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Abstract: Airport development and operation has a significant impact on local economy. However,
the impact is assessed differently from different perspectives. In this paper, the authors investigated
how the public think on the benefit of airport development and operation from a regional perspective.
More specifically, the paper focuses on what the main factors are in public perceptions on the regional
benefit of airport development and operation. The authors analyzed a survey collected in South
Korea using structural equation models. The authors assigned five categories of perception factors
and examined these factor relationships regarding the ripple effects caused by airport development

"o

and operation on each region. The five factors were “increased use in air transportation”, “increased

”ou

exchange with other regions”,

s

regional economic benefit”, “regional development”, and “dis-benefit
to the region”. The model was verified with structural equations and path analysis results for each
factor. It was revealed that people perceive the increased use in air transportation and the increased
exchange with other regions as bringing about the most significant ripple effects, followed by regional
development and regional economic benefit in this order, according to the order of path groups. The
results of this paper are expected to provide stakeholders’ perspectives and insights when planning

airport development and operation.

Keywords: airport development and operation; regional benefit of airport; perception on regional
benefit of airport; airport development strategy; structural equation analysis

1. Introduction

Air transportation is growing rapidly, and airports are making significant impacts
on every aspect of areas surrounding airports. While the impact can be recognized by all
the stakeholders in the surrounding areas, the impact is perceived differently by different
stakeholders; for example, developers, local governments, and the general public. The
authors in this paper focus on the perception of the general public on the benefit of
airport development and operation from a regional perspective. The authors investigate
what the major contributing factors are in public perceptions on the regional benefit of
airport development and operation. Public perceptions regarding how airports affect
regional benefit were analyzed in order to propose strategies for building social consensus
on developing and operating an airport. Social consensus on airport development and
operation has been a key issue, because airports are a fundamental social overhead capital
that have a huge influence on regional social and economic development. The authors
believe that this study would enhance the rationale to construct and operate airports more
and further.

The development and operation of airports is driven by the argument of suppliers
that the economic benefits outweigh the negative effects, but opposition is raised when
the argument that the negative effects inflicted on residents and the environment in the
surrounding areas outweigh the benefits. Several strategies [1-3] may be applied to airport
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development and operation to resolve such conflicts. However, in the absence of studies
on general public perception regarding regional benefit accompanying airport operation
and development, arguments must be formed that rely solely on biased analytical effects
and this may lead to a sharp division of opinion.

Studies on the ripple effects of airport development and operations have dealt with
empirical cases [4-6], causality [7-9], mutual effect [10,11], related theory [12-14], and
so on. However, the authors could not find research that has looked into the values
people expect to gain from the airports and their current perceptions of the functions of an
airport. In fact, the perception shared amongst various stakeholders towards the ripple
effects resulting from airport development and operation has a value-oriented tendency
of relying on anecdotal experience and the like, rather than analytical perspectives that
are based on previous findings in the related literature. Strategies intended to remedy
conflict surrounding the issue of airport development and operation that are based solely
on analytical information face limitations.

The value of an airport, as a piece of transportation infrastructure, should be deter-
mined based on the socio-economic purpose for which the infrastructure is used. To this
end, it is necessary to identify general perceptions regarding the ripple effects caused by
airport development and operation in order to determine the objectives that should be
pursued by airports through back-casting. For example, decision makers will be able to
review future airport development and operation plans along with the level of perceptions
regarding the economic effects of airport development and the importance of the effect of
demand created through airport operations.

The authors found wide spectrum research on areas concerning the development and
operation of airports related with their regional benefit; especially various studies that
continue to be carried out on the ripple effects felt throughout regions related to airport
development and operation with regards to their economic and non-economic aspects.
Among them, the authors reviewed previous studies on the relationship between them and
related factors.

Researchers have generally believed that airport development and operation have
positive effects on regional economic growth. In terms of urban employment growth,
Marquise J. McGraw (2020) [15] stated that airports increased the employment rate and popu-
lation in each region by 3.9% and 3.4%, respectively, every decade after the Second World War,
between 1950 and 2010, and contributed to regional economic development by up to 1.2%.
In addition, studies claiming that the operation of an airport directly leads to positive
effects in the regional economy have been continuously carried out, as seen in Blonigen
and Cristea (2012) [16], Florida et al., (2012) [17], and Zak and Getzner (2014) [18].

Salewski et al. (2018) [19] presented the ripple effect of an airport on a region through
five factors, and Hartwig (2000) [20] provided the effect with regards to the improved
quality of life and job creation through the revitalization of the regional economy through
the airport. There have been studies that have suggested several positive effects originating
with airport development, with Dunning and Norman (1983) arguing that there is an effect
with regards to multinational enterprises, due to the proximity to the airport. On the
contrary, Knippenberger (2012) [21] presented a study on the environmental damage
caused by airports, and Kasarda (2010) [22] brought up conflicts resulting from airport
development as a negative effect of airport development and operation.

Recently, Ulf Liebe et al. (2020) [23] conducted an empirical study on various economic
and non-economic factors, and analyzed the social acceptance of each impact attribute
based on the assumption that airports play a relatively minor role in the regional economy
compared to their importance, seen through the cases of Mainz in Germany and Zurich
in Switzerland. Direct or indirect, and positive or negative effects on the area around
an airport have been continuously analyzed through numerous studies, but no literature is
found to have conducted surveys on general public perception regarding the ripple effects
on the region brought about by airports.
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Schubert (2011) [24] raised the need to consider comprehensive variables on account of
the ripple effects on the regional economy caused by airports and presented five different
types of airport development. Furthermore, there are urban development models that
actively incorporate airports such as the “airport city” [25] and “aerotropolis” [26] models.
Dan Wang et al. (2020) [27] presented a method of rational selection of industrial land use
and of increasing economic benefit through an empirical study on the economic zone of
Zhengzhou Airport.

Jin Murakami-Hironori Kato (2020) [28] assessed that the accessibility of an airport
in the city affects its strategic location, and especially labor productivity was found to be
related to having a strategic location that provides a high degree of accessibility to the
airport. There have been studies to suggest ways to actively utilize the ripple effects of
airports, but studies on the perception of the general public, with regards to the ripple
effects caused by airports in order to develop a consensus on the ripple effects of airport
development and operation, could not be found at the time this study was prepared.

Therefore, in this study, perceptions regarding the ripple effects that have not been
dealt with in previous studies of airport development and operation within its region will
be surveyed. In this study a hypothetical model for the ripple effects of airport development
and operation has been established, based on previous study findings about the attributes
and severity of the ripple effects and about the maximization of such ripple effects in
consideration of spatial structure. To verify this model, sociological and psychological
structural equation analysis has been applied [29-31].

In this paper, the ripple effects of airports based on the perceptions of airport de-
velopment and operation were examined using cases from Korea. Section 2 establishes
a methodology for analyzing the perceptions of the ripple effects of airport development
and operation. The authors assigned the influenced factors on public perceptions to five
categories and examined these factor relationships regarding the ripple effects caused by
airport development and operation on each region. In Section 3, the authors verified the
model hypothesis through structural equations and the path analysis results for each factor,
while its discussion, conclusions, and recommendations are presented in Section 4.

2. Methodology

The authors conducted an online survey of 510 people to investigate the effects of
airport development and operations. A professional survey company was hired, and the
survey data were taken from people aged 18 or older in South Korea during the period
of 13-16 August 2019 through an in-house developed platform. The subjects were taken
from an active panel with approximately 200,000 people. The active panel was managed
by a professional survey company and place of living, job, sex, age, economic status, and
education level of the active panel were considered in the panel management process,
and the proportion was maintained to represent the general public of South Korea. For
example, 18-29 age group, 30-39 age group, 40-49 age group, 50-59 age group, and 60 or
older age group for male and female were sampled for each region in South Korea and
then a weight factor was applied for each group based on the population of each group. As
a sampling method, the professional allocation method was applied for each age group, and
measurement variables were asked according to a 5-point Likert scale (Strongly Disagree,
Disagree, Neutral, Agree, and Strongly Agree).

Actual samples were taken to reach 110% of the targeted sample size, and then
normality of the sample was verified. If any anomalies were found, they were replaced by
another sample from the same group. Skewness and kurtosis were verified and it was found
that no questions did not satisfy normality. Additional survey was conducted on which,
if any, sub-factors of the 5 factors are affected the most by the airport development and
operation in order to investigate the items that are most affected as well as the contributions
of airport development and operations in individual surveys.

The questionnaire consisted of a total of 31 latent variables and measurement variable
with a 5-point Likert scale for the effects of airports on the region. Initially, more than
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10 questions were devised for each factor, and a total of 31 questions were created after gath-
ering opinions on the questions themselves from thirty persons, including five researchers,
five aviation workers, five related field university professors, five airport operators, and
ten non-experts. (See Table 1 for survey questions.)

The study questions are intended to identify public perceptions regarding the impact
of an airport on regional development, and the hypothesis to be verified is that the public
perceives regional development through five different factors. The authors assumed that
the perception of the general public towards the ripple effects of airports on regional benefit
arises through five different factors. The hypothesis of a five-factor model (Figure 1) was
verified through structural equation modeling. The five factors were reconstructed from
territorial effects, aviation effects, flow effects, allocation effects, and urbanization effects,
which were presented in Salewski et al. (2018) [19] as ripple effects of airports in their region,
which mean direct and indirect effects induced from airport construction and operation.
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Figure 1. The concept model for the perception on the ripple effects of airports on the region.

Flow effects refer to “regional economic benefit” (hereafter referred to as “R”).
Territorial effects and urbanization effects refer to “regional development” (hereafter
referred to as “D”).
e  Aviation effects refer to “regional development” (D) and “dis-benefit to the region”
(hereafter referred to as “B”).
e  Allocation effects refer to “increased use in air transportation” (hereafter referred to as
“A”) and “increased exchange with other regions” (hereafter referred to as “M”).
Detailed ripple effects presented by Salewski et al. (2018) [19] were included in the survey.

7

An initial structural equation that included all survey questions was constructed.
Structural equation modeling is a powerful, multivariate technique and it is increasingly
being used in scientific investigations to test and evaluate multivariate causal relationships.
This method differs from other modeling approaches as it tests the direct and indirect
effects on pre-assumed causal relationships. To verify the model fit, a confirmatory factor
analysis was carried out. Confirmatory factor analysis is a statistical technique used to
verify the factor structure of a set of observed variables. Using this analysis method, the
hypothesis can be tested that a relationship between observed variables and their underlying
latent constructs exists. The relationship between the variables is identified and then the
hypothesis is tested statistically. Structural equation model evaluation is based on the fit
indices for the test of a single path coefficient (i.e., p value and standard error) and the
overall model fit. Generally, the more fit indices applied to the model, the more likely that
a miss-specified model will be rejected—suggesting an increase in the probability of good
models being rejected. It is recommended to use a combination of at least two fit indices.

Structural equation is also known as covariance structural modeling. It consists of
a confirmatory factor analysis that explores the relationships among factors with measurement
variables, as in the following Equation (1) and multiple regression/path analysis [29-31]. If
the initial model does not meet the goodness-of-fit standard, survey questions are deleted to
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improve the goodness-of-fit of the model in an iterative manner. Example of the structural

equation in this paper is shown in Figure 2.

Table 1. Survey Questions.

Factor Question Code
It contributes to an increased activity in airport construction/operation-related R-1
industries/service industries.
It contributes to the revitalization of related industries R
(travel/accommodation business, the tourism industry, etc.).
Regional economic It contributes to creating new jobs. R-3
benefit (R) It contributes to increasing the incomes of local residents. R-4
It contributes to overall revitalization R5
(such as increases to resident income or increases in tax revenue).
It positively affects regional economic development (misc.). R-6
More people will travel to other regions (or abroad). A-1
It will be more convenient to travel into and out of the area. A-2
Effects related to [t will be more convenient for logistics/shipping/labor, etc., to arrive to or depart from the area. A-3
increased use in air - — - — - -
transportation (A) Access from outside to inside th? airport and from inside the airport to the city center Ad
will be easier than before.
It will have positive effects on the use of air transportation by local residents (others). A-5
It helps attract foreign tourists. M-1
It makes it easier to export or import goods. M-2
. Effects related to It seems that there are more exchanges occurring (such as human resources and knowledge M-3
1ncrea§te}<1i etx}fhange exchanges) with foreign countries compared to areas without an airport.
with other
regions (M) It seems that international content (cultural and industrial) are consumed/distributed more M4
around the airport compared to areas without airports.
It has a positive effect by promoting more active exchange with foreign countries (misc). M-5
It helps develop areas around the airport. D-1
It helps expand the local transportation network (roads, bridges, KTX/High-speed rail, etc.). D-2
It helps increase the number of tourists in the area. D-3
Effects related It helps industrial development in the area. D-4
to regional It is effective for attracting or establishing factories belonging to overseas or foreign companies to D-5
development (D) the region, when compared to areas without an airport.
Activities related to airport development/operation have a positive impact on the construction of D-6
relevant infrastructure in the region.
Developing or operating an airport has a positive impact on regional development (misc.). D-7
Environmental destruction in the region caused by airport construction/expansion is severe. B-1
Noise from airport construction/expansion is severe. B-2
Carbon dioxide (greenhouse gas) emissions caused by airport construction/expansion are severe. B-3
Airport construction/expansion causes conflict in the region. B-4
Dis-benefit to the Noise caused by the increase in the number of flights due to airport
region construction/expansion is severe.
Carbon dioxide (greenhouse gas) emissions caused by the increase in the number of flights due to B-6
airport construction/expansion is severe.
Traffic congestion around the airport due to airport construction/expansion is severe. B-7
Airport construction/expansion causes a large degree of inconvenience in the area (misc.). B-8
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Equation (1) means that each correlation between measurement variables is expressed
through parameters and covariance between latent variables related with corresponding
measurement variables. Latent variables are flow effects (regional economic benefit),
territorial effects and urbanization effects (regional development), aviation effects (regional
development and dis-benefit to the region), and allocation effects (increased use in air
transportation and increased exchange with other regions).

XR1 = PriLr +er1
X2 = ProLr +er2

XRg, = ProgLRr + eRrgy

Xp1 = PpiLp +ep1
Xp2 = PpoLp +ep2

Xpgp = PrgpLD +ergp

Xp1 = Pp1Lp +ep1
Xpy = PppLp + e (1)

XBgy = PpgyLp + epgy

Xa1 = PaiLa +ea
Xar = PasLa+ea

XAqA = PAqALA +eA'7A

Xm1 = Pypilm +emn
Xp2 = PpoLm + emp

Xay = Phigy Ly + Engy,
where
Ly: latent variable (y: R, D, B, A, M),
Xyn: quantitative or qualitative variable related with y latent variable
pyn: parameter of L, that explains Xy,
eyn: error of X, that cannot be explained by L,
gy: number of X,.

Parameters are estimated to minimize the difference between the observed and esti-

mated population covariance matrices, which minimizes G in Equation (2) [30].
/
G = (D —w(y))S(D—w(y)) )

where
D: the vector of data
w: the vector of the estimated population covariance matrix
n: the parameters of the model
S: the squared differences between the sample and estimated covariance.

In order for to overcome the sensitivity of Chi Statistics to the sample size [32], the
authors applied TLI (Tucker-Lewis index) over 0.90 [33-35], CFI (Comparative fit index)
over 0.9 [33], and RMSEA (Root Mean Square of Error Approximation) between 0.05 and
0.08 [36] as the goodness-of-fit standard for the model. If the initial model did not satisfy
the goodness-of-fit standard for the model, the authors removed variables with p values of
regression weights that were not significant, or which had standardized regression weights
that were less than 0.5 or with squared multiple correlations (SMC) that were less than
0.4. The authors also deleted those that had variance for which the Heywood case was
a negative number [37] to build a final model that satisfied the goodness-of-fit standard.
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Figure 2. Structural equation model. Note: R = Regional economic benefit; A = Effects related to
increased use in air transportation; M = Effects related to increased exchange with other regions;
D = Effects related to regional development, B = Dis-benefit to the region.
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3. Results

The average results of the measurement variables by question for the regional eco-
nomic development (R) showed that R-3, R-2, and R-1 were 3.87, 3.79, and 3.72, respectively,
being assessed as the most important factors of the airport in terms of how it affected
regional development. As for the proportion answered as factors with large effects, R-2, R-1,
and R-3 were 31.6%, 27.3%, and 24.2%, respectively, indicating that the effects contributing
to regional development and factors largely affected by the airport development and opera-
tion were similarly perceived. However, the effects on airport-related industries/service
industries, or R-1, was perceived to be the most positive, while the ratio of respondents
who answered that they are indeed affected by the airport development and operation was
the lowest among the three items. (See Table Al in Appendix A).

Regarding the effect on the increased use in air transportation (A), the average of the
measurement variables corresponding to A-2 and A-3 were rated the highest at 3.82 and
3.77 points, but the ratio of answers for the most affected factors was 29.5%, with A-1
being the highest. It was found that people perceived that the convenience in movement
to and from the airport due to airport operation and development and the convenience in
logistics /shipping /personnel movement internationally were more affected than increases
in more simple movement. Regarding the increased exchange with other regions (M), the
average measurement variables of M-1 and M-2 were the highest at 3.76 and 3.75 points,
respectively, and 41.4% answered that M-1 was the most affecting. This implies that their
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perception that airports have the most positive impact towards attracting tourists in terms
of increased exchange. (See Table Al in Appendix A)

Regarding the factors about how positively the airport development and operation
affect transportation infrastructure and industrial development in the region, the average
measurement variables of D-3, D-1, and D-2 for airport development and operation were
derived to be the highest at 3.79, 3.78, 3.78, respectively. According to the ratio of those who
answered to be most affecting, the ratios of D-2 and D-3 were the highest at 28.5% and 22.2%,
indicating that people considered airports as having contributed greatly to the expansion of
transportation infrastructure and regional development through the attraction of tourists.
As for the effects regarding dis-benefit to the region (B), the average measurement variables
of B-2 and B-5 related to noise were 3.84 and 3.79, respectively, with 35.7% and 18.3%
answering that they were most affected by airport development and operation for the
same items. This means that people perceive noise as the damage of their greatest concern
regarding the airport development and operation. (See Table Al in Appendix A).

The initial model applied with all the survey questions satisfied all of the model
goodness-of-fit standards the authors set (Table 2). The confirmatory factor analysis
showed that the path reaching from latent variables for the regional economic develop-
ment, the increased use in air transportation, the increased exchange with other regions,
the regional development, and the dis-benefit to the region to measurement variables were
all significant at 0.001.

Table 2. Model’s Goodness of Fit Index.

x? (CMIN) RMSEA TLI CFI CMIN/DF
1068.494 0.055 0.925 0.932 2.520

Nevertheless, in order to verify whether the goodness-of-fit could be improved, the
standards for removing questions were reviewed. The p-values of the regression weights,
which represent the relationship between the latent variables and the measurement variables,
were all less than 0.05, and the standardized regression weights, which show the degree
of consistency of the measurement variables that make up the latent variables, were all
0.5 or higher. The variance in measurement errors were all positive, and it turned out to be
unnecessary to remove questions to improve the goodness-of-fit, as the squared multiple
correlations (SMC) were derived to be at 0.4 or higher for all of the questions. The convergent
validity was also surveyed to determine whether respondents showed a similar tendency for
questions composed to measure latent variables. It was surveyed that most of the 3 values
of the estimates were 0.7 or higher, the average variance extracted (AVE) values, excluding
the factor of advantages/disadvantages to the region, were 0.5 or higher, while the AVE for
the advantages/disadvantages to the region was 0.495 and the concept reliability of each
latent variable was 0.8 or higher. Thus, the final model had convergent validity.

All possible combinations of structural model paths were found to be significant at 1%.
The derived standardized coefficients show either the combination of positive effects or the
combination of negative effects. The combination of paths with technically positive effects
indicates that associations with the increased use in air transportation (A) and the effects
related to increased exchange (M) were the greatest, and it is divided into a path associated
with the regional development (D) and a path associated with the regional economic benefit.
However, the differences among the combinations of positively perceived paths were not
great compared to the perception paths for negative effects (Table 3).

The paths that showed the most significant standardized coefficients (f3) in the struc-
tural model paths were derived to be the effects related to the increased use in air trans-
portation (A) and the effects related to increased exchange with other regions (M). This
means that people perceive that the increased use in air transportation and the increased
exchanges are the most relevant effects with regards to airport development and opera-
tion. The authors found that the relationships between regional development (D) and the
increased use in air transportation (A), and the effects related to increased exchange (M)
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and the effects of regional economic benefit (R) were perceived to have the next highest
relevance. On the other hand, it was found that people perceived that the relationship
between the effects of dis-benefit to the region (B) and other effects had a lower correlation

than that between other factors (Figure 2 and Table 4).

Table 3. Results of Confirmatory Factor Analysis.

Estimate
Latent Variables (L) eBRRER B 5 (Siandatdized Eatimates) eI

R1 1 0.76
R2 0.964 0.697 0.06 16.084 *
Regional economic R3 1.041 0.722 0.062 16.722 *
benefit (R) R4 1.106 0.721 0.066 16.711 %
R5 1.095 0.741 0.063 17.248 *
R6 1.153 0.795 0.062 18.696 *

Al 1 0.754
Efects related to A2 0.888 0.701 0.054 16.374 %
increased use in air A3 0.957 0.718 0.057 16.832 *
transportation (A) A4 1.009 0.741 0.058 17.439 *
A5 1.005 0.743 0.057 17.485 *

M1 1 0.8

Effects related to M2 0.876 0.704 0.051 17.335 *
increased exchange with M3 0.907 0.722 0.051 17.897 *
other regions (M) M4 0.904 0.687 0.054 16.806 *
M5 0.985 0.786 0.049 19.99 *

R1 1 0.745
R2 1.037 0.694 0.065 15.938 *
Effects related R3 1.031 0.719 0.062 16.591 *
to regional R4 1.097 0.761 0.062 17.662 *
development () R5 1063 0718 0.064 16551 *
R6 1.087 0.781 0.06 18.179 *
R7 1.156 0.789 0.063 18.393 *

Bl 1 0.707
B2 0.985 0.647 0.073 13.567 *
B3 1.035 0.734 0.068 15.303 *
Dis.benefit to the B4 1.008 0.648 0.074 13.584 *
region (B) B5 1.085 0.721 0.072 15.038 *
B6 1.174 0.781 0.072 16.203 *
B7 0.964 0.67 0.069 14.02 *
B8 1.04 0.678 0.073 14.175 %

*p <0.001 (two-tailed).
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Table 4. Analysis of Structural Model path per Factor.
Estimate
Factor —— - S.E C.R.
B B
Regional economic benefit (R) o Effects related to increased use inair 339 959 029 11,539
transportation (A)
Regional economic benefit (R) > Effects related to increased exchange (M) 0354 0.899 0.03 11.697 **
Regional economic benefit (R) <+  Effects related to regional development (D) 0.317 0.932 0.028 11.498 **
Regional economic benefit (R) Dis-benefit to the region (B) 0.054 0.16 0.017 3.112*

Effects related to increased use in air

transportation (A)

> Effects related to increased exchange (M) 0412 0989 0.034 12.158 **

Effects related to increased use in air

transportation (A)

< Effects related to regional development (D) 0.347 0.961 0.03 11.624 **

Effects related to increased use in air

. . . "~
transportation (A) ~ Dis-benefit to the region (B) 0.074 0.207 0.019 3.903

Dis-benefit to the region (B) > Effects related to increased exchange (M) 0.062 0159 0.02 3.077*

Dis-benefit to the region (B) <+  Effects related to regional development (D) 0.053 0.159 0.017 3.12*

Effects related to increased exchange (M) <+  Effects related to regional development (D) 0.373 096  0.031 11.942**

*p <0.05; ** p < 0.001 (two-tailed).

4. Conclusions and Recommendations

In this paper, the authors investigated how the public think on the benefit of airport
development and operation from a regional perspective. More specifically, the paper
focused on what the main factors are in public perceptions on the regional benefit of airport
development and operation. The authors identified factors to influence public perception
on the benefit of airport development and operation and categorized them into five groups.
The structural equation model that is composed of a confirmatory factor analysis and
multiple path analysis was applied and the hypothesis was verified. We confirmed that the
five factors are related with each other and affect public perceptions on the regional benefit
of airports significantly.

Transportation facilities have close relationships with other factors [38]. The authors
confirmed, with the samples surveyed for this study, that the five-factor model for the
ripple effects of airport development and operation on the region was significant. To
be specific, it was found that people perceived the ripple effects of airport development
and operation presented in the previous studies such as Salewski et al. (2018) [19] as
significant. Among the path combinations composed of five factors, the survey found that
people most clearly perceived the relationship between the effects of an increased use in
air transportation and the effects of increased exchange with other regions, demonstrating
a directional relationship with airport functions, thereby producing results consistent with
general expectations.

The authors found that people perceive the combination of positive effects as being
clearly different than negative effects. These results are interpreted as indicating that
the perception of positive effects is more evident than the perceptions of negative effects
regarding airport development and operation. However, the application of these results is
limited with regards to the justifications or decision-making in regards to pursing airport
development and operation. This is because this study, which validates the general ripple
effect model for regions with an airport, does not reflect the concentration of damage
inflicted around an airport, such as noise. This study should be interpreted as describing
a phenomenon by which, despite the concentrated damage around airports, the paths of
currently positive factors are more significantly perceived than negative factors. Subsequent
studies will need to reflect the negative effects concentrated around airports with regards
to the feasibility of airport development and operation.
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As expected, people perceive that the functions of an airport, the increased use in air
transportation (A), and the effects of increased exchange with other regions (M) are the
most significant effects (3 = 0.989). Subsequently, it was found that people perceive the
effects of regional development (D) and regional economic benefit (R) as significant regional
ripple effects caused by airport development and operation (3 = 0.961), and they perceive
that all positive effects are highly interrelated. Among these effects, this study found that
people perceive the effects of regional development (D) (maximum {3 = 0.961) as having
a greater benefit than the effects of regional economic benefit (R) (maximum (3 = 0.929) in
terms of regional ripple effects. Based on these comprehensive results, this study confirms
that regional development around airports, such as the case with airport cities, is a strategic
field that is advantageous to pursue when trying to develop a consensus for the promotion
of airport development and operation, rather than promoting the individual benefits.

On the other hand, it has been analyzed that people perceive that dis-benefits to the
region (B) are most closely related to the effects of the increased use in air transportation (A)
whereas the other factors are perceived as having similar relationships. It can be interpreted
that the dis-benefits to the region (B) are perceived as being most directly caused by the
increased use in air transportation. In particular, noise was found to be the most contentious
issue among individual factors. These findings indicate that there is a limit to the ability of
positive effects to convince people to accept negative effects. Therefore, using a strategy
that emphasizes the positive effects of airport development and operation in order to offset
negative effects is expected to have limited results.

The findings from the analysis in this paper demonstrate that the perceptions on the
regional benefit of airport development and operation have a close agreement with the
empirical evidence in the previous studies [15-18]. The outcome confirms the effect of
airport operation and development on both regional development and economic progress,
and the general perception about the positive correlation with airport development and
regional economic benefit.

In this paper, a similar approach has taken the following suggestions of Ulf
Liebe et al. (2020) [23]. Various economic and non-economic factors were analyzed to
study the social acceptance of each impact attribute regarding airport development on
regional economy. However, this study conducted surveys on general public percep-
tions regarding the ripple effects on the region by airport development. Similar to stud-
ies by Salewski et al., (2018) [19], Hartwig (2000) [20], Knippenberger (2012) [21], and
Kasarda (2010) [22], the findings in this paper shows several positive and negative ef-
fects of airport operation and development. The findings in this paper confirm the effect
of airport operation and development and are expected to provide insights on people’s
positive and negative perceptions on airport development. It is expected that the outcome
has a contribution for future airport development processes in terms of fostering public
confidence on airport development.

It is recommended that the negative effects on airport development should be discussed
between all corresponding stakeholders. Usually, airport projects are welcomed with strong
supports during the feasibility study and planning periods. However, they face more
frequent and fierce opposition once the project or initial construction starts. The findings in
this paper can provide insights to foster public confidence on airport development.

In this study, findings and strategies have been proposed to promote airport devel-
opment and operation through the development of a social consensus. Five factors that
make up the individual ripple effects caused by airport development and operation were
hypothesized and verified in this study, uncovering a hidden relationship among individ-
ual factors, and forming a foundation for strategy. In the future, a follow-up study should
be carried out to reflect the spatial distribution of the ripple effects caused by airports and
the differences in perception towards each type of airport, as they are factors that this study
did not examine. The further study on this public perception structure change following
each stage of airport lifecycle would be needed, and recommended strategies would be
tested based on empirical studies. The authors look forward to seeing how the results of
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this study will be used to develop and implement strategies for building social consensus
on airport development and operation.
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Appendix A

Table Al. Survey Result Summary. (Unit: %, Point/5 Likert-Scale).

Question Mean Answer Ratio for Most Important Item
1 3.72 27.3
2 3.79 31.6
R 3 3.87 242
4 3.46 6.3
5 3.57 10.3
6 3.58 0.3
1 3.68 17.3
2 3.82 29.5
A 3 3.77 27.1
4 3.68 25.8
5 3.70 0.3
1 3.76 414
2 3.75 25.8
M 3 3.66 25.2
4 3.54 7.3
5 3.67 0.3
1 3.78 18.8
2 3.78 28.5
3 3.79 22.2
D 4 3.66 16.1
5 3.61 3.2
6 3.70 11.2
7 3.63 -
1 3.52 19.2
2 3.84 35.7
B 3 3.69 7.2
4 3.49 13.0
5 3.79 18.3
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Table Al. Cont.

Question Mean Answer Ratio for Most Important Item
6 3.67 2.7
B 7 3.43 3.9
8 3.18 -

References

1.  D’Estree, T.P,; Colby, B.B. Braving the Currents: Evaluating Environmental Conflict Resolution in the River Basins of the American West;
Springer Science & Business Media: Boston, MA, USA, 2004.

2. Forester, ]. Dealing with Differences: Dramas of Mediating Public Disputes; Oxford University Press: New York, NY, USA, 2009.

3. Putnam, L.L.; Wondolleck, ].M. Making Sense of Intractable Environmental Conflicts: Concepts and Cases. In Intractability:
Definitions, Dimensions, and Distinctions; Lewicki, R.]., Gray, B., Elliott, M., Eds.; Island Press: Washington, DC, USA, 2003.

4. Aguirre, J.; Mateu, P,; Pantoja, C. Granting Airport Concessions for Regional Development: Evidence from Peru. Transp. Policy
2019, 74, 138-152. [CrossRef]

5. Mosbah, S.; Ryerson, M.S. Can US Metropolitan Areas Use Large Commercial Airports as Tools to Bolster Regional Eco-nomic
Growth? J. Plan. Lit. 2016, 31, 317-333. [CrossRef]

6. Baltaci, N.; Sekmen, O.; Akbulut, G. The Relationship between Air Transport and Economic Growth in Turkey: Cross-Regional
Panel Data Analysis Approach. J. Econ. Behav. Stud. 2015, 7, 89-100. [CrossRef]

7.  Bilotkach, V. Are Airports Engines of Economic Development? A Dynamic Panel Data Approach. Urban Stud. 2015, 52, 1577-1593.
[CrossRef]

8. Button, K,; Yuan, J. Airfreight Transport and Economic Development: An Examination of Causality. Urban Stud. 2013, 50, 329-340.
[CrossRef]

9.  Baker, D.; Merkert, R.; Kamruzzaman, M. Regional Aviation and Economic Growth: Cointegration and Causality Analysis in
Australia. J. Transp. Geogr. 2015, 43, 140-150. [CrossRef]

10. Fu, X,; Tsui, K.; Sampaio, B.; Tan, D.T. The Impacts of Airport Activities on Regional Economy: An Empirical Analysis of New
Zealand. Working Paper, ITLS-WP-18-08. 2018. Available online: https://ses.library.usyd.edu.au/handle/2123/19129 (accessed
on 10 July 2021).

11.  Vijver, EVD,; Derudder, B.; Witlox, E Air Passenger Transport and Regional Development: Cause and effect in Europe. Promet-Traffic Transp.
2015, 28, 143-154. [CrossRef]

12.  Green, R.K. Airports and Economic Development. Real Estate Econ. 2007, 35, 91-112. [CrossRef]

13. Nedeva, K.; Genchev, E. Air Transport: A Source of Competitive Advantages of the Region. Mark. Branding Res. 2018, 5, 206-216.
Available online: https:/ /www.proquest.com/scholarly-journals/air-transport-source-competitive-advantages /docview /21
40098242 /se-2 (accessed on 10 July 2021). [CrossRef]

14. Mosbah, S.M. Airports, Airport Expansions and Employment at Local and Regional Scale. Ph.D. Thesis, The University of
Pennsylvania, Philadelphia, PA, USA, 2016.

15.  Marquise, ].M. The role of airports in city employment growth, 1950-2010. J. Urban Econ. 2020, 116, 103240. [CrossRef]

16. Blonigen, B.A; Cristea, A.D. Airports and Urban Growth: Evidence from a Quasi-Natural Policy Experiment. NBER Working
Paper 18032. University of Oregon. 2012. Available online: https:/ /www.nber.org/papers/w18278 (accessed on 10 July 2021).

17.  Florida, R.; Mellander, C.; Holgersson, T. Up in the Air: The Role of Airports for Regional Economic Development. Ann. Reg. Sci.
2012, 54, 197-214. [CrossRef]

18. Zak, D.; Getzner, M. Economic Effects of Airports in Central Europe: A Critical Review of Empirical Studies and Their
Methodological Assumptions. Adv. Econ. Bus. 2014, 2, 100-111. [CrossRef]

19. Salewski, C.; Boucsein, B.; Gasco, A. Towards an Effect-Based Model for Airports and Cities. In Airports, Cities and Regions;
Sven, C., Alain, T., Eds.; Routledge: London, UK, 2018; pp. 261-267. ISBN 9780415859233.

20. Hartwig, N. Neu Urbane Knoten am Stadtrand? Die Einbindung von Flughiifen in die Zwischenstadt: Fran/Ifitrt/Main-Hannover-
Leipzig/Halle-Munchen; VWE: Berlin, Germany, 2000.

21. Knippenberger, U. Regionale Governance des Funktionswandels von Flughafen. Eine Analyse am Beispiel der Airport City Frankfurt am
Main; VS Verlag flir Sozialwissenschaften: Wiesbaden, Germany, 2012.

22. Kasarda, ].D. The Way Forward. In Global Airport Cities; Insight Media: Twickenham, UK, 2010.

23. Lieb, U,; Preisendorfer, P; Enzler, H.B. The social acceptance of airport expansion scenarios: A factorial survey experiment. Transp. Res.
Part D Transp. Environ. 2020, 84, 102363. [CrossRef]

24.  Schubert, J.A. Driving Factors of Airport City Developments—An International Comparison. In Airports, Cities and Regions;
Sven, C., Alain, T., Eds.; Routledge: London, UK, 2018; pp. 242-256. ISBN 9780415859233, 9780203798829.

25. Maurits, S.; Joop, A.; Mathis, G. Airport and City: Airport Corridors: Drivers of Economic Development; Schiphol Real Estate:
Amsterdam, The Netherland, 2008.

26. Kasarda, J.D.; Lindsay, G. Aerotropolis: The Way We'll Live Next; Farrar, Straus and Giroux: New York, NY, USA, 2012.


http://doi.org/10.1016/j.tranpol.2018.12.003
http://doi.org/10.1177/0885412216653100
http://doi.org/10.22610/jebs.v7i1(J).566
http://doi.org/10.1177/0042098015576869
http://doi.org/10.1177/0042098012446999
http://doi.org/10.1016/j.jtrangeo.2015.02.001
https://ses.library.usyd.edu.au/handle/2123/19129
http://doi.org/10.7307/ptt.v28i2.1756
http://doi.org/10.1111/j.1540-6229.2007.00183.x
https://www.proquest.com/scholarly-journals/air-transport-source-competitive-advantages/docview/2140098242/se-2
https://www.proquest.com/scholarly-journals/air-transport-source-competitive-advantages/docview/2140098242/se-2
http://doi.org/10.33844/mbr.2018.60246
http://doi.org/10.1016/j.jue.2020.103240
https://www.nber.org/papers/w18278
http://doi.org/10.1007/s00168-014-0651-z
http://doi.org/10.13189/aeb.2014.020206
http://doi.org/10.1016/j.trd.2020.102363

Appl. Sci. 2022, 12, 4340 14 of 14

27.

28.

29.
30.
31.

32.

33.
34.

35.
36.
37.
38.

Wang, D.; Zhao, X.; Shen, L.; Yang, Z. Industry choice for an airport economic zone by multi-objective optimization. J. Air Transp. Manag.
2020, 88, 101872. [CrossRef]

Murakami, J.; Kato, H. The intra-metropolitan distribution of airport accessibility, employment density, and labor productivity:
Spatial strategy for economic development in Tokyo. Appl. Geogr. 2020, 125, 102309. [CrossRef]

Kelloway, EX. Using LISREL for Structural Equation Modeling: A Researcher’s Guide, 1st ed.; SAGE Publications: Thousand Oaks, CA, USA, 1998.
Ullman, J.B.; Bentler, PM. Structural Equation Modeling, 2nd ed.; SAGE Publications: Thousand Oaks, CA, USA, 2006.

Hong, S.H. The Criteria for Selecting Appropriate Fit Indices in Structural Equation Modeling and Their Rationales. Korean J.
Clin. Psychol. 2000, 19, 161-177.

Satorra, A.; Bentler, PM. Scaling Corrections for Chi-Square Statistics in Covariance Structure Analysis. In ASA 1988 Proceedings
of the Business and Economic Statistics Section; American Statistical Association: Alexandria, VA, USA, 1998; pp. 308-313.

Bentler, PM. Comparative fit indexes in structural models. Psychol. Bull. 1990, 107, 238-246. [CrossRef] [PubMed]

Bentler, PM.; Bonett, D.G. Significance tests and goodness of fit in the analysis of covariance structures. Psychol. Bull. 1980,
88, 588-606. [CrossRef]

Tucker, L.R.; Lewis, C.A. A reliability coefficient for maximum likelihood factor analysis. Psychometrika 1973, 38, 1-10. [CrossRef]
Browne, M.; Cudeck, R. Alternative Ways of Assessing Model Fit. Sociol. Methods Res. 1992, 21, 230-258. [CrossRef]

Lee, H.S.; Lim, J.H. Structural Equation Model Analysis and AMOS 7.0, 1st ed.; Bubmunsa: Seoul, Korea, 2008.

Park, K.S.; An, S.H.; Kim, H.; Joh, C.H.; Suh, W. Spatial Analysis of Subway Ridership: Rainfall and Ridership. Proc. Eng. Technol. Innov.
2016, 4, 1-3.


http://doi.org/10.1016/j.jairtraman.2020.101872
http://doi.org/10.1016/j.apgeog.2020.102309
http://doi.org/10.1037/0033-2909.107.2.238
http://www.ncbi.nlm.nih.gov/pubmed/2320703
http://doi.org/10.1037/0033-2909.88.3.588
http://doi.org/10.1007/BF02291170
http://doi.org/10.1177/0049124192021002005

	Introduction 
	Methodology 
	Results 
	Conclusions and Recommendations 
	Appendix A
	References

