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Abstract

:

Crude oil and natural gas are crucial to the Russian economy. Therefore, this study examined the interconnections between crude oil price, natural gas price, and Russian economic policy uncertainty (EPU) over the period 1994–2019 using multivariate DCC-MGARCH models. The findings show that there are strong interconnections (co-movement) between the energy prices and EPU in Russia, and that it might be misleading to assume independence or neutrality between the variables. Although Russia is also a crucial player in both the natural gas and the crude oil markets, this study reveals that there is a stronger co-movement of the EPU with gas price than with the oil price. Russia is the largest exporter of natural gas and the second-largest producer; it is plausible that the natural gas price correlates with EPU more than the crude oil price. Further, the correlation between gas price and EPU and the correlation between crude oil price and EPU have similar patterns. Each declines almost in the same period and, equally, increases concurrently. In addition, the results revealed that significant global shocks and crises, such as the 2008 global financial crisis, the 2014–2017 Russian financial crisis, the 9/11 terrorist attack, and the Russo–Ukrainian conflicts, influence the interconnections between the energy prices and Russian EPU.
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1. Introduction


Within the past few years, various challenges have arisen that have led to international economic and political uncertainty. These started with the “Arab Spring”, emanating political unrest in the Middle East and globally, and concluded with the election of Donald Trump as the President of the United States, reflecting extensive adjustment of the global status quo. As the world’s population proceeds to expand expeditiously, this adjustment produces economic and political instability, increasing global uncertainty. Representative events are those such as refugees moving from the Middle East to Europe (refugee crises), Russia’s takeover of Crimea. Furthermore, the recent vote for the United Kingdom’s departure from the European Union, or “Brexit,” has raised the level of uncertainty about the future economic policies and the Euro.



Reference [1] formulated an economic policy uncertainty index, using a count of the frequency articles in The Kommersant, a nationwide disseminated daily newspaper focused mainly on politics and economics. This prevalence was computed by the total amount of the articles counted in the same newspaper and same month. Our variables comprised the Russian language equivalent of tax, the central bank, law, expenditures, and policy, and political–institutional terms, such as budget, Duma, and others. To capture the important historical events in Russia, such as Russia’s financial crises, the credit crunch, Ukraine, and Chechnya, Baker at el. constructed some indicators using the daily prevalence computation of newspaper articles within the same month.



The Russian index reacts to political development in Ukraine, Russian military conflicts, the 1998 Russian financial crisis, the “taper tantrum” of 2013 brought about by an anticipated change in US monetary and policy, the collapse of the Lehman Brothers, and other developments. Although the index of Russia is boisterous, manifesting our credence on a single paper, it is proposed that our approach results in vital information even for nations with a high level of regulation of the freedom of the press [1].



Global natural gas consumption has undergone a rapid increase over the last 21 years, the global natural gas consumption in 2018 reached about 3.8 trillion cubic meters [2]. The global natural gas consumption will increase from 120 trillion cubic feet to 203 trillion cubic feet from 2012 to 2040; natural gas is the largest source of primary energy and is a fuel source for industrial and electric sectors [2].



The natural gas market lacks a uniform global pricing, unlike the crude oil market. Nevertheless, the current liberalization of gas market and the advancement in liquidized natural gas (LPG) market has made the gas market approach a common market. There are different types of natural gas pricing globally due to the disintegration of the gas market. Therefore, different price mechanisms are adopted in different parts of the world [3,4]. Oil linkages and oil indexation are the two major oil pricing mechanisms applied for international trade of gas. According to [4], the oil index was replenished by hub prices in the Northeast Europe, United Kingdom, and United States for three decades (1980s, 1990s, and 2010s, respectively).



Russia is the second largest natural gas-producing country in the world. In 2017, Russia’s natural gas production was 755.8 billion cubic meters. The natural gas sector is one of the major sectors of the Russian economy; the Russian government budget and policies rely heavily on the exportation of natural gas and Russia is the largest natural gas exporter in the world [5]. According to the indexMundi, Russian natural gas consumption increased from 420.65 billion cubic meters in 2017 to 431.10 billion cubic meters in 2018, and Russia is the fourth largest natural gas-consuming country in the world. The Russian natural gas proven reserve is about 47.57 cubic meters; Russia owns almost one-fourth of the world’s proven natural gas reserves [6].



Recent developments in the global energy sector have significantly increased the production and consumption of natural gas, this is a result of advancement in modern technology in the sector. These changes reduced natural gas prices worldwide. Natural gas is among the commodities that heavily contributes to the economic growth of Russia, whereas the economic policies made by the government are what shape the economy of the country. This is what motivated us to investigate the relationship between economic policy uncertainty and energy prices.



By concentrating on both volatility and price fluctuation in the natural gas market, we further accentuate the relationship between economic policy uncertainty and the price of natural gas. Although natural gas consumption and the economic growth nexus have received a lot of attention by researchers, to the best of our knowledge, no research has specifically examined the relationship between economic policy uncertainty and natural gas price. We selected Russia as our case study based on the global importance of the country in natural gas production (755.8 billion cubic meters), consumption (431.10 billion cubic meters), and proven reserves (47.57 cubic meters).



With regard to the present literature, the present study seeks to explore the following pertinent research questions: (1) How does the volatility of economic policy uncertainty affect the volatility of natural gas prices in Russia? (2) What is the relationship between economic policy uncertainty and natural gas price in Russia? We, therefore, make use of the EPU index formulated by [1] from January 1990 to December 2018, and employed monthly data for the natural gas price. To this end, the current study extends the body of knowledge in terms of scope for the case of the study area. Additionally, we further make use of the both the univariate and multivariate GARCH models for our analysis i.e., a methodical contribution to the theme under review. The univariate GARCH models are used to examine the volatility characteristics of the variables while the multivariate models are employed to evaluate the dynamic linkages and correlations among the outlined variables; we additionally employ the multivariate generalized autoregressive conditional heteroscedasticity (MGARCH) to examine the volatility spillovers among our variables of interest for robustness for estimates and onward policy construction.



Therefore, this study contributes to the extant literature on the EPU–energy prices nexus in several ways. First, the study evaluates the interdependence between EPU and energy prices in Russia. The literature concerning EPU and the energy market largely focus on the U.S.; hence, this study provides a major contribution by considering the interplay of the prices of the major energy sources—crude oil and natural gas, and the economic policy uncertainty of the major supplier of both commodities and a major player in the world energy market (Russia). Second, this study extends the literature to capture natural gas prices. Previous studies focused on oil and financial markets. Third, the study compared the degree of interconnectedness between crude oil price and Russian EPU, and that of the natural gas price and the EPU. Since Russia is a major supplier of both crude oil and natural gas in the world, it is imperative to measure the relative importance of these two energy prices to the stability of the Russian economy. Fourth, the study also examines the influence of global shocks, such as financial crises and wars, on the interdependence of the energy prices and EPU. Fifth, the study captures the time-varying correlations among the energy prices and the Russian EPU. Sixth, the study applied corrected dynamic common correlated and dynamic common correlated variants of the multivariate generalized autoregressive conditional heteroscedasticity (MGARCH). This makes the findings robust. In addition, the study used monthly data instead of daily data to avoid the problems associated with noisy energy prices data, and the daily news-based EPU index.



The major findings of the current study are that significant global events and crises, such as the global financial crisis, the Russian financial crisis, the 9/11 terrorist attack, and the Russian invasion of Crimea, influence the interconnections between the energy prices and Russian economic policy uncertainty.



The rest of the paper is organized as follows: Section 2 discusses the data and methodology, Section 3 comprises the empirical results and discussion, and Section 4 presents the conclusion.



Literature Review


Economic policy uncertainty is the probability that subsequent policies will differ from present policies and the effect of these variations on microeconomics and macroeconomics activities [1]. Reference [7] reignited the impact of macroeconomics on uncertainty. Alexopoulos and [8,9,10,11] are the most recent studies that investigate the impact of macroeconomics on economic policy uncertainty in the USA. Such studies have focus on the USA; that is, they pay attention to the macroeconomic variables that are affected by economic policy uncertainty. In similar studies, a negative relationship was shown between economic policy uncertainty and stock market return in China [12,13,14,15]. Economic policy uncertainty harms consumers, investors, and corporations, as an increase in economic policy uncertainty distracts the consumption behavior of consumers and decreases the investment pattern of investors and corporations [16,17,18]. In other studies, is recorded that economic policy uncertainty is positively related to high stock volatility and negatively related to return on the stock market [13,19,20]. Economic policy uncertainty and oil price are extensively studied in the literature; ref [21] investigates the effect of economic policy uncertainty and oil price on stock return in a case study of oil and gas firms and reported a negative effect of economic policy uncertainty shock on stock return, and a positive shock of oil price on stock return. A similar study [12] reported a positive interaction between oil price and economic policy uncertainty amid the period of high financial activities. Ref. [22] reported no significant causal relationship between oil price and economic policy uncertainty. In the US economy, high economic policy uncertainty increased the shocks in the oil price [21]. In a similar study, it was discovered that economic policy uncertainty and financial uncertainty in the US did not always affect oil price, but that it was dependent on time [23]. Using the quantile-on-quantile model, ref [24] examined state-dependent spillover impacts of policy uncertainty on currency in the US and identified a significant relationship.



The relationship between energy consumption and economic growth was first examined by studies [25,26,27], among others. Conflicting outcomes have been recorded by these studies; these conflicts led to the formation of four hypotheses: “growth hypothesis” (energy consumption led to economic growth), “neutrality hypothesis” (no relationship) “conservation hypothesos” (economic growth led to energy consumption), and “feedback hypothesis” (energy consumption led to economic growth and economic growth also led to energy consumption).



Reference [28] discovered a positive relationship between natural gas consumption and economic growth in Turkey. In a similar study, ref [29] reported a feedback causality between natural gas consumption and economic growth in Korea. The presence of a feedback relationship was recorded by (Solarin and Shahbaz, 2015) [30] in their study of natural gas consumption and economic growth: the role of foreign direct investment capital formation and trade openness in Malaysia. Another study [31] applied ARDL and Johansen cointegration models in their study of the natural gas consumption and economic growth nexus in Malaysia, and their findings revealed that the economy is not an important predictor of natural gas consumption.



Natural gas consumption is positively related to the economic growth of the GCC countries, in the long term; furthermore, a bidirectional causal relationship exists between natural gas consumption and economic growth [32]. In a similar study, a feedback relationship was found between natural gas consumption and economic growth in OPEC member countries [33]. Reference [34] examined the relationship between natural gas consumption and economic growth in Pakistan, and the results of the study revealed that natural gas consumption is an important predictor of economic growth. In a similar study, ref [35] recorded a positive causality running from natural gas consumption to economic growth in Malaysia.



Natural gas consumption does not improve economic growth in the short term, but natural gas consumption increases economic growth in the long term in 12 European countries included in the study [36]. Reference [37] discovered that natural gas consumption is an important predictor of GDP in Saudi Arabia; further, they reported a non-causal relationship between natural gas consumption and total trade, and the same relation for GDP and total trade. The relationship between natural gas consumption and economic growth in Turkey is examined based on time-variation from 1983 through 2017. The outcome reveals no causal relationship between natural gas consumption and economic growth for the whole period of the study, however, when the study further applied causality estimations for sub-periods, a one-sided causality was discovered running from natural gas consumption to economic growth from 2001 to 2015, 1997–2011, and 1996–2010, and a unidirectional causality running from economic growth to natural gas from 2000 to 2014 [38].



In [39], it was predicted that the volume of natural gas that will be consumed by the residents, commerce, and industries in the United States of America would slightly decrease between 2019 and 2025. They further predicted a slow growth of natural gas consumption (average of 1.2%), and a significant improvement in the natural gas consumption in the power generation sector to about 39% in the year 2025.



Previous studies show that uncertainty plays a significant role in determining oil price changes. According to [40], price volatility is caused by fundamentals and, uncertainty then intensifies the price effect of demand and supply shocks. According to [41], uncertainty determines the decisions of oil producers, which directly affect the oil price. The novel study of [42] was the first research to model prudent demand depends on uncertainty changes. The findings of the research indicate that the crude oil market is significantly affected by the increase in prudent demand for oil that is caused by a high level of uncertainty. Reference [43] investigated the relationship between oil prices and economic policy uncertainty in G7 nations. The findings of the study show that the impact of oil prices on economic policy uncertainty is time-varying. Reference [44] examines the relationship between oil prices and economic policy uncertainty for a panel of global oil importers and exporters. The findings of the study report that oil prices respond negatively to economic policy uncertainty. Reference [45] documents that oil price shocks have a positive impact on economic policy uncertainty, while the effect of economic policy uncertainty on oil price depends on time.



The demand and supply of natural gas, the price of crude oil, and climatic factors are the major factors that affect the natural gas prices [46,47,48]. Reference [49] reports that crude oil price is the major determinant of natural gas price in China.



In [50], a positive and negative asymmetric relationship between economic policy uncertainty and gasoline price for a panel of 18 selected countries over the period of 1998–2017 was discovered. Reference [51] reported that economic policy uncertainty increases volatility in both oil and gas markets in the United States. Reference [52] investigates linear and non-linear causal relationship between economic policy uncertainty and energy prices. The study identified a negative relationship between energy prices and economic policy uncertainty.



This study broadens the previous studies on the dynamic linkages between economic policy uncertainty and the energy prices. The Russian economy heavily relies on natural gas, crude oil, and hydrocarbons; about one-third of the government revenue is generated from natural gas, crude oil, and hydrocarbons, and Russia is the second-largest producer of natural gas in the world and has the highest natural gas proven reserves [53]. Numerous sectors in the economy can be affected by the adjustments in the natural gas market, subsequently altering the economic policy in Russia. Considering the significance of economic policy uncertainty on the consumption and production of natural gas, we therefore anticipate the natural gas price will be affected by economic policy uncertainty.





2. Materials and Methods


Oil prices, gas prices, and economic policy uncertainty are among the most volatile economic series. In this study, we will employ univariate and multivariate GARCH models for our analysis. The univariate GARCH models are used to examine the volatility characteristics of the variables while the multivariate models are employed to evaluate the dynamic linkages and correlations among the variables. Meanwhile, the majority of commodity prices, including oil price and gas prices, are often not stationary (means and variances are not constant), which is contrary to the traditional statistical assumptions of the volatility models. Therefore, in line with [54], we employ augmented Dickey–Fuller (ADF) and Phillips–Perron (PP) unit root test and generated the returns of natural gas and oil prices and the economic policy uncertainty index, which are integrated at order zero (stationary at level). An additional characteristic of commodity pricing is time-dependent volatility clustering, which we considered by employing the univariate and multivariate Generalized Autoregressive Conditional Heteroscedasticity GARCH techniques starting with the ARCH-LM test.



2.1. Univariate GARCH Models


Specifically, we used GARCH and EGARCH to examine the volatility of the variables of interest in this study. Bollerslev [55] developed the GARCH model with the mean and variance equations specified as follows in Equations (1) and (2), respectively.


   R t  =  α 0  +   ∑   i = 1  p   γ i   R  t − i   +  ε t   



(1)






   θ t 2  =  δ 0  +   ∑   i = 1  p   λ i   ε  t − i  2  +   ∑   j = 1  q   γ i   θ  t − j  2   



(2)







In this study,    R t    represents the oil price, natural gas price, and economic policy uncertainty,    θ t 2    is the conditional variance, and     ∑   i = 1  p   λ i   ε  t − i  2     and     ∑   j = 1  q   γ i   θ  t − j  2    are the ARCH and GARCH terms, respectively. For a stationary series,   0 <   ∑   i = 1  p   λ i  +   ∑   j = 1  q   γ i  < 1  . When     ∑   i = 1  p   λ i  +   ∑   j = 1  q   γ i  ⟶ 1  , the series is slow mean-reverting while     ∑   i = 1  p   λ i  +   ∑   j = 1  q   γ i  ⟶ 0   implies that the series is fast mean-reverting.



Additionally, considered in this study are the EGARCH models built by [56] to account for the asymmetric and leverage effects not captured by the GARCH model. This model factored in the possibility of the difference in the effect of positive and negative shocks on the series. While the mean equation remained as Equation (1), we specified the variance equation of the EGARCH model in Equation (3).


  ln (  θ t 2  ) =  δ 0  +  δ 1       ε  t − i          θ  t − i  2      + φ    ε  t − i        θ  t − i  2      + ∅ l n    θ  t − 1  2     



(3)







The asymmetric effect is captured by the  φ . In the presence of an asymmetric effect,   φ > 0   implies that the effect of positive shock is greater than the effect of negative shock of the same magnitude. In contrast,   φ < 0   implies that the effect of negative shock is greater than the effect of positive shock of equal magnitude. If     φ = 0  , there is no asymmetry in the effect. That is, the effect of positive shock (good news) is the same as the effect of negative shock (bad news) of equal size. Examining the symmetric effect is relevant in this study because of the information-centric nature of oil price, gas price, and the economic policy uncertainty index.




2.2. Multivariate GARCH (MGARCH) Techniques


Several multivariate GARCH (MGARCH) models were developed for the examination of the co-movement among different variables of interest in finance and economics. For example, Bollerslev [55] proposed the constant conditional correlation technique to model the time-invariant conditional correlation matrix. The major defect of the CCC approach is the assumption of constant conditional correlation over time, which is unrealistic for empirical application [57,58]. Thus, separate and independent studies generalized the CCC model to the dynamic conditional correlation GARCH (DCC-GARCH) model. The DCC-GARCH model is outperforms all other variants of GARCH-based models because it measures time-varying effects, which is consistent with lower volatility in the conditional volatility of the variables considered, and provides more accurate conditional variances [57,58,59,60,61,62,63]. It also provides insights on the synchronization and volatility clustering in the commodity markets [64].



Thus, to examine the time-varying volatilities and dynamic linkages between Russian economic policy uncertainty and energy prices (oil and natural gas prices) in this study, we used the dynamic conditional correlation (DCC) in this study.



Supposing we have the returns,    r t   , of oil price, gas price, and Russian economic policy uncertainty with expected value zero and covariance matrix     H t   , we then define the (Engle, 2002) [57] version of the DCC-GARCH model as follows:


         y t  =  μ t  +  r t         r t  =    H t     ε t         H t  =  D t   R t   D t         D t  = d i a g      h  11 t     … …    h  n n t       =        h  11 , t      0   0     0     h  22 , t      0     0   0     h  33 , t                R t  =   d i a g      Q t      − 0.5        Q t    d i a g      Q t      − 0.5           .  



(4)




where    H t    is the conditional variance matrix,    μ t    symbolized a vector of expected values of    y t   ,    D t    represents a matrix of non-constant standard deviation,    ε t    is a vector of error terms with zero expected value   E (  ε t  ) = 0   and constant variance,   E (  ε t     ε t ′  ) = I  , while    Q t  = (  q  i j t    ) represents   n × n   symmetric positive definite matrices (Engle, 2002) [57] of three variables (oil price, natural gas price, and Russian economic policy uncertainty); hence, this is an     n × n   =   3 × 3    


   Q t  =   1 − α − β     Q ¯  t  + α  u  t − 1    u  t − 1  ′  + β  Q  t − 1     ,    α  ,    β  > 0  



(5)







The parameters    a   and   b    are nonnegative scalar parameters. The model is mean-reverting if   α +    β  < 1   and integrated if      α  +    β  = 1  .    Q t    stands for the unconditional variance between variable  i  and    j  ,   Q ¯   is the unconditional covariance matrix of     u t   , and    u  t − 1    u  t − 1  ′    denotes the lagged function of the standardized residuals.



The conditional covariance is given as:


   h  i j , t   =    q  i j , t      h  i i , t        h  j j , t          q  i i , t          q  j j , t        








where      h  i i , t   =  ω t  +  γ i   ϵ  t − 1  2  +  λ i   h  i i , t − 1   ,   i = 1 ,   … … n  . For the asymmetric version,


   Q t  =   1 − α − β     Q ¯  t  − g  N ¯  + α  u  t − 1    u  t − 1  ′  + β  Q  t − 1   + g  n  t − 1    n  t − 1  ′  ,  



(6)




where,   α +    β  + δ g < 1  ,  δ  is the maximum eigenvalue       Q ¯   − 0.5      N ¯    Q ¯   − 0.5      ,    N ¯  =  1 T    ∑   t = 1  T  g  n t   n t ′   ,    n t  = I    u t  < 0   ∘    u t  ,   I  .    i s   k × 1   indicator function that assumes value 1 if the argument is true and zeros, otherwise and ‘∘’ symbolizes the element-wise operator.



The scalar parameters    a   and   b    account for the effects of the innovation (past shocks) and past dynamic conditional correlations on current dynamic conditional correlations [65].



To ensure robustness, we also employed the corrected dynamic conditional correlation (cDCC) introduced by [66] and improved by [67]. The specification of the corrected cDCC-GARCH model is the same as that of the DCC-GARCH model. However, ref [67] identified that the DCC is asymptotically biased in the estimation of the sample covariance matrix and modified the model accordingly. Thus, this study used both the DCC and cDCC techniques to analyze the time-varying conditional interaction between economic policy uncertainty, natural gas prices, and oil prices.




2.3. Data


The economic policy uncertainty index for Russia is formulated by [1] using the frequency count of articles in the Kommersant, a nationwide disseminated daily newspaper mainly focused on politics and economics. This prevalence was computated by the total amount of the articles counted in the same newspaper and the same month [1]. In this study, we make use of monthly economic policy uncertainty index in the time span from January 1990 to December 2019. The EPU index is available at the EPU website (http://www.policyuncertainty.com/). We obtained the data on the natural gas price and crude oil price from the British Petroleum (BP) Statistical Review of World Energy.





3. Results


Table 1 contains the summarized statistical information about all the three variables and their returns series. The average monthly natural gas spot price (NGPRICE) was about 4 USD per million British thermal units while the average WTI crude oil spot price (OILPRICE) is approximately 52 USD per barrel. The average Russian economic policy uncertainty index (REPU) is about 134, which is above the normalized value (100) of the index ascribed to 1997 considered as a period of relatively low uncertainty [68]. The minimum values of the NGPRICE, OILPRICE, and REPU are 1.43, 11.35, and 12.399, while the maximum values are 13.45, 133.88, and 431.25, respectively. The wide range between the minimum values implies significant fluctuations in all the series over the period. The large standard deviations of the level series particularly for OILPRICE and REPU also indicate volatilities. The standard deviation shows that the REPU was the most volatile, followed by the OILPRICE. Regarding the symmetry and tail behavior of the series, all the level variables are skewed to the right (positive skewness or longer right tail than left tail) while the kurtosis shows that NGPRICE, REPU, and all the return series are heavy-tailed (kurtosis greater than 3) while OILPRICE is light-tailed (kurtosis less than 3). Thus, the skewness and kurtosis indicate that the variables considered in this study are not normally distributed. The Jarque–Bera test statistics, which are significant for all the variables, equally indicate the rejection of the normality of the distributions of the series. The distribution of the series is important for the estimation of the volatility models. Therefore, we estimated all the univariate and multivariate GARCH with the Student’s t distribution instead of the Gaussian (normal) error distribution. We also conducted the ARCH LM, Q-statistics, and Q-squared tests for volatility. All the statistics indicate the presence of volatility effects in all the variables. This implies that the appropriate methodology for the estimation of the models in this study is the volatility models. The correlation coefficients for all pairs of the variables are less than 0.5, indicating the absence of a multicollinearity problem.



3.1. Dynamics of the Monthly Russian Economic Policy Uncertainty and Energy Prices and Their Returns


The graphical illustration (shown in Figure 1) displays the dynamics of Russian economic policy uncertainty (REPU), energy prices, and their returns over the period 1994–2019 considered in this study. The time series graphs show that all the variables have a trend and fluctuate over the period. In the case of the REPU, the trend and changes reflect major economic and political events in Russia. For instance, the high values of the index between 1995 and 1996 reflect the first Chechen war, fought between December 1994 and August 1996. The period also contains the Russian interbank credit crisis and low natural gas prices. Moreover, the REPU continuously rises from 2014 to 2019. In addition to the Russo–Ukrainian war, which has resulted in western sanctions on Russia, on average, the natural gas and crude oil prices consistently fall during the period (2014–2019). This somewhat indicates the simultaneous movement of the three series. Thus, there is seemingly interdependence in the dynamics of the variables. The graph shows that the returns of the series are mean-reverting and exhibit the presence of volatility clustering. The volatility of the REPU is the highest followed by the OILPRICE volatility. The volatilities, however, concurrently move in clusters during the period. The periods of low volatility follow periods of high volatility in all the series. This signals the interference of the volatilities of the variables, which we examined in this study.




3.2. Stationarity (Unit Root) Test Results


Time series are often non-stationary and follow a trend. As such, the regression estimates of a non-stationary variable on another non-stationary variable(s) are spurious and result in an invalid conclusion. Therefore, it is imperative to examine the stationarity property of the variables before proceeding to the estimations of the regression models. Moreover, the stationarity of the variables is an underlying assumption of the GARCH models. Hence, we conducted augmented Dickey–Fuller (ADF) and Phillips–Perron (PP) unit root tests. Table 2 contains the results of the unit root tests. The results of both the ADF and PP tests indicate that, at the 5% level of significance, the level series of oil price (OILPRICE) and natural gas price (NGPRICE) are not stationary while the Russian economic policy uncertainty index is stationary at levels in all cases (constant only, constant and trend, and none). However, the return series of all the variables are stationary at levels for all cases of the ADF and PP tests. Since some of the level series are not stationary at levels, we used the return series to estimate the volatility models throughout this study.




3.3. Estimates of Univariate Models


We first estimated the symmetric and asymmetric univariate ARMA-GARCH (1, 1) models to evaluate the volatility characteristics of the variables and identify the best techniques for the estimation of the multivariate models. The symmetric and asymmetric GACH models employed are GARCH (1, 1) and exponential GARCH (1, 1) models (EGARCH (1, 1)), respectively. These models are identified to be the best for the modeling of stationary volatile series [56,57]. Table 3 displays the results of the univariate volatility models. The results show that ARMA terms are statistically significant for the RETREPU models, but insignificant for the RNGPRICE and ROILPRICE models. Moreover, the coefficients of the ARCH and GARCH terms are significant for all the symmetric models. This confirms the presence of the ARCH and GARCH effects in all the variables. The sum of the ARCH and GARCH terms is less than one in each model. This shows that the variables are mean-reverting. This means that the effect of shocks on the returns of all variables is temporary. Although Russia is a significant player in both crude oil and natural gas markets, when a shock impacts the variables, the results indicate that oil price reverts to its mean faster than natural gas prices and Russian economic policy uncertainty. This reflects the fact that Russia is the second-largest producer of natural gas and the largest exporter of the product in the world [69]. Hence, when there is a shock, for instance, on the natural gas supply in Russia, the effect on the price lasts longer than the effect of a similar shock on crude oil supply. Moreover, the RETREPU recovers from shock faster than the natural gas price.



When considering the estimates of the asymmetric models, the variables still exhibit slow mean-reversion, and the asymmetric term is statistically significant for all the variables. The estimates indicate that the coefficients of the models for RETREPU and RNGPRICE are positive. This implies the effect of positive shock is greater than the effect of negative shock of the same magnitude. For instance, a boost in the supply of natural gas affects the natural gas price more than a cut in the supply of natural gas. The plausible explanation for the greater effect of the positive supply shock than the negative shock is that the demand for natural gas is inelastic in the short term [70,71,72,73,74]. The demand for natural gas does not necessarily adjust equally with a decrease in supply. At best, demand adjusts with a lower magnitude than the increase in supply. On the other hand, an increase in supply creates a surplus, which leads to a fall in the prices and an increase in demand. Natural gas demanders buy more and reserve more for subsequent use.



Conversely, the parameter estimate of the asymmetric term for the OILPRICE model is negative and highly significant. This implies that the effect of negative shock on the crude oil price is greater than the effect of a positive shock of equal magnitude. That is, for instance, a supply cut in crude oil price affects the price more than å supply increase of the same quantity.



The post estimation ARCH test statistics (F-statistics and nR2) are statistically insignificant for all the models. This shows that all the models capture the ARCH effect and their estimates are statistically valid for policy analysis. We used the Schwarz information criterion (SIC) to choose the best models. The SIC values of the EGARCH models are smaller than their SIC values of the GARCH models for all the variables. Thus, the symmetric models outperformed the symmetric models in this study. This conforms to the findings of [75]. Hence, in the subsequent estimations, we consider the results of the asymmetric models superior to their symmetric counterparts.




3.4. Results of Multivariate Models


Table 4 reports the parameter estimates of the DCC-MGARCH and the cDCC-MGARCH models. The results indicate that the alpha (α) and beta (β) coefficients are statistically significant for all the models, indicating a dynamic (not constant) conditional correlation between the Russian economic policy uncertainty and energy prices (natural gas and crude oil prices). The rejection of the hypothesis of the constant conditional correlation implies it might be misleading to assume independence or neutrality between the variables. Therefore, there is an interconnection (co-movement) between each pair of energy prices and economic policy uncertainty in Russia. Moreover, the sum of the MGARCH parameters is less than one (α + β < 1) for all the models, implying that the conditional correlations are mean-reverting. Thus, the DCC-MGARCH models are justifiably adequate in capturing the time-varying conditional correlations between the variables. Comparing the models, the log-likelihood values of the cDCC models are less than the log-likelihood of the DCC models, indicating that the cDCC outperforms the DCC models. In addition, the log-likelihood of the asymmetric cDCC model is the smallest. Hence, it is the best model.



The log-likelihood shows that the asymmetric model (cDCC-EGARCH) is the best. As a result, we used the estimates of the asymmetric cDCC (EGARCH-DCC) model to examine the conditional correlations, variances, and covariance of the Russian economic policy uncertainty, natural gas price, and crude oil price. Figure 2 depicts the conditional correlations between the Russian economic policy uncertainty index, natural gas price, and crude oil price. The figure shows that the conditional correlations between the variables are dynamic (time-varying). This means that the conditional correlation sometimes declines sharply and sometimes increases sharply. It alternates between high and low values. For example, the conditional correlation between gas price and economic policy uncertainty dropped significantly around 1998, 2016, and 2019. These years coincide with the period of the Russian financial crisis, the western sanctions against Russia for the Russo–Ukrainian war, and the onset of the coronavirus (COVID-19) pandemic, respectively. Similarly, the correlation between crude oil price and economic policy uncertainty declined hugely during the 2008–2009 global financial crisis and increased during the oil boom period in 2012. Moreover, the conditional correlation between the oil price and the natural gas price dropped sharply in 2001 and 2019. These years indicate two significant global events, the terrorist attack on September 11, 2001, and the onset of the COVID-19 pandemic in 2019. This indicates that, as global commodity prices, the correlation between energy prices is associated with global events. The conditional correlations increase in the years preceding the decrease in the correlations. Furthermore, the correlation between the oil price and natural gas price is the highest, followed by the correlation between natural gas price and economic policy uncertainty. The correlation between crude oil prices and economic policy uncertainty is the lowest. This demonstrates the importance of natural gas to the Russian economic policy agenda. As Russia is the largest exporter and second-largest producer of natural gas, it is plausible that it correlates with policy uncertainty more than the crude oil price. Although Russia is also a crucial player in the crude oil market, there is a higher co-movement of the economic policy uncertainty with the gas price than with the oil price. It is important to add that the correlation between gas price and economic policy uncertainty and the correlation between crude oil price and economic policy uncertainty have similar patterns. Each declines in almost the same period and, equally, increases concurrently.



Figure 3 displays the covariance between the oil price, natural gas price, and the economic policy uncertainty. The graph shows the time-varying nature of the conditional covariance with the covariance between gas price and economic policy uncertainty. The covariance between oil price and economic policy uncertainty notably plummeted in 2008, an indication of the effect of the global financial crisis. The graph also illustrates that covariance between oil prices and gas prices are smooth throughout the period. This demonstrates the close connection between energy prices. Besides, the covariance between gas price and economic policy uncertainty is the highest, depicting the substantial effect of natural gas on Russian economic policy decisions. Similarly, Figure 4 illustrates the conditional volatilities of the three variables. The graphical display portrays the dynamic nature of the conditional volatilities of all the variables. This shows that the conditional volatility of the Russian economic policy volatility is the highest, followed by the natural gas price returns over the period. Therefore, the conditional correlations, volatilities, and covariance are dynamic and depict the interconnectedness of the Russian economic policy uncertainty and energy prices.





4. Conclusions


This study examined the interconnections between Russian economic policy uncertainty and energy prices using DCC-MGARCH models. Both crude oil and natural gas are crucial to the Russian economy. However, it is important to understand the dynamic relationship between energy prices and economic policy uncertainty in the country. Thus, we evaluated the interdependence of crude oil price, natural gas price, and Russian economic policy uncertainty over the period 1994–2019. The energy prices and the economic policy uncertainty are volatile. Thus, we employed volatility models. The preliminary results indicate the mean-reverting volatility of all three variables. However, when there is a shock, for instance, on the natural gas supply in Russia, the effect on the price lasts longer than the effect of a similar shock on crude oil supply. This current study further reveals that there are interconnections (co-movement) between each pair of the energy prices and economic policy uncertainty in Russia. It might be misleading to assume independence or neutrality between the variables. However, the conditional correlation between natural gas price and economic policy uncertainty is greater than the correlation between crude oil price and economic policy uncertainty. Even though Russia is a crucial player in both the natural gas and the crude oil markets, there is higher co-movement of the economic policy uncertainty with gas price than oil price. This demonstrates the importance of natural gas in the Russian economy. Russia is the highest exporter of natural gas and second-largest producer; hence, it is plausible that the natural gas price correlates more closely with economic policy uncertainty than the crude oil price. It is important to add that the correlations between gas price and economic policy uncertainty and the correlation between crude oil price and economic policy uncertainty have similar patterns. Each declined in almost the same period and, equally, increased concurrently. Additionally, the results revealed that significant global events and crises, such as the global financial crisis, the Russian financial crisis, the 9/11 terrorist attack, and the Russo–Ukrainian war, have an influence on the interconnections between the energy prices and Russian economic policy uncertainty. Based on our study’s empirical outcomes, several policy prescriptions for the Russian energy markets and their diverse responses to their volatility or the dwindling oil price should be pursued by appropriate quarters to stabilize both energy prices and minimize economic policies accordingly.



The findings of this study have implications on the Russian energy policies, trade policies, and stabilization policies. With regard to energy policies, the findings show that transition to a green economy, with clean energy sources such as renewables, would not only enhance environmental sustainability, but also boost the stability of the Russian economy.



Regarding trade policies, the findings revealed that Russia needs to prioritize the development of trade on goods and services other than energy resources. This is because huge volumes of trade on crude oil and natural gas create large uncertainties and the instability of the Russian economy due to its vulnerability to global shocks channeled through the energy prices. To reduce vulnerability, alternative sectors should be developed for international trade.



The implication of the findings of this study to stabilization policies is anchored on the fact that both crude oil and natural gas are the major sources of foreign exchange earnings for the development of the Russian economy. Consequently, energy prices affect government finances and monetary policy. Thus, monetary and fiscal policies should be cognizant of the interdependence between the energy prices and the economic policy uncertainty in Russia.



However, our study does not claim to be exhaustive on the theme under review. The incorporation of the post-COVID era, the current (2022) Russo–Ukrainian war, and using alternative advanced econometric settings are interesting extensions of this work.
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Figure 1. Dynamics of the monthly Russian economic policy uncertainty and energy prices and their returns. 
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Figure 2. cDCC-EGARCH dynamic conditional correlations between Russian economic policy uncertainty and energy prices. 
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Figure 3. Conditional covariance of Russian economic policy uncertainty and energy prices. 
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Figure 4. Conditional volatilities of Russian economic policy uncertainty and energy prices. 
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Table 1. Descriptive statistics.
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	Statistics
	NGPRICE
	OILPRICE
	REPU
	RNGPRICE
	ROILPRICE
	RETREPU





	Mean
	4.065109
	51.81644
	133.6251
	−8.86 × 10−5
	0.004430
	−0.001961



	Median
	3.332000
	48.47500
	109.4615
	−0.003931
	0.014870
	0.000306



	Maximum
	13.45400
	133.8800
	431.2470
	0.406394
	0.213866
	1.752550



	Minimum
	1.426000
	11.35000
	12.39880
	−0.395570
	−0.331980
	−2.085580



	Std. Dev.
	2.218140
	29.29837
	85.64058
	0.118919
	0.082989
	0.640805



	Skewness
	1.596381
	0.515347
	0.990361
	0.058617
	−0.727490
	−0.230170



	Kurtosis
	5.953050
	2.218325
	3.560860
	3.727084
	4.458716
	3.424390



	Jarque–Bera
	245.8850
	21.75351
	55.09169
	7.051135
	55.18261
	5.096266



	Probability
	0.000000
	0.000019
	0.000000
	0.029435
	0.000000
	0.078228



	Observation
	312
	312
	312
	312
	312
	312



	ARCH test F-stat
	19.84180

[0.0000]
	106.5145

[0.0000]
	19.40484

[0.0000]
	3.564416

[0.0295]
	16.54563

[0.0001]
	6.900444

[0.0090]



	Q-stat (5)
	11.249

[0.047]
	58.995

[0.000]
	25.186

[0.000]
	13.952

[0.016]
	20.417

[0.001]
	39.746

[0.000]



	Q-stat (10)
	33.085

[0.000]
	79.183

[0.000]
	44.175

[0.000]
	39.372

[0.000]
	27.316

[0.002]
	45.093

[0.000]



	Q-square stat (5)
	54.203

[0.000]
	162.03

[0.000]
	11.385

[0.044]
	5.8527

[0.321]
	62.934

[0.000]
	16.442

[0.006]



	Q-square stat (10)
	62.140

[0.000]
	183.07

[0.000]
	35.492

[0.000]
	16.965

[0.075]
	71.956

[0.000]
	28.048

[0.002]



	Correlation
	
	
	
	
	
	



	Variables
	REPU
	OILPRICE
	NGPRICE
	RETREPU
	RNGPRICE
	ROILPRICE



	REPU
	1.000000
	
	
	
	
	



	OILPRICE
	0.184283
	1.000000
	
	
	
	



	NGPRICE
	−0.221694
	0.426965
	1.000000
	
	
	



	RETREPU
	0.366066
	0.019746
	0.019361
	1.000000
	
	



	RNGPRICE
	−0.001555
	−0.007310
	0.127700
	0.071648
	1.000000
	



	ROILPRICE
	−0.063296
	0.036709
	0.017597
	0.014554
	0.227160
	1.000000







REPU = Russian economic policy uncertainty index, NGPRICE= Hub Natural Gas Spot Price (Dollars per Million British thermal units-Btu), OILPRICE = WTI crude oil spot price. RETREPU, RNGPRICE, and ROILPRICE are the returns of the three variables, respectively. [ ] denotes p-values.
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Table 2. Results of unit root tests.
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Philips–Perron (PP) Test




	

	
At Levels

	
At First Difference




	
Variables

	
Constant Only

	
Constant and Trend

	
None

	
Constant Only

	
Constant and Trend

	
None




	
NGPRICE

	
−2.83 *

	
−2.7921

	
−1.2607

	
−15.207 ***

	
−15.21 ***

	
−15.24 ***




	
OILPRICE

	
−1.7037

	
−2.1123

	
−0.3741

	
−11.835 ***

	
−11.821 ***

	
−11.849 ***




	
REPU

	
−10.646 ***

	
−11.982 ***

	
−3.7897 ***

	
−57.925 ***

	
−64.172 ***

	
−58.074 ***




	
RETREPU

	
−64.686 ***

	
−74.446 ***

	
−64.945 ***

	
−273.68 ***

	
−289.64 ***

	
−275.47 ***




	
RNGPRICE

	
−14.763 ***

	
−14.769 ***

	
−14.79 ***

	
−218.43 ***

	
−228.63 ***

	
−208.79 ***




	
ROILPRICE

	
−13.481 ***

	
−13.478 ***

	
−13.478 ***

	
−110.03 ***

	
−109.72 ***

	
−110.36 ***




	
Augmented Dickey–Fuller (ADF) Test




	

	
At Levels

	
At First Difference




	
Variables

	
Constant Only

	
Constant and Trend

	
None

	
Constant Only

	
Constant and Trend

	
None




	
NGPRICE

	
−3.0156 **

	
−2.9825

	
−1.4242

	
−15.211 ***

	
−15.199 ***

	
−15.236 ***




	
OILPRICE

	
−2.3086

	
−2.7655

	
−0.797

	
−11.959 ***

	
−11.948 ***

	
−11.969 ***




	
REPU

	
−3.1648 **

	
−4.1277 ***

	
−1.2093

	
−16.859 ***

	
−16.852 ***

	
−16.883 ***




	
RETREPU

	
−13.333 ***

	
−13.33 ***

	
−13.354 ***

	
−10.902 ***

	
−10.888 ***

	
−10.92 ***




	
RNGPRICE

	
−14.931 ***

	
−14.929 ***

	
−14.955 ***

	
−14.586 ***

	
−14.562 ***

	
−14.61 ***




	
ROILPRICE

	
−13.531 ***

	
−13.535 ***

	
−13.521 ***

	
−14.026 ***

	
−14.003 ***

	
−14.049 ***








REPU = Russian economic policy uncertainty index, NGPRICE = Hub Natural Gas Spot Price (Dollars per Million British thermal units-Btu), OILPRICE = WTI crude oil spot price. RETREPU, RNGPRICE, and ROILPRICE are the returns of the three variables respectively, while *, **, and *** denote 10%, 5%, and 1% levels of significance respectively.
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Table 3. Estimates of univariate GARCH models.






Table 3. Estimates of univariate GARCH models.





	
Variables

	
RETREPU

	
RNGPRICE

	
ROILPRICE




	
GARCH (1 1)

	
EGARCH (1 1)

	
GARCH (1 1)

	
EGARCH (1 1)

	
GARCH (1 1)

	
EGARCH (1 1)






	
Mean Equation

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
Constant

	
0.003682 ***

(0.005022)

	
0.005423 ***

(10.27708)

	
0.000118

(0.008645)

	
0.000229

(0.007496)

	
0.008146

(0.005442)

	
0.004231

(0.005942)




	
AR(1)

	
0.228962 ***

(0.071739)

	
0.888478 ***

(0.028238)

	
−0.100183

(0.393264)

	
0.030043

(0.295992)

	
0.117236

(0.401839)

	
0.152843

(0.212180)




	
MA(1)

	
−0.892361 ***

(0.030796)

	
−0.525341 ***

(0.060544)

	
0.292273

(0.352461)

	
0.157007

(0.288022)

	
0.046553

(0.406734)

	
0.079883

(0.216916)




	
Variance Equation

	

	

	

	

	

	




	
Constant

	
20.76495

(24.18403)

	
0.274471 ***

(0.036473)

	
0.000614 **

(0.000271)

	
−0.162429

(0.097178)

	
0.001234

(0.000849)

	
−5.451003

(0.938869)




	
ARCH (1)

	
0.068362 ***

(0.024425)

	
−0.082649 **

(0.042059)

	
0.048252 **

(0.020599)

	
0.097178

(0.020578)

	
0.138586 **

(0.064689)

	
0.034451

(0.143900)




	
GARCH(1)

	
0.931601 ***

(0.023587)

	
0.974469 ***

(1.75×10−08)

	
0.929866 ***

(0.019528)

	
0.965722 ***

(0.019639)

	
0.666913 ***

(0.177427)

	
−0.057089 **

(0.187108)




	
Asymmetry (1)

	

	
0.127181 ***

(0.021918)

	

	
0.080962 **

(0.036552)

	

	
−0.354448 ***

(0.098668)




	
Diagnostic Test

	

	

	

	

	

	




	
SIC

	
1.629597

	
1.616514

	
−1.187886

	
−1.367125

	
−2.146591

	
−2.149523




	
ARCH Test

	

	

	

	

	

	




	
F-statistics

	
0.223352

[0.6368]

	
0.010984

[0.9166]

	
0.008300

[0.9275]

	
0.006366

[0.9365]

	
0.283098

[0.5951]

	
1.024421

[0.3123]




	
nR2

	
0.224640

[0.6355]

	
0.011054

[0.9163]

	
0.008354

[0.9272]

	
0.006408

[0.9362]

	
0.284675

[0.5937]

	
1.027655

[0.3107]








p values are in square brackets [ ], while **, and *** denote 5%, and 1% levels of significance, respectively.
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Table 4. Parameter estimates of MGARCH models.






Table 4. Parameter estimates of MGARCH models.





	

	
Symmetric Model [GARCH]

	
Asymmetric Model [EGARCH]




	
Variables

	
DCC Model

	
cDCC Model

	
DCC Model

	
cDCC Model






	
RETREPU vs. RNGPRICE

	
0.1189 **

[0.0468]

	
0.1178 **

[0.0464]

	
0.1226 *

[0.0613]

	
0.12048 *

[0.0608]




	
RETREPU vs. OILPRICE

	
0.0098

[0.8768]

	
0.011240

[0.8569]

	
0.0067

[0.9234]

	
0.009536

[0.8903]




	
OILPRICE vs. RNGPRICE

	
0.2833 ***

[0.0001]

	
0.2829 ***

[0.0000]

	
0.3148 ***

[0.0000]

	
0.3136 ***

[0.0000]




	
Alfa (α)

	
0.0470 ***

[0.0002]

	
0.04603 *

[0.0527]

	
0.0720 **

[0.0281]

	
0.0749 **

[0.0331]




	
Beta (β)

	
0.6008 ***

[0.0001]

	
0.5726 ***

[0.0013]

	
0.6236 ***

[0.0000]

	
0.5966 ***

[0.0000]




	
Log-likelihood

	
357.135

	
357.057

	
306.769

	
306.755








p values are in square brackets [ ], while *, **, and *** denote 10%, 5%, and 1% levels of significance, respectively.
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