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Abstract

Introduction: Assessing volatility spillovers provides guidance the decision-making processes
of market participants and policymakers. In this context, identifying volatility transmitters and
receivers between sustainability and traditional indices contributes to risk management.
Method: The dynamic volatility spillover among the Sustainability Index (XUSRD), the BIST-
100 (XU100) and main sector indices in Turkey using the time-varying parameter vector
autoregressive method. Daily data for the period 02 February 2020 to 31 July 2025 for the
XUSRD, XU100, Financial (XUMAL), Industrial (XUSIN), Services (XUHIZ), and
Technology (XUTEK) indices are used.
Results or Findings: The XUSRD, XU100, and XUSIN indices are volatility transmitters;
while the XUMAL, XUTEK, and XUHIZ indices are volatility receivers. The high value of
TCI indicates that volatility spillovers among the indices are quite strong. Volatility spillovers
increases during periods of global events (the coronavirus outbreak and the Russia-Ukraine
war), as well as domestic events (the February 6 earthquakes and political developments in
2025). Furthermore, volatility transfer occurs from the XUSRD to the Industrial, Services, and
Technology indices at rates of 19.50%, 17.59%, 17.47%, and 14.97%, respectively.
Discussion or Conclusion: The findings indicate a high degree of dynamic volatility
connectedness among the indices included in the analysis. Therefore, including these indices in
the same portfolio may increase portfolio risk. Furthermore, changes in sustainability-focused
expectations are seen to be rapidly transmitted to the production and service sectors, particularly
the financial sector. Investors can make less risky investment decisions by paying attention to
the volatility spillovers among these indices.
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Arastirma Makalesi

Siirdiiriilebilirlik Endeksi Ile Borsa ve Ana Sektor Pay Endeksleri Arasindaki
Dinamik Volatilite Baglantis
Letife Ozdemir?
Oz

Giris: Volatilite yayilmasinin degerlendirilmesi, piyasa katilimcilarinin ve politika yapicilarin
karar alma siireclerine rehberlik eder. Bu baglamda, siirdiiriilebilirlik ve geleneksel endeksler
arasindaki volatilite aktaricilarini ve alicilarini belirlemek, risk yonetimine katki saglar.
Yéntem: Tiirkiye’de Siirdiiriilebilirlik Endeksi (XUSRD) ile BIST-100 (XU100) ve ana sektor
endeksleri arasindaki dinamik volatilite yayilimi, zamana gore degisen parametreli vektor
otoregresif yontemiyle incelenmektedir. XUSRD, XU100, Mali (XUMAL), Sinai (XUSIN),
Hizmetler (XUHIZ) ve Teknoloji (XUTEK) endekslerine ait 02.02.2020-31.07.2025 dénemi
giinliik veriler kullanilmaktadir.
Sonuglar ya da Bulgular: XUSRD, XU100 ve XUSIN endeksleri volatilite yayicisi; XUMAL,
XUTEK ve XUHIZ endeksleri ise volatilite alicis1 konumundadir. TCI katsayisimn yiiksek
olmasi, endeksler arasinda volatilite yayilimi olduk¢a giiclii oldugunu isaret etmektedir.
Volatilite yayilimi koronaviriis salgini1 ve Rusya—Ukrayna savasi gibi kiiresel olaylarin ve 6
Subat depremleri ve 2025 yili siyasi gelismeleri gibi iilke i¢i olaylarin oldugu donemlerde
artmaktadir. Ayrica, XUSRD endeksinden Mali, Sinai, Hizmetler ve Teknoloji endekslerine
sirastyla %19,50, %17,59, %17,47 ve %14,97 oranlarinda volatilite aktarim
gergeklesmektedir.
Tartisma ya da Yapilan Cikarimlar: Bulgular, analize dahil edilen endeksler arasinda yiiksek
diizeyde dinamik volatilite baglantililigi oldugunu ifade etmektedir. Bundan dolayi, bu
endeksler ayni portfOy icerisinde yer almasi portfOy riskini artirabilir. Ayrica, siirdiiriilebilirlik
odakli beklentilerdeki degisimlerin basta finans sektorii olmak iizere iiretim ve hizmet
sektorlerine hizli bigimde yansidigi goriilmektedir. Yatirimcilarin, bu endeksler arasindaki
volatilite yayilimina dikkat ederek daha az riskli yatirim kararlar1 alabilirler.

Anahtar Kelimeler: sirdiiriilebilirlik endeksi, borsa sektor endeksleri, dinamik
baglantililik, volatilite yayilimi, TVP-VAR modeli
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Introduction

Sustainability is described in the Brundtland Report (1987) as “meeting the needs of the
present without compromising the ability of future generations to meet their own needs”.
Corporate sustainability represents the firm-level application of the sustainability concept and
refers to the adaptation of environmental, social, and governance (ESG) principles into
corporate activities in order to enable firms to maintain their existence and support their growth.
ESG principles were conceptually, for the first time, provided with a systematic framework
through the report “Who Cares Wins” published by the United Nations in 2004 (Mian et al.,
2024). The global acceptance of ESG criteria and their incorporation into investment decision-
making processes gained prominence following the establishment of the United Nations
Principles for Responsible Investment in 2006 (Peillex & Comyns, 2020).

The integration of ESG principles into investment decision-making processes has
facilitated the emergence of sustainability indices as a new category of equity market indices.
Sustainability indices include firms that carry out activities in accordance with ESG principles
(Bhue et al., 2025). In recent years, sustainability indices have gained increasing importance in
financial markets and have emerged as an alternative investment option for investors in
portfolio construction (Zhang et al., 2022; Aboluwodi et al., 2024). At the same time,
sustainability indices are important financial indicators that guide investors within the
framework of a responsible investment approach (Kurnoga et al., 2022). Unlike traditional
stock market indices, these indices offer an evaluation opportunity based on sustainability
principles, and their importance has been increasing day by day in both the academic literature
and investment strategies. Existing studies indicate that sustainability indices exhibit strong
bidirectional volatility spillovers with traditional stock market indices during periods of global
crises and uncertainty (Arouri et al., 2025; Naeem et al., 2023; Nogueira & Madaleno, 2022;
Malhotra, 2025; Zeng et al., 2025; Dogan et al., 2023; Erben Yavuz, 2023; Kavas, 2025; Toy,
2025).

Globalization, liberalization, and technological advancements have led financial
markets to become more integrated with one another and have caused adverse developments
arising in one market to be transmitted rapidly to other markets. In this context, volatility
spillovers and dynamic connectedness among financial markets have become a extensively
assessed subject in prior studies (Khan, 2025). Generally, during periods when economic
uncertainty and volatilities specifically the coronavirus outbreak, market participants and
policymakers tend to closely examine risk and return spillovers across markets in order to
protect investments and ensure financial stability (Naeem et al., 2023). Existing empirical
studies has been undertaken to enhance the understanding of volatility spillovers in financial
markets, to assess their implications for diversification benefits, and to develop portfolio
construction approaches aimed at mitigating the associated risks (Choi vd., 2021).

Volatility spillover refers to the process by which uncertainty or fluctuations occurring
in a particular market are transmitted to other markets. In this context, the “volatility
transmitter” refers to the market that transmits net volatility to other markets, while the
“volatility receiver” refers to the market that absorbs net volatility in the system, meaning the
market that is more affected by shocks in other markets. Volatility connectedness quantitatively
reveals the extent and direction in which shocks arising in different markets or assets spread
throughout the system (Barunik, Kocenda, & Véacha, 2017). Assessing volatility spillovers
contributes significantly to the decision-making processes of market participants and
policymakers. Identifying net volatility transmitters and net volatility receivers between
sustainability and conventional indices enables the enhancement of effective portfolio
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diversification and risk management strategies. Moreover, it provides important insights into
understanding the role of sustainable finance markets within the financial system.

Although prior studies have investigated volatility spillovers between sustainability
indices and financial market assets, notable gaps remain in the existing literature. The literature
indicates that there is strong dynamic volatility connectedness among various sustainability
indices (Bhue et al., 2025; Marin-Rodriguez et al., 2024; Umar et al., 2020; Wan et al., 2024;
Shaik & Rehman, 2023); that volatility spillovers run from sustainability indices to capital
market indices (Zhang et al., 2022; Maraqa & Bein, 2020; Arouri et al., 2025; Naeem et al.,
2023); and that analyses of dynamic volatility spillovers between sustainability indices and
sectoral indices reveal sustainability indices to act as net volatility transmitters (Malhotra, 2025;
Zeng et al., 2025). In the context of Tiirkiye, empirical evidence on volatility spillovers
involving sustainability indices remains rather limited. Empirical evidence indicates that the
Sustainability Index functions as a net volatility receiver from the Dow Jones Sustainability
Index (Baskaya & Ozdemir, 2025; Erben Yavuz, 2023). This finding is also supported by the
study of Dogan et al. (2023). Kaya (2023) and Kavas (2025) investigated volatility spillovers
between the sustainability index and various commodity prices, showing that, in most cases,
the sustainability index acts as a net volatility transmitter. However, only two studies focusing
on the Indian and Chinese capital markets have been identified that incorporate sectoral indices
into their analyses (Malhotra, 2025; Zeng et al., 2025). These studies have demonstrated that
the sustainability index transmits volatility to sectoral indices. To our knowledge, no prior study
has been identified for the case of Tiirkiye. The need for further research to identify volatility
spillovers between the sustainability index and sectoral indices, and to understand how these
dynamics are reflected in investor behavior, constitutes the main motivation of this study.

This paper aims to evaluate the dynamic volatility spillovers among Tiirkiye’s the
Sustainability Index, the benchmark stock market index, and the main sectoral indices by
employing a time-varying parameter vector autoregressive (TVP-VAR) methodology.
Volatility spillovers among the XUSRD index, the XU100 index, representing the largest equity
market benchmark, and the main sectoral indices, namely Financial, Industrial, Services, and
Technology, are examined in detail using daily data covering the period from 02.02.2020 to
31.07.2025. From an investor perspective, evaluating sectoral indices alongside the XU100
Index, rather than focusing solely on the XU100 Index, is of considerable importance. While
the XU100 Index reflects the overall market trend, sectoral indices allow for a more detailed
assessment of sector-specific behaviors and structural characteristics. Within this framework,
the study focuses on the following research questions: (i) Does the Sustainability Index act as
a volatility transmitter or a volatility receiver in the equity market? (ii)) Which of the main
sectoral indices acts as the largest net volatility receiver? (iii) To which sector does the
Sustainability Index transmit volatility most strongly?

While aiming to answer these research questions, this paper is considered to add to the
literature in three in notable respects. First, the inclusion of firms with high ESG performance
in sustainability indices within a given sector influences the return and volatility dynamics of
those sectors. Therefore, price movements and volatility shocks occurring in sustainability
indices can spillover into sectoral indices. Therefore, price movements and volatility shocks
occurring in sustainability indices can spillover into sectoral indices. Similarly, sector-specific
developments may also influence the performance of sustainability indices. For these reasons,
this study provides empirical evidence to the existing literature by examining how volatility
spillovers and shocks are transmitted between sustainability and sectoral indices. Second,
instead of methods based on the assumption of constant parameters, this study employs the
TVP-VAR approach, which allows parameters to vary over time and enables an analysis of the
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temporal evolution of connectedness. In this manner, the temporal sensitivity of Tiirkiye’s
capital markets to periods of uncertainty is identified, and market reactions are assessed in a
comparative framework. Thus, identifying volatility-transmitting and volatility-receiving
markets between sustainability and sectoral indices will contribute to investors’ portfolio
diversification and risk management decisions. Third, this paper addresses an existing gap in
the literature by analyzing volatility spillovers between the XUSRD Index, the XU100 Index,
and the equity indices of main sectors in the Turkish economy, namely the industrial, financial,
technology, and services sectors.

The remainder of the study is structured as follows. In the second section, studies
investigating dynamic volatility spillovers between the sustainability index and financial
indicators are reviewed. In the third section, the data set and methodology are presented, while
the findings are reported in the fourth section. In the final section, the findings are discussed
and evaluated.

Literature Review

Previous studies on volatility spillovers and dynamic interconnectedness across
financial markets plays a critical role in shaping investment decision-making processes. In
recent years, the incorporation of ESG considerations into investment strategies has enhanced
the role of sustainability indices by offering various advantages in portfolio diversification.
Consequently, the number of studies examining volatility spillovers between sustainability
indices and different financial markets has increased substantially.

Maraqa and Bein (2020) examine the dynamic interrelationships and volatility
spillovers among sustainability equity indices and the major stock market returns of oil-
importing and oil-exporting European countries, using a DCC-MGARCH framework. Their
findings reveal that the dynamic relationships among sustainability equity indices, stock returns
of European oil-importing/exporting countries, and oil markets differ across market conditions.
Arouri et al. (2025) investigate the mutual connectedness among the S&P Green Bond Index,
the S&P500 Index, and the S&P500ESG Index by employing TVP-VAR and DCC-GARCH
models. The results indicate the presence of significant volatility spillovers regardless of market
conditions, with green bonds acting as the primary volatility receivers, while the S&P500 and
S&PS00ESG indices serve as net volatility transmitters. Using the Diebold—Yilmaz and
Barunik—Kiehlik connectedness frameworks, Naeem et al. (2023) analyze the country-level
connectedness among sustainable and Islamic equity investments across nineteen countries
representing developed and emerging financial markets. Their results document moderate to
strong short-term connectedness, and time-varying connectedness analyses reveal that major
market-wide shocks, such as the European sovereign debt crisis, the Chinese financial crisis,
and the coronavirus outbreak, significantly intensify interconnectedness among the indices.
Nogueira and Madaleno (2022), employing an MGARCH model, find that the EURO STOXX
Sustainability Index is highly dependent on movements in conventional stock market indices,
indicating that sustainability indices function predominantly as net volatility receivers.

Studies examining the dynamic volatility connectedness between sustainability indices
belonging to different markets are also included in the literature. Bhue et al. (2025) investigate
information asymmetry, dynamic connectedness, and volatility spillovers between ESG equity
indices in emerging markets using GARCH, FIGARCH, and TVP-VAR models. Their findings
reveal the presence of leverage effects in ESG equity indices and indicate a moderate level of
connectedness among the indices. In particular, ESG equity indices from the Philippines,
Indonesia, Korea, Singapore, and India are found to be more sensitive to sustainability-related
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innovation shocks originating from the ESG indices of Brazil, South Africa, and Mexico.
Marin-Rodriguez et al. (2024) analyze the connectedness of sustainable investment indices
using a quantile VAR (QVAR) framework. The results show persistent dynamic connectedness
among the Sustainable Impact Index, the Paris-aligned equity index, and the green bond index.
Moreover, the green bond index generally acts as a net volatility receiver, whereas the other
sustainability indices function as volatility transmitters. Zhang et al. (2022) employ a DCC-
GARCH-based dynamic connectedness approach to examine volatility spillovers among the
MSCI World ESG equity index, the renewable energy equity index, the S&P Green Bond Index,
the Dow Jones Sustainability equity index, and carbon emission futures. Their findings identify
carbon emission futures as the primary volatility transmitter, followed by the ESG and the
sustainability equity index.

Using a DCC-GARCH framework, Shaik and Rehman (2023) assess dynamic volatility
connectedness among ESG equity indices and show that ESG indices in the Middle East and
Africa as well as Latin America act as net shock transmitters, while those in the United States
and the Asia-Pacific region are net volatility receivers. Umar et al. (2020) document significant
and persistent volatility spillovers among ten ESG equity indices from developed and emerging
markets. The connectedness among these indices exhibits a pronounced dynamic structure,
particularly during periods associated with the European sovereign debt crisis, Greece-
originated systemic disturbances, and the coronavirus pandemic. Wan et al. (2024), employing
a TVP-VAR framework, reveal strong connectedness among ESG equity indices in both returns
and volatility. While ESG indices in Europe and North America predominantly display outward
spillovers, those in the Asia-Pacific region and India are characterized by inward spillovers. In
addition, the coronavirus outbreak is found to have a positive effect on volatility connectedness
among ESG equity indices.

Focusing on volatility spillovers between sustainability indices and sectoral indices,
Malhotra (2025) finds that India’s ESG and clean energy indices consistently act as net
volatility transmitters, whereas sectoral indices serve as diversification assets with relatively
low connectedness, based on a TVP-VAR approach. Similarly, Zeng et al. (2025) examine risk
connectedness between China’s sustainability index, the Chinese stock market, and seven
sectoral indices using a TVP-VAR-CAViaR connectedness framework. The evolution of total
risk connectedness exhibits dynamic fluctuations in both the Chinese stock market and the
sustainability index, particularly during extreme events specifically the coronavirus outbreak.
Their results indicate that sustainability indices play a central role in risk transmission.

A limited number of studies focusing on the Turkish context examine volatility
spillovers among the XUSRD Index and stock market indices or other financial indicators,
generally concluding that the XUSRD Index functions as a net volatility receiver. Dogan et al.
(2023) investigate the dynamic connectedness between the XUSRD Index, the XU100 Index,
the S&pGCEIL and S&P GSCI using a TVP-VAR framework. Their findings indicate that
volatility originating from S&P GSCI is transmitted to the S&PGCEI, the XU100 Index, and
the XUSRD Index. Erben Yavuz (2023) analyze dynamic connectedness among the XUSRD
Index, the S&PGSCI, and the Dow Jones Sustainability World Index using a TVP-VAR
approach, documenting that the XUSRD Index acts as a net volatility receiver. In a related
study, Baskaya and Ozdemir (2025) employ a DCC-GARCH model and show that volatility
shocks in the S&P Dow Jones Sustainability Index reduce the volatility of the XUSRD Index.

Kaya (2023) analyze dynamic connectedness among the XUSRD Index and fossil fuel
prices, including crude oil, Brent oil, heating oil, natural gas, and coal, using a TVP-VAR
methodology. The evidence confirm that Brent oil, crude oil, and heating oil serve as net

JATSS Volume 8 Issue 1 6



volatility transmitters, whereas the XUSRD Index, natural gas, and coal predominantly act as
volatility receivers. Kavas (2025) apply a TVP-VAR model to examine dynamic connectedness
and volatility spillovers among the XUSRD Index, the US dollar exchange rate, Bitcoin, oil
prices, and gold prices. Their findings identify Bitcoin as the largest volatility transmitter,
followed by the XUSRD Index, while oil and gold emerge as the largest volatility receivers.

The existing literature also includes studies analyzing volatility spillovers between the
XU100 Index and various market indicators. Specifically, Aydogdu (2025) examine volatility
spillovers among the XU100Index, Brent crude oil, the US dollar, gold, Bitcoin, and the
Volatility Index; Cilek (2025) focus on the XU100 Index, interest rates, gold, and the US dollar;
Erdogan (2023) analyze volatility spillovers among interest rates, the XU100 Index, bond
yields, the US dollar, gold, and CDS premiums; and Giilcemal (2025) investigate volatility
spillovers among the XU100 Index, the Housing Price Index, gold, and the US dollar exchange
rate. These studies generally suggest that the XU100 Index acts as a net volatility transmitter in
the domestic market. In contrast, Polat (2021), examining volatility spillovers between BRICS
markets and Tiirkiye, and Erdogan (2024), analyzing volatility spillovers between the XU100
Index and stock market indices of eight different countries, find that the XU100 Index functions
as a net volatility receiver in the global market context. Collectively, these findings suggest that
while the XU100 Index acts as a volatility transmitter within the domestic market, it tends to
assume the role of a volatility receiver in international market settings.

Only a limited number of studies examine volatility spillovers among sectoral indices
in Tirkiye. Kocaarslan (2020) analyze volatility interactions among the Technology, Industrial,
Services, and Financial indices using a causality-in-variance framework, revealing substantial
volatility transmission from the Technology Index to other major sectoral indices. Additionally,
significant volatility spillovers are identified from the Industrial Index to the Services and
Financial indices. Toy (2025), employing a TVP-VAR approach, document the presence of
dynamic connectedness among the Financial, Services, Industrial, and Technology indices.
Their results indicate that the Industrial and Services indices act as net volatility transmitters,
whereas the Financial and Technology indices serve as net volatility receivers.

Overall, when evaluated in general terms, the number of studies examining volatility
spillovers between sustainability indices and financial indicators in the existing literature is still
limited. To our knowledge, no prior research has addressed volatility spillovers between the
XUSRD Index, the XU100 Index, and equity indices representing key sectors of the Turkish
economy, namely industrial, financial, technology, and services, within a unified framework.
Moreover, few studies have jointly analyzed sustainability indices and sectoral indices,
focusing exclusively on the Indian and Chinese markets. To address these gaps, the present
study evaluates the dynamic connectedness structure and volatility spillovers between the
XUSRD Index and major sectoral indices using a time-varying parameter vector autoregressive
methodology.

Method

This paper examines volatility spillovers among the XUSRD Index, the XU100 Index,
and equity indices representing key sectors of the Turkish economy, namely industrial,
financial, technology, and services, using the TVP-VAR methodology developed by
Antonakakis and Gabauer (2017). Daily closing price data for the selected indices were
obtained from the Investing database and cover the period from 2 January 2020 to 31 July 2025.
Prior to the analysis, logarithmic daily returns were derived using 100xIn(Py/P.1)). Detailed
information regarding the variables and their definitions is presented in Table 1.
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Table 1

Variable Description

Variable Description Data Source Period
XUSRD BIST Sustainability Index Investing.com 02/01/2020-31/07/2025
XU100 BiST-100 Index Investing.com 02/01/2020-31/07/2025
XUSIN BIST Industrial Index Investing.com 02/01/2020-31/07/2025
XUMAL BIST Financial Index Investing.com 02/01/2020-31/07/2025
XUTEK BIST Technology Index Investing.com 02/01/2020-31/07/2025
XUHIZ BIST Services Index Investing.com 02/01/2020-31/07/2025

Notes. Prepared by the author.

In this paper, volatility spillovers among the XUSRD Index, the XU100 Index, and
sectoral equity indices are examined using the TVP-VAR methodology. The TVP-VAR
framework, which allows for the analysis of volatility spillovers and time-varying volatility
dynamics, was originally developed within the connectedness framework pioneered by Diebold
and Yilmaz (2009, 2012, 2014) and subsequently extended by Antonakakis and Gabauer
(2017). The TVP-VAR model in light of the BIC is presented in Equations (1), (2), and (3)
(Antonakakis, Gabauer, Gupta ve Plakandaras, 2018):

Y =BiYeo1 + & g~N(0,S;) (D
Bt = Br-1 +u; u,~N(0,R;) (2)
Yi = Aigrq + & (3)

In Equations (1), (2), and (3), Y;, &, and usare N X 1lvectors, while A¢, S, B¢, and R;
are N X Nmatrices. Equation (3) represents the Wold decomposition of the system. The time-
varying coefficients in the vector moving average representation constitute the theoretical
foundation of the connectedness index developed by Diebold and Yilmaz (2012). This index is
computed using generalized impulse response functions and generalized forecast error variance
decompositions (GFEVD), drawing on the frameworks proposed by Koop et al. (1996) and
Pesaran and Shin (1998).

In this study, the primary focus is on the proportion of the h-step-ahead forecast error
variance of variable ithat is attributable to shocks originating from variable j. This can be
expressed mathematically as follows:

_ 2,
Yici Oy (4)
N h-1 2.9
i=1 Zt:l 61']',1:

AR

In Model (4), d)g,t(h)denotes the h-step-ahead GFEVD. Building on the GFEVD, the

Total Connectedness Index (TCI), which measures the overall degree of interdependence within
the network, is constructed and formulated as follows:
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ij= 1l¢] QDU t( )
A

co(h) = x100 ()

The TCI consists of three main components: total directional connectedness (TDC) to
others, TDC from others, and net TDC. These components capture both the direction and the
magnitude of interactions among variables.

First, attention is focused on spillovers transmitted from variable ito all other variables
j. This measure is referred to as TDC to others and is presented in Equation (6):

Z] llij (p]lt( )
L9,

RROE x100 (6)

Second, spillovers transmitted from all variables j to variable i are computed. This
concept is referred to as TDC from others and is presented in Equation (7).

] 11:#] (pl] t( )
A

CAROE x100 (7)

Third, net TDC, denoted as C:; g

i t» 1s obtained by computing the difference between TDC
to others and TDC from others.

Co(h) = €2, (h) — €2, (h) ®)

The sign of net TDC provides information on the role of each variable in the volatility
transmission mechanism. If net TDC is posmve (C (h) > O) variable iacts as a net volatility

transmitter; conversely, if it is negative (C (h) < 0) variable ifunctions as a net volatility

receiver. Finally, to examine bilateral interactions, net TDC is decomposed, and net pairwise
directional connectedness (NPDC) is computed and expressed as follows:

TAOELIAC )
N

NPDC;;(h) = )

If NPDC;;(h) > 0, variable iexerts an influence on variable j; conversely, if
NPDC;;(h) < 0, variable jexerts an influence on variable i.
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Empirical Findings
The study first presents the return series of the XUSRD Index, the XU100 Index, and
the sectoral equity indices in Figure 1. An examination of the graphs shows that the indices
exhibit similar volatility patterns. The effects of the coronavirus outbreak in 2020, the Russia—
Ukraine war in 2022, the February 6 earthquakes in 2023, and the political events in 2025,
which caused volatility in the markets, can be observed in the graphs.

Figure 1.

Plots of the Return Series
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Summary statistics for the index returns included in the paper are reported in Table 2.
The Technology equity index exhibits the highest average return among the indices considered.
Variance, as a fundamental statistical measure, captures the dispersion of observations around
the mean and reflects the degree of variability in the series. Among the indices, the Technology
equity index displays the greatest deviation from its mean. The negative skewness values
indicate that the distributions are left-skewed, while kurtosis values exceeding three suggest
that the return distributions exhibit leptokurtic characteristics. The Jarque—Bera test results,
based on skewness and kurtosis measures, indicate that none of the variables follow a normal
distribution (Jarque ve Bera, 1987). The test statistics confirm the rejection of normality for all
indices at the 1% significance level. The stationarity properties of the variables are examined
using the ERS unit root test developed by Elliott, Rothenberg, and Stock (1996), and the results
reveal that all variables are stationary. Finally, the Ljung—Box Q and Q? test confirm the

presence of autocorrelation in the return series.
Table 2

Descriptive Statistics

XUSRD XU100 XUSIN XUMAL XUTEK XUHIZ
Mean 0.166 0.16 0.163 0.167 0.228 0.178
Variance 3.415 3.27 3.151 3.826 4.848 2.926
Skewness -0.646 -0.768 -0.854 -0.591 0.516 -0.850
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Kurtosis 4.616 4.856 4.583 3.892 3.406 5.173
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Jarque-Bera 1334.824 1506.743 1389.345 960.882 735.627 1721.831
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
ERS -5.093 -5.547 -5.739 -4.604 -13.407 -6.066
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Q(10) 7.159 6.928 8.052 11.206 8.789 3.284
(0.238) (0.261) (0.166) (0.039) (0.121) (0.778)
Q(10) 139.645 130.264 150.412 113.443 171.256 167.766
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Note. Created by the author using a web-based R-Shiny interface.

To examine the dynamic volatility connectedness between the variables, the TVP-VAR
model is employed. The TDC relationships between the XUSRD Index, the XU100 Index, and
the sectoral equity indices obtained from the model are summarized in Table 3. Dynamic
connectedness reflects the transmission of volatility spillovers across the variables.

Table 3

Dynamic Correlation Relationships for Variables

XUSRD XU100 XUSIN  XUMAL XUTEK  XUHIZ From
XUSRD 19.68 19.29 16.32 17.60 11.34 17.60 80.32
XU100 18.86 19.23 16.96 16.98 11.68 16.29 80.77
XUSIN 17.59 18.69 21.14 14.16 12.78 15.63 78.86
XUMAL 19.50 19.24 14.52 21.83 10.74 14.18 78.17
XUTEK 14.97 15.79 15.81 12.76 26.40 14.26 73.60
XUHIZ 17.47 18.48 16.09 14.17 11.94 21.86 78.14
To 88.39 91.49 79.70 75.67 58.48 76.12 469.86
Inc.Own 108.07 110.71 100.85 97.50 84.88 97.98 cTCI/TCI
NET 8.07 10.71 0.85 -2.50 -15.12 -2.02 93.97/78.31

Note. Created by the author using a web-based R-Shiny interface.
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Table 3 reports the extent to which volatility in each index is driven by its own shocks
and by shocks originating from other indices, as well as the direction and magnitude of spillover
effects across indices. The “NET” measure presented in the table captures the difference
between the volatility transmitted to other variables and the volatility received from them. A
positive NET value indicates that the variable acts as a net volatility transmitter, whereas a
negative value implies that it functions as a net volatility receiver. According to Table 3, the
XUSRD Index, the XU100 Index, and the Industrial Index are identified as net volatility
transmitters, while the Financial, Technology, and Services sector indices emerge as net
volatility receivers. The XU100 Index is the largest volatility transmitter (10.71%), followed
by the XUSRD Index (8.07%), whereas the Technology sector index is the largest volatility
receiver (15.12%).

The findings reported in Table 3 also allow for an assessment of the sources of volatility
fluctuations across the variables. In this context, volatility fluctuations observed in the XUSRD
Index are largely driven by its own innovations (19.68%), followed by shocks originating from
the XU100 Index (19.29%). The Technology sector index exerts the weakest influence on the
XUSRD Index, accounting for only 11.34% of its volatility. For the XU100Index, 19.23% of
volatility fluctuations stem from its own shocks, while 18.86% originate from the XUSRD
Index, 16.98% from the Financial Index, 16.96% from the Industrial Index, 16.29% from the
Services Index, and 11.68% from the Technology Index. Volatility fluctuations in the Industrial
Index are primarily driven by its own shocks (21.14%), followed by shocks from the XU100
Index (18.69%) and the XUSRD Index (17.59%). Similarly, volatility fluctuations in the
Financial Index are mainly explained by its own shocks (21.83%), while shocks from the
XU100 Index (19.24%) and the XUSRD Index (19.50%) also play a substantial role. For the
Technology Index, 26.40% of volatility fluctuations are attributed to its own innovations,
whereas 15.79% and 14.97% are driven by shocks from the XU100 and XUSRD indices,
respectively. Finally, volatility fluctuations in the Services Index are largely explained by its
own shocks (21.86%), followed by shocks from the XU100Index (18.48%) and the XUSRD
Index (17.47%).

Over the entire sample period, the XUSRD Index transmits volatility most strongly to
the Financial, XU100, Industrial, Services, and Technology indices, respectively. Conversely,
it receives volatility primarily from the XU100 Index, followed by the Financial, Services,
Industrial, and Technology indices.

Finally, the TCI between the variables is estimated at 78.31% over the sample period,
indicating a high degree of interconnectedness across the indices. Figure 2 illustrates the
evolution of the TDC among the XUSRD Index, the XU100 Index, and the sectoral equity
indices.
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Figure 2
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Note. Created by the author in EViews 12; Arial font customization is not supported.

An examination of the figure reveals that dynamic connectedness among the variables
exhibits periods of increase and decrease over time. Periods characterized by heightened total
connectedness and intensified volatility spillovers across variables coincide with the onset of
the coronavirus outbreak in early 2020, the outbreak of the Russia—Ukraine war in early 2022,
the earthquakes of 6 February 2023, and the period of political events in the second quarter of
2025. Notably, volatility spillovers across the indices reached their highest level following the
earthquakes that occurred on 6 February 2023. To provide a clearer depiction of volatility
transmission among the variables, the net total directional connectedness plots are presented in
Figure 3.

Figure 3

Dynamic Net Directional Connectedness
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According to the directional connectedness analysis, the dark-shaded area in Figure 3 remaining
above the horizontal axis indicates that the corresponding variable acts as a net volatility
transmitter during the sample period, whereas values below the horizontal axis imply a net
volatility receiver. The graphical evidence suggests that both the XUSRD Index and the XU100
Index function as net volatility transmitters. The Industrial equity index acts as a volatility
receiver in 2021 and 2023, while serving as a volatility transmitter during the remaining periods.
An examination of the Financial equity index indicates that it behaves as a volatility transmitter
only at the beginning of 2021, whereas it assumes the role of a volatility receiver throughout
the rest of the sample period. The Services equity index functions as a volatility receiver
between 2020 and 2022, but shifts to a volatility-transmitting role after 2023. In contrast, the
Technology equity index consistently remains a net volatility receiver throughout the entire
period. The net pairwise dynamic connectedness relationships illustrating bilateral volatility
spillovers between the XUSRD Index and the other indices are presented in Figure 4.
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Figure 4.

Net Pairwise Dynamic Connectedness
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In the net pairwise dynamic connectedness plots, the dark-shaded area lying above the
horizontal axis indicates that volatility is transmitted from the first index to the second, whereas
an area below the horizontal axis implies that volatility is transmitted from the second index to
the first. An examination of the plots reveals a volatility spillover from the XU100 index to the
XUSRD Index, while volatility is transmitted from the XUSRD Index to the Industrial,
Financial, Services, and Technology stock indices. To further illustrate the direction and
strength of volatility spillovers among the XUSRD Index, the XU100 index, and the sectoral
indices, the net connectedness network across variables is presented in Figure 5.

Figure 5

Connectedness Network among Variables

Note. Created by the author using a web-based R-Shiny interface. Arial font customization is
not supported.

In Figure 5, the indices shown in blue act as net volatility transmitters, whereas those
shown in yellow are net volatility receivers over the sample period. The varying sizes of the
circles representing the indices are proportional to the magnitude of volatility transmitted and
received by each variable. The arrows depicting volatility spillovers indicate the direction of
transmission, while their thickness reflects the strength of the spillover effects. An examination
of the network reveals that the XU100, XUSRD, and Industrial sector indices function as net
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volatility transmitters, whereas the Financial, Services, and Technology sector indices are
positioned as net volatility receivers. The XU100index emerges as the largest volatility
transmitter, followed by the XUSRD Index as the second most influential transmitter. These
indices transmit the highest level of volatility to the Technology sector index, which is also
identified as the sector index receiving the greatest amount of volatility. The values of the net
connectedness indicator presented in Table 3 for the dynamic connectedness relationships
among the variables are consistent with the network outputs shown in Figure 5.

Conclusion

Dynamic connectedness and volatility spillovers across markets constitute one of the
core research areas that has attracted considerable attention in the finance literature. This study
examines in detail the volatility spillovers between Tiirkiye’s sustainability index, the stock
market benchmark index, and the main sector indices. In this study, the volatility spillovers
among Tiirkiye’s sustainability index (XUSRD Index), the largest equity market index (XU100
Index), and the main sectoral equity indices, Financial, Industrial, Services, and Technology
are analyzed using daily data for the period from 02 February 2020 to 31 July 2025. In the
empirical analyses, a TVP-VAR model with a dynamic parameter structure is adopted, and
volatility spillovers are evaluated within this framework. The TVP-VAR model reveals the
dynamic structure of volatility spillovers among variables and provides the opportunity to
examine their evolution over time.

The net connectedness indicator, a key outputs of the TVP-VAR model, identifies
whether variables act as net volatility transmitters or net volatility receivers over time.
According to the net connectedness outcomes, the XUSRD, XU100, and Industrial indices
function as net volatility transmitters, whereas the Financial, Technology, and Services indices
are net volatility receivers. The XU100 Index is identified as the strongest volatility transmitter,
with a value of 10.71%, while the XUSRD Index ranks second with 8.07%. The index receiving
the highest level of volatility is the Technology equity index, with a value of 15.12%. Findings
show that the sustainability index acts as a volatility transmitter is consistent with the results
reported by Malhotra (2025), Zeng et al. (2025), Kavas (2025), and Arouri et al. (2025). In
contrast to these studies, Dogan et al. (2023), Erben Yavuz (2023), and Baskaya and Ozdemir
(2025) found that the XUSRD Index acts as a volatility receiver. These studies analyzed the
interactions between the XUSRD Index and global indices, including the S&P and Dow Jones
Sustainability indices, indicating that the XUSRD Index, as an emerging market index, is
affected by international financial markets. Another implication of the net connectedness index,
namely the role of the Technology equity index as a volatility receiver, corroborates the results
of Toy (2025).

The estimated TCI of 78.31% indicates a very strong level of interaction among the
indices. This indicates a high degree of dynamic volatility connectedness among the indices
included in the analysis and suggests that holding these indices together in the same portfolio
may increase portfolio risk.

According to the total dynamic connectedness plot, volatility spillovers among the
indices exhibit periods of increase and decrease over time. The dynamic net directional
connectedness evidence show that the XUSRD and XU100 indices generally act as volatility
transmitters, while the Technology Index functions as a volatility receiver. The Industrial,
Financial, and Services indices assume alternating roles as volatility transmitters and receivers
across different subperiods. Periods of elevated total connectedness and stronger volatility
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interactions among the indices are observed to coincide with episodes of major economic,
geopolitical, and political shocks. Within this context, particularly notable are the onset of the
coronavirus outbreak in early 2020, the outbreak of the Russia-Ukraine war in early 2022, the
February 6, 2023 earthquakes, and political developments in the second half of 2025. The
highest level of volatility spillovers is observed during the February 2023 earthquake period.
Findings reveal that major global and domestic shocks amplify volatility spillovers across
markets is in line with the empirical evidence reported by Arouri et al. (2025), Naeem et al.
(2023), Nogueira and Madaleno (2022), Bhue et al. (2025), Marin-Rodriguez et al. (2024),
Zhang et al. (2022), Shaik and Rehman (2023), Wan et al. (2024), Malhotra (2025), Zeng et al.
(2025), Dogan et al. (2023), Erben Yavuz (2023), Kaya (2023), Kavas (2025), and Toy (2025).
The results suggest that, during adverse periods, the connectedness among indices does not
remain constant but rather exhibits a dynamic structure characterized by fluctuations over time.
This implies that investors should account for the changing connectedness structure among
indices during crisis periods.

Finally, the TVP-VAR outcomes show that volatility originating from the XUSRD
Index is transmitted by 19.50% to the Financial Index, 17.59% to the Industrial Index, 17.47%
to the Services Index, and 14.97% to the Technology Index. These findings indicate that
changes in sustainability policies and ESG-focused expectations have a significant impact on
the real sector, and that fluctuations in the sustainability index are rapidly transmitted to the
production and services sectors, particularly the financial sector. In particular, the Financial
index exhibits a higher sensitivity to such sustainability-driven uncertainties.

By shedding light on the volatility spillover structure between Tiirkiye’s sustainability
index and the main sectoral indices, this study provides valuable insights for portfolio
diversification and risk management strategies. Future research could examine the volatility
structure between sustainability indices and equity market indices in both developed and
emerging markets within a broader framework. Moreover, including alternative investment
instruments beyond equity indices in the analysis would provide valuable information for risk
management strategies.
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