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Abstract: Although the concept of sustainable development has made certain achievements in
many fields, airport sustainability (AS) has not yet formed a unified and comprehensive theory
and evaluation method. According to the connotation of sustainable development, this paper
proposes the definition of airport sustainability by considering China’s national conditions and
airport characteristics. Secondly, this paper identifies four AS dimensions of economy, environment,
society, and operation and selects and screens evaluation indicators for each dimension. Thirdly,
a synthetic evaluation index model of AS is constructed based on the benefit of the doubt (BoD) model,
and the process of evaluation method is planned according to a synthetic evaluation method. Finally,
Guangzhou Baiyun International Airport (CAN) is selected as a case study to evaluate the AS from
2008 to 2017, and the influencing factors of AS are discussed to predict AS in 2018. The evaluation
and prediction results are consistent with the actual operational characteristics of CAN.

Keywords: airport sustainability; dimensions; synthetic evaluation index; BoD model

1. Introduction

In order to ensure rapid and healthy socioeconomic development, the concept of sustainability
came into being [1]. Today, convenient and flexible transportation has greatly promoted the rapid
development of the global economy and society, but at the same time, the increase in traffic
has also negatively affected sustainability. As the fastest growing industry in transportation [2],
the average annual growth rate of aviation is 5%. While promoting economic development and
solving social employment issues [3], aviation has also caused huge environmental impacts [4].
As a key point and infrastructure of aviation, airports not only play a role in connecting ground
traffic and air traffic [5] but also serve as interactive hubs for airlines, air traffic service providers,
and passengers [6]. The sustainability of airports and aviation are complementary to each other.
Therefore, while continuously exploring aviation development, airports should also enhance their
sustainability to meet the development demand of the industry.

At present, implementation activities have been widely carried out worldwide to promote airport
sustainability. Federal Aviation Administration (FAA) proposed the noise compatibility program
and voluntary airport low emissions program and established the airport improvement program to
reduce their environmental impact by providing some airports with renovation funds [7]. In 2016,
nearly 20 airports signed the “Airports Sustainability Declaration” at the Airports Going Green
Conference (AGGC) [8]. In addition, some airports have begun to explore their own sustainable
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development. San Francisco International Airport (SFO) adopted the economic viability, operational
efficiency, natural resource conservation, and social responsibility (EONS) guidelines of Airports
Council International (ACI) to develop its sustainability plans and practices and made a five-year
plan in 2017 [9]. Sea-Tac Airport released the Sustainable Airport Master Plan (SAM) [10]. Heathrow
Airport invested 500,000 pounds to reduce environmental impacts such as aviation noise and carbon
emissions [11]. Groningen Airport in the Netherlands launched the Green Sustainable Airport (GSA)
Program in Europe in 2010, which aims to improve the airport environment and promote sustainable
development of aviation by reducing greenhouse gases, emissions, and noise [12]. The Kansai airport
group has formulated a sustainable development strategy from four aspects, climate change, resource
utilization, environmental harmony, and management, to mitigate the environmental impact of the
airport [13]. Hong Kong international airport has also formulated a sustainable development policy
and assessed airport sustainability by involving all the participants in aspects of airport operations as
stakeholders [14]. Therefore, it can be seen that global airports have begun to implement sustainable
development projects in response to the increasing environmental impact of aviation.

In the exploration of sustainability, technological innovation was considered as the primary plan
for achieving sustainable development [15], and current research mostly focuses on reducing the
environmental impact of airports. However, with the increase of air traffic, technological innovation
cannot solve a series of problems brought by aviation [16]. We need to address sustainability
from a management perspective. The assessment of sustainability is a prerequisite for effective
management [17]. Only based on the correct evaluation can airport sustainability be guaranteed and
improved by taking targeted measures. The evaluation criteria and methods have a key role and
significance for sustainability [18]. Therefore, in order to achieve sustainability of airports and aviation,
it is necessary to construct scientific evaluation criteria and methods of airport sustainability.

The evaluation of airport sustainability is a special issue of integrating theory with practice.
It is necessary to clarify the existing practical operational problems of airports and understand the
relationship between the theory and practice. Some scholars discuss airport sustainability from a
certain aspect of daily operation and give some suggestions on practical operation, such as airport
energy management [19], water resource utilization [20], airport pavement materials [21], and the
development of commercial aspects of airports [22], and so on. Although these studies are easy to carry
out, they lack structure and integrity. However, there are relatively few assessment studies specifically
for airport sustainability, and some related studies include the following. Milan Janic involved the
airport when assessing the sustainability of the air transport system [23]. Vincenzo Fasone pointed out
two goals in airport system management; one is the airport’s financial sustainability, and the other is that
infrastructure investment and maintenance of the airport can meet the transportation needs [24]. Kılkıs
used the Sustainability Ranking of Airports (SRA) Index to evaluate airport sustainability, including five
dimensions and 25 evaluation indicators [25]. Postorino et al. proposed a common framework from the
four dimensions of economy, society, environment, and operation to reduce the environmental impact of
airports and promote aviation sustainability [26]. Ming-Tsang Lu established an evaluation method of
airport sustainability with a balanced scorecard model [27]. Monsalud quantified airport sustainability
with the impact matrices and analyzed effective sustainability practices at U.S. airports [28]. Laya Olfata
used a fuzzy dynamic network to evaluate the operational efficiency of airport systems and determine
the level of sustainability [29]. The United Kingdom Airport Commission proposed an evaluation
framework based on Multi-Criteria Analysis (MCA) in 2014 to assess the environmental and social
impacts of airports [30]. The current related research mainly focused on the development of aviation,
airport operational practices, airport development decisions, and airport green development. There are
not many studies on airport sustainability, and the comprehensive assessment of airport sustainability
generally adopts the methods of constructing indicator systems and models. Airport sustainability (AS)
is not a constant value, and it changes with socioeconomic development. We should pay attention to
its dynamic changes to explore the development potential of airports. On the basis of existing research
achievements, this paper takes into account an airport’s operational needs in the definition of airport
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sustainability by combining the development characteristics of the airport and uses comprehensive
indicators to evaluate AS dynamically. This method can enrich the evaluation content and methods of
airport sustainability and provide more possibilities for AS’s extended research, such as prediction
and improvement.

In order to evaluate airport sustainability more scientifically, this paper gives the definition of
airport sustainability based on the connotation of sustainable development and airport operational
characteristics. It adopts a combination of indicator system and comprehensive index and uses the
flexibility and optimism of the benefit of the doubt (BoD) model to reflect the changing process
of airport sustainability. The evaluation process can fully reflect the relationship between the
practice and theory of the airport. This paper is organized as follows: Section 2 gives the definition,
dimensions, and evaluation framework of airport sustainability. Section 3 proposes the evaluation
method of the synthetic airport sustainability index based on the BoD model, including index model,
weight calculation, and indicator processing. The results and discussions of the Guangzhou Baiyun
International Airport (CAN) case study are analyzed in Section 4, and Section 5 is the conclusion.

2. Definition and Evaluation Framework

2.1. Airport Sustainability (AS)

The current accepted definition of sustainability is the ability to meet the needs of contemporary
human development without compromising the future generations [1].

At present, there is no unified definition of airport sustainability, but some institutions have
conducted relevant research: The Airport Cooperative Research Program (ACRP) proposed that AS
should be “practices that ensure: protection of the environment, including conservation of natural
resources” [31]. Airports Council International, North America’s airport sustainability committee,
considered airport sustainability as “a holistic approach to managing an airport so as to ensure the
integrity of the economic viability, operational efficiency, natural resource conservation and social
responsibility of the airport” [32]. FAA stated that airport sustainability should include reducing
environmental impact, ensuring rapid and stable economic development and promoting social
progress [33]. ACI proposed that aviation and airport sustainability could be promoted by mitigating
environmental impacts and improving economic and social benefits [34]. The Sustainable Aviation
Guidance Alliance (SAGA) recommended that airports should define their own definitions of airport
sustainability based on their characteristics [35].

Although the definitions of AS are different, it will continue to change with the social environment.
The Civil Aviation Administration of China (CAAC) also proposed that a green airport refers to
an airport’s ability to achieve resource conservation, environmental friendliness and airworthiness,
humane service, orderly development on demand, and coordinated development with surrounding
areas throughout its entire life cycle. [36]. In order to meet the requirements of sustainability strategies
with Chinese characteristics, the core of AS is to control the environmental impact, ensure economic and
social benefits, and focus on improving operational efficiency. In summary, this paper defines airport
sustainability (AS) as: “First, we should protect the environment and control the impact of airport
development on the surrounding residents. Second, we should achieve stable economic growth while
ensuring the airport’s service quality and operational efficiency and fulfilling social responsibilities.”

2.2. Dimensions

Sustainable development usually includes the three dimensions of economy, environment,
and society [37]. Bartle proposed sustainable transportation development including financial, economic,
environmental, and social dimensions [38]. Rebecca K stated that these four dimensions are applicable
to aviation sustainability [39]. The financial dimension in the literature refers to the generation of
sufficient funds to cover capital and operating costs in the long run. For an airport, it means that
the airport can guarantee the balance of payments in terms of economic operations. This dimension
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is usually the theoretical economic dimension. The economic dimension in the literature refers to
achieving the highest social return on physical and natural capital. For an airport, it means the operating
efficiency of airport. International Air Transport Association (IATA) also pointed out that improving
airport efficiency is an important means to promote the sustainable development of aviation, and they
released the ninth edition of the “Worldwide Slot Guidelines” in 2019 [40]. This dimension actually
describes the operating characteristics of an airport, and it can be called the operational dimension.
The environmental dimension refers to the integration of environmental concerns into transportation.
The social dimension refers to improving standard of living, quality of life, and reducing poverty.
Therefore, this paper divides the dimensions of AS into four aspects: economy, environment, society,
and operation.

2.3. Evaluation Framework

In order to fully reflect the dynamic characteristics of airport development and describe AS
reasonably and accurately, this paper adopts the comprehensive index evaluation method to evaluate
AS. The following are the steps taken in this paper to evaluate airport sustainability:

1. Focus on the research target—definition and dimensions of airport sustainability.
2. Select and calculate the evaluation indicators—choose the corresponding evaluation indicators

from four dimensions.
3. Screening indicators—filter indicators based on relevance and independence.
4. Optimize indicator and index weights—calculate the weights of indicators and indexes based on

the BoD model.
5. Evaluate AS—construct a synthetic evaluation index model to evaluate airport sustainability.
6. Analyze and predict AS—analyze the factors affecting airport sustainability and establish a

regression function to predict AS.

The main process of the framework in this paper is illustrated in Figure 1.
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Figure 1. Evaluation framework of airport sustainability (AS).

3. Synthetic Evaluation Method

3.1. Synthetic Evaluation Index

The synthetic evaluation index integrates multiple individual evaluation indicators into a
general index to perform a comprehensive and objective evaluation of the evaluation objects.
Because AS is a complex, dynamic, and systematic issue, it has multi-standard, multi-dimensional,
and difficult-to-measure characteristics. Therefore, this paper adopts the airport sustainability index
(ASI) as a synthetic evaluation index.

The synthetic evaluation index is obtained through combination of indicators and weights, usually
using multiple criteria decision analysis (MCDA). The method of MCDA mainly includes simple
additive weight (SAW), weighted geometric mean (WGM), weighted product (WP), etc. Among them,
the weighted product (WP) method is a method in which the system with poor performance in some
attributes is penalized more heavily. Zhou [41] found that the WP method is superior to the other
two methods in constructing the synthetic evaluation index because in most cases it results in the
minimum loss of information. Therefore, this paper adopts the WP method to build the ASI according
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to the combination of the economic, environmental, social, and operational airport sustainability index.
The i-th sample of ASI (ASIi) can be expressed as:

ASIi =
∏

j

(SIi j/g j(d))
ξi j

(1)

SIi j =
∏

k

(yB
ijk)

ωi jk (2)

yB
ijk =

{
yi jk/gk(d) positive indicator
gk(1− d)/yi jk negative indicato

(3)

where SIi j is the index of the j-th dimension in the i-th sample; gi(d) is the d-th percentile of the j-th
dimension index value; ξi j is the weight of the j-th dimension in the i-th sample; ωi jk is the weight of
the k-th indicator of the j-th dimension in the i-th sample; yi jk is the k-th indicator value of the j-th
dimension in the i-th sample; and gk(d) is the d-th percentile of the k-th indicator value.

3.2. Indicator Processing

3.2.1. Selection

Some scholars put forward related evaluation indicators about airport operation and green
development. Table 1 lists the evaluation indicator sets related to AS. These related evaluation indicator
sets propose different scales of sustainability indicators from the economic, environmental, operational,
or multi-dimensional dimensions.

Table 1. Sets of related evaluation indicators.

No Indicator set Authors Number of
Indicators Dimension Scale

1 Sustainability Reporting
Guidelines

Global Report
Initiative [42] 70 Multiple global

2 GrADE framework Paolina Ferrulli [43] 22 Environment local

3 Airport sustainability
ranking index Şan Kılkış [25] 25 Multiple global

4 Indicator systems of
sustainability Milan Janic [23] 12 Multiple regional

5 Airport sustainability
indicators Setiawan M. I. [22] 8 Operation global

6 Perspectives/criteria of
airport sustainability Ming-Tsang Lu [27] 15 Multiple regional

7 Airport impact analysis
framework Linna Li [44] 17 Multiple local

8 Green airport evaluation
index system Cheng Lun [45] 28 Economic local

Referring to Postorino’s research on the connotation of the four dimensions, this paper removes
duplicated indicators from the existing evaluation indicators and obtains 54 evaluation indicators.
The results of the extracted indicators are shown in Table 2. The code, name, and direction (positive
+/negative −) of the indexes and the indicators are given in the table.
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Table 2. Evaluation indicators of AS.

Dimension Indicators P/N Indicators P/N

Economic
(B1)

C1 Aeronautical revenues (RMB) + C12 Labor cost (RMB) −

C2 Non-aeronautical income
(RMB) + C13 Depreciation fee (RMB) −

C3 ROE (%) + C14 Direct cost (RMB) −

C4 ROA (%) + C15 Maintenance cost (RMB) −

C5 ROE/ROA + C16 Service charge (RMB) −

C6 Profit before tax (%) + C17 Other operating costs (RMB) −

C7 Receivable turnover + C18 Energy consumption
cost (RMB) −

C8 Inventory turnover + C19 Selling expenses (RMB) −

C9 Current assets turnover + C20 Management cost (RMB) −

C10 Fixed assets turnover + C21 Finance cost (RMB) −

C11 Total assets turnover

Environmental
(B2)

C22 Annual mean concentration
distribution of CO − C28 Sewage discharge (t) −

C23 Annual mean concentration
distribution of NOx − C29 Water use efficiency +

C24 Annual mean concentration
distribution of PM − C30 Solid waste (t) −

C25 Annual mean concentration
distribution of SOx − C31 Greenland rate +

C26 Carbon emissions (t) − C32 Land consumption
(ha/10,000 people) +

C27 Noise −

Social
(B3)

C33 Direct economic benefits (RMB) + C36 Per capita (RMB) +

C34 Indirect economic
benefits (RMB) + C37 Service satisfaction +

C35 Airport employment
amount (persons) + C38 Complaints rate (times/year) −

Operational
(B4)

C39 Daily average traffic volume
(flights/day) + C48 Average check wait time (min) −

C40 Daily peak traffic volume
(flights/hour) + C49 Average taxiing time (min) −

C41 Hourly peak traffic volume
(flights/hour) + C50 Capacity utilization +

C42 Hourly capacity (flights/hour) + C51 Weather delays ratio −

C43 Release normal rate + C52 Company delays ratio −

C44 Freight throughput (t) + C53 Flow control delay ratio −

C45 Passenger
throughput (persons) + C54 Other airspace users ratio −

C46 Average flight delay (min) − C55 Special delays ratio −

C47 Average arrival delay (min) −

3.2.2. Normalization

Because the units and magnitudes of the various evaluation indicators are different,
the inconsistency of the indicator dimensions can be eliminated through normalization. Suppose
xi jk is the j-th nominal indicator value of the k-th dimension in the i-th sample and yi jk is the j-th
original indicator value of the k-th dimension in the i-th sample. If the indicator is a positive indicator,
its normalized formula is as follows:

xi jk =

yi jk − min
1≤i≤n

(yi jk)

max
1≤i≤n

(yi jk) − min
1≤i≤n

(yi jk)
(4)

If it is a negative indicator, the normalized formula is:

xi jk =

max
1≤i≤n

(yi jk) − yi jk

max
1≤i≤n

(yi jk) − min
1≤i≤n

(yi jk)
(5)
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3.2.3. Screening

Because the evaluation indicators are selected from different works in the literature, the selection
of the indicators is subjective, and the independence of the indicators is not considered at the same time.
Therefore, in order to ensure the independence and representativeness of the indicators, this paper
uses a three-step method to screen the indicators:

Step 1: Screening independent indicators by the Spearman and Kendall method.
Step 2: Screening representativeness indicators by methods such as conditional generalized

variance minimization (CGVM), principal component analysis (PCA), and fuzzy cluster factor
analysis (FCFA).

Step 3: According to the characteristics of the raw data, a non-parametric Bayesian model was
used to compare and analyze the discrimination accuracy of the screening results to determine the best
screening method.

The non-parametric Bayesian discriminant function is as follows:

P(Gi j|x) =

ni j∑
i

ni j
fi j(x)∑

i

ni j∑
i

ni j
fi j(x)

(6)

where ni j/
∑
i

ni j refers to the prior probability of a random sample of the i-th sample in the j-th

dimension. ni j refers to the total indicator number of the i-th sample in the j-th dimension, fi j(x) refers
to the kernel density function of the i-th sample in the j-th dimension, P(Gi j|x) refers to the posterior
probability of the random sample of the i-th sample in the j-th dimension.

Following the above steps, the indicator selection process is more flexible, and different screening
methods can be selected according to the indicator characteristics in different AS dimensions.

3.3. BoD Weighting

This paper calculates the index and indicator weights with the BoD model. The BoD model is a
comprehensive indicator evaluation method, developed from the data envelopment analysis (DEA)
model [46]. In order to avoid subjectivity of the evaluation and to ensure a scientific evaluation process,
this paper integrates the BoD model and the less favorable BoD model with reference to the geometric
composite index construction method of Pim Verbunt [47]. The two BoD models are established to
derive ξ+i j and ξ−i j, respectively, to calculate the weight ξi j in Formula (1), where ξ+i j is the optimistic
weight of indicator j in sample i, and ξ−i j is the pessimistic weight of indicator j in sample i.

The optimistic BoD-weighting model:

max
4∑

j=1
ξ+i j SIi j

s.t.



4∑
j=1

ξ+i j = 1

Lr <
ξ+i j SIi j

4∑
j=1

ξ+i j SIi j

< Ur

ξ+i j ≥ 0

(7)

The pessimistic BoD-weighting model:
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min
4∑

j=1
ξ−i jSIi j

s.t.



4∑
j=1

ξ−i j = 1

Lr <
ξ−i jSIi j

4∑
j=1

ξ−i jSIi j

< Ur

ξ−i j ≥ 0

(8)

where Lr is the lower limit of index or indicator weight, and Ur is the upper limit of the index or
indicator weight. In order to ensure the rationality of weight distribution and to avoid unrealistic
results, this paper set Lr = 2% and Ur = 35% [48]. SIi j is solved by Equation (2). ωi jk also uses two BoD
models to calculateω+

i jk andω−i jk, then ASIi and SIi j can be calculated according to the following formula:

ASIi = αASI+i + (1− α)ASI−i (9)

SIi j = αSI+i j + (1− α)SI−i j (10)

where SI+i j and SI−i j are calculated by ω+
i jk and ω−i jk, respectively. ASI+i and ASI−i are calculated by ξ+i j

and ξ−i j. α is the adjustment parameter. In general, to strike a balance between the best and worst
results, take 0.5 [41].

4. Numerical Case Study

This paper selects Guangzhou Baiyun International Airport (CAN) as a case study. CAN is
the third largest hub airport in China, and it is an important link for sustainable development in
Guangzhou, the Pearl River Delta region, and the country. Taking the development situation of the past
10 years (2008–2017) as a data resource, the above-mentioned AS evaluation methods and procedures
are used to evaluate and analyze AS of CAN.

4.1. Data Resource

This paper gathers data of statistical AS indicators of CAN and calculates the other indicators
through analysis and models. The statistical data sources are from the annual report of the airport [49],
the airport service evaluation report issued by the Civil Aviation Passenger Service Evaluation [50,51],
the Civil Aviation Administration website, and the flight operation efficiency report [52]. The calculation
models include The AMS/EPA (American Meteorological Society/Environmental Protection Agency)
Regulatory Model (AERMOD) model, which is used to calculate the concentration of pollutants around
the airport; ICAO DOC 9911, which is used to calculate noise distribution around the airport; and the
input-output model, which is used to calculate direct and indirect economic benefits.

4.2. Indicator

4.2.1. Indicators Processing

In order to make the indicators have the same magnitude, the value of indicators was normalized.
The 54 normalized indicators of CAN from 2008 to 2017 are shown in Figure 2.



Sustainability 2020, 12, 3334 9 of 18

Sustainability 2019, 11, x FOR PEER REVIEW 9 of 18 

 

4.1. Data Resource 

This paper gathers data of statistical AS indicators of CAN and calculates the other indicators 
through analysis and models. The statistical data sources are from the annual report of the airport 
[49], the airport service evaluation report issued by the Civil Aviation Passenger Service Evaluation 
[50][51], the Civil Aviation Administration website, and the flight operation efficiency report [52]. 
The calculation models include The AMS/EPA (American Meteorological Society/Environmental 
Protection Agency) Regulatory Model (AERMOD) model, which is used to calculate the 
concentration of pollutants around the airport; ICAO DOC 9911, which is used to calculate noise 
distribution around the airport; and the input-output model, which is used to calculate direct and 
indirect economic benefits. 

4.2. Indicator 

4.2.1. Indicators Processing 

In order to make the indicators have the same magnitude, the value of indicators was 
normalized. The 54 normalized indicators of CAN from 2008 to 2017 are shown in Figure 2. 

 

Figure 2. Normalized AS indicators of CAN from 2008~2017. 

Then, the indicators of each dimension needed to be screened. Firstly, the Spearman and Kendall 
correlation coefficient matrices of each indicator were constructed, and the confidence level of 
independence indicator was set to 5%. Secondly, the non-parametric Bayesian discrimination was 
performed for the two indicator screening schemes, and then the independent indicator screening 
scheme was selected according to the discrimination accuracy. Thirdly, CGVM, PCA, and FCFA were 
used to screen representative indicators, and non-parametric shells were used for each indicator 
screening method. Finally, the representative indicator screening scheme was selected according to 
the non-parametric Bayesian discrimination accuracy. The non-parametric Bayesian discriminant 
accuracy of different indicator screening methods for each dimension is shown in Table 3. 

Table 3. Non-parametric Bayesian discrimination accuracy. 

Dimension 
Independence Representativeness Selected screening 

methods before Spearman Kendall before CGVM PCA FCFA 
Economic (B1) 0.405 0.78 0.76 0.78 0.77 0.88 0.77 Spearman and PCA 

Environmental (B2) 0.318 0.39 0.61 0.61 0.73 0.84 0.82 Kendall and PCA 
Social (B3) 0.38 0.63 0.68 0.68 0.65 0.72 0.79 Kendall and FCFA 

Operational (B4) 0.25 0.55 0.69 0.69 0.71 0.79 0.85 Kendall and FCFA 

The selected screening scheme was as follows. Spearman and PCA were used to select seven 
indicators for independence and representativeness of the economic dimension, respectively. Kendall 
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Then, the indicators of each dimension needed to be screened. Firstly, the Spearman and
Kendall correlation coefficient matrices of each indicator were constructed, and the confidence level
of independence indicator was set to 5%. Secondly, the non-parametric Bayesian discrimination was
performed for the two indicator screening schemes, and then the independent indicator screening
scheme was selected according to the discrimination accuracy. Thirdly, CGVM, PCA, and FCFA
were used to screen representative indicators, and non-parametric shells were used for each indicator
screening method. Finally, the representative indicator screening scheme was selected according to the
non-parametric Bayesian discrimination accuracy. The non-parametric Bayesian discriminant accuracy
of different indicator screening methods for each dimension is shown in Table 3.

Table 3. Non-parametric Bayesian discrimination accuracy.

Dimension
Independence Representativeness Selected Screening

Methodsbefore Spearman Kendall before CGVM PCA FCFA

Economic (B1) 0.405 0.78 0.76 0.78 0.77 0.88 0.77 Spearman and PCA
Environmental (B2) 0.318 0.39 0.61 0.61 0.73 0.84 0.82 Kendall and PCA

Social (B3) 0.38 0.63 0.68 0.68 0.65 0.72 0.79 Kendall and FCFA
Operational (B4) 0.25 0.55 0.69 0.69 0.71 0.79 0.85 Kendall and FCFA

The selected screening scheme was as follows. Spearman and PCA were used to select
seven indicators for independence and representativeness of the economic dimension, respectively.
Kendall and PCA were used to select six indicators for independence and representativeness of the
environmental dimension, respectively. Kendall and FCFA were used to select four indicators for
independence and representativeness of the social dimension, respectively. Kendall and FCFA were
used to select eight indicators for independence and representativeness of the operational dimension,
respectively. These 25 indicators constitute the AS evaluation indicator system of CAN, as shown
in Table 4.

Table 4. Evaluation indicator system of AS.

Target Dimension Indicators

Airport sustainability

B1 C2, C4, C5, C8, C13, C15, C16
B2 C22, C24, C27, C28, C29, C30
B3 C33, C35,C37, C38
B4 C40, C43, C44, C46, C47, C49, C50, C51

4.2.2. Indicator Weighting

The BoD model in Section 3.3 was used to determine the pessimistic indicator weight (PW) and
optimistic indicator weight (OW) for each indicator. The results are shown in Figure 3.
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4.2.3. Determination of Standard Value

The standard value of the indicator gi(d) usually takes the maximum value, which is the 100th
percentile of the sample, but this determination method of the standard value has not been tested
and verified. This paper determines the reasonable percentile value of the evaluation indicator by
analyzing the standard deviation of the synthetic ASI under each percentile.

It can be seen from Table 5 that the deviation of the economic, environmental, and operational
ASI is minimal at median (50th percentile), and the deviation of the social ASI is minimal at the 60th
percentile, but the difference from the median is only 0.002. Therefore, in order to unify the calculation
method, this paper uses the median as the standard value to calculate the economic, environmental,
social, and operational ASI, and d is set as equal to 50% in Formula (3).

Table 5. Standard deviation of the airport sustainability index (ASI) by percentile.

Percentile 10 20 30 40 50 60 70 80 90

Economic (B1) 0.547 0.490 0.457 0.328 0.210 0.585 0.616 0.624 0.631
Environmental (B2) 0.189 0.138 0.126 0.115 0.093 0.096 0.104 0.098 0.102

Social (B3) 0.436 0.49 0.214 0.201 0.195 0.193 0.546 0.436 0.49
Operational (B4) 0.051 0.044 0.041 0.048 0.04 0.055 0.064 0.051 0.044

4.3. ASI

According to the normalized indicator value, indicator weight, and standard value, we used
Formula (2) to calculate the economic, environmental, social, and operational ASI of CAN from 2008 to
2017. The comparison of each ASI and nominalized indicator is shown in Figure 4.
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Figure 4. Normalized indicators and ASI of each dimension.

In the economic dimension, C13, C15, and C16 are negative indicators and continue to grow while
the remaining positive indicators fluctuate. These indicators eventually lead to a downward trend
in the economic ASI. The environmental dimensional indicators are all negative indicators except
C28, and the normalized value decreases with the increase of indicator value. In recent years, the
environmental impact of the airport has become heavier, which is in line with the downward trend in
the environmental ASI. The evaluation indicators in the social and operational dimensions fluctuate
up and down; therefore, the social and operational ASI does not show a continuous upward and
downward trend, and it is also a volatile change.

According to Formula (9), the pessimistic weight and optimistic weight of each dimension and
ASI are shown in Table 6.

Table 6. The weight of each dimension and the ASI.

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

B1 PW 0.05 0.34 0.33 0.26 0.27 0.6 0.43 0.43 0.38 0.5
OW 0.32 0.31 0.27 0.38 0.25 0.13 0.03 0.03 0.39 0.03

B2 PW 0.08 0.02 0.02 0.02 0.02 0.28 0.25 0.2 0.46 0.35
OW 0.34 0.33 0.25 0.33 0.38 0.25 0.28 0.33 0.03 0.33

B3 PW 0.07 0.46 0.48 0.44 0.1 0.05 0.31 0.36 0.15 0.01
OW 0.31 0.03 0.13 0.03 0.34 0.31 0.38 0.32 0.25 0.33

B4 PW 0.81 0.19 0.17 0.3 0.61 0.07 0.01 0.02 0.02 0.14
OW 0.03 0.34 0.36 0.27 0.03 0.31 0.32 0.32 0.33 0.31

ASI 1.18 1.09 0.94 0.97 1.01 1.02 0.94 0.9 0.94 0.94
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If other determination methods of the indicator system weight are adopted, such as the entropy
weight method (EWM) and principal component analysis method (PCA), the corresponding ASI
evaluation results are shown in Table 7.

Table 7. The comparison of different weight determination methods.

Year 2008 2009 2010 2011 2012
Method EWM PCA EWM PCA EWM PCA EWM PCA EWM PCA

B1 1.16 0.02 1.18 0.22 1.11 0.92 1.05 1.40 1.06 1.70
B2 1.24 1.03 1.18 1.00 1.11 0.86 1.07 0.73 1.02 0.63
B3 1.64 0.14 1.25 0.10 1.01 0.25 1.02 0.29 0.97 0.45
B4 0.92 −0.39 0.92 −0.35 0.93 −0.27 0.93 0.04 0.98 0.02

ASI 1.51 −0.67 1.23 −0.65 1.03 −0.16 1.03 0.21 0.98 0.55

Year 2013 2014 2015 2016 2017
Method EWM PCA EWM PCA EWM PCA EWM PCA EWM PCA

B1 1.06 2.09 0.99 1.49 0.99 1.26 1.03 1.03 1.03 0.93
B2 1.00 0.48 0.98 0.45 0.93 0.24 0.82 0.07 0.75 −0.20
B3 1.05 0.47 0.98 0.46 0.72 0.29 0.68 0.52 0.64 0.62
B4 0.98 0.57 0.98 0.66 0.98 0.77 0.99 1.13 0.99 1.39

ASI 1.04 0.99 0.99 0.90 0.77 0.77 0.73 1.29 0.68 1.68

Comparing the EWM, PCA, and BoD, the standard deviation of the PCA result is 0.6, which
is obviously higher than 0.25 of EWM and 0.16 of BoD. In addition, the variation coefficient of the
EWM’s weight distribution is 0.379, but PW and OW of BoD are 1.006 and 0.847, which are significantly
better than EWM. The BoD model can flexibly adjust the weight coefficient according to the actual
airport data collected, which can better reflect the dynamic development process of the airport and the
characteristics of sustainable development of the airport. The comprehensive evaluation results of
the ASI change smoothly, which is consistent with the long-term stability of the airport’s sustainable
development strategy.

The ASI of CAN has a downward trend during 2008–2017, as shown in Figure 5, and it is a
wave-like decline. By analyzing the variety of the ASI in each dimension, the change of ASI is mainly
due to the economic and environmental ASI of CAN showing a downward trend in this decade.
In terms of the economic ASI, the C2 indicator performed poorly among all indicators. The performance
of C2 from 2013 to 2017 is worse than that from 2008 to 2012, indicating that CAN needs to pay attention
to the development of its non-aeronautical business to promote economic sustainability. In addition to
the C29 indicator showing an upward trend, other environmental indicators are showing a downward
trend, indicating that CAN has to manage its pollutant emissions. The social and operational ASI
undulate, and there is no continuous growth in all dimensions of the AS, which has caused the ASI of
CAN to fluctuate up and down without forming stable growth momentum. In terms of social ASI, the
performance of the C38 indicator fluctuated greatly, so C38 needs to be emphasized. When it comes to
the operational ASI, the overall performance of each indicator fluctuated greatly, and there was no
obvious development trend. Among them, the indicators that need to be paid attention to are C49
and C50, which have declined since 2014. This paper evaluates CAN’s ASI from four dimensions and
comprehensively considers the operational characteristics of CAN and the impact caused by economic
development. According to the law of change, if the economic and environmental ASI is strengthened,
it can promote the ASI of CAN.
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4.4. Discussion

Promoting AS has become a key issue that attracts much attention. Taking the development of
the transportation industry as a reference, this paper analyzes the impact of external factors on AS
from the four aspects of the sustainable development needs, the development background of civil
aviation, the economic environment, and competitiveness [53]. The main influencing factors are shown
in Table 8.

Table 8. The influencing factors of AS.

Aspect Influencing Factors

Sustainable development demand F1: The total population of Guangzhou
F2: Government subsidies

Development background of civil aviation F3: Route mileage of Guangdong province
F4: National route mileage

Economic environment
F5: Gross national product of Guangzhou

F6: Gross national product of Guangdong province

Competitiveness F7: International routes
F8: Domestic routes

For the extraction methods of important influencing factors, there are currently parallel genetic
algorithms and random stepwise integration, bagging, etc. Due to the small sample size and large
number of dimensions, this study used the parallel genetic algorithm (PGA) to analyze the influencing
factors. The parallel genetic algorithm (PGA) was used to analyze the relationship between the actual
data from 2008 to 2017 and the AS. The impact of various influencing factors on the AS is shown in
Figure 6.

The size of the circle in Figure 6 indicates the degree of impact. It can be seen that F1 and F4 are the
two most influential factors, indicating that the sustainability demand of Guangzhou and the national
development background of civil aviation in the past decade have a relatively large impact on the ASI.
The reason that F1 hinders the development of the airport may be that CAN has not yet effectively
utilized the economic benefits brought by the increased passenger volume, and the increased passenger
volume has a worse impact on the airport environment; therefore, the ASI failed to grow with F1.
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F4 promotes the development of the airport, while F6 does not have a significant impact on the
ASI, which indicates that CAN has more mileage on extra-provincial routes, and the extra-provincial
route mileage has a greater impact on the ASI of CAN.

In this paper, the linear regression model method is used to analyze the influence mechanism of
the airport’s sustainable development ability based on the obtained airport sustainable development
comprehensive index and influencing factors. The Tobit regression is one of the linear regression
models. It is mainly used to explore the relationship between unobservable variables and observable
independent variables. Because the airport sustainable development index has upper and lower limits,
the Tobit regression is more suitable for regression analysis of such independent variables. Tobit
regression was performed on ASI and two influencing factors using Stata 16.0 software. The regression
results are shown in Table 9.

Table 9. The regression results of Tobit.

Variable Coefficient Standard Deviation T Test P>|t|

F1 −0.00154 0.000277 −5.55 0.001
F4 0.000548 0.000155 3.53 0.008

_cons 2.750668 0.298724 9.21 0

The regression model of ASI can be expressed as:

ASI = −0.00154 · F1 + 0.000548 · F4 + 2.750668 (11)

This regression model is based on the relationship between historical ASI and influencing factors.
After extracting important influencing factors through PGA, it can be seen from Table 9 that F4 promotes
the development of the airport, while the impact of F1 is the opposite. It shows that CAN could use the
development of the civil aviation industry in China effectively and strive to take advantage of policy
advantages to transform F4 into a favorable factor for ASI. However, at the same time, it will bring a
more serious impact on the airport environment; the more use of F1 means a greater number of people
affected by the environment, which will restrict airport sustainability.

The ASI can be a predicted value as long as F1 and F4 are known. Figure 7 is a comparison
chart between the calculated value of the comprehensive indicator evaluation method (ASI) and the
calculated value of the regression model (ASI_Tobit). It can be seen in the figure that the change trend
of ASI_Tobit and the ASI is consistent, which is a volatile decline, and ASI_Tobit shows a continuous
downward trend after 2014. According to the regression function, the ASI of 2018 is 0.915. That is,
if CAN is in accordance with the current mode of operation and development, the ASI may continue to
decline in the short term.
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5. Conclusions

Although the concept of sustainable development has achieved certain results in various fields,
for the sustainable development of the airport, there has not yet been formed a unified sustainable
development theory and evaluation method. In order to enable the theory of AS to be applied in
practice, this article mainly focuses on the evaluation of AS. The main research results are as follows:

1. Concept and evaluation framework: Based on the existing concepts of sustainable development
and airport sustainable development, and combined with the development characteristics of
China’s airports, the definition, connotation, and dimensions of China’s AS are put forward,
and the evaluation process is established according to the indicator evaluation method.

2. Indicators and indicator systems: The non-parametric Bayesian model was used to select the best
indicator independence and representative screening methods, and an indicator system of AS
was established that includes four criteria layers: economy, environment, society, and operation.

3. Comprehensive evaluation index: The improved BoD model was used to determine the weight
of the index and indicator, and the comprehensive ASI was obtained by combining weights with
indicators through an improved index construction method (WP).

4. Impact and prediction: The influencing factors and mechanism of the AS are discussed. The Tobit
model was used to analyze and predict the ASI of CAN combining the actual historic data of
CAN. The sustainable development performance of CAN in 2018 declined compared to 2017.

This paper uses CAN as a case study to verify the feasibility of the AS evaluation method and
process; other airports can also use this method to assess their AS. Although different airports have
different sustainable development modes, the evaluation method proposed in this paper is a set of
packaged methods. When evaluating any airport, we can use this evaluation method to obtain the
evaluation and prediction results based on the data of this airport. Obviously, the evaluation results
and influential factors of each airport will be different. Further research on the influencing factors and
characteristics of sustainable development modes can be carried out to promote AS.
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