagram and bit 
order scale double logarithm fitting curve (Figure 
2) are as follows. There are both similarities and 
differences in the change trajectories of the order 
scale distribution of various functions in the Bohai 
rim, Yangtze River Delta and Pearl River Delta. 1) 
The change track of the rank scale distribution of the 
three regional trade and modern service functions 

is highly consistent. On the one hand, the change 
track of the rank scale distribution of trade functions 
presents a “funnel shape” in the three regions, and 
the degree of centralization is more obvious. With 
the evolution of time, the growth range of trade 
functions in port cities becomes larger, and the dis-
tribution of trade functions in port city system shows 
an obvious Matthew effect. On the other hand, the 
change track of the rank scale distribution of modern 
service functions represented by finance, computer 
and information services shows a weak decentralized 
trend in the three regions. 2) There are great differ-
ences in the functional order scale distribution trajec-
tories of shipping logistics, manufacturing and pop-
ulation distribution in the three regions. The scale-
free area of the functional order scale distribution of 
shipping logistics and population distribution around 
the Bohai Sea changed from single fractal to double 
fractal in 2007 and 2008, respectively; the bifrac-
tal structure of manufacturing function in the Pearl 
River Delta changed to single fractal in 2013, and 
the overall bit order scale distribution structure tends 
to be stable. In contrast, with the function of single 
fractal structure, the change trajectories of bit order 
scale distribution show a roughly parallel trend, and 
the difference of scale distribution changes little. 
3) From the overall situation of the three regions, 
the five functions of cities in the Yangtze River 
Delta have obvious sequence and scale distribution 
characteristics, and the port city system structure is 
relatively stable. The order scale distribution charac-
teristics of the four functions in the Pearl River Delta 
are obvious, while the order scale characteristics 
of manufacturing functions have strong volatility, 
and many years do not have the overall order scale 
distribution characteristics. In the Bohai Rim re-
gion, there are two functions: shipping logistics and 
population distribution. The rank scale distribution 
shows strong volatility, and many years do not have 
the characteristics of rank scale distribution. From a 
multi-functional perspective, the regional order scale 
distribution characteristics of Bohai rim, Yangtze 
River Delta and Pearl River Delta are relatively ob-
vious, and the development degree of regional port 
city system still needs to be strengthened.
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2.2.2 Comparison of changes in urban order
From the perspective of the three regions, the 

change of the order of multi-functional development 
of port cities. On the whole, the change of the order 
of cities in the Pearl River Delta region is the largest, 

and the order distribution in the Yangtze River Delta 
region is the most stable (Table 3), but the specific 
conditions of each function are different. 1) In terms 
of functions, the Pearl River Delta region in shipping 
logistics and manufacturing functions, the Bohai 

Figure 2. The multi-functional rank-size logarithm fitting curve of three major port urban agglomerations.
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Rim region in commerce and trade functions, and 
the Yangtze River Delta region in modern service 
and population distribution functions have small 
adjustment range and stable development. 2) There 
are cities with large adjustment range in each region. 
For example, in the Bohai Rim region, the ranking of 
Qinhuangdao decreased by 5 in the shipping logis-
tics function; population distribution work in Cang-
zhou fell by 5 places and Weihai rose by 4 places; 
Rizhao ranked fourth in the manufacturing function. 
Yangtze River Delta: Jiaxing dropped 8 places and 
Taizhou rose 5 places in shipping logistics function; 
in the function of population distribution, Wenzhou 
dropped by 5, Zhenjiang dropped by 5 and Taizhou 
increased by 5. Pearl River Delta region: Maoming 
dropped 4 places and Huizhou increased 5 places in 
shipping logistics function; Huizhou dropped 6 plac-
es in trade function; in the modern service function, 
Zhuhai rose 4 places and Dongguan fell 5 places in 
the population distribution function.

3. Hierarchical structure, coupling 
type and multi-functional develop-
ment level of port city system

3.1 Hierarchical structure characteristics of 
port city system

The hierarchical structure of urban scale is a 
comprehensive reflection of the status and role of cit-
ies in the urban system, and it is an important basis 
for detecting the internal distribution pattern of the 
urban system. Traditionally, urban hierarchy is often 
reflected by population and land scale indicators, but 
its scale cannot be completely equal to the hierarchi-
cal level. The grade of cities with large population or 
wide land area may not be high, and the population 
or land scale of cities with the same grade may not 
be equal. Therefore, the classification of port city 
scale hierarchical structure by using multi-functional 
scale index system can better illustrate the strength 
of urban comprehensive strength. The rank scale 
method can also reflect the hierarchical structure 
characteristics of urban system based on scale-free 
area, but the hierarchical division is not detailed 
enough and has certain subjectivity in the determina-

tion of hierarchical boundary. The principle of fuzzy 
clustering analysis is to divide different categories 
according to the membership degree of each data 
point to the clustering center and obtain the cluster-
ing grade results. The most commonly used fuzzy 
mean algorithm (i.e. fuzzy c-means algorithm, re-
ferred to as FCM) is a data clustering method based 
on the optimization of the objective function and dif-
ferent from the traditional hard clustering algorithm, 
It can describe the urban system level more accu-
rately. Based on MATLAB-lab9.0 software platform, 
this paper takes the size of five major functions as 
the data source for cluster analysis of port city sys-
tem, and obtains the hierarchical division results of 
port city system scale in 2001 and 2015 (Table 4).

3.1.1 Time evolution of hierarchy
From 2001 to 2015, the hierarchy of port city 

system gradually changed from pyramid structure to 
spindle structure. 1) In 2001, the level of the coastal 
port city system showed a pyramid structure. There 
are 38 regional and local port cities, accounting for 
80.85% of the port city system; there are 6 regional 
sub central port cities, accounting for 12.77%; there 
are only two regional hub port cities, accounting for 
4.26%, Guangzhou and Tianjin respectively; Shang-
hai’s comprehensive strength is second to none. It 
has developed into an important material import and 
export channel, and the annual port throughput has 
exceeded 200 million tons, gradually establishing 
its position as a national hub. 2) In 2015, with the 
reduction of the number of low-level port cities, 
the number of middle and high-level port cities in-
creased, and the level of port city system gradually 
transitioned to spindle structure. The number of 
regional and local nodes decreased to 31, and the 
proportion decreased to 65.96%. Zhanjiang, Huizhou 
and other port cities are upgraded to regional nodes; 
Wuxi, Wenzhou, Fuzhou, Nantong, Dongguan, 
Quanzhou and Xiamen rose by one level; the number 
of middle and high-level regional hubs and regional 
sub centers has increased significantly, an increase 
of 7 compared with 2001. Among them, Shenzhen, 
Suzhou and Ningbo have risen from the third level 
regional sub centers to the ranks of regional hubs.
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3.1.2 Spatial distribution of hierarchical 
structure

1) Bohai rim, Yangtze River Delta and Pearl 
River Delta are high-level port city agglomeration 
areas. The top three port cities Tianjin, Shanghai 
and Guangzhou in 2001 and the top six port cities in 
2015 are mostly distributed in the Bohai rim, Yang-
tze River Delta and Pearl River Delta. Among them, 
the number of regional hub port cities in Yangtze 
River Delta is more than that in other two places. 
Its unique geographical location makes it develop 
multi-layer and high-level cities. From the perspec-
tive of urban multi-functional development, the 
level of port cities in the southeast coast has been 
improved, with strong multi-functional develop-
ment potential. In contrast, the underdevelopment 
of high-level port cities along the southwest coast 
is significant. Zhanjiang has replaced Haikou as the 
regional node of multi-functional development in 
the region. 2) Based on the hierarchical division, 
the development hubs, sub centers and important 
nodes of the three main regions can be preliminarily 
defined. In the Bohai Rim region, Tianjin is the re-
gional hub, Qingdao and Dalian are the sub centers, 
and Tangshan and Yantai are important nodes; in the 
Yangtze River Delta region, Shanghai, Suzhou and 
Ningbo are regional hubs, Nanjing, Wuxi, Wenzhou 
and Nantong are sub centers, and Lianyungang and 

Jiaxing are important nodes; in the Pearl River Delta 
region, Guangzhou and Shenzhen are regional hubs, 
Dongguan is the sub center, Huizhou and Zhuhai are 
important nodes.

3.2 Urban multi-functional development level 
based on coupling classification

3.2.1 Lag of high-end service functions
Based on the classification of coupling types 

(Table 5), on the basis of port and shipping develop-
ment, the functional development levels from high to 
low are business function, manufacturing function, 
population distribution function and modern service 
function, indicating that the traditional functions of 
port cities are generally ahead of development, while 
the high-end service functions lag behind. 1) From 
the development track of the basic functions of ship-
ping logistics, driven by the upgrading of ports and 
container multimodal transport, the scale of shipping 
logistics in the port city system has accelerated. 
From 2001 to 2015, the overall container throughput 
increased from 25.545 million TEU to 19.958 million 
TEU; the overall port cargo throughput increased 
from 1.55 billion t to 9.243 billion t; the overall for-
eign trade throughput increased from 626 million t 
to 4.56 billion t. The elements of traditional business 
functions were first integrated into the process of 
urban development and became the beginning of 

Table 4. The classification of port city system based on fuzzy clustering

Levels 
2001 2005

Proportion City Proportion City
National hub 2.13% Shanghai 2.13% Shanghai

Regional hub 4.26% Guangzhou, Tianjin 10.64% Guangzhou, Tianjin Shenzhen, Su-
zhou, Ningbo

Regional sub 
center 12.77% Qingdao, Shenzhen, Suzhou, Dalian, 

Ningbo, Nanjing 21.28%
Qingdao, Dalian,Nanjing, Xiamen, 
Wuxi, Wenzhou, Fuzhou, Dongguan, 
Nantong, Quanzhou

Regional node 42.55%

Zhoushan, Wenzhou, Xiamen, Wuxi, 
Fuzhou, Yantai, Dongguan, Quanzhou, 
Zhuhai, Haikou, Changzhou, Tangshan, 
Nantong, Taizhou, Jiaxing, Zhenjiang, 
Qinhuangdao, Maoming, Zhongshan, 
Jiangmen

34.04%

Tangshan, Yantai, Lianyungang, 
Jiaxing, Zhoushan, Weihai, Taizhou, 
Huizhou, Zhongshan, Changzhou, 
Zhuhai, Jiangmen, Zhanjiang, Zhenji-
ang, Yangzhou and Taizhou

Local node 38.30%

Zhanjiang, Huizhou, Taizhou, Yangzhou, 
Weihai, Cangzhou, Lianyungang, Jinzhou, 
Yingkou, Putian, Dandong, Rizhao, 
Yangjiang, Beihai, Shanwei, Fangcheng, 
Qinzhou, Shantou

31.91%

Haikou, Yingkou, Dandong, Jinzhou, 
Qinhuangdao, Cangzhou, Rizhao, 
Putian, Shantou, Shanwei, Yangjiang, 
Maoming, Beihai, Qinzhou, Fangc-
heng
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multi-functional development of port cities. Subse-
quently, while the port land agglomeration, the port 
industry has gradually become a strong driving force 
for the rapid development of the port city. At present, 
in addition to national and regional central and sub 
central cities, more port cities are still in the stage 
of industrialization, and the function of industry and 
trade is still the main function of cities. 2) Among 
the high-end functions, modern service functions 
involve various high value-added industries such as 
finance, information and tourism, with intellectual 
support, capital guarantee and information transmis-
sion as the important support. In particular, modern 
port cities pay more attention to crossing space con-
straints through multimodal transport and commu-
nication technology to realize the interconnection of 
functional networks, Therefore, such functions are 
only well developed in a few high-level port cities. 
The lag of population distribution function reflects 
that there is still much room to improve the econom-
ic activity of port cities at all levels. Whether the so-
cio-economic benefits of people flow, cargo flow and 
other factor flows brought by shipping logistics have 
realized the maximum efficiency transformation has 
become the main problem affecting the vitality of 
port cities. The multi-functional development of the 
whole port city system is still at a low level, and the 
industrial system structure needs to be further opti-
mized. 3) The development speed of urban functions 
is generally lower than that of port functions, but it 
cannot be ignored that port functions have become 
an important support for urban development. The 
probability of their direct effect on urban functions 
is gradually decreasing, but the indirect effect cannot 
be underestimated. Once port functions disappear in 
the environment of urbanization development, the 
port city system is bound to face major adjustments.

3.2.2 There are obvious regional differences 
in multi-functional development of port cities

1) On the basis of the development of port and 
shipping functions, the business functions are well 
developed in the south of the Yangtze River Estuary. 
The opening period of the region is early. With the 
in-depth development of marketization, it drives 

trade circulation, and has outstanding advantages in 
business and economic integration; The Pearl River 
Delta region has mature manufacturing functions, of 
which more than 90% of the cities are advanced in 
manufacturing functions; cities with well-developed 
modern service functions are mostly distributed in 
the Yangtze River Delta and southeast coastal areas. 
Due to the dense container routes and wide influence 
range in this area, a modern logistics industry plat-
form integrating trade information, financial capital 
and other elements has been formed earlier, which 
has driven the improvement of the modern service 
function level of the whole city. In contrast, the func-
tion of modern service industry in southwest coastal 
area lags behind obviously; in terms of population 
distribution function, the number of lagging cities 
in each region has increased, especially in the Bohai 
Rim region. 2) Looking at all regions (Figure 3), the 
multi-functional development level of cities around 
the Bohai Sea is different, especially the multi-func-
tional development level of port cities in Liaoning 
province is low; the multi-functional development 
level of the Pearl River Delta region is the most bal-
anced. The high-end service function development 
of the Yangtze River Delta region has an absolute ad-
vantage. The multi-functional development potential 
of the southeast coastal region is the largest, while 
the functional level of the southwest coastal region is 
not high.

3.2.3 The diversification of urban functions is 
closely related to the multi-functional devel-
opment of ports

Due to the intergenerational differences of ports, 
the influence of port functions on the functional evo-
lution of the city is different, which also leads to the 
hierarchical differences of port city development to 
a certain extent. 1) In addition to loading, unload-
ing, warehousing and land and water transfer, the 
second generation port mainly adds value through 
commercial and industrial activities, so commerce 
and manufacturing are its core functions. It is not 
difficult to see that most of the four and five level 
port cities only have the leading advantages in trade 
and manufacturing functions, and the other functions 
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Table 5. The number and proportion of coupling cities based on different levels of scale

Function 
type

2001 2005

Level (quanti-
ty)

Absolute 
advance

Relative 
advance 

Relative 
lag

Absolute 
lag

Level (quanti-
ty)

Absolute 
advance

Relative 
advance

Relative 
lag

Absolute 
lag

Commer-
cial trade 
function

First class (1) 0 1 (100%) 0 0 First class (1) 0 1 (100%) 0 0

Second class (2) 0 2 (100%) 0 0 Second class 
(5) 1 (20%) 4 (80%) 0 0

Third class (6) 1 (17%) 5 (83%) 0 0 Third class (10) 7 (70%) 3 (30%) 0 0
Fourth class 
(20) 20 (100%) 0 0 Fourth class 

(16) 11 (69%) 5 (31%) 0 0

Fifth class (18) 17 (94%) 1 (6%) 0 0 Fifth class (15) 12 (80%) 3 (205) 0 0
Total 38 (81%) 9 (19%) 0 0 Total 31 (66%) 16 (34%) 0 0

Manu-
facturing 
function

First class (1) 1 (100%) 0 0 0 First class (1) 0 0 0 1 (100%)

Second class (2) 0 2 (100%) 0 0 Second class 
(5) 3 (60%) 0 0 2 (40%)

Third class (6) 2 (33%) 1 (17%) 0 3 (50%) Third class (10) 4 (40%) 0 0 6 (60%)
Fourth class 
(20) 16 (80%) 2 (10%) 0 2 (10%) Fourth class 

(16) 10 (63%) 0 1 (6%) 5 (31%)

Fifth class (18) 8 (44%) 2 (11%) 0 8 (44%) Fifth class (15) 6 (40%) 0 0 9 (60%)
Total 27 (57%) 7 (15%) 0 13 (28%) Total 23 (49%) 0 1 (2%) 23 (49%)

Modern 
service 
function

First class (1) 0 0 0 1 (100%) First class (1) 0 0 1 (100%) 0

Second class (2) 0 0 1 (50%) 1 (50%) Second class 
(5) 0 0 3 (60%) 2 (40%)

Third class (6) 0 0 3 (50%) 3 (50%) Third class (10) 1 (10%) 0 4 (40%) 5 (50%)
Fourth class 
(20) 0 0 16 (80%) 4 (20%) Fourth class 

(16) 0 0 7 (44%) 9 (56%)

Fifth class (18) 4 (22%) 0 6 (33%) 8 (44%) Fifth class (15) 0 0 5 (33%) 10 (67%)
Total 4 (9%) 0 26 (55%) 17 (36%) Total 1 (2%) 0 20 (43%) 26 (55%)

Population 
distri-
bution 
function

First class (1) 0 0 0 1 (100%) First class (1) 0 0 1 (100%) 0

Second class (2) 0 0 0 2 (100%) Second class 
(5) 1 (20%) 0 1 (20%) 3 (60%)

Third class (6) 2 (33%) 0 0 4 (67%) Third class (10) 1 (10%) 0 3 (30%) 6 (60%)
Fourth class 
(20) 14 (70%) 0 0 6 (30%) Fourth class 

(16) 4 (25%) 0 2 (13%) 10 (63%)

Fifth class (18) 12 (67%) 0 0 6 (33%) Fifth class (15) 3 (20%) 0 1 (7%) 11 (73%)
Total 28 (60%) 0 0 19 (40%) Total 9 (19%) 0 8 (17%) 30 (64%)

Note: 1. The data of coupling type is: number of cities (accounting for% of the same level). 2. The hierarchy standard is: first class, 
equivalent to the national hub of this year; second class is equivalent to a regional hub; third class is equivalent to a regional sub cen-
ter; fourth class is equivalent to a regional node; fifth class is equivalent to a local node.

lag significantly, indicating that port industrializa-
tion and trade liberalization are still the essence of 
their development. The advantages of trade logistics 
brought by ports cannot form high-quality transfor-
mation and docking, and the development of high-
end service functions is insufficient. Regional and 
local node port cities are in a relatively independent 
stage of industrial and trade development, and most 
of their ports are in the second generation. 2) The 

third generation port focuses on the improvement of 
commerciality and comprehensive service capacity. 
While building into a trade logistics center, it also 
has the distribution functions of goods, information, 
talents, capital and technology. The integration of 
advantageous functions of regional hub and regional 
sub center port cities has made the modern port cities 
take shape. Combined with their port and shipping 
conditions, urban comprehensive strength and better 
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development of most functions, it shows that the 
port cities at two levels are in the stage of diversified 
growth, and most of their ports are in the third gen-
eration, and continue to promote the multi-functional 
transformation and upgrading of port cities under the 
in-depth development of ports. 3) The fourth gener-
ation port is the main direction of port evolution in 
the world. Taking port containers as the main cargo 
and based on technology, capital and information, 
it has developed multi-dimensional core functions 
such as port logistics, modern service and population 
distribution, which has become an important link in 
the international supply chain. As one of the top ten 
ports in the global container throughput, Shanghai 
port has become a growth node of international eco-
nomic activities. It can quickly respond to the inter-
national economic situation and provide differentiat-
ed services. It plays an absolute role in promoting the 
development of regional economic integration and 
is gradually moving towards the ranks of the Fourth 
Generation Ports. Taking this advantage, Shanghai is 
now a modern metropolis driven by the integration 
and radiation of various functional elements. It is a 
veritable national hub port city with leading func-
tions.

4. Conclusion and discussion
Taking 47 major coastal port cities as research 

samples, this paper describes the distribution charac-
teristics of multi-functional scale of port city system 
by using the ordinal scale rule of urban geography, 
analyzes and compares the regional differences of 
multi-functional scale structure of the three major 
port city clusters, and constructs the coupling rela-
tionship between basic port and shipping functions 
and other functional scales based on the ordinal scale 
rule. This paper discusses the multi-functional differ-
entiation and development of port city system. The 
main conclusions are as follows: 1) the distribution 
structure, trend and scale growth characteristics of 
each functional scale have different characteristics. 
From 2001 to 2015, only the scale-free area of the 
scale distribution of the functional order of the manu-
facturing industry was a bifractal structure with hier-
archical characteristics, and the other functions were 
a single fractal structure; the scale distribution of 
shipping logistics function has gradually developed 
from centralization to equilibrium, the scale distribu-
tion of business function and manufacturing function 
(scale-free region I) has transitioned from equilib-

Figure 3. The spatial distribution pattern of functional coupling types in port cities.
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rium to centralization, and the scale distribution of 
modern service function and population distribution 
function has always been in a centralized situation. 
Modern services and other high-end service indus-
tries are easier to land in high-level port cities and 
give full play to their derivative potential. At pres-
ent, the main body with stronger economic vitality 
and population distribution capacity is still a few 
high-level port cities. 2) By comparing the regional 
differences in the scale of functional order, the distri-
bution and change trajectory of the scale of business 
function and modern service function order of port 
cities in the three regions are highly consistent; there 
are great differences in the functional order distribu-
tion trajectories of shipping logistics, manufacturing 
and population distribution. From the perspective 
of multi-function, the sequence scale distribution 
characteristics of the three port city clusters around 
the Bohai Sea, the Pearl River Delta and the Yangtze 
River Delta are relatively significant, but a few of the 
functional scale distribution show bifractal charac-
teristics, and the development degree of the regional 
port city system still needs to be enhanced. 3) From 
2001 to 2015, with the reduction of the number of 
low-level port cities and the increase of the number 
of middle and high-level port cities, the pyramid 
structure of port city system will gradually transition 
to spindle structure; based on the hierarchical divi-
sion, it can be preliminarily defined that in the Bohai 
Rim region, Tianjin is the regional hub, Qingdao 
and Dalian are the sub centers, and Tangshan and 
Yantai are important nodes; the Yangtze River Delta 
region Shanghai, Suzhou and Ningbo are regional 
hubs, Nanjing, Wuxi, Wenzhou and Nantong are sub 
centers, and Lianyungang and Jiaxing are important 
nodes; in the Pearl River Delta region, Guangzhou 
and Shenzhen are regional hubs, Dongguan is the 
sub center, Huizhou and Zhuhai are important nodes. 
4) From the perspective of multi-functional coupling 
types, the traditional functions of port cities are gen-
erally ahead of the development, while the high-end 
service functions lag behind, and the improvement 
speed of urban functions is generally slow and tends 
to be flat. The multi-function of port cities is close-
ly related to the multi-function evolution of ports. 

Based on the development of the second generation 
of ports, regional and local node port cities are still 
in the growth stage of traditional functions such as 
industry and trade; while the regional hub and sub 
central port cities realize the deepening development 
of the third generation ports, the urban functions 
show the characteristics of diversification and inte-
gration; in the process of moving towards the fourth 
generation of ports, Shanghai has become an import-
ant growth node of international economic activities 
and a truly national hub port city.

On the whole, the sequence scale structure and 
functional coupling type characteristics of the port 
city system can comprehensively reflect the develop-
ment of each function. The division of leading and 
lagging types takes the basic shipping logistics func-
tion of port cities as the comparison object, which 
reveals the internal correlation between port upgrad-
ing and the transformation of urban function scale. 
The expansion of port city functional scale promotes 
the formation of intercity functional network. In the 
future, we should focus on the networking charac-
teristics of port cities to comprehensively judge the 
internal relationship of the port city system.
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ABSTRACT
The smallest administrative unit of the sixth national census-township (town) is selected as the basic unit, the pop-

ulation spatial distribution characteristics at the township (town) level in karst mountainous areas of northwest Guangxi 
are analyzed by using Lorenz curve and spatial correlation analysis method, and the influence intensity of natural factors 

on regional population spatial distribution is detected by using geographic detector method. The results show that: 1. the 
spatial distribution of population at the township (town) level has the characteristics of imbalance, showing generally 
significant positive correlation and certain aggregation; 2. There are significant differences in the impact of the spatial 

distribution of various natural factors on the population distribution. For the towns without karst distribution in the 
northwest and central south of the study area, the population density increases with the increase of factors conducive 
to human residence, but the average population density is only 79 people/km2. In the towns with karst distribution in 
the East and south, the spatial distribution of population density and natural factors is not a simple increase or decrease 
relationship, but fluctuates with the change of karst distribution area. 3. The factor detection results of the geographic 

detector show that the altitude has the greatest impact on the spatial distribution of population. The interactive detection 
results show that the impact intensity of any two natural factors after superposition and interaction presents nonlinear 
enhancement and two factor enhancement. It can be seen that the karst mountain area in northwest Guangxi is similar 
to other areas. Altitude is one of the main factors affecting the spatial distribution of population, but the river network 

density and unique geological landform of karst mountain area have a strong catalytic effect on the spatial distribution 

of population. The superposition and interaction with other factors can further strengthen the impact on population dis-
tribution.
Keywords: Karst Mountain Area; Population Distribution Characteristics; Geographic Detectors; Northwest Guangxi; 
Guangxi
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1.Introduction
Population, resources, environment and development are the most 

important global issues[1]. The number of population and its spatial 
distribution characteristics reflect the difference of natural conditions 
and the level of economic development in a region to a certain extent. 
Therefore, it is of great significance to reveal the regional characteris-
tics of population spatial distribution[2]. The number and distribution 
of population are mainly affected by the level of social and economic 
development, but no matter what degree of social and economic de-
velopment, human survival and development are inseparable from the 
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natural environment. Its process and combination 
type are affected by various natural environmental 
factors, showing distinct regional differences[3]. Chi-
na’s diversified natural environment leads to regional 
differences in population distribution. Clarifying the 
relationship between population spatial distribution 
pattern and natural environment plays an important 
role in improving the understanding of man land re-
lationship and realizing the sustainable management 
of population, resources and environment[4].

At present, scholars at home and abroad have 
carried out a lot of research on population change 
and spatial distribution, population distribution data 
statistics and simulation methods, and the relation-
ship between population distribution and influencing 
factors[5–18]. The research scale is involved from the 
world, the country to the city and county level, and 
the research accuracy is becoming more and more 
precise. In recent years, some studies have also been 
carried out on the township level research scale[19–26]. 
In 2015, Bai Zhongqiang and others analyzed the 
population distribution characteristics and influenc-
ing factors of the township level research scale in 25 
provinces (cities and districts) in China, and pointed 
out that the population distribution research from the 
township level research scale can more objectively 
and finely describe the spatial pattern of population 
distribution. However, due to the lack of data and 
the availability of data, Guangxi, Sichuan and other 
provinces and regions are not within the scope of 
their research. In addition, some scholars have stud-
ied the population spatial distribution characteristics 
and influencing factors of different landforms such 
as plateau and mountainous areas.

The similarities and differences between the 
population distribution of different geomorphic types 
such as plateau and mountainous areas and other 
regions are analyzed[27–30]. Due to the special terrain, 
landform and geological conditions, the population 
distribution and natural influencing factors in karst 
areas are different from those in other regions. There 
is relatively little research on the population distribu-
tion and related aspects in karst areas. The research 
units are mainly counties and cities (districts)[31–33]. 
The research content is to explore the relationship 

between the population distribution and various 
natural factors in karst areas. The zonal character-
istics of various factors are the main factors, while 
the impact differences of various natural factors on 
population distribution in karst areas are discussed. 
The research on the impact intensity of population 
distribution after the superposition of various natural 
factors is relatively rare.

Karst mountainous area is the largest karst land-
form type area. Its basic feature is the vicious cycle 
of poverty and ecological environment, which is the 
epitome of China’s sustainable development[34]. For 
a long time, unreasonable farming and the increase 
of population pressure have led to serious soil and 
water loss and the continuous expansion of rocky de-
sertification, resulting in a vicious circle of ecologi-
cal environment damage in karst mountainous areas. 
Taking the karst mountainous area in northwest 
Guangxi as the research area and the township as the 
research unit, this paper uses the spatial correlation 
analysis method to study the population spatial dis-
tribution characteristics of Karst mountainous area, 
and selects the main natural factors affecting the 
population spatial distribution of Karst mountainous 
area, The influence of different natural factors on 
population spatial distribution in Karst mountainous 
areas and the comprehensive influence intensity after 
the superposition and interaction of various factors 
are quantitatively analyzed by using geographic de-
tectors, so as to provide scientific reference for sus-
tainable development, ecological resettlement and 
optimal layout of urban system in karst mountainous 
areas.

2. Overview of the study area 
Northwest Guangxi is located at the southeast 

edge of Yunnan Guizhou Plateau and the west of 
Liangguang hills. It is located at 104 ° 29’ ~ 109 ° 
09’E and 23 ° 41’ ~ 25 ° 37’N. The total land area 
is 6.97 × 104 km2, including Baise City and Hechi 
City, governing 23 counties (cities, districts) and 276 
townships (Figure 1). In 2010, the total population 
was 6.836 million (data from the sixth national cen-
sus). The terrain in Northwest Guangxi fluctuates 
greatly, and the altitude is distributed between 100 
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~ 2000 m, showing the characteristics of low in the 
southeast and high in the northwest. Mountainous ar-
eas account for more than 80% of the total land area. 
The karst landform in this area is widely developed, 
and the main karst landform type is mountainous, 
accounting for more than 80%. The carbonate rocks 
in the area are mainly composed of continuous lime-
stone, limestone and dolomite, accounting for more 
than 70%. In addition, this is the main distribution 
area of rocky desertification in Guangxi (2 / 3 of the 
rocky desertification area in Guangxi is distributed in 

this area)[35]. The regional rocky desertification area 
accounts for more than 60% of the total land area, 
and the ecological environment is extremely fragile. 
The study area has a subtropical and mid subtropical 
monsoon climate, with an annual average tempera-
ture of 15 ~ 25 ℃ and an average annual precipita-
tion of 1000 ~ 1600 mm, decreasing from southeast 
to northwest. Rivers mainly include Youjiang River, 
Hongshui River, Longjiang River and their tributar-
ies.

Figure 1. Location and scope of the study area.

3. Data sources and research meth-
ods 

3.1 Data sources 
The data of township population comes from 

the data of China’s 2010 census by township, town 
and street published by China Statistics Publishing 
House[36]; Digital elevation model (DEM), 30 m × 30 
m) the data of land use status and administrative di-
vision are from the data cloud website of the Chinese 
Academy of Sciences (http://www.csdb.cn/); Meteo-
rological data comes from the national meteorologi-
cal science data sharing service platform (http://data.

cma.cn/); the data of karst landform comes from the 
geomorphic Atlas of the People’s Republic of China 
(1:1 million) prepared by the Chinese Academy of 
Sciences[37]; the karst geological data is derived from 
the 1:1 million digital geological map of the People’s 
Republic of China.

3.2 Research methods

3.2.1 Analysis method of population spatial 
distribution

1) Lorenz curve method. In this paper, Lorenz 
curve is used to analyze the balance of population 
spatial distribution. The drawing method of Lorenz 
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curve is as follows: according to the ranking of av-
erage population density of townships from small to 
large, calculate the cumulative proportion of popu-
lation and land area of each township, take the cu-
mulative proportion of population as the horizontal 
axis and the cumulative proportion of land area as 
the vertical axis, and draw the Lorenz curve of popu-
lation distribution in the study area[38]. The curvature 
of Lorenz curve represents the balance of population 
distribution.

2) Spatial autocorrelation analysis. In this paper, 
the spatial autocorrelation analysis method is used to 
analyze the spatial correlation of population distribu-
tion. Spatial autocorrelation includes global and local 
spatial autocorrelation. Global spatial autocorrelation 
is the distribution of a phenomenon or attribute value 
in the whole region to judge whether the phenome-
non or attribute value has aggregation characteristics 
in space. Local spatial autocorrelation is to reveal the 
distribution of the phenomenon or attribute value in 
local spatial units.

3.2.2 Geographic detectors
Geographic detector is a group of statistical 

methods to explore spatial differentiation and reveal 
its driving force[39]. Factor detection in geographic 
detector can identify influencing factors, and interac-
tive detection can explain the interaction of influenc-
ing factors on dependent variables. It is an effective 
tool to study the driving mechanism of complex geo-
graphic factors[40].

1) Factor detection can detect the extent to 
which a certain influence factor explains the spatial 
differentiation of geographical elements and whether 
the changes of a certain influence factor and geo-
graphical elements have significant consistency in 
space. The calculation formula is as follows:

        (1)

In this formula, QDY is the detection force value 
of detection factor D to geographical element Y; i = 
1,... L, is the stratification of detection factors, i.e. 
classification or zoning; N is the number of units; 
nD, i is the number of units in the detection factor 

layer i;  and  is the variance of Y values of 
the whole region and layer i respectively. If , 
then the model is established and the value range of 
QDY is [0,1]. When QDY = 0, it indicates that the geo-
graphical elements are not driven by the influencing 
factors. The larger the QDY value, the greater the im-
pact of the factor on the geographical elements. By 
comparing the factor detection force value QDY, the 
main influencing factors of the spatial distribution of 
geographical elements are detected.

2) Interaction detection can analyze the interac-
tion between different influencing factors and evalu-
ate whether their interaction will enhance or weaken 
the impact on the spatial differentiation of geograph-
ical elements. For example, to detect the interaction 
between factors A and B affecting the spatial distri-
bution of geographical elements, first calculate the 
Q values of the two factors, and then overlay layers 
A and B to form layer C to obtain their interactive 
Q values. By comparing the influence values Qa, Qb 
and Qc of layers A, B and C, we can evaluate the 
impact of the interaction of the two factors on the 
spatial differentiation of geographical elements and 
the impact of a single factor. There are five types of 
interaction between the two influencing factors on 
the spatial distribution of geographical elements. 
When Q (A ∩ B) < min [Q (A), Q (B)] is nonlinear 
weakening, min [Q (A), Q (B)] < Q (A ∩ B) < Max [Q 
(A), Q (B)] is single linear weakening, Q (A ∩ B) > 
Max [Q (A), Q (B)] is double factor enhancement, Q 
(A ∩ B) > Q (A) + Q (B) is nonlinear enhancement, 
and Q (A ∩ B) = Q (A) + Q (B) is independent.

4. Characteristics of population spa-
tial distribution

4.1 General pattern of population spatial dis-
tribution

In 2010, the total population and population 
density of Karst Mountainous townships in North-
west Guangxi were quite different in space (Figure 
2). Qingyuan town with the largest population had a 
total population of 155,900, and Sannong Yao Town-
ship with the least population was only 3,991 people, 
with an extreme value ratio of 39.06. Jinchengjiang 
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street with the highest population density is 5,377 
people/km2, while Baile Township with the lowest 
population density is only 21 people/km2, 256 times 
of the latter. Overall, the spatial distribution of pop-
ulation in Karst Mountainous Areas in Northwest 
Guangxi shows the following characteristics: 1. The 
total population is more in the southeast and less in 
the northwest. The population is mainly distributed 
in counties (cities) in the East and south, and the 
population in the west, especially Tianlin county and 
Leye County in the northwest, is less. 2. The popu-
lation density gradually decreases from southeast to 
northwest, and the relatively densely populated areas 

are Luocheng County, Yizhou city, Du’an county, 
Dahua County, Pingguo County and other places in 
the East and South; The population density in the 
west is low, and the population density in most areas 
is less than 60 people/km2. 3. The total population 
and population density of the townships streets 
where the county (city, district) government is locat-
ed are the highest in the county (city). For example, 
Qingyuan town is the seat of Yizhou district Party 
committee and Yizhou district government, with 
a population density of 494 people/km2. Tianzhou 
town is the seat of Tianyang County, with a popula-
tion density of 802 people/km2.

Figure 2. Spatial distribution of total population and population density in the northwestern Guangxi in 2010.

4.2 Balance of population spatial distribution
Lorenz curve is highly curved (Figure 3) and 

deviates from the absolute average, indicating that 
the spatial distribution of population is extremely un-
even. The proportion of population and land area in 
different density levels is obviously unbalanced. In 
2010, 10% of the population in Northwest Guangxi 
was distributed on more than 25% of the total re-
gional area, and its population density is less than 50 
people/km2. When the cumulative population propor-
tion is close to 70%, the total land area occupied by 
them is close to 90%, and the population density is 
less than 150 people/km2. It can be seen that the pop-
ulation density in most areas of Northwest Guangxi 
is low. The area with a population density of more 
than 400 people/km2 accounts for only 1.62% of the 
land area, but 12.94% of the population is distrib-
uted, indicating that a large number of people are 
gathered in some small areas in Northwest Guangxi, 
and the spatial distribution of population in the study 
area is extremely uneven.

Figure 3. Lorenz curve of population distribution in the north-

western Guangxi in 2010.

4.3 Spatial autocorrelation of population dis-
tribution

The results of global autocorrelation analysis 
show that Moran’s I of population density in North-
west Guangxi in 2010 is 0.027 (Figure 4a). After 
significance test, the Z value is 1.900, P < 0.03, 
showing a spatial positive correlation, indicating 
that the spatial distribution of population density in 
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Northwest Guangxi in 2010 is not completely ran-
dom, but shows that the adjacent regional units in 
some spatial locations have the same attribute values. 
The results of local spatial autocorrelation analysis 
(Figure 4b) show that the high–high concentration 
areas of population density are mainly scattered in 
the central cities or key towns of Hechi and Baise, 
such as Baiyu town and Xin’an town. These town-
ships have good natural conditions, relatively flat 
terrain, mainly plains and hills, relatively convenient 
land and water transportation, and high population 
density; the low oligomeric concentration areas with 
population density are mainly distributed in villages 
and towns far away from the central city, such as 
most townships in Tianlin county, Tian’e county and 

other counties. These townships have relatively poor 
natural conditions, more mountains and less regional 
population; the low high population density gath-
ering areas are distributed in the townships around 
the two downtown areas, such as Yongle Town and 
Liuwei Town, whose population density is much 
lower than that of the surrounding central towns; the 
high oligomeric concentration area with population 
density is distributed in the central town far away 
from the central city, just like Le town. Although 
the township has the same high terrain as the sur-
rounding township, it is rich in natural resources and 
convenient transportation. As the seat of the county, 
its population density is much higher than that of the 
surrounding towns.

Figure 4. Moran scatter plot (global autocorrelation) and spatial correlation map (local autocorrelation) of population density in the 

northwestern Guangxi in 2010.

5. Influence of natural factors on 
population distribution in karst area 
of Northwest Guangxi

5.1 Relationship between natural factor dis-
tribution and population distribution

Altitude, ground slope, climate, hydrology and 
vegetation among natural factors are considered to 
be the main factors affecting population distribu-
tion, and altitude and karst geological conditions 
are considered to be the two main factors affecting 
population distribution in Karst Areas[34–43]. Based 
on the available research results and data, the natural 
influence factors selected in this paper are altitude 

(H), ground slope (SL), annual average temperature 
(Ta), river network density (Rn), forest coverage (Tr), 
karst distribution area ratio (Kr), karst physiognomy 
type (Km) and karst geological type (Ca).

5.1.1 Population density and altitude 
Towns with an altitude of less than 200 m have 

the highest population density High, 541 people/ 
km2, about a township with an altitude of more than 
900 M 6.5 times the population density, about 200 
~ 500 m above sea level 4 times the mouth density. 
Villages and towns with an altitude of 200 ~ 500 m 
are the main population gathering areas (Table 1), 
with a population density of 136 people/km2, divided 
into It is distributed in most towns in the southeast of 
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the study area. Overall, the population is the charac-
teristics of low altitude aggregation (Figure 5a). 

5.1.2 Population density and ground slope 
The townships with a ground gradient of less 

than 15 ° have the highest population density of 287 
people/km2. They are distributed in Toutang town 
in the south of the study area and Qingyuan town in 
the East (Figure 5b), which is 3.7 times the popu-
lation density of townships with a ground gradient 
of 25 ° ~ 30 ° and 2.6 times the population density 
of townships with a ground gradient of more than 30 °. 
Villages and towns with a ground slope of 20 ° ~ 25 ° 

are the main population gathering areas (Table 1), 
but the population density is only 85 people/km2. On 
the whole, the population density decreases with the 
increase of ground slope, and the population tends to 
gather in towns with small ground slope. 

5.1.3 Population density and annual average 
temperature 

The villages and towns with annual average 
temperature above 21 ℃ have the highest population 
density of 169 people/km2, which is mainly distrib-
uted in some villages and towns in Tianyang county, 
Pingguo county and other counties in the south of the 

Table 1. The relationship of natural factors and spatial distribution in the Northwestern Guangxi in 2010

Impact 
Factors

Classifi-
cation

Propor-
tion in to-
tal popu-
lation(%)

Pro-
portion 
in total 
land 
area  
(%)

Impact 
factors

Classifi-
cation

Propor-
tion in 
total pop-
ulation 
(%)

Pro-
portion 
in total 
land area 
(%)

Impact 
factors Types

Pro-
portion 
in total 
popula-
tion (%)

Pro-
portion 
in total 
land 
area (%)

Altitude 
(m)

<200 4.35

River 
network 
density

0 5.20 5.40

Type of 
karst

Mountain-
ous region 34.08 42.98

200~500 45.04 32.51 0~0.01 61.30 71.34 hills 1.45 0.31

500~700 15.56 23.14 0.01~0.02 20.47 15.02 Upland 
plain 18.56 15.11

700~900 20.30 26.31 0.02~0.03 5.36 4.76 Mountain 
plain hills 15.58 11.58

>900 14.74 17.25 >0.03 7.68 3.48

Mountain 
plain and 
hilly plat-
form

6.09 2.66

Ground 
slope (°)

<15 8.60 2.93

Forest cov-
erage (%)

<30 14.77 9.34 Others 7.72 6.87

15~20 18.67 11.75 30~50 23.59 16.93 Non-karst 16.52 20.49

20~25 51.99 59.59 50~60 19.84 15.20

Combina-
tion mode 
of karst 
geological 
types*

b 4.45 2.21

25~30 19.36 24.52 60~70 20.08 23.70 ad 6.03 4.05

>30 1.39 1.21 >70 21.71 34.84 abc 9.10 7.52

Average 
tempera-
ture of 
the year 
（℃）

<18 6.66 10.53

Karst dis-
tribution 
area ratio
（%）

0 16.52 20.49 abd 18.67 17.15
18~19 15.07 18.06 0~40 21.23 26.44 abcd 33.46 37.88

19~20 26.26 31.51 40~60 14.81 12.16 Others 11.76 10.70

20~21 25.02 24.22 60~80 11.76 11.89 Non-karst 16.52 20.49

>21 26.99 15.68 >80 35.69 29.03
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Figure 5. Spatial distribution of natural factors and population density in the northwestern Guangxi in 2010.
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study area (Figure 5c), which is 2.7 times the popu-
lation density of villages and towns with annual av-
erage temperature below 18 ℃. Villages and towns 
with annual average temperature above 20 ℃ are the 
main population gathering areas (Table 1), which are 
distributed in the research area In the South and east 
of the study area, the population density is more than 
100 people/km2. On the whole, with the increase of 
annual average temperature, the population density 
increases gradually.

5.1.4 Population density and river network 
density

Towns with river network density greater than 
3% have the highest population density of 216 peo-
ple/km2, distributed in Youping Township, Yachang 
Township and other towns (Figure 5d), which is 2.3 
times the population density of towns without rivers. 
Villages and towns with river network density of 0 ~ 
1% are the main population gathering areas (Table 1), 
but the population density is only 84 people/km2. On 
the whole, with the increase of river network density, 
the population density shows an increasing trend.

5.1.5 Population density and forest coverage
Villages and towns with forest coverage of less 

than 30% have the highest population density of 155 
people/km2 and the population proportion is 14.77% 
(Table 1). They are distributed in some villages and 
towns in the north and northwest of the study area (Fig-
ure 5e), which is 2.5 times that of villages and towns 
with forest coverage of more than 70%, and the popula-
tion density of villages and towns with forest coverage 
of more than 70% is only 61 people/km2. On the whole, 
with the increase of forest coverage, the population 
density decreases gradually.

5.1.6 Population density and karst distribu-
tion area

Villages and towns with karst distribution area 
greater than 80% have the highest population densi-
ty, reaching 120 people/km2. They are the main gath-
ering area of population (Table 1), distributed in the 
east and south of the study area (Figure 5f), which 
is 1.5 times that of villages and towns without karst 
distribution and with karst distribution area less than 

40%. The population density of villages and towns 
without karst distribution is 79 people/km2, which 
is distributed in the West and Central South of the 
study area. On the whole, with the increase of karst 
area, the population density first increases, and then 
decreases and then increases.

5.1.7 Population density and karst landform 
type

The karst landform in the study area is mainly 
mountainous. The areas with karst mountainous area 
greater than 150 km2 are mainly concentrated in 
most towns in the northeast and south of the study 
area, and the areas with karst mountainous area less 
than 90 km2 are scattered in the study area (Figure 
5g). Other geomorphic types include karst hills, plat-
forms and plains. There are 8 combination modes in 
towns and townships. Here, the 5 combination types 
accounting for a large proportion of the population 
are mainly analyzed (Table 1). In the villages and 
towns with no Karst Mountains and only karst hills, 
the population density is the largest, reaching 460 
people/km2. There are villages and towns of all four 
geomorphic types, with a population density of 224 
people/km2, mainly distributed in Beiya Yao Town-
ship, Huaiyuan town and other villages and towns 
in the East, which is 2.84 times the population of 
villages and towns without karst distribution. The 
villages and towns only distributed in karst moun-
tainous areas, with a population density of 78 people/ 
m2, are the main population gathering areas, distrib-
uted in a small number of villages and towns in the 
East, South and North. On the whole, the towns with 
only Karst Mountains and no karst landform have 
the lowest population density. Except for the towns 
with only karst hills, the population density shows an 
increasing trend with the increase of the number of 
karst landform types, and the landform type with the 
greatest impact is Karst Mountains.

5.1.8 Population density and karst geological 
types

The karst geological types in the study area are 
mainly continuous limestone assemblage (a) and 
limestone and dolomite assemblage (b). Areas with 
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an area of major karst geological types greater than 
150 km2 are distributed in most towns in the East 
and southeast of the study area, and areas with an 
area of major karst geological types less than 90 
km2 are distributed in most towns in the west of the 
study area (Figure 5h). Other karst geological types 
include limestone plus clastic rock combination (c), 
limestone, dolomite and clastic rock combination 
(d), continuous dolomite (e), dolomite plus clastic 
rock combination (f). There are 22 combinations 
of 6 geological types in villages and towns. Here, 
the first 5 combination types accounting for a large 
proportion of the population are mainly analyzed. It 
is found that only the first type (b) has the highest 
population density, reaching 205 people/km2, which 
is 2.3 times that of the fifth combination type (abcd 
combination) and 2.5 times that of the towns without 
karst distribution. The towns of the fifth combination 
type (abcd combination) are the main population 
gathering areas, but the population density is only 
90 people/km2, mainly distributed in Liuwei town, 
Changlao township and other towns in the east of the 
study area. Without karst distribution, the population 
density of villages and towns is at a medium and low 
level. On the whole, with the increase of the number 
of karst geological type combinations, the population 

density gradually decreases, among which the most 
influential are continuous limestone combination (a) 
and limestone and dolomite combination (b).

5.2 Analysis on influence intensity of natural 
factors on population distribution

The influence intensity of various natural fac-
tors and the increase and decrease relationship of 
influence intensity after the superposition of differ-
ent natural factors can be quantitatively explored by 
using geographic detectors. Because it is impossible 
to directly quantify the combination of all karst land-
forms and geological types for geographic explora-
tion and analysis, according to the situation of the 
study area, finally, the area of karst mountain and the 
area of main karst geological types are selected to 
replace, and the natural breakpoint method is used to 
divide the eight natural factors into different levels, 
and then discretized and analyzed by geographic de-
tectors.

1) The results of geo detector analysis show that 
the 8 natural factors alone have a certain influence on 
the spatial distribution of population density, and the 
comprehensive influence of each natural factor after 
coupling and superposition is significantly enhanced 
(Table 2). The factor detection results show that the 

Table 2. Interaction of natural factors in the spatial distribution of population in the northwestern Guangxi
A∩B=C A+B Comparison A∩B=C A+B Comparison
H∩Kr=0.22 0.17+0.01=0.18 C>A+B Km∩Ca =0.021 0.01+0.01=0.02 C>A+B

H∩Km=0.24 0.17+0.01=0.18 C>A+B Km∩Rn =0.20 0.01+0.16=0.17 C>A+B

H∩Ca=0.24 0.17+0.01=0.18 C>A+B Km∩Sl=0.05 0.01+0.02=0.03 C>A+B

H∩Rn=0.65 0.17+0.16=0.33 C>A+B Km∩Ta=0.11 0.01+0.06=0.07 C>A+B

H∩Sl=0.85 0.17+0.02=0.19 C>A+B Km∩Tr=0.20 0.01+0.05=0.06 C>A+B

H∩Ta=0.26 0.17+0.06=0.23 C>A+B Ca∩Rn =0.22 0.01+0.16=0.17 C>A+B

H∩Tr=0.34 0.17+0.05=0.22 C>A+B Ca∩Sl=0.05 0.01+0.02=0.03 C>A+B

Kr∩Km=0.08 0.01+0.01=0.02 C>A+B Ca∩Ta=0.09 0.01+0.06=0.07 C>A+B

Kr∩Ca=0.05 0.01+0.01=0.02 C>A+B Ca∩Tr=0.11 0.01+0.05=0.06 C>A+B

Kr∩Rn=0.46 0.01+0.16=0.17 C>A+B Rn∩Sl=0.26 0.16+0.02=0.18 C>A+B

Kr∩Sl=0.07 0.01+0.02=0.03 C>A+B Rn∩Ta=0.50 0.16+0.06=0.22 C>A+B

Kr∩Ta=0.17 0.01+0.06=0.07 C>A+B Rn∩Tr=0.43 0.16+0.05=0.21 C>A+B

Kr∩Tr=0.08 0.01+0.05=0.06 C>A+B Sl∩Tr=0.12 0.02+0.05=0.07 C>A+B

Ta∩Tr=0.23 0.06+0.05=0.11 C>A+B Sl∩Ta=0.07 0.02+0.06=0.08 C>Max(A, B)
Note: H is the natural influence factor, altitude, SL is the ground slope, Ta is the annual average temperature, Rn is the river network 
density, Tr is the forest coverage, Kr is the karst distribution area ratio, Km is the karst landform type, and Ca is the karst geological 
type.
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influence of various natural factors on population 
spatial distribution is altitude (0.17), river network 
density (0.16), annual average temperature (0.06), 
forest coverage (0.05), ground slope (0.02), karst 
distribution area (0.01), karst mountain area (0.01) 
and main karst geological types (0.01).

2) The interactive detection results show that 
except that the interaction between ground slope 
and annual average temperature is enhanced by two 
factors, the interaction of other factors is enhanced 
nonlinearly (Table 2). Among them, the intensity of 
superposition of altitude and various factors is large, 
especially after superposition with ground slope, 
its value is the largest, and the increase rate reaches 
more than 70%, mainly because northwest Guangxi 
is located in mountainous areas with great altitude 
difference, and other geographical elements are in-
evitably affected by altitude. When the river network 
density is superimposed with karst geological and 
geomorphic conditions, the impact intensity of pop-
ulation spatial distribution increases by more than 
90%. It is mainly due to the poor water storage and 
retention capacity in karst areas, and human beings 
have a stronger tendency to river network and water 
system.

3) After the superposition of karst geological and 
geomorphic factors and other factors, the increase is 
large, most of which are more than 80%. It is main-
ly because the karst area in Northwest Guangxi is 
located in the subtropical zone, with good climatic 
conditions such as water and heat, and has natural 
conditions suitable for human habitation. Therefore, 
the influence intensity of karst geological and geo-
morphic factors on population spatial distribution is 
not obvious. However, the dissolution of carbonate 
rocks is strong, which will show higher sensitivity 
and vulnerability after superimposing natural factors 
such as uplift height and ground slope. For example, 
the elevation of sea level and the increase of slope 
can lead to the strengthening of dissolution, and the 
soil is easy to be lost along the slope. Finally, the soil 
layer may become thinner and even the bedrock may 
be exposed, which is not suitable for crop growth 
and human habitation. After the superposition of the 
unique geological and geomorphic factors in karst 

area and other natural factors, the impact intensity on 
the spatial distribution of population in karst moun-
tain area will increase significantly.

6. Conclusion and discussion

6.1 Conclusion
1) The population spatial distribution at the 

township scale in the karst mountainous area of 
Northwest Guangxi is extremely uneven. The popu-
lation quantity and density in the southeast are high-
er than those in the northwest, and the population 
density gradually decreases from southeast to north-
west

The total population and population density of 
the township (town, street) where the (municipal) 
government is located are the highest in the county 
(city). The population distribution shows a certain 
aggregation. The high-value areas and low-value ar-
eas of population density are not completely random 
distribution. The radiation capacity of high-value ar-
eas is weak, and the radiation capacity of low-value 
areas is relatively strong.

2) The population distribution in karst areas of 
Northwest Guangxi shows obvious differences with 
the spatial distribution of different natural factors. 
The population density of towns without karst dis-
tribution in the northwest and Central South of the 
study area is low on the whole; the population den-
sity of villages and towns with high altitude, ground 
slope and forest coverage is relatively low, and the 
population density of villages and towns with high 
annual average temperature and river network den-
sity is relatively high. In the eastern and southern 
villages and towns with karst distribution, in addi-
tion to karst geological and geomorphic factors, the 
population density increases with the increase of nat-
ural factors suitable for human habitation, but shows 
a trend with the increase of karst area wave type 
variation characteristics. In addition, in villages and 
towns with single karst geological type or diverse 
geomorphic type, the population density is relatively 
high, and vice versa.

3) The greatest influence intensity of each factor 
on the spatial distribution of population is altitude, 
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and the smallest is karst geological and geomorphic 
factors. However, the superposition of any two natu-
ral factors can enhance the impact on population spa-
tial distribution, and the strengthening methods are 
nonlinear enhancement and Gemini enhancement. 
The spatial distribution of population is affected by 
the spatial distribution of various natural factors. The 
change of any factor may affect the change of pop-
ulation spatial distribution. Although the impact in-
tensity of karst geological and geomorphic elements 
on population spatial distribution in the study area 
is low when acting alone, the impact on population 
spatial distribution is significantly enhanced after 
their superposition with any natural factors, and most 
of the increase rate is more than 90%. In the karst 
area of Northwest Guangxi, the spatial distribution 
of population does not completely depend on the 
most influential factor among the natural factors, and 
the role of karst geological and geomorphic factors 
cannot be ignored.

6.2 Discussion
1) The area with karst distribution area of more 

than 80% in Northwest Guangxi has the largest 
population density and gathers a certain number of 
people. Although there are a wide range of karst 
landforms in the northwest of Guizhou Karst Pla-
teau Area in Li Xudong and other documents, it also 
gathers a large number of people. This research con-
clusion has some similarities[42]. However, the pop-
ulation density of villages and towns with no karst 
distribution in Northwest Guangxi is close to that of 
villages and towns with only karst mountain distri-
bution. The relationship between population spatial 
distribution and karst geological and geomorphic 
conditions is not a simple linear relationship, but is 
jointly affected by a variety of natural factors such as 
altitude.

2) Whether in karst areas or non karst areas, the 
spatial distribution of population is affected by both 
natural and economic factors. Natural factors also 
affect the distribution of economic factors. Howev-
er, the natural ecological environment in karst areas 
is more fragile, and the influence of natural factors 
must be different from that in non karst areas, and 

further affect the spatial distribution of population 
through influencing economic factors. Compared 
with non karst areas, what is the difference in the 
extent to which population growth can break through 
the limitations of natural factors, how much impact 
can change the natural conditions of karst areas have 
on population spatial distribution, and how to rea-
sonably carry out population spatial layout on the 
basis of protecting the ecological environment and 
ensuring economic development in karst areas.
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ABSTRACT
The rare earth mining area in South China is the main production base of ionic rare earth in the world, which has 

brought inestimable economic value to the local area and even the whole nation. However, due to the lack of mining 
technology and excessive pursuit for economic profits, a series of environmental problems have arisen, which is a great 

threat to the ecosystem of the mining area. Taking Lingbei rare earth mining area in Ganzhou as an example, this paper 
discriminated and analyzed such aspects as the ecological source, ecological corridor and ecological nodes of the min-
ing area based on the landscape ecological security pattern theory and the minimum cumulative resistance model (MCR) 
method, and constructed a landscape ecological security pattern of the mining area during the 2009, 2013 and 2018. The 
results show that: i) The patch area of the ecological source of rare earth mining area is small, mainly concentrated in 
the east and west sides of the mining area. ii) During the selected year, the ecological source area, ecological corridors, 
radiation channels and the number of ecological nodes in the rare earth mining area are increasing, indicating that the 
landscape ecological security of the rare earth mining area has been improved to some extent, but it remains necessary 
for relevant departments to make a optimized planning to further reconstruct the ecological security pattern of the rare 
earth mining area.
Keywords: Rare Earth Mining Area; MCR Model; Ecological Source; Ecological Corridor; Ecological Security Pattern
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1. Introduction
Ecological security pattern refers to the arrangement, design, com-

bination and layout of various natural and cultural elements in a region 
with specific technology based on the optimization of ecological, eco-
nomic and social benefits, and formulate a multi-objective, multi-level 
and multi category spatial allocation scheme composed of points, lines, 
areas and networks. Due to the continuous development of various 
resources on the earth, there is a serious ecological imbalance, and 
various ecological security problems arise, such as resource shortage, 
sharp reduction of species and environmental pollution. People from all 
walks of life and scholars are paying more and more attention to eco-
logical research, and further think and discuss the definition and deri-
vation of its concept based on ecological security research. Therefore, a 
series of related studies are carried out around the theme of ecological 
security[1,2].

In the 21st century, rare earth, as an extremely important national 
strategic resource, plays an important role in high-tech and military 
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fields such as military weapons and new material 
manufacturing[3]. Ion adsorption rare earth ores are 
scarce in many types of rare earth ores and have 
important mining value[4]. The main production area 
is located in the south of Jiangxi Province, China, 
and its reserves are as high as 80% of the world’s 
total. However, due to its special mining process, the 
ionic rare earth mine in southern Jiangxi will bring 
direct damage to the surface vegetation and soil, re-
sulting in a series of ecological and environmental 
problems, such as large-area vegetation degradation, 
farmland damage, soil erosion and desertification[5]. 
According to statistics, more than 100 km2 of moun-
tain forest land in Ganzhou City has been damaged 
due to rare earth mining[6]. The land that has been 
treated is very few, which puts great pressure on the 
ecology of the region. In recent years, the maturity 
of GIS and remote sensing technology has laid a 
technical foundation for the ecological monitoring 
of rare earth mining areas. As early as the end of the 
20th century, Horvath, Luise, and Monjezi analyzed 
and comprehensively evaluated the impact of open-
pit mining on ecological security, and formulated 
a series of ecological restoration and optimization 
measures, which opened a good beginning for later 
research[7–9]. Domestic scholars have also opened the 
road of ecological security in the mining area and 
achieved many results. Liu Xitao, Fan Xiaoshan and 
Yang Jianjun all tried to establish an ecological secu-
rity evaluation index system for the mining area[10–12]. 
They put forward suggestions for ecological man-
agement of the mining area. As a result, some eco-
logical problems were alleviated.

When exploring the ecological security pattern, 
MCR is a widely used model, which reflects the in-
ternal relationship of ecological security, integrates 
applicability and scalability, and plays an important 
role in technical methods and practical application[13]. 
Based on the MCR model, many scholars have con-
structed the ecological security pattern of land use 
from many aspects and put forward corresponding 
optimization schemes[13–16]. However, for the current 
research, the Minimum Cumulative Resistance Mod-
el (MCR) is mainly used to evaluate the ecological 
security pattern of urban land, and is rarely used in 

rare earth mining areas. Therefore, the present paper 
takes the Dingnan Lingbei rare earth mining area in 
Ganzhou as the research area to further explore the 
changes in landscape and patterns in this mining area 
by using QuickBird multi temporal high-resolution 
images and fully considering the landform of the 
rare earth mining area based on the manual vector 
map of the area. MCR model is used to analyze the 
landscape ecological security pattern of rare earth 
mining area, so as to further understand the change 
characteristics of landscape ecological security pat-
tern of rare earth mining area and provide basic data 
and scientific decision-making for controlling the 
ecological environment of mining area. 

2. Overview of the study area
Lingbei rare earth mining area is mainly located 

in the north of Dingnan County, Jiangxi Province, 
between 114°58′04″ E ~ 115°10′56″ E and 24°51′24″ 
N ~ 25°02′56″ N, including towns such as Jingnao 
and Huangxiang (Figure 1). It is a subtropical mon-
soon humid climate area, with an annual average 
temperature of 19 ℃, precipitation of 1774.3 mm, 
and uniform and sufficient light and heat throughout 
the year[17,18]. Among them, Lingbei mining area is 
composed of Laohukeng, Chenaoxia, Qingjingtang, 
Longchuankeng, Zuojaxing, Jiazibei, Aobeitang and 
other major ore occurrences. The mining area is rich 
in minerals and the rare earth grade is among the 
best in China. So far, it has a mining history of about 
30 years. Taking 2001 as the watershed, the previ-
ous mining methods were more traditional, mainly 
pool leaching and heap leaching. This method will 
directly promote the vegetation, alleviate the dam-
age degree of vegetation, and relatively reduce the 
ecological pressure. However, the ecology of some 
ore spots has not been improved, indicating that this 
method cannot fundamentally solve a series of envi-
ronmental problems produced in the process of rare 
earth mining.



32

Figure 1. Location of the study area.

2. Data sources and research meth-
ods

2.1 Data sources 
The land use classification data used in this pa-

per mainly comes from QuickBird image data. The 
spatial resolution of the data is 2.44 m. The data 
comes from Google Earth. Combined with field in-
vestigation, the mining area is manually vectorized, 
which is mainly divided into water body, buildings, 
orchards, roads, tailings land (a large area of exposed 
area after mining) and sedimentation tank (including 
high pool), vegetation (mainly refers to natural for-
estland), reclaimed vegetation and farmland. DEM 
data has a spatial resolution of 30 m, mainly from 
geospatial data cloud platform(http://www. gscloud.
cn). DEM is used to extract elevation and slope as 
resistance factors. The vector boundary is extracted 
from the national administrative division boundary 
map.

2.2 Research methods

2.2.1 Minimum cumulative resistance model 
(MCR model)

The minimum cumulative resistance model 
(MCR model) refers to the model of the total resis-
tance that species need to overcome in the process 
from a “source” point to the target location[19]. Gen-
erally speaking, the resistance coefficient will be de-
fined as a specific value, and the minimum resistance 
value is the source point, which is usually defined 
as 1. The determination of other impact factors is 
usually determined by comprehensively considering 
the actual situation of the mining area and the estab-
lishment path objectives of the study area. And the 

element resistance coefficient varies with different 
targets. The specific formula is expressed as follows: 

    (1)
where MCR is the minimum cumulative resistance 
of rare earth mining area, and f is the undetermined 
monotonic increasing function. Dij represents the 
spatial distance from ecological land landscape units 
i to j. Ri is the resistance coefficient of landscape unit 
i to a certain movement; m, n represents the number 
of landscape units i and ecological sources j respec-
tively.

2.2.2 Identification method of ecological 
source

Ecological source is the “source” of ecological 
land protection. It generally selects areas with strong 
ecological function and rich biodiversity. It is the 
habitat of existing species and the source of species 
exchange and diffusion. It is of great significance in 
meeting the ecological needs of rare earth mining 
areas and the integrity and healthy stability of land-
scape pattern[20–21]. The construction of ecological 
source shall at least meet the following three princi-
ples:

1) It is necessary to select the ecological source 
in the area with high habitat quality. Habitat quality 
refers to the living environment quality around spe-
cies, which decreases with the increase of land use 
type intensity near the area[22]. Generally, it is defined 
as a large area of water and a large area of massive 
vegetation suitable for species habitat.

2) It is necessary to comprehensively consider 
the species diversity, land use type and environmen-
tal quality of the area in combination with the actual 
ecological status and land use of the mining area, so 
as to select the ecological source according to local 
conditions.

3) It is necessary to select the area with high 
ecological service function and can provide suitable 
habitat for species as the ecological source, which 
can make the ecological environment develop in a 
healthy direction and better serve the ecosystem.
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3. Construction of comprehensive 
spatial resistance surface

The important influence on the construction of 
MCR model is the selection of its resistance fac-
tor[23]. The rare earth ore research area in this paper 
is located in the hilly area of southern China. Ac-
cording to the complex surface characteristics, the 
resistance factors such as slope, land use type and 
elevation that have a great impact on the mining en-
vironment are selected.

1) Land use type. The closer the land use type 
is to the protection source type in the study area, the 
smaller its resistance to the exchange and diffusion 
between species and its resistance value will be. The 
tailings land caused by rare earth mining is the most 
important factor affecting the ecological security of 
the mining area. As a land use type, combined with 
the unique landscape of the rare earth mining area, 
the land use type factor is determined to be the most 
important of all factors, and its weight is given to 
0.8[24].

Due to the particularity of each study area, the 
land use types are different. At present, the research 
on the resistance value of land use types is mostly 
aimed at cities or larger areas. Due to the particular-
ity of Gannan rare earth mining area, the resistance 
coefficient should be given its own value in combi-
nation with the actual situation of the mining area. 
In this paper, combined with the actual situation of 
rare earth mining area, various ground objects are ar-
ranged in the order of resistance from small to large, 
as follows: vegetation < water body, reclaimed vege-
tation < orchard < farmland < road < building < sed-
imentation tank (including high-level tank) < tailings 
land. See Table 1 for details. It can be seen from the 
table that the vegetation with the lowest resistance 
coefficient in the mining area has the greatest service 
value to the ecosystem; The resistance of reclaimed 
vegetation is also small, because it is closely related 
to the source land; Water body has little influence on 
ecological security pattern, and its resistance coeffi-
cient is also small. However, the mined tailings land 
is easy to cause many ecological problems such as 
soil environmental damage and water and soil loss, 

which makes its ecological service value the small-
est, so the resistance coefficient is the largest com-
pared with other types[13,22,25].

Table 1. Resistance factor and drag coefficient of land use type 
in mining area
Resistance factors Resistance coefficients
Vegetation 1

Reclaimed vegetation 2
Water body 2
Orchard 3
Farmland 4
Road 6
Building 8
Sedimentation tank 9
Tailing land 10

2) Slope. Rare earth mining area is located in 
typical hilly and mountainous areas, with significant 
soil and water loss. Slope is one of the influencing 
factors of land environmental problems such as land-
slide and soil erosion. In addition, it will also have 
a certain impact on species exchange and ecological 
flow diffusion in rare earth mining areas[26,27]. There-
fore, when constructing the ecological pattern of 
rare earth mining area, the influence of slope should 
be considered. Based on the DEM data of rare earth 
mining area, this paper extracts the relative slope of 
rare earth mining area as one of the resistance fac-
tors. Since the mountain slope in the mining area is 
relatively gentle and the impact of slope is relatively 
small, this weight is given 0.1. According to the ac-
tual situation of rare earth mining area, the slope fac-
tors are classified. See Table 2 for details of different 
grades and resistance coefficients[13,25].
Table 2. Slope resistance factor and resistance coefficient in the 
mining area
Resistance factors Resistance coefficients
0°~5° flat slope 1
5°~15° gentle slope 3
15°~25° steep hill 5
25°~35° steep slope 7
>35° extremely steep slope 10

3) Altitude. Elevation will also have a certain 
impact on species migration and the diffusion of 
ecological flow. When species migrate in areas with 
similar elevation, it will be easier to pass, otherwise 
it will be more difficult. The elevation is regarded 
as one of the resistance factors in this paper, and its 
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weight is given to 0.1. Since the elevation of the rare 
earth mining area in this paper is between 290 ~ 800 
m, it is classified into four resistance factors. The re-
sistance coefficients of different grades are shown in 
Table 3[19].
Table 3. Height resistance factor and drag coefficient of mining 
area
Resistance factors (m) Resistance coefficients
<300 1
300~400 3
400~600 5
600~800 8

According to different resistance factors and 

resistance coefficients, the cost-distance tool in 
ArcMap software platform is used to obtain the re-
sistance surface data of land use type, elevation and 
slope after calculation. The resistance surfaces of the 
three resistance factors are superimposed according 
to the weight. The superimposed formula is: slope 
factor resistance surface × 0.1 + elevation factor 
resistance surface × 0.1 + resistance surface of land 
use type factor × 0.8, the minimum cumulative resis-
tance surface models of the study area in 2009, 2013 
and 2018 are obtained after calculation by superposi-
tion formula (Figure 2).

Figure 2. Schematic diagram of ecological sources in different years.

Figure 3. Model of minimum cumulative resistance surface in different years.

It can be seen from Figure 2 that the overall re-
sistance value of rare earth mining area was high in 
2009. The main reason for this situation is that in the 
three years studied in this paper, the tailing land area 
of rare earth mining area was the largest in 2009, and 
the tailing land area gradually decreased after 2009. 
However, the tailing land is the largest resistance 
factor of the resistance factor of land use type, so it 
has a great impact on the overall ecological resis-
tance value of rare earth mining areas.

4. Analysis on landscape ecological 
security pattern of rare earth min-
ing area from 2009 to 2018

4.1 Spatial distribution of ecological source
According to the above source selection prin-

ciples and landscape ecology knowledge, we know 
that high-quality ecological source areas have high 
ecological services and their value. Most scholars 
at home and abroad directly select ecological parks, 
large-area vegetation or water areas as the source of 
ecological security pattern[28]. However, according 
to the field investigation and the actual situation, the 
rare earth mining area in southern Jiangxi is located 
in the low mountain and hilly area in the south, and 
the vegetation is the main land use type. Therefore, 
the area with dense vegetation and of more than 10 
km2 is selected as the ecological source (Figure 3)
[29]. Due to the long-term large-area rare earth mining 
in the middle of the area in 2009 and 2013, the veg-
etation in the middle of the mining area is seriously 
damaged, and the ecological source is mainly distrib-
uted on the east and west sides. However, after 2013, 
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the environmental protection department has formu-
lated and implemented some mining area reclama-
tion measures, and the ecological environment of the 
mining area has been improved to a certain extent. 
By 2018, based on the distribution characteristics 
of the first two years, the ecological source has also 
increased to a certain area in the south of the mining 
area.

4.2 Construction of ecological security pat-
tern

The construction of landscape ecological pattern 
can effectively guide people’s production activities in 
the mining area, including the ecological restoration 
and planning of key vulnerable areas, as well as 
the balanced and sustainable development between 
economy and ecology, so as to provide a theoretical 
basis for the rational planning of mining land. To 
construct the landscape ecological pattern, besides 
the selection of ecological source, it is also necessary 
to distinguish, select and combine the ecological 
corridor, ecological node, radiation channel, patch 
and ecological matrix[30]. Based on the cost-distance 
analysis technology, through the construction of eco-
logical resistance surface and the synthesis of mini-
mum cumulative resistance surface for the selection 
of ecological sources, it is also necessary to extract 
ecological corridors, nodes and radiation channels, 

so as to form the ecological security pattern of rare 
earth mining areas.

1) Identification of ecological corridor. Ecolog-
ical corridor refers to the most efficient path for the 
maintenance and diffusion of different species, that 
is, the low resistance valley line between the two 
sources[31]. This paper identifies the ecological corri-
dor based on hydrological analysis, so as to connect 
the two adjacent source patches in the mining area.

2) Radiation channel is similar to ecological cor-
ridor[32]. It plays a channel role in species diffusion 
and maintenance, that is, it is a low resistance valley 
line for the outward diffusion of ecological source, 
which plays a key role in the protection of species 
diversity and the evolution and development among 
species.

3) The ecological node is the tangent point of 
the equal resistance line between the ecological 
sources according to the morphological characteris-
tics of the minimum resistance model of the mining 
area, so it is regarded as the ecological node of the 
rare earth mining area[33,34].

According to the landscape ecological security 
pattern of rare earth mining area in 2009, 2013 and 
2018 (Figure 4), the number of 3a ecological corridors 
is 1, 4 and 6 respectively. The number of radiation 
channels is 14, 16 and 19 respectively, and the number 
of ecological nodes is 1, 4 and 6 respectively.

Figure 4. Integrated ecological security pattern of rare earth mining areas in 2009, 2013 and 2018.
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Compared with 2009, the ecological source 
area, ecological corridors, radiation channels and the 
number of ecological nodes in the rare earth mining 
area increased in 2013, and the maximum resistance 
value decreased. In 2009, due to excessive mining 
in the middle of the mining area, a large amount of 
tailings was accumulated and the resistance value 
was high. The ecological source areas were mainly 
distributed in the east and west. There was only one 
ecological corridor and a small number of radiation 
channels, which greatly hindered the circulation of 
species between the east and the west. Combined 
with the images and field investigation, it can be 
seen that in 2013, due to the introduction of a series 

of environmental protection measures, such as the 
wide application of in-situ leaching technology, tail-
ings land reclamation, returning farmland to forest, 
mining standardization, etc., the vegetation in the 
mining area has been protected to a certain extent. 
The area began to grow, and the ecosystem began to 
repair itself or man-made. It can be seen from Table 
4 that the total area of source patch in the mining 
area in 2009 was 34.833 km2, mainly concentrated in 
the vegetation position. The total source area in 2013 
was 37.286 km2, an increase of 2.452 km2 compared 
with 2009. The source of the mining area tends to 
shift to the west, and the source areas in the middle 
and west have increased (Figure 5).

Figure 5. Spatial change of ecological source of rare earth mining areas in 2009−2018.

Table 4. Changes in ecological source area of rare earth mining 
areas in 2009−2018 (km2)
Year Total area of ecological source Area change
2009 34.833 −
2013 37.286 Increased 2.452
2018 36.465 Decreased 0.82
Note: − means no data was available. 

Compared with 2013, the area with high resis-
tance value in rare earth mining area decreased, and 
the part with high resistance value moved eastward 
in 2018. Besides, the number of ecological corridors 
increased by 2, and the number of radiation channels 
increased by 3. Combined with Figure 5 and Table 
4, it can be seen that the ecological source area is 
distributed in the east-west south, and some source 

areas are transferred to the south. The total source 
area is 36.465 km2, which has decreased by 0.820 
km2 compared with 2013, and the source area has be-
come more concentrated, mainly because the source 
growth location was originally the tailings land of 
the mining area, and the land has been seriously 
damaged. 

After 2013, benefiting from the instructions of 
Several Opinions of the State Council on Supporting 
the Revitalization and Development of Gannan and 
Other Former Central Soviet areas (http://www.gov.
cn/zhengce/content/2012-07/02/content_4618.htm), 
the ecological environment in southern Jiangxi has 
been highly concerned by the party and the state. 
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Since then, the environmental protection department 
has issued a series of policies for the treatment of en-
vironmental problems in rare earth mining areas, and 
invested a lot in the treatment of ecological and en-
vironmental problems in rare earth mining areas. In 
these five years, the ecological security of the mining 
area has been further improved. 

The ecological corridors in rare earth mining ar-
eas are mainly connected to two large source patches 
in the East and West. However, due to the accumu-
lation of a large number of rare earth ore points in 
the middle of the mining area and the exploitation of 
rare earth ore points, there are a large number of rare 
earth tailings and sedimentation tanks in the middle 
of the mining area, so the resistance value in the 
middle of the mining area is high and there is poor 
connectivity between the eastern and western parts 
of the mining area. For only one ecological corridor 
connecting the eastern and western ecological source 
patches, and the two ecological corridors intersect 
with multiple roads and rare earth tailings, there are 
multiple vulnerable parts with insufficient stability. 
Once any problem occurs, it may lead to the fracture 
of the overall ecological structure of the mining area. 
The ecological nodes located in the mining points 
and construction areas are relatively dense, and its 
construction goal is to build a secondary source for 
the maintenance of ecological functions in the min-
ing area. In this case, this type of ecological nodes 
are also most vulnerable to human interference and 
destruction, so the construction and protection of 
this type of ecological nodes should be strengthened. 
Due to the large number of sedimentation tanks 
and tailings in the central area of the mining area, 
affected by rare earth mining activities, it will also 
interfere with the ecological corridor and ecological 
nodes, which reduces the stability of the ecological 
security pattern of the mining area.

There is little difference in the size of patches 
in the ecological source areas of rare earth mining 
areas, and the distribution is relatively concentrated. 
The number of ecological corridors is small. The 
ecological nodes are mostly distributed near rare 
earth tailings and buildings. The connectivity and 
stability between the east and west parts are low, but 

the overall ecosystem stability is constantly improv-
ing in these 9 years, so relevant departments also 
need to further plan the ecological security space of 
rare earth mining areas.

5. Optimization measures of ecologi-
cal security in rare earth mining ar-
eas

As the core area of the landscape ecological 
security pattern of the mining area, the ecological 
source is an insurmountable red line for rare earth 
mining and residents’ life. The overall goal of the 
optimization of the ecological source of the rare 
earth mining area is to protect the existing ecological 
source and continuously expand the area of the eco-
logical source. During the nine years, the ecological 
source areas on the east and west sides of the rare 
earth mining area are relatively stable and are the 
object of key protection and construction. Protective 
measures such as building buffer zones around them 
can be taken to protect the original vegetation and 
make it better play its role of ecological service; with 
the goal of restoring the original condition, the rec-
lamation is accelerated at the junction of the original 
vegetation and the mining area. For the small patch 
sources increased in the later stage, artificial interfer-
ence should be reduced to prevent damage, and con-
struction and human activities of any nature should 
be prohibited to make them develop in the natural di-
rection; For the area where the reclaimed vegetation 
becomes the source, because the vegetation coverage 
of the area is low and belongs to the ecologically 
weak area, measures such as supplementary planting 
and fertilization should be taken to accelerate the 
growth.

To increase the construction of ecological corri-
dors in the East-West source areas, in the process of 
construction, the primary vegetation in the mining 
area should be selected, and a reasonable corridor 
width should be formulated according to the land use 
type, slope and elevation of the mining area, and the 
resistance value should be reduced to build the best 
ecological corridor in the mining area, reduce the 
flow obstruction between species in the East-West 
ecological source areas, and strengthen the connec-
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tivity between the East and the West. The ecological 
corridor in the central area is increasing year by year, 
which is the concentration area of mining points. 
When the ecological corridor passes through arti-
ficial landscapes such as buildings, sedimentation 
tanks and roads, appropriate isolation zones should 
be established around the environment, buffer zones 
should be established by strengthening the construc-
tion and protection of artificial green spaces, and 
more ecological corridors and radiation channels 
should be built around the ecological source and it 
shall strengthen connectivity between sources. In 
previous years, farmland and orchards were main-
ly concentrated in the east, but in recent years, the 
construction of ecological corridors in this area has 
become better and better, and the number has grad-
ually increased. When the corridors intersect with 
farmland or orchards, the natural components of the 
ecological corridor area or the land use types similar 
to the natural components should be preserved, so as 
to improve the ecological stability and prevent the 
fracture of the overall ecological corridor.

From the landscape ecological security pattern 
of the constructed rare earth mining area for 3 years, 
it can be analyzed that more ecological nodes are 
located near the tailings land of the mining area, 
which is also the weak part of biological exchange 
in the mining area. Especially in the part with high 
resistance value in the middle, the land use types are 
mostly tailings land and sedimentation tank. The rec-
lamation measures for this location should be accel-
erated. The main land use types should be planting 
vegetation or building other land use types with low 
resistance coefficient. It is strictly prohibited to carry 
out rare earth mining, production and construction 
in the area of ecological nodes, so as to reduce the 
interference of human activities.

6. Conclusion and discussion
In this paper, patches with important ecological 

significance are extracted as the ecological source, 
and three factors as land use type, slope and eleva-
tion, which have a great impact on the ecological 
environment of the mining area, are selected to con-
struct the ecological resistance surface based on the 

MCR model. On this basis, the best ecological corri-
dor between adjacent ecological sources and the ra-
diation channel connecting with the outside are iden-
tified, the ecological nodes with important ecological 
significance are determined, and the security pattern 
for protecting species diversity is constructed. The 
conclusions are as follows:

1) From 2009 to 2013, the area with high re-
sistance value in the mining area decreased year by 
year, the location of ecological source continued to 
shift to the direction of high resistance value, and the 
source area also increased, which was concentrat-
ed in the east and west sides. The original land use 
types on the east and west sides were mostly tailings 
land and farmland, the area of reclaimed vegetation 
also increased, and the ecological pattern of the min-
ing area became more and more reasonable. Land 
damage caused by mining has improved.

2) In the three years studied, the number of eco-
logical corridors, radiation channels and ecological 
nodes in the mining area has increased, but the con-
centration area of mineral points in the middle is still 
the place with the highest resistance value, and the 
ecological security status of this area is the worst in 
the region. Moreover, the ecological corridors mostly 
intersect with roads, rare earth tailings and farmland, 
forming an ecological fragile area in the corridor. In 
order to maintain the stability of the ecological pat-
tern and the connectivity of the ecological corridor, 
we should strengthen ecological regulation, focus 
on protecting the ecological land around the mining 
sites and timely reclamation, and advocate returning 
farmland to forest and primitive land use types, so as 
to ensure the circulation among species.

Considering the landscape connectivity of the 
mining area, the protection of biodiversity and the 
stability of the regional ecosystem, this paper com-
prehensively constructs the landscape ecological 
security pattern of the rare earth mining area, obtains 
the corresponding optimization measures for the 
landscape ecological security of the mining area and 
establishes the ecological corridor construction of 
the rare earth mining area, and makes the ecological 
security pattern of the mining area more systematic 
and complete. However, there remain some limita-
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tions. It is one-sided to only select vegetation as the 
source patch identification while ignoring other land 
use types that may have little impact on the whole 
area but are of great importance to the local area, 
which should be further explored in the future re-
searches.
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ABSTRACT
Based on the population change data of 2005–2009, 2010–2014, 2015–2019 and 2005–2019, the shrinking cities 

in Northeast China are determined to analyze their spatial distribution pattern. And the influencing factors and effects of 

shrinking cities in Northeast China are explored by using multiple linear regression method and random forest regres-
sion method. The results show that: 1) In space, the shrinking cities in Northeast China are mainly distributed in the “land 
edge” areas represented by Changbai Mountain, Sanjiang Plain, Xiaoxing’an Mountain and Daxing’an Mountain. In 
terms of time, the contraction center shows an obvious trend of moving northward, while the opposite expansion center 
shows a trend of moving southward, and the shrinking cities gather further; 2) in the study of influencing factors, the 

results of multiple linear regression and random forest regression show that socio-economic factors play a major role 
in the formation of shrinking cities; 3) the precision of random forest regression is higher than that of multiple linear 
regression. The results show that per capita GDP has the greatest impact on the contraction intensity, followed by the 
unemployment rate, science and education expenses and the average wage of on-the-job workers. Among the four influ-
encing factors, only the unemployment rate promotes the contraction, and the other three influencing factors inhibit the 

formation of shrinking cities to various degrees.
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1.Introduction
In the history of random forest, the cases of urban decline and 

extinction are not rare, and the reasons are mostly from wars, diseases 
and disasters. Since modern times, the western world once ushered in 
the wave of high-speed urbanization. However, after World War II, 
especially in the 1960s and 1970s, due to the influence of many fac-
tors such as suburbanization, deindustrialization, post socialist society, 
globalization and population development transformation, many cities 
and regions that carried out urbanization earlier experienced serious 
population loss[1]. In western academic circles, this urban phenomenon 
characterized by population reduction and economic recession is called 
urban shrinkage, and the cities experiencing urban shrinkage are called 
shrinking cities. The German government funded project “shrinking 
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city research” found that in the past 50 years, 450 ur-
ban areas with a population of more than 1 million in 
the world have lost 1/10 of their total urban popula-
tion[2]. Such a large-scale and substantial reduction of 
urban population is unprecedented. It is not caused 
by war, disease and disasters as people generally 
know. It occurs in the era of prosperity and peace[3]. 
In order to deal with the ill effects of urban contrac-
tion, foreign academic circles have already carried 
out research on urban contraction[4], which mainly 
focuses on the definition[5], classification[6], com-
parison[7], quantitative analysis[8], causes[9], counter-
measures and suggestions of shrinking cities[10,11]. 
In China, due to the late start of China’s urbaniza-
tion and the rapid urbanization after the reform and 
opening up, the domestic academic circles mainly 
focused on growth and expansion[12]. However, with 
China’s social and economic development entering 
the adjustment period, the decline of fertility rate and 
population aging, coupled with the proposal of “new 
urbanization” and other strategies, issues other than 
“growth” have attracted attention[13]. In this context, 
the phenomenon of urban contraction has gradually 
attracted the attention of domestic scholars[14,15]. The 
research shows that China’s cities are also facing a 
more profound problem of urban contraction. Urban 
contraction has also occurred not only in the central 
and western regions, but also in the Yangtze River 
Delta, Pearl River Delta, Beijing Tianjin Hebei and 
other areas with better socio-economic conditions, in 
which the northeast is the hardest hit area of urban 
contraction[16,17]. 

At present, the domestic academic circles have 
a deep understanding of the phenomenon of urban 
contraction, but most studies still focus on the iden-
tification and judgment of shrinking cities, and the 
methods adopted simply rely on the construction 
of index system, without combining with the back-
ground of regional social and economic develop-
ment[18]. Some scholars have made quantitative anal-
ysis on the deep causes of the formation of shrinking 
cities[19–21]. However, most of these scholars use lin-
ear analysis models with many restrictions and poor 
explanatory power in the face of complex nonlinear 
problems. The nonlinear stochastic forest model can 

overcome these shortcomings. The research shows 
that the random forest model has high prediction 
accuracy. It can process high-dimensional and mul-
ticollinearity data, and is convenient to calculate the 
nonlinear effect of variables[22]. 

Taking the northeast region, which is typical in 
the wave of urban contraction, as an example, this 
paper puts forward the judgment method of shrink-
ing cities under the background of large changes in 
the overall population of the region, and analyzes 
the spatial distribution pattern of shrinking cities in 
the northeast region by using the method of spatial 
statistics. Multiple linear regression method and ran-
dom forest regression method are used to analyze the 
influencing factors and their effects on the formation 
of shrinking cities in this area, in order to provide 
scientific basis and decision support for the research 
and management of shrinking cities.

2. Data sources and research meth-
ods

2.1 Data sources 
Urban growth and contraction is a long gradual 

process, which requires a long time to observe the 
growth or contraction tendency of the city. There-
fore, the time span should not be too short when 
observing[23,24]. Therefore, this study takes 5 years as 
a time unit interval, and selects 2005–2009, 2010–
2014 and 2015–2019 as the basic observation time 
unit respectively. The time span of 5a is proper. On 
the one hand, the change of urban growth or contrac-
tion characteristics are obvious. On the other hand, 
it can also avoid the risk of increasing the difficulty 
and inaccuracy of data acquisition due to a long time 
span. 

This study takes the prefecture level admin-
istrative regions in Northeast China as the basic 
research unit. Considering the adjustment of ad-
ministrative divisions in some regions from 2005 
to 2019, taking the administrative divisions in 2019 
as the benchmark, 40 cities (including prefecture 
level cities, regions, autonomous prefectures and 
leagues) in Northeast China are finally determined 
as samples, including 14 in Liaoning Province, 9 in 
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Jilin Province (including prefecture level cities and 
autonomous prefectures), 13 in Heilongjiang Prov-
ince (including prefecture level cities and regions), 
4 in Mongolia (including prefecture level cities and 
League) (Figure 1). The socio-economic data comes 
from the statistical yearbooks and statistical bulletins 
of provinces and cities in each year. The nighttime 
lighting data comes from the National Geophysical 
Data Center of the United States (https://www.ngdc.
noaa.gov); the land use data, DEM data, meteorolog-
ical data and NDVI data used in this paper are from 
the Resource and Environment Science and Data 
Center (http://www.resdc.cn).

Figure 1. Sketch of study area.

2.2 Judgment method of shrinking cities
At present, there is no unified theory on the defi-

nition of shrinking cities at home and abroad[25,26]. 
Although there are still differences in the quantita-
tive judgment of shrinking Cities in the world, the 
judgment of shrinking Cities based on population re-
duction has been widely recognized by the academic 
circles.

Combined with the background of China’s 
population growth and population loss in Northeast 
China in the past ten years, this study defines the 
shrinking cities in Northeast China as: the population 
growth rate in a period of time (5 years in a short 
period and 15 years in a long period) is lower than 
that in Northeast China. The calculation formula is 
as follows:
D = ∆p−∆P                (1)

In the formula, D is the difference between the 
population change rate of a single city and the popu-
lation change rate of the whole northeast in this pe-
riod. Δp is the population change rate of a single city 
during this period. ΔP is the population change rate 
of the whole Northeast during this period. The popu-
lation change rate is calculated by the total registered 
residence population at the end of the year. To a cer-
tain extent, formula (1) can also reduce the deviation 
of the total household population at the end of the 
year. Based on the formula (1), the intensity of the 
urban population is calculated: 

                   (2)

In the formula, I is the contraction intensity of a 
single city in this period. When I < 0, it means that 
the city is a shrinking city. The smaller the value is, 
the greater the population contraction degree of the 
city is.

2.3 Analysis method of shrinking urban dis-
tribution pattern

The standard deviation ellipse can be used to 
reveal the spatial distribution characteristics of geo-
graphical objects on the overall level and reflect 
the trend direction of geographical objects[27]. This 
study uses the standard deviation ellipse analysis 
to explore the centers of three shrinking cities and 
expanding cities in a short period of time, so as to 
obtain the moving path of population contraction and 
expansion.

Spatial autocorrelation analysis refers to the sta-
tistical correlation between certain attribute values 
of geographical elements in different geographical 
spatial distribution locations. The closer the distance 
is, the greater the correlation between the two values 
is[28]. This study uses spatial autocorrelation analysis 
to explore the spatial agglomeration characteristics 
of shrinking cities and expanding cities in four peri-
ods.

2.4 Analysis method of influencing factors of 
urban contraction

2.4.1 Selection of influencing factors
This study takes 5 years as a time unit. The se-
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lection of socio-economic factors adopts the starting 
year data, and fully considers the lag of urban con-
traction. In addition, this study attempts to take into 

account natural and human factors, and selects 24 
influencing factors in combination with relevant lit-
erature (Table 1)[29–30].

Table 1. Influencing factors of shrinking cities

Influencing factors Variable Data description
Total population at the end of the year 
/person X1 Total population at the end of the starting year of the unit period

Birth rate/‰ X2 Annual birth rate at the beginning of unit period
Proportion of population over 60/% X3 Proportion of population over 60 years old in the starting year of unit period

Population density/(person/km2) X4
Total population at the end of the starting year of the unit period / administrative 
area

Night light index X5 Night light index of starting year in unit period

Per capita GDP/10000 CNY X6
GDP in the starting year of unit period / total population at the end of the starting 
year of unit period

Investment in fixed assets/10000 CNY X7 Investment in fixed assets in the initial year of the unit period
Science education cost/10000CNY X8 Initial annual science education expenses in the unit period

Student teacher ratio/% X9

Number of primary and secondary school students in the starting year of the unit 
period / total number of primary school teachers in the starting year of the unit 
period

Unemployment rate/% X10 Initial annual unemployment rate in unit period
Per capita number of medical and 
health beds/piece X11

Number of beds in medical and health institutions in the starting year of the unit 
period / total population at the end of the starting year of the unit period

Number of buses/trams per capita/ve-
hicle X12 Number of buses / trams per capita in the starting year of the unit period

Greening rate of built-up area/% X13 Greening rate of built-up area in the initial year of unit period

Paved road area per capita/km2 X14
Road pavement area (length) in the starting year of unit period / total population 
at the end of the starting year of unit period

Average salary of on-the-job employ-
ees/CNY X15 Average wage of on-the-job employees in the starting year of the unit period

Waste utilization index X16

Average value of comprehensive utilization rate of industrial solid waste, urban 
domestic sewage treatment rate and harmless treatment rate of domestic waste in 
the initial year of the bit period

Shape fluctuation X17 Average topographic relief (grid space ratio is 90 m, and the window is 0.9 km)
Average slope/(°) X18 Average slope (grid spatial resolution of 90 m)
Average altitude/m X19 Average altitude (grid spatial resolution of 90 m)
Annual average temperature/℃ X20 Average temperature (using spatial interpolation method)
Annual average precipitation/mm X21 Average precipitation (using spatial interpolation method)

Cultivated land index X22
Cultivated land index in the initial year of unit period (grid spatial resolution of 1 
km)

Artificial surface index X23
Artificial surface index in the initial year of unit period (grid spatial resolution of 
1 km)

NDVI X24
Normalized vegetation index (grid spatial resolution of 1 km) for the starting 
year of the unit period

2.4.2 Regression model and test
Taking the influencing factors in Table 1 as 

independent variables and the calculated shrinkage 
intensity as dependent variables, multiple linear re-
gression and random forest regression methods are 
used for fitting verification to explore the influencing 
factors of urban shrinkage in Northeast China.

In multiple linear regression, in order to elim-
inate the influence of irrelevant or low correlation 

influencing factors on the regression results, it is 
necessary to conduct correlation analysis between 
each independent variable and dependent variable[31]. 
During the construction of the regression model, the 
correlation between the respective variables is test-
ed by the variance expansion coefficient VIF. The 
larger the VIF is, the more serious multicollinearity 
between the independent variable and other inde-
pendent variables is. The result of the model is not 
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significant, so the model should be reconstructed.
Random forest model has randomness in the 

selection of samples and features. It has obvious and 
unique advantages in algorithm, good tolerance for 
noise. It is not easy to over fit. Now it is widely used 
in classification and regression problems[31–33]. In this 
study, the sklearn module is called on the Python 
platform for random forest regression. After many 
debugging, the parameter n_ estimators = 800, crite-
rion = MSE is selected, other parameters are default. 

In this study, judgment coefficient R2 and mean 
square error MSE are used to evaluate the accuracy 
of regression model. Judgment coefficient R2 is the 
fitting degree of fitting value after regression to ob-
served value, and its value range is [0,1]. The closer 
R2 is to 1, the better the fitting effect of the regres-
sion model is. The mean square error MSE is the av-
erage value of the sum of squares of residuals, which 
is one of the most commonly used loss functions in 
regression. The clearer MSE is, the smaller the mod-
el error is.

3. Spatial distribution pattern of 
shrinking cities in Northeast China

3.1 Overall distribution pattern
Calculate the shrinkage intensity of each city in 

each period according to formulas 1 and 2, and draw 
the polar coordinate map corresponding to the four 

periods (Figure 2), and visualize the shrinkage cities 
(I < 0) in each period on the map (Figure 3). As can 
be seen from Figure 2, Shenyang, Dalian, Daqing 
and Changchun were prominent in the four periods, 
while Jixi, Yichun and Daxinganling areas were at 
a low level for a long time. Figure 3 shows that the 
number of shrinking cities was 24 from 2005 to 2009 
and 26 from 2010 to 2014, and the spatial distribu-
tion of shrinking cities in the two periods is similar, 
that is, they are distributed in the east of Northeast 
China. The northern and western regions roughly 
correspond to areas with high terrain and large topo-
graphic relief such as Changbai Mountain area, Xia-
oxing’an Mountain area and Daxing’an Mountain 
area, while cities dominated by population growth 
show an “inverted triangle”. It is distributed along 
Harbin Dalian railway with relatively flat terrain and 
good traffic conditions and in central and southern 
Liaoning. From 2015 to 2019, the number of shrink-
ing cities was 22, 13 cities in Heilongjiang Province 
were identified as shrinking cities, and only Changc-
hun and Jilin in Jilin Province were not identified as 
shrinking cities. During this period, shrinking cities 
are mainly distributed in the North and East. For 
three cities in a short period, Figure 4 shows that 
only Huludao, Panjin, Yingkou, Dalian, Changchun 
and Daqing have not experienced contraction. Most 
shrinking cities are located on the “land edge” of 
Northeast China. In the eastern Changbai Mountain 

Figure 2. Polar map of shrinkage intensity I in Northeast China.
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area, the number of urban contraction is generally 
large. The large topographic relief and low level of 
traffic accessibility may be the reasons for its con-
traction.

Figure 4. Urban shrinkage in Northeast China in 2005-2009, 

2010-2014 and 2015-2019.

3.2 Analysis of spatial agglomeration charac-
teristics

Taking the shrinkage intensity of three short-
term shrinking cities (I < 0) and expanding cities 
(I ≥ 0) as the weight, the standard deviation ellipse 
and its center of shrinking cities and expanding 
cities are obtained (Table 2). From 2005 to 2009, 
the shrinking city center was located in Dehui, 

Changchun City, and the expanding city center was 
located in Nong’an County, Changchun City. From 
2010 to 2014, the shrinking city center was located 
in Mongolian Autonomous County of Qian Gorlos, 
Songyuan City, and the expanding city center was 
located in the jurisdiction of Changchun City. From 
2015 to 2019, the shrinking city center was located 
in Tonghe County, Harbin City, and the expanding 
city center was located in Zhangwu County, Fuxin 
City. The shrinking urban ellipse and its center move 
northward obviously, and the expanding urban el-
lipse and its center move southward obviously. Gen-
erally speaking, in these three periods, the spatial 
transfer direction of urban contraction is northward 
and to the north of Heilongjiang Province; while the 
transfer direction of expansion is southward and to 
the Bohai Bay.

The standard deviation ellipse reveals the 
temporal and spatial distribution characteristics of 
shrinking cities from a certain level, but it does not 
fully show the agglomeration law among the re-
search units. In order to fully reveal the spatial cor-
relation of the shrinkage intensity of cities in North-
east China in various periods, this study uses the 
spatial autocorrelation method for research and anal-
ysis. The results show that from 2005 to 2009, 2010 
to 2014 and 2015 to 2019, Moran’s I were 0.132, 
0.234, 0.241 and 0.184, and all passed the 0.1 sig-
nificance test, which shows that there is a significant 
spatial positive correlation between urban population 
growth and reduction in Northeast China, and there 
is a trend of further strengthening.

Further local spatial autocorrelation calculation 

Figure 3. Shrinking cities in Northeast China in 2005-2019.
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is carried out to obtain the LISA map of shrinking 
cities in Northeast China (Figure 5). On the map, 
the distribution characteristics of shrinking cities in 
Northeast China are divided into five levels in each 
period, that is, insignificant, “High-High” aggrega-
tion area (HH area), “High-Low” aggregation area 
(HL area), “Low-High” aggregation area (LH area) 
and “Low-Low” aggregation area (LL area). The 
results show that from 2005 to 2009, the areas with 
Harbin, Changchun and Daqing as the core formed 
HH area, that is population growth gathering area, 
while Tonghua formed HL area, that is contraction 
surrounding growth area. From 2010 to 2014, HH 
expanded to the coastal area of Liaoning with Yingk-
ou as the core. LL area is mainly distributed in the 
northwest of Heilongjiang Province with Daxingan-
ling area and Heihe River as the core. From 2015 to 
2019, there is an obvious north-south differentiation, 
which is mainly manifested in that the southern area 
with the central and Western Liaoning Province and 
Chifeng City as the core is HH area, that is, popu-
lation growth agglomeration area. And the northern 
and northeast areas with Sanjiang Plain as the core 

are LL area, that is, population contraction agglom-
eration area. From 2005 to 2019, HH district was 
mainly distributed in the central part of Jilin Prov-
ince with Changchun as the core and the central and 
southern part of Liaoning Province with Yingkou 
as the core, while LL district was distributed in the 
northern part with Hulunbuir and Heihe as the core.

4. Analysis on influencing factors of 
urban contraction in Northeast Chi-
na

4.1 Verification of multiple linear regression 
and random forest regression

Through the correlation analysis between the se-
lected influencing factors and the shrinkage intensity 
of each city in each period, 16 of the 24 influencing 
factors passed the 0.01 significance test, of which 
13 had a large correlation with the shrinking city (r 
≥ 0.3). Take these 13 influencing factors as indepen-
dent variables for preliminary linear regression, and 
eliminate the influencing factors with high VIF (VIF 
≥ 10). For the remaining 10 influencing factors, the 

Table 2. Parameters of standard deviational ellipse of shrinkage intensity I

Period Types
Standard deviation ellipse parameter

Central coordinates X-axis length / km Y-axis length / km Rotation angle

2005−2009
Shrinking City 44°37′N，125°55′E 933.55 718.78 43°50′

Expanding City 44°40′N，125°32′E 873.21 332.56 22°49′

2010−2014
Shrinking City 44°45′N，124°52′E 1 007.42 817.51 179°27′

Expanding City 44°11′N，125°23′E 1 002.49 356.46 27°43′

2015−2019
Shrinking City 46°2′N，128°45′E 686.51 417.75 47°8′

Expanding City 42°37′N，122°10′E 788.28 394.90 171°48′

Figure 5. Spatial agglomeration characteristics of shrinking cities in Northeast China.



48

second multiple linear regression was carried out 
again. The absolute values of the coefficients ob-
tained by the second multiple linear regression are 
unemployment rate (−0.304), per capita GDP (0.266), 
science and education expenses (0.206), cultivated 
land index (0.195), average wage of on-the-job em-
ployees (0.173) and fixed asset investment (0.111), 
average altitude (−0.107), total population at the end 
of the year (0.057), topographic relief (0.024) and 
greening rate of built-up area (0.015).

Input the above 10 influencing factors into the 
multiple linear regression model and input all influ-
encing factors into the random forest model to calcu-
late the R2 and MSE with multiple linear regression 
and random forest regression respectively. Then we 
obtain the corresponding scatter diagram for the 
comparison between fitting values and observed 
values (Figure 6). The results show that R2 of mul-
tiple linear regression is 0.536 and MSE is 0.02689; 
R2 of random forest regression is 0.911 and MSE 
is 0.00514. The error of random forest regression 
is much less than that of multiple linear regression. 
Random forest has higher accuracy in this study and 
its results are more trustworthy. 

4.2 Importance ranking and analysis of influ-
encing factors

The importance ranking of influencing factors 
under random forest regression is obtained by us-
ing the IncMSE method. IncMSE is the average 
reduction value of precision. This method follows 
the principle of control variables. It assigns random 

values to each variable for many times and carries 
out prediction and fitting on the original model, and 
then calculates the MSE between the fitting results 
and the observation results. The more MSE increas-
es, the more important the influencing factor is. The 
ranking results of IncMSE show that the top four in-
fluencing factors are per capita GDP (17.619%), un-
employment rate (13.179%), science and education 
expenses (11.003%) and average wage of on-the-job 
employees (9.251%). However, the artificial surface 
index and cultivated land index ranked No. 5 are 
only 5.843% and 5.690%, which fully shows that the 
top four influencing factors are the leading factors of 
urban contraction. In addition, the total population 
ranked No. 18 at the end of the year, and IncMSE 
was 1.378%, which shows that the existing popula-
tion has little impact on urban contraction. It can be 
found from the data that Qiqihar City, Anshan City, 
Tongliao City, Hulunbuir and Dandong Cities with 
large basic population are also frequently affected by 
urban contraction. 

Based on the results of IncMSE, the random 
forest regression model is used to further analyze the 
impact of the top four influencing factors on shrink-
ing cities. The standardized values of each influenc-
ing factor are input into the model and the average 
fitting results are fed back. The results are shown in 
Figure 7. As can be seen from Figure 7, only the un-
employment rate has played a role in promoting the 
formation of shrinking cities, and in a period, the un-
employment rate ≥ 0.44 has the strongest role in pro-
moting the formation of shrinking cities. In addition 

Figure 6. Fitted scatter plots of multiple linear regression and random forest regression.
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to the unemployment rate, the other three influencing 
factors have played a role in inhibiting the formation 
of shrinking cities. In a period, when per capita GDP 
≥ 0.6, science and education expenses ≥ 0.35 and the 
average wage of on-the-job employees ≥ 0.84, the 
inhibitory effect on the formation of shrinking cities 
reaches the maximum and remains unchanged.

Figure 7. Impact of top 4 influencing factors on shrinkage inten-

sity.

The per capita GDP reflects the urban develop-
ment level and economic benefits under certain time 
and conditions, and is highly related to the living 
standard to a certain extent. In the random forest 
regression, the per capita GDP is the leading factor 
in the formation of shrinking cities, that is, Dalian, 
Shenyang, Changchun, Harbin, Daqing and other 
cities with high per capita GDP are less impacted by 
urban contraction. The employment rate can reflect 
a city’s labor capacity and economic development. 
Good employment is an important factor to ensure 
social stability, while the unemployment rate is the 
reverse reaction of the employment rate. High un-
employment rate will lead to violence and social un-
rest. When a city has high unemployment. The labor 
force tends to leave the city for other opportunities. 
In some resource-based cities in Northeast China, the 
imbalance of industrial structure leads to the problem 
of labor force allocation, which further leads to the 
emergence of a large number of unemployed people, 
which is the main reason why some resource-based 

cities in the north of Heilongjiang Province have 
been plagued by urban contraction for a long time. 
Science education is the potential source of urban 
and economic development. In terms of strength, 
the investment in science and education can develop 
science and technology and promote social progress. 
For cities, it can attract talents and drives the devel-
opment of relevant industries. Because the four cen-
tral cities of Dalian, Shenyang, Changchun and Har-
bin have a large investment in science and education 
and have more high-level colleges and Universities, 
they have a strong attraction for talents. Compared 
with other cities, they can slow down population loss 
by virtue of their excellent scientific and educational 
advantages in the wave of contraction. The average 
wage of on-the-job employees is the monetary wage 
per employee of each unit in a certain period of time, 
which can fully reflect the average social income 
level. Due to the low average income level in North-
east China, it is less attractive to talents. At the same 
time, many enterprises lack a reasonable and perfect 
reward mechanism, Lower wages have become an 
important reason for the outflow of talents in North-
east China.

5. Conclusion and discussion
This study analyzes the spatial distribution of 

shrinking cities in Northeast China from 2005 to 
2009, 2010 to 2014, 2015 to 2019 and 2005 to 2019, 
and introduces multiple linear regression and random 
forest regression methods to analyze the influencing 
factors and effects of shrinking cities in Northeast 
China. The main conclusions are as follows: 1) In 
space, the shrinking cities in Northeast China are 
mainly distributed in the “land edge” areas represent-
ed by Changbai Mountain, Sanjiang Plain, Xiaox-
ing’an Mountain and Daxing’an Mountain. The main 
characteristics of these areas are poor traffic accessi-
bility and large topographic relief, especially in Hei-
longjiang Province. The urban contraction phenome-
non is weak in areas with better traffic conditions and 
gentle terrain, such as central and southern Liaoning 
and Harbin, Changsha. In terms of time, the contrac-
tion center in Northeast China shows a trend of mov-
ing north, while the expansion center moves south, 
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and the spatial autocorrelation between urban con-
traction and expansion is further strengthened with 
time. 2) The correlation analysis between the shrink-
age intensity of each city in each period and the se-
lected influencing factors show that the correlation 
coefficients of each influencing factor are quite dif-
ferent. In the multiple linear regression method, the 
unemployment rate has the strongest impact on the 
contraction intensity, followed by per capita GDP, 
science and education expenses, cultivated land in-
dex, average wage of on-the-job employees and so 
on. The random forest regression method has a larg-
er R2 and smaller MSE on the sample set, which has 
good fitting effect and more practical significance. 
Through the ranking of the importance of influenc-
ing factors by IncMSE, the ranking results are close 
to the results obtained by multiple linear regression. 
The top four are per capita GDP, unemployment rate, 
science and education expenses and average wage of 
on-the-job employees. Although the weight ranking 
of each influencing factor obtained by the two re-
gression methods is not completely consistent, it is 
not difficult to find that socio-economic factors are 
the main factors determining whether the city shrinks 
or not. 3) The further calculation of impact under the 
random forest regression method can provide a clear 
direction for the control of urban contraction. The 
results show that among the top four influencing fac-
tors, only the unemployment rate plays a role in pro-
moting the contraction of cities, and the promotion 
effect reaches the strongest and remains unchanged 
when its standardized value is ≥ 0.44 in a period. 
Combined with the ranking results of the importance 
of influencing factors, it can be seen that controlling 
the unemployment rate can effectively alleviate the 
current situation of urban contraction to a certain 
extent. In addition to the unemployment rate, the 
other three influencing factors have inhibited the for-
mation of shrinking cities. In a period, when the per 
capita GDP ≥ 0.6, science and education expenses 
≥ 0.35 and the average wage of on-the-job employ-
ees ≥ 0.84, the inhibition effect on the formation of 
shrinking cities reaches the maximum and remains 
unchanged.

At present, there are still great differences in the 

quantitative determination of shrinking cities in the 
academic circles. Taking the population change in 
the northeast as a reference, this paper determines 
and identifies the shrinking cities in the northeast 
from the perspective of relative shrinkage, and fur-
ther compares the influencing factors of shrinking 
cities by using multiple linear regression and random 
forest regression, it provides a novel perspective for 
the study of shrinking cities. However, compared 
with the traditional shrinkage determination method, 
the relative shrinkage determination method in this 
paper may only be suitable for the Northeast where 
most cities in the whole region have population loss. 
In addition, due to the availability of data, the selec-
tion of influencing factors in this paper is not com-
prehensive, and there are still many potential factors 
affecting urban population change that have not been 
selected. Based on the above problems, we can con-
tinue to improve the theory of quantitative identifica-
tion and judgment of shrinking cities in combination 
with the situation of different regions in the future, 
and find the potential factors for the formation of 
shrinking cities Based on different cases.
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ABSTRACT
Based on 898 English documents and 363 Chinese documents citing the Rising of Network Society, it studied that 

the knowledge contribution of citation content analysis and citation context analysis methods, and the knowledge contri-
bution of Chinese and foreign quotations to human geography. The study found that “mobile space” is the most quoted 
theoretical view in domestic and foreign literature, and the proportion of domestic research is significantly higher than 

foreign research; the focus of domestic and foreign research focuses on the external spatial form and its transformation, 
while foreign research pays more attention on the internal spatial dynamics of network society and three types of knowl-
edge contributions, reflecting the influence of “network social theory” on human geography. Among them, critical refer-
ences reveal the shortcomings of “network social theory” point out the abstraction of “spatial duality” the importance of 
local space, and the limitations of research data, methods, and time background, which provides new enlightenment for 
the future application and innovation of “network social theory” in the field of human geography.

Keywords: Network Social Theory; Mobile Space; Human Geography; Knowledge Contribution; Citation Analysis; Ci-
tation Function

1. Introduction
Manuel Castells is a world-famous urban sociologist, and regarded 

as one of the most famous social thinkers of the 20th century[1,2]. Custer 
has written numerous works on urban society. Among them, The Rise 
of the Network Society systematically discusses the theory of “Network 
Society” in the information age[3–5], and it has become the most cited 
and influential work of Castells.

Castells’s “network society theory” based on the logic of network 
and globalization, expounded the transformation from traditional so-
cial space to network social space, from fixed space to liquidity space. 
Meanwhile, it explained the geographical space and urban form under 
network society. It put forward the concepts and proposition of mobile 
space, network, globalization and information city[3–5], guiding to for 
understanding the relationship between network information space and 
geographical physical space, which has attracted wide attention of hu-
man geography scholars and played an important role in the develop-
ment of human geography in the information age[6].
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Under the influence of Castell’s “network social 
theory”, humanities and geography scholars mainly 
explored the global urban network, domestic urban 
network, urban grade, urban spatial structure, the 
relationship between physical space and cyberspace, 
urban planning, information city and other research 
topics[7–18]. But specifically, what knowledge in the 
“network social theory” pays tribute to the field of 
humanistic geography. The dedication is yet to be 
clarified. To clarify the problem can promote the 
development, and innovation of complex “network 
social theory” in human geography, and continuous-
ly guide the application of network logic in human 
geography. 

The method of bibliometric analysis can elu-
cidate the contribution and influence of important 
scholarship theory. However, traditional bibliometry 
often measured the academic impact of the liter-
ature based on the frequency of citation, but thes 
indicators are clearly flawed. The simple method 
with the reference frequency as the core ignores the 
importance of knowledge itself and the citation. It 
also ignores the relationship between the literature 
and the cited literature[19,20]. And analyzing the refer-
ences and the reference approach break through the 
limitations of the citation frequency study paradigm. 
Citation content analysis and citation context anal-
ysis belong to this research paradigm. Specifically, 
the adoption of citation content analysis and citation 
situation analysis methods can elucidate the specific 
contributions of classical works from the perspective 
of knowledge development[22–24]. Both citation con-
tent analysis and citation context analysis require an 
understanding of the quoted semantic content[22,25]. 
Citation content analysis is used to reveal the quoted 
knowledge, while the citation context analysis re-
flects the relationship between the citation literature 
and the cited literature and is commonly used to an-
alyze the author’s citation cause[24,26]. Both are often 
applied to  in the field of bibliometry and manage-
ment, but rarely in human geography[20,21,27,28].

In this article, the citation content and citation 
situation analysis method is adopted. It aims to ex-
plore the enlightenment of Castells “network society 
theory” to human geography. Which knowledge in 

“network society theory has been highly cited in the 
field of human geography? How does the “network 
social theory” contribute to humanistic geography? 
At the same time, the present research further reveals 
the future research focus and development direction 
of “network social theory” in human geography 
through the comparative analysis of Chinese and for-
eign quotations and the critical thinking of Chinese 
and foreign scholars.

2. Castells’s “theory of network so-
ciety” and its formation

Castells’s “network social theory” takes the 
information technology revolution as the starting 
point, the network as the theoretical logic, and glo-
balization as the main research perspective, and puts 
forward the basic view of “the network builds the 
new social form of our society”[3]. In the traditional 
sense, space is based on geographical proximity, 
while fixed cognition of space, time, and distance is 
completely subverted, and society is more and more 
building around flow[3]. Therefore, the new spatial 
form that dominates the network society transforms 
into “mobile space”, that is, “the material organiza-
tion of the social practice of shared time operating 
through the flow”, forming the from three levels of 
material support, nodes and core and management 
elite[3]. Castells believes that there is structural split-
ting in the logic of flowing space and place space[3]. 
Although people live in the local space, places have 
gradually broken away from their historical and 
geographical roots and become functional networks, 
which leads to mobile space replacing place space 
in turn[3]. Thus, mobile space becomes the dominant 
of society, and the importance of local space in the 
network has gone beyond the importance of place 
itself[3,29]. In addition, Castells noted that network so-
ciety is a global society and that global cities are the 
process of connecting advanced services, production 
centers, and markets in the global network[3]. 

The formation of Castells “network society 
theory” stems from the transformation of Castells 
research paradigm under social changes in the infor-
mation age. Castells’s international reputation began 
with his book “Urban Issues” published in 1970s, 
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which marked Castells’s role as a leading theorist in 
“new urban sociology”[30]; Castells then continued to 
study urban social movements and migration around 
the orthodox Marxist paradigm; in 1979, Castells be-
gan working in the Department of Urban Sociology 
at UC Berkeley, shifting academic soil from Europe-
an society to the United States; based on this change 
and the impact of the technological development en-
vironment in California, Castells began to embrace 
the epoch-making technology wave in the early 
1980s, and in 1989 published “Information City”, 
indicating the budding of information sociology and 
network social theory research[31]; in the 90s, Cas-
tells’s most landmark Information Age Trilogy was 
published. The trilogy includes The Rise of Network 
Society, Power of Identity and End of a Millennium, 
fully exploring the economy, society and culture of 
the information age, with a comprehensive summary 
of the great shift at the turn of the century[4,5,32–36]. 
“The Rise of Network Society” is the top priority of 
the Castells trilogy, which further expands Castells’s 
academic influence and lays an important theoretical 
foundation for relevant scholars to understand the 
new social form in the information age through the 
“network social theory”[2].

3. Data sources and research meth-
ods

3.1 Data source
This paper searches both The Rise of the Net-

work Society (1996 and 2000) and The Rise of Net-
work Society (2000) in the Web of Science (WoS) 
Core Collection database (webofknow-ledge, re-
spectivelycom/) and the Chinese Academic Journal 
Network Publishing General Library (CNKI General 
Library, www.cnki.net/) retrieved the journal class 
citation literature from 1997 to 2015 (not includ-
ing master and doctoral papers, conference papers, 
books, etc.)[3–5]. The search results were returned to 
2879 English documents and 2362 Chinese docu-
ments, involving multiple research fields such as 
sociology, economic geography, news media, infor-
mation science and more. 

Based on the above search results, this paper 

further screened out the literature belonging to the 
category of humanistic geography research. Human-
istic geography-related research is published not 
only in geographical journals but also in journals of 
similar disciplines. Therefore, in order to reflect the 
knowledge contribution of “network social theory” 
to humanistic geography as comprehensively as pos-
sible, this study appropriately expands the subject 
scope of humanistic geography, that is, including 
human geography, urban research, planning and 
development, regional research, etc. These areas of 
study were chosen because of their close association 
and obvious knowledge input and output relation-
ships[37-39]. For English literature, WoS has classified 
its disciplines for all its included journals. This arti-
cle filters out journal papers belonging to the “Geog-
raphy” “Urban Studies” “Planning & Development” 
as well as “Area Studies”; for Chinese literature, this 
article filters out humanities geographic literature be-
longing to the above category according to the name, 
introduction, content style and etc. Meanwhile, for 
the screening results, this paper further judges the 
subject paradigm by reviewing the topics and ab-
stracts of the cited literature. Finally, 898 English 
references and 363 articles were retained Wenshi lit-
erature was used as a study sample of this paper, and 
the literature inscription is recorded to the excel and 
download the full text.

3.2 Study method
Sieweke points out that concepts are a subset of 

theories that the theory contains a series of concepts 
that are closely related and can be used alone[26]. 
Therefore, this article first adopts the citation con-
tent analysis method, analyzing the cited concepts 
in Castells’s “network society theory”. Basic pro-
cedures are mainly: (1) for the reference literature, 
the reference content will be recorded to excel; (2) 
read and understand the references and then make 
the judgment for cited contents and summarize the 
theoretical viewpoint as the theory concept. If a 
reference contains more than one concept, then in-
dividually record and categorize each concept; for 
theories with the same meaning concepts are unified 
and classified; statistics of theoretical theory intro-
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duce frequency and sort out the often cited concepts 
in “network social theory”. 

Second, the citation concept was judged using 
the citation context analysis method. The functional 
role of its theoretical view in the citation literature 
is reversed. How does the image citation influence 
the citation literature? It is worth mentioning that in 
foreign studies, both the “reference function” and the 
“reference motivation” reflect the citing reasons of 
the author, and both of them can replace with each 
other[25,40]. And the citation reasons can be interpreted 
from the perspective of the author’s personal intent 
(e. g., salute to the pioneer, ceremonial quote). It can 
also be cast from the citation functional role angle in 
the cited interpretation reads (e. g., confirm theory 
opinion, presentation of the related study[24,41–44]. This 
paper considers that the function of the citation can 
reflect more objectively the degree of knowledge 

contribution of the citation. Therefore, this paper 
selects the citation function to analyze and interpret 
the citation contribution. The basic analysis steps 
are: (1) read and understand the reference and its 
context. (2) On the basis of the citation function rel-
evant literature has revealed, combine with specific 
studies in the citation literature object and repeatedly 
deliberate, to judge the function of the citation in 
the citation literature use, and record the reference 
function of each concept[20,24,43–46]. Although some 
quotes are given in the citation literature appear only 
once but undertook more than one citation func-
tion[40]. This study only recorded the most important 
functional role. (3) Secondary analysis of the judg-
ment results is made on the results, and at the same 
time, reference function classification is unified and 
streamlined. Finally, this article was integrated to 9 
referencing functions (Table 1).

Table 1. Reference function and its interpretation
Citation function Paraphrasing
Background information The citation provide background information on the full text or one of these topics.

Historical document The citation expounds the existing literature, and often appears in the theoretical exposition parts such 
as “introduction” and “literature review” to help readers understand a certain topic.

Strengthen demonstration Cations appear near or in the author’s views to explain and support them.
Theoretical basis The citation is used as the theoretical basis for applying the citation literature.

Views Cations inspire the authors to present their own research questions, perspectives or future research di-
rections.

Case validation Through empirical or case studies, the cited literature demonstrated the cited views, or had similar con-
clusions to the cited literature.

Knowledge extension The results of the citation literature expand the knowledge conveyed by the citation.
Point out the deficiencies The authors note the shortcomings of the cited literature.
No-valid reference The citation appears only in the reference list but not in the main text, or the citation is misquoted.

4. References content analysis
The analysis found that the 271 concepts of The 

Rise of the Network Society were 1558 times cited 
by 898 English citation literature, of which there is 
258 English citation literature citing twice or more 
content; 363 Chinese literature cites 102 concepts of 
the work, which collectively cites 542 times, and 113 
literature cites twice and more content.

Table 2 lists the top 20 cited frequency con-
cepts, which are the introduction frequency account-
ed for 71.2% of the total introduction frequency at 
home and abroad,and 62.1%, respectively. It suggests 
that these concepts can represent human geography 
scholars’ opinions of the core focus of Castells’s “cy-
ber-social theory”. And for the English literature, the 

focus of Chinese literature is more focused. As can 
be found in Table 2, Chinese and foreign citation 
literature consistently shows the content about the 
“mobile space” in the “network social theory” is the 
most cited. But the Chinese study cited the propor-
tion of “flow space”(19.7%) is significantly higher 
than that cited in the English study (10.1%). The 
theory of flow space subverts the conventional void, 
providing interideas for scholars of humanistic geog-
raphy to understand spatial morphology, the biggest 
contribution of geography that Castells’s “theory of 
network social” made for the humanities, of great 
significance for scholars to regain their knowledge 
of the concept, form and its development of space 
of the information age[4,47,48]. In addition, “network 
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Table 2. Top 20 cited concepts of The Rise of the Network Society
English literature

No. Concept category
Cited fre-
quency

Proportion
(%)

1 Flowing space 158 10.1

2 Network society 130 8.3

3 Network 117 7.5

4
The relationship of flowing space 
and place space 

91 5.8

5
The effect of information technol-
ogy

76 4.9

6 Globalization 68 4.4

7 Knowledge 46 3.0

8 Stream 36 2.3

9 Global cities 31 2.0

10 Place space 25 1.6

11 Node 23 1.5

12 Innovation 22 1.4

13 Geographical distance 21 1.3

14 The effect of technology 21 1.3

15 Elite 21 1.3

16 Global network 17 1.1

17 City network 16 1.0

18 Cities 16 1.0

19 Information society 16 1.0

20 City is a progress 16 1.0

Chinese literature

No. Concept category
Cited fre-
quency

Proportion
(%)

1 Flowing space 107 19.7

2 The relationship of flowing 
space and place space 43 7.9

3 The effect of information 
technology 35 6.5

4 Network 28 5.2

5 Social theory of space 26 4.8

6 Network society 23 4.2

7 Global cities 17 3.1

8 Time and space 14 2.6

9 Place space 13 2.4

10 Global cities 12 2.2

11 Giant city 9 1.7

12 Stream 8 1.5

13 City is a progress 8 1.5

14 City network 7 1.3

15 The network has constructed 
a new social form 7 1.3

16 Globalization 6 1.1

17 Node 6 1.1

18 Cities 6 1.1

19 Information cities 6 1.1

20 De-localization 6 1.1

society”, “network” and “the relationship between 
mobile space and local space” and “the influence of 
information technology” have also been highly cited 
by Chinese and foreign literature.

In comparison, Chinese and foreign literature 
has similarities and differences for the “network so-
cial theory” knowledge absorption. Both Chinese and 
foreign literature pay great attention to the network 
society association theory about the new space and 
social form, networked logic, information age back-
ground, and arguments about globalization. Besides, 
English literature pays more attention to Castells in 
the network social theory for the interpretation of 
economic and social development transformation 
and its connotation. For example, in the economic 
aspect, it reflects the knowledge of the information 
age as a factor of production and the attention of the 
innovation atmosphere in the new industrial space; 

in the social aspects, it reflects the attention for the 
essence of the dominant status in the mobile space 
and its special organization and information society 
formation[3,4]. Chinese literature paid more attention 
to Castells’s cognition and understanding of spa-
tial connotation and performance and new forms of 
cities in the information age. For example, Chinese 
literature pays more attention to the “social theory of 
space” and “time and space”. Castells sees space as 
an interaction and fusion with time and society. He 
put forward the “space is the manifestation of soci-
ety” and the “space is not a copy of society, space is 
society ”, “ space is the crystallization time ” et al.[4]. 
In addition, “World City”, “mega-City”, “Informa-
tion City” and other cognition of the new forms of 
cities in the information age have also attracted the 
attention of the Chinese literature. To sum up, for 
the “network society theory”, the difference is essen-
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tially reflected in that English focuses on the intrin-
sic spatial dynamics of the network society, while 
Chinese literature focuses on the external spatial 
expression of the network society. On the one hand, 
this difference may arise from the different social 
and economic backgrounds and development stages 
of Chinese and foreign human geography research, 
and on the other hand, it is due to the different paths 
of knowledge transmission. Specifically, due to the 
different stages of social and economic development, 
the attention of Chinese human geography research 
on information technology and the human shift of 
research paradigm lags behind western social[49], 
with more emphasis on the impact, role and support 
of material space itself and material space transfor-
mation on human behavior and activities[49]. There-
fore, in the information age, the western humanities 
geography research not only focus on the “network 
social theory” in spatial, social and economic overall 
change, also highlights the internal performance of 
the change and the attention of human driving force, 
and Chinese humanities geography research is more 
focused on the information age spatial form change, 
for its internal social and economic driving force 
is less attention. From the point of the knowledge 
communication path, foreign scholars based on the 
original English works convenience can dig “more 
rich network social theory” content and connotation, 
and domestic scholars rely on translation, and for 
Chinese translation often hit the most relevant argu-
ments with geographical space, especially on the rise 
of the network society in chapter 6 “related content 
of flow space”, and through secondary communica-
tion to further strengthen the influence of these argu-
ments.

5. Reference function analysis
Tables 3 and 4 present the functional contri-

bution and knowledge development contribution of 
“network social theory” respectively in China and 
foreign literature. From the perspective of reference 
function, Chinese and foreign literature takes “net-
work social theory” as the most historical literature 
and background data in the research, followed by 
“strengthening demonstration” and “theoretical ba-

sis”, while the functional functions of “viewpoint 
inspiration”, “case verification”, “knowledge expan-
sion” and “pointing out deficiencies” are the least 
reflected. In addition, 18 Chinese literature and 9 En-
glish documents have invalid references, accounting 
for 5.0% and 1.0% in the study sample respectively, 
reflecting the lax citation behavior of small literature, 
conducive to the development of “network social 
theory” in the field of human geography, and such a 
problem is more serious in Chinese literature. 

The first 8 citation functions reveal 3 types 
of knowledge development contributions, namely 
“knowledge dissemination”, “knowledge inheri-
tance” and “knowledge innovation”, reflecting the 
varying degrees of influence of “network social 
theory”. Most of the promotion of the spread of “net-
work social theory”, enhances the popularity of the 
theory, Chinese reference (69.0%) and the analysis 
of English reference (71.5%). However, “knowledge 
dissemination” is a kind of shallow learning result, 
which promotes knowledge development is very 
limited[50]. Less than a third of the quotations bear 
the role of “knowledge inheritance” and “knowledge 
innovation”. “Knowledge inheritance” indicates 
that the author inherited and recognized the knowl-
edge view of Castells’s “network society theory”, 
applying the theory to research and strengthening 
the understanding of the theory. “Knowledge inno-
vation” is the biggest contribution to the knowledge 
integration of degrees among the three, and it is an 
important reflection that “network social theory” de-
velops again in the field of human geography in an 
innovative way.

“Knowledge Innovation” involves 4 categories 
of reference functions, which are illustrated below. 
In terms of “viewpoint inspiration”, Dong Chao et 
al. put forward the flow space in the geographical 
sense according to the meaning of “flow space”[51]. 
On the “case validation” side, Beaverstock’s empiri-
cal study on the transnational elite supports Custer’s 
“flow space” logic[52]. Chinese and foreign literature 
has made “knowledge expansion” on “flow space” 
and ‘the relationship between flow space and place 
space”. For example, Zhen Feng expanded the “space 
dualism” of flow space and placement space, and 
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Table 3. Citation function in Chinese literature
Knowledge devel-
opment contribu-
tion

Reference function
Induced frequen-
cy

Accounting for 
(%)

Top 10 cited concepts

Knowledge dissemi-
nation (374)

Background infor-
mation

186 34.3

Flow space (32), the influence of information technology (22), 
the relationship between flow space and site space(21), Network 
Society (13), Network (11), World City (7), Social Theory of 
Space (5),Global city (5), the network constitutes the new social 
form (5), city (4), mega city (4),Stream (4), Time and Space (4)

Historical document 188 34.7

Flow Space (36), Network (11), Impact of Information Technolo-
gy (10), Social Theory of Space (9), Relationship between mobile 
space and place space (9), world city (9), place space (8), network 
club will (7), global city (6), City is a process (5), delocalization 
(5)

Knowledge inheri-
tance (34)

Strengthen demon-
stration

119 22.0

Flow space (22), the social theory of space (12), the relationship 
between flow space and place space
(9), Time & Space (7), Space (4), City is a process (3), Innova-
tion (3), Elite (3), Network (3), Network Social (3), the Impact of 
Information Technology (3)

Theoretical basis 16 3.0
Flow space (10), the relationship between flow space and place 
space (2), liquidity (2) and empty space Inter- (1), Network (1)

Knowledge innova-
tion (16)

Views 4 0.7 Network (2), flow space (1), node (1)
Case validation 3 0.6 Flow Space (1), Pearl River Delta (1), New Industrial Space (1)
Knowledge exten-
sion

4 0.7
Flow space (2), the relationship between flow space and place 
space (1), Time and space (1)

Point out the defi-
ciencies

4 0.7
Flow space (2), the relationship between flow space and place 
space (1), Time and space (1)

Does not benefit 
from knowledge 
development

No-valid reference Only occurrence or incorrect references in the reference list (18)

Note: numbers in parentheses are the frequency of citation.

proposed the ternary space composed of real space, 
virtual space and gray space. Nielsen found that al-
though East Jutland is not a global city, it also has 
three levels of flow space characteristic, expanded 
the understanding of “flow space”[47,53].

The citation function of “pointing out the de-
ficiencies” comes from the critical thinking of 
scholars, which provides important clues for the in-
depth development of “network social theory” in 
humanistic geography. The English literature points 
out the limitations of “network social theory” rather 
than the Chinese literature. Overall, there is great 
debate about “flow space”, “the relationship between 
flow space and local space” and “network”. It can be 
found that the most concerned theoretical views are 
also often the most controversial views. This study is 
summarized in the main controversy below (where 
1 and 2 were proposed mainly by foreign studies, 3 
was proposed jointly by domestic and foreign litera-

ture).
1) “Spatial dualism” is too abstract and inhu-

man. Foreign research has critically on the theoreti-
cal defects of “spatial dualism” constructed by “flow 
space” and “local space”. For example, Majoor crit-
icized the absolutes of “spatial dualism”, noting that 
“flow space” and “local space” are too abstract and 
he thought it might exist a space between the two[54]. 
Jakobsen et al. and Smith put a similar view, while 
arguing that “mobile space and “network” theories 
have obvious “technical deterministic” color, too 
much emphasis on the impact of information tech-
nology on the network, and not enough attention to 
actors in the network, and therefore inhuman[55,56].

2) In the network society, “mobile space” is not 
better than “place space”, “local space” is equally 
important as “flow space”. Foreign studies make crit-
ical thinking on the relationship between flow space 
and local space and question the superiority of flow 
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Table 4. Citation function in English literature
Knowledge 
development 
contribution

Reference func-
tion

Induced 
frequency

Accounting 
for (%) Top 10 cited concepts

Knowledge dis-
semination (374)

Background infor-
mation

472 30.3

Network Society (49), Mobile Space (37), the Impact of Infor-
mation Technology (37), Network (31), Global Chemical (27), 
the relationship between flow space and local space (19), flow 
(12), knowledge (10), geographic distance from (9), City (8), 
Global City (8), Information Society (8)

Historical docu-
ment 642 41.2

Flow space (54), network (56), network social (48), the rela-
tionship between flow space and local space (39), Globalized 
(29), Impact of Information Technology (23), Knowledge (23), 
Flow (16), place space (14), Node (12), Innovation (11), Global 
City (10), Geographic Distance (10), Global Network (9), the 
Impact of Technology (8), Urban Networks (8), Multinationals 
(8), Global Economy (8), Networking Maforms a new social 
form (8)

Knowledge inher-
itance (34)

Strengthen 
demonstration 318 20.4

Flow space (33), network (23), network social (22), the rela-
tionship between flow space and local space (21), the Impact 
of Information Technology (13), Knowledge (13), Elite (12), 
Globalized (7), Innovation (6), The Impact of Technology (5), 
Global Network (5), City is a process (5), stream (4), Global 
City (4), Node (4), the Global Economy (4)

Theoretical basis 76 4.9

Mobile space (12), the global city (7), the relationship between 
mobile space and local space (5), the giant city City (5), Net-
work Society (5), World City (4), City is a process (3), real 
virtual (3), Time Free Time (3), Urban Network (2), Network (2), 
Information Revolution (2)

Knowledge Inno-
vation (16)

Views 4 0.3 Networks (1), relationship between flow space and local space 
(1), Impact of Information Technology (1), globalization(1)

Case validation 4 0.2 Urban network (1), flow space (1), node (2)

Knowledge exten-
sion 3 0.3 Flow space (1), labor (1), the relationship between flow space 

and local space (1)

Point out the defi-
ciencies 39 2.5

Flow space (8), global (4), network (3), the relationship be-
tween flow space and local space (2), Geographic distance (1), 
stream (2), network social (1), global urban (1), local space (1), 
node (1), the influence of technology (1), mega city (1), liquid-
ity (1), network constitutes the new society Morphology (1), 
Airport (2), Mobile (1), neostructuralist (1), National (1), World 
City Network Vioxx (1), the difference between capital and la-
bor (1), the global and local relationship (1), the role of location
(1), a multinational company with the (1)

Does not benefit 
from knowledge 
development

No-valid reference Only occurrence or incorrect references in the reference list (9)

Note: Numbers in parentheses are the conceptual frequency of citation.

space to some extent. For example, Taylor stressed 
that global cities also have local characteristics, ar-
guing that Castells’s assertion that “global cities are 
not a place, but a process” denies the local charac-
teristics of global cities. He believed that the flow 
can connect to global cities because global cities are 
first the “local”[57]. Marcinczak and van der Velde 
questioned the replacement of mobile space for local 

space, and pointed out that although mobile space 
was dominant in the network society, “mobile space” 
was not omnipotent leading to the loss of “local” 
self, local actors can control and influence local de-
velopment, so “local” has the social and independent 
development ability that does not depend on “mobile 
space”[58].

3)Network studies lack targeted empirical data, 
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effective measures, and considerations for mobile 
information technology. In foreign studies, Taylor 
pointed out that Custer mainly used national-level 
data, and that the data is too macroscopic will reduce 
the accuracy of network research[59]. Similarly, Wall 
et al. argue that Castells’s empirical studies on glo-
balization and world urban networks lack support for 
more micro-detailed data[60]. Devriendt et al. have 
pointed out similar data problems while pointing 
out the difficulty of data acquisition, and the lack of 
detailed targeted data is a common problem in world 
urban network studies[61,62]. In domestic research, 
such as Wang Mingfeng, Ning Yuemin and Shen 
Lizhen pointed out that Castells’s network research 
mainly relies on some cases and lacks matching em-
pirical evidence with it, so the explanation of com-
plex network social theory is relatively limited. Due 
to Castell’s simple measure of the urban network, 
Yao Yongling and Tang Yanzhe pointed out from the 
perspective of research methods that although Custer 
elaborated on the urban nodes in cyberspace, there 
was no suitable method was found to measure the 
factor flow and connection between cities[63–65]. In ad-
dition, due to the constraints of the time background, 
Zhen Feng et al. noted that Castells’s network re-
search emphasized the impact of fixed information 
technology without considering today’s mobile in-
formation technology background[66].

6. Conclusions and discussions
This paper studies the knowledge contribution 

of Manuel castells’s “network social theory” based 
on the analysis and comparison of Chinese and for-
eign quotations to humanistic geography by using 
the method of citation content analysis and citation 
context analysis. On the one hand, this study is ben-
eficial to promote the application and innovation of 
network social theory in human geography. on the 
other hand, Castells is a famous sociologist, so the 
contribution of disciplines, which is beneficial to 
knowledge innovation.

The results of the citation content analysis found 
that the “flow space” is the most quoted theoretical 
view of domestic and foreign studies, and the cita-
tion proportion of domestic studies is significantly 

higher than that of foreign studies. In addition, there 
are some differences in the attention of the “network 
social theory” in domestic and foreign research. 
Domestic research pays more attention to the ex-
ternal spatial form and spatial transformation of the 
network society, while foreign research pays more 
attention to the internal spatial dynamics of the net-
work society. On the one hand, this difference may 
originate from the different social and economic 
backgrounds and development stages of Chinese 
and foreign human geography research. On the other 
hand, it stems from the different paths of knowledge 
transmission.

The results of functional analysis show that 
“network social theory” has played nine functional 
roles and made three kinds of knowledge contribu-
tions in domestic and foreign research. Most of the 
citation literature will use the theoretical views of the 
network society as the historical literature and back-
ground data in the research, only a small number of 
studies are substantially inspired by the theory, or 
to verify, expand the relevant theories, or point out 
the shortcomings of the theoretical views. From the 
perspective of knowledge development, the citation 
content has made contributions to “knowledge dis-
semination”, “knowledge inheritance” and “knowl-
edge innovation”, which reflects the progressive 
knowledge interaction from shallow to deep. Among 
them, most of the references promote “knowledge 
dissemination”, but the influence on cultural geog-
raphy is relatively shallow. Only a few studies have 
explored the theory at a deeper level and promoted 
the “knowledge innovation” of the theory in the field 
of humanistic geography.

“Point out deficiencies” reflects the critical 
thinking of scholars, but its occurrence probability is 
very rare. The English literature points out the lim-
itations of the “network social theory” to a greater 
extent than the Chinese studies. Overall, scholars 
mainly point out the shortcomings of the “network 
society theory” from three aspects: “spatial dual-
ism” is too abstract and single; “mobile space” is 
not superior to “local space”; the empirical data and 
measurement methods of the network research are 
flawed and lack mobile information technology con-



61

sideration.
Castells’s “network society theory” provides a 

crucial basic theory for human geography re-under-
standing of space and society, and Chinese and for-
eign research on the focus of the theory and related 
scholars’ critical thinking about the theory for the 
future from the perspective of humanistic geography 
research network society clarified the research focus 
and breakthrough direction. This article mainly sum-
marizes it in the following four aspects:

1) breaks through the cognitive paradigm of 
“spatial dualism” and explores the discovery of di-
versified spatial forms. Humanistic geography schol-
ars need to dialectically view the “spatial dualism” 
constructed by mobile space and local space. It is 
necessary to admit that “spatial dualism” provides 
new insights into understanding the spatial form 
of the information age, but the relevant theoretical 
views are more abstract and single. Therefore, it 
is necessary to break through the binary structure 
division of the space under the network society, at 
the same time to jump out of the thinking pattern of 
“technology determinism”, based on the research 
thinking of “human technical space”, explore and 
discover diversified spatial forms, to promote the 
perfect development of “network social theory” in 
human geography.

2) strengthens the research and excavation 
of the independent development potential of local 
space, and promotes the balanced development of 
“mobile space” and “local space”. In the network 
society, although the mobile space is considered as a 
new form of spatial development, the “mobile space” 
does not completely dominate the network society, 
and it cannot be ignored that the role and status of 
the “local space” in the network society and their in-
dependent development ability. Therefore, in the fu-
ture, for the network society, humanistic geography 
research should constantly explore and explore the 
independent development potential of local space, 
and explore the influence and role of local actors on 
local space. At the same time, it is necessary to re-
veal the interaction relationship between flow space 
and local space through empirical analysis and case 
study and promote the balanced development of flow 

space and local space.
3) based on new data, new methods, new 

technology environment, support, and rich “net-
work social theory”. Given the data and methods of 
“network social theory”, and future research should 
constantly discover and use new supporting data (in-
cluding big data, real-time data, data from different 
social backgrounds and different spatial levels) and 
new research methods (such as dynamic simulation 
methods, machine learning methods, etc.) to support 
and enhance network research. At the same time, 
we should actively connect with the era of mobile 
Internet, study the network space based on mobile 
communication technology, and constantly enrich 
the “network social theory”.

4) promotes network social research from the 
perspective of human geography from focusing 
on “objectivize space” to “human-oriented space”. 
Domestic and foreign research for “network social 
theory” focus difference enlightenment China for 
network society research needs to focus from “ma-
terialized space” to “human space”, not only focus 
on material space for residents behavior and support, 
more need to pay attention to people as a social body 
in the information age of life, production needs and 
individual differences, at the same time to obtain a 
geographical spatial change of human nature, thus 
based on this for material space. At the same time, 
Chinese research also needs to further explore the in-
ternal social and economic driving force of material 
space transformation, and find the action mechanism 
of social and economic transformation on material 
space reconstruction. In addition, Castells’s “network 
social theory” is a systematic theory involving many 
aspects. It is also necessary for domestic research to 
deeply understand the rich connotation of “network 
social theory” through the original work system, and 
conduct dialectical thinking, to deepen the applica-
tion of the theory in humanistic geography. 

Although the method employed in this study has 
been widely used in bibliometry, it is inevitably in-
fluenced by subjective judgment and experience. It is 
necessary to establish a more objective judgment in 
the future.

For in-depth research, we can explore the use 
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of natural language processing technology, machine 
learning and text mining to study the knowledge 
contribution of classical theory to human geogra-
phy[24]. In addition, since the mid-19 80s, Castells’s 
academic thoughts on the information society have a 
certain relevance, so it is also of great significance to 
explore Casterlls’s theoretical perspective from the 
perspective of integrity for the contribution of hu-
manistic geography. At the same time, although Cas-
tells’s theory is a typical representative of the global 
“network social theory”, but other relevant scholars 
(such as Peter J Taylor) for the extension of the theo-
ry has also largely contributed to human geography, 
so it is necessary to explore the influence of “network 
social theory” from the perspective of integrated 
ideas on human geography.
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ABSTRACT
Influenced by global financial crisis in 2008, many countries around the world have realized the significance of 

sustainable development. And green development, as the most important pathway to sustainability, has been implement-
ed by various countries. In this context, green development has drawn great attention from academic researchers both 
at home and abroad in recent years and has become an interdisciplinary-oriented research direction. As an applied basic 
research field for exploring the structural change of resources and environment as well as regional sustainable develop-
ment, geography plays an essential role in the research of green development. Based on an intensive literature review, 
this article firstly summarized the connotation and analytical framework of green development. Secondly, it systemati-
cally outlined the progress of green development research from the perspective of geography and thus extracted seven 
themes, that is, the influencing factors of green development, assessment methods, spatial and temporal characteristics 

of green development, green development and industrial transformation, green transformation of resource-based cities, 
the effect of green development, and green development institutions and recommendations. Comments were made on 

the existing studies including their shortcomings. Finally, future research emphases were discussed, aiming to provide 
references for further study on green development from the perspective of geography in China. 
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1. Introduction
After the industrial revolution, the continuous high-intensity eco-

nomic activities have brought huge damage on our ecological envi-
ronment. While reshaping the world economic geographical pattern, 
economic globalization promotes the flow of resource elements and 
environmental pollution on the global scale, and the spatial scale of 
the interaction between economic activities and environmental issues 
has also changed[1]. The interweaving of the 2008 international finan-
cial crisis and global climate change further promoted the reflection 
on the existing economic development mode, and governments have 
sought new economic development modes to get rid of the existing de-
velopment crisis, in order to achieve long-term, stable and sustainable 
regional development. The philosophy of green development is just 
in line with that of sustainable development, both striving to explore 
a beneficial and environment-friendly economic development model. 
Since the proposition of Global Green New Deal (GGND) initiated by 
the United Nations Environment Programme (UNEP) in 2008, green 
development has been becoming a development consensus of more 
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and more countries and regions in the world and an 
important way to explore global sustainable devel-
opment. Since the reform and opening up, China 
has taken just more than 30 years to complete the 
development tasks that western developed countries 
would accomplish in decades or even hundreds of 
years. The sharp compression of the spatial and 
temporal dimension had brought about China more 
complex regional development problems than any 
previous period, which also puts forward higher 
requirements for the government’s governing pow-
er[2]. At present, China is experiencing an important 
period of economic transformation and upgrading as 
well as socialist modernization, with the conception 
of “promoting development through steady growth 
and structure reconstruction” as its main guidelines 
in economic development under the new normal 
situations. The scientific economic development 
will not only benefit our people, but also will have 
a far-reaching impact on the world development in 
the future. As an emerging civilization paradigm 
after industrial civilization, ecological civilization 
has become a strategic concept of realizing the sus-
tainable development of the Chinese nation in the 
new era in recent years. Ecological civilization em-
phasizes the construction of a civilized society with 
production development, rich life and good ecology 
based on the carrying capacity of resources and the 
environment[3]. The fundamental direction of green 
development is to realize the symbiosis of economic, 
social and environmental development. Obviously, 
green development is the development concept and 
development model to meet the requirements of eco-
logical civilization construction in the new era, while 
ecological civilization is the construction goal and 
objective result of green development.

With the increasingly recognition and popu-
larization of the concept of green development, the 
academic research on the field of green development 
has also increased rapidly, attracting many scholars 
of various disciplines including geography, econom-
ics, sociology, environmental science, ecology, etc. 
Based on the core collection database of Web of Sci-
ence, 438 papers, conference papers and reviewed 
literature of the subject—“green development” or 

“green economy” have been retrieved (Figure 1). It 
can be found that the number of documents on green 
development showed a rapid rise, especially since 
the outbreak of the international financial crisis in 
2008, with the number of research papers in this di-
rection increased by 12.03%. In the same way, 5,428 
core journals and doctoral papers were retrieved in 
the CNKI database. Compared with the earlier boom 
of research on green development rising abroad, the 
relevant domestic research started relatively late, and 
the number of relevant documents began to increase 
after 2000, and increased significantly after 2008. It 
can be found that at present, green development has 
become a hot issue of research by scholars at home 
and abroad.

Figure 1. The number of publications on green development.

Geography is an applied basic discipline re-
searching on resources, environmental structural 
changes and regional sustainable development, 
which can not only tell us what had happened in the 
past, but also can provide us ways to deal with the 
current issues and future events[4]. Its main task is to 
study the major theoretical and practical problems 
faced by the sustainable development of contempo-
rary human society[5]. Since the 1980s, related theo-
ry, methods and technology of geography have be-
come the foundation to solve related issues[6]. Due to 
its discipline characteristics as comprehensiveness, 
regionality and interdisciplinary geography owns 
some incomparable advantages in the field of green 
development. In this context, this paper expounds the 
origin, connotation and analysis framework of green 
development research, and summarizes the research 
progress and existing problems related to green de-
velopment at home and abroad from the perspective 
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of geography. Through systematic summary and 
review, this paper hopes to provide relevant guide-
lines for the future research of Chinese geography 
in the field of green development, so as to provide 
corresponding reference for better understanding the 
research direction and purifying the research issues.

2. Origin, connotation and frame-
work of green development research

2.1 Origin of the study
As a paradigm change of the economic develop-

ment, green development can be traced back to the 
Spacecraft Economy Theory proposed by American 
scholar Bolding in the 1960s and a series of dis-
cussions on steady-state economy, green economy 
and ecological economy advocated by Daley and 
Pierce[7]. In the early stage, it was mostly applied to 
guide the development of ecological industry, and 
then gradually expanded to the whole economic sys-
tem. As early as 2002, the United Nations Develop-
ment Programme[8] developed the green development 
concept to research on Chinese issues. Since then, in 
order to solve the increasingly severe contradiction 
between the rapid economic growth and the environ-
mental resources in the Asia-Pacific region, the Unit-
ed Nations Economic and Social Commission for 
Asia and the Pacific (UNESCAP) has put forward the 
green development strategy[9]. In the post-financial 
crisis era, green development, as a new economic de-
velopment model addressing the human development 
crisis and providing beneficial solutions, has attract-
ed increasing attention from international institutions 
such as Organization for Economic Co-operation and 
Develop (OECD), United Nations Commission on 
Sustainable Development (UCSD), United Nations 
Environmental Programme (UNEP) and World Bank 
etc. At the United Nations Conference on sustain-
able development in 2012 in Rio de Janeiro, Brazil, 
green development was formally established as one 
of the important means to achieve the sustainable 
development. Since the reform and opening up, with 
the rapid development of China’s economy and so-
ciety and high-intensity resource development, the 
evolution of Chinese man-earth relations has shown 

a diversified, complex and tenser characteristic[10]. In 
the 21st century, the Chinese government was com-
mitted to the harmonious and unified development of 
economic construction and ecological environment, 
and successively put forward the development con-
cept of “Scientific Outlook on Development” and the 
construction of “Resource-conserving Society and 
Environmental-friendly Society”. In 2009, Circular 
Economy Promotion Law of the People’s Republic 
of China was implemented to promote sustainable 
development in the form of law. In May 2013, when 
President Xi Jinping presided over the sixth collec-
tive study of the Political Bureau of the Party of CPC 
Central Committee, he pointed out that “we should 
properly handle the relationship between economic 
development and ecological and environmental pro-
tection, and more consciously promote green, circu-
lar and low-carbon development”. The Fifth Plenary 
Session of the 18th CPC Central Committee upgraded 
green development into one of the five development 
concepts guiding China’s economic and social de-
velopment during the 13th Five-Year Plan. As the 
concept of green development gradually became a 
global consensus (Figure 2), the relevant research 
has also entered a new stage.

Figure 2. Green Development: global consensus.

2.2 Connotation and analysis framework
Green development belongs to the second gen-

eration of sustainable development concept (strong 
sustainable development), which is a reflection on 
the thought of “weak sustainable development”, that 
is, the thinking of ecological limit is added on the 
basis of weak sustainable development, emphasizing 
that natural capital cannot be completely replaced 
by artificial capital, and it is necessary to achieve 
non-zero growth of key natural capital[11-12]. With the 
deepening of green development research and the 
integration of different disciplines, the connotation 
of green development is also constantly changing, 
from harmonious and unified development between 
the economy and ecology[8,13] at early stage to a more 
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multi-dimensional direction of evolution. The cur-
rent mainstream is to define it from the perspective 
of regional economic system coping with resources 
and environmental problems and improving human 
well-being. UNEP pointed out that green economy 
is an economic activity aimed at improving human 
well-being in the long term while avoiding bringing 
about significant environmental risks and ecological 
scarcity to our next generation, with characteris-
tics of low carbon, resource availability and social 
inclusiveness[14-15]. The World Bank[16] sees green 
growth as a way of making efficient use of natural 
resources while minimizing environmental pollution 
and influence and effectively dealing with natural 
disasters. Zhu Dajian[17] believes that two important 
dimensions of scale and fairness has been added on 
the green economy adds based on the traditional ef-
ficiency-oriented economic model, with the charac-
teristics of economic efficiency, scale controllability 
and social inclusiveness.

Although different institutions and scholars have 
different perspectives and emphases on the connota-
tion of green development, an agreement is reached 
on the essence of green development, that is, under 
the constraints of resources and environment, it 
shall strive to realize the  symbiotic development of 
economy, social and natural system by developing 
low-carbon economy and circular economy so as to 
maximize the development benefits. 

In terms of green development, many interna-
tional institutions and organizations have put forward 
their analysis frameworks for green development 
according to their actual situations. Among them, 
the green growth framework established by OECD 
is widely adopted and applied[18]. The framework 
consists of four aspects: environmental and resource 
productivity, natural asset base, environmental fac-
tors related to life quality and policy response. Its 
biggest feature is taking other goods and services as 
production factors by taking full consideration of the 
value of natural resources, focusing on using a low-
cost and high-effective way to relieve environmental 
stress. In addition, scholars and researchers began 
to put emphasis on constructing analysis framework 
of green development and there had emerged some 

valuable research fruits. For example, Hu Angang[19] 
put forward the “three circles model” for green de-
velopment, including three systems of economy, 
society, and nature. And the symbiosis of the three 
systems formed coupling relationships among the 
green growth, green wealth and green welfare. In 
general, theories related to green development have 
been effectively expanded, gradually forming a com-
prehensive and coordinated theoretical description 
and framework construction of “economy-environ-
ment-society”, and the research of such composite 
system is attracting the attention of scholars and re-
searchers at home and abroad. 

3. Main research topics for green de-
velopment

3.1 Factors affecting green development
Study on the factors influencing green devel-

opment is one of the main research directions of 
green development research, which directly reveals 
the causes and mechanism of action affecting green 
development level, and provides a decision-making 
basis for predicting the future regional development 
and formulating corresponding countermeasures. 
The existing studies mainly analyzed the factors af-
fecting green development based on such approaches 
as regression model, obstacle degree model and geo-
graphical detector and so on. Overall, regional green 
development is affected at any period by multiple 
driving forces. Its influencing factors can be roughly 
divided into two categories of natural factors and 
social-economic factors. But the study on natural 
factors is relatively rare, and many studies focus on 
social-economic factors, always combining natural 
factors with current development. For example, Feng 
et al.[20] pointed out that people living in low alti-
tude areas always has a relatively positive attitude in 
dealing with global climate change, and their corre-
sponding regional green development level is higher.

In the Anthropoid period of Earth, as the social 
economic factors is becoming more active and easier 
to detect, how the social-economic factors affect hu-
man activities like economic development, industrial 
structure, financial instruments, environmental reg-
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ulation, public behavior and other aspects has been 
highly valued (Figure 3). It is generally believed that 
the region with a good economic foundation always 
has a relatively high level of green development. 
However, the studies from Mu Xueying et al.[21] 
showed that the economic foundation is a necessary 
but inadequate condition for green development, and 
the regions with a good foundation for economic 
development do not necessarily have a high level of 
green development. After the international financial 
crisis, the global macro economy shows an uncer-
tainty, which also affects the implementation of the 
green development strategy to a certain extent. Jin 
et al.[22], taking China as an example, pointed out 
that macroeconomic uncertainty has little impact 
on the green development level in developed and 
coastal cities, but it has an obvious inhibitory effect 
on the green development level in less developed 
cities. Technological progress and its bias are an 

important breakthrough to realize the coordinated 
development of economic growth and environmental 
improvement. The research of Sun Caizhi et al.[23] 
showed that the labor bias and capital bias in tech-
nological progress can promote the growth of local 
green economy, while capital bias can also drive the 
growth of green economy in neighboring areas, in-
dicating the importance of increased human capital 
As the main link of human economic activities in the 
ecological environment, the rationality and advance 
of industrial structure are conducive to promoting 
the improvement of regional green development[24]. 
From the perspective of industrial scale, industrial 
agglomeration and regional green development ef-
ficiency show a “U”-shaped relationship. With the 
enhancement of industrial agglomeration, the green 
development efficiency will decrease at first and then 
increase[25].

In recent years, the research on the relationship 

Figure 3. Main social-economic factors driving the change of green development.

between environmental regulations, financial devel-
opment and green development has gradually in-
creased. Wang et al.[26] believed that both formal and 
informal environmental regulations can promote the 
level of regional green development, but there are 
significant differences in the mode of action. Peng 
Xing et al.[27] divided environmental regulations into 

three types including command control, economic 
incentive and voluntary consciousness, pointing out 
that the enhancement of economic incentive-ori-
ented environmental regulation and voluntary con-
sciousness-oriented environmental regulation can 
significantly improve the level of green technology 
innovation and promote industrial green transfor-
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mation. Financial development affects the regional 
green development from four aspects: capital sup-
port, resource allocation, enterprise supervision and 
green finance[28]. Compared with foreign countries, 
the economic development system dominated by 
the Chinese government determines the importance 
of local governments in regional development. He 
Aiping et al.[29] believes that the competition be-
tween local governments will curb the improvement 
of green development level, and the fluctuation of 
the government’s choice between economic catch-
up and environmental regulations, making China’s 
green development efficiency continuously fluctuate 
at a low level. In recent years, the public has expe-
rienced a transition from passive response to active 
participation, and as an important supplement to 
environmental governance tools, non-governmental 
organizations (NGOs) play an increasingly import-
ant role in global climate change and environmental 
governance, and the effect of public participation 
depends on the level of public education and the de-
termination of government governance[30].

3.2 Measurement for the level of green devel-
opment

Research on the measurement for green devel-
opment level will not only help scholars and deciders 
understand the current status of regional green devel-
opment, but will also help explore factors influenc-
ing the improvement of green development level and 
formulate differentiated development countermea-
sures, which is crucial for the realization of green 
development goals. At present, a large number of 
methods have been used to explore the measurement 
for level of green development, which can be rough-
ly divided into three categories: green efficiency 
evaluation, single index evaluation and comprehen-
sive index evaluation.

Compared with the traditional method of effi-
ciency evaluation, the green efficiency evaluation 
takes the environmental pollution caused by the op-
eration of the economic system into consideration, 
emphasizing to invest less resource to obtain higher 
economic returns while producing less environmen-
tal pollution. At present, there are many methods of 

calculating green development efficiency, and the 
most commonly used method is data envelope anal-
ysis (DEA). After years of development, the DEA 
model has been continuously improved. Such meth-
ods as DEA model[31], SBM model[32], Super-SBM 
model[33] and Malmquist-Luenberger[34] have been 
widely used. In addition to the green efficiency mea-
surement of the macroeconomic system, geographers 
have also conducted empirical studies on various 
industrial departments focusing on land use green 
efficiency[35], water resource green efficiency[36], and 
green innovation efficiency[37]. With the gradual en-
richment of the measurement content, the selection 
for green efficiency model indicators also takes fac-
tors as technology, environmental protection[38] and 
haze[39] and so on into consideration based on the 
traditional input (labor, capital, resources) and output 
(economic benefits and environmental pollution). 

The single index method is analyzed based on 
a certain side of green development from a certain 
framework, represented by green GDP accounting, 
decoupling index and carbon profit and loss. Green 
GDP includes resources and environmental costs as 
economic costs into the national economic produc-
tion accounting according to the disadvantages of 
traditional national economic accounting, which is 
widely used in practice. Lei Min et al.[40] analyzed 
the green GDP of resource-based cities according 
to the SEEA2003 accounting system formulated by 
the United Nations; Zhang Hong et al.[41] calculat-
ed the green GDP of Fujian Province based on the 
SEEA2003 accounting system. Kunanutakij et al.[42] 
established a green GDP model based on the envi-
ronmental extended input-put model (EIO-LCA) and 
took Thailand as an example. Decoupling originated 
in the field of physics and was later applied to re-
source and environmental research, which OECD[43] 
defines as breaking the association of environmental 
load and economic development. Lu Qiang et al.[44] 

took the decoupling index as a dynamic index of 
industrial green transformation and upgrading, and 
conducted the empirical analysis with Guangdong 
Province as an example. With people’s increasing 
attention to carbon emissions, the concept of carbon 
source/sink is introduced, and the carbon profit and 
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loss caused by this has become an important basis 
for the regional policy formulation. Zhao Rongqin 
et al.[45] studied the carbon revenue and expenditure 
and the spatial differences of carbon balance in the 
Central Plains Economic Zone; Wang Xi et al.[46] 
analyzed the spatial and temporal changes of carbon 
profit and loss in Henan Province based on energy 
consumption data, the number of major industrial 
products and remote sensing data. 

The comprehensive index evaluation method can 
comprehensively reflect the level of regional green 
development, and help understand the various factors 
affecting green development, so it is widely applied 
in practice. According to the different research sub-
jects, the comprehensive evaluation index system of 
green development is increasingly rich. Hou Chun-
guang et al.[47] build a green evaluation index system 
including five aspects: economic growth system, 
green welfare system, green wealth system and green 
governance system; Kim et al.[48] have constructed 
the OECD national green development evaluation 
index system from five aspects: environment and re-
source production rate, environmental and resource 
production rate, ecological efficiency improvement, 
natural asset base, environmental quality,  life quality 
and economic responses in the production process;; 
based on the information entropy and dissipation 
structure theory, Hou Caizhi et al.[49] established the 
regional green development evaluation index system 
in the perspective of support input entropy, pressure 
output entropy, prototype metabolic entropy and 
oxidative metabolic entropy; Based on the “P-S-R” 
model, Guo Fuyou et al.[50] have built a green devel-
opment index system of restricted development zone 
from three aspects of green development pressure, 
green development state and green development re-
sponse.

In general, the abovementioned three methods 
gradually enriched their research methods by absorb-
ing research methods from economy and ecology 
in the process of application Due to the subjectivity 
of index selection and weight determination, it is 
difficult to compare the efficiency of relevant stud-
ies based on the efficiency evaluation and compre-
hensive index evaluation, while the index methods 

represented by green GDP accounting have a certain 
comparability. When selecting methods, the actual 
situation of the research area and research purpose 
need to be fully considered, so as to achieve the best 
evaluation effect. However, each method is faced 
with a series of problems and challenges, such as 
single data source, poor timeliness, and difficulty in 
applying at the micro scale.

3.3 Spatiotemporal evolution of green devel-
opment

Spatiotemporal evolution analysis is a common 
content of geography. For a long time, scholars at 
home and abroad have carried out a large number 
of case studies in different regions, focusing on the 
spatiotemporal evolution of green development. 
Based on the evaluation of green development level, 
multi-timing statistics data were used to depict the 
spatial patterns and evolution laws of green devel-
opment by such approaches as the spatial autocor-
relation model[51], convergence model[52], nuclear 
density function[53] and other methods. Foreign re-
searches on the spatiotemporal evolution of green 
development started earlier, but it mostly reflects the 
spatiotemporal characteristics of green development 
worldwide at macro level. Kumar’s[54] study on green 
development efficiency in 41 countries worldwide 
from 1971 to 1992 shows that countries with active 
response to the global climate changes are always 
performed better in the green development. Lin et 
al.[55] also analyzed the green development efficiency 
of 70 countries from 1981 to 2007. The study point-
ed out that the global green development efficiency 
has been improved significantly during this period, 
and the green development efficiency of developed 
countries and emerging industrialized countries was 
higher than that of developing countries. In addition, 
most of the relevant researches are carried out in 
the following regions and organizations including 
East Asia[56], Latin America[57], inner of the Europe-
an Union[58], OECD[59] and G20[60]. Compared with 
foreign countries, China’s unique development envi-
ronment also provides good empirical materials for 
green development research. Although the relevant 
research started late, it has achieved fruitful research 
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results and the research scale is relatively perfect. 
Compared with foreign countries, Sun et al.[61] found 
that although the level of green development in 
China has improved from 2000 to 2014, the level of 
green development was still at a relatively low lev-
el, and the level of green development was greatly 
different between the east, central and western areas. 
In addition to exploring the spatiotemporal evolu-
tion of green development at national and municipal 
administrative regional scales as city[62] and coun-
ty[63], it also involved typical regions such as urban 
agglomeration[64], Yangtze River Economic Belt[65], 
old industrial bases[66], and resource-based cities[67]. 
A large number of research results show that the 
green development level of different countries and 
regions shows relatively different change trends in 
different periods, with obvious regional, dynamic 
and differential characteristics. Due to the impact of 
the international financial crisis, the level of green 
development declined after 2008. However, with the 
transformation of economic development mode and 
the strengthening of environmental policies, the level 
of green development began to rebound. 

With the deepening of the research, scholars 
gradually began to explore the grid-scale green de-
velopment evaluation research. For example, Yun 
Yinjuan et al.[68] conducted detailed studies on the 
spatial distribution of carbon sources/sinks in Shi-
yang River Basin based on MODIS-NDVI data; Liu 
Junhui et al.[69] designated important carbon fixation 
areas of typical Chinese land ecosystems based on 
land restoration data. With the continuous rise of 
earth big data, the grid research will become the 
mainstream research in the future.

3.4 Green development and industrial trans-
formation

Green industry is an important branch of green 
economy, an effective entry point and an important 
driving force for the realization of green develop-
ment goals. Green industry can be realized through 
two ways of industrial green transformation and the 
construction of new green industries[70], which re-
flects the different ideas to develop green industry.

Industrial green transformation refers to the 

transformation of industrial mode toward a more re-
source-saving and environmental-friendly direction 
both in its structures and efficiency[71], which is an 
innovation of the existing industrial development 
mode. The measure of industrial green degree is the 
key to industrial green transformation. Most of the 
studies were carried out based on such methods as 
decoupling models, EKC curves, and environmental 
entropy and so forth. For example, Wang Junhua et 
al.[72] used Tapio decoupling model to analyze the de-
coupling relationship between economic growth and 
CO2 emissions in China; Fujii et al.[73] measured the 
greening degree of nine industries in OECD coun-
tries using EKC curves; Liu He et al.[74] took the SO2 
emissions as an example to construct the industrial 
environmental entropy and the regional environmen-
tal entropy to study the industrial structure greening 
degree of Chengdu-Chongqing economic zone. The 
path of industrial green transformation is also the 
focus of scholars. Relevant research can be roughly 
divided into two categories: One discusses industrial 
structure optimization from a static perspective. For 
example, the linear planning model under the triple 
constraint of energy-environment and employment 
construction written by Song Tao et al.[75] have an-
alyzed the industrial optimization path in the Bei-
jing-Tianjin-Hebei region; The other analyzes the 
dynamic evolution of industrial structure adjustment 
based on the dynamic perspective. For example, Zhu 
Yongbin et al.[76] simulate the direction of industrial 
structure optimization and carbon emission trend 
in China by constructing a cross-stage optimization 
model. On this basis, some scholars further posi-
tioned the industrial development based on the actual 
situation of the regional development so as to guide 
the spatial layout of the industry[77–78].

In terms of the new green industry, scholars 
mainly conduct relevant research on the spatial lay-
out and its influencing factors. However, since the 
statistical departments of various countries have not 
issued an officially recognized statistical caliber for 
the development of green industry, it also brings cer-
tain difficulties to explore the development of new 
green industry. To this end, scholars began to explore 
“bottom-up” data collection methods. In addition to 
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professional statistical databases, Shapira et al.[79] 
proposed a search method that combines linguistic 
text to identify green businesses and conducted em-
pirical studies using UK small and medium green 
food businesses as an example. Based on South 
Korean business survey database data, Park et al.[80] 
analyzed the distribution of the new green industry 
during 2006–2012. The research pointed out that 
while the new green industries in South Korea tend 
to be located in the traditional manufacturing con-
centrated areas, they also form new green industry 
clusters. The green city industrial sectors tend to be 
located in or near big cities, while the new energy 
industries tend to be far away from big cities. Yi et 
al.[81] analyzed the spatial distribution of green en-
terprises in China based on the Dun & Bradstreet 
million dollar database. The study found that there 
is significant imbalance in the spatial distribution of 
green industries in China. Compared with other cit-
ies, cities that practice the clean energy policy own 
54.3% of green jobs and 61.8% of green enterprises. 
In general, the definition of new green industries and 
the lack of relevant data are to a large extent restrict-
ing the new research on green industry.

3.5 Green transformation of resource-based 
cities

In the post financial crisis era, there emerged a 
great number of heated researches on “urban trans-
formation” all around the world. Different with gar-
den city, compact city, ecological city and low-car-
bon city, green city is a dynamic, harmonious and 
efficient comprehensive development model, which 
aims to promote the green growth of urban economy 
by reducing the negative externality of environment 
and reducing the negative impact on natural resourc-
es and ecosystem[82–83]. Resource-based cities refer 
to cities rapidly developed relying on their resource 
advantages. Due to excessive emphasis on the de-
velopment of resource-based industries and the lack 
of long-term overall planning, resource-based cities 
are generally faced with problems such as resource 
depletion and the lack of alternative industries[84]. 
Since the 1960s and 1970s, the transformation and 
development of resource-based cities have been the 

focus of the government and academia. The trans-
formation of resource-based cities started earlier in 
some foreign countries, and the concept of green 
development was fully reflected in the transforma-
tion process, for example, the new industrialization 
policy represented by the diversification strategy in 
the field of environmental technology implemented 
by Ruhr district, Germany in the 1980s[85]; the indus-
trial diversification development strategy and high-
tech industrial development model of Kitakyushu, 
Japan[86]. They all provided good ideas for the green 
transformation of resource-based cities.

Since 2001, China has piloted the transforma-
tion of resource-based cities. In 2008, Taiyuan City, 
Shanxi Province issued the Regulations of Taiyuan 
City on Promoting Green Transformation (Draft), 
becoming the first city in China to promote green 
transformation in the form of local legislation. And 
the National Sustainable Development Plan for Re-
source-based Cities (2013–2020) issued by the State 
Council in 2013 took green development as the guid-
ing ideology for the development of resource-based 
cities.

In this context, Chinese scholars combined the 
green development theory with the transformation of 
resource-based cities, and deeply discussed the con-
notation, timing and path of green transformation of 
resource-based cities.

Generally speaking, the green transformation 
of resource-based regions is a process of gradual 
transition from the traditional “black” development 
model to the ideal “green” development model. The 
core is to promote the greening of industrial devel-
opment and economic growth mode. The integration 
of resource-based economy and green-innovation is 
the driving mechanism to promote green transforma-
tion. And the construction of green transformation 
system constitutes the guarantee mechanism of green 
transformation[87]. The realization of green economy 
is not only to avoid “mining-exhaustion and ur-
ban-decline”, but also to explore how to effectively 
use resources for sustainable development[88]. Due to 
the differences in life cycles among resource-based 
cities, it is difficult to regulate the life cycle of re-
source-based cities only by strictly controlling the 
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development intensity of leading resources. Thus, 
it is necessary to formulate comprehensive and 
systematic life-cycle optimization and regulation 
measures[89]. Therefore, the green transformation of 
resource-based cities is to seek for a more optimized 
development mode[90]. The green transformation of 
resource-based cities  should be carried out in the 
growth period, mature period and early recession[91], 
and the coexistence of three modes of “resource 
continuation + resource substitution + undertaking 
industrial transfer” can be adopted to realize indus-
trial transformation and upgrading[92]. For cities with 
overcapacity or poor environmental conditions, it is 
of great significance to control the industrial scale[93].

The green transformation performance of re-
source-based cities is also a hot issue concerned by 
scholars. Li et al.[94] studied the green development 
efficiency of 116 resource-cities in China and point-
ed out that at present, most resource-exhausted cities 
still have problems of development inefficiency. 
Zeng Xiangang et al.[95] studied the green transfor-
mation performance of 16 coal-resource-exhausted 
cities, which showed that the green transformation of 
coal-resource-exhausted cities is still in the primary 
stage, and the difference in selecting transformation 
path makes the transformation performance different 
among different types of cities. In terms of policy 
implementation, Guo Shufen et al.[96] analyzed the 
impact of the  “comprehensive supporting reform 
pilot zone for resource-based economic transforma-
tion” on resource-based areas in Shanxi Province. 
The research showed that the establishment of the 
pilot zone promotes the quality of economic devel-
opment by promoting the diversified development of 
industrial industries, but the effect of tertiary indus-
try diversification is still not obvious, and the effect 
of policy implementation lags behind.

3.6 A study on the green development effect
As a common choice for governments to deal 

with multiple crises and challenges, green develop-
ment will inevitably bring about a series of impacts 
on economic development, ecological environment 
and social life in the process of strategy implemen-
tation, which will form a complex feedback relation-

ship between green development and economic-en-
vironment-social system. How and to what extent 
the implementation of green development strategy 
affects the development of human society has attract-
ed scholars’ attention. 

Generally speaking, the green development 
strategy mainly affects the economic system by af-
fecting the industrial structure, industrial operation 
form and industrial operation environment, and 
promotes the transition of economic development 
mode from traditional “brown economy” to “green 
economy”. These all can bring the vitality of new 
economic growth. On the one hand, in the process of 
promoting green transformation, we need to pay the 
costs, including incremental investment and macro-
economic losses caused by the implementation of 
energy-saving and environmental protection tech-
nologies. And there are still some sunk costs in the 
green behavior of resource-based enterprises; On the 
other hand, it will generate energy-saving benefits 
and create new economic growth points[97]. Taking 
China as an example, Feng Chao et al.[98] studied the 
cost-benefit problem of transformation. The results 
showed that the economic benefits brought by the 
transformation of development mode are greater 
than the costs, and it can realize the win-win devel-
opment of environmental economy. This economic 
effect accounts for about 3%–10% of GDP. Hall et 
al.[99] analyzed the economic effects brought by the 
development of new green industries in the United 
States, and the results showed that the development 
of new green industry promotes the improvement of 
economic benefits.

Then, the change of jobs is the most intuitive 
embodiment of the green development strategy. 
With the transformation and upgrading of traditional 
industries with “high pollution, high energy con-
sumption and high water consumption” and labor-in-
tensive industries, there will be a large number of 
job losses brought by the traditional manufacturing 
sectors, while the development of green industry can 
bring about new employment opportunities. Yi[100] 
systematically analyzed the impact of state and local 
clean energy and climate policies on employment in 
metropolitan areas of the United States since 2006. 
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The results showed that the implementation of state 
and local policies has a positive impact on employ-
ment at the urban level. For each additional policy, 
green employment in metropolitan areas will in-
crease by 1%; Lehr et al.[101] simulated the impact of 
renewable energy on German employment under dif-
ferent scenarios. Almost all scenarios show a positive 
net employment effect. According to the prediction, 
the total employment will increase from 340,000 in 
2009 to 500,000 ~ 600,000 in 2030.

At the same time, with the greening of economic 
development, the environmental effects brought by 
the implementation of green development strategy 
are gradually revealed, represented by reduction of 
carbon emission, reduction of major pollutant emis-
sions and improvement of environmental quality, 
especially in areas with dense traditional industrial 
layout. Musango et al.[102] simulated the development 
of green economy in South-Africa under four invest-
ment development scenarios. The research results 
showed that green economy intervention measures 
can not only significantly reduce carbon emissions, 
the dependence of industries, especially the power 
industry relying on fossil fuels, but also promote the 
sustainable utilization of natural resources. Zhou 
Xiongyong et al.[103] took Fujian Province as an ex-
ample to analyze the impact of different policies on 
energy conservation and emission reduction. The 
research pointed out that different policies have dif-
ferent effects on energy conservation and emission 
reduction. Tax, environmental protection and indus-
trial policies have the most obvious effects on energy 
conservation and emission reduction, while finan-
cial, department of treasury, science and technology 
policies have weak effects on energy conservation 
and emission reduction. Rivera et al.[104] analyzed 
the impact of carbon tax on the carbon emission in 
Mexican. The result showed that without economic 
compensation, the implementation of carbon tax will 
reduce carbon emissions by 75% in 2050.

3.7 Advice on green development
Green system is the institutional projection of 

green civilization and also a way to promote the har-
monious coexistence between human and nature[105]. 

If various restrictive factors as policy, economy and 
culture are not well considered, the green develop-
ment strategy will not achieve ideal results[106–107]. 
Therefore, the improvement of green development 
system is of great significance to promote the trans-
formation of economic development mode and en-
sure the realization of green development goals. 

Government promotion and policy support 
are the basic characteristics of green development. 
Guiding with strategic planning, countries around 
the world have issued guiding policies in industry, 
finance and energy utilization to promote the es-
tablishment of green development system. Firstly, 
the green development route and action plan should 
cover the key factors of all dimensions of sustain-
able development, and clarify the short-term, medi-
um-term and long-term objectives and binding indi-
cators to be achieved[108]. Secondly, as an innovation 
of the current development model, the government 
should clearly analyze the fundamental interests of 
all groups in the process of green reform to make 
the development goals more inclusive[109]. In the 
specific policy-making process, Mathews[110] took 
South Korea as an example and pointed out that the 
government-led industrial green policy is completely 
feasible in democratic countries; and Ringel et al.[111] 
pointed out that active and effective energy policy 
is the key to realize green transformation, so energy 
policy should play an important role in the overall 
strategy formulation process; Dulal et al.[112] believed 
that the regional green development strategy should 
include active and effective fiscal policies. The in-
troduction of market-oriented mechanism can form 
a “double-wheel-driving” development mechanism 
of green development. On the basis of clarifying the 
ownership and distribution of the government’s own-
ership, usufruct and income right of environmental 
resources, the market-oriented mechanism mainly 
determined the market-based resource and environ-
mental property right trading system, and established 
diversified ecological compensation and environ-
mental payment mechanisms, such as green tariff, 
carbon emission trading, carbon tax, etc., in which 
carbon tax has achieved better results in reducing 
carbon emission[113]. However, if it is unfeasible or 
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difficult to collect carbon tax in the region, it shall 
use the renewable energies to replace the high car-
bon-emission energies[114].

Laws and regulations are important bases for 
ensuring and standardizing the green development 
system. At present, relevant foreign laws and reg-
ulations are becoming more and more perfect and 
concrete. Since the 21st century, the Chinese govern-
ment has successively improved relevant laws on 
ecological environment protection and has promoted 
the development of circular economy, such as “re-
newable energy law”, “Circular Economy Promotion 
Law”, “Ten items on protecting the atmosphere”, 
“Ten items on protecting water resource”, and “Ten 
items on protecting land resource”, and so on. How-
ever, compared with Western developed countries, 
China has not yet formed a coordinated and perfect 
legal and policy system for green economy develop-
ment[115]. Yang Jiejun[116] believed that in the future, 
China shall further promote green development from 
policy guidance and policy action to legal adjustment 
and implementation, so as to upgrade green devel-
opment policy into legal mechanism, and it shall pay 
attention to the unity of policy guidance and legal 
guidance. At this stage, China’s green development 
legislation should focus on such fields as climate 
change, energy issues and green finance[117]. In ad-
dition, a good ecological environment supervision 
system is a good supplement to the green develop-
ment system. It is necessary to gradually establish an 
ecological environment supervision system dominat-
ed by government supervision and supplemented by 
non-governmental organization supervision.

4. Review and prospect
(1) It is widely acknowledged that the green de-

velopment is of great importance in helping achieve 
the overall goals of sustainable development. As a 
discipline studying the relationship between human 
and earth, geography owns incomparable advan-
tages in researching green development. Scholars 
have done a lot of research and practice on green 
development from the perspective of geography, 
including influencing factors, calculation methods, 
spatiotemporal evolution pattern, green development 

and industrial transformation, green development 
of resource-based cities, green development effects 
and institutional suggestions, etc., which has import-
ant reference for future researches. Compared with 
foreign countries, although the research on green 
development in China started late, it has achieved 
fruitful research results. It is not difficult to find that 
due to the different economic basis and development 
problems faced at home and abroad, there are some 
differences in green development goals. For exam-
ple, foreign economies and institutions began to pay 
attention to the role of green development in coping 
with global climate change and poverty reduction 
earlier. While at home, it emphasized on economic 
development and ecological environment protection 
and then turned to increase people’s well-being. In 
this context, there are some differences in the re-
search of green development at home and abroad, 
including the selection of research methods, re-
search scale and so on. Although the research fields 
of green development are increasingly rich, there 
are still some shortcomings in the existing research 
due to the complexity of green development and the 
imperfection of relevant research methods. With the 
continuous advancement of ecological civilization 
and the construction of a beautiful China, under the 
background of the new era, China shall made a fur-
ther exploration and study in the following aspects in 
terms of geography researches: Green development 
is a multi-dimensional and complex system involv-
ing three subsystems: economy, environment and 
society. “Process-pattern-mechanism” is the basic 
method and way of comprehensive geographical 
research. The existing studies have described spatio-
temporal evolution of green development in detail 
as well as its related influencing factors. However, 
there are relatively few studies on the systematic 
analysis of green development mechanism by cou-
pling “process” and “pattern”. Due to the distinct 
comprehensiveness of geography, it is urgent to 
establish an analysis framework with local character-
istics based on geography. Then each scale is nested, 
and the interaction mechanism between the elements 
of green development is analyzed. The analysis of 
green development mechanism helps scholars better 
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simulate the evolution trend of regional green devel-
opment under different scenarios, and provides deci-
sion-making basis for relevant policy-making.

(2) The relationship between human and earth 
is the core research issue of geography, which runs 
through all stages of geography. In recent years, with 
the change of the external development environment, 
as a bridge between “human” and “environment”, 
human-earth relationship has drawn much attention 
from scholars and has been endowed with new con-
notations with the advances of the times. In the con-
text of the new era, how to further apply the theory 
of human-earth relationship into practical research 
and application is an issue that geographers should 
focus on. Green development research also pays at-
tention to the economic and social development and 
the changes of resources and environment, so as to 
pursue the harmonious development of human and 
nature. The future research on green development 
should take this as the starting point to strengthen the 
integration and coupling of green development with 
human-earth elements under different time and space 
scales, and apply relevant research results into the 
decision-making and management of green develop-
ment.

(3) In recent years, China has put forward a 
series of initiatives and strategies as “The Belt and 
Road”, “Urban Agglomeration”, “The Yangtze River 
Economic Belt” and “The Revitalization of the Old 
Industrial Bases in Northeast China” etc. to further 
promote the economy development in such regions, 
which has brought about new opportunities and forc-
es for the overall economy development of China. 
However, at this stage, all policy radiation areas are 
facing varying degrees of resource and environmen-
tal pressure, and it is urgently necessary to convert 
the old kinetic energy into new ones to achieve 
high-quality development. Geography is a practical 
discipline. Compared with foreign countries, China’s 
geography has made great contributions to the deci-
sion-making related to major national development 
and has also effectively guided China’s economic 
development and construction. Therefore, in order 
to optimize China’s future economic development 
pattern and give full play to the effectiveness of 

development initiatives and strategic policies, it is 
necessary to further refine the research on green de-
velopment in typical areas from the perspective of 
geography.

(4) Green development research needs the com-
bination of multi-angle analysis and multi-research 
means. At present, the research on green develop-
ment mainly uses socio-economic statistical data 
to obtain the information needed to understand the 
influencing factors and spatiotemporal evolution of 
green development. In recent years, although pro-
fessional statistical databases, remote sensing data 
and questionnaire survey data have been applied in 
the research of green development, the application 
is far from being desired. In terms of research meth-
ods, descriptive analysis and quantitative means are 
mostly used to analyze the functional relationship of 
various elements of green development, but there is 
still a lack of comprehensive integration of tradition-
al methods and new technical means. Due to the lack 
of research methods and data, the existing research 
did not take the scale and accuracy well into con-
sideration. It is suggested that relevant departments 
should formulate statistical norms and standards for 
green industry as soon as possible and establish a 
more complete data database. In recent years, with 
the progress of Internet and remote sensing geo-
graphic information technology, it is possible to 
obtain large-scale and high-precision spatiotemporal 
data to represent human activities. In this context, it 
is worthy of continuous attempts for scholars to use 
the spatiotemporal big data to analyze and predict the 
spatiotemporal revolution of green development. (5) 
Green development is an interdisciplinary research 
topic involving many disciplines. From the perspec-
tive of geography, green development research has 
made some research achievements and formed seven 
main research topics, but there are still some defi-
ciencies on the whole. In recent years, when analyz-
ing and studying related problems, geography has in-
troduced disciplines and methods such as economics, 
ecology and management in the research process, 
and has achieved ideal results. In the future, it is still 
necessary to strengthen interdisciplinary research to 
form a systematic and overall research perspective, 
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so as to further promote the research of green de-
velopment and related fields. For example, in terms 
of system suggestions for green development, we 
should carry out multi-disciplinary researches ac-
cording to the actual situation of China’s existing 
green development system, so as to strengthen the 
top-level design and put forward perfect solutions to 
better promote green development.

Conflict of interest 
The authors declare that they have no conflict of 

interest.

Acknowledgments 
This work was supported by Strategic Priority 

Research Program of the Chinese Academy of Sci-
ences (Class A), No. XDA19040500.

References

1. He C, Zhou Y. Study on environmental economic 
geography. Beijing, China: Science Press; 2016. p. 
3–9. 

2. Lu D, Fan J. The rise and effects of regional sus-
tainable development studies in China. Bulletin of 
Chinese Academy of Sciences 2012; 27(3): 290–300.

3. Zhang G. Promote ecological civilization and strive 
to build a beautiful China. Qiushi 2013; 24: 3–11.

4. Fu B. The integrated studies of geography: Coupling 
of patterns and process. Acta Geographica Sinica 
2014; 69(8): 1052–1059.

5. Lu D. The value of geographical science and the feel-
ings of geographers. Acta Geographica Sinica 2015; 
70(10): 1539–1551.

6. Fu B, Leng S, Song C. The characteristics and tasks 
of geography in the new era. Scientia Geographica 
Sinica 2015; 35(8): 939–945.

7. Wang Y. Transforming economic development pat-
tern through implementing green development. Bul-
letin of Chinese Academy of Sciences 2010; 25(2): 
121–126.

8. UNDP. China human development Report 2002: Let 
the green development become a choice. Beijing, 
China: China Financial & Economic Publishing 
House; 2002.

9. UNESCAP. State of the environment in Asia and the 
Pacific 2005 synthesis: Economic growth and sus-
tainability. New York, USA: UNESAP; 2005.

10. Liu Y. Preface to the special issue on Chinese man-
land relationships in a new era. Geographical Re-
search 2018; 37(8): 1477–1484.

11. Zhu D, Liu Q. Exploration on the academic frontier 
of sustainable development and green economy—In-
terviewing Professor Zhu Dajian. Academic Monthly 
2013; 45(10): 170–176.

12. Zhang X. Theory of sustainable development: Con-
cept evolution, dimension and prospect. Bulletin of 
Chinese Academy of Sciences 2018; 33(1): 10–19.

13. Xia G. New interpretation of green economic. Envi-
ronmental Protection 2010; 7: 8–10.

14. UNEP. Global green new deal: Policy brief. Geneva, 
Switzerland: UNEP; 2009.

15. UNEP. Towards a green economy: Pathways to sus-
tainable development and poverty eradication synthe-
sis for policy makers. Geneva, Switzerland: UNEP; 
2011.

16. World Bank. Inclusive green growth: The pathway 
to sustainable development. Washington D C, USA: 
World Bank; 2012.

17. Zhu D. New concept and trend of green economy 
emerging from Rio+20. China Population, Resources 

and Environment 2012; 22(9): 1–7.
18. OECD. Towards green growth: Monitoring progress 

OECD indicators [EB/OL]. https://www.oecd-ili-
brary.org/environment/towards-green-growth-moni-
toring-progress/ the-oecd-approach_9789264111356-
4-en. 2011 [2018-07-15].

19. Hu A. Innovating green development in China. Bei-
jing, China: China Renmin University Press; 2012.

20. Feng C, Wang M, Liu G C, et al. Green development 
performance and its influencing factors: A global per-
spective. Journal of Cleaner Production 2017; 144: 
323–333.

21. Mu X, Liu K, Ren J. Spatial differentiation and 

change of green production efficiency in China. 

Progress in Geography 2017; 36(8): 1006–1014. 
22. Jin P, Peng C, Song M. Macroeconomic uncertainty, 

high-level innovation, and urban green development 
performance in China. China Economic Review 
2019; 55: 1–18.



79

23. Sun C, Wang X, Wang S. Measurement and spatial 
effect analysis of China’s biased technology progress 

under environmental constraints. Economic Geogra-
phy 2018; 38(9): 38–46.

24. Chen W, Shen Y, Wang Y. Evaluation of economic 
transformation and upgrading of resource-based 
cities in Shanxi Province based on an improved TOP-
SIS method. Sustainable Cities and Society 2018; 37: 
232–240.

25. Yue S, Zou Y, Hu Y. The influence of industrial ag-
glomeration on urban green development efficiency 

in China. Urban Problems 2015; 10: 49–54. 
26. Wang X, Shao Q. Non-linear effects of heteroge-

neous environmental regulations on green growth 
in G20 countries: Evidence from panel threshold 
regression. Science of the Total Environment 2019; 
660: 1346–1354.

27. Peng X, Li B. On green industrial transformation in 
China under different types of environmental regula-
tion. Journal of Finance and Economics 2016; 42(7): 
134–144.

28. Huang J, Lv H, Wang L. Mechanism of financial de-
velopment influencing regional green development: 

Based on eco-efficiency and spatial econometrics. 

Geographical Research 2014; 33(3): 532–545.
29. He A, An M. Competition among local governments, 

environmental regulation and green development 
efficiency. China Population, Resources and Environ-
ment 2019; 29(3): 21–30.

30. Tu Z, Deng H, Gan T. The logic of public participa-
tion in environmental governance in China: Theory, 
practice and pattern. Journal of Central China Nor-
mal University (Humanities and Social Sciences) 
2018; 57(3): 49–61.

31. Zhang J, Liu Y, Chang Y, et al. Industrial eco-effi-
ciency in China: A provincial quantification using 

three-stage data envelopment analysis. Journal of 
Cleaner Production 2017; 143: 238–249.

32. Liu Z, Xin L. Has China’s Belt and Road initia-
tive promoted its green total factor productivity? 

Evidence from primary provinces along the route. 
Energy Policy 2019; 129: 360–369.

33. Liu X, Yan L. Research on water resources utiliza-
tion efficiency and factors in western China based on 

data envelopment model. Water Resources Protection 

2016; 32(6): 32–38.
34. Li R, Liu Y, Wang W, et al. Spatial-temporal evolu-

tion of green total factor productivity and identifica-
tion of area problems in the Yangtze River Economic 
Belt. Scientia Geographica Sinica 2018; 38(9): 
1475–1482.

35. Xie H, Chen Q, Lu F, et al. Spatial-temporal dis-
parities and influencing factors of total-factor green 

use efficiency of industrial land in China. Journal of 

Cleaner Production 2019; 207: 1047–1058.
36. Yao X, Feng W, Zhang X, et al. Measurement and 

decomposition of industrial green total factor water 
efficiency in China. Journal of Cleaner Production 

2018; 198: 1144–1156. 
37. Wang W, Yu B, Yan X, et al. Estimation of innova-

tion’s green performance: A range-adjusted measure 
approach to assess the unified efficiency of China’s 

manufacturing industry. Journal of Cleaner Produc-
tion 2017; 149: 919–924.

38. Che L, Bai Y, Zhou L, et al. Spatial pattern and 
spillover effects of green development efficiency in 

China. Scientia Geographica Sinica 2018; 38(11): 
1788–1798.

39. Chen L, Zhang X, He F, et al. Regional green de-
velopment level and its spatial relationship under 
the constraints of haze in China. Journal of Cleaner 
Production 2019; 210: 376–387.

40. Lei M, Zhang X, Cao M. Accounting research of 
green GDP of resource-dependent cities: A case study 
of Yulin City in Shaanxi Province. Journal of Natural 
Resources 2009; 24(12): 2046–2055.

41. Zhang H, Huang M, Hu X. Green GDP calculation 
of Fujian Province based on energy analysis. Acta 
Geographica Sinica 2010; 65(11): 1421–1428.

42.  Kunanuntakij K, Varabuntoonvit V, Vorayos N, et 
al. Thailand Green GDP assessment based on envi-
ronmentally extended input-output model. Journal of 
Cleaner Production 2017; 167: 970–977. 

43. OECD. Indicators to measure decoupling of envi-
ronmental pressure from economic growth [EB/
OL]. http://www.oecd.org/officialdocuments/pub-
licdisplaydocumentpdf/?doclanguage=en&cote=sg/

sd(2002)1/final. 2002 [2017-08-29]．

44. Lu Q, Wu Q, Zhou Y, et al. Industry green develop-
ment evaluation index system and its application to 



80

the regional assessment of Guangdong province in 
China. Ecology and Environmental Sciences 2013; 
22(3): 528–534.

45. Zhao R, Zhang S, Huang X, et al. Spatial variation of 
carbon budget and carbon balance zoning of Central 
Plains Economic Region at county-level. Acta Geo-
graphica Sinica 2014; 69(10): 1425–1437.

46. Wang X, Lu F, Qin Y, et al. Spatial and temporal 
changes of carbon sources and sinks in Henan prov-
ince. Progress in Geography 2016; 35(8): 941–951.

47. Hou C, Ren J, Cheng Y, et al. Spatial evolution and 
driving mechanism of China’s greenization process. 
Scientia Geographica Sinica 2018; 38(10): 1589–
1596.

48. Kim SE, Kim H, Chae Y. A new approach to mea-
suring green growth: Application to the OECD and 
Korea. Futures 2014; 63: 37–48.

49. Sun C, Tong Y, Liu W. Measurement of green de-
velopment level and its dynamic evolution rule in 
China. Economic Geography 2017; 37(2): 15–22.

50. Guo F, Hou A, Tong L, et al. Spatio-temporal pat-
tern and influencing factors of green development 

in the Northeast Restricted Development Zone since 
the revitalization of the Northeast China. Economic 
Geography 2018; 38(8): 58–66.

51. Gai M, Kong X, Qu B. Evolution analysis of tra-
ditional economic efficiency and green space-time 

efficiency between China’s inter-provincial. Resource 

Development & Market 2016; 32(7): 780–787.
52. Sun C, Ma Q, Zha L. Temporal and spatial evolution 

of green efficiency of water resources in China and 

its convergence analysis. Progress in Geography 
2018; 37(7): 901–911.

53. Hu B, Li J, Kuang B. Evolution characteristics and 
influencing factors of urban land use efficiency 

difference under the concept of green development. 

Economic Geography 2018; 38(12): 183–189.
54. Kumar S. Environmentally sensitive productivity 

growth: A global analysis using Malmquist-Luen-
berger index. Ecological Economics 2006; 56: 280–
293. 

55. Lin E, Chen P, Chen C. Measuring green produc-
tivity of country: A generalized metafrontier Malm-
quist productivity index approach. Energy 2013; 55: 
340–353. 

56. Ahmed EM. Green TFP intensity impact on sustain-
able East Asian productivity growth. Economic Anal-
ysis & Policy 2012; 42(1): 67–78. 

57. Moutinho V, Fuinhas JA, Marques AC, et al. As-
sessing eco-efficiency through the DEA analysis and 

decoupling index in the Latin America countries. 
Journal of Cleaner Production 2018; 205: 512–524.

58. Mahlberg B, Luptacik M, Sahoo BK. Examining the 
drivers of total factor productivity change with an 
illustrative example of 14 EU countries. Ecological 
Economics 2011; 72: 60–69.

59. Apergis N, Aye GC, Barros CP, et al. Energy effi-
ciency of selected OECD countries: A slacks based 
model with undesirable outputs. Energy Economics 
2015; 51: 45–53.

60. Chiu YH, Shyu MK, Lee JH, et al. Undesirable 
output in efficiency and productivity: Example of the 

G20 countries. Energy Sources Part B: Economics, 
Planning, and Policy 2016; 11(3): 237–243. 

61. Sun C, Tong Y, Zou W. The evolution and a tempo-
ral-spatial difference analysis of green development 

in China. Sustainable Cities and Society 2018; 41: 
52–61.

62. Li J, Wang X, Miao C. Comparison of development 
efficiency evaluation in resource-based cities based 

on DEA model. Economic Geography 2017; 37(4): 
99–106.

63. Guo Y. The research on the green development levels 
and models of limited developing ecological zone in 
Ningxia Hui Autonomous Region. Yinchuan, China: 
Ningxia University; 2015.

64. Liu Y, Yang J, Liang Y. The green development 
efficiency and equilibrium features of urban agglom-
erations in China. Economic Geography 2019; 39(2): 
110–117.

65. Li L, Liu Y. Industrial green spatial pattern evolution 
of Yangtze River Economic Belt in China. Chinese 
Geographical Sciences 2017; 27(4): 660–672.

66. Ren J, Ma Y. Green development level and the 
obstacle factors of old industrial base in Northeast 
China. Scientia Geographica Sinica 2018; 38(7): 
1042–1050.

67. Yang Y, Guo H, Chen L, et al. Regional analysis of 
the green development level differences in Chinese 

mineral resource-based cities. Resources Policy 



81

2019; 61: 261–272.
68. Yun Y, Zhao J. Spatial pattern of vegetation carbon 

sinks based on MODIS-NDVI data: A case study 
in Shiyang River Basin, China. Mountain Research 
2018; 36(4): 644–653.

69. Liu J, Gao J, Wang W, et al. Delimiting important 
carbon sequestration areas for typical terrestrial 
ecosystems in China. Research of Environmental 
Sciences 2016; 29(12): 1782–1789.

70. UNIDO. UNIDO Green Industry: Policies for sup-
porting green industry. Vienna, Austria: UNIDO; 
2011.

71. Ma L. Analysis on the assessment of greenery trans-
formation-upgrading of industry in Guangdong. 
Geographical Research 2018; 37(8): 1587–1598.

72. Wang J, Li X. The effect of sector decoupling be-
tween China’s industrial economic growth and car-
bon dioxide emissions. Economic Geography 2015; 
35(5): 105–110.

73. Fujii H, Managi S. Which industry is greener? An 

empirical study of nine industries in OECD coun-
tries. Energy Policy 2013; 57: 381–388.

74. Liu H, Liu Y, Xu X. Optimization of industrial struc-
ture and layout in Chengdu-Chongqing economic 
zone based on environmental efficiency evaluation. 

Resources and Environment in the Yangtze River 
2012; 21(9): 1058–1066.

75. Song T, Dong G, Tang Z, et al. Industrial structure 
optimization of Beijing-Tianjin-Hebei under the 
triple restriction of energy, environment and employ-
ment. Geographical Research 2017; 36(11): 2184–
2196.

76. Zhu Y, Wang Z. Projection of China’s industrial 
structure change and carbon emission trends. Prog-
ress in Geography 2014; 33(12): 1579–1596.

77. Xi G, Zhen F. The development strategy for green in-
dustry of the region along the great canal in the north 
of Jiangsu. Human Geography 2009; 24(5): 87–91.

78. Yan X, Zhen F, Xi G. Study on selection and layout 
of the green industry in ecologically fragile of alpine 
city: The example of the Lhasa City. Economic Ge-
ography 2011; 31(7): 1139–1145.

79. Shapira P, Gök A, Klochikhin E, et al. Probing 
“green” industry enterprises in the UK: A new iden-
tification approach. Technological Forecasting & 

Social Change 2014; 85: 93–104.
80. Park JI, Lee S. Examining the spatial patterns of 

green industries and the role of government policies 
in South Korea: Application of a panel regression 
model (2006-2012). Renewable and Sustainable 
Energy Reviews 2017; 78: 614–623.

81. Yi H, Liu Y. Green economy in China: Regional 
variations and policy drivers. Global Environmental 
Change 2015; 31: 11–19. 

82. Hammer S, Kamal-Chaoui L, Robert A, et al. Cities 
and green growth: A conceptual framework. Paris, 
France: OECD; 2011.

83. Zhang M, Li Z, Huang B, et al. Generation and 
evolution of the green city idea and the comparative 
analysis of its connotation and features. Ecological 
Economy 2016; 32(5): 205–210.

84. Li J, Tang Z. An analysis of industrial structure 
increase of regenerative resource-based cities: A 
case of Tangshan City. Geographical Research 2017; 
36(4): 707–718.

85. Hospers GJ. Restructuring Europe’s rustbelt: The 
case of the German Ruhrgebiet. Intereconomics 
2004; 39(3):147–156.

86. Yang Z. An analysis of Japan’s restructuring policies 
for Kyushu old industrial base. Contemporary Econ-
omy of Japan 2006; 6: 14–17.

87. Sun Y, Jing P. A study on green transition mode and 
transition path of resource-based regions. China Soft 
Science 2012; 12: 152–161.

88. Liu C, Zhang C. Theoretical discussion on the con-
notation of green transformation of resource-based 
cities. China Population, Resources and Environment 
2009; 19(5): 6–10.

89. Zhu A, Zeng J, Tang C, et al. Measuring the potenti-
ality of regulation on the life-cycle of resource-based 
city. Human Geography 2013; 28(5): 69–75.

90. Sun Y. Study on theory and practice of green transi-
tion of resource-based regions Changchun, China: 
Northeast Normal University; 2012.

91. Zhang C, Liu C. The cost analysis and timing choice 
of green transformation of resource-based cities. 
Ecological Economy 2009; 25(6): 33–40.

92. Li Z, Wang L, Yu M. Study on west resources cities 
industrial transformation and upgrading development 
under the new normal: Take Liupanshui as an exam-



82

ple. Resource Development & Market 2016; 32(5): 
567–572. 

93. Kuai P, Li W, Cheng R, et al. An application of 
system dynamics for evaluating planning alterna-
tives to guide a green industrial transformation in a 
resource-based city. Journal of Cleaner Production 
2015; 104: 403–412.

94. Li B, Dewan H. Efficiency differences among Chi-
na’s resource-based cities and their determinants. 
Resource Policy 2017; 51: 31–38.

95. Zeng X, Duan C. Performance evaluation and differ-
ential analysis on green transformation of coal re-
source-exhausted cities in China. China Population, 
Resources and environment 2018; 28(7): 127–135.

96. Guo S, Guo J. The establishment of “Comprehen-
sive Reform Zone”, industrial diversification and 

high-quality development of resource-based regions. 
Industrial Economic Research 2019; 1: 87–98.

97. Research group of Institute of Industrial Economics 
CASS. A study on the green transformation of Chi-
nese industry. China Industrial Economics 2011; 4: 
5–14. 

98. Feng C, Wang M, Huang J. The impact of the trans-
formation of development pattern on environment 
and economy: Estimation based on non-parametric 
methods. Science of Science and Management of 
S.&.T 2017; 38(2): 31–43.

99. Hall CR, Hodges AW, Haydu JJ. The economic im-
pact of the green industry in the United States. Hort 
Technology 2006; 16(2): 345–353. 

100. Yi H. Clean energy policies and green jobs: An 
evaluation of green jobs in U.S. metropolitan areas. 
Energy Policy 2013; 56: 644–652. 

101. Lehr U, Lutz C, Edler D. Green jobs? Economic 

impacts of renewable energy in Germany. Energy 
Policy 2012; 47: 358–364. 

102. Musango JK, Brent AC, Bassi AM. Modelling the 
transition towards a green economy in South Africa. 
Technological Forecasting & Social Change 2014; 
87: 257–273.

103. Zhou X, Xu Z, Xi Y. The system dynamic model and 
policy optimized stimulation of energy conservation 
and emission reduction in China. Systems Engineer-
ing—Theory & Practice 2018; 38(6): 1422–1444.

104. Rivera GL, Reynès F, Cortes II, et al. Towards a 

low carbon growth in Mexico: Is a double dividend 
possible? A dynamic general equilibrium assessment. 

Energy Policy 2016; 96: 314–327. 
105. She Y, Liu Y. Historical context and enlightenment 

of domestic and foreign green development regime. 
Resources and Environment in the Yangtze River 
2018; 27(7): 1490–1500. 

106. Brand U. Green economy: The next oxymoron? No 

lessons learned from failures of implementing sus-
tainable development. GAIA: Ecological Perspec-
tives for Science & Society 2012; 21(1): 28–32. 

107. Pitkänen K, Antikainen R, Droste N, et al. What can 
be learned from practical cases of green economy? 

Studies from five European countries. Journal of 

Cleaner Production 2016; 139: 666–676.
108. Zhen L, Du B, Liu J, et al. The International experi-

ence of green development and implications to west-
ern China: An overall review of policy and practice. 
China Population, Resources and Environment 2013; 
23(10): 8–16.

109. Swainson L, Mahanty S. Green economy meets 
political economy: Lessons from the “Aceh Green” 
initiative, Indonesia. Global Environmental Change 
2018; 53: 286–295.

110. Mathews JA. Green growth strategies: Korean initia-
tives. Futures 2012; 44: 761–769. 

111. Ringel M, Schlomann B, Krail M, et al. Towards 
a green economy in Germany? The role of ener-
gy efficiency policies. Applied Energy 2016; 179: 

1293–1303. 
112. Dulal HB, Dulal R, Yadav PK. Delivering green 

economy in Asia: The role of fiscal instruments. 

Futures 2015; 73: 61–77. 
113. Wiseema W, Dellink R. AGE analysis of the impact 

of a carbon energy tax on the Irish economy. Ecolog-
ical Economics 2007; 61: 671–683.

114. Van der Ploeg R, Withagen C. Green growth, green 
paradox and the global economic crisis. Environ-
mental Innovation and Societal Transitions 2013; 6: 
116–119.

115. Cao D, Zhao X, Yang W. Development mechanism 
and policy innovation of China’s green economy. 
China Population. Resources and Environment 2012; 
22(5): 48–54.

116. Yang J. The transformation of contemporary China’s 



83

developing path and its propulsion: The legalization 
of the concept of green development. Nanjing Jour-
nal of Social Sciences 2016; 10: 88–95.

117. Zhou K, Jin M. Analysis on the legal protection of 

China’s green economy from the perspective of eco-
logical civilization. Environmental Protection 2016; 
44(11): 24–27.



84

Journal of Geography and Cartography (2020) Volume 3 Issue 1: Special Issue - Man-land research by analyzing and mapping 
geographic phenomena using cartographic methods in China
doi:10.24294/jgc.v3i1.1308

REVIEW ARTICLE

Progress and implications of international rural space research 
Dan Wang, Zuyun Liu*

College of Public Administration, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China. E-mail: 
lzy@njau.edu.cn/15262011655@163.com

ABSTRACT
Space is a product of society. Driven by industrialization, urbanization, informatization and government policies, 

China’s rural space is undergoing drastic reconstruction. As one of the core contents of international rural geography 
research, rural space research are multi-disciplinary, multi perspective, multi-dimensional and multi-method, forming a 
rich research field. In order to comprehensively grasp the progress of rural space research abroad, this study reviewed 

international rural space research literature in recent 40 years. The study found that foreign scholars described the con-
notation of rural space from the aspects of material, imagination and practice, emphasize the importance of daily life 
practice. It introduced living space to construct a more systematic research framework of rural space by establishing a 
“three-fold model of rural space”. With regard to the theoretical perspective, international research on rural space has 
experienced three stages: functionalism, political economics and social constructivism. In the evolution of time, it has 
realized the transformation from productivism to post-productivism; in the spatial dimension, it realizes the multiple 
superposition of settlement space, economic space, social space and cultural space. As a whole, international research 
on rural space has realized the transformation from material level to social representation, from objective space to sub-
jective space, and from static one-dimensional space to dynamic multi-dimensional space, which enlightens us on the 
importance of interdisciplinary research and “social cultural” research on rural space. The construction of rural space in 
China needs to pay attention to the subject status of farmers and multifunction of rural space, respect the role of locality 
and difference of various places, and recover the function of production of meaning of rural space.
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1. Introduction 
With the advancement of industrialization, urbanization, globaliza-

tion and informatization, as well as economic development and policy 
drive, China’s rural space is undergoing drastic reconstruction. First, 
the elements, structure, function and organizational relationship of 
rural settlement space have changed dramatically. Taking the changes 
of population, land and industry as the core[1], the rural structure in em-
ployment, land use, industry and architectural landscape have changed 
accordingly. The function of rural settlements has changed from simple 
residence and some agricultural and sideline production to diversified 
and comprehensive functions such as residence, industrial and agri-
cultural production, consumer market, leisure tourism and ecological 
protection[2]. Rural settlement space has changed from “homogeneity” 
to “heterogeneity”, which is increasingly differentiated and diversified. 
Urbanization, specialization, hollowing out, decline and even extinc-
tion constitute a variety of scenes for the spatial reconstruction of rural 
settlements in China[3]. Second, the rapid development and innovative 
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application of modern information technology have 
profoundly changed the way of integrating rural re-
sources. “Internet +”, “ecology +”, and “tourism +” 
have been infiltrating every field of the countryside, 
giving birth to many new industries, new formats 
and new business models[4] and the economic space 
of the countryside is changing from the production 
landscape to the consumer landscape. Third, tech-
nology empowerment comes with technology going 
to the countryside. Modern technology and industry 
are profoundly changing farmers’ lifestyle, thinking 
mode and village governance mode. The communi-
cation between farmers has changed from highlight-
ing blood relationship and geographical relationship 
to industry relationship. Farmers become increasingly 
professional and specialized. The village governance 
mode has also changed from overall governance to 
technical governance, indicating China’s rural social 
space is undergoing reconstruction. Fourth, under the 
impact of modern forces such as technology, industry 
and culture, the rural cultural space presents a mix-
ture of vernacular and modernity.

It can be seen that the rural space in practice 
presents the overlapping and mixing of settlement 
space, economic space, social space and cultural 
space. The rural space has become a dynamic, het-
erogeneous, networked and meaningful system. 
However, in terms of theoretical research, in CNKI, 
taking “countryside” + “space” as the theme word 
and CSSCI as the source journal, as of November 
30, 2018, a total of 968 research papers have been 
retrieved. Most of the research subjects are rural ge-
ographers and rural planning scholars. The research 
contents mainly focus on rural spatial transformation, 
land use, spatial differentiation, spatial reconstruction 
and spatial planning, centering on material space. 
Some scholars have also studied the rural spatial sys-
tem from the overall perspective[5,6], but they gener-
ally paid little attention to social cultural space[7], and 
the theoretical research of rural space generally lags 
behind the practice of rural space reconstruction. 
The foreign researches emphasize on the “cultural 
turn” of rural space[8], “rurality”[9] and “post-rural”[10], 
as well as the application of “post-modernism” and 
“post-structuralist methods”[11], which can provide 

reference and inspiration for the theoretical research 
of rural space in China. Therefore, this paper at-
tempts to systematically sort out the basic theories 
and trends of foreign rural space research to promote 
the combination of the frontier theories of foreign 
rural space research with China’s diversified and dif-
ferentiated rural space reconstruction practice, so as 
to provide theoretical support for China’s rural space 
reconstruction and rural revitalization.

2. What is “rural space”?

2.1 Four-level implication of rural space
There is no consensus on the division of “rural 

space” abroad. In the UK, rural areas are usually de-
fined within the scale of local government areas[12], 
while in the United States and Australia, rural areas 
are described as the larger scale of non-metropolitan 
areas[13]. To define “rural space”, we should not only 
consider the scale of “rural”, but also consider its 
uniqueness in culture, competition and commercial-
ization[14].

Halfacree[14] analyzed the connotation of rural 
space from four levels. First, rural space as material, 
that is, the locality of rural space. The locality of ru-
ral space is constantly produced, reproduced and po-
tentially changed. To identify rural areas, at least two 
conditions must be met: one is to clarify the criteria 
for the delimitation of local spatial scale, and the oth-
er is that the description of rural space must be able 
to distinguish rural areas from cities. In short, there 
must be distinguishing criteria to define “rural”[15]. 
However, under the influence of the perspective of 
political economy, many scholars question whether 
the rural areas in today’s developed countries can 
still be identified[16]. The internal spatial structure 
of capitalist society is constantly rewritten, and the 
importance of “rural” scale is constantly destroyed 
by diversification. From a local, national and interna-
tional (global) perspective, the countryside is outdat-
ed[17] and rural space is disappearing[18]. Second, rural 
space, as imagination, is the social representation of 
rural space. As an “analytical distinction or rhetor-
ical device”[18], rural space gets rid of the material 
internality and becomes the common imagination of 
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specific groups[17]. Rural space may have material 
expression, but this is not important. The cognitive 
representation of rural space rather than its perfor-
mance in social and natural landscape is the starting 
point of research. This is not influenced by whether 
rural areas are recognized. Third, rural space, as 
material and concept, is embodied in “locality” and 
“social representation”. As a “locality”, it has the 
following characteristics: agriculture and other basic 
production activities, low population density, incon-
venient transportation and consumption behavior. 
As a “social representation”, rural space is the rural 
landscape and community imagined by comparing 
with other spaces such as cities and suburbs. Fourth, 
rural space, as practice, emphasizes that space and 
time are inseparable, concerning about how the ma-
terial space in rural areas exists through the practice 
of structural process, and how the conceptual space 
represented by rural society exists only through the 
practice of discourse interaction. Therefore, the re-
search on rural space (time) needs a strong situation-
al method. 

2.2 Triple model of rural space
Halfacree[14] believes that the concept of rural 

space under the dual definition of “locality” or “so-
cial representation” is incomplete. Locality is the 
physical space at the perceived level, and the defini-
tion method is academic, while social representation 
comes from the conceptual space of the subjective 
mind, and the definition method is secular[6]. How-
ever, besides two types of discourse, a series of 
discourse between secular and academic should also 
be stressed[19], which shows the hybridity and even 
infinity of rural space. Therefore, only via the close 
concern of the context can we reveal the “truth” of 
rural space. Space is not only a product, but also a 
medium of production[20]. More humanistic dimen-
sions must be considered. Therefore, Halfacree be-
lieves that a more comprehensive description of the 
spatial structure should be made from the perspec-
tive of synergy, so as to establish an architecture en-
abling the better integrity of rural space[21]. Halfacree 
established the “triple model of rural space” based 
on the production of space theory of Lefebvre[22], 

namely rural locality, representations of the rural and 
everyday lives of the rural[14]. Rural locality refers to 
the rural areas characterized by spatial practices such 
as production or consumption; the representations of 
the rural refers to people’s subjective space such as 
cognition and image of the countryside, as well as 
the way in which the countryside is integrated into 
the (capitalist) production process; everyday life of 
the rural includes personal and social cultural factors 
of understanding and identification with rural life. 
Compared with the dual definition of “locality/social 
representation”, the “triple model of rural space” 
starts from the rural subject, emphasizes the impor-
tance of daily life practice, introduces experiential 
and living space, and makes up for the incomplete-
ness of the concept of rural space under the dual defi-
nition. This theory is a more systematic theoretical 
framework for foreign rural space research, and has 
important enlightenment significance for domestic 
scholars to deepen the understanding of rural space.

2.3 Three perspectives of rural space research
In the 20th century, three different theoretical 

perspectives have been developed in the field of rural 
research abroad: one is the functionalist perspective 
popular in the 1970s, which determines the rural 
space by clarifying the unique functional character-
istics of the countryside. The theory holds that the 
rural nature features the dominance of extensive land 
use (especially agriculture and forestry), small-scale, 
low-level settlements and an environment-friendly 
and high-quality lifestyle[23]. The second is the po-
litical economic perspective popular in the 1980s, 
which links the countryside with the dynamics of 
national and international politics and economy, 
emphasizes the power field and institutions of social 
production, and tracks the transformation of social 
relations from Fordism to post-Fordism[24]. The third 
is the social constructivism perspective popular in 
the 1990s, emphasizing the role of culture in the 
uniqueness of rural space. The relationship between 
rural social and cultural structure and nature has be-
come the focus of rural research. Halfacree believes 
that due to the increasingly diversified social repre-
sentation of rural areas, the symbol of village (rural) 
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is more and more deviating from its meaning (rural 
meaning)[25]. In addition, symbols and meanings are 
increasingly disconnected from their reference (rural 
geospatial). Therefore, the rural space constructed by 
society has become more and more divorced from 
its regional function, which is called “post village” 
by Murdoch et al.[10]. Social constructivism may lead 
to the existence of future villages, communities and 
landscapes as a super real commodity[26], showing a 
virtual pastoral scenery. 

3. Historical evolution of foreign ru-
ral space research

Foreign rural space research has realized the 
transformation from “productivism” to “post-pro-
ductivism”. From World War II to 1970, western 
countries realized that free market and laissez faire 
policies could not guarantee sufficient food produc-
tion, so they continued the wartime planning and in-
tervention policies, basically adopted the policy par-
adigm of producer system, and food self-sufficiency 
and income equality became the top policy priorities 
of the whole developed countries. Therefore, the re-
search on rural space mainly focuses on agricultural 
production. At this stage, “rural areas mean agricul-
ture” and “agriculture means rural areas”. During the 
20 years from 1970 to 1990, the excessive emphasis 
on productivism caused a series of problems, and 
the rural space of productivism was destroyed. With 
the increasing environmental pressure, the research 
on sustainable development has become the focus 
of rural research. In the 1990s, rural space research 
realized the cultural turn and post-modernism turn. 
Scholars began to view rural problems from the hu-
manistic dimension, and the post-productive rural 
space research rose.

3.1 Rural space under productivism
The period from the Second World War II to 

1970 was dominated by the concept of agricultural 
productivism. At this stage, western countries are in 
the recovery period of post-war reconstruction. For 
the sake of food security, countries have strength-
ened their policy support for rural production[26]. 
Under the guidance of the concept of productivism, 

scholars have conducted a lot of research on com-
modity agriculture, discussing technological change, 
globalization and agricultural production under the 
joint force of government macro-control[28]. Based 
on the agricultural landscape, productivism is ori-
ented by food production and pursues the maximi-
zation of agricultural production[29]. The key is that 
productivism is not only influenced by agricultural 
communities, but also permeates into every corner of 
rural life, which is the cornerstone of the consistency 
of rural local structure. Rural space in the period of 
productivism has three characteristics: Firstly, rural 
areas are remembered through the dominant agricul-
tural practice, including farmers’ daily and seasonal 
activities, diversified and professional support ser-
vices and the increasingly industrialized food pro-
duction model. Secondly, outside the farm, this per-
formance has been sustained and strengthened. From 
harvest festivals and other celebrations in the village 
to the service role of the market town, the activities 
and functions of the whole rural area are carried out 
around agriculture. For example, non-agricultural 
institutions related to agriculture tend to recognize 
and accept the leadership of agriculture[30]. Thirdly, 
productive agriculture is related to the wider rural 
society, and rural daily life is mainly realized from 
the perspective of productivism. 

3.2 Crisis of rural space under productivism
During the 20 years from 1970 to 1990, the 

excessive emphasis on agricultural production led 
to problems such as overproduction and land deg-
radation. Sustainable agriculture has become the 
theme of world agricultural development. Produc-
tivism-oriented agriculture faces a “structural crisis” 
that cannot be solved by technological repair[31]. Ru-
ral areas are affected by both economic restructuring 
and social restructuring[32], and agricultural practices 
are forced to adjust from coping with surplus and 
overproduction to dealing with the recognized con-
sequences of environmental damage[33]. Individual 
farmers and their family life are increasingly affected 
by insecurity and uncertainty. High levels of debt 
and depression are the most acute expressions[34], 
which makes the role of farmers as rural guards 
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and the impact of financial support more and more 
questioned[35]. Other commercialization methods 
in rural areas have emerged because: in terms of 
rural leisure, the British Conservative government 
published a report entitled “happiness, leisure and 
work: Tourism” in 1985, which heralded the begin-
ning of the enterprise stage with the focus shifting 
from highlighting social welfare to meeting market 
demand through the private sector. This more diver-
sified commercialization also impacts agricultural 
culture[36], making agricultural culture more compet-
itive, diverse, flexible and responsible for the envi-
ronment[37]. Constitutionally, in 2001, the Ministry of 
Agriculture, Fisheries and Food was replaced by the 
new Department for Environment, Food and Rural 
Affairs, which abolished the prominent position of 
“agriculture” in rural policy. In the 1990s, British 
villages focused on the discussion of post-productive 
transformation, reduced food production and state 
support, and realized the internationalization of food 
industry in a freer global economic market, result-
ing in three bipolar dimensions: from strengthening 
to expansion, from concentration to dispersion, and 
from specialization to differentiation[38]. This empha-
sis on diversity not only prompted people to discuss 
the transformation of post-productivism, but also 
triggered a discussion on post-productivism villag-
es[39]. Agriculture is considered to exist in rural space 
and society, not the opposite.  

3.3 Rural space under post-productivism
In the 1990s, the shift of rural consumption 

became the concern in developed countries. Driv-
en by post-productivism and the concept of rural 
multi-function, rural space has expanded its function 
from single agricultural production to industrial 
production and service. Rural tourism, rural con-
sumption and rural cultural landscape protection 
are booming[26], providing diversified and non-lin-
ear goods and services for urban residents[40]. With 
the socio-cultural turn and post-modernism turn of 
rural space, the concern about rural consumption 
has expanded from material space to non-material 
fields and diversified groups[41], and some new con-
cepts and research perspectives have emerged. For 

example, Murdoch et al. put forward the concept of 
post rural from the perspective of post-modernism, 
emphasizing “production of meaning”[10]; Hopkins[42] 
believes that rural areas are changing from physical 
places dominated by agricultural production to con-
structive places dominated by symbols and spirit, 
and outsiders play a key role in the process of rural 
branding publicity[43]; Woods introduced the socio-
logical spatial ontology theory to explore the conno-
tation and extension of “rurality”, and believed that 
the rurality is jointly expressed by rural residents 
and rural immigrants, tourists and tourist attractions, 
policy makers, media and academic researchers[44]. 
Therefore, the countryside is no longer a place with-
out competition[45], but is a heterogeneous space so-
cially constructed by participants according to their 
own will and experience. Marsden summarized the 
heterogeneous post productive rural space into four 
ideal types, namely, preserved countryside, contested 
countryside, paternalistic countryside and cliental-
ist countryside[46]. The concept of post-productive 
countryside embodies the radical spatial imagination 
of super productivism, consumptive pastoral life 
and pastoral scenery, imagining the countryside as a 
manifestation of a diverse family accessible to every-
one, as well as a daily experience of celebrating local 
and personal significance[47]. However, post-produc-
tivism villages are often mixed, because they focus 
on the struggle between the new differences and the 
existing space of (rural) capitalism.  

4. Comprehensive multidimension-
ality of international rural space re-
search

After the 1970s, with the crisis of rural space led 
by productivism, the research of rural space began a 
social cultural turn, emphasizing the unique role of 
social culture in the formation of rural space. Since 
then, the rural space research has realized multi-di-
mensional expansion in content, from the research of 
settlement space and economic space to the research 
of social space and cultural space, formed a rural 
space research system including settlement space, 
economic space, social space and cultural space, and 
realized the deepening from concrete space to ab-
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stract space and from real space to virtual space. The 
research on settlement space mainly focuses on land 
use, architectural landscape, ecological environment, 
settlement origin and structure; economic space re-
search mainly focuses on rural production practice 
and economic space differentiation; social space 
research has formed three research themes: social 
change, social differences and rural power. Cultural 
space research mainly focuses on institutional poli-
cies, pastoral intentions and values. In the following 
section, researches on international rural space will 
be elaborated from the above-mentioned four as-
pects.

4.1 Settlement space
The research on rural settlement space abroad 

has roughly experienced four stages[48]. The first is 
the initial stage from the 19th century to the 1920s, 
during which the studies mainly center on the settle-
ment form, the causes and conditions of settlement, 
the types of settlement, the relationship between set-
tlement space and natural geographical environment, 
and preliminarily puts forward the theoretical basis 
of rural settlement. Generally, the research content 
is not rich, and the research method is mainly de-
scription. The second is the preliminary development 
stage from 1920s to 1960s. The research on rural 
settlements is gradually enriched and expanded. The 
research content involves the location characteristics, 
formation process, development conditions, func-
tions and planning of rural settlements. The research 
method is mainly small-scale field investigation. 
The third is the expansion and transformation stage 
from 1960s to 1980s, with three important theoreti-
cal reforms. First, I. Burton’s slogan of “quantitative 
revolution” has greatly promoted the study of rural 
settlements. The second is the slogan of “behavioral 
revolution” by R.M. Downs, which attaches impor-
tance to “spatial behavior” and “spatial induction”, 
and emphasizes the role of human decision-mak-
ing behavior on settlement distribution, form and 
structure[49]. Moreover, the concept of sustainable 
development has promoted the “rebirth” of western 
rural geography. The research content of rural set-
tlements is very rich, and almost touches all fields 

of rural social economy[50]. At this stage, there is a 
trend of combining qualitative and quantitative re-
search methods. Fourth, the stage of transformation 
and reconstruction since 1980s. Under the influence 
of philosophical thoughts such as post-modernism, 
post-structuralism, radical geography and humanistic 
geography, the research on rural settlements begin to 
transform to the direction of society and humanities, 
with the content mainly involving rural conflict[45], 
rural population migration[51], local government and 
rural discourse[52], environmental sustainable devel-
opment[53], rural reconstruction[54], the relationship 
between rural community types and residential areas 
of the elderly[55], etc. As a result, a variety of disci-
plines (such as architecture, geography, sociology, 
landscape ecology, urban and rural planning) and 
technologies (RS, GIS, GPS, landscape model, etc.) 
have been comprehensively applied into the study 
of rural settlements, and research methods such as 
grounded theory, semi-structured interview, concern 
groups, participant observation and literature analy-
sis have been continuously developed and applied[56]. 
In addition, Q methodology has made significant 
progress in breaking the distinction between qualita-
tive and quantitative research[1]. 

4.2 Economic space
Marxism believes that in the developed capi-

talist society, there is no longer any characteristic 
rural space, because all spaces will eventually be 
colonized by capital. Nevertheless, under the influ-
ence of multiple factors such as resource endowment 
and cultural values, there is a pattern of economic 
spatial differentiation between urban and rural areas 
and within rural areas, and elements and information 
flow between different economic spaces and trans-
form each other under certain conditions. Marsden 
clearly pointed out that the policy not only needs 
to get rid of the rural concept of strict geographical 
definition, but also needs to recognize the differentia-
tion of rural space in regional, national, international 
supply chain, network and regulatory dynamics[57].

(1) Economic spatial differentiation between 
urban and rural areas. Rural economic space is 
generally dominated by the production of primary 
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products, which is often associated with backward-
ness, poverty, lack of opportunities, traditionalism 
and isolation. Urban economic space is dominated 
by manufacturing and service industries, which are 
often associated with wealth, opportunity, modern-
ization and concentration. Additionally, the speed 
and intensity of urbanization have exacerbated urban 
overcrowding, class conflict, moral corruption and 
environmental pollution. Therefore, nostalgia for the 
ideal rural environment began to rise in cities. In the 
mid-1870s, the development of infrastructure and 
telecommunications technology, the pursuit of cheap 
labor by capital, the motivation to develop new mar-
kets, the need for a better life and raising children 
promoted the flow of goods and opportunities to 
many rural areas in Europe and North America[58]. 
Regions are thoroughly infiltrated and shaped by so-
cieties far away from them[59]. Globalization has led 
to the possible homogenization of all spaces. Rural 
areas attract suburban immigrants by building their 
own unique niche, which Marsden calls consump-
tion villages[40]. The flow of capital and opportunities 
has had a profound impact on the rural economy and 
social structure. The local economy shows diversity 
and mixing, and culture has become the main deter-
minant of the local economic model[60].

(2)Economic spatial differentiation within 
rural areas. Due to the difference of economic de-
velopment level, resource endowment and cultural 
values, the rural economic space has formed a cir-
cle structure from the center to the edge, namely 
entrepreneurial economy, dependent economy and 
rent-seeking economy. i) The income of entrepre-
neurial economy mainly comes from the value of 
local resources, and meets people’s demand for 
high-quality goods in the process of globalization 
through the tacit knowledge of local society. Tra-
ditional commodities (local food, furniture, rural 
tourism, etc.), integrated into the modern marketing 
structure, are equipped with the characteristics of 
postmodernism[61]. These rural characteristics and 
modern infrastructure will attract industries fleeing 
the city[62]. Besides, local enterprises rely on cultur-
al factors[63] and social capital[64] to form coopera-
tive networks and realize economies of scale[65]. ii) 

Dependent economy refers to areas where income 
mainly depends on external sources. Cheap labor and 
the “friendly” environment brought by the national 
infrastructure construction and services did help a lot 
for these areas to attract external resources. Howev-
er, the dependent economy is vulnerable due to the 
lack of control over the source of investment, which 
can be alleviated by learning the skills and attitudes 
of entrepreneurs and moving towards “entrepreneur-
ial economy”. iii) The rent-seeking economy is dom-
inated by agriculture and extractive industries. Rely-
ing on the advantages of natural resources to obtain 
“rent”, landlords can obtain surplus without invest-
ment. However, the rent-seeking strategy will hinder 
economic growth due to insufficient investment[66]. 
In addition, due to the class polarization and closed 
culture, there will be inevitably appear the oligopoly 
economy, which will not only reduce the landlords’ 
demand for local economic diversification, but also 
will be easy to cause a zero-sum game, resulting in 
local instability and difficulty to attract external in-
vestment. The social structure of economic power 
and the characteristics of local value system render 
the rent-seeking economy in low-income status and 
marginal areas[67]. In the spatial pattern of urban and 
rural economy, metropolitan areas are located at the 
core of territorial space. They extract raw materials 
and commodities from rent-seeking economies locat-
ed in the most marginal areas, finished products from 
dependent economies, and high-quality commodities 
from entrepreneurial economies[68]. The change of 
types leads to the increasing differentiation and re-
gionalization of rural space. Different types of econ-
omies can also achieve mutual transformation. The 
key lies in whether local communities are willing or 
able to respond to the increasing opportunities in the 
process of globalization.

4.3 Social space
Rural social space research attempts to under-

stand how people experience and organize rural life, 
how families manage farms, how communities con-
struct cultural identity, and how marginalized groups 
negotiate against inequality, so as to conceptualize 
social forms or systems and identify the processes 
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and relationships that affect rural life practice. The 
study of rural society has formed three key analysis 
themes, namely change, difference and power.

(1) Social change is the most lasting theme of 
rural social research. The research in the 1960s and 
1970s recorded the process of modernization, indus-
trialization and urbanization of rural society[69]. It 
mainly focused on the change of population structure 
and population migration, mainly adopting methods 
of positivism and quantitative research. However, 
hermeneutics believes that a single empirical and 
quantitative method can not explain the diversity of 
social experience and process[70], and advocates the 
use of ethnography to explain how the changing ru-
ral society realizes diversification[71]. Marxism and 
feminism expound social changes through the study 
of agricultural production and its relationship, and 
provide critical comments and cases for agriculture 
and agricultural structure adjustment. Generally, 
the study of change has always been the constant 
analysis theme of rural society. The macro attention 
to social system and relationship enables scholars 
to explain the material and cultural changes that 
change rural life, system, culture and landscape. In 
terms of research methods, most quantitative studies 
were conducted from 1970 to 1980, and most radi-
cal studies were conducted from 1980 to 1990. Re-
cently, more researches have been carried out using 
post-structural and post-modern methods[11].

(2) The second core analysis theme is the study 
of rural social differences. A large number of studies 
have proved the differences of rural social groups in 
economic, cultural, political activities, experience 
and interests. Early difference studies used property 
and labor relations to analyze people’s social status, 
which was reflected in Marxist social class research. 
Recently, under the influence of the feminist move-
ment, gender is regarded as an important dividing 
line between human labor, community life and rural 
spatial experience, resulting in increased research 
on rural gender inequality. The study of class and 
gender is the core explanatory variable to understand 
rural social differentiation, but it should be admitted 
that other types of social differences also exist. Some 
scholars recorded rural social differences based on 

age and intergenerational relations, poverty and ex-
ploitation, race and disability, which laid the founda-
tion for the research and evaluation of rural society 
in the 1990s.

(3) The third analytical theme concerns the con-
sideration of power. The traditional research on rural 
power focuses on formal political topics, diversified 
concepts of power and political interests. Therefore, 
the analysis of agricultural political interests and 
political consciousness is the most common[69]. The 
research on resources and the operation process of 
power shows that how ruling groups, classes or in-
terest groups grasp or mobilize power unevenly to 
“cover up, suppress or seize” interests and groups 
that may challenge the dominant power[72]. These 
works focus on resources such as property and capi-
tal, as well as processes such as labor relations, spon-
sorship and charity, which maintain (and sometimes 
mask) the legitimacy of dominant minorities[73]. 
Marxist and feminist methods critically analyze the 
power of agricultural social organizations and show 
the class and gender characteristics of property and 
management. Similarly, community studies also fo-
cus on systems and relationships that maintain social 
differences (such as class and gender) and specific 
interests[74]. It can be seen that power plays an indis-
pensable role in understanding rural change, spatial 
and community planning and political struggle[75]. 
Recently, the research scope of power relations in 
rural society has expanded from conservatism or his-
torical hegemony[76] to new political units such as the 
New Testament Group[77].

4.4 Cultural space
Cultural space is a unique space form of human 

beings based on human discourse system, representa-
tional activities and order concept. It is an unrealistic 
and ideal social space[78]. For many rural research-
ers, the support of social constructivism represents 
the cultural turn, which means that rural research 
deviates from the basic core of concern about rural 
socio-economic change. Others believe that rural 
studies have not yet accepted the full deconstructive 
power of cultural turn. On the whole, the cultural 
turnaround is increasingly focused on the foreground 
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cultural issues such as the significance, identity, ex-
pression, difference and resistance of social science, 
resulting in a variety of manifestations of cultural 
turn: from the increased use of cultural texts and 
high reflection on language roles to the introduction 
of post structural epistemology and the emphasis on 
non-representational theory. Generally speaking, the 
evaluation of cultural turn is mixed. The evaluation 
of cultural turn by people who are more in favor of 
cultural projects can be summarized into four points: 
first, cultural turn separates social science from 
society and begins to study structure, space and in-
equality. Gregson called this “social withdrawal”[79]. 
Second, the cultural turn focuses on the non-material 
process, inter subjectivity and transcendence of iden-
tity politics, which is a non-material social science. 
Third, the cultural turn depoliticizes social science. 
The debate of post structuralism leads to political si-
lence and academic intellectualization[80]. Fourth, the 
cultural turn is far from deconstruction. The cultural 
focus of social science is excessively conservative 
and still dominated by constructivism.

In an editorial in the Journal of Rural Studies, 
Cloke believes that rural research has begun to enter 
the process of cultural turn, reflecting the potential of 
rural re-conceptualization of natural social relations, 
high sensitivity to rural experience and imaginary 
discourse, and incisive consideration of rural cultur-
al symbolic text, and rural life and landscape with 
a strong emphasis on mobility rather than fixity[8]. 
The cultural turn of rural space is mainly reflected in 
two aspects: on the one hand, through actor network 
theory (ANT)[81] and hybrid research[82], we have 
constructed innovative opinions on the relationship 
between non-human actors and their networks and 
rural environment. ANT focuses on how networks 
transcend space and time, and how rural actors are 
involved in distant and unexpected events. On the 
other hand, the concept of “dwelling”[83] is used to 
show how animals, plants and humans work together 
to form a specific place. The intellectual stimulation 
of cultural turn has also appeared in other fields of 
rural research, including the use of imaginative texts 
to investigate the representativeness of rural areas, 
and the discourse understanding of rural aesthetics 

and rural poetics becomes increasingly important. It 
reemphasizes the identity and subjectivity related to 
rural masculinity/femininity, sexual orientation, dis-
ability and children, as well as the research on differ-
ences and neglected “others” in rural areas[8]. 

5. Dimension expansion of interna-
tional rural space research

5.1 From material level to social representa-
tion

Rural social representation is a subjective space 
that describes people’s cognition and image of the 
countryside[25]. In the past, rural space research main-
ly focused on rural material space such as agricul-
tural economy, land use, landscape architecture and 
ecological environment (settlement space and eco-
nomic space in this paper). Material space is a realis-
tic and concrete space composed of real things. It is 
the most basic starting point for understanding rural 
space. After 1980, with the rise of the perspective of 
political economy and the emergence of the theory 
of “space production”, social space generated by hu-
man practical activities became a public concern. So-
cial space is not a concrete physical space, but a spa-
tial relationship between human social behaviors[78]. 
Since the 1990s, with the rise of social construction 
theory and the theoretical orientation of postmod-
ernism and post-structuralism, the study of rural cul-
tural space has sprung up. Cultural space permeates 
with material space and social space, and transforms 
material space by influencing social practice. Social 
space is between material space and cultural space. 
It is not only an abstract material space, but also a 
breakthrough into cultural space. Material space, 
social space and cultural space are progressive layer 
by layer, realizing the transformation from concrete 
to abstract, from objective space to subjective space, 
and from real space to virtual space[6]. Therefore, the 
research on rural space has realized the transforma-
tion from material level to social representation.

5.2 From objective space to subjective space
The actor network theory has great inspiration 

for us to understand the shift from “objective space” 
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to “subjective space”. Unlike social constructiv-
ism, which focuses on social relations, nature and 
non-human are only regarded as the place and back-
ground of human activities. Actor network theory 
realizes that nature and non-human are also legal and 
lively subjects of rural construction, and emphasizes 
that the essence of society is a network connection 
composed of many heterogeneous elements. Nature 
and “non-human” have changed from the object of 
human practical activities to the subject of actor net-
work. The relationship between society and nature, 
human and non-human can be reinterpreted. Latour’s 
actor network theory[84] reflects the rural nature of 
human and non-human subjects, as well as local, na-
tional, global and other interest subjects, puts nature 
and society, human and non-human subjects in the 
same important position, and reflects the recognition 
of the subject status of multiple actors in the rural 
world. Material and action are no longer the object 
of understanding the countryside, but are affirmed 
as a subjective force. Therefore, the understanding 
of rural space has deepened from objective space to 
subjective space.

5.3 From static single dimensional space to 
dynamic multi-dimensional space

The early theoretical perspective regarded ru-
ral space as static, homogeneous, established and 
absolute. Since the 1990s, the countryside has ex-
perienced the transformation from productivism to 
post-productivism[14] and from production landscape 
to consumption landscape[85]. Rural space is no lon-
ger regarded as a simple material space, but a super-
position of multiple spaces such as material space, 
social space and cultural space. With the cultural 
turn of social constructivism and the promotion of 
postmodernism on difference, network, connection 
and mobility, the countryside is no longer regarded 
as a static and closed geographical entity, but as the 
interweaving of complex power relations, social 
communication, discourse practice and institutional 
forces. They are constantly combined and reorga-
nized, which is called “post-rural”. “Post rural” is 
regarded as “hybrid and networked space”[86]. It has 
the characteristics of diversity, difference, mobility 

and uncertainty. It is a process of continuous pro-
duction and reproduction. Rural development is no 
longer regarded as the result of the action of a single 
factor, but involves multiple subjects, spanning mul-
tiple scales, intertwined flow relations, embedded 
in mixed social construction, spatial practice and 
network interaction[87]. Therefore, the understanding 
of rural areas has realized the transformation from 
static single dimension to dynamic multi-dimension.

6. Enlightenment and reference
This paper combs the expansion of foreign rural 

space research in different perspectives, times and 
dimensions. International rural space research is a 
research system composed of settlement space, eco-
nomic space, social space and cultural space. Gen-
erally, foreign rural space has changed from a static, 
homogeneous, established and absolute system to 
a dynamic, heterogeneous, uncertain, hybrid, net-
worked and multi-meaning system. Accordingly, in-
ternational rural space research has also experienced 
the transformation from material level to social 
representation, from objective space to subjective 
space, from static one-dimensional space to dynam-
ic multi-dimensional space, forming a progressive 
and deepening research process. In addition, foreign 
rural space research also has multi-disciplines (such 
as geography, economics, sociology, urban and rural 
planning, public policy), multi-perspectives (func-
tionalist perspective, political economy perspective, 
and social constructivism perspective), multi-di-
mensions (settlement space, economic space, social 
space, cultural space), multi-methods (RS, GIS, 
GPS, grounded theory, semi-structured interview, 
participant observation, Q method, post-structure and 
post-modernism method), presenting a rich research 
picture. Compared with foreign rural space research, 
domestic rural space research has a long way to go 
and needs to strengthen efforts in the following three 
aspects:

(1) Expand the research group and realize the 
integration of multiple disciplines and methodolog-
ical systems. At present, the research groups of Chi-
na’s rural space are mainly geographers and urban 
and rural planning scholars. Scholars in the fields of 
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economics, sociology and public policy have also 
carried out active exploration, but interdisciplinary 
research still needs to be strengthened. Rural space 
includes not only settlement space and econom-
ic space, but also social space and cultural space. 
Therefore, only by attracting scholars from different 
research fields, observing rural space from different 
perspectives and methods, and effectively integrating 
the research of different dimensions, can we build a 
complete system of rural space research. In terms of 
research methods, standardized qualitative research 
and supplement quantitative research should be ap-
plied to realize the combination of qualitative and 
quantitative research. Rural space includes not only 
settlement space and economic space, but also social 
space and cultural space. Therefore, only by attract-
ing scholars from different research fields, observing 
rural space from different perspectives and methods, 
and effectively integrating the research of different 
dimensions, can we build a complete system of rural 
space research. In terms of research methods, we 
should standardize qualitative research, supplement 
quantitative research, and realize the combination of 
qualitative and quantitative research.

(2) Expand the research content of rural space 
and the concern of the “social cultural” space.

China’s rural space research mainly focuses 
on rural space transformation, land use, settlement 
space, spatial differentiation, spatial reconstruction 
and spatial planning in developed areas. The re-
search perspective is mainly from the perspective of 
functionalism, the research object is mainly produc-
tion landscape, and the research focus is on material 
space. The report of the 19th National Congress has 
clearly put forward the “Implementation of the Rural 
Revitalization Strategy” and the general require-
ments of “Industrial prosperity, Ecological livability, 
Rural civilization, Effective Governance and Well-off 
Life”. In practice, rural production, life, ecology and 
other fields have also put forward new and higher 
requirements, which need a positive response from 
the theoretical circle. Firstly, we should turn from 
the perspective of functionalism to the perspective 
of political economy and social constructivism, put 
the research of rural space in the regional, national 

and even global background, and pay attention to the 
influence of power and cultural factors on the shap-
ing of rural space. Secondly, we should expand the 
research from production landscape to consumption 
landscape. At present, China’s rural tourism, leisure 
industry and e-commerce are booming in rural areas, 
which has changed China’s rural landscape to a great 
extent. Domestic scholars have carried out relevant 
research. For example, some scholars have studied 
the process and effect of rural space reconstruction 
from the perspective of actor network theory[88,89]. 
Wu Qianbo et al. studied the characteristics of the 
development of beautiful villages in Hangzhou from 
the perspective of consumption space production[90]. 
However, compared with the booming practice, the 
theoretical research is still relatively backward and 
weak. Thirdly, we should expand to the field of “so-
cial culture” space. The research on rural space in 
China mainly focuses on material space, especially 
the research on rural settlement space[89], and lacks 
study on social cultural space. Although Zhang 
Xiaolin and Li Hongbo have discussed the rural 
space system to some extent, such research on the 
rural space system is rare. Next, efforts should be 
made to the power and cultural turn in rural areas 
and the research on “the neglected” in rural areas, 
such as class and gender, intergenerational relations, 
poverty and exploitation in rural space.

(3) Express more concern about the practical 
problems in rural areas and guide the practice of 
rural space reconstruction with advanced ideas. For-
eign frontier theories such as “rural”, “post rural”, 
“triple model of rural space”, post productive rural 
theory, social constructivism perspective, post-mod-
ern and post structuralist methods provide a rich the-
oretical base and serve as a great source for China’s 
rural space reconstruction.

First, follow the “human logic” and restore 
the subjective status of farmers. In the process of 
China’s rural space capitalization, the countryside 
has become a tool for capital profit. Farmers are in 
a weak position in the discourse competition with 
politics and capital. They have been reduced from 
the main body of rural society to a marginalized role. 
They can only passively accept the discipline and 



95

transformation of rural areas by cities based on their 
own needs and imagination. Farmers’ production and 
living space is marginalized and their sense of rela-
tive deprivation is enhanced. Farmers are the main 
body of rural “daily life practice”, and their main po-
sition should be respected. In the process of rural re-
vitalization, we should not only cater to the logic of 
capital, but also respect the voice and decision-mak-
ing power of farmers for their production and living 
space, promote the return of rural humanism and 
restore rural warmth and care.

Second, emphasize the multi-function of rural 
space and create a rural space with the integration of 
“production, life and ecology”. The emphasis of post 
productive rural theory on rural “versatility” enlight-
ens us that rural space is not only production space, 
but also living space and ecological space. Rural 
space has multiple meanings and values. The unique 
regional landscape, cultural landscape and character-
istic agricultural products in rural areas provide rich 
resources for the development of a large agricultural 
system integrating primary, secondary and tertiary 
industries in rural areas; the tranquility, leisure and 
ease of the countryside make it a place for urban res-
idents to escape modernity, and the whole set of life 
ethics, life significance and social attitude developed 
by rural farming civilization allow the countryside 
“healing value”. Therefore, both of the “rural gen-
trification” in the West or the “new return move-
ment” in China can be regarded as the performance 
of rediscovering “rural life”. The simple judgment 
that “green water and green mountains are golden 
mountains and silver mountains” is undoubtedly the 
best footnote to the rural “ecological function”[91]. 
However, in the process of China’s rural space re-
construction, many villages with good industrial and 
economic development emerge, but their ecological 
environment, public services, life and leisure and 
other functions have not been followed up in time, 
and even the phenomenon of “anti-left behind” in 
rural development emerges, indicating that the elder-
ly and children stay in the city, and the young and 
middle-aged labor force “go to the village to work”. 
Hence, in the process of rural revitalization, full at-
tention should be paid to the multi-function of the 

countryside and create a rural space with production 
development, happy life and ecological livability.

Third, respect the “regionality” and “difference” 
of rural space and realize the integration of tradition 
and modernity. The emphasis on rural diversity and 
diversity in the western “post rural theory” has im-
portant enlightenment for explaining the diverse and 
violent reconstruction of China’s rural space and un-
derstanding China’s rural nature[92]. The “regionality” 
and “difference” of China’s rural space are reflected 
in that the Chinese nation is a comprehensive civili-
zation with vast territory, multi-ethnic coexistence, 
and great differences in the natural environment such 
as geography, climate and ecology among all ethnic 
groups. On this basis, a variety of production and 
life styles, values and life significance have been 
derived. The localization, locality and difference of 
rural space can effectively “hedge” the high stan-
dardization, formatting and homogenization of mod-
ern society and iron out the “scar of modernity”[91]. 
However, in the process of China’s rural space re-
construction, in order to meet the consumer demand, 
the rural landscape and rural culture tend to dissolve, 
and the non-native culture and life are transplanted 
or symbolically misappropriated, resulting in the 
disappearance of the original rural nature. Therefore, 
only by fully respecting the rural tradition can we 
make “the countryside more like the countryside”, so 
as to maintain the unique value of the countryside.

Fourth, pay attention to the “social cultural” 
turn of the countryside and restore the meaning pro-
duction function of the countryside. In the process 
of China’s rural space reconstruction, there are some 
problems, such as the loss of rural cultural land-
scape and tradition, the rupture of social relationship 
network and ethical decline, the alienation of rural 
space and the lack of spatial justice. Definitely, some 
villages, such as Dashan Village, Yaxi Town, Gao-
chun, Nanjing, are no longer passive followers and 
blood losers in the process of urbanization, but ac-
tively undertake “reverse cultural output” to the city 
based on their “rural” basis. In some concentrated 
communities, we can also see that the traditional cul-
ture characterized by blood, geography, beliefs and 
customs still plays an important role in maintaining 
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the close human land relationship after de-agricul-
turalization. The cultural significance and production 
function of the countryside are the “root” of the 
countryside. Only the rural modernization based on 
this foundation can be viable and sustainable.
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