Journal of Digital Convergence ISSN 2713—6434 / eISSN 2713—6442
Vol. 18. No. 11, pp. 137—-147, 2020 https://doi.org/10.14400/JDC.2020.18.11.137

Research trend of Chinese airport terminal using the Network
Analysis

Siwei Liu', Jiarong Chen?, Sung—Hoon Park!, Gi—Tae Yeo*
"Doctoral Degree Student, Graduate school of Logistics, Incheon National University
Master Degree Student, Graduate school of Logistics, Incheon National University

*Professor, Graduate school of Logistics, Incheon National University

dEND AN 283 $3 2IEIY AT
Aol TSk A
Siwei Liu!, Jiarong Chen?, ®FA&! o 71 g

)
ll ATt ol Biujehel whakabg, Zl At st Biol BRUIS AAba
et Fiol RYetd we

Abstract With the acceleration of economic globalization, the development of aviation logistics plays
an increasingly significant role in the logistics industry. As the foundation of aviation logistics
development, airport terminals are attracting increasing attention. In this respect, the aim of this
research is to analyze 65 academic papers on Chinese airport terminals from 2003 to 2020 by utilizing
analytic keywords of academic papers and suggest the research trend of Chinese airport terminals. The
SNA was adopted as research methodology. Airport Terminal, Boned, and Chinese Mainland were the
keywords for the first period (2003—2008), while the second period (2009—2014) included the keywords
such as China, DEA, Airport, and Flight Delay. For the third period (2015—2020), Airport Competitiveness
and Aviation Network were also highly connected keywords. This indicates that with the growth of the
economy, the research trend of China’s airport terminals has been gradually expanding from
infrastructure construction to network development. The results have implications on suggesting the
research trend of Chinese airport terminals, and providing insights to the policy makers, academics, and
practitioners in neighboring countries including Korea.
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1. Introduction

With the

integration,

continuous expansion of global

aviation logistics plays an
in the development of the
World War 1II, the

established airline network provided the basic

indispensable role
logistics industry. After
conditions for the development of aviation
China’s highly

expanded in the period of rapid economic growth

logistics. aviation  logistics
after the Chinese economic reform in 1978 [1].
The central and local governments have
continuously increased their investments in the
construction of civil airports.

In the decades following the reform and joining
the world markets, China has quickly become the
providing

supply chain,

commodities and raw materials to many countries

world’s factory and
and regions around the world and becoming an

important global trading partner. Simultaneous
with the

construction and development of airports have

progress of aviation logistics, the
become significant parts of aviation logistics[2].

China has a vast territory, and the development
of airports is directly proportional to economic
growth. The presence of a high—traffic airport has
a positive effect on the local domestic economy.
Furthermore, the Chinese airport network has an
important impact on the advancement of the
world economy.

In the

expanding the air transport network is a powerful

context of economic globalization,

measure to 1mprove airport competitiveness,
which directly affects economic development. For
airports, to achieve competitiveness, expanding
the air transport network is crucial. Furthermore,
to increase the quality of the network, connecting
the hub airports, which has a high centrality
degree, is urgent. Simultaneously, promoting the
exploitation of airports with a relatively low
centrality degree is essential.

There is an abundance of academic studies on

Chinese airports. Many scholars focused on the

efficiency (Zhang et al., 2012) [3], competitiveness
(Cui et al., 2017) [4], connectivity (Huang & Wang,
2017) [5], and other aspects of the airports (Zhang
et al., 2010) [6]; while some scholars have devoted
research to the transportation network (Fung et
al.,, 2008) [7] and spatial distribution (Chen et al.,
2016) [8]; however, there is almost no research on
the development trend of airports.

In this respect, the aim of this research is to
analyze the research trend of Chinese airports.
First, keywords were collected from various
academic papers related to Chinese airports, and
then SNA (Social Network Analysis) was used to
construct an aviation logistics web to analyze the
degree centrality, betweenness centrality, and the
closeness centrality of each keyword. Through the
visual matrix diagram, some correlation points of
the development trend of Chinese airports in
different periods have been identified.

This is the first study that suggest the research
trend of Chinese airports which focused on latest
17 years. It provides a comprehensive evaluation
routes and

framework of multimodal shipping

offers references for decision—makers when
dealing with similar problems. The results will
provide insights to the policy makers, academics,
countries

and  practitioners in  neighboring

including Korea.

2. Literature Review of China’s

Logistics

China have grown economically since from 21°%
century with high income and demand of global

market. Especially the aviation logistics are

sharply going up[9]. With this phenomenon, many
researchers have focused on Chinese airports.

Some researchers have focused on airport

efficiency, and some have shown Interest in

airport infrastructure.
approaching to chinese

Below studies are

airport by measuring efficiency.



Research trend of Chinese airport terminal using the Network Analysis 139

Wang and Song [10] evaluates chinese airport
efficiency using Network DEA model and Grey
model as a prediction method. They used tree
parted variables. The variables are as follows. For
initial inputs, runway, passenger terminal area are
intermediate

used, and for outputs/inputs,

processed passengers, processed cargo and
aircraft movements are inserted. finally. airport
total revenues, airport net income are included in
the result shows that HKG will
appears highest efficiency among whole DMUs of
Author

efficient

final output.

this research. classified airport by

operationally airports and financially
efficient airports and suggest that chinese airport
have weakness at financial efficiency compare
operation efficiency.

Lu et al. [11] adopted the DEA method to
analyze the efficiency of 27 Chinese airports
during the period from 2014 to 2018. It was found
that it is feasible and reliable to consider the
weighted variables using the CFPR method.

Jiang et al. [12] utilized a three—stage method
framework based on the DEA to reveal the
technology

existence and characteristics of

spillovers between alliance airports and to
determine whether the technology spillovers of
alliance airports are more effective than the
development of alliance airports. They found that
the technology spillover of airport alliance has not
been widely spread in all alliance airports, which
is likely because China’s civil aviation industry is
still in a rapid development stage.

Fan, Wu and Zhou [13] applied the directional
distance function to evaluate the technical
efficiency of 20 major airports in China from 2006
to 2009. It was shown that the overall average
efficiency of Chinese airports increased with time.

Chang et al. [14] conducted DEA analysis for
chinese airport. They considered business hour,
runway as input variables, and movement,
passengers and mail/cargo as outputs variables. In
addition,

distance to CBD(Central Business District), flight

this analysis included city level, the

area, number of destinations, number of airlines
served and number of international routes to
compare each other. The result showed that the
city of level 1 had the highest pure technical
efficiency and the distance to CBD is not effect to
efficiency. But, about freight area, 4F, 4E flight
area grades are more efficient than other flight
area. This study present considering divers
method of approach utilizing modified DEA.

Liu et al. [15] conducted an annual passenger
flow survey of an airport in China. Then they used
a prediction model to accurately estimate the total
occupant numbers in the departure process.

Huang and Wang [16] approached china airport
as a hub port. They conducted compare analysis
of indirect connection about china hub port
during 2005 and 2015.
indirect connectivity (WIC). As the result, Beiging—
Shanghai—

Baiyun are appeared as a high hub airport, and

They used weighted

Capital, Pudong, and Guangzhou—
they show that they can be considered to provide
indirect connectivity to passengers. The study can
be extended to the whole region network analysis.

Zhang et al. [17] calculated the connectivity of
69 Chinese airports and identified the potential
drivers of changes in airport connectivity over the
period from 2005—2016. It was found that the
existence of low—cost airlines is conducive to air
connectivity, while a high—speed rail can reduce
airport connectivity.

Cui et al. [18] discussed the dynamic formation
mechanism of airport competitiveness in the case
of China. The showed that

investment and urban R&D investment are two

results airport
important factors affecting airport competitiveness,
which can provide guidance for decision makers
related to airport competitiveness cultivation.
2013 Chang, Yu, and Chen [19] assessed the
influence of geographical characteristics and
service strategy on airport performance in China.
The results showed that the airports in cities with
a population of more than two million are more

efficient than those in other cities.
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In addition, SNA, a research method used in
this study, is used in other studies as follows.
et al.[20] adopted SNA to grasp

scientific research trends. Authors found out 106

Behrouzi

papers of journal and 20 of conferences paper.
And nodes degree, local clustering -coefficient,
eigenvector centrality and community score are
presented. According to this researchers, through
SNA, future construction can be predicted, and
can help to decide related issue.

Schodl et al[21] used SNA to

sustainability in pig farming. To collect keyword

mapping

data, research paper, review paper, publications
about livestock, and the title contains one of the
livestock or farm

following words pig, swine,

animals contents or material etc. were used.

Degree centrality, betweenness centrality and
clusters and topics concept. were analyzed. Author
mentioned that keyword network able to map
research areas and help researchers to obtain an
overview on research idea or topic.

Li et al. [22] adopted SNA to study the structure
of technology licensing. Author used ‘technology
license® by keyword to search, and found out 5,665
journal paper from 2005 to 2016. Degree centrality
and k—mean concept was used, and finally
"cognitive radio® was appeared to the highest
keyword. through this study, the topics related to
technology licensing were classified, also the trend
of this filed was well appeared by using SNA.

As above, study adopting SNA have utilized and
in domestic journal are also using SNA with activity.

Heo [23] used SNA for maritime policy research
trend, Baek and Shin[24], Jung and Choi[25], Kim
and Lim [26] utilized to education area.

SNA methodology is widely used to at diverse
research field, and we adopted SNA to understand
chinese airport terminal research field.

And about Chinese airport research, in general,
some researchers have analyzed the development
of Chinese airports using different methods and
different views however, there is scant research
research trend of

focusing on analyzing the

Chinese airports. Hence, this study fills a research

gap by using the SNA approach for analysis.

3. Research Methodology

To review Chinese airport research, the
keyword network methodology was adopted to
analyze the research trend of Chinese airports. A
keyword network is a social network analysis
method, and the core concept of the SNA method
is to analyze the connections between various
nodes. Keywords are regarded as nodes in the
analysis process, and if there is a connection
between two keywords, they can be defined as a
link node. By analyzing the connection of each
node, the centrality of each node can be found.
This study focused on three centralities: degree
centrality, betweenness centrality, and closeness
(Freeman,1978)[27]. Through

centralities, the network of Chinese airports and

centrality these
the relationship between the research and the
keywords can be discovered.

The schematic diagram of research flow is
shown in Fig. 1. The first step is to gather the
academic papers related in Chinese airport
terminals, and next step is to extract the keywords of
papers and code them. And thrid step is to analyze
the coded data and visualize the network diagrams

using the network analysis software, UCINET.

Collecting DB name
Keywords Emerald Journal, Scopus,
‘ Science Direct, Springer elournals, Taylor &
Francis, China National Knowledge Internet,
National Science and Technology Library
Y
Cc_)din_g & Software name
Filtering UCINET
Keywords
Analyzing Analysis index
- Degree centrality,
\_hsuallzmg Betweenness centrality
the results Closeness centrality

Fig. 1. Research flow
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First, based on the

relationship between each node. It calculates the

degree centrality is
number of links connected to other node. Nodes
with more links are recoded with a high centrality.
On the other hand, nodes with fewer links are recorded
with a low centrality. The following equation was
used to calculate degree centrality in this study.
n is the number of nodes existing in a network,

and a;; = 1 means that a specific node ¢ connected

from a specific node 5 or specific node j is
connected to specific node 7. If the specific node 7
is not connected to specific node j, it indicates

a 0.

ij

Ya/ (n—1) (1)

i=1

CD(Z) =

Second, betweenness centrality measures how
the node functions as a broker role in the
network. It calculates the connection when a node
located between central network and other nodes.
When the node exists between other nodes, the
node is recorded as having a high betweenness
centrality.

The equation for betweenness centrality is

expressed as follows:

oy g (i)
cBu):@kg‘gjk ><(n_1)2(n_2>> )

9k is the number of the shortest paths when

specific node j is connected to specific node k; or
specific node k is connected to specific node j.

gjk(i) is the number of times specific node 7 is

included in the link when specific node j and k are
connected to each other.

Third, closeness centrality shows how nodes
play a central role in the entire network. If a node
has shorter links with other nodes, the node has a
high closeness centrality.

Equation (3) was used to calculate the closeness

centrality for this research.

. n—1
i) = M dist(i,j) (3)
J
n is the number of nodes in the network, and
dist(i,j) is the number of links needed for a
connection when specific node ¢ is connected to
specific node j or specific node j is connected to

specific node 7.

4. Case Study

Before conducting the research and the
analysis, the first step was to search for relevant
papers on academic databases and to collect the
required data from them. The data presented
mainly originated from Science Direct, Scopus,
Springer eJournals, Emerald Journal, and Taylor &
Francis, and some data were collected from the
China National Knowledge Internet (CNKI) and
the National
(NSTL).

evaluated, and the key words were identified for

Science and Technology Library

After data collection, the data were

the data analysis. According to the search results,
63 papers were published from 2003 to 2020. The
structure of the information of selected paper is
in Table 1. In addition, the DBs of

keywords extracted and the number of keywords

shown

used are indicated in Table 2. 295 keywords are

used in the analysis.

Table 1. Structure of information of selected papers

DB Paper
Name title

Journal Keywords Year

Author(s) | \ome Used Published

Table 2. Resources of keyworkds used

Number of Number of
DB name papers keywords
extracted used
Emerald Journal 2 9
Scopus 13 59
Worldwide Science Direct 29 131
DB
Springer eJournals 6 27
Taylor & Francis 8 46
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China National P 9
Chinese Knowledge Internet
DB National Science and 3 14
Technology Library
The outbreak of the subprime mortgage
financial crisis in 2008 affected the global
economy, and the demand of the international

market decreased due to the impact of the
Undoubtedly, China’
trade industry was also greatly affected. To reduce

financial crisis. s foreign
the impact of the financial crisis, the Chinese
government introduced a series of policies to
stimulate and to boost domestic demand.
Subsequently, the foundation of aviation logistics
development was also affected. In 2014, to promote
the development of the logistics industry, the State
Council of China issued the medium—and long—term
plans for the advancement of the logistics Industry.
As airports are the material basis of aviation

logistics, the development trend of China' s
airports would surely be affected by this plan. To
conduct more accurate research, this study was
divided into three periods with 2008 and 2014 as
the reference boundary points, i.e., from 2003 to

2008, from 2009 to 2014, and from 2015 to 2020.

4.1 Period from 2003 to 2008

Fig. 2 is a visual representation of the period
from 2003—2008. Table 3 shows the value of
degree centrality, betweenness centrality, and
closeness centrality, which are arranged from high
to low. Because there were few studies on Chinese
airports in the period from 2003—2008, the value
of betweenness centrality is 0. The airport is a
vital infrastructure for the air transport system.
Since the reform and opening up, especially after
the beginning of the 21% century, both the scale
and number of Chinese airports have achieved
rapid growth. After China joined WTO in 2000,
total foreign trade dramatically increased.
Following the increase in foreign trade, China’s
aviation logistics industry also developed rapidly,

which promoted the growth of China’s airports.

Focusing on the two numerical lists of degree
centrality and closeness centrality, it can be
observed that the top three keywords are the
same. The three nodes, Airport Terminal, Boned,
and Chinese Mainland are centrally located in the
network. Next, there is Economic Effect, HS
Network (Hub and Spoke Network), and Hub
Airport  Planning. This indicates that the
infrastructure conditions of Chinese airports had a
considerable influence on the development of
airports in this period followed by the impact of

economic growth.

Fig. 2. Result of visualizing in first period (2003—2008)

Table 3. Keyword sequencing of the three centralities
from 2003—2008

No Degree Closeness Betweenness
Centrality Centrality Centrality
 [Arport 0.231 |Airport 0.565 | Airport 0
terminal terminal terminal
2 |Bonded 0.231 |Bonded 0.565 |Bonded 0
3 Chl'nese 0231 Chl'nese 0.565 Chl.nese 0
mainland mainland mainland
Economic Economic -~ |Economic
4 effect 0.231 effect 0.565 effect 0

5 |HS network | 0.231 |HS network 0.565 |HS network 0

Hub airport
planning

Hub airport
planning

Hub airport

. 0.231
planning

7 |Logistic park | 0.231 |Logistic park .565 |Logistic park 0

0
8 |PP structure | 0.231 |PP structure | 0.565 |PP structure 0
0

9 |China 0.154 |China .542 |China 0

10 thnese 0154 Qh1nese 0.542 thnese 0
airports airports airports

11|Efficiency 0.154 |Efficiency 0.542 |Efficiency 0

12 International 0.154 International 0.542 International 0
trade trade trade

13| Logistics 0.154 |Logistics 0.542 |Logistics 0
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Productivity
changes

Productivity
changes

Productivity

1 changes

0.154 0.542

4.2 Period from 2009 to 2014

Fig. 3 presents the intuitive network analysis
diagram from 2009 to 2014, and Table 4 provides
the numerical list for this period. In the sequence
of degree centrality, the top three nodes are
China, DEA,

closeness

and Airport. In the sequence of
centrality, the top three are DEA,
and Flight. The top three for the

betweenness centrality value list includes China,

Airport,

DEA, and Airport. From the numerical ordering of

degree centrality, betweenness centrality, and
closeness centrality, there are minor differences in
the ordering of the three centralities; however,
China, DEA, and Airport are all keywords with
high connectivity and are the central nodes of the
Flight Delay,

Efficiency, Chinese Airport, and Airport Economy

network. Subsequently, Technical
are listed.

This indicates that during this period, apart
from the development of airport infrastructure,
the economy was a significant factor influencing
the development of Chinese airports. The 2008
financial crisis greatly impacted the world
economy, and China was no exception. Therefore,
China’s economic growth even after the financial
crisis is still under the influence of the financial
crisis, and the development of Chinese airports
during this period was more inclined to the
exploitation of airport infrastructure, efficiency,
and economy aspects.

Specially, the analysis of airport efficiency has
become a common activity in aviation industry for
this period. This is because the results of
analyzing airport efficiencies provide insights to
the policy makers, academics, and practitioners.
So that the government is able to provide

maximized resources to support the airport

constructions, and the airline companies make
wise decision on selecting more efficient airports

to fly with. For this period, the DEA method was

actively used to analyze the efficiency of the

targeted industry.

/=

s " T

Fig. 3. Results of visualizing the second period
(2009—-2014)

Table 4. Keyword sequencing of the three centralities
from 2009-2014

No. Degree Closeness Betweenness
Centrality Centrality Centrality
1 |China 0.158 [DEA 0.248 [DEA 0.037
2 |[DEA 0.145 |Airport 0.246 |Airport 0.027
3 |Airport 0.132|Flight delay 0.244 |China 0.017
4 [Flight delay |0.092 [Technical 0.242 |Technical 0.013
efficiency efficiency
5 |Chinese 0.079|Chinese airports | 0.241 |Flight delay | 0.01
airports
6 |Aircraft size [0.079|Airport economy | 0.241 [Chinese 0.009
airports
7 |Airline 0.079 |Directional 0.238 [Airport 0.004
Economics distance function efficiency
8 |Airline 0.079 |Airport efficiency| 0.237 |Complex 0.003
Strategy network
9 [Chinese 0.079 |Calculation 0.236 [Returns to 0
airlines scale
10 [Complex 0.079 [Model 0.236 [Community 0
network detection
11 |Flight 0.079 |Punctuality rate | 0.236 |Evolution 0
frequency
12 [Management |0.079 |Airport airside 0.235 [Asian air 0
and market
Operations
13 [Market 0.079 [Landing distance | 0.235 |Scope 0
concentration available economies
14 |Technical 0.066 [returns to scale | 0.235 |Stochastic 0
efficiency input distance
15|Air traffic 0.066 |Take—off distance| 0.235 |Accessibility 0
network available
16 |[Dynamics 0.066 [Kunming 0.232 |Air passenger| 0
transport
17 |[Fluctuations |0.066| Large—scale 0.232 |Airport system| 0
infrastructure
18 |Hot spot 0.066 [Urban 0.232 |Aviation 0
development network
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19 MARKET 0.066| China 0.229 |Civilaviation 0

20 |Scaling law |0.066|Airport 0.228 [Node 0
productivity similarity

4.3 Period from 2015 to 2020

Fig. 4 shows the presentative network analysis
diagram of the period from 2015 to 2020, and
Table 5 contains the numerical list of this period.
As can be observed from the table, degree
centrality ranks in the top three in China for
Aviation Network and Chinese Airport followed by
Complex Network, Airport Network, Air Transport
Network, etc. The top three items in the order of
closeness centrality are Airport, Competitiveness,
and Aviation Network followed by Centrality,
Efficiency Analysis, Spatial Stochastic Analysis,
and Air Cargo. The top three in the betweenness
centrality sequence are Airport, Competitiveness,
Chinese Air
Network, and

and Centrality followed by China,

Transport, Aviation Complex
Network.

In general, China and Airport are located at the
of the

Moreover, Competitiveness, Aviation Network, and

central node network at this stage.
Complex Network are also highly connected node
keywords. This shows that the development trend
of Chinese airports during this period was more
comprehensive. Infrastructure development was
still at the top of the list, but aviation networks
are also conspicuous. For example, the aircraft
movements were up to 11.888 million in 2018, an
increase of 8.2% over the previous year. Among
which, 10.156 million aircraft movements were
completed by domestic routes, an increase of 8.3%
over the previous year (including 0.197 million
flights from the mainland to Hong Kong, Macau
and Taiwan Region, an increase of 2.3% over the
previous year); the international routes completed
933,000 flights, the annual growth rate is 7.3%
compared to 2017.

In the medium— and long—term plans for the
development of the logistics industry proposed by
the  State 2014

Council of China in

(2014—2020)[28], the main task of this stage was to
strengthen the informatization and standardization
of logistics. Other tasks indicated by the research
include logistics, actively

developing  green

promoting the development of international
logistics, and promoting the construction of the
logistics infrastructure network. Aviation logistics
has always been an important part of the logistics
industry. The development of airports directly
of the aviation logistics

affects the process

industry. During this period in particular, the
highly globalized, The

development of China's airports was accelerated

world economy was
by the external and internal economic growth. In
2018, China had 235 civil aviation airports, which
handled 1.674 billion passengers and 126,500 tons
of cargo. With the support of China’s policy, the
development of China’s airports was continuously
and the
towards completion during this period.

expanded, aviation network advanced

Fig. 4. Results of visualizing the third period
(2015—2020)

Table 5. Keyword sequencing of the three centralities
from 2015—2020)

No. Degree Closeness Betweenness
Centrality Centrality Centrality
1 |China 0.182|Airport 0.163|Airport 0.21
2 |Airport 0.156 |Competitiveness | 0.158 |Competitiven|0.125
ess

3 |Aviation 0.078 [Aviation network| 0.156|Centrality 0.115
network

4 |Chinese 0.071 |China 0.155|China 0.105
airports

5 |Complex 0.071 |Centrality 0.153|Chinese air |0.101
network transportation

6 |Airport network|0.058 [Efficiency 0.153|Aviation 0.1

Analysis network
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7 |Air transport [0.052 [Spatial 0.153|Complex 0.088
Network Stochastic network
Analysis
8 |Airlines 0.052 |Air cargo 0.152|Airport 0.059
connectivity
9 |Airport 0.052 |Air transport 0.152|Air cargo 0.054
efficiency Network
10 [Airport 0.045|Air transportation|0.152|Chinese 0.053
connectivity airports
11 |Air cargo 0.039|Airline Alliance [0.152|Airport 0.04
competition
12 |Airline Alliance|0.039 [Airlines 0.152|Airport 0.036
network
13 |Airport 0.039|Airport economic|0.152|Panel data [0.028
competition zone model
14 |Airport 0.039 [International 0.152|Airport 0.026
operations Logistics efficiency
15 [Airport runway|0.039[Social Network [0.152|Air transport|0.015
Analysis Network
16 |Airside 0.039|The composite [0.152|Airlines 0.003
performance flow
17 |Aviation noise [0.039[United States [0.152|Africa 0
18 |Cargo 0.039|Africa 0.151|Agent—based| 0
warehouse analysis
19 |Centrality 0.039|Air passenger [0.151|Air passenger| 0
transport transport
20 |Chinese air 0.039|Air routes 0.151|Air routes 0
transportation

5. Conclusion

The results presented in this paper clearly show
that the research trend of Chinese airports is
closely related to the development of China’ s
economy. The SNA method was applied to analyze
the research trend of Chinese airports, and the
time span from 2003 to 2020 was divided into
three stages for a specific analysis. In accordance
with the sequence of keywords in the first stages,
the keywords with high relevance are “Airport
“Boned,”

“Economic effect.” Half of the relevant articles

terminal,” “Chinese  mainland,” and
planning and Chinese
This proves that the

development of China’s airports in this period was

discuss airport terminal

airport planning[29—32].

still dominated by infrastructure construction.

In the next stage (2009—2014), “China,” “DEA,”
“Flight
centrality value. As a method of the efficiency

“Airport,” and delay” have a higher
analysis, "DEA" ranks in the top three, and the
keywords "Flight delay" and "Technical efficiency"
are also related to efficiency. As an undesirable

variable, "Flight delay" is listed in first place,

indicating that the airport attaches great
importance to efficiency. This illustrates that the
research from this period focused on efficiency,
which also reflects the influence of economic
factors on the growth trend of airports. From the
perspective of airport development, improving
airport efficiency is a crucial measure to increase
output and to reduce input.

In the final period (2015—2020), the
concentration degree shifted to the keywords
“China,” “Aviation network,” and “Competitiveness.”
In this

"Aviation

stage, in addition to China, "Airport,"

Network," and "Competitiveness"
became the keywords with high connectivity,
indicating that the development of Chinese
airports during this period was more focused on
competitiveness and the construction of the
aviation network.

To summarize the results of research, the
research trend of Chinese airport has been
focused on the infrastructure construction on the
first period (from year 2003 to 2008), followed by
analyzing the efficiency of airports on the second
period (from year 2009 to 2014), and finally
establishing the airport networks on the third
period (from year 2015 to 2020). The results of the
paper have 1implication for academic side. For
estimating the trend of future research, the results
of betweenness centrality have been used. From
the top tier of betweenness centrality from year
2009 to 2014, the analysis for a competitiveness,
centrality and aviation networks will be popular in
near the future.

There are some limitations of the research.
Notably, 63 academic papers were collected and
analyzed from 2003—2020. Due to the lack of
research related Chinese airports, the limited
research outputs have been suggested. This leads
to gather the limited keywords from them. If more
relevant academic research had been collected,
the research results would have a higher reliability
and can explain the exact status of Chinese

airports logically.
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In the future research, it is needed to analyse
the strategies of increasing Chinese airports’
competitiveness. In addition, to keep the hub
position for Chinese airports, the network

connection analysis is also carried out.
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