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Giinlimiiz diinyasinda ozellikle iilkelerin ve sehirlerin arastirma gelistirme faliyetleri, kentlerde yasanan gelismeleri ve
ekonomilerinde yasanan gelismeler hava ulasim {izerinde 6nemli etkiler birakmaktadir. Bu ¢alismanin amaci, arastirma ve
gelistirme (Ar—Ge) harcamalarinin, kentlesme niifus oraninin ve gayrisafi yurt i¢i hasilanin (GSYIH) havayolu ulasimina
etkisinin panel veri analiz yontemi ile incelenmesidir. Arastirmada, iist—orta {ilke grubuna ait iilkelerin (Tirkiye, Malezya,
Arjantin, Cin, Bulgaristan, Giiney Afrika, Kolombiya, Ekvator) 1995-2019 donemi verileri kullanilmigtir. Bu baglamda, hava
tagimaciligl ulagimu {izerinde etkili olan faktorii belirlemek i¢in bagimli degisken olarak hava ulagimina ait yolcu sayisi,
bagimsiz degisken olarak kentlesme niifus orani, Ar—-Ge harcamalar1 ve GSYIH segilmistir. Uygulanan bu iki testin ardindan,
secilen faktorler arasi uzun dénem katsayilarimin tespiti igin panel otoregresif dagitilmis gecikme (autoregressive distributed
lag [ARDL]) yontemi kullanilmistir. Kentlesme, Ar-Ge, ekonomik bilyiime ve hava ulasimi arasindaki nedensellik Granger

nedensellik testi ile incelenmistir Arastirmanin ekonometrik analiz bulgularina gore, Ar-Ge harcamalari, kentlesme niifus
orani ve GSYIH nin taginan yolcu sayisini uzun dénemde artirdigi sonucuna vartlmistir.

Anahtar Kelimeler: kentlesme niifusu, aragtirma ve gelistirme, gayrisafi yurt i¢i hasila, hava ulagimi

Relationship between Urbanization, R&D, Economic Growth and Air
Transportation: Analysis of Upper-Middle Income Countries

Abstract

In today's world, research and development activities of countries and cities, urban developments and economic
developments have significant impacts on air transportation. The purpose of the study is to examine the effects of research
and development (R&D) expenditures, urbanization population rate and gross domestic product (GDP) on air transportation
using panel data analysis method. In the study, data of the upper-middle country group (Tiirkiye, Malaysia, Argentina, China,
Bulgaria, South Africa, Colombia, Ecuador) for the period 1995-2019 were used. In this context, to determine the factors
influencing air transportation, the number of air passengers was selected as the dependent variable, while the urbanization
population rate, R&D expenditures, and GDP were selected as independent variables. The analysis included Delta
homogeneity tests and cross-sectional dependence tests. Unit root analysis was conducted to assess the stationarity of the
selected variables. Following the unit root tests, Pedroni cointegration, Kao, and Westerlund tests were conducted to
determine the existence of a long-term relationship between the variables. After these two tests were applied, the panel
ARDL method was used to determine the long-term coefficients between the selected factors. The causality between
urbanization, R&D, economic growth and air transportation was examined with the Granger causality test. According to the
econometric analysis findings of the research, it was concluded that R&D expenditures, urbanization population rate and
GDP increased the number of passengers carried in the long term.
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Relationship between Urbanization, R&D,
Economic Growth and Air Transportation:
Analysis of Upper-Middle Income Countries

1. Introduction

The aviation sector has become an open industry in
recent years due to the rapidly developing
globalization process. This situation has increased
the likelihood that the airline industry is influenced
by economic, social, and political factors.
Additionally, it has been debated that the sector may
also be affected by other macroeconomic
developments and indicators within the country
(Eren et al., 2020). These macroeconomic factors
that affect the aviation industry are inflation, interest
rates, GDP, exchange rates, unemployment, etc.
Based on this debate, countries are also classified
according to their income levels.

Air transportation has become an indispensable
element of the modern world. As a significant factor
in the global economy, it rapidly connects people,
goods, and services around the world. This
facilitates international trade and strengthens global
economic integration. At the same time, it offers
significant advantages to businesses and consumers
with its fast delivery and reliability. It stimulates
tourism, promotes economic growth, and plays a
critical role in international logistics. The primary
purpose of passenger air transportation is to
facilitate access to distant opportunities that would
otherwise be difficult or impossible to reach.
Considering this understanding, the level of
accessibility provided by air transportation can be
seen as a fundamental performance measure of the
air transportation system. In the context of
transportation research, accessibility is generally
defined as the ease or potential of spatial interaction
(Bruinsma & Rietveld, 1998).

Classifying country income levels and determining
the necessary conditions for transitioning to higher
income brackets are of critical importance for
economic development and growth. As countries
increase their per capita income through economic
growth, they progress from low-income to lower-
middle-income, then to upper-middle-income, and
ultimately to high-income status (Goktas, 2021).
When classifying countries into income groups, the
following criteria should be considered: countries
with an income of $1,045 or less are categorized as
"low-income," while those with an income between
$1,046 and $12,736 are classified as "middle-
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income" (Bozkurt et al., 2016). Due to the
significant income disparity within the middle-
income group, it is further divided into two sub-
groups: "lower-middle-income" for incomes ranging
from $1,046 to $4,125, and "upper-middle-income"
for incomes from $4,126 to $12,736. Countries with
incomes exceeding $12,736 fall into the "high-
income" category. In this context, to enhance the
resilience  of upper-middle-income  countries
compared to high-income countries, higher
investment expenditures are required (Aykiri, 2017).

In this world of rapidly increasing global
competition, research and development (R&D) has
become a topic of debate due to its impact on the
economic and social life of upper-middle-income
countries. Economic growth is critical to every
national economy. Science, technology, and
innovation policies are considered the main drivers
of sustainable growth. Innovation can be achieved
through the R&D activities of companies and
countries, as well as through technology transfer
from developed countries. R&D activities conducted
by companies encourage technological
advancements, and these advancements play a
significant role in the economic growth process
(Ulger, 2019).

R&D investments are a key indicator of the
importance a country places on innovation and
technology. Factors such as government policies,
incentives, and a skilled workforce influence these
investments (Erdil et al., 2003). R&D expenditures
are quite high in developed countries, and these
countries have achieved significant success in
science, technology, and competitiveness. These
investments are a key component of economic
development and growth, contributing significantly
to the national economy (Kaya, 2019).

Per capita income in cities is generally higher than
that in the agricultural sector. Furthermore, urban
organizations such as unions have increased the
price of labor in cities compared to rural areas.
Cities are also advantageous locations for banking
services and  entrepreneurship.  Furthermore,
individuals living in cities have access to a wider
range of employment opportunities and various
goods and services that are difficult to find in rural
areas. These relative economic advantages offered
by cities increase with urban growth and tend to
attract more individuals from rural areas to cities.
This situation demonstrates the significant impact of
push factors on migration (Keles, 1992).
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The aviation sector 1is experiencing rapid
technological advancements, and a significant
portion of these developments is supported by R&D
activities. R&D expenditures play a critical role in
the renewal of aviation technologies, increased
efficiency, and environmental sustainability.
Urbanization, on the other hand, presents both
opportunities and challenges for the aviation sector.
Population growth in major cities allows for
increased airport traffic and increased passenger
capacity for airlines. However, the complexity of
urban transportation and infrastructure challenges
can also limit aviation sector growth. Especially in
upper-middle-income countries, aviation sector
growth is often closely linked to wurbanization
processes. Urban growth in these countries can
contribute to the expansion of the aviation industry
by increasing demand for air travel. In this context,
the importance of R&D expenditures for aviation
should be emphasized in terms of developing
innovative solutions and achieving a competitive
advantage in the sector.

Therefore, upper-middle-income countries should
focus on increasing their national savings rates and
investments in R&D. In this context, the selected
variables are chosen based on the assumption that
R&D expenditures, urban population growth, and
GDP growth influence the aviation sector. A review
of the literature indicates that the causal relationship
between R&D expenditures, urban population
growth, and airline passenger numbers has not been
tested. Thus, the findings of this study are expected
to contribute to future research in both the aviation
sector and econometrics.

In this study, the impact of R&D expenditures,
urban population growth, and GDP on air cargo
volumes and passenger numbers was analyzed using
annual data from 1995 to 2019 for eight upper-
middle-income countries (Malaysia, Tiirkiye, China,
South Africa, Colombia, Argentina, Ecuador and
Bulgaria). In this study, first, an introduction and
literature review are presented. Second, the study's
methodology is discussed. Third, a statistical
analysis is conducted. Finally, a general evaluation
and policy recommendations are presented.

A review of the literature on aviation transportation
reveals that studies frequently examine its
relationship with economic growth. However,
research exploring the connections between aviation
transportation, R&D, and urbanization is relatively
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scarce. The limited number of such studies

highlights the originality of this research.

Studies examining the relationship between airline
transportation and urbanization often focus on the
environmental impacts of aviation rather than
directly addressing airline transportation itself. For
instance, Song et al. (2023) investigated the
relationship between logistics efficiency and
urbanization for Korea using Granger causality tests
for the period 2010-2018. Their study found a long-
term, unidirectional causal relationship between
growing exports, urbanization, and industrialization,
and the variables and changes in air traffic
considered for airline transportation.

In Rahian (2025), sustainable aviation fuels (SAF),
electric and hydrogen-based propulsion systems, and
the modernization of air traffic management are
identified as the primary focus areas for the
transformation of the aviation sector. The study
emphasizes that economic feasibility, the level of
technological maturity, regulatory uncertainties, and
consumer behavior constitute critical determinants
of this transition. Moreover, the adoption of
integrated policy approaches, the strengthening of
public—private partnerships, increased investments
in R&D activities, and the encouragement of
consumer engagement are highlighted as key
enablers in facilitating systemic change within the
sector.

In the literature review of this study, studies
examining the relationship between urbanization,
R&D, economic growth and air transportation
factors are included in the tables.

Table 2 presents studies examining airline
transportation and economic growth. The common
finding across these studies is that there is a positive
relationship between airline transportation and GDP.

In the study conducted by Mishra (2025), the
decisive impacts of the aviation sector on global
economic development are examined. The research
findings, based on both quantitative survey data and
qualitative interviews, reveal that aviation makes
significant  contributions to GDP  growth,
employment, trade facilitation, and foreign direct
investment.
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Liang et al. (2025) examined the complex
relationship between aviation logistics and regional
economies in their study and developed a System

Dynamics model to identify the dynamic
mechanisms and key determinants that drive high-
quality and sustainable regional economic

development through aviation logistics. The findings
indicate that aviation logistics makes a significant
contribution to regional economic development.

Studies examining the relationship between airline
transportation and urbanization often focus on the
environmental impacts of aviation rather than
directly addressing airline transportation itself. For
instance, Song et al. (2023) investigated the
relationship between logistics efficiency and
urbanization for Korea using Granger causality tests
for the period 2010-2018. Their study found a long-
term, unidirectional causal relationship between
growing exports, urbanization, and industrialization,
and the variables and changes in air traffic
considered for airline transportation.

Kuz (2021) The study was conducted using
secondary data obtained from the annual reports of
19 European airlines that are members of the
European Common Aviation Area (ECAA). Using
panel data analysis for the 2007-2017 period, it
concluded that globalization has a significant and
positive effect on operational performance. In their
study, Kuyucak et al. (2008) focused on the growth
and business strategies of TAV Airports Holding,
which operates as a constructor, operator, and
service provider at both national and international
levels, taking globalization criteria into account. The
findings show that the privatization of airport
terminals in Tiirkiye achieved success beyond
expectations in a very short period, and that the
transfer of the acquired know-how to other countries
has contributed to internationalization efforts. In
their study, Guimera et al. (2005) examined the
structure of the global air transportation network, a
critical infrastructure with significant impacts on
national and international economies. The findings
reveal that this network exhibits scale-free and
small-world characteristics.

In his study, Ergiin (2022) investigated the effect of
R&D expenditures in the Turkish aviation sector on
the sector’s financial performance by analyzing
annual industry data covering the period 2008-2021.
The analysis results indicate that R&D expenditures
in the aviation sector have a statistically significant
and positive effect on the sector’s financial
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performance. In their study, Pereira et al. (2021)
noted that various innovative solutions have been
developed in the aviation sector, benefiting the air
travel industry as well as many other industrial and
service organizations. However, to recall these
innovations and, more importantly, to evaluate how
they add wvalue to aviation enterprises, they
conducted a systematic literature review. By
analyzing 57 peer-reviewed academic publications
from 1999 to 2018, they identified 114 value-
creating innovations in the areas of “efficiency,”
“convenience, new features, and portfolio
differentiation,” and ‘“sustainable growth and
environment. In their study,

Baltaci et al. (2015) applied a region-fixed effects
model and the two-stage least squares (2SLS)
method using panel data for 26 sub-regions at the
NUTS 2 level in Tiirkiye, covering the period 2004—
2011. The findings indicate that the increase in the
number of active airports and traffic frequency has a
positive effect on regional economic growth. In their
study, Zhang and Graham (2020) aimed to present a
synthesis review of the channels through which the
aviation sector interacts with the regional economy.
The review focuses on quantitative studies that
contribute to the most up-to-date understandings of
causality. The findings reveal that the reciprocal
causal relationship is more likely to prevail in less
developed economies.

In national sustainability practices, transportation
systems make significant contributions to national
sustainable growth. Air transportation 1is a
cornerstone of economic growth, development, and
the enhancement of people's overall well-being. It
enables and supports trade, facilitates tourism,
creates job opportunities, and brings people closer
together. Passenger transportation has become an
indispensable element of the modern world. This
mode of transportation plays a significant role in
economic, social, and cultural aspects. Aviation
strengthens global connections, deepens economic
integration, and maintains its position as a key
component of sustainable development. The aviation
industry has been a rapidly growing and developing
sector in recent years, and the importance of
sustainability has been increasing in this process.

R&D activities conducted to drive innovation in the
economy can impact the sustainability of GDP,
employment generation potential, productivity
growth, and  consequently, socioeconomic
development. In this context, the selected variables,
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R&D expenditures, were chosen considering that the
growth in urban populations and GDP growth will
affect air transportation in countries. The literature
review revealed that the relationship between R&D
expenditures, urban population growth, and air
transportation has not been examined in upper- and
middle-income countries. Therefore, this study,
which uses econometric analysis, is expected to
contribute to the air transportation literature.

2. Method

In this study, air passenger numbers (APN) are the
dependent variable, while R&D expenditures, urban
population rate (UP), and gross domestic product are
the independent variables.

The study wuses the panel ARDL method.
Econometric data for analysis are generally
classified as cross-sectional data and time series
data. Unlike time series data, panel data includes
both horizontal and vertical (time) dimensions of the
data.

Panel data are defined by different names depending
on the data type. If each unit is observed
continuously, it is called a balanced panel; if data for
some units are missing or incomplete, it is called an
unbalanced panel. If the number of units in a panel
data set equals the number of observations, it is
called a balanced panel; if not, it is called an
unbalanced panel. If the cross-sectional dimension
of a panel data set is longer than the time dimension,
it is called a short panel. Otherwise, it is called a
long panel (Tatoglu, 2012). When using panel data
models, more observations are examined because
time and measurement units are considered together
(Wooldridge, 2015).

Unlike the Johansen and Juselius (1990)
cointegration  procedure, the  autoregressive
distributed lag (ARDL) approach to cointegration
helps determine cointegration vectors. That is, each
of the underlying variables stands as a single long-
run relationship equation (Ozel, 2022). With the
ARDL method, the short-run and long-run
relationship between variables can be assessed
simultaneously. On the other hand, unlike traditional
cointegration tests, the ARDL method allows for
specifying different lags for each variable in the
model (Ozel, 2022). Because ARDL is a dynamic
single-model equation and has the same form as the
error correction model (ECM), reparameterization is
possible. The distributed lag model means
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incorporating unlimited lags of regressors into a
regression function (Esen et al., 2012).

In the study, annual R&D expenditures, urban
population, air cargo volumes, number of air
passengers, and GDP data are utilized. GDP is
represented by GDP per capita in constant 2010 US
dollars, R&D expenditures are expressed as a
percentage of GDP, and urban population is
presented as a percentage of the total population.
The data, sourced from the World Bank (2022), are
used as sustainable development goal indicators.
The analysis focuses on 8 upper-middle-income
countries with data available for the period 1995-
2019. To reduce variance, all variables are used in
their natural logarithmic form.

Due to the meaninglessness of the data for the years
2020-2021, when air transportation came to a halt
due to the Covid epidemic in the world, and the
limitation of fully disclosing the current data,
current data could not be used in the study.

3. Results

To test the long-term relationship between R&D
expenditures, urbanization, and GDP with the
number of air passengers transported for the selected
country group, the Pedroni and Kao cointegration

tests are employed. To examine how the
independent variables—R&D expenditures,
urbanization, and GDP—affect the dependent

variable, which is the number of air passengers
transported, the panel ARDL coefficient estimation
test is used. Additionally, to test the causality among
the variables, the Granger causality test is applied.

The empirically relevant variables included in our
model are summarized in Table 4. Due to data
limitations, there are a maximum of 200
observations, and there are 4 variables in total, with
only one of them being dependent on the others.

Table 4. Descriptive Statistics

GDP R&D UP APN

Mean 9.22E+11  0.520247 97472623 444230.13
Median 3.04E+11 0.454915 31173124 118979.67
Max 1.15SE+13  2.185680 8.43E+08  6.60E+08
Min 3.11E+10  0.000000 5256027.  62798.00
Std. dev. 2.01E+12 0.488592 1.97E+08 1.01E+08
Probability 0.000000  0.000000 0.000000  0.000000
Obs 200 200 200 200

Table 5 shows the delta homogeneity test results.
The Pesaran-Yamagata slope homogeneity test
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results reveal that wvariables affecting aviation
transportation respond differently across countries.
This demonstrates that cross-country differences
must be taken into account and that uniform policy
recommendations cannot have the same impact
across countries.

Table S. Delta homogeneity test results

Test Statistic P-value
A 6.929 0.000
A adj 7.747 0.000

Table 6 shows the cross-sectional test results. The
results indicate a strong cross-sectional dependence
between the aviation transportation variable in the
study and the independent variables.

Table 6. Results from cross-section independence
test

Y1 X1 X2 X3
CD-test 21.378 25.569 9.422 26.185
p-value 0.000 0.000 0.000 0.000
3.1. Unit Root Tests

According to Levin, Lin, and Chu (LLC, 2002),
individual unit root tests may have limited power
against alternative hypotheses that suggest
deviations from equilibrium, particularly in small
samples. Levin et al. (2002) proposes a more
powerful panel unit root test where different unit
root tests can be applied for each cross-section. The
alternative hypothesis for the panel unit root test
suggests that each time series in the panel is
stationary, while the alternative includes a unit root
(Levin et al., 2002, as cited in Baltagi, 2005).

The panel unit root test proposed by LLC (2002) is
evaluated by comparing it with the critical values
provided by Levin et al. (2002). If the null
hypothesis is rejected, it is concluded that each
series in the panel does not follow a unit root
process, meaning it is stationary (Levin et al., 2002,
as cited in Baltagi, 2005 and Tatoglu, 2013). To
apply the panel unit root test, the series must form a
balanced panel.

The Im, Pesaran, and Shin (IPS, 2003) panel unit
root test removes the requirement of homogeneity of
autoregressive coefficients across cross-sections,
which is a fundamental assumption of the LLC
(2002) test, and allows for heterogeneity in the
coefficients (Levin et al., 2002 and IPS, 2003 as
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cited in Baltagi, 2005). In other words, unlike panel
unit root tests such as those by LLC (2002) and
Harris and Tzavalis (1999), which assume that the
series for all units should have a common
autocorrelation coefficient, the IPS (2003) test
allows each unit to have its own autocorrelation
coefficient, and it is accepted that p can vary across
units (Levin et al., 2002 and Harris & Tzavalis 1999,
as cited in Tatoglu, 2013).

In the IPS (2003) unit root test, the heterogeneity of
the coefficient yit—1 is considered, and a test
process is followed based on the average of unit root
test statistics for all series.

The panel IPS (2003) unit root tests for all variables
are conducted at both levels and first differences, as
shown in Table 7. It can be inferred from Table 7.
that the unit root hypothesis is rejected when the
variables are considered at the level. However, when
first differences are used, it is accepted that the unit
root is stationary at the 1% significance level. These
results allow for the testing of cointegration among
variables that are I(1).

Table 8 shows the cross-sectionally Im-pesaran-shin
(CIPS) and cross-sectionally augmented dickey-
fuller (CADF) test results. The CIPS and CADF
tests used in the study were applied to test the
stationarity of the variables at the level and when the
first differences were taken. The findings reveal that
first differences must be taken for all variables to
become stationary.

3.2. Cointegration Test

When the data are stationary or homogeneous, the
panel cointegration test determines whether there is
a long-term stable relationship between the
stationary or first-differenced integrated variables
(Mamedov, 2023). If a long-term stable relationship
exists, an appropriate method for prediction can be
selected; if not, further progress cannot be made,
and reconsideration of the variable selection may be
necessary. In this study, the Pedroni panel
cointegration test developed by Pedroni (2001) has
been used. As shown in Table 9, the Pedroni and
Kao cointegration test indicates that there is no long-
term cointegrated relationship among the variables.

As shown in Table 9, the results of the Pedroni
cointegration test indicate that none of the four panel
statistics are statistically significant. Additionally,
the group statistics also do not show statistical
significance. Since both the panel variance and
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group rho statistics are not significant, the null
hypothesis (HO), which states that "there is no
cointegration," has been accepted. In this context, it
is concluded that there is no long-term relationship
among the variables based on the test results.

Table 10 shows the Westerlund test for cointegration
results. Westerlund test results support the existence
of a long-run cointegration relationship in the
model.

Table 7. Results of IPS Unit Root Tests

Table 10. Westerlund Test for Cointegration

Statistic p-value

Variance ratio -2.3861 0.0085%**

Note. *** ** ‘and * indicate stationarity at the 1%, 5%, and 10%
levels, respectively.

3.2. Panel Autoregressive Distributed Lag Model

Before estimating the ARDL model, a unit root test
is performed, followed by a cointegration test. The
ARDL model offers a suitable method for small
sample sizes and allows for distinguishing between

- (LLC) — short-term and long-term coefficients. Additionally,
19] Tndividual t Tndividual it is wuseful for examining long-term data
. Individual "o " Individual navidua
Variables Linear Linear (Tukhtamurodov et al., 2024)
Effects Effects
Trends Trends ) .
APN 973930 0.03104  -4.72404™ 5851337 The model used in the study is formulated below.
R&D -1.08807  6.17060  -5.63977"*  -3.63821"
F(APN) =[{R&D, GDP, UP}] (1
UP 2291075 -0.14059 - 2.09495 -13.8228
GDP 3.02668  -1.66856 40881777 o oo e APNt=£0 + f1R&Dt + f2GDPt + f3UPt + ut  (2)
T[] IPS) T Table 11 presents the results of the long-term ARDL
__ Individual __ Individual coefficient estimation test for the countries included
. Individual . Individual . . . .. .-
Variables  pee Linear Effects Linear in the analysis. When examining Table 11, it is
Trends Trends : :
observed that in the long term, R&D expenditures
APN 8.56139  2.60640  -4.37218"™"  -4.80284™"" .. Jong ’ p .
R&D 308272 259111  -6.71033""  -5.65408"" urbanization population, apd GDP have a positive
UP -0.88564  -1.63085 - 0.99072 -4.91940™ effect on the number of air passengers. Among the
](\}]DIP — St6t;0?2115 : ,;'55749“11 'l‘t'/g?o“zl -4.98163 variables considered, GDP and urbanization
ole. atistical signiricance a c cve . . .« e . .
£ ° population ratio are statistically significant at the 1%
Table 8. CIPS & CADF Tests level, except for R&D expenditures. When
; examining the short-term results, GDP and R&D
Variables CIPS CADF dit tivel ffect th b £ ai
10) 0 10) 0 expenditures negatively affect the number of air
Y1 -1.264 -4.206%%* -1.264 -4.813%++  PASSCNZCTS.
X1 -1.065 -3.754% %% -1.352 -3.902%**
X2 22.544%%  4.903%%* 3,093+ 5121+  Table 11. ARDL Test Results (Dependent
X3 -2.360%* 4142+ 2432%  -4.142%**  Variable: Air Passenger Count)
Note. *** ** and * indicate stationarity at the 1%, 5%, and 10%
levels, respectively. Variable Coefficient Std. Error =S
Long Run Equation
Table 9. Results of the Pedroni Cointegration and GDP 0.889286%** 0.189228  4.699538
Kao Tests R&D 0.128309 0.105906 1.211536
UpP 1.292339% % 0314131  4.114014
Pedroni Statistic (Panel) ___ Weighted Statistic __ Srort Run Equation
v 0367876 032770]  COINTEQOI -0.451315%** 0.139649  -3.231770
Rio 0.666115 379665 D(GDP) 1.140826%** 0337635 3.378872
PP 0894351 0 2036c~ D (GDP(-1) -1.289416%** 0.409932  -3.145434
ADF 0089383 0673040 D (GDP(-2)) -0.537023 0.422757  -1.270290
‘ — D (R&D) -0.035948 0.105102  -0.342027
v 0367876 -0.327701 p (R&D (-1)) -0.176865 0.113000  -1.565170
Alternative hvpothesis: indi\.'id}lal AR coefs. (berween-dimension) D (R&D 2)) -0.175229%%%* 0.073646 -2.379344
i Statistic (Group) D (UP) 12.88659 21.90780  0.588219
Pedroni D (UP (-1)) 4368382 29.58665 -0.147647
Rho 2.320334 D (UP (-2)) -2.476570 13.78728 -0.179627
PP 0.206041 C -5.608667*** 1.864448  -3.008218
ADF -0.739184 Note. *** Statistical significance at the 1% level
Kao
ADF 1.872275%**
Residual variance 0.007298
HAC variance 0.006900
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3.4. Granger Causality Results

Cointegration relationship tests the causality of
variables in one direction. To test the causality in
both directions between variables, the panel-based
Granger causality test developed by Engle and
Granger is used (Engle & Granger, 1987).

The Granger causality model is demonstrated using
Formula 3. This test analyzes whether the
coefficients of the lagged values of the independent
variables in Formulas 3 and 4 are collectively equal
to zero at a certain significance level. If the
coefficients in Formula 3 are found to be
significantly different from zero, it is concluded that
X Granger-causes Y. Similarly, if the coefficients in
Formula 4 are found to be significantly different
from zero, it is concluded that Y Granger-causes X
(Engle & Granger, 1987).

Yie = 00 F Pradie-1 FPiaVoe-1 V1Yot VioVor-o F S11¥ie-g + 0¥ + Uy, 3)
Var = Qg Boaiea  BanVaea T otV + Yabaat Oopdies +8mynes ¥ e (4)

As seen in Table 12, there is a one-way relationship
from GDP to the number of air passengers.
However, no causality relationship was found
between R&D expenditures and urbanization
population with the number of air passengers.
Similarly, when examining the relationships among
the independent variables, it was concluded that
there is a one-way causality relationship from GDP
to R&D expenditures. No causality relationship was
found between urbanization population and GDP.

Table 12. Granger Causality Results

F- Prob.

Statistic Result
ilf?lg - 2.89659 0.0578™* Causality exists.
égg 1.12511 0.3269 No causality.
i‘;‘l\? 0.02608 0.9743 No causality.
ﬁg\]; 0.02608 0.9743 No causality.
Xl';\']"' 136490 0.2581 No causality.
GEN 1.84806 0.1605 No causality.
E‘E‘E 0.12622 0.8815 No causality.
(R}?LPD_’ 389228 0.0221°" Ca‘:i‘:i‘:sy
EELB" 2.40794 0.0929 No causality.
E‘IS;LD - 061251 <4a, No causality.

Note. *** Statistical significance at the 1% level
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4. Discussion and Conclusion

The significance of the aviation industry in terms of
sustainability is substantial. The sector's impact on
technological innovations and R&D expenditures is
a crucial factor in the economic growth strategies of
countries and is continuously assessed in the global
economy.

In a globalizing world, it is becoming increasingly
important for countries to achieve economic growth
alongside their sustainable development goals. The
rise in technology usage during this process has
made the impact of R&D expenditures on GDP
more pronounced. Recent studies have shown that
increases in R&D expenditures indirectly positively
affect economic growth. However, it should also be
noted that this relationship can vary depending on
the income levels of the countries.

Given the technological and institutional differences
between developed and underdeveloped countries,
the usefulness of R&D expenditures in predicting
innovation outcomes and their impact on market
competition remains uncertain. In particular, in
underdeveloped countries, the relationship between
R&D expenditures and innovation outcomes tends
to be more transparent, as the institutional
environments in these countries are often less
complex and R&D activities may have a more
noticeable effect.

This study aims to investigate the effects and
relationships of R&D expenditures, urbanization,
and GDP on the aviation sector using data related to
sustainable development goals. For the period 1995—
2019, the ARDL coefficient estimation test, Pedroni
and Kao cointegration tests, and Granger causality
approach were applied to a group of 8 upper-middle-
income countries. In the study, the number of air
passengers was selected as the dependent variable,
while GDP, R&D expenditures, and urbanization
population were considered as independent
variables. The research initially includes descriptive
statistics. Subsequently, unit root tests were
performed to assess the stationarity of the variables.
Following this, the long-term and short-term
relationships between the variables were analyzed
using panel ARDL coefficient estimation.

According to the results of the ARDL coefficient
test (with the number of air passengers as the
dependent variable), GDP and the urbanization
population ratio have a positive long-term effect on
the number of air passengers, with data showing
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statistical significance at the 1% level. However,
R&D expenditures are not statistically significant. A
1% increase in GDP leads to a 0.8% increase in the
number of air passengers. This may be attributed to
the increased international liberalization programs or
liberalization movements in the aviation sector,
which could lead to a highly competitive
environment. In this competitive environment,
passengers may benefit from lower transportation
costs. Contrary to this finding, a study by Altuntas
and Kili¢ (2021) found a cointegrated relationship
between passenger volume and GDP, but they could
not establish a significant long-term impact of
passenger and cargo volume on economic growth. A
1% increase in urbanization population results in a
1.2% increase in the number of air passengers. This
increase may be due to improved labor productivity
in cities, which are typically places with more
intense economic activities. As economic activities
in cities grow, job opportunities, income levels, and
consumption patterns in urban areas may boost air
travel. Supporting this observation, Beyzatlar (2021)
provided empirical evidence of the relationship
between urbanization and the number of air
passengers. The results indicate that transportation is
dynamic in relation to urbanization, and
urbanization plays a facilitating role. The
effectiveness of transportation services, especially in
urban areas, is significant. On the other hand, it was
found that R&D expenditures have no effect on the
number of air passengers.

Our study found a statistically significant
relationship between GDP and air transport. These
results are consistent with the studies by Hu et al.
(2015), Manga et al. (2019), Islamoglu (2022),
Atioglu (2021), and Celik et al. (2025) in the
literature. Therefore, the analysis supports the
relationship between GDP and air transport obtained
in the results. This situation reveals that the
economic activities of upper and middle-income
countries are aligned with each other, especially in
the planning of state support, infrastructure, and
investments related to aviation. However, a possible
reason for this result may be that the total value of
goods transported by air represents 33% of all
international trade. This share can be explained by
the preference for air transport in the delivery of
high-value commercial goods because it provides a
fast and reliable transportation service (Akar, 2025).
It can be said that the increase in GDP in upper and
middle-income countries, along with increased
production and expanding foreign trade, increases
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the demand that fuels air transport. Therefore, it is
thought that the increase in GDP increases business
travel in terms of air transportation. Zhang and
Graham (2020) have shown that economic growth
increases the demand for air transportation in both
passenger and cargo sectors. In this context, they
stated that there are companies that want to expand
in a city after having sufficient air services. In this
case, countries will prioritize the development of the
aviation sector and encourage the improvement of
air services before companies actually expand.
According to Stephens et al. (2014), air
transportation is quite effective in attracting
customers to a country for foreign direct investment.
Marazzo et al. (2010) have shown that increases in
GDP cause a high level of increase in demand for
passenger numbers. In this context, it is thought that
investments in air transportation should be planned
appropriately, taking into account the volume of
economic growth.

Our findings indicate that urbanization is the most
influential variable on air transportation. It was
found to have a statistically significant positive
effect on air transportation. These results are
consistent with the studies of Song et al. (2023) and
Kuz (2021) in the literature. Bozma (2020) stated
that with the increase in urbanization, the use of
individual and public transportation vehicles (buses,
airplanes, etc.) has increased. These results highlight
the necessity of air transportation and airport
planning in cities. Furthermore, they provide some
justifications for giving more importance to the
provision of aviation services and adequate airport
infrastructure.  Goetz  (1992) revealed the
relationship between air transportation and
urbanization on a national scale and emphasized the
need to give more importance to airport
infrastructure. Beyzatlar and Diindar (2021)
demonstrated the interaction between urbanization
and air transportation and, based on the results,
suggested that international transportation policies
should be integrated around the axis of urbanization.
The strong influence of urbanization on air transport
in the analysis results indicates that air transport is
not limited to a specific country but has spread to all
middle-income countries with which it interacts due
to accessibility. Ozbay (2018) suggests that in order
to make the journey within the city to the airport as
quick as possible, connections providing access to
airports within the city should be fast, have multiple
options, and be easy to use.
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Our analysis revealed that R&D expenditures did
not yield statistically significant results. Possible
reasons for this result include the fact that upper and
middle-income countries do not make sufficient
R&D expenditures to impact the aviation sector.
Furthermore, the high cost of the aviation sector and
the existence of international standards from
organizations such as International Civil Aviation
Organization (ICAO) and International Air
Transport Association (IATA) can weaken the
relationship between air transport and R&D
expenditures. Gilingdér (2022) emphasized that
aviation sector firms need significant resources
during the investment phase, as well as substantial
resources to continue their operations. Aktiirk
(2024) stressed that civil aviation is subject to strict
legal regulations, and standards focused on flight
safety and security are determined by authorities
such as ICAO, European Union Aviation Safety
Agency (EASA), and directorate general of civil
aviation. He also stated that the advantages brought
to the sector by current technological developments
also bring new challenges. Advantages such as tax
incentives and low-interest loans offered to the air
transport sector can increase R&D investments.
These investments can have a positive impact on air
transport. In contrast to our study, Ergiin (2022)
found a positive relationship between aviation and
R&D expenditures.

Based on the results obtained, the investment
attractiveness and reliability of countries for foreign
investors can be increased. The implementation of
policies aimed at improving socioeconomic well-
being and ensuring economic stability will
positively impact air transport. The establishment of
cultural and commercial bridges between countries
and the facilitation of cross-border travel should be
encouraged. With increasing urbanization, policies
and regulations focusing on safety, security,
compliance with international standards, and
environmental friendliness can be developed. As
countries' economic activities and urbanization
increase, occupancy rates and capacity utilization
rates in air transport also increase. In this context,
planning new airport investments and modernizing
existing airports may be necessary. The growth of
the air transport sector can encourage the entry of
new airlines into the market. This can benefit the
sector in terms of competition.
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