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ABSTRACT 

The transportation sector is a substantial and hard-to-abate source of CO₂ emissions, placing the interrelationships among fuel 

demand, crude oil prices, and greenhouse gas emissions at the centre of transport decarbonisation policy. This study investigates 

the responsiveness of transport fuel demand in Türkiye to oil-price fluctuations and evaluates the extent to which transport-related 

emissions may be decoupled from economic expansion. Quarterly observations from 2011Q4 to 2024Q4 are analysed using both 

linear Autoregressive Distributed Lag (ARDL) and nonlinear ARDL (NARDL) modelling frameworks, through which symmetric 

and asymmetric demand elasticities are estimated. Complementing the demand analysis, the decoupling relationship between 

economic growth and transport emissions is assessed using the Tapio framework, applied to annual transport-sector data covering 

2000–2023. Robustness is examined through alternative price specifications, parsimonious formulations, and extended-sample 

estimations. 

The results indicate a stable long-run equilibrium relationship among transport fuel demand, economic activity, and real oil prices. 

Demand is income inelastic and negatively responsive to oil-price movements. Notably, transport fuel demand exhibits 

pronounced asymmetry: consumption contracts substantially when oil prices rise, yet fails to recover proportionally when prices 

subsequently decline. The decoupling analysis confirms the structural linkage between transport emissions and economic growth, 

with strong decoupling observed only during economic crises. An additional asymmetric emissions model further confirms that 

transport CO₂ emissions decline following oil-price increases but do not rebound upon price reductions. Collectively, these 

findings suggest that sustained and credible price signals hold considerable potential for supporting long-term emission reductions; 

nevertheless, effective transport decarbonisation requires complementary structural interventions, including investment in public 

transport infrastructure, modal-shift strategies, and enhancements in vehicle fuel efficiency. 

Keywords: Transport fuel demand; Oil-price asymmetry; CO₂ emissions; Decoupling; Türkiye 

ÖZET 

Ulaştırma sektörü, CO₂ emisyonlarının azaltılması açısından önemli ve azaltımı güç bir kaynak olup yakıt talebi, petrol fiyatları ve 

sera gazı emisyonları arasındaki ilişkiyi ulaştırmanın karbonsuzlaştırılmasına yönelik politikaların merkezine yerleştirmektedir. Bu 

çalışma, Türkiye'de ulaştırma yakıt talebinin petrol fiyatlarındaki değişimlere nasıl tepki verdiğini incelemekte ve ulaştırma 

kaynaklı emisyonların ekonomik büyümeden ne ölçüde ayrıştırılabileceğini değerlendirmektedir. Analizde 2011Ç4–2024Ç4 

dönemine ait çeyreklik veriler kullanılarak doğrusal Otoregresif Dağıtılmış Gecikme (ARDL) ve doğrusal olmayan ARDL 

(NARDL) modelleri uygulanmış; böylece simetrik ve asimetrik talep tepkileri tahmin edilmiştir. Talep analizini tamamlamak 

amacıyla ekonomik büyüme ile ulaştırma emisyonları arasındaki ilişki, 2000–2023 dönemine ait yıllık verilerle Tapio ayrışma 

yaklaşımı çerçevesinde değerlendirilmiştir. Bulguların sağlamlığı alternatif fiyat tanımları, sadeleştirilmiş model yapıları ve 

genişletilmiş örneklem tahminleriyle test edilmiştir. 

Bulgular, ulaştırma yakıt talebi, ekonomik faaliyet ve reel petrol fiyatları arasında istikrarlı bir uzun dönem denge ilişkisi 

bulunduğunu göstermektedir. Yakıt talebinin gelir açısından düşük esnekliğe sahip olduğu, petrol fiyatlarındaki değişimlere ise 

negatif yönlü tepki verdiği belirlenmiştir. Daha da önemlisi, ulaştırma yakıt talebi belirgin bir asimetri sergilemektedir: petrol 

fiyatlarındaki artışlar tüketimde anlamlı düşüşlere yol açarken, fiyatların düşmesi tüketimin aynı ölçüde yeniden artmasına neden 

olmamaktadır. Ayrışma analizi, ulaştırma emisyonları ile ekonomik büyüme arasındaki yapısal bağlantıyı doğrulamakta ve güçlü 

ayrışmanın yalnızca ekonomik kriz dönemlerinde gözlendiğini göstermektedir. Ek asimetrik emisyon modeli, petrol fiyatlarındaki 

artışların ulaştırma kaynaklı karbondioksit emisyonlarını azalttığını, ancak fiyat düşüşlerinin benzer bir geri dönüş etkisi 

oluşturmadığını doğrulamaktadır. Genel olarak bulgular, kalıcı ve güvenilir fiyat sinyallerinin uzun dönemli emisyon azaltımına 

katkı sağlayabileceğini; ancak ulaştırmanın etkin biçimde karbonsuzlaştırılabilmesi için toplu taşıma altyapı yatırımları, modal 

dönüşüm politikaları ve araç verimliliğini artırıcı uygulamalar gibi tamamlayıcı yapısal önlemlerin de gerekli olduğunu 

göstermektedir. 

Anahtar Kelimeler: Taşımacılık yakıt talebi; Petrol fiyatı asimetrisi; CO₂ emisyonları; Ayrışma (decoupling); Türkiye. 
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1. INTRODUCTION 

Transport is one of the largest and hardest-to-abate sources of energy-related CO₂ emissions, and in fast-

motorising economies it is among the fastest-growing. Its emissions are driven overwhelmingly by the 

combustion of road fuels, so how road-fuel demand responds to price—and whether that response differs 

between price increases and decreases—is central to the design of decarbonisation policy. The same 

demand behaviour determines whether the sector's emissions can be separated from economic growth, the 

core question of transport decarbonisation. 

These questions are especially pressing in fast-growing emerging economies, where rapid motorisation, 

dependence on imported petroleum and exposure to exchange-rate-driven price swings make transport both 

economically important and hard to decarbonise. Türkiye is an instructive case: transport is among the 

largest sources of its energy-related CO₂ emissions, and although the policy architecture has recently been 

strengthened—the framework Climate Law (Law No. 7552), in force since July 2025, provides the legal 

basis for a national emissions trading system and a 2053 net-zero target (Republic of Türkiye, 2025)—

existing measures are widely judged insufficient to reverse the sector's emission trajectory. Yet the 

empirical basis for transport fuel and climate policy in Türkiye remains comparatively thin, and existing 

time-series studies often rest on short annual samples that limit statistical power. 

This paper addresses that gap with three research questions. RQ1: Is there a stable long-run relationship 

between transport fuel demand, real income and the real oil price in Türkiye? RQ2: Does fuel demand 

respond asymmetrically to oil-price increases versus decreases, and what does this imply for price-based 

decarbonisation policy? RQ3: Have transport CO₂ emissions decoupled from economic growth, and is any 

decoupling durable or merely cyclical? 

This study estimates a linear ARDL bounds-testing model (Pesaran and Shin, 1999; Pesaran et al., 2001); a 

nonlinear ARDL model (Shin et al., 2014) that decomposes the real oil price into cumulative increases and 

decreases to test asymmetry; an asymmetric (NARDL) model of annual transport CO₂ emissions (2000–

2023); and the Tapio (2005) decoupling framework on annual transport CO₂ and real GDP. The empirical 

foundation of the analysis rests on quarterly data spanning 2011Q4–2024Q4, a sample of sufficient length 

to yield reliable long-run estimates, combined with annual decoupling observations covering the period 

2000–2023. 

The present study makes three contributions. First, and most importantly, it provides the first integrated 

econometric treatment that links demand-side oil-price asymmetry to the behaviour of transport CO₂ 

emissions for Türkiye. Alongside the demand model, an asymmetric (NARDL) emissions model shows 

that transport CO₂ itself responds asymmetrically to the oil price—declining when prices rise but not 

rebounding when they fall—while its scale elasticity with respect to output exceeds unity. This unifies, 

within a single estimated framework, two strands that have hitherto been studied separately—demand-side 

price asymmetry and growth–emissions decoupling—and quantifies why decoupling fails. Second, it 

establishes that the demand-side asymmetry is robust, surviving a parsimonious specification, a lira-

denominated domestic price, and a dynamic-multiplier analysis, and draws out its consequences for the 

abatement that fuel taxation and carbon pricing can deliver. Third, by combining the demand and 

emissions evidence with the decoupling record, it shows that observed emission declines are crisis-driven 

rather than structural, with direct implications for decarbonisation policy in Türkiye and comparable 

motorising economies. The remainder of the paper is organised as follows: the literature is reviewed in 

Section 2, data are described in Section 3, the methodological framework is presented in Section 4, 

empirical results are reported in Section 5, findings are discussed in Section 6, policy implications are 

drawn in Section 7, and conclusions are offered in Section 8. 

2. LITERATURE REVIEW 

The study draws on four connected strands: transport fuel demand, asymmetric price responses, decoupling 

of emissions from growth, and fuel pricing as a decarbonisation instrument. 

2.1. Transport Fuel Demand and its Elasticities 

Road-transport fuel demand has been studied extensively, and meta-analyses converge on price-inelastic, 

broadly income-elastic behaviour. Espey (1998) and Brons et al. (2008) report average short-run gasoline 

price elasticities near −0.2 to −0.3 and long-run values around −0.6 to −0.8, with income elasticities below 

or near unity; the surveys of Dahl and Sterner (1991) and Graham and Glaister (2002) reach similar 

conclusions. Two refinements are relevant here. First, the short-run price elasticity is not stable over time 
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(Hughes et al., 2008). Second, efficiency gains can be partly offset by additional travel—the rebound effect 

analysed by Small and Van Dender (2007)—which, together with habit persistence, provides a behavioural 

basis for the asymmetry tested here. For Türkiye, Dahl (2012) reports a gasoline price elasticity of about 

−0.19; Mikayilov et al. (2020) estimate quarterly long-run income, price and vehicle-stock elasticities of 

roughly 0.25, −0.27 and −0.80; Hasanov (2015), in a study explicitly of “the demand for transport fuels in 

Turkey” covering gasoline and motor diesel, finds limited quarterly responsiveness; Erdoğdu (2014) shows 

demand is inelastic despite high fuel taxes; and Melikoğlu (2014) projects continued growth in road-fuel 

use. The estimates reported here (income +0.75, price −0.20) sit squarely within this evidence. 

2.2. Asymmetric Price Responses 

The phenomenon of asymmetric price responses in energy markets has been extensively documented in the 

scholarly literature, most notably in relation to the asymmetric transmission of crude oil price movements 

to retail fuel prices — a dynamic widely characterized as the "rockets and feathers" effect (Bacon, 1991; 

Borenstein et al., 1997). The theoretical formalization of asymmetric cointegration within the oil–activity 

nexus was subsequently advanced by Lardic and Mignon (2008), while the nonlinear autoregressive 

distributed lag framework introduced by Shin et al. (2014) — which disaggregates a regressor into its 

positive and negative partial sum components within a unified cointegrating specification — has since been 

consolidated as the predominant single-equation methodological instrument and has been extensively 

employed in empirical investigations of oil-price transmission mechanisms (Atil et al., 2014; Cologni and 

Manera, 2008; Pal and Mitra, 2016). An analogous asymmetry manifests on the demand side when energy 

consumption demonstrates a disproportionately pronounced response to price increases relative to price 

decreases, a pattern that has been attributed to the irreversibility of fuel-conserving behavioral adjustments 

and durable efficiency investments undertaken during periods of sustained price elevation, neither of which 

tends to be abandoned following subsequent price reductions. Despite its considerable theoretical 

significance and direct implications for policy formulation, this demand-side asymmetry — together with 

its attendant consequences for emissions trajectories and the design of regulatory frameworks — has 

attracted comparatively limited scholarly investigation within the Turkish empirical context. 

2.3. Energy–Growth Nexus and Decoupling 

The Turkish energy–growth–emissions nexus has been examined repeatedly with cointegration methods. 

Halıcıoğlu (2009), Soytaş and Sarı (2009) and Özturk and Acaravcı (2010) find robust long-run links 

between income, energy use and CO₂ in Türkiye, with economic growth the dominant driver of emissions; 

Sarı et al. (2008) document the energy–output relationship at the disaggregate level. Comparative and 

panel studies reach similar conclusions (Acaravcı and Özturk, 2010; Apergis and Payne, 2010; Sebri and 

Ben-Salha, 2014; Shafiei and Salim, 2014; Sinha and Shahbaz, 2018). Whether emissions can be separated 

from growth is framed through the environmental Kuznets curve hypothesis (Grossman and Krueger, 

1995) and, more directly, through decoupling analysis. Tapio's (2005) elasticity-based taxonomy—weak, 

strong and expansive (negative) decoupling—is widely used for its intuitive, period-by-period 

classification. Cross-country evidence shows that absolute decoupling of transport emissions remains rare 

in low- and middle-income countries, where negative decoupling is common (Foster et al., 2023; World 

Bank, 2021). Turkish sectoral studies reach similar conclusions: Işık et al. (2020) decompose the drivers of 

transport-sector CO₂ and find activity dominant, while Özdemir (2023) finds weak decoupling to prevail in 

fossil-based electricity generation. 

2.4. Fuel Pricing, Taxation and Transport Decarbonisation 

Fuel prices are a central lever in transport climate policy. Fuel taxation is among the most direct and well-

studied instruments for curbing transport emissions (Sterner, 2007), and the redesign of road-transport 

pricing for a decarbonising, electrifying fleet—including carbon pricing and distance- or emission-based 

charges—is an active policy frontier (International Transport Forum, 2019). How strongly, and how 

symmetrically, demand responds to price determines how much abatement a given price signal can deliver: 

if demand contracts durably when prices rise but does not rebound when they fall, price-based measures 

generate persistent, hard-to-reverse emission reductions, whereas temporary or fully reversible responses 

would not. The demand parameters estimated here—particularly the asymmetry—therefore speak directly 

to the design of fuel taxation and carbon pricing, and to the sequencing of complementary structural 

measures (modal shift, electrification and efficiency standards). Situating the econometric evidence in this 

policy frame, alongside the decoupling record, is what distinguishes this study from a purely 

macroeconomic treatment of energy demand. 
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3. DATA AND VARIABLES 

3.1. Variables and Sources 

The econometric analysis uses quarterly data; the decoupling analysis uses annual data. Table 1 

summarises the variables and sources. Lower-case prefixed variables (e.g., l_fuel) denote natural 

logarithms. 

Table 1. Variables, definitions and data sources. 

Variable Definition Frequency Source 

Transport fuel demand (FUEL) Domestic deliveries of gasoline and motor diesel 

(the principal road-transport fuels) 

Monthly → quarterly EPDK 

Real income (GDP) Real gross domestic product Quarterly FRED 

Real oil price (OIL) Brent deflated by US CPI (baseline); TL domestic 

proxy (robustness) 

Quarterly FRED; author's calc. 

Motorisation (MOTOR) Registered motor vehicles (robustness) Annual → quarterly TURKSTAT 

Ransport CO₂ (CO2) Transport-sector CO₂ emissions Annual Climate Watch (WRI) 

3.2. Measurement Choices and Rationale 

Three choices warrant explanation. First, the dependent variable is domestic deliveries of gasoline and 

motor diesel (motorin)—the two products that make up the overwhelming majority of road-transport fuel 

use in Türkiye. This is a deliberate narrowing relative to total petroleum-product sales (which also contain 

fuel oil, jet kerosene, LPG and bitumen) and aligns the dependent variable with the road sector. Gasoline is 

consumed almost entirely by road vehicles, and road transport accounts for the dominant share of motor-

diesel use; the same gasoline-plus-diesel basis is used by Hasanov (2015) in his study of “the demand for 

transport fuels in Turkey.” The residual measurement caveat is therefore narrow and one-directional: a 

portion of diesel is consumed off-road (agriculture, construction, industry, marine and rail), so the series 

modestly overstates the strictly road base. This is a bounded limitation; a motorisation-augmented 

robustness check is reported (Section 5.4), and a fully road-allocated diesel series would sharpen, but is 

unlikely to overturn, the estimates. 

Second, the baseline price regressor is the real Brent price (Brent deflated by the US CPI). Brent is 

exogenous to a small open economy, which mitigates endogeneity. However, the price faced by Turkish 

consumers is denominated in lira and, over 2018–2024, was shaped by large currency depreciation and 

high domestic inflation, which a USD-Brent/US-CPI series may not capture. The model is therefore re-

estimated with a TL-denominated real domestic price proxy—Brent converted to lira at the market 

exchange rate and deflated by the Turkish CPI—reported in Section 5.4. Real GDP is taken in constant-

price (chain-volume) terms, so the high-inflation episode does not contaminate the activity measure. 

Third, motorisation enters only as a robustness regressor: the available series is annual, was interpolated to 

quarterly frequency (hence excessively smooth and statistically indistinguishable from an I(2) process), 

and is highly collinear with income, so its inclusion in the core model would jeopardise the ARDL 

approach. 

3.3. Sample, Data Vintage and Seasonal Adjustment 

The estimation sample for the main models is 2011Q4–2024Q4 (53 quarterly observations), substantially 

larger than the 20–35 annual observations typical of Turkish ARDL studies. Because the four 2025 

quarters rely on provisional official releases (GDP and EPDK deliveries) subject to later revision, they are 

excluded from the main models; the full 2011Q4–2025Q4 window enters only as a robustness check 

(Section 5.4), where it leaves the estimates essentially unchanged. Pronounced quarterly seasonality is 

visible in fuel demand (Fig. 1); in the preferred specification the seasonal component of the logged series is 

removed by STL decomposition (seasonal–trend decomposition using loess, quarterly period) prior to 

estimation, which avoids the distortion of the bounds F-statistic that seasonal dummies can introduce; a 

dummy-augmented specification is reported as a cross-check. The decoupling analysis uses annual 

transport CO₂ (Climate Watch, 1990–2023) with real GDP aggregated to annual frequency; the common 

window is 2000–2023 (24 years). 
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Figure 1. Transport fuel demand (gasoline + motor diesel, thousand tonnes), real GDP (index) and the real Brent oil 

price (US-CPI-deflated index), Türkiye, 2011Q4–2024Q4. 

4. METHODOLOGY 

4.1. Linear ARDL Bounds Testing 

Cointegration among potentially mixed-order I(0)/I(1) series is examined with the ARDL bounds 

procedure (Pesaran and Shin, 1999; Pesaran et al., 2001), which is preferred to the residual-based test of 

Engle and Granger (1987) and the system test of Johansen (1991) when regressors are of mixed integration 

order. With lower-case denoting logarithms and Δ the first difference, fuel demand is modelled in 

conditional error-correction form: 

𝛥𝐹𝑈𝐸𝐿ₜ =  𝛼₀ +  𝛴 𝜑ᵢ 𝛥𝐹𝑈𝐸𝐿ₜ₋ᵢ +  𝛴 𝛽ⱼ 𝛥𝐺𝐷𝑃ₜ₋ⱼ +  𝛴 𝛾ₖ 𝛥𝑂𝐼𝐿ₜ₋ₖ +  𝜃₁𝐹𝑈𝐸𝐿ₜ₋₁ +  𝜃₂𝐺𝐷𝑃ₜ₋₁ +
 𝜃₃𝑂𝐼𝐿ₜ₋₁ +  𝜀ₜ               (1) 

Cointegration is tested via the bounds F-test of H₀: θ₁ = θ₂ = θ₃ = 0 against the Pesaran et al. (2001) critical 

bounds; the more conservative small-sample bounds of Narayan (2005) are also considered. Lag orders 

follow the Akaike Information Criterion; long-run elasticities and the speed-of-adjustment term are 

recovered from the conditional ECM. 

4.2. Nonlinear ARDL (Asymmetry) 

To test asymmetry, the log real oil price is decomposed into partial sums of positive and negative changes 

(Shin et al., 2014): 

𝑂𝐼𝐿⁺ₜ =  𝛴ⱼ₌₁ᵗ 𝑚𝑎𝑥(𝛥𝑂𝐼𝐿ⱼ, 0),   𝑂𝐼𝐿⁻ₜ =  𝛴ⱼ₌₁ᵗ 𝑚𝑖𝑛(𝛥𝑂𝐼𝐿ⱼ, 0)       (2) 

Which enter an ARDL with income as a control: 

𝐹𝑈𝐸𝐿ₜ =  𝜔 +  𝜌⁺ 𝑂𝐼𝐿⁺ₜ +  𝜌⁻ 𝑂𝐼𝐿⁻ₜ +  𝜆 𝐺𝐷𝑃ₜ +  𝑢ₜ       (3) 
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Long-run asymmetry is assessed with a Wald test of H₀: ρ⁺ = ρ⁻; short-run asymmetry analogously on the 

differenced terms. To address over-parameterisation in a moderate sample, the analysis reports an AIC-

selected NARDL, a deliberately parsimonious NARDL, and the asymmetric cumulative dynamic 

multipliers that trace the adjustment of demand to oil-price increases and decreases (Section 5.5). 

4.3. Decoupling Analysis 

The growth–emissions relationship is measured by the Tapio (2005) decoupling elasticity, 

eₜ = (%ΔCO₂ₜ) / (%ΔGDPₜ)           (4) 

With each year classified into one of eight states using Tapio's threshold values of 0.8 and 1.2. 

4.4. Asymmetric Transport-Emissions Model 

To test whether emissions themselves respond asymmetrically to fuel prices, and to quantify the scale 

effect underlying the decoupling result, an asymmetric (NARDL) model is estimated with annual transport 

CO₂ as the dependent variable, real GDP as the scale regressor, and the real oil price decomposed into 

cumulative increases and decreases as in Equation (2). The model is estimated over 2000–2023, the longest 

window for which consistent annual emissions, output and price data are jointly available. Cointegration is 

assessed by the bounds F-test and by the sign and significance of the error-correction term, and long-run 

asymmetry by a Wald test of equality between the positive and negative oil-price coefficients. Given the 

short annual sample, the specification is kept deliberately parsimonious, and the estimates are read as 

corroborating, rather than as a substitute for, the high-frequency quarterly demand evidence. 

4.5. Unit-Root and Diagnostic Testing 

Stationarity is examined with the ADF (Dickey and Fuller, 1979), PP (Phillips and Perron, 1988) and 

KPSS (Kwiatkowski et al., 1992) tests and, allowing a structural break, the Zivot–Andrews (1992) test; 

ARDL requires that no variable be I(2). Adequacy is checked with the Breusch–Godfrey, Breusch–Pagan, 

Jarque–Bera, Ramsey RESET and CUSUM tests. 

5. EMPIRICAL RESULTS 

5.1. Unit-Root Tests 

Table 2 reports the tests. The series give broadly consistent signals once their seasonal structure is taken 

into account. For l_fuel the level ADF does not reject a unit root (p = 0.78) while the PP test does (p = 

0.01); this divergence is characteristic of a strongly seasonal series, for which the parametric ADF 

augmentation and the non-parametric PP correction behave differently, and once seasonality is removed 

the level series is clearly non-stationary. For l_oil the KPSS statistic rejects level stationarity at 5% (p = 

0.045) while ADF/PP do not reject a unit root, a combination pointing to I(1) rather than I(0). All three 

series are stationary in first differences with no I(2) behaviour, confirmed by the Zivot–Andrews break test. 

Because the bounds procedure is valid for any mixture of I(0)/I(1) regressors provided none is I(2), these 

signals support its use. Motorisation fails to reject non-stationarity even in first differences (ADF p = 0.59, 

PP p = 0.61), reinforcing its exclusion. 

Table 2. Unit-root tests (p-values; Δ = first difference). For KPSS, a low p-value rejects stationarity. 

Series ADF (level) PP (level) KPSS (level) ADF (Δ) PP (Δ) Order 

l_fuel 0.78 0.01 0.01 0.01 0.01 I(1) 

l_gdp 0.19 0.01 0.01 0.01 0.01 I(1) 

l_oil 0.42 0.59 0.045 0.06 0.01 I(1) 

l_motor 0.48 0.92 0.01 0.59 0.61 Excluded 

5.2. Cointegration and Long-Run Elasticities 

The bounds F-test confirms a long-run relationship: in the preferred seasonally adjusted specification F = 

5.12, above the 5% I(1) bound (Table 3), and the error-correction term is negative and significant (ECT = 

−0.34, p = 0.0002), implying that about one-third of any disequilibrium is corrected each quarter. The long-

run elasticities (Table 4) are an income elasticity of +0.75 (p < 0.001) and a price elasticity of −0.20 (p = 

0.0001), both inelastic: a 10% rise in real income raises fuel demand by about 7.5% in the long run, and a 

10% rise in the real oil price lowers it by about 2%. These magnitudes match prior Turkish and 

international estimates (Brons et al., 2008; Dahl, 2012; Mikayilov et al., 2020). 
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Table 3. Bounds F-test for cointegration with Pesaran et al. (2001) Case III critical values; the Narayan (2005) small-

sample bounds yield the same decision. 

Model (dep. var. l_fuel) k F-stat I(0), 5% I(1), 5% Decision 

Linear, preferred (SA) 2 5.12 3.79 4.85 Cointegration 

NARDL (AIC) 3 5.33 3.23 4.35 Cointegration 

NARDL, parsimonious 3 5.18 3.23 4.35 Cointegration 

Table 4. Long-run estimates — preferred (seasonally adjusted) ARDL model. 

Regressor Coefficient Std. error p-value 

l_gdp (income elasticity) 0.750 0.085 < 0.001 

l_oil (price elasticity) −0.205 0.050 0.0001 

ECT (−1) −0.34 — 0.0002 

5.3. Short-Run Dynamics and Diagnostics 

Table 5 reports the short-run (ECM) estimates. Fuel demand responds strongly to income growth (Δl_gdp 

= +1.92, p < 10⁻⁹) and negatively to oil-price changes (Δl_oil = −0.12, p = 0.006). The short-run income 

response exceeds the long-run elasticity (0.75): demand over-reacts to quarterly activity swings—

pronounced around the 2020–21 contraction and rebound—before the error-correction mechanism returns 

it to the long-run path. Diagnostics are uniformly clean (Table 6) and the CUSUM path stays within the 5% 

bands (Fig. 2), indicating stable parameters. 

Table 5. Short-run error-correction estimates — preferred ARDL model (selected terms). 

Term Coefficient p-value 

Δl_gdp (short-run income) +1.92 < 0.001 

Δl_oil (short-run price) −0.12 0.006 

ECT (−1) −0.34 0.0002 

Adjusted R² 0.93 — 

Table 6. Diagnostic tests — preferred ARDL model. 

Diagnostic test Statistic / p-value Conclusion 

Breusch–Godfrey (serial corr.) p = 0.71 No autocorrelation 

Breusch–Pagan (heterosked.) p = 0.079 Homoskedastic 

Jarque–Bera (normality) p = 0.89 Normal residuals 

Ramsey RESET (form) p = 0.999 Correct form 

CUSUM (stability) within 5% bands Stable 

 

Figure 2. CUSUM test of parameter stability (5% significance bands) 
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5.4. Robustness 

Four robustness exercises address potential concerns. First, re-introducing motorisation leaves the central 

result essentially unchanged: the long-run price elasticity is −0.18 (p = 0.0005), close to the baseline −0.20, 

while motorisation is insignificant (p = 0.63) and income becomes imprecise owing to collinearity with the 

vehicle stock. 

Second, to ensure the price response is not an artefact of using a USD-denominated price, the model is re-

estimated with a TL-denominated real domestic price proxy (Brent converted to lira at the market 

exchange rate and deflated by the Turkish CPI), embedding the exchange-rate and inflation movements 

Turkish consumers actually faced. The long-run price elasticity is −0.23—materially identical to the 

baseline −0.20—so the demand response is not driven by the price measure (the income elasticity rises 

somewhat, to about +1.0, but the price result, the focus here, is stable). 

Third, the AIC-selected NARDL is necessarily rich: in the (4,4,4,4) specification it estimates roughly 

twenty parameters on about fifty usable observations, a parameter-to-observation ratio high enough to 

make any single long-run coefficient imprecise. A deliberately parsimonious NARDL (a low-order ARDL 

in the partial sums) is therefore re-estimated. Cointegration is preserved (bounds F = 5.18; Table 3) and the 

long-run asymmetry remains strong: the positive-change semi-elasticity is about −0.47 and the negative-

change about −0.12, with the Wald test rejecting symmetry at the 1% level (p ≈ 0.0006); the asymmetry 

also survives when the TL domestic price is used (Wald p ≈ 0.0016). Thus the asymmetry—the key 

finding—is robust to specification and to the price measure, whereas the absolute NARDL income 

elasticity is not; this is precisely why the income elasticity is sourced from the parsimonious linear model 

and the NARDL is relied on only for the asymmetry result. Finally, because the four 2025 quarters are 

provisional, the main models end in 2024Q4; extending the window to the full 2011Q4–2025Q4 sample 

leaves the results essentially unchanged—stable to within rounding, with all significance levels 

preserved—so the conclusions do not depend on the provisional observations. 

5.5. Asymmetric Price Response (NARDL) 

Table 7 reports the long-run NARDL estimates and Table 8 the error-correction estimates. Fuel demand 

falls sharply with oil-price increases (cumulative semi-elasticity ≈ −0.62, p = 0.004) but is unresponsive to 

decreases (≈ +0.01, p = 0.925); the Wald test rejects symmetry at the 1% level (z = −2.63, p = 0.0086). 

Cointegration holds (bounds F = 5.33, p = 0.014) and the error-correction term is negative and highly 

significant (ECT = −0.30, p < 0.001). 

Although the absolute income coefficient is estimated less precisely (Section 5.4), the asymmetry itself is 

well identified: it is a within-model contrast between two coefficients (ρ⁺ and ρ⁻) estimated from the same 

information set, so a Wald test of their equality is well defined even when another coefficient's level is 

imprecise, and the contrast is preserved in the parsimonious specification where the parameter count is 

low. The point is reinforced by the cumulative dynamic multipliers (Fig. 3), which trace the response of 

fuel demand to a sustained unit increase in cumulative price rises (x⁺) versus cumulative price falls (x⁻). 

The response to increases builds steadily to a long-run value near −0.35, whereas the response to decreases 

settles close to −0.09; the gap between the two paths—the asymmetry, about −0.26—opens within a few 

quarters and persists, the visual signature of downward rigidity in fuel use. Economically, a price rise 

prompts reduced discretionary travel, modal shifts and efficiency investment, and these adjustments are not 

reversed when prices later fall, consistent with habit formation and the rebound dynamics noted by Small 

and Van Dender (2007). 

The model's adjusted R² of 0.95 is high but unsurprising for a dynamic specification of a trending, seasonal 

series, where lagged dependent terms and the income trend explain most of the in-sample variance; it 

should not be read as out-of-sample predictive accuracy, which is left to future forecasting work. 
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Table 7. Long-run asymmetry — NARDL model (dependent variable: l_fuel). 

Regressor / test Coefficient / statistic p-value 

l_oil⁺ (price increase) −0.620 0.004 

l_oil⁻ (price decrease) +0.013 0.925 

Long-run asymmetry (Wald, z) −2.63 0.0086 

Bounds F 5.33 0.014 

Table 8. NARDL error-correction estimates (selected; full output available in the replication package). Adjusted R² = 

0.95. 

ECM term Coeff. p-value ECM term Coeff. p-value 

Δl_fuel(−1) −0.575 0.0003 Δl_oil⁺ −0.291 0.0009 

Δl_fuel(−2) −0.383 0.024 Δl_oil⁺(−1) +0.071 0.458 

Δl_fuel(−3) −0.389 0.013 Δl_oil⁻ +0.104 0.106 

Δl_gdp +1.684 < 0.001 Δl_oil⁻(−1) −0.201 0.018 

Q2 / Q3 / Q4 sig. < 0.05 ECT(−1) −0.302 < 0.001 

 

Figure 3. Cumulative asymmetric dynamic multipliers from the parsimonious NARDL: response of log fuel demand 

to a sustained unit increase in cumulative oil-price increases (x⁺) and decreases (x⁻). The gap between the curves is 

the long-run asymmetry. 

5.6. Growth–Emissions Decoupling 

The Tapio analysis (Fig. 4; Table 9) shows no durable decoupling over 2000–2023. The most frequent 

states are weak decoupling (8 years) and expansive negative decoupling (8 years, emissions growing faster 

than output). Strong decoupling occurs in only three years—2008, 2010 and 2020—each a macroeconomic 

shock (the global financial crisis, the rebound, and the COVID-19 contraction), so the only genuine 

decoupling episodes are crisis artefacts. Median decoupling elasticities are 0.56 (2001–2008), 0.18 (2009–

2013) and 0.86 (2014–2023): the relationship deteriorates rather than improves. Restricting the analysis to 

the econometric window (2011–2023) gives the same picture—a median elasticity above one and strong 

decoupling only in 2020—so the demand-side and decoupling results, though estimated on different spans, 

describe a consistent recent regime, in line with the cross-country (Foster et al., 2023; World Bank, 2021) 

and Turkish sectoral (Işık et al., 2020; Özdemir, 2023) evidence. 
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Table 9. Decoupling-state frequencies, full and overlapping windows. 

Decoupling state 2000–2023 2011–2023 

Weak decoupling 8 5 

Expansive negative decoupling 8 6 

Strong decoupling 3 (2008, 2010, 2020) 1 (2020) 

Expansive coupling 2 1 

Weak negative decoupling 2 0 

 

Figure 4. Growth–emissions decoupling in Türkiye's transport sector, 2000–2023. 

5.7. Asymmetric Transport-Emissions Response 

Table 10 reports the annual transport-emissions model. Two results stand out. First, the long-run scale 

elasticity of transport CO₂ with respect to output is large and significant (+1.69, p = 0.001; +1.05 in the 

linear specification), confirming that emissions grow at least one-for-one with economic activity—the 

proximate reason no durable decoupling appears. Second, emissions respond asymmetrically to the oil 

price: they decline significantly when real oil prices rise (long-run semi-elasticity −0.30, p = 0.008) but are 

statistically unresponsive when prices fall (−0.04, p = 0.62), and the Wald test rejects symmetry at the 10% 

level (p = 0.096). The error-correction term is negative and significant (−0.77, p = 0.012), indicating 

adjustment towards the long-run path, although the bounds F-statistic (3.21) is only moderate, as is 

expected with barely two decades of annual data. The emissions model thus reproduces, on an independent 

emissions series, the asymmetry identified in fuel demand: the demand-side response propagates to 

transport CO₂, while the supra-unity scale elasticity explains why output growth keeps emissions rising. 

These estimates are necessarily exploratory given the short sample, but they are consistent across 

specifications and align closely with the high-frequency demand evidence. 
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Table 10. Asymmetric transport-emissions model (dependent variable: log annual transport CO₂, 2000–2023). Long-

run elasticities; p-values in parentheses. 

Regressor / test NARDL Linear 

GDP scale elasticity +1.69 (0.001) +1.05 

Oil price increases (l_oil⁺) −0.30 (0.008) — 

Oil price decreases (l_oil⁻) −0.04 (0.62) — 

Oil price (symmetric) — −0.14 

Long-run asymmetry (Wald, p) 0.096 — 

ECT −0.77 (0.012) −0.74 

Bounds F 3.21 2.83 

6. DISCUSSION 

Fuel consumption is demonstrated to exhibit inelastic responses with respect to both income and price; 

nevertheless, the price response is characterised by pronounced asymmetry, whereby upward price 

movements generate durable contractions in demand, whereas downward price movements fail to elicit a 

commensurate recovery. This asymmetric pattern is shown to be robust across alternative model 

specifications, price measures, and dynamic-multiplier frameworks. With respect to emissions, output-

related and transport-related CO₂ emissions are found to remain structurally coupled, with genuine 

decoupling observed exclusively during periods of economic contraction. 

These findings simultaneously corroborate and extend the extant literature. The estimated price elasticity of 

−0.20 is closely consistent with the meta-analytic benchmark established by Dahl (2012) and with the 

prevailing international consensus (Brons et al., 2008; Espey, 1998), while the income elasticity of +0.75 

reflects the sub-unity activity response characteristic of motorising economies. The principal contribution 

of the present analysis resides in the identification of demand-side asymmetry: whereas the canonical 

"rockets and feathers" literature documents asymmetric transmission from crude to retail prices (Bacon, 

1991; Borenstein et al., 1997), the present study demonstrates that the quantity demanded itself responds 

asymmetrically—a finding consistent with theoretical accounts of habit formation and the rebound effect 

(Small and Van Dender, 2007). At the macroeconomic level, the absence of durable decoupling 

corroborates both cross-country evidence (Foster et al., 2023; World Bank, 2021) and Turkey-specific 

findings (Halıcıoğlu, 2009; Işık et al., 2020; Özdemir, 2023; Soytaş and Sarı, 2009), which collectively 

indicate that economic activity constitutes the dominant driver of emission growth. 

The two analytical components of the study are mutually reinforcing through an explicit, albeit non-causal, 

behavioural chain. The identified asymmetry establishes that price-induced demand reductions are 

persistent in nature: once a price increase has precipitated efficiency investment, modal substitution, and 

curtailment of discretionary travel, the resultant contraction in demand is not reversed upon subsequent 

price decline (Fig. 3). Such persistent demand reduction constitutes, in turn, the proximate channel through 

which fuel-related emissions may decline. Sustained reductions in combustion emissions are contingent 

upon durable decreases in fuel consumption, given the close correspondence between these two variables. 

The decoupling record provides the requisite counterfactual: in contexts where price increases have not 

been sustained, demand and its associated emissions have co-moved with output, and apparent decoupling 

has materialised exclusively during periods of economic crisis. Considered in conjunction, the asymmetric 

price response identifies the operative mechanism—permanent price signals yielding persistent fuel 

reduction and, consequently, diminished emissions—while the decoupling evidence demonstrates that, in 

the absence of such signals, economic growth and emissions remain structurally coupled. Crucially, this 

mechanism is not left as conjecture: the asymmetric emissions model presented in Section 5.7 estimates it 

directly, demonstrating that transport CO₂ itself responds asymmetrically to the oil price—declining in 

response to price increases yet failing to rebound following price decreases—while its supra-unity scale 

elasticity accounts for the sustained upward trajectory of emissions under conditions of output growth. The 

demand-side and emissions-side asymmetries, estimated on independent data series, thus mutually 

reinforce one another; the integration of these two dimensions within a unified analytical framework 

constitutes the central contribution of the study. Given that the emissions model is based on a relatively 

short annual sample, its results are interpreted as corroborating the high-frequency demand evidence rather 

than as constituting an independent causal estimate. 
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7. POLICY IMPLICATIONS FOR TRANSPORT DECARBONISATION 

The empirical findings carry substantive implications for the formulation of transport decarbonisation 

policy in Türkiye and in comparable economies undergoing rapid motorisation. As a quantitative reference 

point, the long-run price elasticity suggests that a permanent 10% increase in the real fuel price is 

associated with an approximate 2% reduction in long-run demand; the asymmetric estimates further 

indicate that the contraction attributable to a price increase is of greater magnitude, whereas an equivalent 

price decrease produces no discernible offsetting rebound effect, as illustrated in Fig. 3. Three empirical 

properties—price inelasticity, asymmetric responsiveness, and the absence of structural decoupling—

collectively inform the policy conclusions that follow. 

With respect to carbon pricing and fuel taxation as instruments of durable signalling, the responsiveness of 

demand to price increases, in the absence of a symmetric response to decreases, implies that permanent and 

credible pricing mechanisms—including fuel taxes and the emissions trading framework envisaged under 

Türkiye's Climate Law (Republic of Türkiye, 2025)—are capable of generating sustained reductions in 

both demand and emissions. Conversely, measures that are temporary or reversible in nature are unlikely to 

produce comparable outcomes. The asymmetric structure of demand implies that abatement achieved 

during high-price periods is substantially preserved even upon subsequent price moderation, thereby 

reinforcing the case for consolidating elevated effective carbon prices rather than permitting their gradual 

erosion (Sterner, 2007). 

Concerning the counterproductive consequences of subsidies and price ceilings, the same analytical logic 

indicates that fuel subsidies and administered retail price caps—instruments frequently deployed in energy-

importing economies facing inflationary pressures—operate in direct opposition to decarbonisation 

objectives. By suppressing the upward price signal, such interventions eliminate precisely the mechanism 

responsible for generating persistent demand restraint. The asymmetric nature of demand amplifies this 

cost: since demand foregone in response to prior price increases would not have recovered in any case, 

subsidisation yields marginal gains in mobility access while forgoing durable abatement benefits. 

Regarding the insufficiency of pricing instruments in isolation, the absence of any structural tendency for 

transport emissions to decouple from economic growth implies that price-based measures must be 

complemented by structural transformation—encompassing expanded rail and public transport capacity, 

fleet electrification, and the progressive tightening of vehicle efficiency standards (International Transport 

Forum, 2019)—so that increases in transport activity are accommodated through lower-carbon modes 

rather than additional fuel consumption. Given the inelastic character of demand, price instruments alone 

produce only modest behavioural adjustment; consequently, structural interventions must assume a 

proportionally greater role in delivering long-run abatement. 

Finally, with respect to the broader applicability of these findings, Türkiye may be regarded as broadly 

representative of rapidly expanding, import-dependent transport systems. The combination of inelastic and 

asymmetric demand alongside crisis-contingent decoupling is likely to characterise analogous national 

contexts, and the central inference—that durable price signals in conjunction with structural change, rather 

than economic growth per se, constitute the pathway to transport decarbonisation—extends meaningfully 

beyond the single-country analytical framework (Foster et al., 2023; World Bank, 2021). 

8. CONCLUSION 

Using quarterly ARDL and NARDL models (main sample 2011Q4–2024Q4) and a Tapio decoupling 

analysis (2000–2023), this study finds a stable long-run relationship linking Türkiye's transport fuel 

demand to income (≈ +0.75) and the real oil price (≈ −0.20); a strong, robust asymmetry whereby demand 

falls with price increases (≈ −0.62) but not with decreases (≈ +0.01), confirmed by cumulative dynamic 

multipliers; and no durable decoupling of transport emissions from growth, with strong decoupling 

confined to crisis years; and, in an asymmetric emissions model, transport CO₂ that inherits the demand-

side asymmetry—falling when oil prices rise but not rebounding when they fall—while growing at least 

one-for-one with output. For policy, permanent and predictable price signals—fuel taxation and the 

carbon-pricing path emerging under the Climate Law (Republic of Türkiye, 2025)—can secure durable 

demand and emission reductions, but must be paired with structural measures because growth alone will 

not decarbonise the sector; fuel subsidies and price caps work against the asymmetric channel. 
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The study has limitations that motivate future work. The dependent variable is gasoline-plus-diesel 

deliveries; although these are the principal road-transport fuels, a portion of diesel is consumed off-road, 

and a fully road-allocated series would sharpen the estimates. Motorisation was interpolated and used only 

for robustness, and the decoupling analysis is annual and ends in 2023. Because the asymmetric emissions 

model rests on barely two decades of annual data, extending it on a longer or higher-frequency emissions 

series is the most valuable next step; disaggregating by fuel type or transport mode, adding a domestic-

price pass-through analysis, and extending the framework to a panel of motorising economies would 

further sharpen and generalise the policy conclusions. 
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