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Abstract
This paper examines the relationship between the daily observations of stock prices and the selected
financial variables over the period September 20, 2010 to August 2, 2019. Our variables are found to
be nonlinear at any reasonable significance level. Seven out of eleven stock indices and all financial
factors are nonlinearly level stationary, while five stock indices are integrated of the first order. The
findings of the linear causality test present evidence of a bidirectional causal association between the
changes in bond yields and some equity returns, CDS fluctuations and BIST Sport index returns; and
BIST Industrials index returns with copper prices in TRY. These results are supported by nonlinear
causality tests at different lag levels. Besides, there seems to appear two-way nonlinear causal
associations in mean and in the second moment between our variables, denoting the contribution of
the short, medium, and long-run nonlinear causalities to the overall causal relationship. We also find a
significantly negative linkage between the financial factor growths and equity returns, which is scaledependent. Our findings have significant implications for risk and portfolio management and
economic policy decisions.
JEL Codes: E44, G11, G12.
Keywords: Linear, Nonlinear, Causality, Wavelets, Stock Return.

BORSA ENDEKSLERI VE MAKRO EKONOMIK DEĞIġKENLER ARASINDA
DOĞRUSAL VE DOĞRUSAL DIġI NEDENSELLĠK ĠLĠġKĠSĠ*
Öz
Bu çalıĢmada borsa endeksleri ve makro değiĢkenlere ait 2010-09-20 ve 2019-08-02 arası günlük
kapanıĢ fiyatları kullanılarak bu değiĢkenler arasındaki olası doğrusal ve doğrusal dıĢı nedensellik
iliĢkisi incelenmiĢtir. Test sonuçlarına göre tüm değiĢkenlerin doğrusal dıĢılık özelliklerini taĢıdıkları
tespit edilmiĢtir. Yedi borsa endeksinin ve makroekonomik faktörlerin düzeyde, kalan beĢ endeksin
ise birinci farkında durağan olduğu saptanmıĢtır. Doğrusal nedensellik testine göre tahvil faizi
değiĢmeleri ile bazı borsa endeks getirileri arasında; CDS ile BIST Spor endeksi fiyat değiĢimleri
arasında; bakır fiyatları ile BIST Sınaî endeks getirileri arasında çift yönlü nedensellik iliĢkisi olduğu
bulgusuna rastlanmıĢtır. Elde edilen bu sonuçlar, farklı seviyelerdeki doğrusal dıĢı nedensellik test
sonuçlarıyla uyum sağlamaktadır. Ayrıca değiĢkenler arasında ortalamada ve varyansta kısa, orta ve
uzun dönemde geçerli çift yönlü doğrusal dıĢı nedensellik iliĢkisi olduğu belirlenmiĢtir. Bu sonuç,
değiĢkenler arasındaki nedensellik iliĢkisinin her bir frekanstan destek aldığını ortaya koymaktadır.
Son olarak, borsa endeks getirileri ile makroekonomik değiĢkenlerin fiyat değiĢimleri arasında
istatistiksel olarak anlamlı ve ölçeğe göre derecesi değiĢen zıt yönlü bir iliĢki olduğu sonucuna
ulaĢılmıĢtır. Bu sonuçlar risk ve portföy yönetimi ve iktisadi kararlar için büyük önem arz etmektedir.
JEL Sınıflaması: E44, G11, G12.
Anahtar Kelimeler: Doğrusallık, Doğrusal DıĢılık, Nedensellik, Dalgacıklar, Hisse Getirisi.
*

1

This paper was presented in an oral presentation at the III. International Symposium on
Economics, Finance, and Econometrics (ISEFE 2019) in Iskenderun, Hatay, Turkey
ArĢ. Gör. Dr., Dicle Üniversitesi ĠĠBF, ĠĢletme Bölümü, e-posta: remzi.gok@dicle.edu.tr,
ORCID ID 0000-0002-9216-5210.

9

Linear and Nonlinear Granger Causality Relationship Between Stock Indices and Financial Variables

1. Introduction
The association between the financial variables and stock prices has attracted a great deal of
interest from economists and policy-makers. Using traditional approaches, they have tried
to investigate the possibility of the existence, direction, and strength of the dependence of
financial variables on equity prices. Given that the recent literature has produced ambiguous and contradictory results on this connection, this ambiguity encourages us to re-examine by using the linear and nonlinear causality tests and wavelets.
Given that bonds and stocks are being substituted for each other, the effects of interest
rates on equity markets has been one of the most traditional topics in economics and finance theory. Since the standard theory posits that the value of any asset should be determined by its expected cash flows, any factor that could change its cash flows should have a
major impact on their prices. Consequently, the initial literature mainly found a negative
stock-bond relationship; see Flannery and James (1984) and Campbell (1987), pointing to
the discount factor effect. Conversely, an illustrative list of papers includes Fama and
French (1989), and Schwert (1989) report a negative relation between business condition
and their expected nominal and real returns but a positive linkage between these markets. In
a related paper, Stivers and Sun (2002) find that the direction of the comovement switches
sign from positive to negative or loses its strength throughout high uncertainty in the stock
market while Rankin and Idil (2014) detect a reverse switch for the linkage during the recent global financial crisis. In terms of causality tests, Gan et al. (2006), Tiwari (2012), and
Çifter and Özün (2008) report causality from share returns to bond yields while the reverse
causal linkage is detected by Acikalin et al. (2008) and Özer and Kamisli (2015). Among
many empirical papers such as Wongbangpo and Sharma (2002), Alaganar and Bhar
(2003), AktaĢ and Akdağ (2013), and Moya-Martínez et al. (2015) highlight a causality in
both directions for the underlying markets. For example, Alaganar and Bhar (2003) document bidirectional causalities in mean and variance at different lead/lags between the longterm interest rates and the equity returns of Bank, Insurance, and Financial sectors for G7
seven countries. Moya-Martínez et al. (2015), on the other hand, report scale-dependent
causal linkages for Spain firms, i.e., there exists a feedback mechanism between the bond
yield changes and the stock returns of Chemicals and Paper, Financial Services, Food and
Beverages, Industrials, and Technology and Telecom industries at different time scales. On
the other hand, Forson and Janrattanagul (2014) and CoĢkun et al. (2016) detect causality in
neither direction.
As discussed above, factors that have significant impacts on the discount rate also significantly affect stock prices. Among these factors, the stock-oil interaction has been a
matter of great interest to academics and policy-makers, of which strength and direction of
this relation may depend on the level of dependence of being a net oil importer or exporter
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for a country. In a pioneering work, Jones and Kaul (1996) detect a substantial detrimental
impact of the oil prices on the aggregate equity market in the postwar period in G7 seven
countries. Consistent with these findings, Faff and Brailsford (1999) report a significantly
negative connection for Paper and Packaging and Transport and a significantly positive
sensitiveness to the oil price changes for Oil and Gas and Diversified Resources industries
during the sample period 1983-1996 in Australia. Similarly, Güler and Nalın (2013) detect
a positive linkage for BIST Chemical Petrol Plastic and BIST Industrials sectoral indices
and a negative connection for the aggregate index, BIST100, XU100, in Turkey. Recent
findings by ġener et al. (2013) show a long-run relationship between the negative and the
positive components of the oil and stock prices in Turkey and conclude that an increase in
the oil prices would raise costs of production, therefore, result in a decrease in the equity
prices in the absence of a perfect substitution among the production factors. In an influential paper, Kilian and Park (2009) find that the response of U.S. real equity returns to the
shocks in oil prices varies considerably to the underlying cause of these stocks, namely approximately 22% of the long-run variation are explained by the demand and supply shocks
driving the global oil markets. The shifts in precautionary demand, for example, driven by
political disturbances in the Middle East, are found to be responsible for large declines in
the equity prices while the positive shifts in oil prices driven by an unexpected expansion in
the global economy cause a persistent affirmative impact on cumulative equity returns. In
addition to the findings of Kilian and Park (2009), Wang et al. (2013) did not find any significant asymmetric impacts from the shocks in oil prices on the equity returns across all
the exporting and importing countries, with the only exception of Korea. In a similar vein,
they find that there is nonlinear causation impact from the changes in oil prices on the equity returns only in Japan (1 out of 9 oil-importing countries) at one lag, in Norway and
Russia (2 out of 7 oil-exporting countries) at two lags. Abdioğlu and Değirmenci (2014), on
the other hand, report a cointegration relationship between some nonfinancial indices, particularly for the industrial sector, and oil price in Turkey using daily observations over the
sample period 2005-2013. Besides, they document a unidirectional causal linkage running
from equity returns of BIST Services, BIST Telecommunication, BIST Financials, BIST
Holding and Investment, BIST Insurance, BIST Industrials, BIST Chemical Petrol Plastic,
BIST Basic Metal, BIST Metal Products Machinery, BIST Nonmetal Min. Product, and
BIST Textile Leather indices and a two-way causality for BIST W. and Retail Trade index.
Wen et al. (2019) investigate this relationship using the linear and nonlinear cointegration
and causality test and document a linear and nonlinear cointegration relationship between
the sectoral indices and WTI prices. Besides, they detect one-way linear causal linkages
running from WTI prices to Agriculture, Social Services, and Media at different significance levels. The findings of the nonlinear causality test report bidirectional causality between the stock prices (including the aggregate stock indices of Shanghai Composite Index,
Shenzhen Component Index (SZCI), and 13 subindices) and WTI oil prices, pointing to the
key role of volatility persistence in these markets in China.
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In theory, the majority of studies have shown that credit default swaps (CDS) and stock
prices are negatively correlated (see Fung et al., 2008; Sadeghzadeh, 2019; Norden and
Weber, 2009; Dupuis et al., 2009; and Eren and BaĢar, 2016). For instance, Norden and
Weber (2009) investigate the association between daily, weekly, and monthly observations
of CDS, bond, and stock prices over a sample period of 2000-2002. The findings of the
paper show that the fluctuation of CDS had a significantly stronger adverse impact on stock
returns than bond yields. The strength of the correlation is higher for the US than EU firms,
for telecommunication firms than for other firms, and financial firms than for non-financial
firms. Hancı (2014), on the other hand, detect a significantly negative relationship between
the underlying variables regarding GARCH(2,1) model results and conclude that the mean
reverse is very resistant (0.98) for a sample period between January 2008 and December
2012 in Turkey. Conversely, Narayan (2015) documents that the shock in CDS returns had
a heterogeneous effect on the return and volatility of the sectoral stocks and are most dominant over the 2007-2008 financial crisis and time-varying shock spillovers, are a major
factor in explaining the association between share and CDS returns. In term of causality
tests, however, some studies provide strong evidence in favor of the one-way causality,
such as Byström (2005), Fung et al. (2008), and Forte and Peña (2009), while others find
bidirectional causal linkages, see for example BaĢarır and Keten (2016), Sadeghzadeh
(2019), ġahin and Özkan (2018), Yenice et al. (2019). In a pioneering work, Longstaff et al.
(2003) investigate the lead-lag connection between stock, bond, and CDS markets and report bidirectional causal linkages between CDS and stock returns. The CDS spread, for
example, is found to be a useful predictor of future stock prices for 10 out of 67 individual
stocks while the reverse causality holds for 12 out of 67 firms. Besides, Fung et al. (2008)
examine the market-wide linkages between the underlying markets using daily observations
between 2001:01 and 2007:12 and detect a bidirectional causal linkage between the highyield CDS and stock markets which emerges with deteriorating but is absent in case of improving in stock market conditions. Similarly, they find a unidirectional causality running
from the volatility of both the high-yield and investment-grade CDS indices to the volatility
in stock markets and a two-way causality between the stock market volatility and the highyield CDS market, pointing to the key role of the CDS market in determining of volatility
spillover and the stock market in determining of information transmission in the pricing
progress.
The question of whether fluctuations in copper prices play a major role in determining
and predicting equity prices is of great interest to investors and regulatory authorities; however, this relationship has not yet sufficiently well-developed by academicians and researchers. For instance, Eyüboğlu and Eyüboğlu (2016), using cointegration and causality
test, find a long-run relationship between stock prices of mining sectors and a set of precious metals including gold, silver, and copper over the sample period 2003:03-2014:12.
Also, they detect a significantly negative relationship for only one out of four stock prices.
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Boyacioglu et al. (2016), on the other hand, find a unidirectional causal linkage from copper prices to two out of four individual stock prices in Turkey. Conversely, the papers of
Choi and Hammoudeh (2010) and Sadorsky (2014) demonstrate the existence of a positive
connection between the underlying variables. They also state that copper is an important
precious metal since it moves with the business cycles, therefore, the author states that it is
often regarded as Dr. Copper because of the ability to predict economic activity. It is also
observed that the dynamic conditional correlation between the copper and stock prices increased since 2002. Regarding the DCC-AGARCH model, according to Sadorsky (2014)
findings, the average value of the hedge ratios between stock and copper prices is found to
be $26, i.e., a $100.0 long position in the stock market could be hedged for $26 in the copper market. The average weight for the stock-copper portfolio, which should be updated
regularly, is found to be 0.80, namely, for a $100 portfolio, $20 and $80 should be invested
in copper and stocks, respectively.
Previous studies investigating the stock-gold relationship in terms of the direction and
structure of causality obtain ambiguous and contradictory findings. Of the studies that have
found significantly negative linkage are Ciner et al. (2013) for the US; Aksoy and Topcu
(2013) for Turkey; Le and Chang (2016) for Japan, and Chkili (2016) for BRICS countries.
Ciner et al. (2013), for example, detect a significant adverse relationship between gold and
share prices in the US and conclude that gold acts as a safe-haven for stocks during periods
of financial turmoil. This result reinforces the findings of Chkili (2016), who employs the
A-DCC model and uses the weekly observations of stock indices of BRICS countries, and
gold prices suggest that investors are recommended to buy gold to reduce their portfolios‘
total risk. Besides, Arouri et al. (2015) also claim that gold is a safe-haven for Chinese
market investors and plays a crucial role in explaining the market return and volatility. By
using the GARCH approach, on the other hand, Akel and Gazel (2015) conclude that the
investors in Turkey did not consider gold as a safe-haven instrument during the financial
turmoil period. On the other hand, several researchers such as Ciner et al. (2013) and
Eyüboğlu and Eyüboğlu (2016) have concurred that gold prices had significantly positive
impacts on stock prices. In the related paper, Eyüboğlu and Eyüboğlu (2016) investigate the
relationship between a set of commodities and stock prices of the mining sector in Turkey
and highlight that gold prices have significantly positive impacts on two out of four stock
prices. Based on the Granger causality, however, there is a unidirectional causal linkage
from stock prices to gold prices obtained by Smith (2001) and Gilmore et al. (2009) for the
US, Fahami et al. (2014) for Thailand, Büyüksalvarci and Abdioglu (2010), Özer et al.
(2011), Aksoy and Topcu (2013), and Acikalin and Basci (2016) for Turkey. Büyüksalvarci
and Abdioglu (2010), for example, investigate the relationship between financial factors
and stock market index, XU100, for the period 2001:03-2010:06 and detect one-way causal
linkages running from the stock prices to the exchange rate, gold prices, money supply,
industrial production, and inflation rate. They conclude that the stock market could be used
as a useful predictor for the future growth of these variables in Turkey. An illustrative list
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of papers that report a unilateral causality from gold prices to stock prices contains Patel
(2013), Coronado et al. (2015), and Gazel (2016). In her paper, Gazel (2016) studies cointegration and causal linkages between stock index and gold prices and finds out that both
variables are cointegrated over the sample period between January 2, 2006 and February
29, 2016. The results of the paper also show a one-way causality, and the author interprets
the non-rejection of the null hypothesis from stock prices to gold prices due to the risk conception of investors and insufficient financial deepening in the Turkish market. Furthermore, there is also a bidirectional causal association between the underlying variables, as
reported by Mishra (2014), Coronado et al. (2015), and Jain and Biswal (2016). By employing symmetric and asymmetric nonlinear causality tests, Jain and Biswal (2016) discover a bidirectional asymmetric causality between the negative components gold prices
and SENSEX index and interpret this finding as a result of shifting between these two investment asset classes to optimize their risk-return tradeoff. However, some researchers did
not find any significant outcome between stock and gold prices. This list includes the paper
of Fahami et al. (2014) for Malaysia and Indonesia; Tiwari and Gupta (2015) for India and
Coskun et al. (2016) for Turkey.
This paper undertakes an empirical attempt to study the relationship between the stock
prices and the selected financial variables, including bond, CDS, copper, gold, and WTI in
TRY prices. Our data set includes the daily prices in Turkey over the period September 20,
2010, to August 2, 2019, for a total of 2107 observations for each variable. Based on the
nonlinearity test, the variables are found to be nonlinear at any reasonable significance
level. Seven out of eleven stock indices and all financial factors are nonlinearly level stationary, while five indices are integrated of the first order. The findings of the linear causality test provide evidence of a bidirectional causal association between the changes in
bond yields and some equity returns, CDS fluctuations and BIST Sport index returns; and
BIST Industrials index returns with copper prices in TRY. These results are supported by
nonlinear causality tests at different lag levels. Besides, there seems to appear two-way
nonlinear causal associations in mean and in the second moment between our variables,
denoting the contribution of the short, medium, and long-run nonlinear causalities to the
overall causal relationship. We also find a significantly negative linkage between the financial factor growths and equity returns, which is scale-dependent. Our findings recommend
that the fluctuations in financial factors could be used to predict equity price changes in all
investment horizons, while the causal relationship also does run in the opposite direction in
the short, medium, and long-run.
This paper proceeds as follows. Section 2 describes the tests of nonlinearity, unit root,
and causality, respectively, and wavelets. In Section 3, we present the summary statistics
for our variables and the empirical findings for Turkey. Section 4 contains concluding remarks for investors and policymakers and recommendations on future studies.
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2. Methodology
To test the null of linearity against the alternative of a nonlinear model in this paper, we
apply the W linearity test statistic of Harvey et al. (2008). On the other hand, for stationarity of the time series, we employ the Kruse (2011) nonlinear unit root test. Given the outcome of the Kruse (2011) test, we present the linear causality of Hacker and Hatemi-J
(2012) test and the nonlinear causality test results of Nishiyama et al. (2011).

2.1. Wavelets
In wavelet literature, there exist two basic wavelet genders: mother (wavelet function) and
father wavelets (scaling function). They integrate to 0 and 1 and represent the smooth/trend
part and the detailed, i.e. deviation from trend, part of the signal, respectively. Theorists and
practitioners use the basic function of the mother wavelet by translating and dilating it to
capture simultaneously time and frequency information from the data, therefore, overcoming the limitations of the Fourier transform which its basis functions are localized only in
frequency. As indicated in the paper of Ramsey (2014), wavelets seen as a refinement of
Fourier analysis are an ideal tool for analyzing both stationary and long-term nonstationary
variables and their relationships.

(1)

(2)
where indexes the scale, therefore, is the scale/dilation factor and
is the translation
parameter since indexes translation.
Given a time series,
with
observations, the wavelet coefficients are given by the
following integrals
(3)
(4)
where
is the maximum number of scale sustainable with the underlying data
and the wavelet transform coefficients,
and
, are defined as the detail and the
smooth coefficients. Further, they capture the higher and lower frequency oscillations at the
finer and coarser scale , respectively.
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Given these both wavelet transform coefficients, a multiresolution representation (MRA) of
from the coarsest scale downwards up to scale is can be mathematically depicted
using Eq. (5)

(5)

Figure 1 Multiresolution Decomposition (MRD) with J=7 Resolution Levels
Source: Gök (2019, 119).

The number of MRA coefficients at each scale, , generated by the maximal overlap discrete transform (MODWT) is equal to sample size, . Further, the detail coefficients d1,
d2, d3, d4, d5, d6, and d7 correspond to [2-4), [4-8), [8-16), [16-32), [32-64), [64-128), and
[128-256) days, respectively. The smooth coefficients, on the other hand, is equal to [256<)
days.
In a similar vein but with different MODWT function, it is possible to obtain wavelet
variance, covariance, correlation, and cross-correlation estimations through (1, .., J) wavelet coefficients and one scaling coefficients. It is worth noting that the number of coefficients at each scale is not equal to sample size, due to boundary problems. That is, the
number of coefficients uninfluenced by the boundary conditions would be
where
is
and represents the wavelet filter. After calculating
wavelet variance and covariance of two time series, the dilatation equation of wavelet correlation can be expressed as follows

(6)
where

denotes wavelet variance of
.
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2.2. Nonlinearity Tests
The first step for our analysis is the testing for linearity against STAR nonlinearity by using
the Harvey et al. (2008) nonlinearity test. According to the
linearity test statistics of
Harvey and Leybourne (2007), testing for linearity is performed by the following regression
(7)
To test the null hypothesis of linearity,
of nonlinearity,
following model

against the alternative hypothesis

, of a nonlinear model, they (2007) propose using the

(8)

It should be remarked that both the null and alternative hypothesis does not specify whether
the underlying time series, , is linear
or
and the nonlinearity is of an
or
form, respectively. Differently speaking, this test does not require a priori assumption
for the integration order.
Harvey et al. (2008), on the other hand, propose a linearity test which also does not
depend on the integration order, i.e., it can be applied either
or
processes. The test
actually consists of a simple data-dependent weighted average of two Wald test statistics,
which becomes efficient when the time series
for the first component and
for the
second component. The weighted average Wald test statistic can be constructed as
(9)

where
and
signify the Wald test statistics when the underlying series is stationary at
the level and first difference. In Eq. (9), is some function that converges in probability to
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zero for a stationary variable at the level and to one for the series with a unit root at the
level. To choose a suitable function for Harvey et al. (2008) suggest this functional form

(10)

where is some finite positive constant while and represent properly chosen unit root
and stationarity statistics. When the underlying data is stationary, as dictated by the authors
(2008),
diverges and converges to zero, and when the series
, it converges to
zero and converges to one, ensuring that both
and
chosen by
are appropriate
for the integration order.
The authors (2008) consider the possibility of more general autoregressive structures
and offer using the DGP in the equation below

(11)

The corresponding Wald tests for

and

situations are given as
(12)

where
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2.3. Unit Root Test
In their most popular paper, Kapetanios et al. (2003) demonstrate that the exponential
smooth transition autoregressive (ESTAR) model is given as
(13)
where and are the smoothness and the location parameter, respectively. It should be
noted that the location parameter, , presumed to be zero for their (2003) nonlinear unit
root test, however, Kruse (2011) relaxes this restrictive assumption and considers the
following modified ADF regression
(14)
Following Kapetanios et al. (2003)‘s definition, the author (2011) apply a first-order
Taylor approximation
around
and
obtains the following regression
(15)
The author (2011) imposes a zero restriction, i.e.
test and suggest the following model

, to improve the power of the

(16)
where
and
. Kruse (2011) proposes a modified Wald type test based
on the Hessian matrix for the unit root hypothesis
against globally
stationary ESTAR process
(17)
It should be pointed out that the first summand is the squared
hypothesis
with
being orthogonal to
summand is the squared -ratio for the hypothesis

-statistic for the
while the second

.

2.4. Nishiyama et al. (2011) Nonlinear Causality Test
Nishiyama et al. (2011) suggest a nonparametric test that has power even when the
observations are nonlinearly dependent. Their nonlinear causality test is restricted to the
case when the underlying time series follows a stationary nonlinear AR process under the
null hypothesis. For high-order nonlinear causality, they (2011) consider the following
nonlinear dependence between time series
19
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(18)
where
represents a stationary data,
and
denote unknown functions satisfying
certain conditions for stationarity. Generally,
could be used to predict
where
. The possible nonlinear causal linkage in the th moment is tested through the null
hypothesis written in Eq. (19) against the alternative hypothesis given in Eq. (20).
(19)
(20)
where
abbreviates to with probability one. For a nonlinear causality up to
moment is tested with the following null hypothesis
for all

th

(21)

With this definition, as denoted by the authors, a nonlinear causality up to the second
moment relationship emerges for Eq. (18). When
is equal to , the test turns to be a
noncausality test in mean. The authors (2011) assert that the test statistics can be
straightforwardly constructed given the abovementioned definition. For our analysis,
however, we employ the test for
and
to determine whether there exists
nonlinear causality-in-mean and in the second moment, respectively.

3. Empirical Results and Discussion
Our empirical sample is composed of a set of financial variables including the two-year
government bond yields, Bond, the 5-year credit default swaps for Turkey, CDS, Copper,
Gold, and oil prices WTI and eleven sectoral indices including BIST100 (XU100), BIST30
(XU030), BIST Inf. Technology (XBLSM), BIST Leasing & Factoring (XFINK), BIST
Food Beverage (XGIDA), BIST Corporate Governance (XKURY), BIST Sports (XSPOR),
BIST Tourism (XTRZM), BIST Services (XUHIZ), BIST Industrials (XUSIN), and BIST
Technology (XUTEK). The data covering the sample period September 20, 2010 and
August 2, 2019 with a total of 2107 daily observations is derived from Energy Information
Administration (EIA), the CBRT Bloomberg Terminal, and various websites. In the
following empirical analysis, both the natural logarithms and compounded return of series
are used.
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Table 1 Harvey et al. (2008) Nonlinearity Test Results
Variable

10%

5%

1%

LN_XU100

9.9999***

4.60

5.99

9.21

LN_XU030
LN_XBLSM

7.8973**
30.3592***

4.60
4.60

5.99
5.99

9.21
9.21

LN_XFINK
LN_XGIDA

35.2724***
11.0347***

4.60
4.60

5.99
5.99

9.21
9.21

LN_XKURY
LN_XSPOR

5.7697*
12.0998***

4.60
4.60

5.99
5.99

9.21
9.21

LN_XTRZM
LN_XUHIZ

6.5404**
14.2713***

4.60
4.60

5.99
5.99

9.21
9.21

LN_XUSIN
LN_XUTEK

16.7972***
9.9037***

4.60
4.60

5.99
5.99

9.21
9.21

LN_GOLD
LN_COPPER

30.7223***
17.5486***

4.60
4.60

5.99
5.99

9.21
9.21

LN_CDS
LN_BOND

10.7195***
8.069**

4.60
4.60

5.99
5.99

9.21
9.21

LN_WTI
20.2755***
4.60
5.99
9.21
Note: *, **, or *** indicate significant nonlinear dependencies at the 10%, 5%, or 1% significance
levels, respectively.

Table 1 presents the findings of the
linearity test statistic of Harvey et al. (2008). The
results of
linearity test reveal evidence against the null of linearity at different
significance levels for all individual series, indicating that the null of linearity is strongly
rejected in all cases, i.e. all variables are non-linear. We should, therefore, proceed by
employing a nonlinear unit root test such as the Kruse (2011) for all variables since a linear
unit root test may lack power if the true process is nonlinear.
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Table 2 Kruse (2011) Nonlinear Unit Root Test Results
Variables
LN_XU100
LN_XU030

2.9670

Case 2
(Demeaned)
3.4620

Case 3
(Detrended)
14.092**

Lag

Case 1 (Raw)

[8, 8, 11]
[8, 8, 8]

2.7585

3.6348

13.6728**

LN_XBLSM

[21, 21, 21]

3.5016

2.9850

6.7860

LN_XFINK

[23, 23, 23]

1.8912

9.6995*

10.1230

LN_XGIDA

[11, 11, 11]

6.6699

11.3865**

15.3844**

LN_XKURY

[11, 11, 11]

3.3516

4.0149

15.6174**

LN_XSPOR

[24, 24, 24]

4.0951

2.3059

6.2368

LN_XTRZM

[18, 18, 18]

6.5233

9.519*

9.3282

[1, 1, 1]

2.8294

2.3368

6.5162

LN_XUHIZ
LN_XUSIN

[9, 9, 17]

3.5105

4.4679

13.9831**

LN_XUTEK

[23, 23, 23]

4.6878

5.3044

4.8850

LN_GOLD

[24, 24, 22]

7.4966

13.5664**

16.6769**

LN_COPPER

[24, 24, 24]

2.5215

20.3541***

11.9791*

LN_CDS

[22, 22, 22]

6.3370

9.3312*

16.3805**

LN_BOND

[23, 23, 23]

2.6042

7.5740

12.1858*

LN_WTI

[18, 16, 16]

3.1805

12.0786**

10.8547

Note: *, **, or *** indicate the rejection of the null hypothesis of unit root at the 10%, 5%, or 1%
significance levels, respectively. The relevant critical values are 7.85 (10%), 9.53 (5%), 13.15 (1%)
for Case 1; 8.60 (10%), 10.17 (5%), 13.75 (1%) for Case 2; 11.10 (1%), 12.82 (5%), and 17.10 (10%)
for Case 3. Shaded area represents nonstationarity result.

Table 2 displays the results of the Kruse (2011) nonlinear unit root test for all variables
applied on the raw data (case 1), the demeaned (case 2), and the detrended (case 3) series.
Evidently, the null hypothesis of nonstationarity on the demeaned or detrended series could
be rejected for all variables. However, a perusal of Table 2 reveals that the null hypothesis
of a nonlinear unit root in all stock indices cannot be rejected for raw series. For the
demeaned and detrended series, the null also cannot be rejected in favor of the alternative
for nine out of eleven and seven out of eleven indices. Overall, our findings present
empirical supports of nonstationarity for LN_XBLSM, LN_XSPOR, LN_XUHIZ, and
LN_XUTEK, indicating that these indices are integrated of the first order 2.

2
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Results of the Kruse (2011) test for the first-difference of LN_XBLSM, LN_XSPOR, LN_XUHIZ, and
LN_XUTEK are not reported here in order to conserve space.
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Given that our variables are found to be stationary at the level or integrated of the first
order, we should proceed by employing linear and nonlinear VAR causality modeling for
the return series. The first test employed is the Hacker and Hatemi-J (2012) symmetric
causality test, where the findings are reported in Table 3. It should be noted that the left
side shows the causality results running from the index returns to the changes in financial
variables while the reverse causality results are given on the right side. Using Hacker and
Hatemi-J's (2012) test on the first differenced data as in Li et al. (2016, 679), we identify a
bidirectional causal link between DL_Bond and DL_XU100, DL_XU030, DL_XKURY,
DL_XUHIZ, and DL_XUSIN; between DL_CDS and DL_XSPOR; between DL_Copper
and DL_XUSIN. A noteworthy finding of this study is that unidirectional causalities exist
from DL_CDS and DL_Copper to DL_XKURY, indicating that lagged values of the
differenced CDS and copper prices are useful for prediction in BIST Corporate Governance
index returns. As expected and in common with most existing research for the emerging
countries, DL_WTI is found to exert significant lagged impacts on the returns of
DL_XGIDA and DL_XUSIN, whereas there seems to be no evidence for the reverse causal
relationship. Furthermore, there is a strong one-way causal relationship running from
DL_Gold to DL_XUHIZ at a 5% significance level and running from DL_XELKT to
DL_Bond at a 1% significance level. Our results are consistent with the findings of
Wongbangpo and Sharma (2002), who study the relationship in five ASEAN countries, and
AktaĢ and Akdağ (2013), who detect a two-way causal linkage between LN_XU100 and
the deposit rates in Turkey.
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Table 3 Hacker and Hatemi-J (2012) Symmetrical Causality Test Results

Note: Optimal lag length is provided in brackets [] and ―Pval‖ denotes asymptotic Chi-Square pvalue for each model. The relevant parameters are constructed as follows: kmax =
12*((2106/100)^0.25), bootsimmax = 5000, infocrit = 5 (HJC), maxlag = kmax, intorder = 0
(stationary variables).
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Table 4 Nishiyama et al. (2011) Nonlinear Granger Causality Results for Raw Return Series

Note: ** denotes that the null hypothesis is rejected at the 5% significance level, in which the upper 5% critical value
of 14.38 is calculated by a Monte Carlo simulation (Nishiyama et al., 2011). The shaded area represents insignificant
causality. The upper panel reports causality-in-mean while the bottom panel presents causality-in-variance.
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The empirical results of the Nishiyama et al. (2011) nonlinear causality results for raw
series are shown in Table 4. It should be noted that the upper panel includes the causality
results from index returns to changes in financial variables, whereas the reverse causality is
reported in the bottom panel. Our test statistics in the upper panel are lower than the critical
value of 14.38, leading to accepting the null of non-causality in the first and second
moments at a 5% significance level for all variables. As documented in the bottom panel,
on the other hand, we also fail to reject the null hypothesis of non-causality in the second
moment for all cases; however, we identify bidirectional causality-in-mean from DL_Bond
to DL_XU100, DL_XU030, DL_XKURY, and DL_XUSIN at 5% significance level. The
results for the DL_Bond case are broadly in agreement with the findings documented by
Alaganar and Bhar (2003) who find bidirectional causalities in mean and variance between
Bank, Insurance, and Financial sectors and stock prices in G7 seven countries.
Tables 5 and 6 reports the results for the nonlinear Granger causality test proposed by
Nishiyama et al. (2011) for the wavelet decomposed series. Each variable is decomposed
into ten wavelet scales applying the MODWT with the Daubechies [LA(8)] wavelet filter
through the R package waveslim introduced by Whitcher (2005). The sum of the first four
scales, d1, d2, d3, and d4 corresponding to [2-32) daily period, signify the short-run; the
scales of d5, d6, and d7 corresponding to [32-256) daily period, denote the medium-run and
the last three levels, d8, d9, and d10 corresponding to [256-2048) daily period, represents
the long-run. Combining the findings of the two tables, we observe a bidirectional
nonlinear causality-in-mean and in the second moment between variables that suggest some
form of feedback mechanism in the medium and long-run. Also, the results of the paper
support the presence of unilateral nonlinear causality-in-mean from DL_Bond to
DL_XU100, DL_XU030, and DL_XUSIN; from DL_Gold to DL_XU100 and one-way
causality in the second moment from DL_XUTEK to DL_WTI in the short-run, indicating
the contribution of the short, medium, and long-run nonlinear causalities to the overall
causal relationship for variables as mentioned earlier. It can be concluded that the equity
returns are a good indicator for predicting future movements in interest rates, CDS, copper,
gold, and WTI prices while the reverse causality also holds in the short, medium, and longrun. Our wavelet-based findings are in line with the papers of Tiwari (2012) for India;
Çifter and Özün (2008) for Turkey; and Moya-Martínez et al. (2015) for Spain who report
bidirectional causal linkages for both the aggregate and industry levels. Further, the
evidence reinforces the conclusion drawn by Wen et al. (2019), who report a linear and
nonlinear significant relationship between the sectoral indices and WTI prices. The findings
related to the DL_CDS case obtained by ġahin and Özkan (2018) and Yenice et al. (2019)
and pertinent to the DL_Gold case reported by Jain and Biswal (2016) who employ both
symmetric and asymmetric tests parallel our results.
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According to the wavelet-based correlation results which not tabulated but available
from the author on request, the correlation of the equity returns with the changes in bond
yields DL_Bond is, as expected and in common in theory, significantly negative at all
wavelet scales for all stock indices, except for the 8th scale for DL_XGIDA (insignificant)
and DL_XTRZM (insignificant). Virtually similar estimations that are in common with
existing theory and evidence are observed when DL_CDS is used instead of DL_Bond.
Additionally, there seems to be an inverse relationship between DL_Gold and the equity
returns at the coarsest scales. For example, the gold price fluctuations exhibit significantly
negative impacts on DL_XFINK and DL_XSPOR at the first three levels of decomposition;
on DL_XU100, DL_XU030, DL_XUHIZ, and DL_XUSIN at scales of d1, d2, d3, d4, and
d5; on DL_XBLSM, DL_XKURY, DL_XTRZM, and DL_XUTEK in the short- and
medium-term corresponding to [2-128) daily period. At the highest scales, however, the
relationship is negative for all stock returns, albeit not significant. On the other hand, we
find evidence of the effect of commodity prices, DL_Copper, being negative and
statistically insignificant on DL_XU030 and DL_XUSIN at all levels of decomposition.
Similarly, the movements in oil prices, DL_WTI, appear to be negatively and positively but
statistically insignificant related to DL_XU100, DL_XU030, DL_XKURY, DL_XTRZM,
and DL_XUSIN at all scales. We also find that the correlation between DL_XGIDA and
DL_WTI is scale-dependent, indicating that the strength and direction of the relationship
depend on the level of decomposition. At scale d1, the linkage between DL_WTI and
DL_XGIDA is negatively weak and statistically insignificant, but it displays coefficient
sign reversal from negative to positive beyond the first scale; however, it becomes
statistically significant only at the lowest frequency, d8, from 1024 days to 2048 days. The
findings of the wavelet-based correlation association confirm the fundamental and
theoretical correlation between financial factors and stock prices. Our findings are
corroborated by Flannery and James (1984) for the stock-bond relationship; by Faff and
Brailsford (1999) for stock-oil connection; by Norden and Weber (2009) for stock-CDS
linkage; by Eyüboğlu and Eyüboğlu (2016) for the stock-copper association and by Chkili
(2016) for the stock-gold connection.
Likewise, the contemporaneous and wavelet correlation estimations among the financial
variable growth rates are given in Figure 2. The findings of the contemporaneous
correlations show that all growth rates are significantly and positively related to each other
at the strongest significance level of 1% (see the coefficients with the probability values at
the left and bottom of each plot)3.

3

The findings of the unconditional correlation estimations, not presented for space consideration but available on
request, showed that all financial variables are significantly (at the 1% significance level) positively related to
each other.

27

Linear and Nonlinear Granger Causality Relationship Between Stock Indices and Financial Variables

Figure 2 Wavelet Correlation Estimations
Not: Circles with green and with red indicate positive and negative correlation relationships,
respectively. Further, the figures represent the probability values. The significance tests of wavelet
correlations are performed with the Brainwaver R package (Achard, 2012).
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Evidently, the findings of wavelet correlation estimations concur with the results from
the contemporaneous correlations, suggesting that all associations among financial
variables are positive but not significant at all time-scales, except for the pair of DL_BondDL_CDS. The strength of the return comovement between DL_Bond and DL_CDS, for
example, is scale-dependent, that is, the correlation coefficient significantly increases from
the finest (shortest) time scale (d1) corresponding to [2–4) daily periods to the coarsest
(longest) time scale (d8) corresponding to [256–512) daily periods. Additionally, the results
reveal a positive but significantly varying relationship among the other financial variables
at all scales from 2 days to 512 days. For instance, DL_CDS has the lowest correlation with
DL_WTI (7.5%) among financial variables, in which it is significantly positive at the lower
[2–8 days) scales but stabilizes and becomes insignificant at the medium [8–64 days)
scales, turn into a negative, albeit insignificant at scale d6 [8–64 days) and increases again
insignificant at scales d7 and d8.
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Table 5 Nishiyama et al. (2011) Nonlinear Granger Causality Results from Index Returns to Financial Variable Growth Rates by Wavelet Scale

Note: ** denotes that the null hypothesis is rejected at the 5% significance level, in which the upper 5% critical value of 14.38 is calculated by a Monte
Carlo simulation. The shaded area represents insignificant causality results. The upper panel reports causality-in-mean while the bottom panel presents
causality-in-variance.
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Table 6 Nishiyama et al. (2011) Nonlinear Granger Causality Results from Financial Variable Growth Rates to Index Returns by Wavelet Scale

Note: ** denotes that the null hypothesis is rejected at the 5% significance level, in which the upper 5% critical value of 14.38 is calculated by a Monte
Carlo simulation. The shaded area represents an insignificant result. The upper panel reports causality-in-mean while the bottom panel presents causalityin-variance.
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4. Conclusion
This paper undertakes an empirical effort to investigate the linear and nonlinear causal relationship between stock indices (BIST100, BIST30, BIST Inf. Technology, BIST Leasing
Factoring, BIST Food Beverage, BIST Corporate Governance, BIST Sports, BIST Tourism, BIST Services, BIST Industrials, and BIST Technology) and financial variables (interest rates, CDS, copper, gold, and WTI) using daily closing prices over the 2010.09.20–
2019.08.02 sample period. Since most of the time series may exhibit nonlinearity characteristics and, therefore, the results obtained by linear would be biased, we employ both the
linear and nonlinear tests for the study.
The findings of Harvey et al. (2008) test statistics reject the null of linearity at any reasonable significance level. The results of the Kruse (2011) unit root test suggest that seven
out of eleven financial variables are nonlinearly level stationary, whereas five out of eleven
variables are integrated of the first order. Further, the null hypothesis is strongly rejected in
favor of stationarity for all financial variables. Our findings of the Hacker and Hatemi-J
(2012) test reveal bidirectional linear causalities between interest rate changes and
BIST100, BIST30, BIST Corporate Governance, BIST Services, and BIST Industrials index returns; CDS changes and BIST Sports returns; copper prices in TRY and BIST Industrials index returns. The empirical findings of Nishiyama et al. (2011) suggest the rejection
of non-causality-in-mean between interest rate changes and BIST100, BIST30, BIST Corporate Governance, and BIST Industrials index returns. Considering the investor's heterogeneities on investment periods, we also conduct a frequency-based causality test by
wavelets. The nonlinear model supports a unidirectional causality-in-mean from the interest
changes to the returns of BIST100, BIST30, and BIST Corporate Governance indices in the
short, medium, and long-term, from 2 to 2048 days, whereas both bidirectional causalities
in mean and in the second moments are detected for all cases in the medium [32-256 days)
and long-term [256-2048 days). Lastly, the wavelet-based correlation results reveal that the
financial variables are, in general, significantly positive at all wavelet scales but significantly negative related to the stock returns. Thus, our findings, overall, may provide significant implications for decision making by investors and policymakers.
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