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ABSTRACT

We study the time-frequency connectedness between the global commodities markets (crude oil and gold) and Hungary’s equity markets (stock and 
exchange rate) by using the multivariate generalized autoregressive conditional heteroskedasticity dynamic conditional correlation DCC-GARCH 
model alongside with the wavelet coherence analysis. Results of this paper highlight the long-term time-varying intercorrelations between the global 
commodities markets and Hungarian financial markets. Additionally, the estimations of wavelet coherence indicate that the commodities markets 
have a significant impact on the Hungarian financial markets in the short term, but stock and exchange markets influence crude oil and gold markets 
in the long run. Our empirical results shed light on the commodity-finance sectors connectedness, which is able to help investors minimize risks to 
build discretionary portfolios.

Keywords: Oil Price, Gold Price, Stock Market, Exchange Rate, DCC-GARCH, Wavelet Technique, Hungary 
JEL Classifications: G10, G11, C32, E44

1. INTRODUCTION

International oil and gold prices have been regarded as 
significant factors which influences the performance of crucial 
macroeconomic variables (Mollick and Sakaki, 2019). As a 
result, the impact of variability in such both commodities has 
attracted attention from investors, policy makers and researchers. 
Further, fluctuating global prices of commodities because of 
variations in its demand and supply result in fluctuations of the 
stock and exchange rate of an oil-importing economy. Especially 
for oil-importing nations like Hungary, these fluctuations lead 
to Hungarian Forint depreciation and rise in inflation rate at 
the same time (Jain and Biswal, 2016). Similarly, the crude oil 
price is impacted by geopolitical and weather-related factors, 
which might generate unexpected shifts in supply and demand 
and result in volatility in the price of oil. Understanding the 
oil volatility is quite essential since it might create uncertainty 
in all sectors of the economy and bring about instability in the 
economy for importing countries. Besides, oil price volatility 

leads to high inflation and unemployment rates (Gokmenoglu 
and Fazlollahi, 2015).

Baur and McDermott (2010) examine the gold role in the 
international financial system and test that gold presents a safe 
haven against stocks of major emerging and developing countries. 
The authors suggest that gold is both a hedge and a safe haven 
for major European stock markets and the US but not for the 
BRIC countries. This paper also argues that gold would perform 
as a stabilizing force for a financial system by reducing losses 
in the face of extreme negative market innovations. This means 
that global investors prefer to hold assets which secure their 
investments when financial disturbance takes place. Moreover, 
the gold price has witnessed a steady increase in recent year, 
in line with the boom across other commodity classes. Hence, 
the balance of the connectedness between gold and Hungarian 
financial markets should be investigated in terms of whether 
gold is actually a secure investment in terms of protecting an 
investor’s portfolio.
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In spite of the importance of gold and oil prices for currency 
hedging and trading, volatility of these commodities might give 
rise to negative consequences in financial markets, because an 
increase in the oil and gold price volatility results in an unsafe 
investment condition (Gokmenoglu and Fazlollahi, 2015). As 
a result, it is necessary to study the relationship among global 
commodities and financial markets for derivative valuation, 
hedging decisions, financial markets, and the whole economy.

Past studies take into consideration the interplay among international 
oil, gold prices, exchange rate and stock market returns documenting 
that equity return is adversely influenced by global commodities 
markets. Also, these papers are interested in the developed markets 
(Kang et al., 2015; Raza et al., 2016; Wang and Wang 2019, etc..) 
while there is less attention paid in developing markets, such as 
Hungary. Currently, the Hungarian stock market is one of the top 
leading financial markets in Central and Eastern European countries 
(Hung, 2019b). Therefore, it plays a prominent role in helping the 
growth of the Hungarian financial market by providing competitive 
services and infrastructure with the aims of promoting the 
international recognition and relevance of Hungary’s stock market.

Therefore, this findings in the motivation for this research, which 
is to explore whether the concerned variables are connected or not. 
Unlike previous studies, the present article provides evidence on 
the impact of oil and gold prices on Hungarian financial markets 
(stock and exchange market) and vice versa in novel approaches. 
First, the multivariate generalized autoregressive conditional 
heteroskedasticity dynamic conditional correlation (DCC-
GARCH) model is used to explore the evolution of volatilities and 
correlations between global commodities and Hungarian equities 
overtime. This model has been extensively made use of in related 
papers (Sebai and Naoui, 2015; Jain and Biswal, 2016; Nagayev 
et al., 2016; Joyo and Lefen, 2019). Second, we employ wavelet 
coherence transport technique for the examination of time series 
in time-frequency domain to uncover the dynamics of correlations 
between international commodity markets and financial markets 
in Hungary. Wavelet analysis has been employed in some of the 
recent studies like Nagayev et al. (2016), Reboredo and Castro 
(2013), Raza et al. (2016), Hung (2019a). The reasons why we 
blend DCC-GARCH model with wavelet coherence frameworks 
are because DCC-GARCH model can capture variations in 
correlations and volatilities in high-frequency level in a more 
high-yielding and better picture while wavelet can put a value on 
the co-movement between the assets on medium and high scales. 
Therefore, the combination of these models provides a more in-
depth and robust analysis that strengthens a better understanding 
of the study under consideration. The findings of this paper are 
very crucial that investors, portfolio managers, and policymakers 
do better understand the dynamic interrelatedness among oil price, 
gold price, exchange rate, and the stock market in Hungary. For this 
reason, the aim of this study is to help fill this gap in the literature 
in connection with Hungary.

The remainder of this paper is organized as follows. Section 2 
provides a literature review. Section 3 reports methodology and 
data set. Section 4 summarizes the empirical results and Section 5 
represents the conclusion.

2. LITERATURE REVIEW

The present empirical literature on the interconnectedness between 
oil price, gold, exchange rate, and stock market index has been 
taken up by various researchers. Their papers provided evidence of 
the impact of the global commodities markets on finance sectors and 
vice versa. In this section, past studies that have centered primarily 
on a pair of the variable under investigation has been reviewed.

Divergent papers have taken into account the connectedness 
between oil price and stock markets. Kang et al. (2015) examine 
the influence of structural oil price shocks on the covariance of the 
US stock market return and stock market volatility. The study shows 
that positive innovations to demand and oil market have a negative 
influence on the covariance of return and volatility. These findings 
support for the study of Raza et al. (2016), which also shows that 
crude oil volatilities have a negative impact on stock markets of all 
emerging economies in both the short-term and the long run. Another 
more recent studies carried out by Ferrer et al. (2018) indicate that 
most of price and volatility spillover is made in the short term, 
while the long term plays a minor role. More importantly, the paper 
finds out a greater degree of intercorrelation across crude oil and 
financial markets since the onset of the US subprime mortgage crisis. 
Al-Hajj et al. (2018) focus on the interplay of oil price shocks and 
stock returns in Malaysia, suggest that oil price innovations have an 
adverse influence on the stock returns in the all cases. This means 
that the Malaysian market is inefficient and very sensitive to the oil 
price fluctuations. Wang and Wang (2019) investigate the frequency 
dynamics of volatility spillovers between crude oil and China’s stock 
markets and provide evidence of total volatility transmission driven 
primarily by short-term spillovers. In a similar vein, Xu et al. (2019) 
conclude that there exists an asymmetric spillover effect between 
the oil market and stock markets.

Several studies have explored the connectedness among gold price, 
stock and exchange rate markets. Findings of Raza et al. (2016) 
indicate that gold market has a positive influence on stock market 
returns of large emerging BRICS economies and a negative effect 
on the stock markets of Mexico, Malaysia, Thailand, Chile, and 
Indonesia. Mishra et al. (2010) analyze the causality connectedness 
between gold price and stock market returns in India. The paper 
provides evidence of feedback causality among variables. On the 
other hand, Seyyedi (2017) finds that gold prices and rupee-dollar 
exchange rates stay considerably independent from each other in 
the same context.

There are a wide variety of studies that examined the relationship 
between crude oil and foreign exchange rate returns. For example, 
Lizardoand Mollick (2010) confirm that oil prices systematically 
explain movements in the value of the US dollar against major 
currencies from the 1970s to 2008. Reboredo (2012) finds that 
oil price – exchange rate dependence is somewhat weak and 
becomes active in the aftermath of the global financial crisis. In a 
similar fashion, Sebai and Naoui (2015) report that oil prices and 
exchange rates are independent during the pre-crisis period, but 
they have a positive dependence after the crisis onset. Volkov and 
Yuhn (2015) examine the impact of oil price shocks on exchange 
rate movements in five major oil-exporting nations: Russia, 
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Brazil, Mexico, Canada, and Norway. The results show that the 
volatility of exchange rates associated with oil price innovations is 
significant in these countries. More recently, He and Hamori (2019) 
investigate the dependence structure between oil prices and the 
exchange rates of BRICS countries, find that negative dependence 
and significant tail dependence exist in all pairs.

Past studies take into consideration more than two of these 
variables as well to explore further dynamics. Wang and Chueh 
(2013) investigate the short-and long-term dynamic correlations 
between interest rates, oil prices, gold prices, and the UD dollar. 
They suggest that gold and crude oil prices positively impact 
each other in the short term. The empirical study of Mo et al. 
(2018) employ the DCC-MGARCH model to identify the time-
varying long-term connectedness among the gold market, US 
dollar, and crude oil market. The authors highlight that there is 
a long-term dependence among these markets and a negative 
relationship between oil prices and US dollar. More recently, 
Mollick and Sakaki (2019) investigate responses of 14 major 
currency/USD pairs to two international commodities (oil and 
world equity returns) under two methodologies: Transmission 
of shocks and mean-variance approaches, provide evidence of 
large and significant responses: commodity currencies sincerely 
appreciate following positive oil price innovations and depreciate 
with positive international equity innovations.

In the India context, Jain and Biswal (2019) examine the 
interrelatedness between Google Trend data for gold searches, 
Gold prices in India, the Indian stock market, and USDINR 
exchange rate using ADCC-GARCH model. They demonstrate 
the presence of bidirectional causality between gold search 
trends and gold spot price, along with influences on the stock and 
exchange rate markets. In a same vein, Seyyedi (2017) uses tests 
based on Johansen’s cointegration, VAR and Granger causality 
test to explore the causality relationship among gold prices, oil 
prices, and Indian rupee-dollar exchange rates. The findings 
suggest that gold prices, oil prices, and rupee-dollar exchange 
rates significantly independent from each other. In another study 
by Jain and Biswal (2016) identify the interrelatedness between 
international prices of gold, crude oil, the USD-INR exchange 
rate, and the stock market in India using DCC-GARCH models. 
Empirical results show that the decrease in gold prices and crude 
oil prices give rise to a decrease in the value of the Indian Rupee 
and the benchmark stock index.

According to Singhal et al. (2018), the dynamic connectedness 
among global oil prices, gold prices, exchange rate, and stock 
market index in Mexico had been taken into account using ARDL 
Bound testing cointegration approach. The results of the Mexican 
country suggest that oil prices positively impact the stock price, 
while oil price influences them negatively. Oil prices negatively 
impact exchange rate returns in the long term, and gold prices 
have no impact on the exchange rate. Furthermore, Delgado et al. 
(2018) analyze the intercorrelation among variables of oil prices, 
exchange rate, and stock market index in the Mexican economy 
based on the VAR model. The results show that the exchange rate 
has a negative influence on the stock index, and oil prices are 
significant against the exchange rate.

On the whole, most of the studies regarding the interplay between 
global commodities markets and financial market are examined 
in the bivariate and multivariate approaches employing various 
econometric methods in time series. It is obvious that oil is 
significant for the Hungarian economy in terms of manufacturing 
activities. The exchange rate is also a crucial economic variable 
and would have important implications for the economic growth 
of oil and gold importing nation like Hungary. Furthermore, to 
the best of our knowledge, no research has been implemented 
on the commodity-finance equity relationship analysis, let alone 
how global commodities influence the Hungarian financial 
markets. In addition, the most often used techniques for 
connectedness analysis in energy literature are cointegration 
tests and vector error correction models, which do not imply 
the underlying time-frequency changes in the lead-lag structure. 
In this study, we employ the DCC-GARCH model alongside 
with wavelet coherence transform framework to explore the 
dynamic intercorrelation among global oil prices, gold prices, 
exchange rate, and stock market indices in Hungary. Therefore, 
the objective and primary contribution of the present study is 
to fill this gap.

3. METHODOLOGY

3.1. The Dynamic Conditional Correlation Model 
(DCC-GARCH)
Engle (2002) introduced this estimator to capture the dynamic 
time-varying behavior of conditional covariance. The conditional 
covariance matrix Ht is now defined as,

 Ht t t tD R D=  (1)

where D diagt t= { }H is the diagonal matrix with conditional 
variances along the diagonal, and Rt is the time-varying correlation 
matrix.

A GARCH (1,1) specification of each conditional variance can 
be written as,

 h c a b hii t i i t i ii t, , ,
= + +− −ε

1

2

1  (2)

 
h h hij t ij ii t jj t, , ,= ρ

, i j n, ,=1  (3)

where c is a n×1 vector, ai and bi are diagonal (n×n) matrices.

Equation (8) can be re-parameterized with standardized returns 
as follows, e Dt t t= 'ε

 Εt t t t t t t ij te e D H D R−
− −= = =  1

1 1'

,
ρ  (4)

Engle (2002) suggests the following mean-reverting conditionals 
with the GARCH (1,1) specification:
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where

 q e e qij t ij i t j t ij t, , , ,
( )= − − + +− − −ρ α β α β1

1 1 1  (6)

And ρij  is the unconditional correlation between ei,t and ej,t. Scalar 
parameters α and β must satisfy,

 α ≥ 0, β ≥ 0, α β+ <1

The value of (α+β) close to one reveals high persistence in the 
conditional variance.

In matrix form, 

 Q Q e e Qt t t t= − − + +− − −( )
'

1
1 1 1

α β α β  (7)

where Q Cov e e E e et t t t=   =  , ,
' '

 is unconditional covariance 
matrix of the standardized errors Q  can be estimated as,
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Rt is then obtained by
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where
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* = { }

To estimate the DCC model, Engle (2002) proposes a two-step 
approach, we have the log-likelihood function when κ=2 is,
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Replacing with ε εt t t t t t tD R D e e' '− − − =1 1 1  to it, we rewrite the log-
likelihood as the volatility component LV and correlation LC. Let ϕ 
denote a vector of parameters in Dt and φ be parameters in Rt. We have

 L L LV Cφ ϕ φ ϕ,( ) = ( ) + ( )

where
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By maximizing LV(ϕ) and LC(φ) we may obtain the parameter ϕ 
and φ respectively.

3.2. Wavelet Coherence
In order to complement the DCC-GARCH models, the wavelet 
coherence approach allows us to evaluate the co-movement between 
Hungarian equities and commodities in both time-frequency spaces. 
The wavelet technique used by Grinsted et al. (2004), utilizes a 
bivariate framework, which is based on a continuous wavelet 
transform, allowing for different forms of localization. As per 
Nagayev et al. (2016), the wavelet method allows us to analyze 
correlation patterns between financial data during various regimes 
without having to subdivide the data into different sample periods. 
A brief note on wavelet coherence is defined as follows:
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where S is a smoothing operator. Smoothing is achieved by 
convolution in time and scale.

 
S W S S W sscale time n( ) = ( )( )( )

 (11)

where Sscale and Stime illustrate smoothing on the wavelet scale axis 
and in time, respectively. Smoothing operator we use in this study 
is the Morlet wavelet, so the more suitable definition is given by 
Torrence and Webster (1999):
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where c1 and c2 are normalization constants and П is the rectangle 
function, the scale decorrelation length for the Morlet wavelet is 0.6.

The wavelet coherence coefficient measures the local linear 
correlation between two stationary time series at each scale and 
ranges. R sn

2
0 1( ) ,∈[ ]

W sn
XY
( )  is the cross-wavelet power. It can be seen as the local 

covariance between the two time series at each scale. Given time 
series x(t) and y(t), the cross-wavelet power can be written as
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( )  are continuous wavelet transforms 

of 2 time series x(t) and y(t). The symbol * represents a complex 
conjugate.

The wavelet coherence phase is defined as
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where I and R are the imaginary and real parts of smooth power 
spectrum.

3.3. Data
In this study, we investigate the interconnectedness of global oil 
and gold prices with the foreign exchange rate and stock markets in 
Hungary. The Bloomberg data service was used to collect the data. 
Daily data spans from February 1st, 2008 to February 26th, 2019. 
Budapest stock exchange (BUX) is a benchmark market index in 
Hungary. The US dollar – Hungarian Forint (HUF) exchange rate 
has been measured as USDHUF. The global gold spot price GOLD 
is measured in USD/troy ounce, and WTI crude spot price (WTI) 
is measured in USD/barrel. Several previous studies pointed that in 
order to avoid any spurious correlation among time-series indices, 
given that the holidays are not familiar with the Hungarian markets, 
we have taken off all the popular holidays. The continuously 
compounded returns are calculated in this paper as follows:

 r Ln P Pt t t= × −100
1

( / )

Pt and Pt−1 are the prices at (t) and (t−1), respectively. The price 
movements of all 4-time series are plotted in Figure 1. All four 
variables have illustrated both increasing and decreasing trends 
during the research period, especially two financial markets in 
Hungary. Oil and Gold prices display highly fluctuating over the 
period of study.

Table 1 reports selected descriptive statistics for the log return 
series that we have previously computed. The mean values 
of all returns are near zero. The crude oil market witnessed 
higher unconditional volatility than other equity markets, as 
represented by the standard deviation. Conventional ADF and 
PP test statistics are statistically significant, indicating that we 
reject the null hypothesis of the unit root for all return series 
at the 1% significant level. Finally, results of the ARCH test 
document that there is the persistence of heteroskedasticity and 
autocorrelation issues in the data. These results are thus suitable 
for further statistical analysis.

4. RESULTS

First, we take into account the interrelatedness between 
international commodities and Hungarian equities employing 
DCC-GARCH model to keep track of the time-varying attributes 
of the time series in terms of correlation and volatility. Following 
this, we use the wavelet coherence transformation framework to 
capture the interconnectedness the variables on a multi-scale and 
time-frequency domain.

To evaluate the evolution of interconnectedness between 
Hungarian financial markets and international commodity markets 
over time, Figure 2 reports the dynamic conditional correlations 
between BUX, exchange rate returns series and each commodity.

Figure 1: Daily price movement of variables
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As shown in Figure 2, correlations are somewhat volatile throughout 
the period essentially except for the pair of GOLD and USDHUF. 
This supports the findings of Creti et al. (2013) indicating the 
existence of low volatility regimes for the interrelatedness between 
stock and commodity. In all cases, there is an increase in volatility 
after the global financial crisis. Specifically, the plots highlight 
that the dynamic conditional correlation climbs within the range 
of −0.2-0.8, showing both negative and positive connectedness 
between international commodities and the two financial markets 
in Hungary during the research period.

Let us now look more specifically at the various kinds of markets, 
beginning with the commodity markets. Crude oil is clearly the 

commodity that is most connected with the stock and exchange 
rate markets in Hungary, confirming previous studies centering 
on the oil and gold markets (Wang and Wang, 2019; Al-Hajj et al., 
2018). From a theoretical point of view, the underlying value of any 
asset is given by its expected discounted cash flows. As a result, an 
increasing oil price will create a rise in production costs, resulting 
in restraining profits. For example, the correlation between each 
commodity and two Hungarian financial markets has tended 
to increase at the beginning of the period under investigation 
and then remain somewhat stable. These correlations are often 
negative between WTI and BUX, USDHUF, revealing the idea 
that the behavior of the financial market is primarily driven by its 
own market fundamentals. More importantly, a similar pattern is 
established for the intercorrelations between GOLD and Hungarian 
financial markets after the global financial crisis except for the 
case of GOLD-USDHUF, where we observed a huge increase in 
correlation with a band of −0.12 – 0.8 for the whole period. Put 
another way, there exists the co-dependency of both the major 
global commodities and the two financial markets in Hungry. 
The findings are consistent with the studies of Wang and Chueh 
(2013), Mo et al. (2018).

To supplement these figures, Table 2 shows the estimation results 
of DCC-GARCH models over the sample period. Looking at the 
coefficients of α and β, both are statistically significant all pairs 
under consideration except the case of WTI-USDHUF. While the 
coefficient of α reflects the influence of the past innovations on 

Figure 2: Daily dynamic conditional correlations

Table 1: Descriptive statistics of the return series
WTI GOLD BUX USDHUF

Mean −0.020328 0.014399 0.014013 0.019518
Median 0.042795 0.024595 0.041704 0.004309
Maximum 16.40973 8.643169 13.17775 7.739237
Minimum −13.06537 −9.820577 −12.64895 −5.652295
SD 2.398552 1.211795 1.543629 0.985752
Skewness 0.144599 −0.196354 −0.084107 0.290530
Kurtosis 7.699920 8.182124 11.36800 7.027542
Jarque-Bera 2657.051* 3236.534* 8391.610* 1983.598*
ADF test −56.60161* −56.20068* −40.07499* −53.95624*
PP test −56.59478* −56.40869* −50.99957* −53.98673*
ARCH test 178.2519* 82.22576* 361.8702* 62.53507*
*Denotes the rejection of the null hypothesis at the 1% significant level
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present conditional correlation, the β shed light on the effect of past 
correlation. Additionally, the volatility persistence is measured by 
(α+β), the findings document that volatility is relatively persistent 
given that this sum is close to 1 for all cases. It is obvious that 
β>α, indicating that the present variances are more impacted by 
past shocks. In general, this estimation highlights the idea that 
the volatility persistence goes along with the financialization of 
international commodities.

In order to confirm the DCC-GARCH model is robust, the 
multivariate ARCH-LM test on the residuals of each model was 
employed to determine whether the ARCH effect still exists in the 
model or not. As Table 2 shown, there were no problems of ARCH 
effect for all the pairs of the selected variables for the whole study 
period providing some indications of good specification in each 

model. However, the DCC-GARCH model does not show the lead 
or lag structure between variables (Hung, 2019a). To complement 
our analysis and tackle this problem, we use the wavelet coherence 
transform to look for the regions in time-frequency space on which 
the time variables illustrate high prevalent power. The various 
intercorrelation structure is elaborated in the following sections.

The wavelet coherence transform is used to in-depth analyze the 
causal association between the variables. This technique provides 
the common power and comparative phase of divergent time 
sequence in current time-frequency space. Figure 3 shows the 
estimation results of the wavelet coherence and phase difference 
for all examined pairs under study. Time is displayed on the 
horizontal axis, and frequency is exhibited on the vertical axis, 
regions in time-frequency space in which 2-time series variables 

Figure 3: Wavelet coherence results

Table 2: Estimation results of GARCH-DCC model
WTI-BUX WTI-USDHUF GOLD-BUX GOLD-USDHUF

GARCH
c1 0.0359534719** 0.036442316** 0.013384746* 0.008208161**
c2 0.0358223920* 0.002756342** 0.036108741* 0.002059905***
a1 0.0688313529* 0.069371695* 0.048963431* 0.039545100*
a2 0.0977032639* 0.041812860* 0.098370530* 0.037043348*
b1 0.9253145732* 0.924758752* 0.942080526* 0.952678854*
b2 0.8862258718* 0.954890218* 0.885585698* 0.962611412*

DCC
α 0.0174022694*** 0.015425824* 0.008496480* 0.014012707***
β 0.6439157800** 0.050000000 0.647729728* 0.170400230***

ARCH-LM 37.96 (0.76207) 50.38 (0.26906) 48.02 (0.35133) 63.38 (0.03666)
P-values are given in parentheses. *Estimated coefficients are significant at 1% levels. **Estimated coefficients are significant at 5% levels. ***Estimated coefficients are significant at 
10% levels
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co-vary are located by wavelet coherence. Warmer colors (red) 
represent regions with significant intercorrelation, while colder 
colors (blue) illustrate lower dependence between variables. 
Frequencies and time with no dependence are signified by cold 
regions beyond the significant areas in the time series. Both time 
intervals and frequency in which co-movement of the pairs of 
variables can be identified significantly. The arrow in plots exhibits 
the lag phase relationships between the selected variables.

This figure represents the wavelet coherence of international 
commodities and two financial markets pairs. Time and frequency 
are presented on the horizontal (time period from February 2008 
to February 2019, with 500 = 2008-2010, 1000 = 2010-2012, 
1500 = 2012-2014, 2000 = 2014-2016, 2500 = 2016-2019) and 
the vertical axis, respectively. Frequency is covered to days. The 
warmer the color of a region, the greater the coherence is between 
the pairs. The solid black line isolates the statistical significance 
area at the level of 5%

A zero-phase variation reports that the two variables move 
together on a particular scale. Arrows point to the right (left) 
when the variables are in phase (anti-phase), it means that they 
move in the similar direction when two series are in phase, and 
they move in the opposite direction when the two variables are 
in anti-phase. Arrows pointing to the right-down or left-up depict 
that commodities lead the Hungarian equities returns, while arrows 
pointing to the right-up or left-down illustrate that commodities 
are leading (Hung, 2019a).

Overall, Figure 3 documents that dependence between global 
commodities and Hungarian equities indices dynamically changed 
through time and frequencies, suggesting strong dependence at low 
frequencies and weak dependence at high frequencies. Moreover, 
phases are demonstrated by arrows pointing out the right most 
of the time and frequencies for the case of GOLD-USDHUF, 
suggesting that local interrelatedness was positive and that 
exchange rates were leading GOLD. For all pairs, we can observe 
that phases point up and point down, revealing that international 
commodity prices were leading the Hungarian equities markets, 
which was consistent along the sample period. Specifically, the 
wavelet coherence estimation shows that crude oil and gold have 
a positive effect on the Budapest stock exchange and Hungarian 
forint versus US dollar in the short run, while stock and exchange 
markets in Hungary negatively influence the selected commodities. 
More importantly, there is a unidirectional impact of crude oil 
and gold on the financial markets in Hungary in the long run. 
Nevertheless, no causal nexus is found in the medium run. The 
findings are consistent with the previous studies of Kang and Ratti 
(2015) and Fang and You (2014).

The results of the DCC-GARCH model alongside with the 
wavelet coherence analysis are not the notable difference of the 
interconnectedness between commodity markets and Hungarian 
financial markets over the sample period. These findings are 
consistent with previous literature. For example, Singhal et al. 
(2019) find out that gold prices have positive effect on the stock 
price of Mexico while oil prices impact them negatively. Jain and 
Biswal (2016) report fall in gold prices and crude oil prices lead to 

fall in the value of the Indian Rupee and Sensex stock index. These 
results provide several signals to monetary and fiscal policies.

4.1. Policy Suggestions
The present study has important implications for investment 
professionals and policymakers. Obviously, crude oil and gold price 
have visible economic impacts on financial activities and all sectors 
of the Hungarian economy. Specifically, the crude oil price volatility 
dramatically influences derivative markets in Hungary since the 
value of a commodity is based on a contingent claim impacted by the 
volatility. In a similar fashion, the gold price volatility results in an 
unsafe investment condition. By contrast, lower gold price volatility 
creates a safe investment condition (Kaufmann and Winters, 1989). 

Our findings provide crucial implications for investors because 
volatility in oil and gold prices brings about the fluctuation in the stock 
market and exchange rates in the long term. It is evident that increasing 
the gold price significantly impacts the stock market. Therefore, 
international investors who invest in gold do not provide hedging and 
portfolio diversification benefits to equity sectors. In a same vein, the 
crude oil price has a considerable influence on stock markets. Hence, 
the tendency in global crude oil price must be accounted to explain 
entry and exit points for investors in equity segment.

Global oil price remarkably influences the foreign exchange rate in 
Hungary. This suggests that increasing oil price acts as an incentive 
to the depreciation of the Hungarian currency. This finding applies 
to policymakers. Depreciation of domestic currency is able to 
reduce the benefits of increasing oil prices as an oil-importing 
country. Therefore, it would indicate that the currency valuation 
should be managed to take full advantage of higher oil prices. 
Furthermore, policymakers regarding exchange rate stability 
should pay attention to changes in the oil market and what has 
been happening in the local currency market, and they need to be 
careful because the influence of oil price innovations varies by 
country, whether the oil price innovations are positive or negative.

5. CONCLUSION

This paper examines the interplay between global commodity 
and Hungarian equities markets. To this end, we employ the 
dynamic conditional correlation DCC-GARCH model alongside 
with the wavelet coherence methodology to determine whether 
the intercorrelation between both markets evolve and depend on 
the time and frequency. 

Our main findings can be summarized as follows. First, the return 
correlations are time-varying in terms of various phases over 
the sample period except for the cases of the crude oil and the 
Budapest stock exchange. The plot of the values of conditional 
correlations highlights higher correlations between crude oil prices 
and Budapest stock exchange; between gold prices and Hungarian 
currency. The short period of negative correlations between crude 
oil, gold prices, and the exchange rate are also observed. This 
scenario would be indicative of investors changing from risky 
assets such as the stock market to the perceived safe haven like 
gold (Jain and Biswal, 2016). Second, the estimation results of 
wavelet coherence indicate that the global commodities markets 
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have a significant impact on the Hungarian financial markets in 
the short run, but the crude oil and gold markets are influenced by 
stock and exchange markets in Hungary in the long run.

On the whole, our findings seem to be a considerable opportunity for 
investors and portfolio managers to invest in Hungarian markets with 
a better understanding of the interconnectedness among the selected 
variables. Further, these results also have important implications 
for Hungarian portfolio management, as well as the financial risk 
management and provide straightforward insight for monetary and 
fiscal policies by taking into account the pressure of the international 
crude, gold prices generating on the stock and exchange rate markets.
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