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The civil aviation industry plays an important role in advancing interregional
socio-economic development. Investigating the competitiveness of civil aviation
airports (CAAs) from the tempo-spatial change perspective aids in the
optimization of airport layout towards balanced and coordinated regional
development. This research assesses the overall competitiveness of 86 CAAs
in 11 provinces or provincial-level municipalities of the Yangtze River Economic
Belt (YREB) from 2009 to 2019 by the entropy weight approach, then
characterizes their spatial-temporal evolution via Moran index of spatial auto-
correlation analysis, and finally explores their dynamic changing tendency of the
spatial variability based on Theil index measurement and decomposition. The
findings are concluded: 1) From 2009 to 2019, the overall competitiveness of civil
aviation airports is dramatically improved and an evidently hierarchical system is
formed at the provincial level, with the spatial pattern of “strong in the east and
west, weak in the middle”. 2) The global Moran indexes of civil aviation airport
competitiveness in 2009, 2014, and 2019 are negative, indicating that superior
and inferior airports are likely to be spatially clustered. 3) The local Moran Indexes
show that the spatial agglomerations of civil aviation airports tend to be more
evident in the recent decade. The high-high competitiveness clusters lie in the
Yangtze River Delta Economic Zone for the long run, transforming from
“Shanghai-Hangzhou” high-competitiveness pole to “Shanghai-Hangzhou-
Nanjing” and further extending to central Jiangsu. Civil aviation airports in
provincial capitals and secondary cities have formed clusters of high-low
competitiveness. Moreover, clusters of low-low competitiveness stretch from
the Yunnan-Guizhou Plateau to cities in the middle reaches of the Yangtze River.
4) The interprovincial Theil indexes of civil aviation airport competitiveness
fluctuate, with the discrepancy increasing and then decreasing.
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Introduction
Background

Since the founding of the People’s Republic of China in 1949,
China’s civil aviation industry (CCAI) has been developing
rapidly and playing a key role in the national economic
system. In particular, market-oriented construction since the
opening-up in 1978 has brought
opportunities to CCAIL This has made CCAI achieve rapid
development in many aspects, such as air transportation, fleet

reform and new

size, regulation construction, route layout, etc. As an essential
node of civil aviation, the airport is the key carrier of the structure
and function of the civil aviation network, the window of a
country for international exchange and cooperation, and an
essential bridge for a regional economy to participate in
international labor division. After more than 40 years of
growth since the reform and opening up, CCAI has become
the world’s second largest air transportation system after the
United States (Liang et al., 2016). To better meet the needs of
China’s socio-economic development, how to further accelerate
airport construction and optimize airport layout has become a
vital issue in the development of CCAI Airport competitiveness
is a quantitative standard of the overall capability of airports,
which reflects the ability of airports to reasonably integrate and
optimize the use of internal and external resources facing market
competition. It is also an important indicator to measure the
prospects of airports and formulate scientific tactics for the
development of airports (Wen et al, 2022). On this basis,
exploring the competitiveness and spatial-temporal evolution
of airports enables aviation authorities to understand airports’
strengths and weaknesses, formulate scientific development
strategies, improve their advantages continuously, optimize
airport layout, strengthen airport operation and management,
and promote the development of regional economy and civil
aviation industry.

The Yangtze River Economic Belt (YREB) is a vital national
strategic development region in China (Liu and Xia, 2020; Yu
et al., 2020; Peng and Xu, 2021). As an international economic
region connecting home and abroad, YREB plays an essential role
in coordinating both regions along the Yangtze River and part of
coastal border regions in China (Zhang et al., 2021). At the
2020 Symposium on Promoting the Development of the YREB,
China’s General Secretary Jinping Xi pointed out that the
transport system, especially the air transport network, is a
significant driving force in creating a new height for the
opening-up of YREB (Lu et al, 2022). Moreover, the air
transportation network contributes to inland opening, regional
coordination, and high-quality integration development of the
Yangtze River Economic Belt (YREB) and the Belt and Road
Initiative (BRI). On this basis, building a well-developed aviation
network has become one of the critical tasks of constructing a
comprehensive three-dimensional transport system in YREB (Pei
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etal, 2021). As the fundamental component of an air carrier, the
airport provides site support. The airport acts as a center for
the
transportation network. Due to the geographically strategic

passengers’ transit, departure, and arrival in air
position, YREB promotes the synergistic development among
the cities in its upper, middle, and lower reaches by exploring the

spatial-temporal patterns of civil aviation airports (CAAs).

Literature review

The airport competitiveness evaluation facilitates optimizing
the spatial layout of airport clusters in YREB (Zhang et al., 2022).
Previous studies on evaluating airport competitiveness have
mostly been conducted from a global, national, or single
airport perspective (Zeng et al,, 2012; Cui et al, 2013; Jiang
et al., 2013; Spaina et al., 2014; Ishizuka, 2014; Cui et al., 2017;
Tang and Li, 2019; Wei et al., 2019; Choi, 2020; Liang et al., 2020;
Moura et al,, 2020; Qin, 2020; He et al., 2021). Some scholars
explored the competitiveness of airports by various econometric
methods such as factor analysis, principal component analysis,
hierarchical analysis, DEA, fuzzy comprehensive evaluation, and
entropy weight method, emphasizing the symbiosis between
transportation and economic development and the importance
of hub airports for local and regional economic development
(MacKinnon et al., 2008; Liang et al., 2016). Previous studies
related to airport competitiveness focus on three major aspects:
1) designing the evaluation index system (Zeng et al., 2012; Tang
and Li, 2019; Qin, 2020); 2) empirical evaluation of single airport
competitiveness (Jiang et al., 2013; Luo et al.,, 2020; He et al,
2021) and 3) influence factors or formation mechanism
(Ishizuka, 2014; Choi, 2020; Moura et al., 2020).

In designing the evaluation index system of airport
competitiveness, Sarkis (2000) used data envelopment analysis
to assess the operations of 44 major U.S. airports based on four
resource input indicators (i.e., airport operating costs, the
population of airport employees, gates, and runways) and five
output indicators (i.e., operating revenues, passenger traffic,
commercial and general aviation movements, and total cargo
traffic efficiency). Based on big system cybernetics, Zhang et al.
(2012) construct an evaluation index system (e.g., passenger
throughput, number of navigable cities, geographical location,
and airspace conditions) for regional multi-airport coordinated
development in the Yangtze River Delta region. Chao and Yu,
2013 developed a quantitative evaluation model to analyze the air
cargo competitiveness of 10 major airports in Asia-Pacific from
different dimensions (air carrier capacity, airport facilities and
operations, and economic development). Liang et al. (2016)
designed a systematic evaluation method to evaluate the
competitiveness of 42 airports in China by the entropy
weight, grey correlation, principal component, and cluster
analysis by constructing 30 airport competitiveness evaluation
indexes from two dimensions: airport development and location
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conditions with 30 indexes concerning seven significant factors

(i.e, facility construction, operation scale, management
efficiency, urban passenger and cargo distribution, urban
traffic development, geographic condition, and government
support). The above evaluation index systems provide a
reference for constructing the evaluation index of CAAs
competitiveness in YREB.

In empirically evaluating the competitiveness of each airport,
Park (1997) assessed the geographical characteristics, access
systems, environmental impacts, airline operating conditions,
regional development, availability of planning implementation,
socio-economic impacts, and airport charges of eight major
airports in East Asia by a fuzzy language approach. Wu and
Wu (2005) established an AHP evaluation system to compare the
strengths and weaknesses of the five major airports in Asia-
Pacific and proposed some improvement measures for Shanghai
Pudong Airport. Cui et al. 2013a proposed the IDCQGA-BP
algorithm to evaluate the competitiveness of eight airports in the
Yangtze River Delta from 2011 to 2015. Huynh et al. (2020)
measure the efficiency of major airports in Southeast Asia to
compare and analyze the competitiveness of these airports in
regional development through a two-stage method. Sydorenko
et al. (2021) assess the competitiveness of the production
infrastructure of international airports in the global aviation
market by the comprehensive situational model. The main
purpose of creating and implementing an evaluation system is
to facilitate the successful implementation of the competitiveness
management functions of the production infrastructure of
international airports in the global aviation market.
the of

competitiveness, Pels et al. (2003) constructed nested logit

In  analyzing influencing  factors airport
models to study competition among airports in the San
Francisco Bay Area and revealed that access time is vital in
competition among airports in this region. McLay and Reynolds,
2006 studied the economic impact caused by the new initiative of
introducing terminal competition at Dublin Airport. In addition
to being closely related to the regional economy, geographic and
demographic factors, market structure, social factors, and air
transport market maturity are also important factors closely
related to airport development (Demirsoy, 2012). Zietsman
and Vanderschuren (2014) surveyed the airport development
stakeholders and found that socio-economic development, urban
planning, transportation improvement and efficiency,
environmental protection, and financial capacity all influenced
airport development and operations, with socio-economic
development as the most influential factor. Cui et al. 2013b,
2016) constructed an index system of airport competitiveness
from four aspects (i.e., regional development, production factors,
demand conditions, and supporting industries) and studied the
dynamic formation mechanism of airport competitiveness based
on 25 airports in China from 2006 to 2010 by structural equation
modelling and system dynamics methods and found that the two

most important factors affecting airport competitiveness,
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namely, airport investment and urban research development
investment.

Based on the above analysis, for the airport competitiveness
evaluation, scholars have chosen various methods and a sound
index system. These studies basically cover the operational scale,
connectivity, service quality level, operation management,
economic efficiency, and development environment of airports
and provide some theoretical references. However, the current
relevant research also has certain shortcomings. Firstly, in the
comprehensive empirical evaluation of airport competitiveness,
more attention is paid to all airports within countries or large hub
airports in geographically adjacent areas. Rare research is
conducted on the airport competitiveness in important
economic regions within one country, eg, the YREB in
China.
competitiveness or its influencing factors are mainly carried

Secondly, studies on the evaluation of airport
out from the time scale, which can only clarify the level of
competition and positive and negative influencing factors of
airports within a specific time range. Still, they cannot meet
the needs of coordinated development, mutual promotion of
airports in a certain area, and balanced airport layout. The spatial
autocorrelation approach helps to solve the above problems and
has been widely used in various research fields to explore the
dynamic characteristics of regional differences and spatial
structures (Liu et al., 2017; Jin et al., 2018; Jing et al., 2018;
Cui et al,, 2021; Zhang et al., 2021). Compared with traditional
data ranking of different airports’ competitiveness on the time
scale, spatial auto-correlation analysis reveals the regional
structure of spatial variables. It is an important indicator to
test whether the attribute values of a certain element are
correlated with the attribute values of its adjacent spatial units
(Zhao et al., 2012; Darand et al., 2017; Hu et al.,, 2020; Chen.,
2021). Adopting spatial auto-correlation analysis in evaluating
airport competitiveness helps observe the interdependence of all
airports in YREB in a specific spatial range; meanwhile, it can
explore the interaction of a single airport with other airports
within a certain spatial unit. Although it has advantages in
regional airport coordination and layout optimization, few
studies on the competitiveness analysis of CAAs have adopted
this method. Therefore, this paper aims to comprehensively
evaluate the competitiveness of civil aviation airports (CAAs)
in the Yangtze River Economic Belt (YREB) from the lens of
tempo-spatial dynamics towards the orderly and coordinated
development in YREB.

Methodology
Study site
The Yangtze River has a total length of 6,300 km and a

watershed area of 180 km’ accounting for about 1/5 of the
country’s total area. With various terrain types (i.e., plateaus,
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Study site.: (A) China; (B) the Yangtze River Economic Belt.

mountains, rivers, lakes, and basins), it runs through most of
China’s eastern, central and western regions, spanning the
subregions of Three Gradient Terrains of China (TGTC). The
Yangtze River flows from upstream to downstream through the
Qinghai-Tibet Plateau, the Yunnan-Guizhou Plateau, the
Sichuan Basin, and the middle and lower reaches of the
Yangtze River Plain, creating various natural sceneries with
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mountains, seashores, rivers, canyons, and lakes, etc. As a
significant national strategic development region, the YREB
promotes the coordinated development of East, Central, and
West China. This area stretches from Shanghai in East China to
Yunnan in West China, connecting 43 cities in 11 provinces or
provincial-level municipalities along the Yangtze River (except
Qinghai and Tibet), with 1,482,300 km?, accounting for 15.44%
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TABLE 1 Provincial ranking of the CAAs comprehensive index in YREB.

10.3389/fenvs.2022.994860

Province 2009 2014 2019 Ranking
Comprehensive index =~ Mean  Comprehensive index =~ Mean  Comprehensive index =~ Mean

Shanghai 0.72823 036412 1.06303 053152 336367 L2122 1
Chongging ~ 0.36095 0.18047  0.43678 0.14559  1.60404 053468 2
Zhejiang 0.78825 0.11261 079342 013224 247602 035372 3
Hubei 0.32664 0.08166  0.42688 0.08538 151204 030241 4
Jiangsu 0.42565 0.06081  0.66467 007385 284322 031591 5
Sichuan 0.61812 0.05619 079503 006625 230525 0.1921 6
Yunnan 0.82412 0.06868  0.66413 005534 227733 015182 7
Hunan 0.09959 001992 037624 006271 132705 0.16588 8
Anhui 0.12312 0.03078 020119 004024  0.67859 013572 9
Jiangxi 0.11475 002295  0.15496 003099  0.73765 012294 10
Guizhou 0.19697 0.03283  0.31683 0.0288 1.12012 011201 11

of the national territorial area. According to the Statistical
Communiqué of the People’s Republic of China on the
2021 National Economic and Social Development released by
China’s National Bureau of Statistics and the statistical
communiqué of the 11 provinces or provincial-level
municipalities in YREB, China’s GDP was 114.37 trillion
yuan, while the regional GDP of YREB reached 53.02 trillion
yuan in 2021, nearly half of China’s total economy. YREB is the
region with the fastest economic development and the area with
the highest potential for future economic growth in China. With
the implementation of the national strategy of developing YREB,
the region has been given the new strategic mission of being the
main battlefield of ecological priority and green development, the
main artery of smoothing domestic and international circulation,
and the main force of leading high-quality economic
development.

YREB contains three major economic zones, namely the
Yangtze River Delta Economic Zone (Shanghai, Zhejiang,
Anhui, Jiangsu), the Middle Yangtze River Economic Zone
(Hubei, Jiangxi), the
Economic Zone (Sichuan, Chongqing, Yunnan, Guizhou),

Hunan, and Chengdu-Chongging
shown in Figure 1. The above three economic zones are
developed areas in China with a large population, rich
tourism resources, and frequent internal and international
the of

transportation in YREB. At the same time, transportation is

exchanges contributing to rapid development
also a vital factor in promoting the regional economy. As China’s
opening-up highland, YREB'’s civil aviation transportation is
playing a power source, which is mutually promotive with
regional development (Sun et al., 2018). By the end of 2019, a
total of 86 CAAs were opened in this study area, accounting for
36.1% of the national CAAs, which completed 567 million
passenger trips, 7,956,400 tons of cargo and mail throughput,

and 4,780,400 landings and takeoffs. Concerning the spatial
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distribution density at the city level, the average number of
airports in the upstream, midstream, and downstream cities
are respectively 0.83, 0.56, and 0.39, with the upstream region
taking the lead. However, concerning airport hierarchy, 14 of
28 high-level airports in the YREB are located in the Yangtze
River Delta Zone, accounting for 60.9% of the total number,
while airports in the middle and upper reaches of YREB are 6 and
8, accounting for 37.5 and 20.5% respectively. The Yangtze River
Delta Zone has an outstanding advantage in airport quality (Bian
et al., 2020).

Data resources

This study targets 86 CAAs in 11 provinces or provincial-
level municipalities of YREB. ArcGIS 10.6 is used to draw the
spatial structure map required for the study, whose base map
data are selected from the National Basic Geographic
Database of the National Basic Geographic Information
Center of the Ministry of Natural Resources. In this study,
nine specific indexes were selected, namely, the passenger
throughput, cargo and mail throughput, takeoffs and landing
movements, the number of international routes, the number
of domestic routes, the number of navigable cities, the grade of
airports, the area of terminal buildings and the number of
airplane slots. The data of passenger throughput, cargo, and
mail throughput, and landing and takeoff sorties are obtained
from the Production Bulletin of Civil Aviation Airports in
2011, 2016, and 2020; the data of international and domestic
routes indicators are obtained from the official websites of
CAAs; and the data of takeoffs and landing movements, the
number of navigable cities, the grade of airports, the area of
terminal buildings and the number of airplane slots are from
Baidu encyclopedia website.
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Methodology

The spatial-temporal patterns of 86 airports’ competitiveness
in YREB are studied by the following methods.

The entropy weighting method

The entropy weighting method is an objective assignment
method to determine the weight of indicators (Stoyanets et al.,
2020). To reflect the competitiveness level of CAAs in YREB,
the raw data are processed by deviation standardization. Then
the index weights are determined with the entropy weighting
index of CAAS
competitiveness (Xiong and Wang, 2018; Liang et al., 2019;
Wangetal., 20205 Liu et al., 2021; Pan et al., 2021). The first step
is the dimensionless processing of data. Because the nine

method to obtain a comprehensive

indicators selected in the study are consistent with the
meaning of the competitiveness representation of CAAs. All
of them are positive indicators, and Equations 1, 2 are used to
standardize the data.

’ X,‘j —minX,»j

T T (1)
max X;j —min X;

’ maxX;- —Xi'

i ] ] (2)

max X;; —min X

In the above Equations X;; denotes the statistical value of the
index of the j criterion level; max X;; and min X;; respectively
represent the maximum and minimum values of the j index X,’-]-
represents the standardized value.

The second step is to calculate the indicators after
standardization to derive the comprehensive index of each
indicator in the comprehensive benefit evaluation. The specific
equations are as follows.

n

1
= ;Pij In (py;) 3)
1-H;
M saem w

In Equation 3, n represents the number of CAAs; p;; means
the proportion of each indicator to the total number of
indicators; In Equation 3 and Equation 4, H; and W, refer to
the entropy value and entropy weight, respectively. The size of
the entropy is between 0-1.

Spatial autocorrelation analysis

Spatial autocorrelation analysis is a quantitative description
of the state of spatial association of geographical data between
things. The result is either correlated, random, or insignificant by
calculating spatial autocorrelation indices (Liu et al., 2017; Chen,
2021).

This study chooses the global Moran index and local LISA to
measure the spatial agglomeration characteristics of CAAs. The
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global spatial auto-correlation mainly tests the overall spatial
correlation of all CAAs in YREB. In contrast, the local LISA
mainly tests a single CAA’s local spatial distribution correlation
and agglomeration. The equations are as follows (Jin et al., 2018;
Carracedo, 2021; Kim and Song, 2021).

Y YL Wi (x - B)(x; - %)
28,

I= (5)

1=y - (6)
J

In Equation 5, x; is the value of the variable at the location or
region i. x is the mean value of the variable. $? is the variance of
the variable. S is the sum of the spatial weights of all variables. n
is the total number of observed variables and the total number of
regions or locations to which the observations correspond. W;; is
an element in the space weight matrix W, which refers to the
space weight between the region or the location i or j and the
space between them. Set W;; = 1 if the space unit i is adjacent to
the space unit j, otherwise, Wi; = 0. In Equation 6, x; is the
attribute value of space unit i; x is the mean value of x; ; S is the
variance; w is the matrix of space weight; w;; is the degree of
influence between space unit 7 and j.

Theil index

The Theil index, also known as the Theil coefficient or short
for Theil, was first proposed by Theil and Henri in 1967. It is
often used to quantitatively describe the equilibrium of economic
development and income distribution (Klophaus and Lauth,
2022). Though both Theil
autocorrelation can

index and local spatial

their
differences exist. First, the local spatial autocorrelation analysis

reflect inter-regional disparity,
characterizes the disparity at the spatial scale, while Thiel index
presents the disparity from a statistical view. Second, the former
focuses on the competitiveness differences of 86 specific airports
in YREB from a micro perspective, while the latter focus on the
competitiveness differences at a macro level, that is, among the
three major economic zones (ie., the Yangtze River Delta
Economic Zone, the Middle Yangtze River Economic Zone,
and the Chengdu-Chongqing Economic Zone). Therefore, this
research selects the Theil index to measure the difference in the
CAASs’ competitiveness in YREB. The equations are as follows.

I L
T,-Y, b m(ﬁ) %
N
I;
Ty, = 21(7) X Ty (8)
Iij
To=). 2, % x zn<NI—U> ©
N

In Equations 7-9, I/I represents the ratio of the composite
index sum within a region to the composite index sum within all
areas. Ni/N represents the ratio of the number of airports in a
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region to the number of airports in all regions. Ij; represents the
composite index of province j in region i. Nj represents the
number of airports in province j in region i. Ty, Ty, and Tp
represent the Thayer index of inter-regional differences, intra-
regional differences, and overall inter-provincial differences.

Results

Comprehensive evaluation of CAAs’
competitiveness in YREB

Provincial-level CAAs’ competitiveness
hierarchy

After specifying the weights, the comprehensive index of
CAAS’ competitiveness in YREB is calculated by the entropy
weighting method. As shown in Table 1 and Figure 2, the sum of
the comprehensive evaluation indexes in 2009, 2014, and
2019 488, 5.89, and 20.245, respectively. The
comprehensive competitiveness of CAAs in YREB has
increased significantly in the past 10 years. It is also found

are

that in the comprehensive index of airport competitiveness of
both the overall region of the Yangtze River Economic Belt and
each single airport, the growth rate of competitiveness from
2009 to 2014 is much smaller than that from 2014 to 2019. The
growth rate in the first 5 years is less than 50%, and the growth
rate in the next 5 years is more than two times. The reason is that,
on the one hand, due to the difficulty and periodicity of airport
construction, there are fewer major changes in the short term, but
more significant changes in the long term; on the other hand, the
development plan for YREB has evolved from “promotion” to
“in-depth promotion” and then to “comprehensive promotion”
at the three symposiums on the development of the YREB held by
China’s General Secretary Xi Jinping in 2016, 2018 and
2020 respectively. Such high-level progressive planning has
brought more political benefits and better development
prospects. As shown in Figure 2, the competitiveness layout of
CAAs in YREB is featured as “strong in the east and west, weak in
the middle” (Jin et al., 2018). The coastal cities in YREB have the
most competitive CAAs, consolidating the leading position of the
Yangtze River Delta airport cluster. In 2019, the Yangtze River
Delta region possesses seven 10-million-passenger-throughput
airports (i.e., Shanghai Pudong, Shanghai Honggiao, Nanjing
Lukou, Hangzhou Xiaoshan, Hefei Xingiao, Wenzhou Longwan,
and Ningbo Lishe International Airports), completing a total of
248 million passenger throughput which is much higher than the
of
145 million passengers. In terms of future development,

second-placed  Beijing-Tianjin-Hebei airport  cluster
metropolitan areas will become the main form of city cluster
competition and cooperation. In addition, airport cluster
competition and cooperation will expand from central cities
and single airports to metropolitan area airport systems,

which features a highly mature stage of development of city
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clusters and airport clusters. Sichuan and Yunnan CAAs in the
upstream are the second most competitive. Benefiting from the
well-developed domestic route network and the rich tourism
resources in the southwest, Sichuan and Yunnan airports in the
upstream region are the second most competitive. By 2019, the
Chengdu-Chongging airport cluster had become the following
“potential stock” after the three world-class airport clusters in
Beijing-Tianjin-Hebei, Yangtze River Delta, and Guangdong-
Hong Kong-Macao. Although the overall competitiveness of
the airport in the central region is the weakest, it plays the
role of linking the east with the west as well as communicating
between the north and the south. The airport development of the
central region is expected to boost by building a “dual hub”
system for passengers and cargo, relying on the original
characteristics of air cargo.

The CAAs in YREB has formed a relatively distinct
hierarchical structure at both provincial and municipal level.
First, the comprehensive competitiveness of CAAs in Shanghai
and Zhejiang has long been in the lead. The huge demand for civil
aviation carriers is indispensable from solid economic strength,
superior foreign trade location, and the high consumption level
of residents. Second, the overall competitiveness of Sichuan,
Jiangsu, and Yunnan is also high, but the trends in the decade
vary. CAAs in Yunnan occupied a prominent position because
other transport modes were initially restricted due to the complex
and rugged geographical conditions. However, with economic
breakthroughs,  the
competitiveness of CAAs is gradually weakening as other

development and  technological
transportation modes are improving. Jiangsu is located on the
eastern coast, with a superior location adjacent to Shanghai, with
a substantial economic radiating effect.

Moreover, the expansion of airports such as Nanjing
Lukou Airport has laid the foundation for domestic and
its

foreign trade and an open economy. Therefore,

comprehensive competition has increased significantly,
in 2019.

Furthermore, Sichuan has been in a steady development

which is second subsequent to Shanghai
stage for a long time since 2009. Third, the competitiveness
of CAAs in Chonggqing, Hubei, Guizhou, and Hunan is at a
medium-to-low level. Except for Hunan, the improvement of
capacity supply due to the conversion, expansion, and
construction of Changsha Huanghua and other provincial
airports has prompted its development and competitiveness
within 1 decade. Although the overall competitiveness of
other three provinces has improved, the regional rankings
are stable. Fourth, Jiangxi and Anhui have always been most
disadvantaged the

competitiveness of CAAs in the YREB.

concerning comprehensive

Single CAA competitiveness spatialization in
YREB

Figure 3 shows the comprehensive index of CAAs in 2009,
2014, and 2019, respectively. Each dot represents one single CAA.
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FIGURE 2
Provincial-level comprehensive index of CAAs in YREB: (A)

2009; (B) 2014; (C) 2019.

Different colors indicate the competitiveness level of airports.
From high to low, competitiveness is reflected as red-orange-
light green-dark green. It can be seen that, with the total index of
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The composite index of the CAAs in YREB. (A) 2009; (B) 2014;

(C) 2019.
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each CAA increasing in the past 10 years, the competitiveness has
been significantly enhanced. The airport cluster in the downstream
Yangtze River Delta region is characterized by high-high
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competitiveness. The competitiveness of airports in the midstream
cities develops to middle-to-high competitiveness. Among the
upstream cities, the competitiveness of airports in Chengdu,
high. the
competitiveness of other airports is still weak.

Chongqing, and Kunming is In contrast,

In 2009, Shanghai Pudong International Airport and Kunming
Changshui International Airport were the most competitive in
2009, followed by Chongqing Jiangbei, Chengdu Shuangliu,
Wuhan Tianhe, and Changsha Huanghua

Airports in the middle and lower reaches. Most of the other

International

airports were at a weak level of competitiveness. In 2014, the
competitiveness of CAAs in the Chengdu-Chongqing city cluster
in the upper reaches of the Yangtze River has been significantly
improved, which can be seen in the transformation of Chengdu
Shuangliu and Chonggqing Jiangbei International Airport into red
circles. Benefiting from the developed service industry and strong
foreign trade demand boosted by the integration strategy of
Chengdu and Chonggqing, the competitiveness of the midstream
city cluster has increased exponentially. But the overall color field
shows that the single airport competitiveness still has much room
for improvement. In 2019, the comprehensive index value of each
airport expands, and the competitiveness of regional airports
continues to enhance. Compared with 2014, three more red
dots are added in 2019, including Nanjing Lukou International
Airport, Hangzhou Xiaoshan International Airport, and Wuhan
Tianhe International Airport. The former two make it more
remarkable in terms of clusters of highly competitive airports in
the downstream Yangtze River Delta region. The latter is located in
the middle of the area, east of the Hu Huanyong Line, with a large
regional flow of passengers. The regional airport, Wuhan Tianhe
International Airport, has undergone rapid development, boosted
by the strategy for the rise of the central region.

Temporal-spatial characteristics of CAAs
in YREB

Analysis of global spatial autocorrelation

Based on the overall index data of CAAs in the YREB in 2009,
2014, and 2019, the univariate Moran’s I module of GeoDa
spatial analysis is used to calculate the global Moran index for
quantifying the spatial correlation of each CAA development in
YREB. Table 2 shows that the absolute value of Z is greater than
1.96 at the significance level of 0.05 (by 95% confidence test),
indicating a significant autocorrelation of spatial elements.

The global Moran indexes of civil CAAs in YREB for 2009,
2014, and 2019 are -0.018, -0.012, and -0.01. The result indicates
a negative spatial autocorrelation in CAAs development
strength. That is, airports with superior strength and weaker
strength are more likely to gather in space. The reason is that
China’s airports can be divided into three main categories: hub,
trunk, and feeder. There will be one or two hub airports with solid
strength in a particular region, where several weak trunk airports
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TABLE 2 Global moran index of CAA competitiveness in the YREB.

Year Moran index SD P Z
2009 -0.018 0.0842 0.0572 1.9019
2014 -0.012 0.0691 0.0002 3.7496
2019 -0.011 0.0789 0.0001 3.9933
and feeder airports are distributed. And they are spatially
clustered.

Analysis of local spatial autocorrelation

Figure 4 spatializes the local spatial autocorrelation analysis
of civil aviation airports in YREB. The Local Moran’s I module of
the ArcGIS 10.6 is used to calculate the local LISA index in 2009,
2014, and 2019. The improvement of the overall competitiveness
index of CAAs in YREB from 2009 to 2019 has facilitated the
trend of local spatial clustering in the region. The cluster of high-
high competitiveness has been in the Yangtze River Delta
Economic Zone for a long time. It has changed from the
“Shanghai-Hangzhou”, a highly competitive development pole,
to “Shanghai-Hangzhou-Nanjing” and extends to central Jiangsu
Province. The airports of provincial capitals and secondary cities
form clustered areas of high-low competitiveness, indicating that
the provincial capital city airports are the provincial core area of
competitiveness development. The clustered area of low-low
competitiveness covers the Yunnan-Guizhou Plateau to cities
which that the CAAS
competitiveness in YREB still needs to be improved through

of the middle reaches, shows
certain spatial planning strategies.

In 2009, 82.8% of the CAAs showed an insignificant spatial
cluster. Four of the airports form a cluster area with high-high
competitiveness, namely Shanghai Pudong International
Airport, Shanghai Hongqiao International Airport, Hangzhou
Xiaoshan International Airport, and Yiwu Airport. Six CAAs, all
located in provincial capitals, form a cluster of high-low
competitiveness. Compared with other provincial airports,
these are featured with high level, good accessibility, strong
distribution capacity, well-connected cities, and wide radiation
range, forming the competitiveness center of the lagging area.
Though Nantong Xingdong Airport has surpassed more than
70% of the airports in the region, it is a weak unit in an area with
solid regional competitiveness due to its geographical constraints
and its adjacent location to clusters of high-high competitiveness,
namely, Shanghai, Zhejiang, and Jiangsu. In 2014 the high-high,
high-low, and low-high clusters remain the same with more
airports covered. A cluster of high-high competitiveness has
formed a “Shanghai-Hangzhou” highly competitive developing
pole. The low-high cluster includes Zhoushan Putuoshan airport.
Average CAAs in Yunnan and Guizhou have formed a cluster of
low-low competitiveness, a contiguous lagging place in the

competitiveness ranking within the region. In 2019, 80.5% of
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FIGURE 4

Local clustering characteristics of CAAs in YREB: (A) 2009; (B)
2014; (C) 2019.

the airports are locally clustered in terms of the competitiveness.
The cluster of high-high competitiveness takes Shanghai as the
center to link Hangzhou and gradually spreads to the middle of
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Jiangsu Province, forming a “Shanghai-Hangzhou-Nanjing”
high-competitive developing pole, covering Nantong Xingdong
International Airport. Fourteen CAAs form a cluster of high-low
competitiveness, indicating a backward wunit in the
competitiveness ranking of CAAs in YREB. In addition to the
provincial capital airports with clustering capacity, airports
adjacent to the provincial capital airport, airports with a
particular trading strength and source market stand out from
the local spatial competitiveness ranking. There are two clusters
of low-low competitiveness: Ningbo Lishe International Airport,
Zhoushan Putuoshan Airport, and Ninglang Luguhu Airport.
Therefore, clustered areas of low-low competitiveness spread
from the airport in the upper reaches to the airports in the
middle and lower reaches, forming a contiguous lagging area.

Analysis of competitiveness difference of CAAs
based on theil index

To further explore the interregional difference and temporal
evolution of CAA competitiveness in YREB by the Theil index,
this study takes provinces and economic zones as research units.
Table 3 shows the inter-regional, intra-regional, and overall
inter-provincial differences among CAAs in the three major
zones of YREB in 2009, 2014, and 2019.

Taking the YREB as a whole, the total inter-provincial
differences show a fluctuating trend, with the overall
difference first expanding and then shrinking. The increase
in inter-provincial differences from 2009 to 2014 is due to the
rapid development of the international and regional leading
airports in YREB, while other feeder airports are still lagging. In
addition, the inconsistency of airport development in the region
caused by the incompatible number of airports with the
regional economic growth sharpens the disparity in
competitiveness.  The inter-provincial
differences from 2014 to 2019 is due to the gradual
development of feeder airports in YREB and the strong

narrowing  of

follow-up momentum, narrowing the gap between the
leading regional and feeder airports. The variation trend of
inter-regional and intra-regional differences in the Theil index
is consistent with the overall competitiveness gap
(i.e., expanding before shrinking). The change of inter-
regional differences is because the three major regions show
a chronological sequence of development in the past decade, the
Yangtze River Delta progressed first, the Midstream Economic
Zone, and the Middle and Upper Reach of Economic Zone
followed. The inter-regional change is because each region has
provinces with precedence in development over other provinces
within 10 years.

Specific to the three major zones, the Theil index of the
competitiveness of CAAs in the Yangtze River Delta Economic
Zone is the largest, which is the dominating factor affecting
regional differences, followed by the Middle and Upper Reaches
of the Yangtze Economic Belt. A stepped competitiveness

difference has formed with Shanghai in the lead, followed by
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TABLE 3 Theil index measurement and contribution rate decomposition.

10.3389/fenvs.2022.994860

Year Inter-regional Intra-regional Three regions Total inter-provincial
difference difference difference
The The The middle and upper
delta midstream streams
2009 -0.1190 0.1644 0.2961 0.1925 0.1021 0.2497
2014 0.1649 0.2284 03795 0.0696 0.1112 0.2947
2019 0.0064 0.1727 03161 0.0656 0.1190 02752

Jiangsu and Zhejiang with a large gap compared with Shanghai.
Anhui is the weakest in competitiveness. The competitiveness
difference between airports in the middle and upper reaches of
YREB is the slightest because Hubei, Hunan, and Jiangxi airports
are weak in terms of overall competitiveness.

In general, there are differences in the CAA competitiveness of
YREBin 2009,2014,and 2019. And the competitive differences exist
both in the three major zones, namely, the Yangtze River Delta
Economic Zone, the Midstream YREB, and the Upper and Middle
YREB. From the perspective of overall trends, the inter-provincial
andinter-zonal differences in the CAA competitiveness of the YREB
show a fluctuating trend, with the level of differences first expanding
and then narrowing. From the inter-provincial and zonal
perspectives, the difference in the CAA competitiveness has
developed from inter-provincial hierarchical differences to inter-
regional differences. For the contribution of the three major zones,
regional differences are mainly manifested in the Yangtze River
Delta Economic Zone, followed by the Middle and Upper Yangtze
Economic Zone,and finally the Midstream Yangtze Economic Zone.

Discussion
Research findings

This study comprehensively evaluates the competitiveness of
CAAs at the provincial level of YREB and spatializes their spatio-
temporal evolution in 2009, 2014, and 2019. The research
findings are as follows.

1) From 2009 to 2019, the comprehensive competitiveness of CAAs
in YREB has increased remarkably, showing a distribution
characteristic of “strong in east and west, weak in central”.
The of the civl CAAs
competitiveness in YREB has formed a relatively distinct

provincial-level ~ distribution
hierarchical system. Shanghai and Zhejiang are in the first
tier, with Sichuan, Jiangsu, and Yunnan in the second tier,
Chongqing, Hubei, Guizhou, and Hunan in the third, and
Jiangxi and Anhui in the fourth tier. In terms of single
airports, the competitiveness in central cities per province has
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increased the most. The airports in the downstream Yangtze
River Delta region are highly clustered, and the competitiveness
of airports in midstream city clusters develops to medium-to-
high intensity. The upstream city clusters have Chengdu and
Chonggqing as the core of high competitiveness of CAAs, while
the competitiveness of other airports in this region is still weak.
2) The global Moran Index shows spatial auto-correlation of
CAAs in YREB is negative in 2009, 2014, and 2019. That is,
highly competitive airports and uncompetitive airports are
more likely to be spatially clustered. At the same time, the
local Moran index shows that the local spatial cluster in the
region from 2009 to 2019 has become more and more distinct.
The clustered area of high-high competitiveness has been
located in the Yangtze River Delta Economic Zone for a long
time, converging from the “Shanghai-Hangzhou” high-
competitive development pole to “Shanghai-Hangzhou-
Nanjing” and further extends to central Jiangsu Province.
The provincial capitals CACs and sub-city airports form a
clustered area of high-low competitiveness; clustered areas of
low-low competitiveness spread from the Yunnan-Guizhou
Plateau to urban cities in the middle reaches of the Yangtze
River.
3) From 2009 to 2019, spatial heterogeneity exists in terms of the
competitiveness of CAAs at the provincial level in YREB among
the three major zones (i.e., the Yangtze River Delta Economic
Zone, the Midstream Yangtze River Economic Zone, and the
Upper Middle Yangtze River Economic Zone). In terms of the
overall evolution trend, the Thiel index shows fluctuations,
namely, increasing first and then decreasing. The Yangtze
River Delta Economic Zone is the dominating region
affecting the level of spatial heterogeneity. From the inter-
provincial and inter-zonal perspectives, the differences in the
CAAs competitiveness develop from an inter-provincial
hierarchical difference to an inter-regional integration.

Research strengths and limitations

Theoretically, this study comprehensively evaluates the
competitiveness of CAAs in YREB. Methodologically, this
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research applies the classic tempo-spatial analytical method to
spatialize the spatial-temporal pattern of CAAs. Practically, the
study site is enriched in YREB. The limitations of this study are:
1) all data adopted are second-hand, which tends to be with low
timeliness; 2) The research objects are airports in YREB and a
larger spatial scale could better reflect the spatial distributional
regularities, e.g., in the whole China. More case studies (e.g.,
other regions in China or other countries) should be considered
to verify or discover more regularities. 3) This study involves the
decade 2009-2019 and did not consider the impact of COVID-19
which erupted in 2020.4) The time span is 5 years, namely 2009,
2014, and 2019. A yearly analysis needs further exploring. Taking
the impact of COVID-19 into consideration, the following
research will explore airports’ competitiveness evolution at
multiple spatial scales, e.g., in other regions of China or even
around the world over a longer period. Based on analyzing the
mechanisms behind the evolution and the interactions of various
influencing factors, the following research aims to improve
airport competitiveness evaluation by involving more factors
from a systematic perspective in further studies.

Policy implications

Based on investigating the competitiveness and spatial
interdependence of CAAs in YREB, it is found that there is
an unbalanced layout of competitiveness at multiple spatial
scales, namely, the zonal spatial scale, the provincial scale, and
the single airport scale. Therefore, it is necessary to make the
competitive strategies of CAAs from different spatial dimensions
for building a hierarchical CAAs system with a reasonable layout
and excellent functions towards maximizing the competitive
advantages of airport clusters in the YREB.

First of all, for the three zones in the upper, middle, and lower
reaches of the YREB, the Yangtze River Delta Economic Zone is
the leading region affecting the spatial heterogeneity of airport
competitiveness, and it should play its leading role in the
development of CAAs in the entire YREB, and continue to
promote the effect of domestic and international dual
circulation on trade, economic development, international
exchange, and cooperation. Specifically, airports in the upper
reach region should seize the development opportunity of the
“Chengdu-Chongqing” city cluster, and progress the construction
of regional and feeder airports to achieve better integration into the
synergistic regional development. Relying on the original air cargo,
airports in the middle reach should build a “dual hub” system of air
passengers and cargo based on its natural geographical location of
linking the east and the west, communicating with the north and
the south to boost its development. Secondly, at the provincial
spatial scale in the YREB, airports in the central cities and featured
cities with rich tourism resources play a crucial role in improving
the competitiveness of airports in the whole province. Eleven
provinces or provincial-level municipalities in the YREB should
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grasp the trend of expanding airport cluster competition and

cooperation from central cities and single airports to
metropolitan area airports system and take airports with strong
competitiveness in the province as the core to drive the airports in
the adjacent geographic areas. Alternatively, the airports in the
vicinity of the central cities should develop joint provincial
cooperation to build a metropolitan area airport cluster. Under
solid competition in the domestic aviation market, expanding
international airline markets will promote the metropolitan
airport cluster to be a “stabilizer” and “builder” of the aviation
market order. In terms of each single airport in the YREB,
evaluating the competitiveness of CAAs facilities the application
of specific policies, and hierarchical development of airports.
The last but not the least, as the international hub airports
and domestic backbone airports are at the core of the three zones
of the YREB, they should actively adapt to the new development
pattern that mainly relies on the domestic cycle and mutually
promotes the domestic and international dual cycle, emphasizing
regional synergy and epidemic prevention and control. For
regional medium-sized and feeder airports that are less
competitive, clearer development goals are needed, for
example, taking advantage of their spatial dependence on
strong airports to take over the overcapacity. Moreover,
breakthroughs in regional medium-sized and feeder airports
can be made by improving their capacity and differentiating
competition with distinctive services, brand building, and active

market development.

Conclusion

The development of civil aviation airports (CAAs) affects the
advancement of the regional economy to a certain extent.
Exploring the competitiveness and spatial-temporal imbalance
of CAAs in the Yangtze River Economic Belt (YREB) is
conducive to optimizing the airport layout and promoting the
coordinated development of urban agglomerations along the
YREB. To fill the research gap of lacking the tempo-spatial
insights into the CAAs’ competitiveness, this research maps
the dynamic changes of 86 CAAs’ competitiveness in YREB
based on the competitiveness evaluation by the entropy weight
approach, spatial auto-correlation analytical technique and Theil
index measurement respectively. This research is concluded that:
1) The comprehensive competitiveness of CAAs in the Yangtze
River Economic Belt increased significantly from 2009 to 2019,
showing that provinces in East and West China are more
competitive in terms of airports competitiveness compared
with provinces in Central China. 2) Superior and inferior
airports are likely to be spatially clustered. Moreover, CAAs in
provincial capitals and secondary cities form high-low cluster
areas. 3) From 2009 to 2019, spatial differences in CAA
competitiveness exist, among provinces of the Yangtze River
Economic Belt, or within the three major zones (i.e., the Yangtze
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River Delta Economic Zone, the middle reaches of the Yangtze
River Economic Zone, and the middle and upper reaches of the
Yangtze River economic zone). 4) The interprovincial civil
with  the
discrepancy increasing and then decreasing. This research

aviation airport competitiveness fluctuates,

benefits the spatial planning of civil aviation airports in the
Yangtze River Economic Belt.
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