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Abstract

This study provides a comprehensive empirical analysis of the relationship between
transportation infrastructure, industrial capacity, trade openness, and economic
growth. Using data from 1976 to 2024, the effects of air freight, per capita
manufacturing value added, and trade openness on per capita income are analyzed for
10 selected developing countries, employing panel data methods. The study emphasizes
that economic growth cannot be explained solely by trade volume but must also be
considered alongside production capacity and transportation infrastructure. During the
analysis, cross-sectional dependence and slope heterogeneity were tested, taking into
account the fundamental characteristics of panel data. Based on these findings, second-
generation panel data methods were employed. In this context, long-term relationships
between variables were examined using the Westerlund and Edgerton (2007) bootstrap
LM cointegration test, while short- and long-term dynamics were estimated using the
CS-ARDL method. This method is considered important for obtaining more reliable and
consistent results by accounting for inter-country interdependence and coefficient
heterogeneity. The findings indicate that a 1% increase in air transport boosts economic
growth by approximately 0.47%, a 1% increase in per capita manufacturing value added
boosts growth by 0.26%, and a 1% increase in trade openness boosts growth by 0.65%.
These findings suggest that the combined effects of production capacity,
industrialization level, and transportation infrastructure drive economic growth. In this
respect, the study contributes to the literature on the determinants of economic
growth.

Keywords: Economic Growth, Transportation Infrastructure, Manufacturing Industry,
Trade Openness.
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2 Omer YILMAZ - Ali Imran TATLIBADEM

Oz

Bu ¢alisma, ulastirma altyapist, sanayi kapasitesi ve ticari disa agikligin ekonomik biiyiime tizerindeki etkilerini
incelemektedir. 1976-2024 dénemine ait veriler kullanilarak secilmis 10 gelismekte olan iilke icin havayolu yiik tasimacthgi, kisi
basina imalat sanayi katma dederi ve ticari disa agikhigin kisi basina gelir tizerindeki etkileri panel veri yontemleriyle analiz
edilmistir. Calisma, ekonomik biiyiimenin yalmizca ticaret hacmi ile agiklanamayacagini, aymi zamanda tiretim kapasitesi ve
ulastirma altyapisiyla birlikte degerlendirilmesi gerektigini vurgulamaktadir. Analiz siirecinde, panel veri yapisinin temel
ozellikleri dikkate alinarak yatay kesit bagimhiligi ve egim heterojenligi test edilmis ve elde edilen bulgular dogrultusunda ikinci
nesil panel veri teknikleri tercih edilmistir. Bu kapsamda, degiskenler arasindaki uzun dénem iliskiler Westerlund ve Edgerton
(2007) bootstrap LM bootstrap LM cointegration ile incelenmis, kisa ve uzun dénem dinamikleri ise CS-ARDL yéntemi
aracthgiyla tahmin edilmistir. Bu y6ntem, tilkeler arast karsilikl bagimlihgi ve katsayr heterojenligini dikkate alarak daha
gtivenilir ve tutarli sonuglarin elde edilmesi agisindan énemli goriilmektedir. Elde edilen bulgular, havayolu tasimaciligindaki
%1lik artisin ekonomik biiyiimeyi yaklasik %0.47 oramnda artirdigini, kisi basina imalat sanayi katma degerindeki %1’lik
artisin bitytimeyi %0.26 ve ticari disa agikliktaki %1’lik artisin ise %0.65 oraninda artirdigt tespit edilmistir. Elde edilen bulgular,
ekonomik biiyiimenin iiretim kapasitesi, sanayilesme diizeyi ve ulastirma altyapisinin ortak etkisiyle gelistigine isaret
etmektedir. Bu yoniiyle calisma ekonomik biiyiimenin belirleyicilerine iliskin literatiire katki sunmaktadur.

Anahtar Kelimeler: Ekonomik Biiyiime, Ulastirma Altyapisi, Imalat Sanayi, Ticari Disa Aciklik.

One Cikanlar
e Entegre Biiylime Cercevesi
e Gelismekte Olan Ulkelerin Bakis Acist
e Saglam Panel Veri Metodolojisi
e Kisa Vadeli ve Uzun Vadeli Kanitlar
e Politika Odakl Bulgular

1. INTRODUCTION

Economic growth remains a significant topic in the economic literature, particularly
for developing countries. While neoclassical growth theories largely explain growth through
capital accumulation and external technological progress, endogenous growth theories place
knowledge accumulation, human capital, and innovation processes at the center of growth.
However, recent studies indicate that growth cannot be explained solely by these factors;
countries' production structures, levels of trade integration, and infrastructure capacity also
play a significant role in determining their economic growth potential. This demonstrates
that economic growth is not a one-dimensional process but rather a broad, interconnected
one shaped by the convergence of many structural elements.

In this context, trade openness is widely accepted as one of the fundamental
determinants of economic growth. The export-led growth hypothesis suggests that foreign
trade supports growth through technology transfer, economies of scale, and productivity
increases. Trade liberalization facilitates the integration of countries into global markets,
increases competitive pressure, and encourages efficiency gains in production processes. In
developing countries in particular, increased trade openness contributes to economic growth
by expanding production through external demand (Tiirkmen - Yigitler, 2022; Cestepe et al.,
2022). However, recent empirical findings indicate that the impact of trade openness on
growth is neither homogeneous nor linear and can also have short-term limiting effects due
to adjustment costs and vulnerability to external shocks. This suggests that the effect of trade
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on growth cannot be fully understood in isolation and should be evaluated together with
production structure and infrastructure factors.

The contribution of foreign trade to growth is largely determined by the nature of the
economy's production structure. In the structural transformation literature, the
manufacturing industry is emphasized as a key determinant of sustainable growth due to its
high value-added production capacity, technological intensity, and strong forward and
backward linkages (Doganer, 2022). Economies with medium- and high-technology
production and export structures, in particular, exhibit more stable and higher growth
performance as they move to higher levels in global value chains (Kog - Ozcan, 2022; Dura -
Yilmaz, 2022). In this context, R&D investments, innovation policies, and a skilled workforce
stand out as decisive factors in transforming the production structure (Avci - Isik, 2022, 18).
Indeed, the positive impact of high-technology product exports on economic growth is also
confirmed by various empirical studies (Dagli - Karagadir, 2021). These findings show that
growth depends not only on the volume of trade, but also on the quality and technological
structure of production.

In this context, the efficiency of production and trade processes is directly related to
the development of transportation infrastructure. Transportation systems increase the
overall efficiency of economic activities by ensuring the rapid, reliable, and low-cost
circulation of goods and services from production to final consumption (Akgiingér et al.,
2024). Infrastructure investments not only expand trade volume but also support productivity
increases by reducing production costs and accelerating regional development (Tabak, 2024).
Air transportation, in particular, plays a strategic role in integration into global value chains
thanks to its speed advantage in transporting time-sensitive and high-value-added products.
Furthermore, developments in air transportation infrastructure not only contribute to
countries' foreign trade but also support foreign exchange inflows by increasing tourism
revenues, and have direct and indirect effects on economic growth (Aslan, 2025; Akar, 2025).

This interaction is particularly pronounced in developing economies. In these
countries, investments in transportation infrastructure facilitate integration into global
supply chains and reveal a relationship between economic growth and infrastructure (Ugar et
al., 2024). Furthermore, the literature clearly emphasizes that transportation investments
have long-term relationships with trade openness and economic growth (Kumar - Raju, 2025;
Atioglu, 2021). In the specific case of Turkey, liberalization policies implemented in the civil
aviation sector and infrastructure investments have enabled the country to become a
significant hub in international aviation networks, supporting economic growth through
foreign trade channels (Dogan - Dogan, 2023; Aslan, 2025; Glimiis, 2021; Ugar et al., 2024).

This study analyzes the joint effects of transportation infrastructure, industrial value
added, and trade openness on economic growth. The results indicate that trade alone is
insufficient to explain growth, highlighting the importance of production capacity and
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infrastructure. This perspective addresses economic growth within a multidimensional
interaction, empirically demonstrating how the impact of trade is transformed by production
and infrastructure capacity. Furthermore, the study reinforces the consistency and reliability
of its findings through methods that account for cross-sectional dependence and
heterogeneity.

The study was planned as follows: after the introduction, the second section examines
the relevant literature in detail; the third section analyzes the data set, variables, and
econometric findings; and the final section discusses the findings within the theoretical and

empirical literature and presents policy recommendations.

Ethical Statement: This study was conducted in accordance with all ethical
standards. The information and findings presented in this article have been documented in
compliance with the principles of honesty and transparency. The authors have maintained
scientific integrity and objectivity at every stage of the research. In addition, all sources used
in this study have been appropriately cited. Since the research is based on document analysis,
ethics committee approval is not required.

2. LITERATURE REVIEW

Literature on the determinants of economic growth reveals that transportation
infrastructure, logistics activities, trade openness, and production structure play significant
roles in the growth process. It is widely accepted that the transportation and logistics sectors,
in particular, support economic growth by reducing costs and facilitating market access.
Studies on trade and manufacturing also generally show that these variables are related to
growth; however, the direction and magnitude of this relationship vary across country
groups, periods, and methods. Recent literature focuses particularly on the impact of logistics
performance and transportation modes on economic growth. Table 1 presents a summary of
the literature on these variables.

Table 1. Literature Summaries

Countr
Author(s) y/ Period Method Key Findings
Sample
) ) Trade openness has been found to have
Mangir et al. 10 African Panel ARDL . .
. 1990-2015 a positive long-term impact on
(2017) countries (PMG) i
economic growth.
Karami et al. European 1995-2016 Panel data  Manufacturing has been found to have a
(2019). countries analysis positive impact on economic growth.
Moyo - Jeke 37 African Manufacturing. The value added has
. 1990-2017 System-GMM ,
(2019) countries been found to boost economic growth.
OECD and Maritime transport has been found to
Park et al. ) Panel VAR, i
developing 1996-2014 have a stronger impact on growth than
(2019). ] Granger
countries other modes of transport.
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Countr
Author(s) y/ Period Method Key Findings
Sample
Yurdakul o Economic growth has been shown to
Tirkiye 1998-2015 VAR, Granger | o .
(2020) impact the logistics sector positively.
While there is no significant long-term
Altuntas - Kilig o ARDL, Toda- i ] )
Tirkiye 1960-2017 impact, air transport is boosting short-
(2021) Yamamoto
term growth.
Khadimetal. 50 developing 2010-2018 Panel data  The impact of log Statistics performance
(2021) countries analysis on growth is positive.

Musiita - Jeke Capital accumulation is a decisive factor

East Africa 2000-2020 D-GMM

(2023). in manufacturing growth.
Yilmaz - ) .
L Foreign trade supports economic
Albayrak Tirkiye 1980-2020 ARDL
growth.
(2023).
Bootstrap LM, A cointegration relationship was found
Dastan (2024) BRICS-T 1991-2021 i
CS-ARDL between the variables.
) Panel The study shows a long-term
Sabir et al. ) . . . . .
(2024) 107 Countries ~ 2007-2019 cointegration relationship between logistics
tests performance and economic growth.
) ) ) A bidirectional causal relationship has
Rai - Raju Top 20 High- Panel )
. 1971-2019 i been found between transportation and
(2025). Income Countries causality
growth.
Turgut - Ozbek L FMOLS, DOLS,  The export-led growth hypothesis is
Tiirkiye 1990-2022 i
(2025). CCR valid.
Efeoglu - ) Logistics performance was found to
B G20 countries  (2007)-2022 Panel data, DK ; .
Azgiin (2025). impact growth positively.
Wang - Sua Logistics performance has been found to

G20 countries  (2007)-2023  ARDL-ECM
(2025). support long-term growth.

It has been determined that technology

Awosusi et al. Energy transition )
1990-2021 CS-ARDL,AMG  and energy factors affect economic

(2025) economies
performance.
Glinbay -
. 3, . Air transportation has been found to
Eyiiboglu Turkiye 1970-2020 NARDL )
(2025) have asymmetric effects on growth.

Exports had a positive impact on
Ucar (2025) Turkiye 1987-2021 VECM growth, whereas air transport had no
long-term effect.

Air passenger and cargo transportation
. . FMOLS, DOLS, L
Lion (2025) Tiirkiye 1970-2023 DARDL has been found to have a positive impact
on growth.
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Countr
Author(s) y/ Period Method Key Findings
Sample

Increased trade boosts manufacturing

Banik etal. 35 selected Asian productivity, but growth requires

, 2004-2022 GMM AR ,
(2025) countries specialization in high-quality
production.
. Air transport and imports boosted
. Panel quantile ) :
Bayat (2026)  TDT countries  2006-2023 ) growth, while exports had a negative
regression ‘
impact.

Panel A bidirectional causal relationship has

elik - Canba
¢ Y IDT countries (2007)-2020  bootstrap  been found between air transportation

2026).
(2026) causality and growth in Tiirkiye.
Developed & ) o
. CS-ARDL, Air transport has a positive impact on
Akar (2025) developing 1980-2021 )
) AMG, CCE  growth in both the short and long term.
countries

When the studies presented in Table 1 are evaluated together, Although the literature
generally agrees on the relationship between transportation infrastructure, production
structure, trade openness, and economic growth, the empirical findings differ across studies.
These differences mainly stem from variations in methodology, country groups, and time
periods. In particular, it is noteworthy that the impact of transportation and logistics
variables on growth is mostly positive (Park et al., 2019; Akar, 2025; Aksu, 2026), but in some
studies, short-term effects may be limited or insignificant (Altuntas - Kilig, 2021; Ugar, 2025).
Similarly, there is empirical evidence that manufacturing value added is a key determinant of
economic growth (Karami et al., 2019; Moyo - Jeke, 2019; Banik et al., 2025), thereby
supporting structural transformation and industrialization-based approaches.

Regarding trade openness, the literature presents different and variable results. While
a significant portion of studies show that openness positively impacts growth (Mangir et al.,
2017; Yilmaz - Albayrak, 2023; Wang - Sua, 2025), some findings indicate that this relationship
may differ depending on the characteristics of the countries and the time dimension (Bayat,
2026; Ugar, 2025). This finding suggests that the relationship between trade openness and
economic growth is not necessarily linear, as predicted by structuralist and adjustment cost
theories. In the short run, the benefits of openness may be constrained by transition costs,

resource reallocation, and institutional rigidities.

Existing literature addresses these variables separately, and studies examining the
simultaneous and interactive effects of transportation, production structure, and trade
openness on economic growth within a holistic framework are limited. Furthermore, the
number of studies considering panel data characteristics such as cross-sectional dependence
and heterogeneity is relatively limited. This limitation is especially noticeable in the context
of developing countries. In this context, the present study aims to contribute to the literature
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by considering the variables together and utilizing dynamic and second-generation panel data
methods.

3. DATA SET, METHOD AND ANALYSIS
Table 2 presents data on the dependent and independent variables included in the

analysis.
Table 2. Information on the Variables
Unit of Data
Abbreviation Variable Name Definition
Measurement Source
) Per capita income (dependent Current US World
LNGDPC GDP per capita .
variable) dollar Bank
Amount of cargo transported b World
LNAIR Air transport, freight & i P Y Million ton-km
air Bank
Manufacturing value ~ Manufacturing value added per Fixed 2015US  World
LNMVAPC , . .
added per capita capita (MVA / population) dollars Bank
Trade openness (Exports + World
LNOPEN Trade openness %
Imports / GDP) Bank

The LNAIR variable is employed as a proxy for transportation infrastructure because
it reflects the intensity of air transport activity and its role in facilitating connectivity and
economic interaction. The “Air transport, freight (million ton-km)” variable reflects not only
the volume of air cargo transportation but also the capacity, efficiency, and development
level of air transportation infrastructure. Increases in air freight transportation are directly
associated with improvements in airport capacity, logistics hubs, cargo handling systems,
technological infrastructure, storage facilities, and international transportation connectivity.
Therefore, this variable is considered an important indicator of the effectiveness and
development of transportation infrastructure. Moreover, the literature frequently employs
air freight transport indicators as proxies for transportation infrastructure and logistics
performance due to their strong relationship with trade integration, mobility, and
infrastructure efficiency.

This study examines the impact of air freight, manufacturing value added per capita,
and trade openness on per capita income in 10 selected developing countries during the
period 1976-2024, using the CS-ARDL method. The rationale for selecting the ten countries has
been clarified as follows. These countries were included in the analysis because they
represent major economies with strong transportation and logistics capacities, and they
provide consistent and comparable long-term data for all variables used in the study. In
addition, data continuity and data availability constituted key criteria in the country selection
process. Therefore, the analysis was limited to countries for which uninterrupted and reliable
data could be obtained throughout the sample period.
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In this study, per capita income (LNGDPC) was included in the model as the dependent
variable, serving as an indicator of economic growth. The explanatory variables were defined
as per capita manufacturing value added (LNMVAPC), representing the production structure;
air freight transport (LNAIR), representing the transportation infrastructure; and the share of
trade volume in GDP, as an indicator of openness to the outside world (LNOPEN).
Furthermore, to obtain the per capita manufacturing value added (LNMVAPC) variable,
manufacturing value added was divided by the total population. The variable was included in
the analysis in natural logarithmic form, as all variables were transformed into natural
logarithms.

The countries analyzed in this study are among the developing economies and
constitute a suitable sample in terms of both data continuity and comparability. The selected
countries share common characteristics: similar stages of development, a significant role for
industrial production and foreign trade in economic growth, and similar integration into
global trade networks. Furthermore, these countries have undergone significant
transformations in both their production structures and foreign trade policies over the last
forty years and exhibit comparable dynamics in manufacturing capacity, transportation
infrastructure, and trade openness. Therefore, analyzing these countries together allows for a
more consistent assessment of the determinants of economic growth across different groups
of developing countries. In this context, the group of countries comprising Brazil, India, South
Africa, Turkey, Mexico, Indonesia, Malaysia, Thailand, Chile, and Colombia was selected for
this study.

The empirical model of this study was developed based on studies by Akar (2025),
Kumar - Raju (2015) and Karami et al. (2019) and is presented in Equation 1.

InGDPC;; = By + B1nAIR;: + B2 InMVAPC;; + B3 InOPEN;; + &34 (1)
InGDPC;;: the natural logarithm of the per capita income of country i in period t
InAIR;: the natural logarithm of air freight
InMV APC;;: the natural logarithm of per capita manufacturing industry value added
[nOPE N;;: natural logarithm of trade openness ratio
[o: constant term
B1, B2, Bs: slope coefficients to be estimated
£;¢: error term

Before proceeding with the analysis process, descriptive statistics for the variables
used in the study are presented in Table 3.
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Table 3. Descriptive Statistics

Number of

Variable . Average  Standard Deviation = Minimum Maximum
Observations
LNGDPC 490 7.982 1.028 5.100 9.744
LNMVAPC 490 8.332 1,846 3,836 10.972
LNAIR 490 6.423 1.461 2.332 20.810
LNOPEN 490 3,867 0.621 2.208 5.395

Table 3 presents the descriptive statistics of the variables included in the analysis. All
variables consist of 490 observations. In terms of mean values, LNMVAPC has the highest
average (8.33), followed by LNGDPC (7.98). Regarding dispersion, LNMVAPC also shows the
highest volatility with a standard deviation of 1.85. In contrast, the relatively low standard
deviation of LNOPEN (0.62) suggests a more homogeneous distribution of trade openness.

Considering the differences between the minimum and maximum values, a fairly wide
range is observed, especially for the LNAIR variable (2.33-20.81). This indicates substantial
variation in the variable's distribution and the potential presence of outliers.

Pesaran (2015) argues that cross-sectional dependence in panel data analysis is critical
to accurately capturing interactions among countries. Failure to consider this dependence can
lead to deviations and unreliable estimates. Therefore, cross-sectional dependence was tested
using the Pesaran (2004) CD test before stationarity and cointegration analyses (Awosusi et al.,
2025, 12).

Table 4. Cross-sectional Dependence (Pesaran CD Test) Results

Variable CD Test Statistic p -value
LNGDPC 44,50 0.000%**
LNAIR 29.87 0.000%**
LNMVAPC 44,59 0.000%**
LNOPEN 23.82 0.000%**

According to Table 4, the CD test values for all variables are statistically significant at
the 1% significance level. The presence of cross-sectional dependence in the panel indicates
that the variables are jointly affected by factors such as global shocks, trade integration, and
economic and financial crises, as observed in panel data analyses.

One of the main problems in panel data analysis is whether the coefficients are
heterogeneous across panel units. Structural differences and diverse policies across countries
call into question the homogeneity of the slope coefficients. Therefore, the Delta test,
developed by Pesaran and Yamagata (2008), is used to determine whether the panel is
homogeneous or heterogeneous (Parlakyigit - Dineri, 2025).
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Table 5. Homogeneity Test (Pesaran - Yamagata Delta Test)

Test Statistics Value p -value
Delta 37,380 0.000***
Corrected Delta (Adj . Delta) 39,447 0.000***

Note: All variables are in logarithmic form.

The Pesaran and Yamagata Delta Test results presented in Table 5 show that both the
Delta and corrected Delta test statistics are statistically significant at the 1% significance level.
Therefore, the coefficients of the independent variables in the model differ across units,
indicating a heterogeneous structure.

A correlation analysis was conducted to determine the degree of linear relationship
between the variables and to identify multicollinearity (Moyo - Jeke, 2019). The findings
obtained from the correlation analysis are presented in Table 6.

Table 6. Correlation Matrix

Variables LNGDPC LNMVAPC LNAIR LNOPEN
LNGDPC 1.0000
LNMVAPC 0.3818 1.0000
LNAIR 0.4336 0.0965 1.0000
LNOPEN 0.3934 0.5742 0.2852 1.0000

The correlation analysis results in Table 6 show positive relationships among the
variables. The highest correlation coefficient is LNMVAPC. LNOPEN shows a moderate positive
correlation with the other variables (r = 0.5742). However, it was determined that none of the
correlation coefficients exceeded the critical threshold value of 0.80. In this case, there is no
multicollinearity in the model, and using the independent variables together in the analysis is
statistically appropriate.

In panel data analysis, accurately identifying the stationarity levels of the series is
crucial for both model consistency and the prevention of spurious regression. (Akar, 2025).
After identifying the cross-sectional dependence, the analyses were continued with second-

generation tests.
Table 7. Panel Unit Root Test Results (Pesaran CIPS)
Variable Level (CIPS) 1. Difference (CIPS) 5% 1% Conclusion
LNGDPC -1.785 -5.447 -2.33 -2.55 1(1)
LNMVAPC -0.936 -5.332 -2.33 -2.55 1(1)
LNAIR -1.508 -6.071 -2.33 -2.55 1(1)
LNOPEN -2.608*** -5.647 -2.33 -2.55 1(0)
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Table 7 shows that the Pesaran (2007) CIPS panel unit root test indicates that the
LNOPEN variable is stationary at the 1% significance level. Other variables are not stationary
at the level, but become stationary when their first differences are taken. These findings
reveal that both 1(0) and I(1) variables are present in the model and that it is more
appropriate to use the CS-ARDL approach, which takes into account cross-sectional
dependence and heterogeneity in the analyses.

Bootstrap critical values are used when cross-sectional dependence is detected,
otherwise, asymptotic critical values are used. The null hypothesis (Ho) of the test indicates
the existence of a cointegration relationship, while the alternative hypothesis (H,) indicates
the absence of a cointegration relationship (Westerlund - Edgerton, 2007).

Because the variables have cross-sectional dependence and different levels of
stationarity and are stationary at most at the 1(1) level, the long-term relationship between
the variables is examined with the Westerlund - Edgerton (2007) bootstrap LM cointegration
test ( Dastan, 2024). The cointegration test results are given in Table 8.

Table 8. Westerlund and Edgerton (2007) Results of the LM Cointegration Test

Test Statistics Value Bootstrap p-value Asymptotic p-value

LM 4,594 0.370 0.000***

Cross-sectional dependence in the panel may make asymptotic p-values unreliable. As
suggested by Westerlund and Edgerton (2007), bootstrap p-values provide more consistent
results by accounting for cross-sectional dependence in this case. Therefore, bootstrap p-
values were used in this study. Westerlund, when the cointegration test results are examined,
it is seen that the bootstrap p-value (0.370) obtained for the LM statistic, which accounts for
cross-sectional dependence and heterogeneity, is not statistically significant. In this case, the
null hypothesis cannot be rejected, indicating a long-term cointegration relationship between
the variables.

The CS-ARDL method is robust to problems such as heterogeneity, sensitivity to
missing variables, cross-sectional dependence, differential stationarity, and endogeneity in
panel data analysis. It is therefore suitable for use (Kai et al., 2026). Finally, the long- and
short-term coefficient estimates between variables are presented in Table 9.

Table 9. CS-ARDL Long-Term and Short-Term Coefficient Estimates.

Long-run estimates

Independent Variables Coefficient T-statistic Probability
LNAIR 0.471%%* 2.79 0.005
LNMVAPC 0.2617%** 4,57 0.000
LNOPEN 0.659** 2.45 0.014
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Short-run estimates

Variables Coefficient T-statistic Probability
ECT -1.569%** -15.12 0.000
ALNAIR -0.326 -1.15 0.250
ALNOPEN -1.147%%* -3.06 0.002
LNAIR 0.791%* 2.59 0.010
LNOPEN 1.060** 2.27 0.023
LNMVAPC 0.437%** 4,11 0.000

Table 9 shows that all Independent variables included in the model have a statistically
significant and positive effect on economic growth. According to the coefficient estimates, a
1% increase in the (LNAIR) variable increases per capita income by approximately 0.47% in the
long run. Similarly, a 1% increase in manufacturing value added (LNMVAPC) was found to
increase economic growth by 0.261%. A 1% increase in the trade openness (LNOPEN) variable
was associated with a 0.65% increase in the LNGDPC variable. In the CS-ARDL analysis, the lag
length was automatically selected by the model.

The long-term cointegration relationship between the series and the model's short-
term dynamics is estimated at -1.569 and is statistically significant at the 1% significance level.
A negative, statistically significant coefficient greater than 1 in absolute value indicates that
deviations occurring in the short term return to equilibrium in the next term through an
overcorrection mechanism. This suggests that responses to economic shocks, particularly in
developing countries, may be more volatile and fragile. Therefore, short-term deviations
converge to equilibrium quickly but in a volatile manner.

When short-term parameters were examined, it was observed that the (ALNAIR)
variable had no significant effect on the LNGDPC variable. In contrast, the (ALNOPEN) variable
had a restrictive effect on the LNGDPC variable in the short term. However, according to the
model's lagged coefficients, all independent variables have statistically significant positive
effects on LNGDPC in the short-term adjustment process.

The fact that trade openness has a negative short-term impact and a positive long-
term impact suggests that, in its initial stages, openness may put pressure on economic
growth due to adjustment costs and vulnerability to external shocks. However, in the long
term, growth-promoting effects become dominant through channels such as resource
allocation efficiency, technology transfer, and economies of scale. This finding is consistent
with studies in the literature showing that openness can have different effects depending on
the time dimension.
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CONCLUSION AND RECOMMENDATIONS

This study analyzes the effects of transportation infrastructure, production structure,
and trade openness on economic growth for selected developing countries using panel data
methods from 1976 to 2024. The findings reveal a long-term cointegration relationship
between the variables. In contrast, long-term coefficient estimates indicate that air
transportation, manufacturing value added, and trade openness have statistically significant
and positive effects on economic growth.

Empirical findings indicate that a 1% increase in air transport raises economic growth
by approximately 0.47%, emphasizing the critical contribution of transportation
infrastructure to overall development. This result is consistent with studies in the literature
showing that transportation infrastructure supports economic growth (Park at al., 2019; Rai -
Raju, 2025; Akar, 2025; Aksu, 2026). Similarly, studies on Turkey and different country groups
also confirm the positive impact of air transport on growth (Altuntas - Kilig, 2021; Aslan, 2025;
Glinbay - Eyiiboglu, 2025; Celik - Canbay, 2026).

The findings regarding manufacturing industry value added are consistent with the
literature emphasizing that industrialization constitutes a fundamental driver of economic
growth. Numerous studies have shown that the manufacturing sector, in particular, supports
growth through productivity increases and the production of high-value-added goods
(Karami et al., 2019; Moyo - Jeke, 2019; Musiita - Jeke, 2023; Banik et al., 2025). In this context,
the results obtained are consistent with structural transformation and industrialization-based
growth approaches.

The long-term positive effect of trade openness on economic growth is consistent
with studies showing that foreign trade supports growth through technology transfer,
economies of scale, and resource allocation efficiency (Mangir et al., 2017; Yilmaz - Albayrak,
2023; Turgut - Ozbek, 2025; Wang - Sua, 2025; Efeoglu - Azgiin, 2025) However, the finding in
this study that trade openness can have a negative impact in the short term is consistent with
the transition costs and structural transformation processes recently emphasized in the
literature (Bayat, 2026; Ugar, 2025). This indicates that the effect of openness on growth is

nonlinear and can vary across time.

The short-run estimates from the CS-ARDL analysis reveal that air transport does not
significantly affect economic growth, while trade openness has a contractionary effect in the
short term. However, the negative and significant error-correction term indicates that short-
term deviations quickly return to long-term equilibrium. This result reveals that responses to
economic shocks in developing countries involve rapid adjustment and is consistent with
studies in the literature that emphasize dynamic adjustment processes (Dastan, 2024; Awosusi
et al., 2025).

Finally, policy implications suggest that the potential short-term adverse effects of
greater trade openness require a gradual and structurally oriented transformation of foreign
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trade policy. First, it is concluded that the sustainability of economic growth depends not only
on increasing trade openness but also on strengthening the production structure and
improving transportation infrastructure.

In this context, implementing industrial policies that encourage high-value-added,
technology-intensive production, especially in manufacturing, is of great importance.
Furthermore, investments in fast, high-value-added logistics infrastructure, such as air
transportation, will support growth by facilitating countries' integration into global value
chains. On the other hand, given the short-term negative effects of openness to trade, foreign
trade policies should be designed to support gradual, structural transformation rather than
sudden liberalization. Within this framework, policies that strengthen domestic production,
encourage technology transfer, and increase economic resilience to external shocks will play
a significant role in ensuring long-term, sustainable growth for countries (Gustafsson -
Segerstrom, 2010; Shirazi et al., 2020; Yeboah, 2024).

The findings show that trade openness alone are not sufficient for sustainable
economic growth; their impact on growth becomes more enduring and powerful when
considered alongside production capacity and logistics infrastructure. In this context, the
contribution of trade openness to economic growth yields more stable and sustainable results
when considered together with the quality of the production structure and infrastructure
capacity. Industrial policies aimed at increasing the share of medium- and high-tech
production in the manufacturing sector play a critical role in enhancing the quality of
economic growth. In this regard, supporting R&D activities, strengthening incentive
mechanisms to facilitate technology transfer, and implementing targeted investment
strategies for high-value-added sectors are of great importance. Furthermore, increasing
strategic investments in air cargo transportation and logistics infrastructure will significantly
contribute to the sustainability of economic growth by strengthening countries' integration
into global value chains.
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