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Overview
Retail gasoline prices are considerably fluctuating over time and different across countries within the Europe, due
to many different factors, such as environmental policy, cost of crude oil, and macroeconomics. Numerous studies
have examined the impact of crude oil price on retail gasoline prices, particularly focusing on the asymmetries in price
transmission (c.f. Blair et al., 2017; Wlazlowski et al., 2009). The large majority of these literature, however, has
neglected the possible cross-market dependency in retail gasoline markets (Wlazlowski et al., 2009). Note that the
price disequilibria of retail gasoline in neighbour countries can create significantly cross-national spatial price
spillovers (Banfi et al., 2005). Negligence of the spaital dependency in retail gasoline markets may cause the biased
result in estimating the effect of the crude oil price on the retail gasoline prices. In addtion, due to the increasing
knowledge of reality and harmfulness of carbon emissions and global warming, climate change has received
considerable attention in recent years and has been gradually placed on the top of policy-making for all the
governments. Therefore, carbon cap-and-trade systems have been designed to reduce the carbon emission. As one of
the biggest sources of world greenhouse gases, the consumption of gasoline will also be declined by this system.
Correspondingly, the interaction betweeen the carbon price and the retail gasoline prices has been increasingly closer.
Moreover, the stock market index is a predictor of economic variables and reflects the macroeconomic conditions,
which may also impact the regional retail gasoline prices.To study the above problems, we therefore propose applying
a novel spatial quantile regression to estimate the effects of the oil, stock and carbon price shocks on the regional retail
gasoline price returns and uncover the price shock propagation and cross-market dependency of retail gasoline markets.
By this model, the dynamic effects of the crude oil price, stock market index and carbon price on the retail gasoline
price returns can be well investigated. The spatial neighouring effects in this model can provide a broader perspective
for decision-making processes and deepen our understanding of the effect of carbon cap-and-trade systems. Moreover,
the recognised tail behaviour can help investors hedge against energy price risks and maximize their profits.

Method
In this study, we use a spatial panel quantile regression model to examine the determinants of diesel prices
throughout the conditional distribution, especially the spatial neighbouring effects of diesel prices. To take into
account the spatial neighbouring effects and unobserved individual heterogeneity, we employ a spatial panel quantile
model with fixed effects.
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The main problem on estimating the model is that traditional linear approaches are unfeasible in the quantile
regression model. Moreover, to additionally control for time-invariant unobserved heterogeneity, we apply a two-step
technique to estimate the following model:
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where 𝜌𝜌𝜏𝜏 (𝑦𝑦) = 𝑦𝑦(𝜏𝜏 − 𝐼𝐼(𝑦𝑦 < 0)) is the check function, 𝐼𝐼(𝐴𝐴) is indicator function of set A. ∆In𝑌𝑌𝑖𝑖,𝑡𝑡 denotes the the return
of diesel price in country i at time t. ∆In𝑋𝑋𝑡𝑡 , ∆In𝐶𝐶𝑡𝑡 and ∆In𝑆𝑆𝑡𝑡 denote the crude oil price return and the carbon future
price return and stock market index return, respectively. (…)+ is the slope dummy (Heaviside indicator) set to unity
when the argument is positive, zero otherwise. The parameter λ accounts for the scalar spatial autoregressive parameter.
𝑠𝑠𝑠𝑠
denotes lag spatial neighboring effects of the dependent variable, where 𝑊𝑊𝑖𝑖𝑖𝑖 is a spatial weight for
The term 𝑌𝑌𝑖𝑖,𝑡𝑡−1

1 ≤ i, j ≤ N of a pre-specified nonnegative spatial weighting matrix 𝑊𝑊 = [𝑊𝑊𝑖𝑖𝑖𝑖 ]𝑁𝑁
𝑖𝑖.𝑗𝑗=1 . This matrix reflects the
geographic relationship among different countries. There are different kinds of weighting matrix using in the literature,
among which distance function matrix and binary contiguity matrix are the most commonly used specifications. Due
to the existance of "fuel travels" Banfi et al. (2005); Wlazlowski et al. (2009), we use the spatial binary contiguity
weight matirx in this research, and consider the power distance weight matrix in robustness analysis.

Results
The model is also estimated by fixed effects OLS panel model for comparison (Column 1 in Table1). Other
columns show the results of the spatial panel quantile regression estimation. The results are reported for the 10th, 20th,
30th, 40th, 50th, 60th, 70th, 80th and 90th percentiles of the conditional diesel price returns distribution. The
estimation results indicate that the impacts of various factors on diesel price returns are clearly heterogeneous.
Table 1 Spatial panel quantile regression results

Conclusions
The empirical findings clearly indicate that the coefficients across the conditional distribution of the gasoline
price returns are significantly heterogeneous, which is obscured using conditional mean regression. In particular, the
effect of carbon price return on retail gasoline price returns has a decreasing trend and is significantly positive at low
quantiles, but insignificant at high quantiles, which supports effectiveness of the carbon cap-and-trade systems.
Moreover, the asymmetric price transmission from crude oil to retail gasoline, stock market shock and spatial
neighbouring effect are also evidently proved by this model. The results of this study have wide-ranging implications.
Taking the possible cross-country effects into account is vitally important when discussing effectiveness of the policy
within the EU. The analyses without considering the spatial neighbouring effects in the EU borders might be biased
and not necessarily successful. In-depth understanding of the effects of oil price, carbon price and stock market on
retail gasoline prices could help industry to reduce the negative impacts from expected or unexpected price changes
in the oil, carbon and stock markets, and then help them to enact appropriate investment decisions.
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