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Abstract 

This study examines the asymmetric effects of financial development, economic growth, trade openness, and 

inflation on CO2 emissions in Türkiye over the period 1976-2024 using a nonlinear autoregressive 

distributed lag (NARDL) approach. The results of the bounds test provide evidence of a cointegrating 

relationship among the variables. The empirical results demonstrate that, in the long term, negative shocks to 

financial development lead to a significant increase in CO₂ emissions, whereas positive shocks have no 

statistically significant effect. Similarly, in the long term, trade expansion increases emissions, while 

contractions in trade volume do not reduce them; short-run trade impacts, however, remain symmetric. This 

finding suggests that credit contractions adversely affect environmental quality. Positive inflation shocks 

temporarily raise CO2 emissions in the short run but reduce them in the long run through the contraction of 

aggregate demand. Overall, the results point to the need for nonlinear policy frameworks in Türkiye that 

account for financial stability. 
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Türkiye’de Finansal Gelişme CO₂ Emisyonlarını Asimetrik Olarak Etkiler mi? NARDL Yaklaşımı 

 

Öz 

Bu çalışma, 1976-2024 dönemi için Türkiye’de finansal gelişme, ekonomik büyüme, ticari dışa açıklık ve 

enflasyonun CO2 emisyonları üzerindeki asimetrik etkilerini doğrusal olmayan gecikmeli dağıtılmış 

otoregresif (NARDL) yaklaşımıyla incelemektedir. Sınır testi, değişkenler arasında bir eşbütünleşme ilişkisi 

olduğunu doğrulamaktadır. Ampirik bulgular, uzun dönemde finansal gelişmeye yönelik negatif şokların 

emisyonları anlamlı biçimde artırdığını, pozitif şokların ise anlamlı bir etkisi olmadığını göstermektedir. 

Benzer şekilde, uzun dönemde ticari genişleme emisyonları artırırken, ticaret hacmindeki daralmalar 

emisyonları azaltmamaktadır; kısa dönemli ticari etkiler ise simetriktir. Bu durum, kredi daralmalarının 

çevresel kaliteyi olumsuz etkilediğine işaret etmektedir. Pozitif enflasyon şokları kısa dönemde emisyonları 

geçici olarak artırsa da, uzun dönemde toplam talebin daralması yoluyla emisyonları azaltır. Genel olarak 

sonuçlar, Türkiye’de finansal istikrarı da dikkate alan doğrusal olmayan politika çerçevelerine ihtiyaç 

olduğunu göstermektedir. 
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1. Introduction 

Over the past fifty years, Türkiye has experienced sustained economic growth 

alongside major shifts in trade policy, financial liberalization, and energy consumption. 

Its macroeconomic structure has evolved considerably, from the export-oriented reforms 

initiated in the 1980s to the subsequent deepening of financial liberalization. This process 

was often accompanied by periods of high inflation. Each of these structural transitions 

likely affected Türkiye’s carbon emissions in different ways. 

A substantial body of empirical research has investigated the changing interplay 

between macroeconomic performance and environmental quality. The EKC hypothesis 

posits that the association between economic growth and environmental degradation 

follows an inverted-U shape, whereby environmental deterioration increases during the 

early stages of economic development but subsequently diminishes as countries reach 

higher income levels (Grossman & Krueger, 1991). Pollution intensifies during the initial 

stages of growth, then declines after income reaches a certain threshold. Although widely 

debated and tested, the hypothesis remains inconclusive in many developing economies, 

where the turning point is often difficult to identify (Sirag et al., 2018; Pata, 2019; Alkan 

& Bulut, 2022; Guliyev & Seyfullayev, 2025; Koç et al., 2025). 

Financial development is also closely linked to environmental outcomes. A more 

developed financial sector can support cleaner technologies and green infrastructure by 

channeling capital into environmental innovation. At the same time, broader access to 

credit can fuel carbon-intensive consumption and production, potentially increasing 

emissions (Tamazian et al., 2009; Shahbaz et al., 2013). Emerging empirical evidence 

indicates that the environmental effects of financial expansion and contraction may be 

asymmetric and vary across countries (Majeed et al., 2020; Raggad, 2020; Ling et al., 

2021). 

The existing literature on the finance–environment nexus in Türkiye largely relies 

on symmetric ARDL or VECM frameworks, which assume that macroeconomic 

expansions and contractions have identical environmental effects (Dar & Asif, 2018; 

Gokmenoğlu & Sadeghieh, 2019). Departing from this linear approach, this study 

contributes to the literature by introducing inflation as an asymmetric determinant of 

environmental degradation, alongside the finance-growth nexus (Uysal & Çayır, 2023). 

Using an updated dataset covering 1976–2024, the study captures Türkiye’s major 

structural transitions, including trade liberalization and periods of high inflation. It also 

links monetary instability with carbon emissions, offering a policy-relevant framework 

for coordinating price stability and net-zero objectives. 

2. Literature Review 

For the past twenty years, extensive empirical inquiries have continuously 

integrated various macroeconomic forces to map the trajectories of CO2 emissions. This 
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section presents the literature, organized by the study’s explanatory variables.  

At the cross-country level, Khan and Öztürk (2021) investigated how financial 

development directly and indirectly influences CO₂ emissions. Khan and Yoon (2021) 

indicated that financial instability leads to higher carbon emissions. They based their 

findings on a panel of 88 developing economies between 1980 and 2014. Regarding the 

application of nonlinear methodologies, the NARDL framework has emerged as the 

dominant tool for capturing asymmetric dynamics. Ahmad et al. (2018) applied it in the 

Chinese context from 1980 to 2014. Their findings yielded no statistically significant 

evidence of asymmetry. Fu et al. (2022) confirmed this conclusion for China, thereby 

providing further support for the symmetric-effects hypothesis in that context. Lahiani 

(2019), however, contributed to the growing evidence on the nonlinear character of the 

finance–environment nexus in China.  

In South Asian contexts, asymmetric effects have been more consistently 

documented. Majeed et al. (2020) analyzed data from Pakistan from 1972 to 2018 and 

found that CO₂ emissions were more strongly affected by negative financial shocks than 

by positive ones. Using data for Pakistan covering the period 2000–2024, Farooq et al. 

(2025) found that upward financial shocks tended to increase emissions, whereas 

downward shocks have the opposite effect. Using asymmetric estimation, Rahman et al. 

(2019) verified the simultaneous validity of the Pollution Haven Hypothesis (PHH) and 

EKC. Similarly, Neog and Yadava (2020) confirmed the existence of statistically robust 

long-run asymmetric cointegration in India, noting that the positive component of 

financial development loses all explanatory power. 

In the Middle East and Gulf region, Raggad (2020) found that downward shocks to 

financial development are significantly associated with changes in CO₂ emissions in 

Saudi Arabia. Ibrahim et al. (2021) confirmed substantial long-term associations among 

financial development, growth, and CO2 emissions in the Gulf states. Hasanov et al. 

(2024) employed the Asymmetric Pooled Mean Group estimator for GCC economies. 

They concluded that while financial expansion exerts a comparatively weaker impact on 

CO2 emissions, financial contractions trigger a much stronger environmental response, 

thereby validating asymmetric behavior. 

For African economies, Mensah and Abdul-Mumuni (2022) applied a panel 

NARDL specification to 31 sub-Saharan African countries. They demonstrated that both 

the expansion and contraction of financial systems significantly affect carbon outcomes. 

Das et al. (2023) examined Bangladesh from 1980 to 2020 within a nonlinear bound-

testing framework. They similarly confirmed that financial development exerted 

asymmetric influences on emissions. Ling et al. (2021) undertook a study in China that 

identified the positive effects of financial development. Even after accounting for 

globalization and abundant natural resources, their study showed that there is still 

significant upward pressure on carbon emissions. Mujtaba and Jena (2021) built on prior 

asymmetric research, using the NARDL approach. Qalati et al. (2023) compared 
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developed and developing economies. They found that expanding financial activity and 

trade simultaneously elevate carbon risks in both country groups. 

In Turkish literature, most current studies rely on linear forecasting strategies. Dar 

and Asif (2018) applied threshold cointegration over 1960-2013. They found that 

advancements in the financial sector actively support improvements in environmental 

quality in Türkiye (Gökmenoğlu et al., 2021; İlarslan et al., 2022; Ozturk, I. & Acaravci, 

2013). Gökmenoğlu and Sadeghieh (2019) identified a positive, long-term correlation 

between financial indicators and CO2 emissions. Rjoub et al. (2021) confirmed that the 

relationship between growth and CO2 emissions was significantly moderated by financial 

development between 1960 and 2016. Tatar and Çeştepe (2024) employed the fractional-

frequency Fourier ADL cointegration method for the period from 1995 to 2019. The 

authors determined that greater financial deepening contributed to rising CO₂ emissions. 

Bayat et al. (2023) identified a positive association between financial development and 

CO₂ emissions. As a result, they interpreted it as consistent with EKC validity. Uysal and 

Çayır (2023) applied the NARDL model and established that stock-market-based 

financial development exerted asymmetric and statistically significant effects on 

environmental quality. 

Several studies point to its emissions-augmenting role. Pata (2019) incorporated 

trade openness into a bootstrap ARDL framework for Türkiye and confirmed its 

environmental relevance. Acaroğlu et al. (2023) similarly found that trade liberalization 

raises CO₂ emissions in Türkiye over the long run. At the global level, Taşdemir (2022) 

analyzed 87 countries and found that trade openness intensifies pollution in emerging and 

developing economies while reducing it in advanced ones. The findings suggest a 

threshold-dependent relationship. Suleman et al. (2024) reinforced this pattern by 

demonstrating that highly open economies face greater emissions exposure from trade. 

Mignamissi et al. (2024) validated the PHH for Africa using the STIRPAT framework, 

confirming that trade openness systematically elevates regional emissions. Mahmood et 

al. (2019) detected asymmetric trade-related emission effects in Tunisia. Jun et al. (2020) 

reached similar conclusions for China. Udeagha and Breitenbach (2023) applied the 

NARDL to the SADC region. They uncovered mixed asymmetric evidence across 

member states. Vacu-Ngqila and Odhiambo (2025) examined South Africa and found that 

positive trade shocks result in a short-term reduction in emissions. 

Regarding inflation as a determinant of carbon emissions, the literature remains 

divided. Grolleau and Weber (2024) conducted a broad cross-country analysis spanning 

189 nations from 1970 to 2020. They identified a statistically modest inverse nexus 

between inflation and per capita CO₂ emissions. Ünsal (2025) focused on nine developing 

economies, including Türkiye, over 1990-2020. Alkan et al. (2024) confirmed this inverse 

pattern across OECD, G20, and EU member states. In contrast, Zheng et al. (2024) 

employed the NARDL approach. They analyzed Chinese data. They found that inflation 

has a positive and statistically significant effect on CO₂ emissions. Alshafeey and Saleh 
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(2024) identified non-linear emission responses to inflation in the USA, the EU, and 

China. Akan et al. (2023) revealed that the inflation-emissions relationship varies across 

stable and shock periods and differs by country income level.  

According to Afşar and Yüksel (2022), expansionary financial shocks improve 

environmental quality, whereas contractionary shocks have a detrimental effect by 

accelerating carbon emissions. Simsek and Eren (2024) stated that financial development 

in Türkiye leads to higher CO2 emissions over time. Consequently, any policy framework 

aimed at achieving sustainable environmental quality in Türkiye must explicitly 

incorporate strategies to reduce the adverse environmental effects of both financial 

development and FDI (Katircioglu & Tasinar, 2017; Pata & Yurtkuran, 2018; Doğanlar et 

al., 2021; Adebayo et al., 2022; Yıldız, 2023). According to ARDL evidence from 

Türkiye by Şeyranlıoğlu (2024), financial deepening serves as a long-run mitigant of CO2 

emissions. Aydın (2025) found that price stability lacks a significant direct effect on CO2 

emissions. Furtuna and Atis (2024), examining carbon-intensive economies, uncovered a 

U-shaped relationship between FDI and CO2 emissions. Demir (2023) found that long-run 

income growth increases CO₂ emissions. 

Overall, the literature shows a high degree of heterogeneity. Some studies identify 

financial deepening as a driver of environmental degradation (Shahbaz et al., 2013; 

Ahmad et al., 2018), whereas others suggest that financial efficiency can support greener 

investment. These differences appear to reflect methodological choices, sample 

composition, and countries' levels of development. Against this background, the present 

study departs from symmetric ARDL and VECM approaches by employing NARDL to 

separately capture positive and negative shocks. It also integrates inflation as an 

asymmetric determinant of environmental outcomes, which allows a more comprehensive 

policy interpretation for Türkiye. 

3. Methodology, Variables and Data 

This section outlines the methodological framework, variables, and data sources 

employed in the present study. It provides a detailed exposition of the specific tests and 

results utilized to assess the statistical significance of the constructed NARDL model. 

3.1.  Methodology 

The empirical investigation utilizes annual time-series data for Türkiye spanning 

1976–2024. In this analysis, CO₂ emissions serve as the dependent variable, while real 

GDP, inflation, trade openness, and financial development are incorporated as key 

macroeconomic explanatory variables. The relevant annual data were sourced from the 

World Bank’s World Development Indicators and the Electronic Data Delivery System 

(EVDS) of the Central Bank of the Republic of Türkiye. 

All variables are converted into natural logarithms to stabilize variance before 

running the regressions. To meet the cointegration prerequisite that no variable is integrated 
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of order two (I(2)), stationarity properties are first evaluated via the Augmented Dickey-

Fuller (ADF) and Phillips-Perron (PP) tests. Asymmetric transmissions are subsequently 

modeled using the nonlinear autoregressive distributed lag (NARDL) approach of Shin et 

al. (2014).  

Once cointegration is established, the NARDL model estimates the long-run 

parameters and uses Wald restrictions to test for both short- and long-run asymmetric 

behavior. This formulation determines if CO2 emissions respond heterogeneously to 

expansionary versus contractionary shifts in GDP, financial development, trade, and 

inflation. Model reliability is verified through a comprehensive suite of diagnostic checks 

specifically testing for serial correlation, heteroskedasticity, and residual normality, 

complemented by parameter stability graphs and the error-correction coefficient, which 

captures the transient speed of adjustment. 

The baseline log-linear model used to examine the relationship between carbon 

emissions and the selected macroeconomic variables is specified as follows: 

𝑙𝑛𝐶𝑂2𝑡 = 𝑓(𝑙𝑛𝐺𝐷𝑃𝑡 , 𝑙𝑛𝐹𝐷𝑡, 𝑙𝑛𝐼𝑁𝐹𝑡 , 𝑙𝑛𝑇𝑡)                                                                               (1)  

Accordingly, the long-run model can be written as: 

𝑙𝑛𝐶𝑂2𝑡 = 𝛽1 + 𝛽𝐺𝐷𝑃𝑙𝑛𝐺𝐷𝑃𝑡 + 𝛽𝐹𝐷𝑙𝑛𝐹𝐷𝑡 + 𝛽𝐼𝑁𝐹𝑙𝑛𝐼𝑁𝐹𝑡 + 𝛽𝑡𝑙𝑛𝑇𝑡 + µ𝑡                          (2)   

While conventional ARDL specifications assume symmetric interactions, this study 

adopts the Nonlinear ARDL framework developed by Shin et al. (2014). By decomposing 

the independent variables into positive and negative partial sums, this methodology 

enables a distinct examination of the dynamic effects of upward and downward shocks on 

emissions. 

The empirical analysis commences with unit root testing to establish the integration 

order of each variable, as the cointegration framework strictly stipulates that no series 

must be integrated of order two (I(2)) or higher. Stationarity is evaluated using both the 

ADF (Dickey & Fuller, 1981) and PP (Phillips & Perron, 1988) tests. These tests were 

applied at levels and first differences. The following regression specification forms the 

basis of the ADF test: 

∆𝑦𝑡 = 𝑎 + 𝛽𝑡 + 𝛾𝑦𝑡𝑡−1 + ∑ 𝛿𝑗∆𝑦𝑡−𝑖

𝑝

𝑖=1

+ 𝜀𝑡                                                                              (3) 

The PP test is used to check robustness. It uses a special type of correction to the t-

statistic to address problems such as serial correlation and heteroskedasticity, without 

requiring a specified lag structure. The following regression is estimated using the PP 

test: 

𝑦𝑡 = 𝑎 + 𝛽𝑦𝑡𝑡−1 + 𝛿(𝑡 −
𝑇

2
) + 𝜀𝑡                                                                                                (4) 
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In accordance with econometric standards, the ADF test and the Error Correction 

Model (ECM) are frequently used to analyze the long-term dynamics of macroeconomic 

variables. While these techniques are robust in capturing dynamic interactions, traditional 

linear frameworks often operate under the restrictive assumption of symmetry. To 

overcome the limitations of conventional linear models and adequately capture structural 

asymmetries, Shin et al. (2014) extended the original ARDL, and cointegration 

frameworks developed by Pesaran et al. (1999, 2001). 

The empirical long-run asymmetric equation for CO₂ emissions can be specified as 

follows: 

𝑙𝑛𝐶𝑂2𝑡 = 𝛿0 + 𝛿1(𝑙𝑛𝐺𝐷𝑃𝑡
+) + 𝛿2(𝑙𝑛𝐺𝐷𝑃𝑡

−) +  𝛿3(𝑙𝑛𝐹𝐷𝑡
+) + 𝛿4(𝑙𝑛𝐹𝐷𝑡

−) + 𝛿5(𝑙𝑛𝐼𝑁𝐹𝑡
+)

+ 𝛿6(𝑙𝑛𝐼𝑁𝐹𝑡
−) + 𝛿7(𝑙𝑛𝑇𝑡

+) + 𝛿8(𝑙𝑛𝑇𝑡
−) + 𝜖𝑡                                            (5)  

Here, δ represents the vector of coefficients corresponding to the long-run 

parameters to be estimated. To capture potential asymmetric dynamics, each explanatory 

variable is decomposed into its respective positive and negative partial sums: 

𝑙𝑛𝐺𝐷𝑃+ = ∑ 𝑙𝑛𝐺𝐷𝑃𝑡
+ =

𝑡

𝑖=1

∑ max(∆𝑙𝑛𝐺𝐷𝑃𝑖, 0)                                                                    (6)

𝑡

𝑖=1

 

𝑙𝑛𝐺𝐷𝑃− = ∑ 𝑙𝑛𝐺𝐷𝑃𝑡
− =

𝑡

𝑖=1

∑ min(∆𝑙𝑛𝐺𝐷𝑃𝑖, 0)

𝑡

𝑖=1

                                                                    (7) 

𝑙𝑛𝐹𝐷+ = ∑ 𝑙𝑛𝐹𝐷𝑡
+ =

𝑡

𝑖=1

∑ max(∆𝑙𝑛𝐹𝐷𝑖, 0)

𝑡

𝑖=1

                                                                            (8) 

𝑙𝑛𝐹𝐷− = ∑ 𝑙𝑛𝐹𝐷𝑡
− =

𝑡

𝑖=1

∑ min(∆𝑙𝑛𝐹𝐷𝑖, 0)

𝑡

𝑖=1

                                                                             (9) 

𝑙𝑛𝐼𝑁𝐹+ = ∑ 𝑙𝑛𝐼𝑁𝐹𝑡
+ =

𝑡

𝑖=1

∑ max(∆𝑙𝑛𝐼𝑁𝐹𝑖, 0)

𝑡

𝑖=1

                                                                    (10) 

𝑙𝑛𝐼𝑁𝐹− = ∑ 𝑙𝑛𝐼𝑁𝐹𝑡
− =

𝑡

𝑖=1

∑ min(∆𝑙𝑛𝐼𝑁𝐹𝑖, 0)

𝑡

𝑖=1

                                                                     (11) 

𝑙𝑛𝑇+ = ∑ 𝑙𝑛𝑇𝑡
+ =

𝑡

𝑖=1

∑ max(∆𝑙𝑛𝑇𝑖, 0)

𝑡

𝑖=1

                                                                                   (12) 
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𝑙𝑛𝑇− = ∑ 𝑙𝑛𝑇𝑡
− =

𝑡

𝑖=1

∑ min(∆𝑙𝑛𝑇𝑖, 0)

𝑡

𝑖=1

                                                                                    (13) 

The NARDL framework, introduced and developed by Shin et al. (2014), is 

presented in the following functional form:  

∆𝑙𝑛𝐶𝑂2,𝑡 = 𝜗0 + 𝜗1𝑙𝑛𝐶𝑂2,𝑡−1 + 𝜗2(𝑙𝑛𝐺𝐷𝑃𝑡−1
+ ) + 𝜗3(𝑙𝑛𝐺𝐷𝑃𝑡−1

− ) + 𝜗4(𝑙𝑛𝐹𝐷𝑡−1
+ )

+ 𝜗5(𝑙𝑛𝐹𝐷𝑡−1
− ) + 𝜗6(𝑙𝑛𝐼𝑁𝐹𝑡−1

+ ) + 𝜗7(𝑙𝑛𝐼𝑁𝐹𝑡−1
− ) + 𝜗8(𝑙𝑛𝑇𝑡−1

+ )

+ 𝜗9(𝑙𝑛𝑇𝑡−1
− ) + ∑ 𝛾𝑖1∆𝑙𝑛𝐶𝑂2,𝑡−𝑖

𝑚

𝑖=1

+ ∑ 𝛾2𝑖(∆𝑙𝑛𝐺𝐷𝑃𝑡−𝑖
+ )

𝑛

𝑖=0

+ ∑ 𝛾3𝑖(∆𝑙𝑛𝐺𝐷𝑃𝑡−𝑖
− )

𝑝

𝑖=0

+ ∑ 𝛾4𝑖(∆𝑙𝑛𝐹𝐷𝑡−𝑖
+

𝑞

𝑖=0

) + ∑ 𝛾5𝑖(∆𝑙𝑛𝐹𝐷𝑡−𝑖
− )

𝑟

𝑖=0

+ ∑ 𝛾6𝑖(∆𝑙𝑛𝐼𝑁𝐹𝑡−𝑖
+ )

𝑠

𝑖=0

+ ∑ 𝛾7𝑖(∆𝑙𝑛𝐼𝑁𝐹𝑡−𝑖
− )

𝑡

𝑖=0

+ ∑ 𝛾8𝑖(∆𝑙𝑛𝑇𝑡−𝑖
+ )

𝑢

𝑖=0

+ ∑ 𝛾9𝑖(∆𝑙𝑛𝑇𝑡−𝑖
− )

𝑣

𝑖=0

+ 𝜇𝑡                                                                                                              (14) 

3.2. Variables and Data 

This study uses the following variables: CO₂ is measured in metric tons of CO₂ 

equivalent per capita (Abbasi & Riaz, 2016; Al-mulali and Binti Che Sab, 2012; Shahbaz 

et al., 2013; Salahuddin et al., 2018; Lv & Li, 2021). We represent economic growth with 

real GDP per capita in constant 2015 US dollars (Odhiambo, 2009; Shahbaz et al., 2013). 

rade openness is measured as the sum of exports and imports as a percentage of GDP. 

Trade openness is measured by the sum of exports and imports and expressed as a 

percentage of GDP (Hao et al., 2016; Shahbaz et al., 2013; Lv & Li, 2021). Inflation is 

measured as the annual percentage change in the Consumer Price Index (CPI), a principal 

indicator of the general price level (Sarwar et al., 2021). Financial development is 

measured as the ratio of domestic credit extended by banks to the private sector to GDP, 

expressed as a percentage (Nik et al., 2013). Table 1 presents the variables and their 

sources. 
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Table 1 

Variables and Sources  

Variables Notation Measurement Source 

Dependent Variable    

CO₂ Emissions CO2 t CO2e/capita WDI 

Independent Variables    

Economic Growth GDP GDP per capita (constant 2015 US$) WDI 

Trade Openness T Trade (% of GDP) WDI 

Inflation INF Consumer prices (annual % growth) TCMB/EVDS 

Financial Development  FD 
Domestic credit to private sector by 

banks (% of GDP) 
WDI 

  

The mean value for CO2 emissions is 3.3747, with a relatively modest standard 

deviation of 1.1940; economic indicators such as GDP and INF exhibit much higher 

volatility, as evidenced by their substantial spreads and wide gaps between minimum and 

maximum values.  

Table 2 

Descriptive Statistics 

Variables Mean Max. Min. Std. Dev. Jarque-Bera Prob. 

CO2 3.3747 5.4750 1.7141 1.1940 3.5811 0.1668 

GDP 7485.6 15395 3842 3334.2 6.3285 0.0422 

FD 29.914 69.612 13.336 18.314 8.7654 0.0124 

T 42.097 79.898 9.0997 15.310 0.1168 0.9432 

INF 40.310 105.21 6.2509 29.121 3.6666 0.1598 

 

4. Results and Discussion 

To ensure structural reliability within the NARDL specification and safeguard 

against spurious estimates, we first established the order of integration for each 

underlying series. The ADF results indicate that the variables in question are non-

stationary in levels, a finding corroborated by the PP test results. Both tests confirm that 

all variables are integrated of order one, I (1). These are systematically documented in 

Table 3. 
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Table 3 

ADF and PP Test Results 
 ADF  PP  

Variables At Level At First Dif. At Level At First Dif. 

lnCO2 -0.8799 -6.4406*** -0.9079 -7.4877*** 

lnGDP 1.4242 -6.5779*** 1.8282 -6.5771*** 

lnFD -2.050 -9.2959*** -2.1930 -9.3423*** 

lnT -3.1237 -5.5733*** -2.0553 -5.9842*** 

lnINF -1.4258 -6.1636*** -1.5221 -6.1590*** 

Notes: ***, **, * show the significance at the 1%, 5% and 10% levels respectively. 

Source: Author’s calculation 

The results of the ADF and PP unit root assessments, which were conducted at both 

levels and in first differences, are documented. In contrast, after converting the variables 

to their first differences, all series become significant at the 1% level in both testing 

methods. Specifically, the test statistics for lnCO2, lnGDP, lnFD, lnT, and lnINF are 

highly negative and statistically robust.  

The NARDL-bounds testing method was used to assess whether there is a long-

term relationship among CO2, GDP, FD, trade, and inflation. The results are presented in 

Table 4. 

Table 4 

Non-linear ARDL Bounds Test Results 

   
Critical Values 

%5 

Critical Values 

%10 

Model 
F -

Statistics 

Lag 

Selection 
Lag I (0) I (1) I (0) I (1) 

F (CO2, GDP, 

FD, T, INF) 
17.7016 SIC (1,1,0,1,1) 2.11 3.15 1.85 2.85 

Notes: All variables were calculated in their natural logarithmic forms. 

Source: Author’s calculation 

The NARDL bounds test shows a strong connection between CO2, GDP, FD, T, 

and INF over time. This was determined using the optimal lag structure (1, 1, 0, 1, 1) 

based on the Schwarz Information Criterion (SIC). The F-statistic of 17.7016 exceeds the 

upper-bound critical values of 3.15 at the 5% level and 2.85 at the 10% level.  

In dynamic macroeconomic frameworks, the transmission speed and structural 

behavior of shocks can inherently differ across distinct temporal horizons. Therefore, 

establishing a methodologically rigorous NARDL framework necessitates testing both 

short-run and long-run asymmetries via separate Wald restrictions. 
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Table 5  

Wald test results 

Variables Chi-square Statistic df p-value 

Long-run asymmetry    

lnGDP (-1) 0.1571 1 0.6918 

lnFD  4.2136 1 0.040** 

lnT (-1) 11.976 1 <0.001*** 

lnINF (-1) 10.784 1 0.001*** 

Short-run asymmetry    

lnFD (-1) 15.352 1 <0.001*** 

lnT (-1) 2.1705 1 0.1406 

lnINF (-1) 8.2371 1 0.004*** 
Notes: ***, **, * show the significance at the 1%, 5% and 10% levels, respectively. 

Source: Author’s calculation  

The Wald test indicates no statistical significance of long-run asymmetry (WLRGDP 

= 0.1571). This indicates that, although the point estimates differ, there is no formal 

confirmation of asymmetry between positive and negative GDP shocks. The Wald test 

confirms a statistically significant long-run asymmetry for financial development (WLRFD 

= 4.2136, p < 0.05). Asymmetry statistics (WSRFD = 15.352, p < 0.001) imply that the 

short-run Wald statistic indicates that temporary financial shocks and changes in credit 

supply generate asymmetric adjustments in CO₂ emissions. 

Trade openness exhibits fundamentally distinct asymmetric behavior that depends 

entirely on the time horizon. The null hypothesis of symmetry cannot be rejected (WSRT = 

2.1705, p = 0.1406), indicating that temporary fluctuations in international trade volumes 

affect environmental parameters through a symmetric adjustment path. However, in the 

long-run steady state, the symmetry restriction is rejected at the 1% level (WLRT = 11.976, 

p < 0.001). This temporal divergence indicates that while short-run trade adjustments are 

linear, the cumulative, structural consequences of trade globalization and liberalization 

are non-invertible; structural integration into global markets may generate persistent 

environmental pressures that cannot be symmetrically offset or erased during periods of 

trade contraction.  

Macroeconomic stability, proxied by inflation, demonstrates robust and highly 

consistent non-linearities across all periods, with symmetry being completely rejected at 

the 1% level for short-run (WSRINF = 8.2371, p < 0.01) and at the 1% level for the long-

run spectra (WLRINF = 10.784, p < 0.01). This rigorous finding establishes that price 

instability alters environmental outcomes through structurally uneven pathways. In the 

short run, inflationary spikes cause sudden adjustments in pricing and production 

strategies that asymmetrically shock emission behaviors. In the long run, this manifests as 

asymmetric friction: positive inflationary shocks significantly reduce emissions by 

suppressing aggregate domestic demand and slowing carbon-intensive consumption, 



136 Ahmet Oğuz AKGÜNEŞ – Furkan YILDIZ 
 

 

whereas deflationary or price-stable periods do not exert a symmetrical counterbalancing 

environmental force.  

Non-linear ARDL long-run estimate results are presented in Table 6. 

Table 6 

Non-linear ARDL Long-run Estimate Results 

Variable Coefficient t-Statistics p-Value 

lnGDP+ (-1) 0.6504 3.4959 0.001*** 

lnGDP- (-1) 0.7696 2.7895 0.001*** 

lnFD+ 0.0047 0.4099 0.68 

lnFD- 0.0514 2.2783 0.02** 

lnT+ (-1) 0.1445 3.3195 0.001*** 

lnT- (-1) -0.1892 -1.4183 0.16 

lnINF+ (-1) -0.0812 -3.8137 0.001*** 

lnINF- (-1) 0.0297 1.4760 0.14 

C 0.3990 4.1631 0.001*** 

Diagnostic Tests 

Adjusted R2
 0.5776 J-B normality test (Prob.) 0.6864 

F statistic 6.2431*** Serial correlation (Prob.) 0.4420 

D-W stat.  1.7541 ARCH heteroskedas. (Prob.) 0.3884 
Notes: ***, **, * show the significance at the 1%, 5% and 10% levels respectively. 

Source: Author’s calculation  

In the long run, both positive lnGDP shocks (lnGDP+ = 0.6504, p < 0.01) and 

negative growth shocks (lnGDP- = 0.7696, p < 0.01) are statistically significant. 

Financial development exhibits an asymmetric pattern in the long-run relationship. 

Positive shocks to financial development do not have a statistically significant effect on 

CO₂ emissions (lnFD⁺ = 0.0047). Negative shocks (lnFD⁻ = 0.0514) are significant at the 

5% level. FD contractions are associated with increased CO2 emissions, possibly because 

reduced access to credit constrains investment in cleaner technologies and energy-

efficient infrastructure. 

Trade openness (T) also exhibits asymmetric behavior. Positive shocks to trade 

(lnT⁺ = 0.1445) significantly increase CO₂ at the 1% level. Statistically, there is no 

notable impact of negative shocks to trade on CO2 emissions (lnT⁻ =-0.1892). This 

finding suggests that contractions in trade do not necessarily lead to lower emissions. 

Inflation (INF) also displays a noteworthy pattern. Positive shocks to inflation (lnINF⁺ = -

0.0812) significantly reduce CO₂ emissions at the 1% significance level. Rising prices 

may curtail economic activity and energy demand, thereby lowering emissions. 

Conversely, negative shocks to inflation (lnINF⁻ = 0.0297) show no significant effect. 
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Table 7 

Short-run Estimate Results 

Variable Coefficient t-Statistics p-Value 

lnGDP-  -0.4831 -2.2110 0.05** 

lnFD+ (-1) -0.0705 -5.6624 <0.001*** 

lnFD- (-1) 0.1080 6.0521 0.001*** 

lnINF+ (-1) 0.0697 3.2349 0.002*** 

lnINF- (-1)  -0.0599 -4.2278 <0.001*** 

lnT+ (-1) 0.1534 3.2511 0.003*** 

lnT- (-1) -0.1620 -2.2267 0.043** 

CointEq (-1) / ECTt-1 -0.8848 -10.6053 0.001*** 
Notes: ***, **, * show the significance at the 1%, 5% and 10% levels respectively. 

Source: Author’s calculation  

The error-correction coefficient is negative and statistically significant at the 1% 

level (ECTₜ₋₁ = −0.8848), confirming convergence toward the long-run equilibrium. Its 

magnitude indicates that approximately 88.48% of the preceding period’s disequilibrium 

is corrected within one year. 

The coefficient on negative shocks in GDP (lnGDP) is -0.4831 and statistically 

significant at the 5% level (p < 0.05). The negative coefficient of lnGDP− suggests that 

adverse growth shocks are associated with an inverse short-run adjustment in CO₂ 

emissions, indicating that the response of emissions to economic contractions differs from 

that to expansions. 

Positive shocks (lnFD+) that increase FD mitigate CO2 emissions. Conversely, 

negative shocks (lnFD- = 0.1080) increase CO2 emissions through contractions or 

downturns in financial markets. Specifically, while financial expansion reduces CO2 

emissions, financial contraction augments them. Given that the coefficients differ in both 

absolute magnitude and direction, the short-run impact of FD on CO2 emissions is 

asymmetric. In the short run, positive shocks to trade volume significantly increase the 

dependent variable (lnT+ = 0.1534), and negative shocks mitigate CO₂ emissions (lnT- = -

0.1620). Fluctuations in trade liberalization and foreign trade volume directly shape these 

short-term dynamics. However, as confirmed by the Wald test results (WSRT = 2.1705), 

these short-run responses follow a symmetric adjustment path, indicating that trade 

fluctuations do not produce asymmetric environmental effects in the short term. 

The empirical findings reveal a distinct structural differentiation in the impact of 

inflation shocks across different time horizons. Positive shocks to inflation (lnINF+) exert 

a positive and statistically significant impact on CO₂ emissions (lnINF+= 0.0697, p 

<0.01). This short-term positive relationship can be attributed to initial demand-pull 

pressures and immediate energy-intensive adjustments within the production sector 

before market agents fully adapt to price instability.  
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Conversely, in the long run, positive inflation shocks (lnINF+) are significant 

(lnINF+ =-0.0812, p <0.01). This long-term reversal aligns perfectly with economic 

theory: persistent inflationary pressures eventually erode domestic purchasing power, 

heighten macroeconomic uncertainty, and depress aggregate industrial investment. 

Consequently, the resulting long-term economic deceleration leads to a structural 

contraction in industrial activity, thereby driving down aggregate CO₂ emissions over 

time. This dual-horizon asymmetry highlights the necessity of decomposing price shocks, 

as transitory short-term environmental degradation shifts toward a contraction-induced 

decline in emissions. 

The model passes all standard diagnostic checks. The residuals are normally 

distributed (p = 0.6864). No evidence of autocorrelation (p = 0.4420). The ARCH test 

confirms the absence of heteroskedasticity in the residuals, supporting the model's 

assumption of constant variance (p = 0.3884). The Durbin-Watson statistic, calculated 

using the value 1.7541, is close to 2. This further supports the conclusion that there is no 

autocorrelation. The model explains approximately 57.8% of the variation in CO₂ 

emissions (Adjusted R2 = 0.5776). Meanwhile, an F-statistic of 6.2431 (p < 0.01) verifies 

the model's overall significance. 

Figure 1 presents the CUSUM and CUSUM of Squares stability test results. 

Figure 1 

CUSUM and CUSUM of Squares Plots 
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The CUSUM plots show that the cumulative sums of recursive residuals lie within 

the critical limits. Consequently, the test statistics remain within the 5% critical bounds, 

supporting parameter stability over the sample period., indicating that the estimated 

parameters remain stable and time-invariant throughout the period under analysis. 

Similarly, the CUSUM of squares test remains within its critical limits, suggesting the 

absence of abrupt structural changes or instability in the regression equation's variance. 

Overall, these outputs confirm that the estimated NARDL model is both stable and robust 

for making inferences. The cumulative dynamic multiplier plots are presented in Figure 2. 
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Figure 2 

The Cumulative Dynamic Multiplier Graphs 

        
 

   
 

The dynamic multiplier graphs confirm the cumulative asymmetric adjustment of 

CO₂ emissions. Positive and negative trade shocks generate adjustment paths of different 

magnitudes, confirming the importance of distinguishing between upward and downward 

changes in trade openness. The positive effect of trade expansion also provides support 

for the Pollution Haven Hypothesis. Positive inflation shocks reduce emissions through 

demand contraction, while negative shocks show a weaker, transient effect. These 

findings reinforce the NARDL results, indicating that symmetric policy frameworks may 

fail to address Türkiye’s actual emission dynamics. 
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Regarding financial development, the long-run normalized estimates reveal a clear 

pattern of structural asymmetry. Positive shocks to financial development (lnFD+) do not 

produce a statistically significant long-run effect on CO₂ emissions, whereas negative 

shocks to financial development (lnFD-) yield a positive and statistically significant long-

run impact. Economically, this implies that financial contractions or credit-supply 

constraints are associated with greater environmental degradation in Türkiye.  The 

underlying transmission mechanism can be explained through corporate survival 

strategies during credit crunches: when financial markets contract, domestic firms face 

acute liquidity shortages and high borrowing costs. Consequently, they prioritize 

immediate operational survival over long-term sustainability, freezing capital-intensive 

investments in green technology, energy-efficient infrastructure, and cleaner production 

processes. This finding aligns with Majeed et al. (2020); Raggad (2020); Das et al. 

(2023); Hasanov et al. (2024) but clarifies the conflicting linear results in the Turkish 

context, demonstrating that the eco-friendly benefits of financial expansion are erased 

during periods of financial stress. 

The significant influence of T on emissions provides empirical support for the 

validity of the “Pollution Haven Hypothesis” in Türkiye. This finding aligns with the 

results reported by Mignamissi et al. (2024) in other emerging markets. However, the 

emissions-reducing effect of positive inflation shocks identified in this study offers a 

novel perspective that diverges from traditional EKC-focused research.  This result 

suggests that inflationary pressure in Türkiye constrains energy-intensive aggregate 

demand, a mechanism also noted by Ünsal (2025). 

5. Conclusion 

This study examined the asymmetric effects of FD, GDP, T, and INF on CO₂ in 

Türkiye between 1976 and 2024 using the NARDL framework. The bounds test and the 

error-correction coefficient confirmed a stable long-run relationship among the variables. 

They also indicated that Türkiye's growth process continues to cause significant 

environmental damage. The positive long-run GDP coefficients suggest that economic 

expansion continues to increase CO₂ emissions, which is broadly consistent with the 

mixed EKC evidence reported for Türkiye and other developing economies. Türkiye has 

not yet reached the stage of economic development where environmental improvements 

occur naturally with rising income (Akça, 2021; Pata, 2019; Acaroğlu et al., 2023; Koç et 

al., 2025). In the long run, the Wald test results reveal no statistically significant 

distinction between the effects of positive and negative GDP shocks. 

More importantly, the findings indicate that FD, T, and INF each exert distinct, 

heterogeneous impacts on CO2 emissions. The finding that negative shocks to financial 

development increase emissions is consistent with previous NARDL-based evidence 

indicating that financial system instability or contraction can exacerbate environmental 

degradation by hindering investment in cleaner technologies and the formation of low-

carbon capital (Majeed et al., 2020; Raggad, 2020; Das et al., 2023; Hasanov et al., 2024). 
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This outcome also helps reconcile the mixed findings in the literature on Türkiye, where 

certain investigations indicate that economic growth enhances environmental quality, 

while others document that it increases emissions or has an inconsistent impact on the 

environment (Dar & Asif, 2018; Gokmenoglu & Sadeghieh, 2019; Bayat et al., 2023; 

Uysal & Çayır, 2023). 

The PHH is validated by the positive effect of trade shocks on CO2 emissions. 

While trade openness adjustments exert symmetric environmental effects in the short run, 

the persistent long-run integration into global markets asymmetrically elevates emissions, 

underscoring the structural nature of trade-induced environmental degradation. This 

finding is consistent with evidence reported for Tunisia, China, African economies, 

highly open economies, and Türkiye (Mahmood et al., 2019; Jun et al., 2020; Mignamissi 

et al., 2024; Suleman et al., 2024; Pata, 2019; Acaroğlu et al., 2023). Positive inflation 

shocks are found to reduce emissions. This result is consistent with studies reporting an 

inverse relationship between inflation and CO₂ emissions. The wider literature also 

suggests that this relationship varies across countries and time horizons (Grolleau & 

Weber, 2024; Alkan et al., 2024; Ünsal, 2025; Zheng et al., 2024; Alshafeey & Saleh, 

2024).  

Overall, the findings imply that Türkiye’s emissions dynamics cannot be 

sufficiently captured under the assumption of symmetry. Policymakers should maintain 

financial stability and direct credit flows toward green investment. Trade liberalization 

should be accompanied by strengthened environmental regulations to mitigate the 

relocation of pollution.  

The empirical findings provide important nonlinear policy implications for 

Türkiye, indicating that conventional symmetric policy responses may be insufficient to 

achieve environmental objectives. The significant adverse effect of negative financial 

shocks (lnFD−) suggests that credit contractions may push liquidity-constrained firms 

toward older and more carbon-intensive production technologies. Positive inflation 

shocks (lnINF+) are found to reduce carbon emissions; this effect should not be 

interpreted as environmentally desirable, as it likely reflects the contractionary impact of 

inflationary pressures on aggregate demand, industrial production, and energy use rather 

than a sustainable climate policy mechanism. Thus, maintaining price stability remains 

essential for creating a predictable investment environment that supports long-term green 

transformation.  

Despite these findings, the study has certain limitations. The analysis was 

conducted at an aggregate national level. The study also focuses primarily on CO2 

emissions and a specific set of macroeconomic indicators. Future studies may also 

employ alternative environmental indicators, such as the ecological footprint, carbon 

intensity, or sectoral emissions. This study could be expanded upon in future research by 

employing sectoral-level data or by utilizing panel NARDL methods to compare Türkiye 

with other MINT (Mexico, Indonesia, Nigeria, Türkiye) or G20 economies. Additionally, 
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incorporating variables related to institutional quality and green technological innovation 

into the asymmetric framework would provide a more holistic view of the transition 

toward a low-carbon economy. 
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    l n I N F − =   ∑  i = 1  t    l n I N F  t − =   ∑  i = 1  t   min ⁡   ( ∆   l n I N F  i , 0 )                                                                                                                                           ( 11 )


    l n I N F − =   ∑  i = 1  t    l n I N F  t − =   ∑  i = 1  t   min ⁡   ( ∆   l n I N F  i , 0 )                                                                                                                                           ( 11 )


    l n T + =   ∑  i = 1  t    l n T  t + =   ∑  i = 1  t   max ⁡   (   ∆ l n T  i , 0 )                                                                                                                                                                       ( 12 )


    l n T + =   ∑  i = 1  t    l n T  t + =   ∑  i = 1  t   max ⁡   (   ∆ l n T  i , 0 )                                                                                                                                                                       ( 12 )


    l n T − =   ∑  i = 1  t    l n T  t − =   ∑  i = 1  t   min ⁡   (   ∆ l n T  i , 0 )                                                                                                                                                                         ( 13 )


  ∆   l n C O  2 , t =   𝜗 0 +   𝜗 1   l n C O  2 , t − 1 +   𝜗 2   ( l n G D P  t − 1 + ) +   𝜗 3   ( l n G D P  t − 1 − ) +     𝜗 4   ( l n F D  t − 1 + ) +   𝜗 5   ( l n F D  t − 1 − ) +   𝜗 6   ( l n I N F  t − 1 + ) +   𝜗 7   ( l n I N F  t − 1 − ) +   𝜗 8   ( l n T  t − 1 + ) +   𝜗 9   ( l n T  t − 1 − ) +   ∑  i = 1  m    𝛾  i 1 ∆   l n C O  2 , t − i +   ∑  i = 0  n    𝛾  2 i   ( ∆ l n G D P  t − i + ) +   ∑  i = 0  p    𝛾  3 i   ( ∆ l n G D P  t − i − ) +   ∑  i = 0  q    𝛾  4 i   ( ∆ l n F D  t − i + ) +   ∑  i = 0  r    𝛾  5 i   ( ∆ l n F D  t − i − ) +   ∑  i = 0  s    𝛾  6 i   ( ∆ l n I N F  t − i + ) +   ∑  i = 0  t    𝛾  7 i   ( ∆ l n I N F  t − i − ) +   ∑  i = 0  u    𝛾  8 i   ( ∆ l n T  t − i + ) +   ∑  i = 0  v    𝛾  9 i   ( ∆ l n T  t − i − ) +   𝜇  t                                                                                                                                                                                                                           ( 14 )

