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e A bstract

Economies are under the influence of global macroeconomic variables as well as national
macroeconomic variables. In this context, global economic policy uncertainties are used as an
important variable. The relationship between economic uncertainties and energy prices in the
literature is examined over oil prices, and natural resources such as coal and natural gas, which
have a significant share in world energy consumption, are rarely discussed. In this study, the
relationship between the global economic policy uncertainty index and the prices of fossil fuels
coal, natural gas, and oil as natural resources has been examined with the Markov Switching
VAR Model. The model used enables the analysis of uncertainty and energy prices variables,
which are directly affected by the expansion and recession periods of the world economy, under
different regimes. As a result of the model application, it has been concluded that there is an
asymmetrical relationship between global economic policy uncertainties and oil, coal, and natural
gas prices, especially during the expansion periods of the global economy, and that the 1 standard
deviation shock in all energy prices is explained by the global economic policy uncertainty index
by approximately 50%.
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s 1, Introduction

Uncertainty has a direct impact on economic decision-making processes. Keynes (1936) and
Galibraith (1977) defined uncertainty as a factor that affects the preferences, expectations, and
tendencies of economic decision-makers. In this context, uncertainty is affected by economic
variables not only at the national level, but also at the globalization and international level, and it
has become an influence on these variables.

The effect of increasing national and international uncertainty regarding the economic decisions
of governments, businesses, and households has led researchers to work on the measurement
of uncertainties in economic policies (Al-Thageb and Algharabali, 2019). The global crisis and the
threat of economic recession in recent years, unemployment, income distribution inequalities,
price instability, migration, and finally the global epidemic can be closely associated with
economic policy uncertainty (EPU). With globalization, investment, consumption and production
moving beyond national borders, the economic policy uncertainty (EPU) index has been an
important guide when making decisions for economic agents.
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The relationship between EPU and many macroeconomic variables has been the subject of many
studies. Studies are mainly based on the effects of EPU on economic growth (Balcilar et al, 2019;
Barrero et al.,2017; Handley and Limao, 2015; Antonakakis et al., 2013), inflation (Leduc and Liu,
2016; Jones and Olson, 2013; Istiak and Alam, 2019) stock market changes (Chang et al.,
20152016; Pastor and Veronesi,2012; Chinzara, 2011; Momin and Masih, 2015), unemployment
(Caggiano et al., 2014; Nallareddy and Ogneva, 2016; Li et al., 2016; Julio and Yook, 2012),
investment (Bloom, 2009; Pastor and Veronesi, 2012; Gulen and lon, 2013; Riddick and Whited,
2009; Jeong, 2002; Rodrik, 1991; Wang et al., 2014; Oskooee and Nayeri, 2019), consumption
and savings (Bernanke, 1983).

Economic policy uncertainties will affect economic expectations, and economic expectations will
affect the energy market as well as all markets. Aloui et al. 2016; Yin 2016; Wei et al. 2017, Chen
et al. 2020, Wei et al. 2021 stated in their study that EPU may be related to energy markets. One
of the first determinations on this subject was made in Hamilton's study in 1983. According to
Hamilton (1983), EPU can affect energy prices indirectly due to its effect on macroeconomic
variables, and directly due to its effect on energy consumption. Thus it can be expected that the
EPU will interact with all variables in the energy markets.

Globalization can be defined as "a process in which goods and services, production factors,
technological accumulation, and financial resources can circulate freely between countries and
where factor, goods, services, and financial markets are gradually integrated" (Senses, 2009), is
integrated with the economy, directly affecting the economies of the countries. In this context, the
relationship between global economic and political uncertainties and macro and micro-economic
variables needs to be investigated, especially in this period when the economic, social, and even
political effects of a global pandemic are effective on all countries' economies.

The relationship between economic policy uncertainties and macro and micro variables has been
studied mainly on a national-country basis in the economics literature. As Hoque and Zaidi stated
in their work in 2020, in parallel with the success of the EPU index, which is used as an
explanatory variable in many publications in the literature, Baker et al. (2016) developed the
GEPU index to examine the effects of global economic uncertainties.

In this study, the relationship between the global economic policy uncertainty index and the global
prices of primary energy sources, namely oil, coal, and gas as natural resources will be discussed
within the scope of expansion and contraction periods. The main reason for choosing the subject
is that, as Wang and Kong stated in their study to be published in 2022, political economy
uncertainties directly cause fluctuations in energy prices (oil, coal, and renewable energy).

Political economy uncertainties are effective on the prices of all types of energy (Wang and Kong,
2022; Dash and Maitra, 2021), the studies mainly focused on the relationship with oil prices, as
discussed in the literature section of the study. However, as of 2020, the world's energy
consumption has been 31.2% oil, 27.20% coal, and 24.20% natural gas. Although the prices of
natural gas and coal, which have a relatively important share in world energy consumption, seem
less volatile compared to oil, the price increase in coal and natural gas in 2008, 2011, and 2018
compared to previous years was almost higher than that of oil. The energy prices, which affect
and are affected by the economic contraction and expansion periods of the world economy,
parallel to the decrease in demand due to the contraction in the world economy, the price
decreases experienced on the supply side in 2014-2016 lasted longer unlike the decrease in
energy prices in 1998, 2001 and 2008-2009 (World Bank, 2020). The global economic recession,
triggered by the COVID-19 epidemic and the limitations imposed within the scope of the fight
against the epidemic, caused an unprecedented decrease in energy and especially oil demand
and prices, and in the first quarter of 2020, oil prices decreased by 5%. It is estimated that the
stagnation and the decrease in oil prices due to the global epidemic in 2020 will continue relatively
in 2021 and 2022 and that oil prices will average $62/barrel in 2022 (IEA, 2021). The expansion
and contraction periods in the economy can have a decreasing or increasing effect on energy
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prices and economic policy uncertainty. In his 1989 study, Mork focused on the asymmetric
effects of oil prices and stated that the increase in oil prices had a greater effect on
macroeconomics than the decrease.

In the globalizing world, the financial crisis of 2008 and the global pandemic of 2020 showed that
global economic uncertainties were as effective as national and regional uncertainties on the
country's economy. The determination of the factors affecting global economic uncertainties is
also important for national economies. Energy prices, which are among the main natural
resources in terms of global macroeconomics, are the main variables associated with economic
policy uncertainty. As mentioned before, although world energy consumption consists of 31.2%
oil, 27.20% coal, and 24.20% natural gas, research on the subject was mainly limited to examining
the relationship between oil prices and economic policy uncertainties. The main contribution of
this study to the literature is to examine the relationship between oil, coal and natural gas prices,
which are important energy sources in global energy consumption, and economic uncertainties
from a global perspective. As far as we know, this is the first study examining the relationship
between the natural resources oil, coal and natural gas prices and the global economic policy
uncertainty index with the Markov switching VAR model. In addition, the model can provide
information about how long the economy will remain in expansion and contraction regimes. Thus,
with the Markov Switching VAR method, policy recommendations can be developed for different
periods.

It is important to consider the relationship between the global economic policy uncertainty index
and energy prices within the scope of different regimes, in terms of expansion and contraction
periods. For this reason, unlike other studies, the relationship between the prices of oil, natural
gas and coal, which are the primary energy sources that have a significant share in world energy
consumption, and the Global economic policy index is discussed within the scope of the Markov-
Switching Vector Auto-Regressive (MS-VAR) model. Unlike other studies, this study is the first to
consider coal prices, where volatility is almost higher than oil prices in 2011 and 2018. The fact
that coal consumption still has a very important share in both households and industries in the
world increases the importance of the study. Considering the high volatility seen in energy prices
within the scope of this importance, the Markov regime —Switching model was used in the study.

The remainder of the study is organized as follows: the second part is the literature review; the
third part explains methodology and data; the fourth part introduces empirical results, and finally,
the fifth part covers the conclusion and policy implications. This part summarizes the findings and
includes policy recommendations.

e 2| Literature Review

We can associate the relationship between Economic Policy uncertainty and energy prices with
neo-classical production technology, where energy is the main production input.

The price of energy, which is the main production input in economy, is expected to be directly or
indirectly related to economic policy uncertainty along with many macroeconomic variables.

The relationship between global economic policy uncertainties and macroeconomic variables and
especially energy prices is a relatively new issue in the literature. One of the first studies in the
literature progressing within the scope of political economy uncertainties is the study by Hamilton
in 1983 in which he determined that there was a statistically significant relationship between
energy prices and economic recession in the USA between 1948-1972. Subsequently, the
relationship between energy prices and especially oil prices and macroeconomic fluctuations has
been the subject of many studies (Hamilton, 2003; Kilian, 2009; Sum, 2013; Alexopoulos and
Cohen, 2015; Demir et al., 2017, Abhyankar et al., 2013). The first study examining the causal
relationship between energy prices and economic policy uncertainty (EPU) was conducted by
Kang and Ratti (2013). In the study, it was determined that there was a reciprocal relationship
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between oil price shocks and political economy uncertainty. A follow-up study by Antonakakis et
al. (2014) concluded that there was a negative correlation between EPU and oil prices during
recession periods in the USA. Arouri et al., in their study of 2014, concluded that the change in
oil prices in their countries was interactive with uncertainty. The following studies mainly focused
on investigating the relationship between EPU and especially oil prices in national economies. As
a matter of fact, in the study of You et al. in 2017, it was concluded that oil price shocks and
political economy uncertainty in China affected the stock market asymmetrically. In another study
dealing with China specifically, a similar result was obtained. In the study by Wei 2019, it was
found that oil prices in China were statistically effective on the economic policy index. Chen et al.
(2019) found in their study focused on China between 2000 - 2017 that EPU and oil prices were
the Granger cause of economic growth. In their study using the FAVAR model by Xu et.al. (2021),
it was concluded that oil prices responded very strongly to the uncertainties in the energy market.
In another study examining the Chinese economy, Liu et.al (2023) concluded that there was a
relationship between oil price volatility and EPU, but the relationship was adverse. In parallel with
this result, it was found that there was a reverse linkage between oil price and EPU in He et.
al(2021) studies. Ringim et.al. (2022), in their study using the DCC-MGARCH model within the
scope of the Russian economy, concluded that there was a correlation between oil prices and
EPU.

Jeris and Nath (2020) showed that there was an inverse relationship between Brent oil prices and
economic policy uncertainty in the United Kingdom in the long run. Unlike other studies, Sun et.
al. (2020) took different countries together and in the study in which G7 countries, China, Brazil,
and Russia were examined, it was concluded that there was no Granger causality relationship
between oil prices and economic policy uncertainty in countries other than America. Apostolakis
et.al (2021) tested the relationship between EPU and oil prices with the help of the VAR-GARCH
—M model in their study covering the G7 countries. As a result of the study, they concluded that
the uncertainty in oil prices was not related to the EPU.

The relationship between economic policy uncertainty and energy prices has been mainly
discussed within the scope of causality, Aloui et al. had a different approach by examining the
relationship in question in the short, medium and long term in their study of 2016. This study was
followed by studies by Gunes et al.(2018), Yang(2019) and Chen et al. in 2019 and Alaou et
al.(2016) concluded that there was no short-term relationship between the variables, while Chen
et al.(2019) concluded that policy uncertainty was positively affected by the shock in oil prices in
the short and long term. The high volatility in oil prices, oil being the main production input, and
having the highest share in consumption in terms of conventional energy types in the energy
market, has increased the weight of the relationship between oil prices and EPU in the literature.
For this reason, Dash and Maitra emphasized that although the effects of EPU on oil prices were
studied in detail in their study in 2021, there are very limited studies in the literature on the
relationship between EPU and natural gas prices. Coal prices, which are examined in this study
and still have an important share in world fossil fuel consumption, have not been discussed as far
as it can be reached in the relevant literature. In parallel, Dash and Maitra (2021) mentioned the
limited number of studies on the link between natural gas prices and EPU in Scarcioffolo and
Etienne (2021) studies and analyzed the relationship between energy prices and EPU with the
Markov Switching GARCH model. As a result of the analysis, they concluded that EPU increased
volatility in the natural gas and oil markets.

Many empirical researches have discussed the relationship between economic policy
uncertainties and energy prices within the scope of country-based EPU indices Hamilton, 2003;
Kilian,2009; Yang, 2019; Xu et.al. 2021, Ringim et.al 2022, Liu et.al. 2023). Following the study
of Bloom which covered the relationship between global economic policy uncertainty and
recession in 2017, the global economy politics uncertainty index (GEPU) developed as the GDP-
weighted average of news-based national EPU index by Baker et al. in 2013 for 21 countries and
created by Davis(2016), has been a subject for the researches. Considering that global trade
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makes the existence of a closed economy impossible, Chen et al. (2019) examined the
relationship between the global economic policy uncertainty (GEPU) index and oil prices and
stated that there was an asymmetrical relationship between the variables. In this context, Dai et
al. (2021) stated in their study that the global economic policy uncertainty index was a consistent
and good indicator of global economic policy uncertainty.

Yu et al. (2018) stated that Global Economic Policy Uncertainty (GEPU) was associated with
crude oil market volatility. Feng et al. (2020) stated that the global EPU had a maturity-varying
effect on crude oil price volatility.

The results vary according to the variables used in the literature, the period studied, and the
countries. Another factor affecting the results is the econometric model differences used in the
studies. In this context, as Scarcioffolo and Etienne stated in their study in 2021, the relationship
between energy prices and economic policy uncertainty has been examined in the literature
mainly with the Generalized Autoregressive Conditional Heteroskedasticity (GARCH) model and
VAR models. One of the econometric models used when examining the relationship between
EPU and energy prices was the GARCH model (Ringim, et. al,2022; Liu et.al. 2023; Degiannakis,
Filis, 2017). Hamilton (2003), Kilian(2009), Antonakakis et. al(2013), Yang et.al. (2019), Kang
et.al.(2017), while using the Structural VAR (S(VAR)) model in their studies, Bekiros et. al.(2015),
Byrne et.al. (2019), Apostoakis et.al. (2021), TVP-VAR, Van Robays(2016) Thershold VAR, and
Xu et.al. (2021), used the FAVAR model. The reason for preferring the MS-VAR model in this
study is the emergence of unsafe and erroneous estimates, especially in studies examining
energy prices with high volatility, when regime changes are not taken into account (Zhang and
Zhang, 2015; Scarcioffolo and Etienne, 2021). Unlike other studies, to contribute to the literature,
the relationship between the global economic policy uncertainty index and oil, coal, and natural
gas prices, which still have a significant share in world energy consumption, was tested with the
Markov Switching VAR model within the scope of different regimes.

—— 3, Methodology

3.1. Markov Switching Model

The reason for choosing the MS-VAR model in this study is that the Markov regime change vector
autoregressive (VAR) model, which is called the Hamilton model in the literature, allows the
expansion and contraction periods of the economy to be modeled as different regimes and the
transition between regimes to be expressed as probabilistic. There may be structural breaks in
time series due to financial crises, epidemics, wars, natural disasters, and changes in national
and international policies (Sims and Zha, 2004). If these changes, especially in macroeconomic
variables, occur once and do not return to their initial behavior, this is called a "structural break".
The situation in which the series begins to exhibit a new behavior is expressed as "regime
change"(Brooks,2008).

MS-VAR models can be used to examine the causality between the variables since the predicted
linear vector autoregressive models will be insufficient if the studied variables switch between
regimes. Thus, with the MS-VAR model, the parameters of the VAR model depend on the latent
variable (regime) (Fallahi, 2011).

The MS-VAR model is based on the linear vector autoregressive model of Sims (1980), the
Markov variation vector autoregressive model (MS-VAR) was developed by Hamilton (1989,1990)
as the univariate Markov variation model, while the main contribution belongs to Krolzig (1997).
Krolzig (1998, 2000, 2001, 2006) adapted the model in question to dynamic multivariate systems.
Krolzig (2006) MS-VAR model could be expressed as

y =10 + A1 (s)yeer + -+ Ap(Sye—p + U LU |St ~ NID(0, Zsy)) (1)
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In the model, W(S¢),A1(S)s v v, Ap(Se), X5, the  realized  regime s
s¢€{1, ..., M}while W, Aq, ... ... ... ...,Ap2 is the parameter change functions defining
dependence on parameters. In this function:
_ V8T lf St = 1
(0= e Ty 2)

The impact reaction function in MS VAR models that have autoregressive dynamics not
dependent upon the regime of Krolzig (2006) is as follows:

ETyz(h) = J(Zhoo A HFM ) VE €)
In the function, | = [y 0=]=11 ® I,y is the j'th column of the unit matrix, which is a matrix

of(KxKp) dimensions. In this context, the Krolzig (2006) MSA(M) VAR (1) model is expressed
as follows:

Yt = A(Et)yt_l + U 4)
& = F&_1 + v ®)

In the model u; ~ NID(0,X), v, andV, are a martingale difference series. In this series, since.
ye = ¥M. &, v¢ the conditional expectation y.,, isexpressed as follows:

M
Elyeen lyete] = D Blgieen veon Iyete] = (i ® 10BWean bye = i @ 1016 ® 30
i=1

and the impacts and reactions are as follows:
ETg,(h) = (1y ® LM (& ® V), (6)
ETVE(h) =(1u® IK)Hh(VEt R yo) (7)

One of the most important features that distinguish Markov regime change models from other
regime models is that they provide information about how long the economy will remain in
expansion and contraction regimes (Kim and Nelson, 1999).

3.2. Data

This study aims to examine the relationship between global political economy uncertainty (GEPU)
and energy prices in parallel with different regime (stagnation and expansion) periods. In this
context, monthly time series of the global economic political uncertainty index, global oil prices,
global coal prices, and global natural gas prices between 1997-2021 were used in the study.

The reason for choosing GEPU in this study is that it is a competent variable in terms of global
economic policy uncertainties. It is calculated by taking the weighted average of the GDP data of
the monthly EPU index values of 21 countries since 1997. As the 21 countries included in the
GEPU Index account for approximately 71% of global production on an adjusted basis and
roughly 80% at market exchange rates, it can be said to be representative of the global economy.
There are two versions of GEPU. One of these versions is the GEPU index based on current price
GDP measurements and the other is based on GDP adjusted for PPP.

In the representation of the global political uncertainty (GEPU) index, the index calculated through
the method developed by Davis(2016)?, in the representation of the global oil prices, the Global
price of Brent Crude®(U.S. Dollars per Barrel), in the representation of Global oil prices, the Globall

2 Global Economic Policy Index. https://www.policyuncertainty.com/global_monthly.html
3 Global price of Brent Crude. https://fred.stlouisfed.org/tags/series?t=0il
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price of Coal*(U.S. Dollars per Metric Ton) and in the representation of global natural gas prices,
the Global price of Natural gas®(U.S. Dollars per Million Metric British Thermal Unit) were used.
Since it was stated in the studies of Dash and Maitra in 2021 that nominal or real energy prices
do not change the results, energy prices are included in the estimation in nominal terms in this
study.

Since the time series covers the period 1997:2-2021:5, it also covers the global COVID-19
pandemic period, so that the impact of the pandemic on the GEPU and energy prices can be
examined.

Figure 1. The fluctuations in the level of the global economic policy uncertainty
index, oil prices, coal prices, and natural gas prices series at levels
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Figure 1 shows the fluctuations in the level of the global economic policy uncertainty index, oil
prices, coal prices, and natural gas prices series over time. Figure 1 shows the fluctuations in
energy prices roughly in 2008, 2010, 2016, and 2020, while higher volatility can be detected in
the global economic policy uncertainty index.

4 Global price of Coal. https://fred.stlouisfed.org/tags/series?t=coal%3Bprice
5 Global price of Natural gas. https://fred.stlouisfed.org/seriessPNGASEUUSDM
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Figure 2. Time series rate of change graph
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Comparing the rate of change graph of time series with Figure 2, it is roughly seen that all series
fluctuate with a higher frequency over time.

Table 1. Descriptive Statistical Information of Variables

Pgas Pcoal Poil Gepu
Mean 6.414116 68.56971 57.79968 126.9751
Median 6.010000 64.48323 55.16286 108.0900
Maximum 16.02000 195.1863 133.8991 430.0100
Minimum 1.447498 24.00000 9.800000 11.87000
Std. Dev. 3.473746 34.49317 31.68506 67.06421
Skewness 0.555821 0.599285 0.464037 1.568130
Kurtosis 2.425106 2.905935 2.200646 5.704571
Jarque-Bera 19.12133 17.64612 18.31604 209.3831
Probability 0.000070 0.000147 0.000105 0.000000

Table 1 contains descriptive statistical information about the variables. All series used in the
model have been converted to logarithmic form. Then, the series were seasonally adjusted with
the Census X12 method to eliminate the seasonal effects that may arise from the use of monthly
series (After this stage, in our study, the series were expressed as Ingepusa, Inpcoalsa, Inpolisa,
Inpgassa).

4. Empirical Results

4.1. Unit Root Tests

At this stage, it was examined whether the variables used in the study contained a unit root, in
other words, whether they were stationary or not.
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Table 2. Unit Root Test Results of Epu, Pcoal, Poil, Pgas Variables

Variable ADF statistics MacKinnon 5% PP  statistics MacKinnon 5%
(level) critical value (level) critical value

Ingepusa -2.871298 -2.559760 -3.452596 -3.336689

Inpcoalsa  -2.871298 -1.581564 -2.871229 -1.373827

Inpoilsa -2.871263 -1.809859 -2.871229 -1.729236

Inpgassa -2.871332 -2.554598 -2.871229 -1.745428

Variable ADF statistics MacKinnon 5% PP  statistics MacKinnon 5%
(first-degree critical value (first-degree critical value
difference) difference)

Alngepusa  2.871332** -14.49602 2.871263** -29.02114

Apcoalsa 2.871298** -8.503944 2.871263** -11.83467

Apoilsa 2.871263** -13.42207 2.871263** -13.42207

Apgassa 2.871332** -4.711685 2.871263** -16.22694

Note: Critical Values are from Mackinnon 1996. * Significant at 1%, ** Significant at 5%, ***Significant
at 10%

In accordance with the results obtained by applying Augmented Dickey Fuller and Phillips-Perron
tests in Table 2, the null hypothesis that all four series contain a unit root in the constant could
not be rejected and it was concluded that the variable was not stationary, and it was concluded
that the first-order differences of the variables were stationary at the 5% significance level.

4.2. Structural Breaks and Cointegration

The time series used in forecasting are not stationary at the level. Based on Perron's 1989 study,
time series can have a stationary structure around the deterministic trend as of sub-periods within
the scope of the analysis. The series in question may be affected by the structural changes in the
constant and/or slope parameters in these sub-periods. The reasons for this change, also called
structural break, may be economic (such as crises) and political (such as wars) changes or
sectoral differentiations that occurred during the period covered by the time series, Perron (1998,
2003) examined whether the variables (Ingepusa, Inpoilsa, Inpcoalsa, Inpgassa) contain a
structural break within the scope of the multiple unit root test. The reason why Bai-Perron (1998,
2003) prefers multiple structural break analysis is that it allows the determination of each break,
from specific to general, in determining the number of breaks in cases where the break time is
unknown. In this context, the Bai-Perron (1998, 2003) test was used in this part of the study, since
the MS-VAR model will count as distinctive information in determining the regime rotations.

The multiple linear regression model used in the Bai-Perron multiple structural break test and
containing m breaks (with m+1 regime) is as shown in Equation 1 (Bai and Perron 1998).

Ve = XB+ 2z +upt =T+, ... T, j=1,....,m+1 (8)

In equation 8, Yt is the dependent variable observed at time t, the independent variable vectors
with xt (px1) and zt (gx1) dimensions, the coefficient vectors g and §j (j =1, ..., m + 1), and the
error term ut, T1 , ..., Tm represent unknown breakpoints. It is aimed to estimate unknown
regression coefficients (8, 61, ..., §j) together with breakpoints. When the § parameter vector is
not dependent on breaks and it is estimated using the whole sample, this model gains the feature
of being a piecemeal structural change model. When P = 0, a pure structural change model is
obtained since all coefficients depend on the changes (Bai and Perron: 1998).

In the analysis performed by Bai-Perron(1998,2003), the variance-covariance matrix was
strengthened with the HAC estimator, the quadratic spectral kernel function was used with the
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AR(1) approach, the Andrews automatic bandwidth method was preferred, and the error
distributions were considered heterogeneous according to the regimes (See, Mert, Caglar, 2019).
In this context, in the estimation made within the scope of Bai Perron (1998, 2003) multiple
structural break tests as monthly time series between the years 1997-2021, in the light of the
results obtained in Appendix Table 1, the number of 3 breaks in the Inepusa series was estimated
and, in the examined period, it was determined that the series broke structurally in the 8th month
of 2003, the 3rd month of 2008 and the 6th month of 2016. The breaks in the global economic
policy index in 2008 and 2016 are in line with the years of a sudden decline in global GDP. In the
Inpcoalsa series, which is the first of the price series for fossil fuels, 3 breaks were estimated
again and it was determined that the series broke structurally in the 1st month of 2004, the 9th
month of 2007, and the 7th month of 2013 in the examined period. In Inpoilsa, 4 break periods
were detected. The first of these turns took place in the 8th month of 2000, the second in the 10th
month of 2004, the third in the 11th month of 2010, and the fourth in the 12th month of 2014. In
the Inpgasa series, 3 structural breaks were detected in the 8th month of 2005, the 5th month of
2011, and the 4th month of 2015. Breakdown periods in the prices of these global energy types
are parallel with decreases in oil prices in 1998, 2001, and 2008-09 due to demand after 1997,
and supply-induced decreases in oil prices in 1985-86 and 2014-16 (World Bank, 2020). Out of
the 11 structural breaks observed in global oil, coal, and natural gas prices, all breaks in the 8th
month of 2003, the 3rd month of 2008, the 5th month of 2011, and the 12th month of 2014
occurred in parallel with the upward movement of the global energy price index.

Multiple breaks detected in the all-time series, which are the subject of the study, confirmed the
results of unit root tests in the previous section. At this stage, the existence of a cointegration
relationship between series with structural break and non-stationary series was tested.

Table 3. Cointegration Tests Results

Ho H: Eigenvalue Trace statistic Max-eigen statistic

r=0 r=1 0.064209 39.80404 19.11252
(47.85613) (27.58434)

r<1 r=2 0.046329 20.69151 13.66159
(29.79707) (21.13162)

r<2 r=3 0.015424 7.029928 4.476670
(15.49471) (14.26460)

r<3 r=4 0.008826 2.553257 2.553257
(3.841466) (3.841466)

Critical values at 5% are shown in parentheses

The Johansen approach was used to determine the number of cointegrating vectors in the model
to be applied. The reason why this approach is preferred is that the model in question accepts all
the variables in the model as internal and does not require variable selection for normalization,
since there may be more than one equilibrium relationship between the variables in case of two
or more variables (Sevuktekin and Nargelecekenler, 2010). In this model, the existence of a
possible cointegration relationship between the variables was examined with the application of
Eigenvalue, Trace statistics, and Maximum Eigenvalue Statistics. In the light of the results
obtained based on Table 3, the null hypothesis that there was no cointegration between the
variables could not be rejected. Since the variables were not cointegrated, the first-order
difference of the variables was tested with the MS-VAR model in the next stage of the study.

4.3. Model Estimation

In the MS-VAR application, it was aimed to estimate the most accurate model by using information
criteria, and, in this context, the model with the smallest value of the AIC criterion and the largest
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Loglikelihood value was determined as 2 regimens. The lag length is determined by using
information criteria such as AIC, BIC, and HQ. In this context, the MS(2) — VAR(3) model has
been determined. There are 4 vectors in the MS(2)-VAR(3) model with two regimens and 3 lags
selected within the scope of AIC information criterion and Loglikelihood value.

Table 4. Estimation results for the model MS(2)VAR(3)

Alngepusa Alnpcoalsa Alnpoilsa Alnpgassa
Regime 1
c 0.03913188* 0.00257898 0.0113575* 0.0225542**
Alngepusa(-1) -0.314508* -0.000170535 -0.0300501**  0.0425609
Alngepusa(-2) -0.146928* 0.00705235 -0.0133479* 0.196328*
Alngepusa(-3) -0.164733* -0.00159361** 0.00996869 -0.0242802**
Alnpcoalsa(-1) 0.344683 0.312820* 0.0175486 -0.213655
Alnpcoalsa(-2) 0.0174991 0.0784362 0.218355* 0.663279*
Alnpcoalsa(-3) 0.137960 0.0780500 0.0798517 0.219169
Alnpoilsa(-1) -0.156216 0.0877339* 0.157570* 0.408304*
Alnpoilsa(-2) -0.0619842 0.00614585 -0.101469** 0.262286***
Alnpoilsa(-3) 0.186130 0.00978841 -0.0153838 0.525843*
Alnpgassa(-1) 0.0483039*** -0.0201893* -0.00920488 00682000%**
Alnpgassa(-2) -.00505193 0.0168502* -0.00219263 0.0283573
Alnpgassa(-3) -0.0201267 -0.00362762 -0.0112404 0.328860*
Regime 2

c 0.163467 0.000534617* -0.0156657* -0.0100491**
Alngepusa(-1) -0.204088 -0.044314 -0.047244 0.072804
Alngepusa(-2) -0.142828 -0.016542 -0.026486 0.009728
Alngepusa(-3) -0.100773 -0.005539 0.003299 0.011149
Alnpcoalsa(-1) 0.050087* 0.280148 0.049977 -0.420539
Alnpcoalsa(-2) 0.051754 0.127544 0.298283 1.011336
Alnpcoalsa(-3) 0.211709 00.34903 0.045877 0.580368
Alnpoilsa(-1) -0.089443 0.094508 0.169627 0.559639
Alnpoilsa(-2) -0.149187 0.043186 *0.122927 0.49976
Alnpoilsa(-3) 0.185527 -0.019962 -0.022372 0.7339035
Alnpgassa(-1) 0.018950 -0.017392 *0.011898 -0.025715
Alnpgassa(-2) -0.010125 0.014866 0.005597 -0.153286
Alnpgassa(-3) 0.011528 0.002669 -0.018459 0.4060275

Diagnostics Tests

Linearity LR-test 3947.1**
Davies 0.0000**
Normality 98.878**
Portmanteau(36) 595.93

Note: * Significant at 1%, ** Significant at 5%, ***Significant at 10%
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According to the diagnostics tests of the model in Table 4, it is seen that the model is robust. At
this stage, regime classification based on smoothed probabilities was used to define the robust
2-regime model as the contraction and/or expansion period.

According to the regime classification based on the flattened probabilities, when the dates in the
distribution of the regimes are considered together with the global economic growth data, it is
deemed appropriate to consider regime 1 as the expansion period, the 2008 financial crisis and
the second regime covering the 2020 COVID-19 pandemic dates as the contraction period. The
regime dates obtained in Appendix Table 2 are considered together with the break periods of the
time series, it is seen that the determination of the expansion and contraction periods coincide
with the break periods. As a matter of fact, out of the 3 structural breaks in the global economic
policy uncertainty index, the break in the 8th month of 2003 overlaps with the 1st Regime period,
which was the expansion period in which the global economy growth rate increased, the breaks
in the 3rd month of 2008 and the 6th month of 2016 overlaps with the 2nd Regime period in which
the global economy contracted. However, all the breaks in energy prices, except for the break in
oil prices in the 12th month of 2014, occurred during the expansion period, which is the 1st regime
period. All the breaks in energy prices took place during the expansion period, which is the period
when energy demand increases.

After determining regime 1 and regime 2 as expansion and contraction periods, respectively, the
application of the MS(2)VAR(3) model with two regimes, 3 delays, and 4 vectors can be
interpreted in accordance with Table 5. The period in which the relationship between variables is
statistically significant in the model is the expansion period, which is predominantly the 1st regime.
When the coefficients of the variables are examined, it is seen that dinpgassa has a negative
effect on dingepusa in the first vector. The dingepusa variable is negative on the dinpcoalsa on
the 2nd vector, and negative in the 3rd lag period. It is seen that there is a negative effect on the
vector dinpoilsa in the first and second delay periods, and a positive effect in the second delay
period on the fourth vector dinpgassa in the third delay period.

Figure 3. Smoothed probability estimates of regimes

P{Regime 0] smoothed 10 P[Regime 1] smoothed

2020 2000 2005 2010 2015 2020

Figure 3 shows the smoothed probability estimates of the expansion and contraction regimes of
the MS(2)VAR(3) model, respectively. The light blue regions in the figure correspond to the
periods in which the smoothened probability of the contraction regime is at its maximum. As seen
in the figure, the expansion and contraction periods fluctuate within the scope of the dates in the
regime classification table based on the smoothed probabilities.

The period of staying in the regime and the regime probabilities of the model, whose expansion
and contraction periods are determined, are shown in Table 7.

Transition probability matrix
_ < Regim1,,,0.93010 0.17683 )
- Regim2,,,0.069897 0.82317
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Table 5. Regime properties

Probability Observations Duration (months)
Regime 1 0.940 214 16.46
Regime 2 0.923 75 5.77

The transition probability matrix obtained from the smoothed probabilities in Table.5 and regime
duration and the probabilities of realization of these regimes are included. When the transition
probabilities are examined, the probability of staying in the same regime in the next period while
Regime 1 is in the expansion period is 93%, while the probability of staying in the same regime
in the regime 2 contraction period is 82.317%. In Regime 1, the probability of switching to
Regime 2 in the next period is 17.683%, and the probability of switching to regime 1 is 0.6 %.
According to the findings, the duration of stay in the expansion period in the model is 16.46
months, while the duration of stay in the contraction regime is 5.77 months. Although the long
duration of stay in the expansion period is a positive feature for the global economy, it should be
noted that the probability of transition from the expansion period to the contraction period is higher
than the probability of transition from the contraction period to the expansion period. The
expansion period, in which the global economy remained 16.46 months during the expansion
period, will be followed by a contraction period of 5.77 months with a 17.68% probability, and
global economic policy uncertainty and energy prices may be adversely affected in this period.

To detail the relationship between time series in the statistically robust MS(2)VAR(3) model, in
the next step of the study, variance decomposition and impulse response analyses were
performed to determine the reasons for the change in the Series.

4.4. Variance Decomposition and Impulse Response Analysis

Another method used to determine the reasons for the change in the series is variance
decomposition. The variance decomposition obtained from the moving averages section of the
VAR model expresses the sources of shocks occurring in the variables themselves and in other
variables as a percentage. The results of the variance decomposition analysis obtained in the
MS(2)VAR(3) model in terms of regimes within the scope of variance decomposition analysis
(Enders, 2004), which shows the source of a change in the variables used, are given in Table 6.

According to the results obtained based on the analysis made, the proportional relationship
between the variables at the end of 10 periods between the time series in the regime 1
(expansion) period was significant. As a matter of fact, natural gas prices (dinpgassa) explained
a change in the global economic policy uncertainty index (dingepusa) with a share of 54.49% in
the 2nd period, while this rate was 48.36% at the end of the 10th period. Furthermore, dingepusa
explains a change in the coal price (dinpcoalsa) series with 49.42% and dinpgassa with 48.36%
at the end of the period. The change in dinpgassa explains dinepusa with 51.18% at the end of
the 5th term and 49.41% at the end of the 10th term. A change in oil prices (dInpoilsa) is explained
by dingepusa with 51.58% in the 5th period and 49.41% at the end of the 10th period and also
dinpoilsa explains a change with a 48.36% share at the end of the dinpgasa 10th period. The
variance decomposition analysis explains the global economic policy uncertainty, a change in oil,
coal and natural gas prices by approximately 50% at the end of 10 periods in regime 1, which is
the expansion period.
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Table 6°. Variance decomposition analysis
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The effect of the global economic policy uncertainty index on energy prices in Regime 1 is also
seen in the impulse response analysis. In the MS(2)VAR(3) analysis which does not include a
structural problem, the effect of the variables examined in this phase on each other within the
scope of regime 1 and regime 2 is discussed with impulse-response analysis. Impact-response
analysis has an important function in analyzing the effect of a random unit standard deviation
shock on other variables in the system and in guiding economic policies in this context.

6 The Granger Causality test is applied to support the relationship between the variables followed by
the MS(2) VAR(3) model. results are shown in appendix Table 3,4,5. The results obtained are
supporting MS(2) VAR(3) and the model is robust.
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Figure 4. Regim1 Inter-Serial Impact Response Analysis Results
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The impact response analysis of our model was examined in line with Figure 4 above, it was seen
that dinpcoalsa's response to a one standard deviation shock given to dingepusa decreased in
the first period from the first period, and after this period, the effect decreased and increased at
the end of the second period. It was observed that the effect became statistically insignificant in
the 4th period and its effect ended. However, while oil prices had a decreasing effect on a
standard deviation shock in the first period, the increase in the second period was followed by a
decrease in the third period. The effect ended approximately in the 5th period. Oil prices gave an
upward response to a shock in the global economic policy uncertainty index from the first period,
the direction of the increase was reversed in the 3rd period and the effect ended in the 4th period.
All responses are based on the orthogonalization of the Cholesky factor.

s 5. Conclusion

The starting point of this study, in which the relationship between global economic policy
uncertainty and the prices of fossil fuels coal, oil, and natural gas was estimated with the Markov
Switching VAR model between 1997-2021, was to examine how the relationship between
uncertainty and energy prices could change during the expansion and contraction cycles of the
global economy. Since energy, which is the basic input of production and a scarce resource, is
not evenly distributed in the world geography, ensuring energy supply security is one of the most
important issues in terms of national economies. Energy supply security includes the continuity
of energy resources in terms of quantity as well as providing them with a certain price level.
Although energy prices are determined according to energy supply and demand, it is necessary
to examine all macroeconomic variables that directly or indirectly affect supply and demand.
Examining the relationship between the economic policy uncertainty index, which interacts with
many of the mentioned macroeconomic variables and takes into account different variables while
calculating as an index with energy prices provides convenience to researchers at this point.

The 2000s, which can be considered crisis years in terms of economy in general, were a volatile
period in terms of global uncertainties. The economy, which went into recession, especially with
the global pandemic that started in 2020, has had significant periods of decline in terms of energy
prices and especially oil prices. These periods created structural breaks in both energy prices and
the series of economic and political uncertainties.

In this study, the relationship between energy prices and the global uncertainty index was
examined under different regimes. The results obtained support the studies of Xu et.al. (2021),
which concluded that energy prices respond strongly to uncertainties in the energy market. It has
been seen in line with the coefficients of the MS(2) VAR(3) model that there is an asymmetrical
relationship between global economic policy uncertainties and oil, coal, and natural gas prices,
especially during expansion periods. These results do not support the studies of Alaou et al.
(2016) in which it was determined that EPU and energy prices are not related. It also contradicts
Apostolakis et.al.'s 2021 study, which concluded that there was no relationship between Epu and
oil prices. The findings obtained in this study are consistent with the result that EPU and energy
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prices are related, as determined in Chen et al. 2019, Wei 2019 studies and there is an
asymmetrical relationship that supports the studies of You et al. (2017), Liu et.al. (2023), He et.al..
(2023) Dash and Maitra. Another important result obtained in the study is the high rate of natural
gas prices to explain a change in global economic policy uncertainties during expansion periods.

The structurally broken series are analyzed in terms of regimes, it is seen that the dates of the
expansion and contraction regimes are related to the dates of the breaking, and all energy prices
reacted to the 1 standard deviation shock given to the GEPU in the expansion period, regime 1,
as of the first period. It was determined that GEPU had 50% power to explain a change in energy
prices during expansion periods. Yu et.al.(2018), and Feng et.al. (2020) studies, as in this study,
take into account the global uncertainties instead of the local economic policy uncertainty variable.
The result obtained in these studies, that GEPU is effective on the change in oil prices, was
supported by this study. These findings are inconsistent with Antonakakis et al. (2014) study,
which concluded that there is an asymmetrical relationship between EPU and oil prices in
recession periods. In this study, it was concluded that natural gas prices are the only energy price
that is effective in explaining a change in the global economic policy uncertainty index. This result
reveals the necessity of turning attention to natural gas prices rather than oil prices to reduce
global uncertainties.

Another result obtained with the Markov Switching VAR model estimation and which is important
for policymakers is that the probability of staying in the expansion period within the scope of the
model is .82.317%. After the expansion period lasting 16.46 months, there will be a contraction
period with a probability of 17.68%. This rate cannot be considered as a low rate in terms of the
economic policy uncertainties and the possibility of negative effects of the contraction period,
which will last for an average of 5.77 months.

Regarding the continuity of the enlargement process, it will be possible if the economic
policymakers ensure the stability of the effective macroeconomic policies on the GEPU.
Preventing or delaying the contraction period will be possible by preventing the negative
developments in GEPU and energy prices.

Globalization, which aims to ensure the circulation of labor, capital, goods, and services around
the world without any hindrance, has made all world economies interconnected and dependent.
In this context, any negativity experienced in the global economy affects all commodity prices,
especially energy prices. This effect manifests itself in varying sizes in national economies. The
2008 world economic crisis, the COVID-19 pandemic, and the 2022 Ukraine-Russia war have
affected all economies globally. The 2022 Russia-Ukraine war has made it problematic not only
for the countries neighboring these countries but also for many economies, including the
European Union, in terms of energy supply security. " European gas and electricity wholesale
prices increased by 115% (109%) and 237% (138%), respectively"(Gazzanni and Ferriani, 2022)
and also energy consumer price indexes (energy CPI) increased by 18 % in OECD countries for
five months with war. As a precaution against these developments, the European Union decided
to terminate the fossil fuel import from Russia as soon as possible with the 2022 Versailles
Declaration. In support of this decision, the International Energy Agency emphasized the
necessity of supporting the production of renewable energy sources in all countries. Globalization
reveals the necessity of countries to act together in terms of the energy market in many areas.
Almost no country can set and influence energy prices on its own. For this reason, it reveals the
necessity of carrying out energy price policies with common government policies that provide
stability in global cooperation. Increasing the share of renewable energy sources in the economy
is one of these policies. Every step to be taken within the scope of clean energy use and green
economy will play an important role in ensuring energy supply security and energy price stability.
The joint incentive decisions and intervention policies that policymakers will take in this area will
have important consequences on a global scale.
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The interpretation of energy prices only in terms of oil constitutes an important limitation in terms
of literature. In this context, considering renewable energy sources in future studies will be a guide
for policymakers and investors. In future studies, it may be suggested to develop a global energy
policy proposal, taking into account the economic efficiency in energy markets.
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