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Research Article Arastirma Makalesi
Volatility and International Interactions in Financial
Markets: An Analysis of the Turkish Stock Exchange
and G7 Countries

Finansal Piyasalarda Volatilite ve Uluslararasi Etkilesimler:
Tiirkiye Borsasi ve G7 Ulkeleri Uzerine Bir Analiz

ABSTRACT

Using mean and variance causality analysis, this study examines the volatility relationship between Turkish and G7
stock markets. Weekly return data from May 29, 2009, to June 6, 2023, is utilized for the analysis. The Hong mean
and variance causality analysis method is employed as the methodology. Based on the results of the study, Turkey
and Japan's stock markets have a significant mean causality relationship. Moreover, the variance causality analysis
demonstrates a strong relationship between Turkey and stock markets of Canada, France, Germany, Japan, and
the United States. The findings contribute to portfolio diversification strategies and highlight the importance of
understanding the dynamics of international financial markets.

JEL Codes: C58, F30, G15, 016

Keywords: Hong Causality, Mean and Variance Causality, Stock Exchange, G7 Countries, BIST

(074

Ortalama ve varyans nedensellik analizini kullanan bu ¢alisma, Turkiye ve G7 hisse senedi piyasalari arasindaki
oynaklik iliskisini incelemektedir. Analiz igin 29 Mayis 2009 ile 6 Haziran 2023 arasindaki haftalik getiri verileri
kullanilmistir. Metodoloji olarak Hong ortalama ve varyans nedensellik analizi yontemi kullaniimistir.
Calismanin sonuglarina gore, Tlrkiye ve Japonya hisse senedi piyasalarinda anlamli bir ortalama nedensellik
iliskisi bulunmaktadir. Ayrica varyans nedensellik analizi Turkiye ile Kanada, Fransa, Almanya, Japonya ve ABD
borsalari arasinda giglu bir iliski oldugunu ortaya koymaktadir. Bulgular portfoy cesitlendirme stratejilerine
katkida bulunuyor ve uluslararasi finansal piyasalarin dinamiklerini anlamanin 6nemini vurguluyor.

JEL Kodlar:i: C58, F30, G15, 016

Anahtar Kelimeler: Hong Nedensellik, Ortalama ve Varyans Nedensellik, Borsa, G7 Ulkeleri, BIST

Introduction

Portfolio diversification is a fundamental aspect of risk management in financial investments. Harry Markowitz's
seminal work, "Portfolio Selection" published in 1952, emphasized the incorporation of risk factors in diversifying
portfolios. Markowitz highlighted the significance of considering not only the expected returns but also the
associated risks. This entailed considering the variance of securities to be included in the portfolio and the
covariance among these securities. Markowitz advocated for the selection of portfolios offering maximum returns
when comparing two investments with equal risk levels. Conversely, when comparing two portfolios with equal
return levels, the portfolio with minimum risk should be preferred.

For investors, understanding the risks associated with their investments is of paramount importance. Portfolio
diversification is commonly employed as a risk mitigation strategy, with a focus on international markets to reduce
systematic risk. However, international portfolio diversification necessitates caution due to the effects of
globalization. The interconnectedness of capital markets means that fluctuations in one country's stock market
can influence the stock markets of other nations. Notably, extraordinary events in international markets can have
ripple effects on domestic stock markets.

Investors who want to invest internationally; It wants to reduce systematic risk through diversification by
investing in stock markets of different countries. Diversifying the stocks in a portfolio basket with stocks from
different countries and allowing these stocks to move independently of each other can help protect against risk.
Considering the globalization factor, it is seen that the interrelationships of financial markets limit international
diversity. Considering this situation, determining the long-term relationships between stock markets of different
countries is very important for investors to diversify their portfolio. The most important point to consider when
diversifying is the relationship between the stock exchanges where diversified investment instruments are
located. If there is a long-term relationship between stock markets, diversification will not help. Similarly, the risk
in one exchange will also be valid in the other exchange. We can compare this situation to putting eggs from
different baskets into one big basket. The purpose of portfolio diversification is; is to minimize risk and maximize
profit. This is possible in stock markets that do not move for a long time.
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Diversifying portfolios across international capital markets generally
leads to lower risk compared to diversification within national capital
markets. Nevertheless, the factors influencing risk may vary across
countries, attributable to security types, exchange rate risks, political
risks, and information risks. Particularly, risk is believed to propagate
from developed to emerging markets. Consequently, investors should
vigilantly monitor the integration among stock exchanges to minimize
risk exposure.

Measuring volatility in financial markets is crucial for comprehending
price fluctuations of financial assets and assessing associated risks.
Volatility measures play a significant role in the decision-making
processes of portfolio managers and investors. Furthermore, analyzing
relationships among different markets holds great importance for
devising effective portfolio diversification and risk management
strategies. These analyses provide valuable insights to investors, aiding
in risk management, optimizing return potential, and minimizing
potential losses.

Risk optimization comes to the fore by diversifying the risk by
distributing the investor's limited savings to various financial assets.
While investing in a single financial investment instrument increases the
risk, the risk will decrease if the risk is diversified. Accordingly, the rate
of return to be obtained will also increase (Bayramoglu and Baskar,
2019:202). Therefore, in the study, the volatility between Turkey and
G7 countries will be determined and it will be beneficial to determine
the risk and uncertainty in a market and to diversify in the light of the
information obtained about that market. It will help both individual
investors and portfolio managers to diversify their portfolio.

Interactions in international capital markets are indicative of the
global nature of financial markets. Globalization, accompanied by
heightened capital mobility and accelerated information flows, has
resulted in deeper financial relationships between countries.
Consequently, developments in one country's stock market can

Table 1: Literature Review

reverberate across other countries' stock markets, leading to global risk
propagation and increased market volatility. Hence, analyzing volatility
across various country stock markets assumes great significance in the
context of international portfolio diversification strategies.

This study analyzes the interaction between the Turkish Stock
Exchange and stock exchanges of G7 countries. The analysis aims to
comprehend both mean-level relationships and assess the variance in
price fluctuations and associated risks. The findings from these analyses
empower investors with a better understanding of opportunities and
risks in global financial markets, enabling informed decision-making
processes.

In this context, the introduction of the study emphasizes the
importance of volatility and international interactions in financial
markets and states the purpose of this study. Then, the contribution of
the study to the literature is indicated by referring to the related
literature. The data set and the methods used are introduced and the
analysis process is explained. Finally, the findings and implications
based on the analysis results are presented in the conclusion section.
This study supports investors to understand the risks in international
markets and manage their portfolios effectively.

Literature Review

Due to the substantial volatility observed in financial markets during
the preceding three decades, alongside their extensive exploitation for
speculative gains, a notable inclination has emerged towards
prognosticating the trajectory of such markets. Consequently, a
multitude of investigations have been undertaken with the objective of
comprehending and representing the volatility inherent within financial
markets. A subset of these scholarly investigations is displayed in Table
1.

Authors Variables / Countries Method

Period Conclusion

(Kasa, 1992) USA, Japan, UK, Germany, Canada Johansen cointegration

1974-1990 He concluded that there is a long-run cointegration relationship

Monthly and Quarterly Data among the countries included in the study.

. . . 01.07.1995 They conclude that portfolio diversification is appropriate due to
(Gilmore & McManus, 2002) USA, Czech Republic, Hungary and  Johansen Comtegr.atlon, 01.08.2001 the low correlation and the absence of long- term causality among
Poland Granger Causality . .
Weekly Data the countries considered.
(Tahai, et al., 2004) G7 Johansen Cointegration 1978-1997 Monthly Data They concluded that all variables in the study are cointegrated in

the long run.

S&P 500 and National 100, Egypt

(Maneschiold, 2005) Cairo

Johansen cointegration test

As a result of the analysis applied to the industrial, Financial and

2:82;333 service sectors, the study concluded that although the industrial
o sectors are co-integrated, the financial and service sector indices
Daily Data

are not co-integrated in the long run.

MENA countries USA, UK and

In the study, it has been determined that MENA countries have a
long-term relationship with each other. However, it has been

(Marashdeh, 2005) Germany ARDL Border Test December 1994-June 2004 determined that 3 countries other than Egypt do not have any
relationship with the USA, England and Germany.
USA, Japan and Hong Kon 03.01.1984 They conclude that the US affects Asian countries more than Japan
(Liu & Pan, 1997) >, 7apan and Hong fone, GARCH 31.12.1991 ey o P
Singapore, Taiwan, Thailand . in terms of both returns and volatility.
Daily Data
In the study, they investigated the relationship between BRIC
(Bhar & Nikolova, 2007) BRIC GARCH-M 1995-2004 countries. As a result, they found that there is a high degree of

volatility spillover effect among BRIC countries.

BRIC with the United States, Granger causality and

(Chittedi, 2009)

January 1998- August 2009 The study finds that BRIC economies and developed countries are

England, Japan cointegration Daily Data highly co- integrated.
With the United States 2000-2008 They concluded that there is no bilateral co-integration between
(Chang & Tzeng, 2009) Canada, Japan, Bierons Cointegration Daily Data the US and the stock markets of the other three countries except

Germany and

Mexico.

USA, Brazil, Russia, India and China

(An & Brown, 2010) (BRIC Countries)

Johansen Cointegration

They concluded that there is a significant co-integration between
the US stock market and the Chinese stock market, while there is
no significant relationship with the Brazilian, Russian and Indian

1995-2009 Weekly And
Monthly Data

(Yonis, 2011) USA and South Africa GARCH

The study reveals that there is a unidirectional volatility in both
returns and volatility from the US market to the South African
market.

2005-2011
Daily Data
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Table 1 Cont.: Literature Review

Authors Variables / Countries Method Period Conclusion
(Menezes, et al., 2012) 67 Johansen Co- |nteg|fat|on, 197'3»1979 The resylts of the Stljldy show that all seven countries are closely
Granger Causality Daily Data related in terms of prices and returns.
(Yildiz &Aksoy, 2014) BIST, MSCl Granger cointegration 1990-2011 Monthly Data | "6¥ concluded that MSCI and BIST are cointegrated both in the
long run and in the short run.
The results of the study, it has been determined that there is a short-
Cointegration and Granger 01.01.1998 and long-term cointegration relationship between the stock
(Dasgupta, 2013) USA and BRIC g X g 31.12.2012 markets of India and Brazil. He also concluded that the Indian stock
causality . i .
Daily Data market has a strong effect on the Brazilian and Russian stock
markets.
US-Japan and China, India, 01.01.1993 They conclude that there is unidirectional volatility from the US to
(Li & Giles, 2015) ndonesia, Malaysia, the Philippines MGARCH 31.12.2012 both Japan and emerging Asian stock markets and that there is a
and Thailand Daily Data mutual volatility spillover between the US and Asian markets.
The results of the study; It was carried out by considering the pre-
. 2002-2013 crisis and post-crisis period. They concluded that there was no
(Zhang & Jaffry, 2015) China and Hong Kong BEKK-GARCH Daily Data volatility before the crisis and there was a bidirectional volatility

after the crisis.

With the United States BRIC and

(Yagh, 2016) South Africa, BIST fundamental

Johansen cointegration

January 2001- December
2016 Weekly Data

As a result of the study, the US is not cointegrated with the six
emerging economies included in the study.

(Polat & Gemici, 2017) Turkey, BRIC and South Africa ARDL bounds test, EKK

In the long run, Turkey is cointegrated with India and Brazil and in
the short run with Russia. However, they concluded that China and
South Africa are not cointegrated in the short and long run.

2003-2017
Monthly Data

Turkey Russia Brazil, India, China
Mexico

ARCH, GARCH, TGARCH,

(Kula & Baykut, 2017) EGARCH

As a result of the study, China has the highest volatility in the long

30.05.2001 run, while Mexico has the lowest volatility. When the indices are
31.12.2016 X . . . -
Daily Data analyzed on a daily basis, the stock market with the highest volatility

is Turkey and the stock market with the lowest volatility is Russia.

Maki multiple structural break

(Ozsahin, 2017) cointegration method

Turkey, BRICS

The study concluded that there is no simultaneous relationship
between Turkey and Brazil. However, it has been determined that

2000-2016 Montly Data Turkey acts simultaneously with the other 4 country groups in the

long term.
Engle-Granger Causalit 01.01.2013 In the study, they concluded that Bitcoin and the stock exchanges of
(Kanat & Oget, 2018) Bitcoin, Turkey and G7 Countries g ger Lausality 26.01.2018 Y, they coln and the st g
Johansen and Jeselius (1992) Daily Data G7 countries can be used for portfolio diversification.
In the study, they determined that the conditional variance of BIST-
Turkey, Romania, Poland, Hungary 2011-2016 100 was affected by long-term fluctuations in the Romanian stock
B B 201 M-GARCH-BEKK
(Bagar & Bozma 2018) and Ukraine GARC Daily Data market. They found that the Hungarian and Polish stock markets

were affected by both long-term volatility and short-term shocks.

3 February 2012-1 June As a result of the study, it was determined that a shock occurring in

(Gultekin & Gekig, 2019) Turkey ile BRICS MF-X-DMA 2018 one of the BRICS countries would have a long-term impact on
Daily Data Turkey.
(Eyiiboglu & Eyiiboglu, 2019) BIST, Dow Jones, Dax, CAC Engle Granger comte.gratlon, 201'0—2018 In the study,. botl.'n cointegration and causality analyses did not
Granger causality Daily Data reveal a relationship.

Turkey and G7 Country Stock Johansen cointegration,

(Ulusoy, 2019)

The study concludes that although there is a long-run relationship

October 2009- September between Turkey and the UK, the other 6 countries do not have any

Exchanges Granger Causality 2019 long-run relationship both among themselves and with the Turkish
stock market.

Shocks and volatility interactions between the indices discussed in

UK and US stock market indices (FT- 01.07.1935 the study were investigated. It has been found that the

(Aladesanmi 2020) Asymmetric GARCH-BEKK 31.12.2020 ) v gatec. -
30 and Dow Jones-30) K interdependence between the markets of the two countries is

Daily Data R K

stronger after the establishment of the European monetary union.
While the study detected one-way causality from the Italian stock

BIST 100, NASDAQ, S&P500, Dow  Tado and Yamamoto and 2000-2018 exchange to BIST100; Bidirectional causality was detected between

(Ayaydin, et al., 2020) Jones, FTSE100, DAX, S&P/TSX, Fourier ADL cointegration Montly Data the stock markets of Germany, France, England and the USA and

FTSEMIB, Nikkei 225 analysis

BIST100. They detected a cointegration relationship between the US
and German stock exchanges and BIST100.

BIST100, Dow Jones, Dax, FTSE

(Miinyas 2020) Italia, CAC40, Ose Benchmark, Johansen Cointegration

09.01.2019- 05.06.2020 In the study, a long-term relationship was found between BIST100

S&p/ASX 200 Daily Data and all other variables.
Both general and Islamic indices for Hon Test for Causality in 06.01.2011 As a result of the analysis, no causality relationship was found
(Guglu, 2020) Turkey, the US, the UK and Malaysia g X ¥ 28.02.2018 between the Islamic stock markets of anycountry except Malaysia
Mean and Variance X . . .
were used. Daily Data and conventional stock markets in both mean returns and variances.

Turkey and G7 Country Stock

(Ustalar & Sanlisoy, 2021) Exchanges

EGARCH

The study covers the Covid-19 period. During this period, Covid-19
increased the volatility in the equity markets of France, Japan,
Canada and Turkey.

11.03.2020 15.012021
Daily Data

BIST100, AEX , DAX, CAC 40, iBEX35, Hafner&Herwatz causality in

(Ugar & Alsu 2022) italy40,UK100 variance, ARDL

The study concluded that there is a causal relationship from BIST100
to AEX and UK100, and from FCHI to BIST100. It also concluded that
there is no long-term relationship between BIST100 and developed
country indices.

2006-2021 Montly Data

Upon reviewing the relevant literature, it becomes clear that
returns, volatility, and the relationship between securities markets have
been examined at different time periods, regions, and using different
analytical methods. It is noteworthy that studies have employed
cointegration and Granger (causality in mean) analysis, as well as

Trends in Business and Economics

models from the GARCH family, to conduct their analyses. In our
knowledge, no study has examined the mean and variance of the
relationship between the Turkish and G7 securities markets. In this
context, it is believed that this study will contribute to the existing
literature by providing insights into this unexplored area.
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Data Set and Methodology
In this study, we focus on weekly closing price series of Turkey and G7 country stock exchanges for the period from May 29, 2009, to May 6, 2023.
The logarithmic return series of these series were calculated and utilized for the analysis. The following formula was employed to calculate the return
series:
Yie = Inp(P = (i =) = Ingo(p — (i,t — 1) €Y)
Here, yi,t represents the returns of the exchanges on day t, and pi,t denotes the weekly closing prices on day t. Table 2 presents the description of
the data used for the stock exchanges of Turkey and G7 countries in the study.

Table 2: Definition of Variables

Name of the Variable Abbreviation of the Variable Period Source
Turkey BIST100
Canada S&P/TSX
France CAC40
29.05.2009
Germany DAX 06.05.2023 https://tr.investing.com/
Italy FTSE Weekly Data
Japan NIKKEI225
UK FTSE100
us S&P500

To test the causality of a time series, various analysis methods are
available in the literature, considering the spread effect of volatility.
Two commonly used tests are proposed by Cheung and Ng (1996) and
Hong (2001). These studies are primarily based on estimating the
Generalized Autoregressive Conditional Heteroskedasticity (GARCH)
model. Subsequently, they involve calculating the cross-correlation
function of standardized error terms and the squares of standardized
error terms. While Cheung and Ng (1996) assign equal weights to all
lagged values (similar to the Granger causality models) when computing
the test statistic, Hong (2001) emphasizes giving more weight to lagged
values. Therefore, this study applies the variance causality proposed by
Hong (2001), an extension of Cheung and Ng (1996) that allows for
greater flexibility.

Classical causality tests are believed to yield misleading results if the
series have conditional heteroskedasticity, assuming the variances of
the error terms to be constant. Hence, employing Hong's (2001) method
to test variance causality is expected to provide more consistent results.

In Hong's (2001) framework, a univariate causality test is conducted,
while for Granger causality, two stationary time series {yi,t, t=1, ..., T},
i =1, 2 are considered, where T represents the sample size. Therefore,
Equation (2) is presented as follows:

E{((}’rﬂ - HY.r+1)2|1t)} * E{((yt+1 - .uY,t+1)2|]t)} @)

In Equation (2), Wy represents the mean of Yi. I and J; represent the
information sets defined as /; = {Yt_j;j >0} and J; = {Yt_]-,Xt_j;j =
0}. The Equation (2) expresses the variance causality from X; to Y:. To
conduct a variance causality test, the squares of standardized errors
obtained from the univariate GARCH model need to be calculated. Thus,
the squared standardized errors are given by Equation (3).

Y, - Hy,t)z _ Xy — #X,t)z
{ hy ¢ }vt N { hx.e } ®

(Hong, 2001), causality in the variance between X; and Y; at a given
number of lags (M) is determined using the test statistic in Equation (4):

(T3t () i) - k) “
J2D, (k)

Equation (4) pZ, () j, denotes the cross-correlations between u; and
v¢ at lag j and T is the sample size. The calculation of sample cross-

correlations and equation p_uv”*2 is shown in Equation (5).

Pi() = {Cuu(0)Cn (@) /2 Cun() (5)

Cuu.(0)C,, (0) are the sample variances of u; and v;, respectively. Their
definition is presented in equation (6).

Cuu(o) =T ’{ =1 u? ve Cuv(o) =71 7; =1 17t2 (6)

The sample cross covariance function between C,,(j)u; and v, is
represented by Equation (7).

—1vT .
T Y et UtV j =0

—1vT .
T t=1-j UeVe—j ) j <0

Cw () = { (7
The equations (8) and (9) respectively represent Cy(k) and Dr(k),

which indicate the mean and variance. These equations provide the

expressions for the respective quantities mentioned in equation (7).

ZCEDWN (B ®

o= Y, (-2 -] ©

The test analysis proposed by Hong (2001) can be summarized as
follows:

1. Firstly, the estimation of the univariate GARCH (p,q) model is
performed, and the standardized errors of the two variables are
determined.

2. The cross-correlation function of the standardized errors, puv(j),
is calculated.

3. After determining the lag number M, the functions Cir(k) and
Di1(k) are computed.

4. The test statistic Q is calculated and compared with the critical
value at the chosen significance level. If the Q statistic is greater than
the critical value, the null hypothesis is rejected, indicating no causality
relationship.

Figure 1 presents the graphical representation of the return series
for Turkey and G7 Stock Exchanges.

Trends in Business and Economics
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Figure 1: Graph of Return Series for Turkey and G7 Countries

Figure 1 displays the graphs illustrating the return series of the
variables. Upon closer examination of the graphs, it can be observed
that there are common periods characterized by significant volatility
across the variables. Particularly, in 2020, it is evident that the volatility
clusters resulting from the negative impact of the Covid-19 pandemic
have both a shared and notably high magnitude across all countries.
These findings indicate the presence of synchronized and pronounced
volatility clustering among the countries during the period influenced
by the global health crisis.

Trends in Business and Economics

Analysis and Findings

In this section, descriptive statistics and correlation coefficients are
presented to provide an overview of the variables. Subsequently, the
findings related to the GARCH model and the Hong test are discussed.

The descriptive statistics offer insights into the characteristics of the
variables, including measures such as mean, variance, and other
summary statistics. These statistics help in understanding the central
tendencies, dispersions, and distributions of the variables under
consideration.
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Table 3: Descriptive Statistics of Return Series

BIST100 S&P/TSX CAC40 DAX FTSE NIKKEI225 FTSE100 S&P500
Observation 727 727 727 727 727 727 727 727
Average 0.3461 0.0922 0.11006 0.1599 0.0439 0.1558 0.0779 0.2063
Median 0.6053 0.2327 0.2604 0.3213 0.3189 0.2963 0.2205 0.3116
Max. 11.1870 7.9618 11.9952 13.0459 10.9894 13.0690 7.5921 11.0747
Min. -14.3866 -18.5173 -22.0412 -20.2725 -28.0533 -14.5644 -18.5921 -13.2460
Std Deviation 3.4482 2.0279 2.8851 2.9345 3.4083 2.7342 2.2040 2.2404
Skewness -0.3965 -1.5222 -0.9402 -0.9622 -1.1114 -0.3272 -1.1908 -0.6315
Kurtosis 4.0223 1.4486 9.3591 9.0990 1.0164 5.1789 1.2046 7.1038
Jarque-Bera 50.7086 4.2769 1.3321 1.2389 1.7041 1.5679 2.6503 5.5848
9 (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
ARCH(1) 8.877 66.06059 34.08122 38.76892 4.907600 14.43471 2.3002 101.4561
(0.003) (0.000) (0.000) (0.000) (0.0271) (0.002) (0.1298) (0.000)
Q2s) 19.268 18.029 19.675 12.444 20.867 18.353 23.479 12.654
(0.155) (0.387) (0.661) (0.963) (0.589) (0.627) (0.074) (0.856)
as(25) 34.468 115.88 112.09 172.97 34.475 163.91 107.08 267.89
(0.098) (0.000) (0.000) (0.000) (0.098) (0.000) (0.000) (0.000)
-263.278 -261.517 -270.991 -266.344 -270.906 -269.746 -277.899 -281.057
op -263.288 -268.014 -275.835 -269.817 -273.360 -270.630 -285.892 -293.121

* %k %k

®kk

Kk

*kk

* %k %

* %k

* %k

EE T

Note: ARCH (1) shows the LM test results for conditional variance, Q (25) and Qs (25) show the Ljung-Box autocorrelation test results for the series and the squares of the
series. *** indicates stationarity at the 1% significance level, and parentheses indicate probability values used to reject HO.

Upon examining the Descriptive Statistics Table 3, it can be
observed that during the period considered, the highest weekly return
was obtained from BIST100 (0.3461) in Turkey, while the lowest weekly
return was obtained from FTSE (0.0439) in Italy. Following BIST100, the
next highest weekly returns were observed in S&P500 (0.2063), DAX
(0.1599), NIKKEI225 (0.1558), and subsequently in France, Canada, and
the UK.

The standard deviation represents the volatility of the series, and it
can be noted that the highest volatility, with a value of 3.4482, is
observed in BIST100. Furthermore, the negative skewness values for all
the stock market series indicate that the distributions are left-skewed.
The kurtosis values for Turkey, France, Germany, Japan, and the USA are
greater than 3, indicating that these series exhibit fat-tailed
characteristics. On the other hand, the kurtosis values for Canada, Italy,
and the UK are less than 3, suggesting that these series have thin-tailed

Table 4: Correlation Coefficients between Returns of Variables

characteristics.

The Jarque-Bera test results indicate that the series do not follow a
normal distribution. The ARCH test confirms the presence of conditional
heteroskedasticity in the series, implying that the variance is not
constant over time. The ADF and PP unit root tests indicate that the
series are stationary at a 1% significance level. There is no evidence of
autocorrelation issues in the series, and the presence of ARCH effects is
detected at a 1% significance level.

The correlation coefficients examine the relationships between the
variables and provide information about the strength and direction of
their linear associations. These coefficients assist in identifying the
interdependencies and potential linkages among the variables. Table 4
presents the correlation coefficients for the variables, providing insights
into the relationships among them.

BIST100 1
S&P/TSX 0.3567*** 1

CAC40 0.4352%** 0.7329%** 1

DAX 0.4189*** 0.6981%** 0.9256***
FTSE 0.4243%** 0.6487*** 0.8959***
NiKKEi225 0.1989%** 0.3922%** 0.4967***
FTSE100 0.4288*** 0.71834%*x* 0.7976***
S&P500 0.3764*** 0.7857*** 0.7745***

1

0.8519*** 1

0.4899*** 0.4435%** 1

0.7603*** 0.7212%*** 0.4019*** 1

0.7583*** 0.6911%*** 0.4197*** 0.7361%*** 1

Note: *** denotes significance at 1% significance level.

Upon examining the correlation coefficients between the
returns of Turkey and G7 country stock markets, it is observed that

there is a positive relationship among all variables. In this regard, it can

be mentioned that the weakest relationship exists between Turkey and
Japan. On the other hand, moderate to strong relationships can be
observed among the other variables.

Trends in Business and Economics
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Following the presentation of descriptive statistics and

correlation coefficients, the results pertaining to the GARCH model are

forecasting financial time series, particularly for capturing volatility

clustering and persistence. Table 5 presents the results of the ARMA-

discussed. The GARCH (Generalized Autoregressive Conditional GARCH model.
Heteroskedasticity) model is a widely used framework for modeling and
Table 5: ARMA-GARCH (1,1) Model Results
BIST100 S&P/TSX CAC40 DAX FTSE NIKKEI225 FTSE100 S&P500
Mean Equation
c 0.492726 0.232718 0.258129 0.304916 0.221778 0.270770 0.167368 0.339157
(0.0001) (0.0000) (0.0000) (0.0000) (0.0395) (0.0021) (0.0000) (0.0000)
AR(1) -0.306313 -0.734487 0.843842 0.874803 -0.889726 0.913763 -0.388784 -0.933916
(0.0000) (0.0006) (0.0000) (0.0000) (0.0000) (0.0000) (0.0911) (0.0000)
AR(2) -0.155717 0.113117 ) ) ) -0.957656 0.732766 0.506104
(0.0008) (0.7109) (0.0000) (0.0000) (0.0000)
AR(3) -0.118790 0.481322 . . ) ) 0.935040 0.803821
(0.0181) (0.0187) (0.0000) (0.0000)
AR() -0.158234 -0.051375 ) ) ] ) -0.144114 )
(0.0011) (0.4602) (0.3362)
AR(S) -0.844079 -0.009693 ] . ] ] -0.411188 ]
(0.0000) (0.8376) (0.0053)
MA(1) 0.333664 0.710533 -0.908582 -0.930040 0.873038 -0.918897 0.274686 0.881788
(0.0000) (0.0007) (0.0000) (0.0000) (0.0010) (0.0000) (0.2410) (0.0000)
MA(2) 0.189774 -0.184659 ) ) ) 0.972376 -0.858570 -0.631776
(0.0000) (0.5325) (0.0000) (0.0000) (0.0000)
MAG) 0.157244 -0.612270 ] ] ] ] -0.968775 -0.908718
(0.0001) (0.0003) (0.0000) (0.0000)
0.232081 0.251029
MA(4) (0.0000) i i i i i (0.1032) i
0.930948 0.438317
MA(5) (0.0000) ) ) ) ) ) (0.0138) )
Variance Equation
® 22.05492 0.319787 1.061605 1.313268 2.053744 1.471857 0.476020 0.431693
(0.0000) (0.0003) (0.0027) (0.0150) (0.0000) (0.0268) (0.0205) (0.0022)
« 0.018208 0.244094 0.239220 0.205691 0.258726 0.151831 0.110697 0.326462
(0.1117) (0.0000) (0.0000) (0.0000) (0.0000) (0.0019) (0.0008) (0.0000)
8 -0.973499 0.683761 0.627991 0.628859 0.570352 0.644078 0.779355 0.609723
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
61 1.525066 1.278282 1.490900 1.310627 1.605149 1.391745 1.179142 1.356411
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
a+B -0.955282 0.927855 0.867211 0.83455 0.829078 0.795909 0.890052 0.936185
Ln(L) -1894.473 -1395.588 -1697.690 -1706.745 -1849.013 -1703.647 -1496.912 -1478.277

Note: The values in parentheses represent the probability values, a represents the alpha value, B represents the beta value, GED represents the Generalized Error

Distribution, and Ln(L) represents the maximum likelihood value of the model.

In the conducted models for the given series, the presence of ARCH
effect and deviation from normal distribution can result in biased
predictions. Therefore, it is necessary to use methods that consider the
departure from normal distribution and the presence of ARCH effect. In
this regard, classical causality tests only attempt to determine causality
in the first moment of the series. However, in financial return series, it
is crucial to determine the causality of the variance in the second
moment of the series, due to the relationship between variance
changes and information speed, as stated by Cheung and Ng (1996).
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ARMA-GARCH models have been constructed for Turkey and G7
country stock markets, and predictions have been made. Firstly,
suitable AR and MA processes were estimated. Subsequently, the mean
equation was estimated. The model with the smallest information
criterion according to the Akaike information criterion was selected to
determine the AR and MA structure. The GARCH (1,1) model was
identified as the most suitable model for the variance model. Since it
was found that the errors in the models did not follow a normal
distribution, the Generalized Error Distribution (GED) was used, and the
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G1 parameter representing this parameter was found to be significant
in all models. In all three models, except for BIST100, the alpha and beta
parameters were found to be significant at the 1% significance level, and
the sum of alpha and beta was less than one. BIST100 index was found
to be significant at the 5% significance level. The alpha parameter in the
GARCH model represents persistence in shocks, while the beta
parameter represents volatility clustering. Additionally, since the sum
of alpha and beta coefficients is less than one, it can be inferred that the
conditional variance is stationary and volatility persistence is high.

After determining the GARCH model, the Hong test was conducted.
The Hong test is employed to investigate causality between variables by
examining the change in variance with a specified lag. This test helps in
assessing whether there is evidence of causality and provides insights
into the direction and significance of the causal relationship. The results
obtained for the return and variance equations are presented in Table
6 and Table 7.

Table 6: Turkey and G7 Stock Indexes Hong Causality Test Results in Mean Equation

Lag Length
M=1 M=2 mM=3 M=4 M=5
Causality in Mean
BIST100 > S&P/TSX 7] 0521 05067 05239 05519
S8P/TSX > BIST100 (0.1452) 7705 f0.7587) (05260 (08501
BIST100 5 CACH0 (0.1603 07904 (0204 (02313 08217
CACA0 > BIST100 (-325?335) (875::35) (-c?szz:) (-8'7775::) (c?fgg)
BIST100 > DAX (00018 06831 0252 (0.468 (07624
DAX > BISTi00 (0.0 07519 07548 (041 (07308
BIST100 > FISE 07517 0763 (05074 05189 (05238
FTSE - BIST100 (_8 ':Z:f) (—3 '75335:) (_8, '7502(?3) (3’352‘3, (_géggg)
BIST100 -> NIKKEI225 (-8_ ';; j:;;) (-g_ ;:?;) (-8 511:73) (3_ ':25925(,)) (8'881955
g gwmewmee e s
BIST100 > FTSE100 7287 07852 05258 (05569 05390
FTSEL00 > BIST00 (06359 (00059 06253 012 o110
BIST100 > 58500 (07300 07623 07778 w7873 (07587
S&P500 -> BIST100 (876??5967) (g':f::) (—3.::3;) (_8‘525323) (_3'528153)

Note: The values in parentheses indicate probability values. ***, ** ‘and * represent significance at the 1%, 5%, and 10% levels, respectively.

Table 6 presents the results of the Hong causality test for the stock
markets of Turkey and G7 countries. When examining the average
return relationships, it was found that there is a significant causality at
the 1% level from the stock market of Japan to the stock market of
Turkey in terms of average returns. Therefore, the stock market of
Japan is considered to be a Granger cause for the stock market of
Turkey. However, there is no causality relationship affecting the average
return between the stock markets of the remaining six countries and

the stock market of Turkey.

Table 7 presents the results of the Hong causality test for variance
between the stock markets of Turkey and G7 countries. The test
examines the causality relationship in terms of variance. The results
indicate whether the variance in one market can be considered a
Granger cause for the variance in another market.

Trends in Business and Economics
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Table 7: Turkey and G7 Stock Indices Hong Variance Causality Test Results

Lag Length
M=1 M=2 M=3 M=4 M=5
Causality in Variance
T
S&P/TSX > BIST100 (_gé’gf:) (_8-63213;) (gﬁ;gg) (822?;2) (g:igg;
BIST100 -> CAC40 ("g. '77:; j) (_3 '778859 f) (3 fggf) (_SEZZ:E) (-35;7572)
g smmsemee s s
BIST100 > DAX (05829 0102 (05792 (05864 106028
DAX -> BIST100 (823233) éiiiﬁi) (;:32(1)2) (S:gigg) (giéigg)
BIST100 > FTSE (07299 (07450 (07698 (07986 (05222
FTSE - BIST100 (8:42;146;42;) (3j§Z;) (8:2212) (-3'5012522) (-3.51652765)
BIST100 > NIKKEI225 ('é)_ '775?96;) ('3 gsgsz) ('8_ ':::g) 'f’_rﬁ;if (-(?_'5,1:;132)
NIKKEI225 - BST100 “lo0c0) Hlo0000) Ho0000) Tooo0n) o000
BIST100 -> FTSE100 (’3 f::;") (_g_ '778835) (}?_ :223?:) (_(c))_ ':9?35?) (_853?:;)
FTSE100 -> BIST100 (—3.:5133) (.g_sg,f;;) <'3'6321:33) (_g-szfig) (_S:ff:)
BIST100 -> S&P500 ('3 '751558) (-8 ';S_f ZS) (-3 '7775553) (}?_ ;3;)81:) (_3;3;327)
S&P500 > BISTI00 (05629 {0058%) (o.0008) o000 o0,

Note: The values in parentheses represent the probability values. ***, ** and * indicate significance at the 1%, 5%, and 10% levels, respectively.

When examining the causality results for variance between the
stock markets of Turkey and G7 countries, it is found that there is a
causal relationship in variance between the stock markets of Canada,
France, Germany, Japan, and the United States with the stock market of
Turkey. However, no causal relationship in variance is detected
between the stock markets of Italy and the United Kingdom with the
stock market of Turkey. Therefore, for a Turkish investor who engages
in international market investments and aims to diversify their
portfolio, adding stocks from the BIST100 along with stocks from the
Italian and UK markets can be considered. However, it is crucial for the
investor to refrain from including stocks from the Canadian, French,
German, Japanese, and US markets in order to maximize the benefits of
diversification.

Conclusion

Volatility in financial markets serves as an important indicator for
economic decision-makers, financial investments, and regulatory
decisions. Volatility provides a means to calculate the risk and
uncertainty level of a market, offering valuable information about that
market. This information assists individual investors, fund managers,
financial sector regulators, and policymakers in their decision-making
processes. For individual investors, the volatility of financial markets
aids in making informed investment decisions. Investors can consider
that in a more volatile market environment, the risk may increase,
necessitating careful portfolio diversification.

This study examined the volatility relationship between Turkey and

Trends in Business and Economics

G7 countries through mean and variance causality analysis within the
scope of international portfolio diversification. The data used in the
study was obtained from the Investing website, and weekly data from
the period of 29.05.2009 to 06.05.2023 was utilized. The study
employed the ARMA-GARCH model, and mean and variance causality
analyses proposed by Hong (2001) were applied.

The findings of the mean and variance causality analyses provide
valuable insights for investors and portfolio managers seeking to
optimize their investment strategies. The results of the study indicate
that there is a causal relationship in terms of average returns only
between Turkey and the stock market of Japan among the G7 countries.
Additionally, the variance causality analysis reveals that there is a
transmission of volatility between Turkey and the stock markets of
Canada, France, Germany, Japan, and the United States.

Based on these results, the following advice can be offered to
investors and portfolio managers:

Pay attention to the volatility transmission between Turkey and the
stock markets of Canada, France, Germany, Japan, and the United
States. The findings indicate that changes in volatility in these markets
can impact the volatility of the Turkish stock market. As a result,
portfolio managers should carefully evaluate the risk implications and
adjust their portfolio allocations accordingly.

When constructing international portfolios, investors may consider
including stocks from the Italian and UK markets, as there is no evidence
of causal relationships in either average returns or volatility
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transmission between Turkey and these markets. This can enhance
diversification benefits and potentially reduce overall portfolio risk.

Exercise caution when incorporating stocks from the stock markets
of Canada, France, Germany, Japan, and the United States. The
presence of volatility transmission suggests a potential
interdependence between these markets and the Turkish stock market,
which may increase portfolio risk. Conduct thorough analysis and
consider alternative investment strategies to mitigate potential risks
associated with these markets.

By taking into account these recommendations and considering the
causal relationships and volatility transmission identified in the study,
investors and portfolio managers can make more informed decisions
when diversifying their portfolios and managing risks effectively. It is
crucial to regularly monitor market dynamics and adjust investment
strategies based on changing conditions in order to maximize returns
and minimize potential downside risks.

When the results are compared with the studies on Tirkiye and G7
countries in the literature; It is seen that it differs from the studies of
(Ulusoy, 2019), (Ustalar & Sanlisoy, 2021), (Ugar & Alsu 2022), (Minyas
2020), (Ayaydin, et al., 2020). According to the results of this study; It
has been determined that Turkey, Italy and the UK stock markets can be
put in the same basket and portfolio diversification can be achieved.

In future studies on international portfolio diversification, the
variables are not limited to stocks only, but sectoral indices and
international can be examined. Additionally, new studies that will
contribute to the literature can be conducted using various analyzes by
including the foreign exchange market, commodity market, and crypto
values in the study.
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Genisletilmis Ozet

Amag: Finansal piyasalardaki oynaklik, ekonomik karar vericiler, finansal yatirim ve regiilasyon kararlari agisindan énemli bir gésterge niteligi tasir.
Oynaklik, bir piyasanin risk ve belirsizlik diizeyini hesaplama imkani sunarak, bu piyasaya dair bilgi saglar. Bu bilgi, bireysel yatirimcilar, yatirim fonu
yoneticileri, finans sektorl diizenleyicileri ve politika yapicilarinin karar siireglerine yardimci olmaktadir. Yatirimcilar, daha oynak bir piyasa ortaminda
riskin artabilecegini bildiklerinden portfoy gesitlendirmesi yapilmasina ihtiya¢ duymaktadirlar. Bu galismanin amaci Turkiye ve G7 hisse senedi piyasalari
arasindaki oynakliklarin tespit edilmesi ve ortalamada ve varyansda nedensellik iliskisini incelemektedir.

Veri Seti ve Yontem: Calismada kullanilan veri seti 29.05.2009-06.05.2023 donemine ait Turkiye ile G7 llke borsalarina ait haftalik kapanis fiyat serileri
Uzerinde calisilmistir. Serilerin logaritmik getiri serileri hesaplanmis ve ¢alismada getiri serileri kullanilmistir. Yéntem olarak; ilk olarak Genellestirilmis
Otoregrsif Kosullu Degisen Varyans (GARCH) modelinin tahmmin edlilmesi gerceklestirilmistir. Ardindan GARCH modelinden belirlenmis olan standardize
hata terimleri ve standardize hata terimlerinin karelerinin ¢apraz korelasyon fonksiyonun hesaplanmasi ile serilerin ortalama ve varyans nedensellik analizi
gerceklestiriimektedir.

Sonug: Calismanin sonucu incelendiginde, Ortalamada Nedensellik analizine gore; Tirkiye ile G7 Ulkeri arasinda sadece Japonya hisse senedi piyasalari
arasinda ortalama getirilerinde bir nedensellik iliskisi oldugu sonucuna ulasiimistir. Varyansta nedensellik analizine gore ise sadece Turkiye ile Kanada,
Fransa, Almanya, Japonya ve Abd hisse senedi piyasalari arasinda oynaklik yayilimi oldugunun sonucuna ulasiimistir. Dolayisiyla uluslararasi piyasalarda
yatirim yapan bir yatirimei, BIST100 hisseleri ile italya ve ingiltere borsasinda bulunan hisseler ile portfdy ¢esitlendirmesi yapabilecegi sdylenebilir. Ancak
Kanada, Fransa, Almanya, Japonya ve ABD borsalarina ait hisseleri portfoyline eklememesi maksimum faydasi elde edebilmesi agisindan énem arz

etmektedir.
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