
1271

International Journal of Management Economics and Business, Vol. 22, No. 3, 2026
Uluslararası Yönetim İktisat ve İşletme Dergisi, Cilt 22, Sayı 3, 2026

UNCOVERING THE ASYMMETRIC EFFECTS OF INVESTOR 
SENTIMENT, SOVEREIGN CREDIT RISK, AND COMMODITY RETURNS 

ON BORSA ISTANBUL: A NOVEL MULTIVARIATE WAVELET-
QUANTILE APPROACH*

Aslan AYDOĞDU1 

ABSTRACT
This study examines the effects of investor sentiment (VIX), sovereign credit risk (CDS), the 

exchange rate (USD/TRY), and Brent crude oil returns on BIST 100 returns across different investment 
horizons and quantile levels, while controlling for the remaining macro-financial factors. Using daily 
data from January 2, 2015, to January 29, 2026, the analysis employs the Multivariate Wavelet Quantile 
Regression (MWQR), Wavelet Quantile Regression (WQR), and Wavelet Quantile Granger Causality 
(WQGC) approaches developed by Adebayo (2025). The findings reveal substantial heterogeneity in the 
effects of macrofinancial variables on BIST 100 returns across market regimes and investment horizons. 
Increases in USD/TRY, VIX, and CDS are associated with strong negative effects on BIST 100 returns, 
particularly over short-term horizons and in lower market quantiles. By contrast, Brent crude oil returns 
exert a positive and statistically significant effect on BIST 100 returns, especially over medium- and long-
term horizons after controlling for the other macrofinancial variables. The WQGC results further indicate 
strong short-term causal linkages from USD/TRY, VIX, and CDS to BIST 100 returns. In contrast, the 
causal influence of Brent crude oil is relatively limited in the short term but becomes more pronounced 
over medium- and long-term horizons. Overall, the findings suggest that maintaining macrofinancial 
stability, containing sovereign risk, and strengthening investor confidence are particularly important for 
supporting the resilience of the Turkish equity market across different market regimes and investment 
horizons.
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1. Introduction

The process of financial liberalization and globalization, which gained momentum from 
the 1980s onward, largely eliminated the boundaries between national markets by removing 
restrictions on capital movements and deepening financial integration. However, this increased 
integration has strengthened interdependence across markets, rendering developing economies 
more vulnerable to global shocks and external risks (Akgüneş, 2023; Aydın, 2025; Sarıtaş 
& Nazlıoğlu, 2019; Sever, 2025). The global risk environment—initially triggered by the 
COVID-19 pandemic in 2020, further intensified by the 2022 Russia-Ukraine War and the 2023 
Israel-Palestine conflict, and subsequently compounded by escalating US-China trade tensions 
and geopolitical frictions between Israel and Iran by 2025—have transformed uncertainty from 
a temporary cyclical fluctuation into a structural phenomenon (Altemur & Kurt Cihangir, 2025; 
Aydoğdu, 2025; Aydın, 2025; Bekereci et al., 2025; Gülcemal, 2025; Tuncay, 2025). This “mul-
tiple-crisis” environment has reinforced the interaction between the real economy and financial 
markets through supply chain disruptions and energy price shocks, significantly increasing the 
sensitivity of asset pricing mechanisms to uncertainty. The elevated level of uncertainty has 
also altered investor behavior. As risk perception intensifies, portfolio strategies are rebalanced; 
investors tend to shift away from risky assets toward perceived safe instruments during periods 
of heightened uncertainty. In this context, the impact of macro-financial shocks on emerging 

ÖZET
Bu çalışma, Borsa İstanbul (BIST 100) getirileri üzerinde yatırımcı duyarlılığı (VIX), ülke kredi risk 

primi (CDS), döviz kuru (USD/TRY) ve Brent petrol getirilerinin etkilerini, diğer ortak değişkenleri kontrol 
ederek farklı yatırım ufukları ve kantil düzeylerinde incelemektedir. Bu amaçla, 02.01.2015-29.01.2026 
dönemine ait günlük veriler kullanılarak Adebayo (2025) tarafından geliştirilen Çok Değişkenli Wavelet 
Kantil Regresyonu (MWQR), Wavelet Kantil Regresyonu (WQR) ve Wavelet Kantil Granger Nedensellik 
(WQGC) yöntemleri uygulanmıştır. Bulgular, makro-finansal değişkenlerin BIST 100 getirileri üzerindeki 
etkilerinin homojen olmadığını, piyasa rejimi ve yatırım ufkuna bağlı olarak farklılaştığını göstermektedir. 
USD/TRY, VIX ve CDS primlerindeki artışlar, özellikle kısa vadede ve düşük piyasa kantillerinde BIST 
100 getirileri üzerinde güçlü ve negatif etkilere sahiptir. Buna karşılık, Brent petrol getirilerinin diğer 
makro-finansal faktörler kontrol edildiğinde özellikle orta ve uzun vadede BIST 100 getirileri üzerinde 
pozitif ve istatistiksel olarak anlamlı etkiler belirlenmiştir. WQGC sonuçları, USD/TRY, VIX ve CDS ile 
BIST 100 getirileri arasındaki nedenselliğin kısa vadede güçlü olduğunu; Brent petrolün etkisinin ise 
kısa vadede sınırlı kalırken orta ve uzun vadede anlamlı hâle geldiğini göstermektedir. Genel olarak 
bulgular; makro-finansal istikrarın korunmasının, ülke riskinin kontrol altında tutulmasının ve yatırımcı 
güveninin pekiştirilmesinin, farklı piyasa rejimleri ve yatırım ufuklarında Türk hisse senedi piyasasının 
dayanıklılığını desteklemek açısından özellikle önemli olduğunu göstermektedir.
Anahtar Kelimeler: Farklı Yatırım Ufukları, Yatırımcı Duyarlılığı, MWQR, Borsa İstanbul, Döviz Kuru
JEL Sınıflandırması: G11, G15, C22

YATIRIMCI DUYARLILIĞI, KREDİ RİSK PRİMİ VE EMTİA 
GETİRİLERİNİN BORSA İSTANBUL GETİRİLERİ ÜZERİNDEKİ 
ASİMETRİK ETKİLERİNİN ORTAYA ÇIKARILMASI: YENİ ÇOK 

DEĞİŞKENLİ WAVELET-KANTİL YAKLAŞIMI
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stock markets, such as the Istanbul Stock Exchange, particularly during episodes of heightened 
capital volatility, often does not follow a linear pattern. Rather, these effects vary asymmetri-
cally over time depending on the prevailing market regime, volatility conditions, and shifts in 
risk perception. Therefore, understanding the multifaceted effects of macro-financial shocks 
on financial markets is crucial for maintaining financial stability, accurately identifying market 
vulnerabilities, and designing effective risk management strategies (Akgüneş, 2023; Kök & 
Nazlıoğlu, 2020; Tufaner, 2021; Tuncay, 2025).

In developing economies such as Türkiye, which are highly sensitive to global capital 
movements, stock market performance cannot be explained solely by domestic factors such 
as firm profitability and balance sheet indicators; it is also strongly influenced by external 
financing conditions, the global liquidity cycle, and international risk appetite (Sever, 2025). 
High external financing needs, a structural savings gap, and a production structure dependent 
on energy imports render the Turkish economy relatively more vulnerable to global liquidity 
contractions and sudden capital outflows, as illustrated by its inclusion in the “Fragile Five” 
group (Bekereci et al., 2025; Sarı, 2024). For Türkiye, as a net energy importer, sudden and per-
sistent increases in Brent oil prices—a key input in production costs—deteriorate the current 
account balance and exert downward pressure on macroeconomic stability through cost-driven 
inflation. These developments are transmitted to stock prices through adjustments in discount 
rates and revisions in profit expectations, particularly during periods of heightened uncertainty, 
thereby triggering asymmetric market responses (Aydın, 2025; Korkmaz & Başçı, 2023; Yavuz 
& Sağlam, 2020). In this context, volatility in sovereign CDS premiums, which reflect coun-
try credit risk and external borrowing costs, together with abrupt exchange rate fluctuations, 
emerges as a key stress indicator for both domestic and foreign investors (Topaloğlu et al., 
2024; Tufaner, 2021). Increases in CDS premiums signal a deterioration in perceived country 
risk. They may lead to reversals in capital flows, while currency depreciation adds additional 
pressures on the financial system through balance-sheet and expectations channels. Moreover, 
increases in the VIX—widely regarded as a global uncertainty indicator and a proxy for inves-
tor sentiment—reshape portfolio allocation decisions by accelerating exits from risky assets, 
thereby intensifying selling pressure and volatility in the stock market (Aydın, 2025; Gürbüz, 
2024). Therefore, examining the role of these risk factors in shaping the dynamics of the BIST 
100 is critical for policymakers and investors seeking to preserve macroeconomic stability and 
financial market depth (Sever, 2025; Şahinler, 2025).

Studies examining the dynamics of financial markets indicate that the effects of global 
and domestic risk factors, as well as commodity prices, on the BIST vary depending on the na-
ture of the variable and prevailing market conditions. The prevailing consensus in the literature 
suggests a strong and negative relationship between the VIX Index and the BIST 100 (Kaya, 
2015; Kaya & Coşkun, 2015; Sarıtaş & Nazlıoğlu, 2019). This effect is reported to intensify 
and become more persistent during periods of global crises and heightened uncertainty, such 
as the COVID-19 pandemic (Aydın, 2025; Hatipoğlu & Tekin, 2017). In most studies, Türki-
ye’s sovereign CDS premiums emerge as a more dominant and negative determinant of stock 
market performance than global risk indicators. However, this relationship is shown to exhibit 
a heterogeneous structure depending on the prevailing risk regime, and evidence suggests the 
presence of bidirectional interactions between CDS premiums and the stock market (Altemur 
& Kurt Cihangir, 2025; Çetinkaya & Üçler, 2024; Sarpaca & Yenipazarlı, 2023; Şahinler, 2025; 
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Topaloğlu & Ege, 2020). Regarding the exchange rate-stock market nexus, the literature pre-
dominantly documents a negative relationship, largely attributed to the cost channel and height-
ened perceptions of financial instability. Nevertheless, several studies indicate that the impact 
of exchange rate shocks on the stock market is asymmetric, meaning that the magnitude of 
the response differs between positive and negative shocks (Kök & Nazlıoğlu, 2020; Özaydın, 
2024; Tufaner, 2021). The effect of Brent oil prices represents one of the most complex and de-
bated issues in the literature. Yavuz & Sağlam (2020) argue that oil price shocks have a strong, 
negative, asymmetric effect on the stock market. In contrast, some studies—such as Aktaş et 
al. (2018) and Güler & Nalın (2013)—report no statistically significant relationship between 
oil prices and the BIST 100 index or find that the effect remains limited (Korkmaz & Başçı, 
2023). Conversely, Kakacak et al. (2020) identify a unidirectional causal relationship running 
from oil prices to the stock market. Moreover, recent evidence suggests that, particularly in the 
post-COVID-19 period, oil prices may move positively with the stock market due to the recov-
ery in global demand, indicating that the relationship is time-varying and regime-dependent 
(Aydın, 2025; Bekereci et al., 2025). However, a substantial portion of the existing literature 
relies predominantly on linear econometric models (e.g., ARDL, VAR, VECM). While these 
approaches provide valuable insights, they may be insufficient to fully capture the nonlinear, 
regime-dependent, and time-varying dynamics of financial markets across different investment 
horizons and market conditions.

The heterogeneous findings reported in the existing literature, together with the lim-
itations of traditional linear models in capturing the asymmetric and nonlinear dynamics of 
financial markets, necessitate a more comprehensive analytical framework. In this context, the 
primary objective of this study is to examine the effects of investor sentiment, sovereign credit 
risk premiums, exchange rates, and Brent oil prices on BIST 100 returns, while controlling for 
other common determinants, across different investment horizons and quantile levels of the 
return distribution. To this end, daily data spanning the period from January 2, 2015, to January 
29, 2026, are employed. The analysis applies the Multivariate Wavelet Quantile Regression 
(MWQR) and Wavelet Quantile Regression (WQR) methods introduced by Adebayo et al. 
(2025), which enable the examination of relationships among variables within a multivariate 
framework across both time-frequency and quantile dimensions. Furthermore, to identify the 
direction and strength of causal linkages across different investment horizons and quantile 
levels, the Wavelet Quantile Granger Causality (WQGC) approach developed by Özkan et al. 
(2024) is incorporated into the empirical analysis. To the best of our knowledge, this study is 
the first to investigate the effects of these macro-financial risk indicators on BIST 100 returns 
using wavelet-filtered data within a joint time-frequency and quantile framework. By moving 
beyond conventional linear and single-dimensional approaches, the study contributes to the 
literature by providing a holistic assessment of the investment horizons and market conditions 
under which global and domestic risk factors, as well as commodity price movements, exert 
more pronounced effects on BIST 100 returns.

Furthermore, this study seeks to make three fundamental contributions to the literature 
by explicitly accounting for the complex, regime-sensitive nature of financial markets. First, 
it extends beyond conventional one-dimensional approaches by examining macro-financial ef-
fects not only through temporal dynamics but also simultaneously across different investment 
horizons and multiple quantiles of the return distribution. This integrated framework enables 
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the identification of whether risk factors generate short-term fluctuations or long-term struc-
tural effects, and how these effects vary across market regimes. Second, by evaluating inves-
tor sentiment, sovereign credit risk premiums, exchange rates, and oil prices within a unified 
multivariate framework, the study highlights the relative importance and interaction of external 
and domestic pressure channels affecting the BIST 100. Third, by testing whether the causal 
structure varies across different quantiles of the return distribution and across alternative in-
vestment horizons, the study challenges the implicit assumption that financial relationships 
are symmetric and time-invariant. This methodological framework facilitates more accurate 
modeling of the regime-dependent, fragile structure of the Istanbul Stock Exchange. The find-
ings are expected to contribute to the development of dynamic risk management strategies for 
investors and to the conditional design of macroprudential policies for policymakers.

The remainder of the paper is organized as follows. Section 2 reviews the relevant lit-
erature. Section 3 introduces the dataset and outlines the econometric methodology. Section 4 
presents the results of the preliminary diagnostic tests. Section 5 reports the empirical findings. 
Finally, Section 6 concludes and discusses policy implications.

2. Literature Review

The relationship between the BIST 100 and macro-financial and global risk indicators is 
a well-established and extensively researched topic in financial literature. Particular emphasis is 
placed on exchange rates, the VIX, sovereign credit default swap premiums and Brent oil prices. 
These variables influence equity markets via various channels, such as changes in the discount 
rate, shifts in risk perception, cost pressures and capital flow dynamics. Within this framework, 
numerous empirical studies have investigated the interactions between the BIST 100 and these 
macro-financial indicators. The present study systematically reviews the existing literature un-
der four main categories. Specifically, contemporary empirical research examining the effects 
of exchange rates, the VIX, CDS premiums and Brent oil prices on the BIST 100 is presented 
below. The findings are assessed from a comparative perspective, taking into account differenc-
es in methodological approaches, sample periods and prevailing macroeconomic conditions.

2.1. Exchange Rate and BIST 100

The interaction between exchange rates and stock markets constitutes a fundamental 
research area in the macro-finance literature. It is generally acknowledged that exchange rate 
shocks—particularly in developing economies—affect stock prices through capital flow ad-
justments, changes in risk premiums, and firm-level profitability channels. However, empir-
ical studies investigating the impact of the USD/TRY exchange rate on the BIST 100 index 
report heterogeneous findings regarding the direction, persistence, and dynamic structure of 
this relationship. The USD/TRY-BIST 100 nexus has largely been examined within the frame-
work of linear econometric models. A substantial portion of the literature documents a negative 
impact of exchange rate depreciation on the BIST 100. For instance, Aktaş & Akdağ (2013), 
employing multiple linear regression and Granger causality analysis, find that increases in the 
USD/TRY exchange rate exert a statistically significant negative effect on the BIST 100 index. 
However, the absence of strong, unidirectional causality running from the exchange rate to the 
index suggests that the exchange rate effect is jointly determined with other macroeconomic 
variables. Similarly, Güngör & Polat (2020) show that exchange rate depreciation negatively 
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affects stock prices and that this effect is more pronounced than that of interest rates. Within 
an ARDL framework, Gürbüz (2024) reports that increases in the U.S. dollar exchange rate 
have a long-run negative effect on the BIST 100. Tufaner (2021) identifies unidirectional cau-
sality running from the exchange rate to the BIST 100 and argues that exchange rate increases 
heighten perceptions of financial fragility, thereby exerting downward pressure on the stock 
market. Conversely, several studies suggest that exchange rate depreciation may have a posi-
tive effect on the BIST 100, particularly in the long run. Gazel (2017), using the ARDL bounds 
testing approach, finds a negative short-run but positive long-run impact of the exchange rate 
on the BIST 100. Ünal et al. (2022) report a positive long-term relationship between the ex-
change rate and the BIST 100, while İlkhan et al. (2022), employing the Maki cointegration 
test that accounts for structural breaks, document long-run co-movement between the USD/
TRY rate and the BIST 100. Based on the Fourier Bootstrap ARDL results, Karaca (2024) con-
cludes that exchange rate increases are associated with higher levels of the BIST 100. Similarly, 
Aydın (2025), using a time-varying parameter VAR (TVP-VAR) framework, demonstrates that 
the positive impact of exchange rate shocks strengthens, particularly in the post-2023 period. 
Yıldız (2025) further identifies a positive long-run effect of USD/TRY increases on the BIST 
100 and reports bidirectional causality between the two variables. Studies emphasizing the 
asymmetric and conditional structure of the relationship provide additional insights. Boyacıoğ-
lu et al. (2023), applying the Hatemi-J asymmetric causality test, show that negative shocks in 
the BIST 100 generate positive shocks in the exchange rate, while exchange rate shocks sig-
nificantly affect positive movements in the stock market. Karaca (2024) also demonstrates that 
causality from the exchange rate to the BIST 100 emerges only in specific quantiles, highlight-
ing distributional heterogeneity. Impulse-response analyses conducted by Güney & Saka Ilgın 
(2019) indicate that exchange rate shocks have a negative impact during the first five months, 
followed by a positive effect thereafter. Özmerdivanlı (2021), based on Johansen cointegration 
and VECM results, identifies bidirectional causality between the BIST 100 and the USD/TRY 
exchange rate. Şeker (2021) finds that the BIST 100 reacts negatively to short-term shocks in 
dollar-denominated yields, pointing to a substitution effect between the two markets. Finally, 
Çakar & Şahin (2025), using wavelet analysis, report a strong positive correlation between 
USD/TRY and the BIST 100, with exchange rate effects being more pronounced in short-term 
fluctuations and gradually weakening over medium and long-term horizons.

2.2. VIX and BIST 100

The VIX index, widely regarded as one of the primary indicators of global financial 
uncertainty, has generated extensive literature, particularly on its effects on emerging equity 
markets. By reflecting fluctuations in global risk appetite, the VIX plays a decisive role in exter-
nally financed markets such as the Istanbul Stock Exchange (BIST) through channels including 
capital flows, portfolio reallocation, and shifts in investor sentiment. Empirical studies exam-
ining the VIX-BIST 100 relationship yield rich and heterogeneous findings on the direction, 
persistence, asymmetry, causal structure, and time-varying nature of the relationship. Sarıtaş & 
Nazlıoğlu (2019), employing a VAR framework with impulse-response functions and variance 
decomposition analysis, demonstrate that VIX shocks exert a short-term negative effect on the 
BIST 100. Their variance decomposition results indicated that although the VIX helps explain 
fluctuations in the BIST 100, its explanatory power remains relatively limited. Similarly, İltaş 
& Güzel (2021), using both Toda-Yamamoto and Fourier Toda-Yamamoto causality tests that 
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account for structural breaks, identified unidirectional causality running from the VIX to the 
BIST 100, suggesting that the VIX serves as a leading indicator for the Turkish stock mar-
ket. Kök & Nazlıoğlu (2020), applying the Hatemi-J asymmetric causality test, find significant 
asymmetric causality from positive VIX shocks to negative BIST 100 shocks, indicating that 
increases in global volatility exert stronger effects during bearish market conditions. In contrast, 
Han (2025) reports no significant relationship under symmetric testing procedures but identifies 
bidirectional causality under both positive and negative shocks within the asymmetric Hatemi-J 
framework. These findings imply the presence of feedback effects, whereby movements in the 
BIST 100 may also influence global risk perception. Using the ARDL bounds testing approach, 
Akgüneş (2021) documents a long-run relationship between the two variables, reporting that 
VIX exerts a negative short-term effect on the BIST 100 that gradually diminishes over the 
long term. Münyas (2022), employing the Bayer-Hanke cointegration test and a VECM spec-
ification, identifies cointegration between the VIX and emerging market equity indices and 
concludes that the BIST 100 is among the markets most sensitive to VIX shocks. This evidence 
underscores the high exposure of Turkish capital markets to shifts in global risk sentiment. Nev-
ertheless, not all studies reach consistent conclusions. Özhan et al. (2023), based on VAR and 
Granger causality analyses, fail to detect statistically significant causality running from the VIX 
to the BIST 100. Although impulse-response functions reveal short-term negative reactions, the 
model’s overall explanatory power remains weak, suggesting that the VIX effect may be sensi-
tive to sample selection, seasonal factors, and model specification. More recent studies empha-
size distributional and regime-dependent dynamics. Altınkeski et al. (2024), employing quan-
tile-based correlation analysis, show that the VIX functions as a net risk transmitter in the global 
system, whereas many emerging markets—including the BIST 100—act as net risk absorbers. 
This effect intensifies during crisis episodes and bear market conditions. Similarly, Gülcemal 
(2025) finds, within a QVAR framework, that the BIST 100 behaves as a net shock absorber and 
exhibits heightened sensitivity to VIX-related shocks. The results indicate that while the VIX 
effect is dominant under normal market conditions, the joint impact of VIX and geopolitical 
risk shocks becomes more pronounced during bullish market phases. Finally, Karaçayır (2025), 
using wavelet coherence analysis, documents a strong and persistent negative relationship be-
tween the VIX and the BIST 100 across both short- and long-term horizons, confirming that 
increases in global volatility are associated with declines in the Turkish stock market.

2.3. CDS and BIST100 

Five-year CDS premiums, widely regarded as key indicators of sovereign risk, are among 
the most important measures of financial fragility and external financing conditions, particular-
ly in developing economies. An increase in CDS premiums signals a deterioration in country 
risk perception, potentially accelerating capital outflows, raising external financing costs, and 
exerting downward pressure on equity markets through these transmission channels. Accord-
ingly, the relationship between CDS premiums and the BIST 100 index is particularly important 
in economies such as Türkiye, which are highly sensitive to external financing conditions and 
global capital flows. Empirical studies examining the CDS-BIST 100 nexus in the Turkish liter-
ature report heterogeneous—and at times contradictory—findings regarding the direction, per-
sistence, volatility transmission mechanism, and causality structure of the relationship. Eren & 
Başar (2016), employing an ARDL bounds testing approach, document a negative short-run and 
positive long-run effect of CDS premiums on the BIST 100. Their findings suggest that while 
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rising CDS premiums exert downward pressure on equity prices in the short term by reflecting 
heightened risk perception, long-term financial adjustment mechanisms may partially offset 
this effect. Similarly, Topaloğlu & Ege (2020) identify, based on cointegration and causality 
analyses, a negative long-run relationship between CDS premiums and BIST 100 returns, along 
with unidirectional causality running from CDS to the stock market. In contrast, Demir & Dinç 
(2021) fail to detect a statistically significant causal link between CDS and the BIST 100, al-
though they report that both variables significantly influence the exchange rate. Several studies 
support the mutual interaction hypothesis. Sarpaca & Yenipazarlı (2023), Gül et al. (2024), Sarı 
(2024), Tekin (2024), and Topaloğlu et al. (2024) report bidirectional causality between CDS 
premiums and the BIST 100. Notably, Tekin (2024) and Sarı (2024) emphasize that increases in 
the BIST 100 contribute to reductions in CDS premiums in the long run, suggesting that stock 
market performance may serve as a leading indicator shaping sovereign risk perception. Nonlin-
ear and regime-sensitive approaches provide further insights. Özaydın (2024), using both linear 
and artificial neural network (ANN)-based Granger causality tests, identifies causality running 
from CDS premiums to the BIST 100 and argues that nonlinear models yield more comprehen-
sive results. Similarly, Altemur & Kurt Cihangir (2025) employ the Quantile-on-Quantile Re-
gression (QQR) framework and demonstrate that the impact of CDS premiums on BIST indices 
is heterogeneous and asymmetric across quantiles. While negative pricing pressure dominates 
at lower CDS levels, positive pricing dynamics emerge in certain sectors when CDS premiums 
are high, suggesting a nonlinear, regime-dependent relationship. Additional evidence highlights 
the importance of volatility transmission channels. Sever (2025), using both traditional and 
frequency-domain causality tests, identifies unidirectional causality from the BIST 100 to CDS 
premiums, implying that stock market dynamics can influence sovereign risk perceptions. Şa-
hinler (2025) detected bidirectional causality in both mean and variance, whereas Sönmez et 
al. (2023) report unidirectional causality from CDS to the BIST 100 during periods of rising 
risk and document reciprocal volatility spillovers between the two markets. Their findings in-
dicate that shocks in CDS premiums significantly increase stock market volatility. In contrast, 
Camgöz (2023) finds no significant volatility spillover from CDS premiums to the stock market 
but identifies volatility transmission in the opposite direction—from the stock market to CDS 
premiums. Önem (2022) reports unidirectional volatility spillovers from CDS to certain BIST 
sub-indices but does not find a significant contemporaneous correlation. Finally, Şeyranlıoğlu 
& Çilek (2023) show that increases in CDS premiums are associated with declines in the BIST 
100, underscoring the dominant role of the sovereign risk premium channel.

2.4. Oil and BIST 100

The interaction between oil prices and stock markets constitutes a key determinant of 
macro-financial stability, particularly in energy-importing economies. In countries with high 
energy dependence, such as Türkiye, fluctuations in oil prices may directly and indirectly in-
fluence the BIST 100 index through multiple channels, including production costs, inflation ex-
pectations, current account dynamics, sovereign risk premiums, and shifts in investor behavior. 
This multi-channel transmission mechanism indicates that the oil-stock market nexus exhibits a 
dynamic and conditional structure that extends beyond a simple price effect. Empirical studies 
investigating the oil-BIST 100 relationship in the Turkish literature report heterogeneous find-
ings regarding the direction, persistence, asymmetry, causality structure, and time-frequency 
characteristics of the relationship. Yıldırım and Çekiç (2019) identified unidirectional causality 
from crude oil prices to the BIST 100 within a linear Granger causality framework; however, 
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their nonlinear causality tests revealed bidirectional interactions. Moreover, they document an 
asymmetric effect from the BIST 100 to oil prices during periods of negative stock returns. 
Similarly, Kakacak et al. (2020) and Korkmaz & Başcı (2023) report unidirectional causality 
from Brent oil prices to the BIST 100, although they emphasize that the presence and strength 
of long-run cointegration relationships vary across different sample periods. Yılmaz & Yüce 
Akıncı (2024), employing the Johansen cointegration test and VECM analysis, detect a long-
run relationship and unidirectional causality running from oil prices to the BIST 100. In con-
trast, Tuna (2022) finds no significant causal relationship between oil prices and the BIST 100 
during the COVID-19 period, arguing that the impact of oil shocks dissipated rapidly. These 
findings suggest that the oil-stock market relationship is highly sensitive to sample selection, 
structural breaks, and prevailing economic conditions. Nonlinear and regime-dependent ap-
proaches provide further insights into the asymmetric structure of the relationship. Yavuz & 
Sağlam (2020) report that increases in oil prices exert a strong, negative, asymmetric effect on 
the BIST 100, whereas decreases in oil prices do not generate effects of comparable magni-
tude. Bildirici et al. (2022), using an MS-GARCH copula-based causality approach, identify 
strong unidirectional causality from oil prices to the BIST 100 in both low- and high-volatility 
regimes and document a predominantly negative relationship. Hatipoğlu & Tekin (2017), using 
quantile regression, find that the impact of oil prices on the BIST 100 is generally limited and 
statistically significant only in the middle quantiles. Tuncay (2025), employing an NARDL 
framework, fails to detect long-run asymmetric cointegration between oil-related uncertainty 
and the BIST 100, concluding that the overall effects remain statistically weak. Taken togeth-
er, these studies indicate that the oil-BIST 100 relationship is predominantly asymmetric and 
regime-dependent; however, evidence of a stable long-run structural linkage is not consistent-
ly supported across different periods. Wavelet-based studies incorporating the time-frequency 
dimension further reveal that the relationship varies across investment horizons. Özkan et al. 
(2025) document a strong, significant long-term relationship between crude oil volatility and 
the BIST 100, and note that the inclusion of geopolitical uncertainty strengthens this linkage. 
Bekereci et al. (2025), using wavelet coherence analysis, detect positive co-movement between 
oil prices and the BIST 100 in the short and medium term during the 2019-2021 period, while 
identifying a more complex dynamic structure as of 2023, with oil leading in the short term and 
equities leading in the medium term. Aydoğdu (2025), within a TVP-VAR extended connected-
ness framework combined with wavelet coherence analysis, shows that inter-market spillovers 
intensify during periods of heightened volatility. In particular, the BIST 100 emerges as a net 
shock transmitter, whereas Brent oil acts as a net shock absorber in the post-pandemic period. 
These findings suggest that the frequently cited unidirectional causality from oil to the stock 
market may reverse over time, highlighting the time-varying and regime-dependent nature of 
the relationship. Finally, data mining-based studies support the presence of concurrent move-
ment patterns between oil prices and the BIST 100. Aydın & Gündoğdu (2024) and Can (2025) 
used association rule mining techniques to identify Brent oil as one of the key macro-financial 
variables co-moving with the BIST 100 at high confidence levels. Although these results point 
primarily to co-movement rather than causality, they reinforce the role of oil prices as an im-
portant accompanying indicator for the Turkish equity market.

In summary, the existing literature suggests that the relationships among USD/TRY, the 
VIX, sovereign CDS premiums, oil prices, and the BIST 100 exhibit cyclical, asymmetric, and 
investment horizon-dependent dynamics rather than a stable, fixed-coefficient linear structure. 
Nevertheless, a substantial portion of prior studies relies on mean-based linear models. Asym-
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metric approaches are often confined to specific shock decompositions, while time-frequency 
analyses are typically evaluated using average correlation or coherence measures. Similarly, 
quantile-based methods are frequently implemented within a single time horizon or at a sin-
gle frequency level. Consequently, studies that simultaneously examine the effects of these 
macro-financial risk indicators on BIST 100 returns within a multivariate framework—across 
both different quantiles of the return distribution and multiple investment horizons—remain 
relatively limited. Developing holistic, regime-sensitive methodological approaches capable of 
identifying the specific market conditions and frequency bands in which risk factors become 
more pronounced—particularly during periods of crisis and heightened uncertainty—has the 
potential to make substantial contributions to the literature. In this regard, advanced economet-
ric techniques such as MWQR, WQR, and WQGC, which jointly model investment horizons 
and quantile levels, enable a more comprehensive assessment of the impact of macro-financial 
variables on BIST 100 returns. Accordingly, these approaches are expected to provide mean-
ingful methodological and empirical contributions to the existing body of research.

3. Methods, Data, and Model

Prior to implementing the primary econometric techniques, a series of comprehensive 
preliminary analyses and diagnostic tests was conducted to examine the dataset’s statistical 
properties, nonlinear characteristics, and heterogeneous dynamics across different market con-
ditions. In this framework, the BDS test (Broock et al., 1996) was employed to detect nonlinear 
dependence in the time series, while Quantile-Quantile (Q-Q) plots were utilized to assess 
distributional features and tail behavior. The stationarity properties of the variables were exam-
ined using the Wavelet Quantile Augmented Dickey-Fuller (WQADF) and Wavelet Quantile 
Phillips-Perron (WQPP) unit root tests developed by Adebayo & Olanrewaju (2025), which 
explicitly account for multiple time-frequency dimensions. Compared to conventional unit root 
procedures, this wavelet-quantile framework provides a more flexible and comprehensive as-
sessment by allowing the stationarity structure to vary across short-, medium-, and long-term 
horizons. Following the preliminary diagnostics, the MWQR model was estimated. To fur-
ther validate the MWQR results and to explore asymmetric effects across distinct frequency 
bands in greater detail, the WQR approach was additionally implemented. Finally, the WQGC 
method developed by Özkan et al. (2024) was employed to assess causal linkages between the 
variables across both quantile levels and time-frequency domains.

3.1. Multivariate Wavelet Quantile Regression (MWQR)

In this study, the impact of financial stress and uncertainty indicators—specifically 
USD/TRY, VIX, CDS, and Brent oil—on BIST100 returns is empirically examined within a 
multivariate framework using the Multivariate Wavelet Quantile Regression (MWQR) method-
ology proposed by Adebayo et al. (2025). The MWQR framework is constructed as an integrat-
ed modeling structure that combines classical quantile regression, wavelet-based time-frequen-
cy decomposition, and the inclusion of relevant control variables. The theoretical foundation 
of the MWQR approach builds upon the conventional quantile regression model introduced 
by Koenker & Bassett (1978), originally formulated for a bivariate setting, and subsequently 
extended into a multivariate time-frequency context by Adebayo et al. (2025):

(1)
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Here, ϕτ (Y|X) represents the conditional τth quantile of the dependent variable Y giv-
en the independent variable X. The parameter β0(τ) denotes the quantile-specific intercept, 
while β1(τ) captures the slope coefficient at quantile τ, reflecting the heterogeneous impact of 
X across different points of the conditional distribution of Y. Although conventional quantile 
regression provides valuable insights into distributional heterogeneity, it does not account for 
time-scale dynamics or frequency-specific variations (Magazzino & Giolli, 2021; Matar et al., 
2021). To address this limitation, Adebayo & Özkan (2024) introduced the WQR framework, 
which integrates quantile regression with wavelet-based time-frequency decomposition. Un-
like standard quantile regression, WQR simultaneously examines the influence of X on Y across 
both quantiles and different time horizons. Following Percival & Walden (2000), the Maximum 
Overlapping Discrete Wavelet Transform (MODWT) is employed to decompose both X and Y 
into scale-specific components. In this study, the least asymmetric Daubechies filter of length 
eight, LA(8), is adopted as the baseline specification due to its superior localization properties 
in economic time series. Let X[i] denote a signal of length T, where T=2J for some integer J. 
Let h1[i] and g1[i] represent the scaling and wavelet filters, respectively. At the first decompo-
sition level, X[i] is convolved with h1[i] to obtain the approximation coefficients α1[i], and with 
g1[i] to generate the detail coefficients d1[i] of length N. This multiscale decomposition process 
can be formally expressed as follows (Adebayo et al., 2025):

(2)

(3)

A similar procedure is subsequently applied to the approximation coefficients α_1 [i], t 
using the rescaled filters h2[i] and g2[i], which are obtained through dyadic upsampling of the 
original level-one filters h1[i] and g1[i]. This recursive filtering process is implemented itera-
tively across higher decomposition levels. For values of J from 1 to J_0-1 (where J_0 < J), the 
estimated coefficients are calculated as follows:

(4)

(5)

Here, αj+1[i], represents the approximate coefficients obtained at the (j+1) level. hj+1 (i) 
is the low-pass filter adjusted for the (j+1) level. αj(i) are the approximate coefficients at the j 
level. dj+1 (i) represents the detail coefficients obtained at the (j+1) separation level. gj+1(i) rep-
resents the high-pass filter at the (j+1) level. hj+1(i) = U(hj [i]) and gj+1 (i) = U(gj[i]), indicate 
that the filters used at each subsequent level are obtained by upsampling the previous hj and gi 
filters. Upsampling U(.), where zeros are added between each pair of consecutive observations 
in the time series, doubles the effective length of the filter, making it suitable for use at the 
next decomposition level (Adebayo et al., 2025). After performing a J-level decomposition on 
Y and X and obtaining the corresponding detail coefficients, quantile regression is applied to 
the wavy detail pairs, dj

Y[.] ve dj
X[.], for all J levels. Therefore, the wavy quantile regression is 
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specified as follows:ail pairs, [.] ve , for all levels. Therefore, the wavy quantile regression is 
specified as follows:

(6)

Here, ϕτ(dj [Y] | dj [X]) represents the conditional quantile of the jth level decomposition 
of the dependent variable Y for a given quantile τ, provided the jth level decomposition of the 
independent variable X. The wavelet detail coefficients of Y and X are denoted by dj[Y] and 
dj [X]. The quantile τ can take values between 0 and 1, representing different quantiles of the 
response variable’s distribution. β0(τ) and β1(τ) represent the intercept parameter of the regres-
sion model and the slope parameter associaed with the independent variable X (Adebayo et al., 
2025). WQR makes it possible to analyze how the effect of the independent variable X on the 
dependent variable Y changes across different quantiles. However, this approach has a structur-
al limitation as it does not allow for the direct inclusion of control variables in the model. To 
overcome this limitation, the MWQR structure is extended by adding a set of control variables, 
denoted by Z, to the model. The MWQR model is expressed as follows (Adebayo et al., 2025):

(7)

Here, ϕτ(.) is the conditional τ-quantile function. dj[Y]  | dj [X] and dj[Z] are the MOD-
WT coefficients of X, Y, and Z at scale j. β2,j(τ).dj [Z] represents the inner product between the 
vector of control variable coefficients and the control vector at that scale, and β1,j(τ) (τ) isolates 
the effect of X on Y at the τ-quantile and horizon j, keeping Z constant (Adebayo et al., 2025).

3.2. Wavelet Quantile Granger Causality

The novel Wavelet Quantile Granger Causality (WQGC) framework proposed by Öz-
kan et al. (2024) enables the examination of causal linkages between variables across both 
time-frequency and quantile dimensions. Unlike Balcilar et al. (2016), which focus exclusively 
on the quantile domain, or Olayeni (2016), which concentrate solely on time-scale causality, 
the WQGC approach integrates these two perspectives within a unified modeling structure, 
thereby yielding a more comprehensive characterization of causal dynamics. More specifically, 
WQGC evaluates whether a potential Granger-causing variable exerts statistically significant 
effects on the conditional quantiles of the dependent variable across different time horizons. By 
combining wavelet decomposition with quantile-based causality testing, the method captures 
both distributional asymmetry and scale-dependent predictability. The implementation of the 
WQGC procedure proceeds in three sequential steps: Step 1. Both the dependent variable Y and 
the potential Granger-causing variable X are decomposed to the z level using MODWT. Step 
2. Quantile (τ) series of each decomposition of the dependent variable Y, ranging from 0.05 
to 0.95, are generated using the quantile method of Li et al. (2015). Step 3. Granger causality 
is applied using the optimal lag lengths (μ) determined by AIC for all VAR models generated 
between each quantile series of the decomposition of the dependent variable Y and the decom-
position of the potential Granger causal variable X. These steps can be formulated as follows:

(8)
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Here, ∂z,π represents the constant parameter in the τth conditional quantile and the zth de-
composition point. dz[Y]τ

(t-μ) represents the πth conditional quantile of the zth decomposition of 
the dependent variable. dz[X], shows the Granger causal relationship of the predictor variable 
in the zth decomposition. According to these protocols, the null hypothesis in the τth conditional 
quantile where βz,τ,μ is significantly different from zero is rejected. In this zth decomposition, it is 
stated that the explanatory variable affects the response variable with Granger causality. Figure 
1 illustrates the overall methodological framework employed in this study.

Figure 1: Methodological Process

Source: Author’s computation.

In this study, the time-scale classification presented in Table 1 is used as the basis for 
decomposing the variables across different investment horizons. Accordingly, scales D1-D3 are 
defined as short-term investment horizons, scales D4–D6 as medium-term investment horizons, 
and scales D7-D8 as long-term investment horizons. This classification is important because 
the effects of macro-financial variables on BIST 100 returns may differ substantially depending 
on the investment horizon. Short-term scales mainly reflect immediate market reactions and 
volatility-driven adjustments, whereas medium-term scales capture cyclical market dynamics 
and long-term scales represent more persistent and structural relationships. Therefore, the time-
scale framework used in this study provides a strong methodological basis for examining how 
the effects of investor sentiment, country credit risk premium, exchange rate movements, and 
Brent oil price returns on the BIST 100 vary across short-, medium-, and long-term market 
conditions.
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Table 1. Time-Scale Classification across Different Investment Horizons

Scales Annual Frequency Monthly Frequency Daily Frequency
D1 2-4 2-4 2-4
D2 4-8 4-8 4-8
D3 8-16 8-16 (8m-1y4m) 8-16
D4 16-32 16-32 (1y4m-2y8m) 16-32 (3w1d-6w2d)
D5 32-64 32-64 (2y8m-5y4m) 32-64 (6w2d-12w4d)
D6 64-128 64-128 (5y4m-10y8m 64-128 (12w4d-25w3d)
D7 128-256 128-256 (10y8m-21y4m) 128-256 (25w3d-51w1d)
D8 256-512 256-512 (21y4m-42y8m 256-512 (36w4d-73w1d)
D9 512-1024 …. …..

Source: Crowley (2007) and Aydoğdu and Çakır (2025). 

3.3. Data and Model

This study investigates the impact of the exchange rate (USD/TRY), investor sentiment 
(VIX), sovereign credit risk premiums (CDS), and Brent oil prices on the returns of the Istanbul 
Stock Exchange (BIST 100), while controlling for other commonly used macro-financial vari-
ables. The dataset consists of daily time series observations spanning the period from January 
2, 2015, to January 29, 2026, for the BIST 100, USD/TRY, VIX, CDS premiums, and Brent oil 
prices. This sample period encompasses an episode characterized by simultaneous domestic 
and external shocks and heightened financial volatility in Türkiye. Major developments during 
this period include political uncertainty and rising security concerns following the 2015 general 
elections; the July 15, 2016 coup attempt; the 2017 Constitutional Referendum and the subse-
quent transition to a new political system, which contributed to elevated risk premiums; and 
the sharp exchange rate depreciation observed in 2018 in the aftermath of the Pastor Brunson 
crisis. Additional global and domestic events include the escalation of US-China trade tensions 
and the change in the Central Bank governorship in 2018; the COVID-19 pandemic in 2020; 
the Russia-Ukraine war beginning in 2022; the Israel-Palestine conflict in 2023; persistent in-
flationary pressures and increased exchange rate volatility in Türkiye as of 2024; and renewed 
tariff measures within the scope of US-China trade disputes in 2025. These developments gen-
erated substantial fluctuations in exchange rates, investor sentiment, sovereign risk premiums, 
and Brent oil prices, thereby exerting varying effects on the BIST 100 index (Altemur & Kurt 
Cihangir, 2025). All data were obtained from the Investing.com database. Following Altınkeski 
et al. (2024) and Benammar et al. (2025), continuously compounded daily returns were comput-
ed for the BIST 100, USD/TRY, and Brent oil prices. Specifically, return series were constructed 
as the first logarithmic differences of the respective price series. Compared with level data, log-
arithmic returns are widely preferred in financial econometrics because they are scale-invariant, 
exhibit more desirable statistical properties, and offer both theoretical and practical advantages 
in empirical analysis (MacKinlay, 1997). Accordingly, logarithmic return series are employed 
in the subsequent empirical analyses of this study, and the transformation is defined as follows:

(9)
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Here, ri,t represents the return of variable ith in period t; Pi,t and Pi,t-1 represent the closing 
prices in periods t and t-1, respectively. VIX and CDS variables, representing global and coun-
try risk levels rather than short-term shocks, are included in the model at different quantiles and 
frequency bands to capture the effects of market-condition-dependent risk. A single empirical 
model has been constructed for this study. Within the model framework, the effect of each 
independent variable on BIST 100 returns is analyzed while keeping other common control 
variables constant. Accordingly, the model specifications forming the basis of the estimation 
results are presented below.

(10)

(11)

(12)

(13)

4. Preliminary Analysis

4.1. Descriptive Statistics and Correlation Results

Descriptive statistics for the variables are reported in Table 1. The results indicate that 
both the BIST 100 and USD/TRY series exhibit positive average returns over the sample peri-
od. Among these, the highest mean return is observed for USD/TRY, followed by the BIST 100, 
whereas Brent oil returns show a relatively low average. In terms of volatility, as measured by 
the standard deviation, the VIX exhibits the highest variability, suggesting that global risk ap-
petite fluctuated considerably throughout the sample period. Among the return series, Brent oil 
and the BIST 100 demonstrate relatively higher volatility, while USD/TRY presents a compar-
atively lower—yet still economically meaningful—level of volatility. The substantial standard 
deviation of the CDS premium further confirms that Türkiye’s sovereign risk perception ex-
perienced notable fluctuations over time. The skewness coefficients for BIST 100, USD/TRY, 
and Brent oil returns are negative, indicating left-skewed distributions. This implies a higher 
exposure to downside risk, as extreme negative shocks occur more frequently or more severely 
than positive ones. Such distributional characteristics are particularly relevant in the context 
of financial fragility, as they signal vulnerability to abrupt market downturns. In contrast, the 
positive skewness observed for the VIX and CDS series suggests that upward spikes in global 
risk perception and sovereign risk premiums are more pronounced. Kurtosis values substan-
tially exceeding the benchmark of 3 for the BIST 100, USD/TRY, VIX, and Brent oil indicate 
leptokurtic distributions and fat tails. Moreover, the robust Jarque-Bera (1980) test statistics are 
significant at the 1% level for all variables, leading to rejection of the null of normality. 

Table 1: Descriptive Statistics
Statistics BIST100 USD/TRY VIX CDS BRENT
Minimum -10.307 -19.504 9.140 1.552 -27.976

Maximum 9.422 14.820 82.690 9.060 19.077

1. Quartile -0.718 -0.214 13.580 2.511 -1.141
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3. Quartile 0.984 0.386 21.140 4.290 1.297

Mean 0.103 0.108 18.282 3.531 0.008

Median 0.137 0.064 16.480 3.027 0.141

SE Mean 0.030 0.021 0.136 0.028 0.049

LCL Mean 0.043 0.067 18.015 3.475 -0.088

UCL Mean 0.163 0.149 18.549 3.586 0.104

Variance 2.519 1.193 50.149 2.157 6.502

Stdev 1.587 1.092 7.082 1.469 2.550

Skewness -0.636 -0.523 2.674 1.157 -0.928

Kurtosis 4.863 65.058 13.717 0.938 14.336
Robust J-B 4053.3*** 5896407,*** 47866,*** 986.25*** 40408,***

Note: p< ***, %1.

Figure 2 presents the correlation coefficients between BIST 100 returns and USD/TRY, 
VIX, CDS premiums, and Brent oil returns. As shown in Figure 2, the pairwise correlations are 
generally weak and remain at relatively low levels, indicating limited contemporaneous linear 
associations among the variables. The correlation coefficient between BIST 100 returns and 
USD/TRY is -0.17, suggesting that exchange rate depreciation exerts downward pressure on 
stock returns and that exchange rate shocks are negatively associated with equity market per-
formance. Similarly, the correlation between BIST 100 returns and the VIX is −0.06, implying 
that changes in global risk appetite have a limited but negative contemporaneous relationship 
with BIST returns. In contrast, the weak positive correlation (0.04) between CDS premiums 
and BIST 100 returns indicates that variations in sovereign risk premiums do not exhibit strong 
synchronization with stock returns within a linear contemporaneous framework. Likewise, the 
low positive correlation (0.09) between Brent crude oil returns and the BIST 100 suggests that 
energy price movements have only a linear association with Turkish equity returns.

Figure 2: Correlation Matrix

Table 1 continue
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4.2. Nonlinearity Test Results

This study employs the Brock-Dechert-Scheinkman (BDS) test (Brock et al., 1996) and 
Q-Q plots to investigate the nonlinear properties of the variables. These procedures allow us 
to assess whether the BIST 100, USD/TRY, VIX, CDS premiums, and Brent oil series exhibit 
nonlinear dependence structures. The results of the BDS test are reported in Table 2. The test 
statistics are statistically significant at the 1% level for each variable across all embedding di-
mensions. These findings provide strong evidence against the null hypothesis of independent 
and identically distributed residuals, suggesting the presence of nonlinear dynamics in the series. 
Accordingly, conventional linear models may be insufficient to adequately capture the under-
lying dependence structure among these variables, thereby justifying the adoption of nonlinear 
modelling approaches. As a complementary robustness check, Q-Q plots are used to visually 
assess deviations from normality in the distribution. The results are presented in Figure 3. In 
the plots, the red markers represent the empirical sample quantiles, while the blue reference line 
corresponds to the theoretical quantiles under the assumption of normality. Systematic devia-
tions from the reference line indicate departures from normality. As can be seen in Figure 3, all 
the variables show significant deviations from the normal distribution, particularly in the tails. 
These findings are consistent with the BDS test results and provide additional evidence of non-
linear dependence, fat-tailed behavior, and asymmetric distributional characteristics. Therefore, 
rejecting the normality assumption and recognizing the presence of nonlinear dynamics em-
phasizes the need to use advanced time-frequency and quantile-based econometric techniques 
to accurately model the dynamic interactions between the BIST 100 and macro-financial risk 
indicators, such as USD/TRY, VIX, CDS premiums, and Brent oil prices.

Table 2: BDS Test Results

Variable BIST10 USD/TRY VIX CDS BRENT
M2 2.741*** 21.644*** 174.712*** 209.452*** 9.390***

M3 2.711*** 21.633*** 174.848*** 209.482*** 9.505***

M4 2.815*** 21.623*** 174.962*** 209.501*** 9.435***

M5 2.771*** 21.611*** 175.101*** 209.536*** 9.564***

M6 2.793*** 21.597*** 175.237*** 209.557*** 9.492***

Note: p< ***, %1.
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Figure 3: Q-Q Plots

4.3. Wavelet Quantile Unit Root Test Results

Having established the presence of non-linear dynamics in the series, we employed the 
Wavelet Quantile ADF (WQADF) and Wavelet Quantile PP (WQPP) unit root tests developed 
by Adebayo & Olanrewaju (2025). These tests were chosen because they incorporate informa-
tion from both the time and frequency domains simultaneously, enabling a thorough investiga-
tion of stationarity across various quantiles and investment horizons. Unlike the conventional 
ADF test, which assumes time-invariant relationships, the wavelet decomposition framework 
enables the separation of short-, medium-, and long-term dynamics. As stationarity properties 
may differ across time horizons and distributional quantiles, this approach offers a more flexi-
ble and economically meaningful evaluation of behavior variability under various market con-
ditions (Adebayo & Olanrewaju, 2025). The WQADF results (see Figure 4) show that the BIST 
100, USD/TRY, VIX, CDS, and Brent oil series are all significantly below the critical values in 
the short term (orange line) at various quantile levels. This implies that the null hypothesis of a 
unit root is rejected, confirming short-term stationarity. In the medium term, the test statistics 
fall below the critical thresholds for most quantile ranges (light blue line), suggesting that the 
variables are stationary across a broad range of the conditional distribution. Similarly, in the 
long term (dark green line), the test statistics remain below the critical values for most quan-
tile levels, confirming the persistence of quantile-based stationarity over longer investment 
horizons. To ensure robustness, the stationarity properties were re-examined using the WQPP 
test across the same quantile and frequency dimensions. The findings in Figure 5 largely align 
with the WQADF results, indicating that both methods yield consistent, mutually reinforcing 
evidence. Furthermore, the Zivot-Andrews wavelet quantile (WQZA) test was used to identify 
any potential structural breaks in the short, medium, and long term. Figure 6 shows the results 
of the WQZA test. The test statistics were all significantly below the 10% critical value, lead-
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ing to the rejection of the unit root hypothesis for all quantile levels and investment horizons. 
Additionally, the estimated structural break dates for the BIST 100, USD/TRY, VIX, CDS, and 
Brent oil series cluster within specific periods.

Figure 4: Wavelet Quantile ADF Unit Root Results

Source: Short-term (orange), medium-term (light blue), and long-term (dark green circles) components of each 
variable. The horizontal lines represent critical values for significance levels: --3.49 (red dotted line for 1%), -2.89 
(black dashed line for 5%), and -2.58 (green solid line for 10%).

Figure 5: Wavelet Quantile PP Unit Root Results

Source: Short-term (orange), medium-term (light blue), and long-term (dark green circles) components of each 
variable. The horizontal lines represent critical values for significance levels: --3.49 (red dotted line for 1%), -2.89 
(black dashed line for 5%), and -2.58 (green solid line for 10%).
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Figure 6: Wavelet Quantile Zivot Andrew Test Result

5. Empirical Results

This section analyzes the effects of USD/TRY, VIX, CDS, and Brent oil variables on 
BIST 100 returns using MWQR, WQR, and WQGC methods, which simultaneously account 
for heterogeneity across different investment horizons and quantile dimensions. The empirical 
findings are presented accordingly. In this context, the MWQR results reveal the multivariate 
effects of the variables across different quantile levels and investment horizons, while the WQR 
findings capture asymmetric coefficient dynamics under frequency decomposition. The WQGC 
analysis further evaluates how the causal relationships between these variables and BIST 100 
returns vary across quantiles and investment horizons. For a detailed graphical representation 
of the empirical findings, see Figure 7(a-d) for the MWQR results, Figure 8(a-d) for the WQR 
results, and Figure 9(a-d) for the WQGC results, all of which are presented in the Appendix.

5.1. Multivariate Wavelet Quantile Regression Results

Figure 7a shows that, once VIX, CDS, and Brent oil have been taken into account, 
USD/TRY returns have a negative and statistically significant impact on BIST 100 returns at 
all investment horizons. This negative effect is particularly pronounced in the short term across 
the quantile range of τ = 0.05-0.80, with the strongest impact observed in the lower and middle 
quantiles (τ = 0.10-0.30 and τ = 0.50-0.80). This suggests that exchange rate shocks can exac-
erbate losses during bear market conditions. In the medium term, the negative effect extends 
further across the distribution (τ = 0.10-0.95) and is most pronounced in the 0.20-0.80 range. 
These results suggest that exchange rate increases generate immediate balance sheet pressures 
and exert persistent effects through expectations and risk premium channels. In the long term, 
the negative relationship remains evident across nearly all quantiles (τ = 0.10-0.95), with a 
particularly strong impact in the middle quantiles (τ = 0.50-0.70). This suggests that depreci-
ation of the Turkish lira leads to higher risk premia being incorporated into equity valuations 
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on the Istanbul Stock Exchange, creating sustained downward pressure on returns. Overall, the 
findings do not support the conventional hypothesis that a competitive exchange rate stimu-
lates stock market performance. In fact, the results demonstrate that USD/TRY depreciation 
acts as a downward risk factor for BIST 100 returns, particularly at lower quantiles, even after 
controlling for global risk indicators such as VIX, CDS, and Brent oil. Therefore, there is no 
evidence to suggest that an ‘inflationary hedge’ mechanism exists in the Turkish equity market. 
Instead, exchange rate shocks appear to increase risk and suppress returns, particularly under 
weak market conditions.

Figure 7b shows that VIX has a negative, statistically significant impact on BIST 100 re-
turns after controlling for USD/TRY, CDS, and Brent oil across short-, medium-, and long-term 
investment horizons. In the short term, the negative effect of VIX is observed across almost 
the entire distribution (τ = 0.05-0.95), particularly in the lower (τ = 0.05-0.20) and upper (τ = 
0.80-0.95) quantiles. This suggests that increases in global volatility put downward pressure on 
returns during both bearish and bullish market conditions. In the medium term, the magnitude 
of the negative effect is relatively weaker than in the short term, but remains statistically sig-
nificant across a broad range of quantiles (τ = 0.10-0.95). This indicates that global risk shocks 
are not merely transitory disturbances, but rather exert more persistent effects on asset pricing 
through expectation formation and risk premium adjustments. Similarly, in the long term, the 
negative impact, while comparatively moderate, remains statistically significant across the low, 
middle, and high quantiles (τ = 0.10-0.90). The consistency of this effect across the distribution 
implies that VIX functions as a systemic risk factor for the Turkish equity market rather than 
operating exclusively during crisis episodes. Therefore, these findings provide empirical evi-
dence that the BIST 100 is strongly integrated into global financial cycles. Periods of declining 
global risk appetite, as indicated by increases in the VIX index, result in widespread downward 
pricing pressure across the entire return distribution.

Figure 7c shows that, after controlling for the other variables, the impact of the CDS 
premium on BIST 100 returns is strong, negative, and statistically significant across short-, 
medium-, and long-term investment horizons. In the short term, the country risk premium has 
a pronounced negative effect, particularly in the lower quantiles (τ = 0.10-0.30), where the 
relationship is statistically significant. This suggests that increases in sovereign risk exacerbate 
losses in a bear market. The negative effect also persists across the middle quantiles (τ = 0.40-
0.80), indicating that CDS-induced pressure is a stable negative pricing factor even during 
relatively normal market phases. While the negative impact continues in the upper quantiles (τ 
= 0.90-0.95), it is not statistically significant at these levels. In the medium term, the negative 
effect remains evident in the lower quantiles, although statistical significance weakens. By con-
trast, in the middle and upper quantiles (τ = 0.40-0.70 and τ = 0.80-0.95), the negative relation-
ship remains statistically significant, albeit smaller in magnitude compared to the short term. 
This pattern suggests that increases in country risk exert downward pressure on equity returns, 
not only during periods of market stress but also under normal and favorable conditions. The 
results imply that sovereign risk is systematically incorporated into asset pricing and functions 
as a structural discount factor in equity valuation. In the long term, the negative impact of the 
CDS premium persists across the entire quantile distribution. The presence of a consistently 
negative relationship indicates that rising country risk exerts permanent, structural downward 
pressure on BIST 100 returns rather than merely causing transitory fluctuations. From a finan-
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cial perspective, this finding suggests that higher sovereign risk increases the cost of capital, 
distorts risk perception, and leads to persistently lower market valuations.

Figure 7d shows that controlling for USD/TRY, VIX, and CDS limits the impact of 
Brent oil returns on BIST 100 returns to a positive effect in the short term and a positive, sta-
tistically significant effect in the medium and long term. In the short term, Brent oil returns 
exhibit a weak positive relationship with BIST 100 returns across low, middle, and high quan-
tiles; however, the coefficients are not statistically significant. This suggests that short-term oil 
price increases do not generate a clear directional response in the equity market. In other words, 
oil shocks are not immediately priced as either a pure cost shock or a growth signal. Instead, 
the adverse cost channel and positive global demand expectations appear to offset each other 
in the short term, resulting in an economically modest and statistically insignificant effect. In 
the medium term, the impact of Brent oil returns becomes positive and statistically significant 
across the entire quantile distribution (τ = 0.05-0.95). The stronger effects observed in specific 
quantiles suggest that oil price increases are increasingly interpreted as signals of expanding 
global economic activity and rising external demand. Similarly, in the long term, the positive 
and statistically significant relationship persists across all quantiles, with a relatively stronger 
magnitude in the lower and middle quantiles. This pattern suggests that rising oil prices are per-
ceived as indicators of cyclical recovery and improving global growth prospects, particularly 
under weak market conditions. Although Türkiye is a structurally energy-importing economy, 
where higher oil prices are theoretically expected to depress stock returns through the cost 
channel, the MWQR results indicate that the relationship is not unidirectional. Although Brent 
oil returns have only a limited short-term influence, they are increasingly being priced as an in-
dicator of the real economy and business cycles in the medium and long term, reflecting global 
growth and demand dynamics. These findings suggest that Brent oil returns have a different 
transmission mechanism to financial risk indicators such as USD/TRY, VIX and CDS. Rather 
than functioning purely as a cost shock, increases in the oil price support BIST 100 returns 
in the medium and long term by signalling stronger global economic conditions. Therefore, 
explaining the impact of oil prices through a cost-based framework alone is insufficient. This 
effect evolves over time and in different market conditions, becoming more systematic and 
economically meaningful as the investment horizon lengthens

5.2. Wavelet Quantile Regression Results

To validate the findings obtained from the Wavelet Quantile Regression (WQR) meth-
od, the WQR approach was also employed. Figure 8 (a-d) shows the results. Overall, the WQR 
estimates are consistent with the MWQR findings and reinforce the main empirical conclu-
sions. The results indicate that USD/TRY returns have a statistically significant negative effect 
on BIST 100 returns over short-, medium-, and long-term investment horizons and across low, 
middle, and high quantiles. This suggests that currency depreciation exerts persistent down-
ward pressure, particularly during periods of normal or weak market performance, operating 
through valuation and risk-premium channels. Similarly, the VIX index has a statistically sig-
nificant negative impact on BIST 100 returns across all investment horizons and wide quantile 
ranges. The effect is strongest in the short term, remaining significant in the medium and long 
term, though weaker. This pattern implies that deteriorations in global risk appetite exert down-
ward pressure on Turkish equity returns during both crisis and expansionary market phases. 
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Similarly, the impact of the CDS premium on BIST 100 returns is predominantly negative and 
statistically significant. While the effect is more pronounced in the short term, its continued 
— albeit weaker — significance in the medium and long term suggests that increases in sov-
ereign risk generate sustained pressure through the cost-of-capital and discount-rate channels. 
In contrast, Brent oil returns exhibit a more nuanced pattern. Although the effect is limited in 
certain quantiles, it remains positive and statistically significant across broad segments of the 
distribution, particularly in the medium and long term. This positive association suggests that 
oil price increases are not just seen as negative cost shocks but also as signals of stronger global 
demand and economic activity. However, the heat map evidence reveals a more heterogeneous 
and weaker effect in the short term and during strong expansionary phases, where market per-
formance is already robust. Taken together, the results suggest that financial risk indicators 
(USD/TRY, VIX, and CDS) function as structural headwinds for BIST 100 returns across time 
horizons. In contrast, Brent oil returns are more closely aligned with real business cycle dynam-
ics and global growth expectations. In this respect, the WQR findings provide robust empirical 
support for the conclusions derived from the MWQR analysis.

5.3. Wavelet Quantile Causality Results

The WQGC approach is an advanced econometric framework that enables the examina-
tion of causal relationships between variables across different investment horizons and quantile 
levels. Unlike the traditional Granger causality test (Granger, 1969), which evaluates causality 
in a one-dimensional setting based on mean dynamics, the WQGC method allows identification 
of causality across both temporal (frequency) and distributional dimensions. Consequently, it 
becomes possible to determine not only whether causality exists, but also at which investment 
horizon and under which market regime (i.e., quantile level of the dependent variable) the caus-
al effect materializes. The WQGC findings are presented using heat maps and frequency-quan-
tile plots, where color intensity and highlighted regions indicate statistically significant causal 
relationships within specific frequency-quantile combinations (Özkan et al., 2024). Figure 9 
reports the causality results from USD/TRY, VIX, CDS, and Brent oil returns to BIST 100 
returns. The heat maps reveal substantial heterogeneity in causal dynamics across investment 
horizons and quantile levels. The causal effect from USD/TRY returns to BIST 100 returns is 
statistically significant across a broad range of the distribution at the short-term horizon. In the 
medium term, the causal effect becomes more concentrated in the middle quantiles, whereas 
in the long term it appears more selective and partially heterogeneous. The causal influence 
of VIX on BIST 100 returns is strong and statistically significant across nearly all quantiles at 
both short- and medium-term horizons. Although relatively weaker in the long term, the effect 
largely persists, indicating sustained global risk transmission. Similarly, causality from CDS 
to BIST 100 returns is particularly strong across the entire distribution in the short term. In 
the medium term, statistical significance becomes more concentrated in the lower and middle 
quantiles, while in the long term, the effect weakens but remains present. In contrast, the causal 
relationship between Brent oil returns and BIST 100 returns exhibits a limited, heterogeneous 
pattern in the short term. In the medium term, significance increases—especially in the lower 
and middle quantiles—and, in the long term, a strong, statistically significant causal relation-
ship emerges across a substantial portion of the quantile distribution.
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6. Conclusion and Policy Recommendations

This study examines the sensitivity of the Turkish stock market to macro-financial 
shocks within a multidimensional framework. More specifically, it analyses the effects of in-
vestor sentiment, sovereign credit risk premiums, exchange rate movements, and Brent oil 
returns on BIST 100 returns, across different investment horizons and various return distribu-
tion quantiles. The empirical analysis uses daily data from 2 January 2015 to 29 January 2026. 
To capture the nonlinearity and regime dependence of financial time series, the multivariate 
wavelet quantile regression (MWQR) approach developed by Adebayo (2025) is employed. 
Additionally, Wavelet Quantile Regression (WQR) is employed to explore univariate distri-
butional dynamics further, and Wavelet Quantile Granger Causality (WQGC) is applied to ex-
amine the causal structure across the frequency and quantile dimensions. This comprehensive 
methodological framework enables assessment of the effects of macrofinance on the BIST 100 
not only at the conditional mean level, but also across different investment horizons and distinct 
return distribution segments. Consequently, the study provides a holistic, distribution-sensitive 
evaluation that extends beyond conventional, linear, one-dimensional approaches commonly 
adopted in the literature.

The MWQR findings clearly demonstrate the negative impact of macro-financial risk 
factors on BIST 100 returns. In particular, after controlling for other variables, increases in the 
USD/TRY exchange rate have a negative, statistically significant effect across all investment 
horizons. This impact is particularly evident in the short term and in lower-return (bear market) 
quantiles. The results suggest that exchange rate shocks do not generate an inflationary hedge 
to balance the system; rather, they amplify perceptions of financial fragility, increase the risk 
premium, and put downward pressure on equity valuations. Similarly, the effect of investor 
sentiment is not confined to crisis periods. The sentiment indicator exhibits a negative, statis-
tically significant influence across nearly all quantiles, including during expansionary market 
phases. This suggests that deteriorations in investor confidence systematically impact stock 
returns beyond episodic stress events. The CDS premium has a strong negative impact, partic-
ularly in the short term and within lower quantiles, while continuing to act as a structural dis-
count factor in the long term. This pattern implies that sovereign risk is persistently embedded 
in equity pricing through the cost-of-capital and required-return channels. In contrast, the most 
notable finding relates to Brent oil prices. While Türkiye’s status as an energy-importing econ-
omy would, in theory, imply a negative effect through the cost channel, the empirical results 
reveal a positive, statistically significant relationship between oil prices and BIST 100 returns, 
particularly in the medium and long term. This suggests that oil price increases are not solely 
interpreted as adverse cost shocks but also as leading indicators of global demand strength and 
growth momentum. The strong alignment between the WQR and MWQR results further con-
firms that financial risk indicators act as structural headwinds for the Turkish equity market, 
whereas oil returns tend to co-move with real economic cycle dynamics over time. This meth-
odological consistency enhances the robustness of the empirical findings and demonstrates that 
the conclusions are not sensitive to the specific econometric framework employed.

The WQGC analysis shows that these relationships vary over time (frequency) and 
across distributions. Causality from USD/TRY to BIST 100 returns is particularly strong in 
the short term and remains statistically significant across almost the entire quantile distribu-
tion. The causal influence of VIX exhibits a robust, pervasive structure in both the short- and 
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medium-term, operating across bear, normal, and bull market conditions. Similarly, short-term 
causality from CDS premiums to the stock market is evident across market regimes. In the me-
dium term, however, the effect becomes more concentrated in the lower and middle quantiles, 
suggesting stronger transmission during weaker market states. In contrast, the causal effect 
of Brent oil returns is relatively limited in the short term. Nevertheless, it becomes statisti-
cally significant in the medium and long term, particularly when oil price movements reflect 
growth-related signals, and extends across a broad segment of the quantile distribution. Overall, 
these findings demonstrate that the Turkish stock market’s response to macro-financial shocks 
varies substantially across investment horizons and market regimes. The results also imply that 
risk transmission mechanisms operate through a multi-layered, state-dependent structure rather 
than a uniform or linear one.

The findings of this study largely coincide with the empirical evidence reported in the 
existing literature. The negative impact of the USD/TRY exchange rate on the BIST 100 is 
consistent with the findings of Aktaş and Akdağ (2013), Güngör and Polat (2020), and Tufaner 
(2021), confirming that exchange rate increases exert a suppressive effect on the stock market. 
This result is also in line with Gürbüz (2024), who documents a long-term negative effect, and 
Şeker (2021), who emphasizes the adverse impact of short-term exchange rate shocks. In this 
context, the present study contributes to the literature by adding a distribution-based perspec-
tive, showing that exchange rate risk affects the market through both a short-term volatility 
channel and a long-term discount-rate mechanism, with the magnitude of this effect varying 
across quantile levels. Similarly, the negative and asymmetric effect of the VIX index is con-
sistent with the findings of Sarıtaş and Nazlıoğlu (2019) and Karaçayır (2025). Moreover, this 
result supports the evidence provided by Hatipoğlu and Tekin (2017), who show that the effect 
of global risk deepens during crisis periods, and Gülcemal (2025), who identifies the BIST 100 
as a net receiver of global risk shocks. The negative impact of CDS premiums also confirms 
the findings of Topaloğlu and Ege (2020) and Şeyranlıoğlu and Çilek (2023), while being con-
sistent with the regime-sensitive risk-pressure argument advanced by Eren and Başar (2016) 
and Altemur and Kurt Cihangir (2025). The positive finding regarding Brent oil price returns is 
also in strong agreement with more recent and cyclical interpretations in the literature. Given 
that Türkiye is a net energy-importing economy, increases in Brent oil price returns may theo-
retically be expected to exert negative pressure on BIST 100 returns through production costs, 
the current account balance, inflation expectations, and discount rates. This expectation is con-
sistent with studies emphasizing that oil price shocks adversely affect stock markets through 
the cost channel. However, the findings of this study show that, once other macro-financial 
variables are controlled for, Brent oil price returns exert a positive and statistically significant 
effect on BIST 100 returns, particularly in the medium and long term. This indicates that the 
oil-stock market relationship cannot be explained solely through the cost channel. At this point, 
it is essential to distinguish between the cost channel and the global demand channel. While 
short-term increases in Brent oil price returns may put pressure on firms’ cost structures and 
profit expectations by raising import costs, in the medium and long term, positive Brent oil 
price returns may also be priced as a signal of strengthening global economic activity, external 
demand, and growth expectations. Indeed, in line with the findings of Bekereci et al. (2025) and 
Aydoğdu (2025), the relationship between Brent oil price returns and the BIST 100 appears to 
exhibit positive co-movement depending on cyclical conditions and investment horizons. This 
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result suggests that positive oil price returns are not always perceived merely as cost shocks. 
Rather, it is consistent with Aydın (2025) and Can (2025), who argue that rising energy de-
mand during periods of global economic recovery may positively affect stock markets through 
growth expectations. Therefore, this study shows that the effect of Brent oil price returns on the 
BIST 100 is context-dependent and sensitive to market regimes and investment horizons. More 
importantly, by demonstrating that Brent oil price returns can be positively priced through the 
global demand channel in the medium and long term, even in an energy-importing country 
such as Türkiye, the study offers a broader framework that goes beyond the one-dimensional 
cost-channel hypothesis in the literature.

These results demonstrate that the sustainable performance of the stock market is close-
ly linked to macro-financial risk indicators. The effects of the risk premium, exchange rate 
movements, and investor sentiment on BIST 100 returns, which depend on the regime and 
maturity, highlight the need for flexible, condition-sensitive policy frameworks and investment 
strategies. In this respect, the study has important implications for policymakers, portfolio man-
agers, and investors. For policymakers in particular, the findings suggest that persistent shifts 
significantly influence risk perceptions in the BIST 100. In particular, the negative pressure 
exerted by credit default swap premiums and exchange rate depreciation indicates that financial 
stability is fundamentally tied to macroeconomic credibility. Rather than relying on temporary 
measures to attract short-term capital inflows, economic management would be better served 
by prioritizing structural reforms that reduce the sovereign risk premium in the medium and 
long term. Strengthening fiscal discipline, maintaining consistent price-stability policies, and 
improving institutional predictability could help alleviate the structural discount applied to cap-
ital markets. Furthermore, the evidence suggests that exchange rate instability creates financial 
vulnerabilities that outweigh any potential competitive advantages. This highlights the impor-
tance of tackling inflation and ensuring exchange rate stability for capital markets to function 
healthily. Using macroprudential instruments effectively, developing derivatives markets for 
risk hedging, and expanding the institutional investor base could further enhance resilience 
against external shocks.

The findings reveal that static and uniform strategies are unlikely to deliver consistent 
performance across different market regimes, which is important for investors and portfolio 
managers to understand. Portfolio positioning should therefore be adjusted according to the 
investment horizon and the current market situation. Regarding oil prices, the results suggest 
that price increases should not automatically be interpreted as cost-driven sell signals. Instead, 
they may reflect improving global demand conditions, particularly in the medium- to long-
term. Evaluating commodity price movements within a sectoral and cyclical framework may 
therefore yield more informed investment decisions. Conversely, given that heightened global 
volatility, as captured by VIX, exerts persistent downward pressure on BIST 100 returns, the 
use of derivative instruments and portfolio diversification strategies during periods of elevat-
ed uncertainty emerges as a prudent risk management approach. Maturity-sensitive causality 
findings also indicate that exchange rate movements and CDS spreads are more important 
for short-term investors. At the same time, global growth and commodity dynamics are more 
important for long-term investment strategies. In summary, enhancing confidence and predict-
ability within the macroeconomic policy framework and adopting flexible, regime-sensitive 
investment strategies can contribute to more stable, sustainable market performance.
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Despite using a comprehensive dataset and advanced econometric techniques, this study 
has several limitations. Firstly, the set of macro-financial variables is limited to USD/TRY, 
VIX, CDS, and Brent oil returns. Other relevant macroeconomic indicators, such as interest 
rates, policy rates, bond returns, industrial production, and credit growth, are excluded in order 
to maintain the focus of the model. Secondly, while daily data effectively captures short-term 
market dynamics, it may not fully reflect long-term structural macroeconomic changes. Third-
ly, the sample period (2015-2026) covers several episodes of extreme volatility and systemic 
shocks in the Turkish economy. As such, caution should be exercised when generalizing the 
estimated coefficients to more stable macroeconomic environments. Future research incor-
porating broader sets of variables, alternative data frequencies, and comparative analyses of 
emerging markets could further enrich the literature.
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Appendix 

Figure 7: MWQR Results

Note: The heatmaps display the estimated slope coefficients in ascending order, ranging from light green to red. The 
vertical and horizontal axes represent time horizons and quantiles, respectively.
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Figure 8: WQR Results

Note: The heatmaps display the estimated slope coefficients in ascending order, ranging from bright yellow to deep 
purple. The vertical and horizontal axes represent time horizons and quantiles, respectively.
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Figure 9: WQGC Results

Note: *, and ** denote the rejection of the null hypothesis at 5% and 1% significance levels.


