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ARTICLE INFO ABSTRACT

Keywords: This study investigates whether investor attention to the Sustainable Finance Disclosure Regu-
Sustainable finance lation (SFDR) leads European financial markets during the years 2019-2022. Using the
SFDR

nonparametric causality-in-quantiles method, results suggest investor attention has a strong
predictive power on the financial markets, mostly during bearish and normal market conditions.
Findings are robust to several alternative tests. Our research contributes to the literature on the
link between investor attention and financial markets, and on the sustainable finance research
stream, with relevant implications for asset managers.

Google trends
Nonparametric causality-in-quantiles
Equity market indexes

1. Introduction

Our paper investigates whether investor attention toward the Sustainable Finance Disclosure Regulation (SFDR, EU 2019/2088) is
a predictor in European financial markets over different market conditions.

The SFDR is part of the European effort to encourage investor confidence in sustainable investments, to reduce greenwashing, and,
in turn, increase sustainable practices.' The SFDR requires financial actors in Europe (banks, insurers, asset managers, and investment
firms) to disclose two levels of social and environmental information: entity and product level disclosure.”

* Corresponding author.

E-mail address: helen.chiappini@unich.it (H. Chiappini).

1 As motivation for the SFDR, European regulators note that “In the absence of harmonised Union rules on sustainability-related disclosures to end
investors, it is likely that diverging measures will continue to be adopted at national level and different approaches in different financial services
sectors might persist. Such divergent measures and approaches would continue to cause significant distortions of competition because of significant
differences in disclosure standards. [...] Divergent disclosure standards and market-based practices make it very difficult to compare different
financial products, create an uneven playing field for such products and for distribution channels, and erect additional barriers within the internal
market. Such divergences could also be confusing for end investors and could distort their investment decisions. [...] Furthermore, the lack of
harmonised rules relating to transparency makes it difficult for end investors to effectively compare different financial products in different Member
States with respect to their environmental, social and governance risks and sustainable investment objectives. It is therefore necessary to address
existing obstacles to the functioning of the internal market and to enhance the comparability of financial products in order to avoid likely future
obstacles” (EU 2019/2088 p. L317/3).

2 At the entity level, the financial actors are required to publish information on sustainability risk integration in their investment decisions (Article
3 EU 2019/2088), including whether their financial decisions affect sustainability or not (Article 4 EU 2019/2088) and whether remuneration
policies are integrated with sustainability risk (Article 5 EU 2019/2088). The product level disclosure implicitly recognizes three different levels of
“ESG-integration” (Becker et al., 2022) in sustainable financial products and progressive levels of disclosure. Thus, Article 6 of EU 2019/2088 covers
products considering the sustainability risk in the investment decision and how it impacts the related financial returns; products under Article 8 of
EU 2019/2088 promote investments considering environmental, social and governance features and thus, disclosure provides information on how
financial products satisfy these aims; lastly, products under Article 9 of EU 2019/2088 have a sustainability objective and disclosure should inform
how the products align to the objective. If the product is designed using a sustainability index as a benchmark, related disclosure should provide
information on how the index is designated as a benchmark and on compliance with the index objective.
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Literature in this field is scarce. Becker et al. (2022) show that the SFDR has increased the mutual fund ESG scores and has led to a
large fund inflow, while Cremasco and Boni (2022) find there is “category fuzziness” of the investment funds self-identified under
Articles 6, 8, and 9 of the SFDR. This issue suggests that SFDR disclosure is still in its infancy and calls for careful supervision by the
European authorities. Thus, while studies investigating the effectiveness of the SFDR seem relevant, albeit premature given the
ongoing regulatory process, analyzing whether SFDR investor attention leads financial markets, would provide timely information.

Since Da et al. (2011) pioneering research, investor attention on certain assets (e.g., cryptocurrency and green finance) or topics (e.
g., the Coronavirus pandemic and the Ukraine conflict) expressed through search engines (such as Google and Baidu) has been
recognized as a predictor of equity market prices (Austmann and Vigne, 2021; Corbet et al., 2020; Costola et al., 2021; Dastgir et al.,
2019; Halouskova et al., 2022). Indeed, a growing investor searches for such topics or events generate pressure on market prices
(Barber and Odean, 2008; Da et al., 2011) as the “internet has inevitably become the link between information and market price
changes” (Wei et al., 2021, p. 2) over recent years. The theoretical mechanism explaining the relationship relates to the limited in-
formation that investors are able to process and thus, the more attention a topic receives and more it influences the price behavior
(Barber and Odean, 2008).

Some exceptions, however, appear possible. The recent research by Bonaparte and Bernile (2023, pp. 1-2) finds that investor
attention to cryptocurrency regulation does not affect cryptocurrency prices. This result is explained by investors who “overlay
positive attitude towards crypto assets, making crypto a Wall Streat Darling”, therefore minimizing bad news regarding crypto
regulation. Overall, the (positive or negative) nature of certain events or the (positive or negative) investor behavior drives the volume
of searches and, in turn, investor expectations about the financial markets (Wei et al., 2021). Thus, based on the evidence of previous
research, we pose that investor attention towards the SFDR - a regulation pushing financial actors to disclose their level of sustainable
practices — affects European financial markets because of positive (negative) expectations on the reduction of greenwashing, im-
provements of sustainability practices and reflections on financial sector costs and overall value. However, sensitivity is lower (higher)
during bullish (bearish) market conditions (Bonaparte and Bernile, 2023). In other words, during bullish (bearish) markets, regulation
lowers (raises) prices due to the optimistic (pessimistic) expectations by investors.

Using the nonparametric causality-in-quantiles method, our findings reveal that investor attention to SFDR matters in price
forecasting, mostly during bearish and normal market conditions. Thus, our study contributes to the body of knowledge in multiple
ways. First, it enriches the nascent literature focusing on sustainable finance and the SFDR (e.g., Becker et al., 2022) and on its
relationship with financial sector equity indexes. Second, it expands the growing strand of literature related to how investor attention
predicts financial markets (Costola et al., 2021; Da et al., 2011; Gao et al., 2021; Halouskova et al., 2022) by introducing a new
perspective on investor attention toward sustainability regulations, while other studies focus on attention towards firms or exogenous
events (e.g., COVID-19 or the Russia-Ukraine war). Finally, our study has practical implications for investors and asset managers given
that our study provides a measure of market sensitivity (Bonaparte and Bernile, 2023) to the SFDR. The remainder of the paper is
organized as follows. Section 2 presents the research design, while Section 3 presents and discusses the results. Finally, Section 4
concludes the study.

2. Research design
2.1. Method

To understand whether or not investor attention to SFDR predicts equity markets, we use the nonparametric causality-in-quantiles
method. This method was proposed by Balcilar et al. (2017) based on consistent causality in quantiles (Jeong et al., 2012). The
nonparametric causality in quantiles offers two main advantages: it enables researchers to analyze causality in different quantiles and
it is robust to misspecification errors by using underlying dependency among variables (Balcilar et al., 2017; Bhatia and Basu, 2021;
Raza et al., 2022). Model specification is included in Appendix A.

2.2. Data

To identify the investor attention towards the SFDR we use the Google Search Volume Index® (GSVI) based on Google Trends (Da
etal., 2011; Bonaparte and Bernile, 2023). We chose the Google search engine over the others (such as Baidu) due to the popularity of
Google as a globally used search engine, because of its documented use to predict financial markets (Anastasiou et al., 2022; Gao et al.,
2021), and finally, because it offers a process of normalization (Jun et al., 2017).

The GSVI is created using several keywords (Aslanidis et al., 2022; Costola et al., 2021) representative of the SFDR (namely,
Sustainable Finance Disclosure Regulation, SFDR, SFDR Regulations, SFDR sustainability, SFDR ESG, SFDR Article 6, SFDR Article 8,
SFDR Article 9). We downloaded weekly Google Trends from January 2019 till April 2022 to compose our GSVI. Given the field of our
analysis, our GSVI takes the name SFDR-GSVI. Fig. 1 shows weekly fluctuations in SFDR-GSVL*

For the same period, we considered the closing price of the European financial sector stock market indexes (namely, S&P Europe

% The GSVI is a normalized indexed value (Jun et al., 2017), ranges from 0 to 100, and it is calculated by “dividing the number of searches for a
given keyword into the total number of searches for a given time unit” (Gonzalez-Fernandez & Gonzalez-Velasco, 2020, p. 409) and it is normalized
by multiplying it by a scaling factor F = 100/r*, where r is the fraction of the highest value of GSVI (Dergiades et al., 2015).

4 Figure 1 shows an increase of Google searches in 2021 and 2022, as a consequence of the SFDR coming into force.
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Fig. 1. SFDR-GSVI

Note(s): Fig. 1 shows the cumulative weekly searches of SFDR. The horizontal axis shows the weekly dates, and the vertical axis corresponds to

weekly searches. Data is retrieved from Google Trends.

a. S&P Europe 350 Financials

b. MSCI Europe Financials

c. Euro STOXX Financials

o o
8 R &
g g
9 28 28
o8 L o
58 IS £
g & z
3 &
o o
8 8
T g N N N N N N NS TS J N 3
0"‘§ &Gﬁ 0‘75‘\ cliﬁfif\\ c"q‘A u"/§ &\& ooéﬁw 3 0"@“ 0“94\ e"fx& é’/{ﬁxfﬁ 3
¢ < < P ¢ ¢ ¢ P < ¢ ¢ P

t (weekly)

d. Euro STOXX Banks

t (weekly)

e. Euro STOXX Insurance

t (weekly)

Price
80 100 120 140 160
o
Price
200 250 300 350

; —
N N N NI
N N & S & N
® <5 o & 5 $ 0 & ot
® L LS e ® ® ® LS
t (weekly) t (weekly)

Fig. 2. Price series of European financial sector market indexes
Note(s): Fig. 2 shows the weekly prices of European financial sector equity market indexes from January 2019 to April 2022. The horizontal axis
responds to weekly dates and the vertical axis corresponds to the price range. Data is from Bloomberg.

Financials, MSCI Europe Financials, and Euro STOXX Financials) and sub-indexes representative of single financial industries (namely,
Euro STOXX Banks and Euro STOXX Insurance). Data were retrieved from Bloomberg. Fig. 2 shows price trends during the period of
analysis.

3. Results and discussion

Table 1 shows the descriptive statistics of SFDR-GSVI and European financial sector market indexes. The SFDR-GSVI has a mean of
27.988, indicating the intensity of the search volume.

The skewness and kurtosis highlight that the data is non-symmetrical and non-normal. The Jarque-Bera test (JB) confirms the
nonlinearity of our data and suggests using a nonparametric causality approach (Raza et al., 2022).

We tested the linearity of the relationship before applying the nonlinear causality-in-quantiles technique. The linear VAR (1) model
was evaluated using the Granger causality test. Table 2 shows that the null hypothesis (i.e., SFDR-GSVI does not Granger cause Eu-
ropean financial markets) is not rejected at all significance levels. Furthermore, to strengthen the argument that our data are nonlinear
and nonparametric causality in quantiles technique is suitable for analysis, we applied the Broock et al. (1996) (BDS) Test of
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Table 1
Descriptive statistics.
Mean SD Kurtosis Skewness JB ADF

SFDR-GSVI 27.988 30.126 0.118 0.994 28.3441%**
S&P Europe 350 Financials 594.912 -0.779 2.198 -0.779 8.879
MSCI Europe Financials 57.78 -0.333 2.626 -0.333 18.616%*** 17.427%**
Euro STOXX Financial 151.824 -0.277 2.98 -0.277 15.513%** 17.749%**
Euro STOXX Banks 125.855 -0.563 2.760 -0.77 18.015%** 17.268%**
Euro STOXX Insurance 290.013 0.065 3.009 0.065 21.568%** 17.285%**

Where ***p < 0.001.
Note: Standard deviation (SD), Jarque-Bera test (JB), and Augmented, Dickey and Fuller test (ADF). Data about stock prices are from Bloomberg,
while SFDR-GSVI data is retrieved from Google Trends.

Table 2
Linear causality.
F p-value

S&P Europe 350 Financials 0.772 0.511
MSCI Europe Financial 0.6811 0.564
Euro STOXX Financials 0.8276 0.480
Euro STOXX Banks 0.553 0.648
Euro STOXX Insurance 0.5939 0.619

Note: The results confirm the acceptance of the null hypothesis i.e., no granger causality at the
5% level of significance.
Data about stock prices are from Bloomberg, while SFDR-GSVI data is retrieved from Google

Trends.
Table 3
BDS Test of nonlinearity.
m=2 m=3 m=4 m=>5 m=6

SFDR-GSVI 2.454 3.561 5.303 8.509 4.449
S&P Europe 350 Financials 3.737 5.04 5.715 6.567 7.276
MSCI Europe Financials 4.745 5.55 5.81 6.654 6.775
Euro STOXX Financials 5.535 6.228 6.408 7.974 9.752
Euro STOXX Banks 4.245 6.1 6.77 8.398 7.868
Euro STOXX Insurance 6.927 7.525 7.697 8.959 9.87

Note(s): The table displays the BDS test z-statistics of all listed variables. The test is based on residuals of variables, “m” denotes the embedded
dimensions of the test. The table also shows that BDS test values for all variables are significant at 1% level meaning the whole hypothesis is rejected,
and all the variables are non-linear.

Data about stock prices are from Bloomberg, while SFDR-GSVI data is retrieved from Google trends.

nonlinearity. The BDS Test (Table 3) confirms the nonlinearity relationship between investor attention to SFDR and financial market
prices.

Fig. 3 displays the nonparametric causality in quantiles from the SFDR-GSVI to European financial sector market indexes.

First, Fig. 3a presents the results of quantile causality between investor attention and S&P Europe 350 Financials. The result shows
that the null hypothesis (i.e., SFDR-GSVI does not Granger cause European financial markets) is rejected for the middle quantile
(0.45-0.65). Similarly, in the case of MSCI Europe Financials (Fig. 3b) and Euro STOXX Financials (Fig. 3c) the null hypothesis is
rejected in the lower-middle quantile (0.3-0.65). Only STOXX Financials rejects the null hypothesis also at the upper quantile
(0.7-0.75). The sensitivity of European financial markets to GSVI-SFDR is confirmed by results on the sub-sector indexes Euro STOXX
Banks (Fig. 3d) and Euro STOXX Insurance (Fig. 3e).

Thus, European financial markets appear sensitive to investor attention to the SFDR, suggesting the price relevance of sustainability
disclosure for financial market participants. The predictive power of investor attention is mostly a lower-middle quantile, so, investor
attention to SFDR matters mostly when the European financial markets perform below or in line with their market average, thus, either
in bearish or normal scenarios (Balcilar et al., 2017). This may be explained by the investors’ pessimistic (optimistic) view during
certain market conditions. Investors over-react (under-react) toward new compliance requirements during bearish (bullish) markets.

Overall, our findings expand the results by Becker et al. (2022) on the relationship between SFDR and mutual funds inflow/ESG
scores, demonstrating that investor attention to SFDR is a predictor of equity financial prices.

To check the robustness of our results, first, we employ the nonparametric causality in quantiles technique on the daily Google
Trends® and the daily prices of European financial markets. The daily results of either European financial indexes (Figs. 4a, 4b, and 4c)

5 To retrieve daily Google Trend on SFDR we use R programming package “gtrendsR”, based on Chow and Lin's (1971) disaggregation routine.
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Fig. 3. Nonparametric causality in quantiles
Note(s): The test statistics of non-parametric causality are represented on the vertical axis and quantiles from 0.00 to 0.9 are on the horizontal axis.

The dashed black line represents test statistics, where the red thin dashed and dotted line represents the 10% critical value (CV) of 1.65 and the
green line represents 5% critical value (CV) of 1.96. Test statistic values between or above red thin dotted and dashed lines and green lines show
rejection of the null hypothesis that SFDR-GSVI does not lead financial sector market prices. Data about stock prices are from Bloomberg, while

SFDR-GSVI data is retrieved from Google Trends.
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Fig. 4. Nonparametric causality in quantiles (Daily data series)

Note(s): The test statistics of non-parametric causality are represented on the vertical axis and quantiles from 0.00 to 0.9 are on the horizontal axis.
The dashed black line represents test statistics, where the red thin dashed and dotted line represents the 10% critical value (CV) of 1.65 and the
green line represents 5% critical value (CV) of 1.96. Test statistic values between or above red thin dotted and dashed lines and green lines show
rejection of the null hypothesis that SFDR-GSVI does not lead financial sector market prices. Data about stock prices are from Bloomberg, while

SFDR-GSVI data is retrieved from Google Trends.



G. Birindelli et al.

a. S&P Europe 350 Financials

o
o~
o~
VRN
fffff /:1x:7 B P —
>0 |
O~ __ .7 \\
N
. \ﬁ
w
T T T T T T T T
ol 2 3 4 o 6 7 8 9
Quantiles
- d. Euro STOXX Banks
@
o -~
7 N
2 -
>0 | //‘ NN
O \
/ ~
~_ ~
i N
- N\
N\
N
w
T T T T T T T T
1 i 3 4 S 6 i 8 9
Quantiles

b. MSCI Europe Financials

Finance Research Letters 56 (2023) 104135

c. Euro STOXX Financials
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Fig. 5. Nonparametric causality in quantiles (weekly data with reduced SFDR keywords)
Note(s): The test statistics of non-parametric causality are represented on the vertical axis and quantiles from 0.00 to 0.9 are on the horizontal axis.
The dashed black line represents test statistics, where the red thin dashed and dotted line represents the 10% critical value (CV) of 1.65 and the
green line represents 5% critical value (CV) of 1.96. Test statistic values between or above red thin dotted and dashed lines and green lines show
rejection of the null hypothesis that SFDR-GSVI does not lead financial sector market prices

SFDR-GSVI data is retrieved from Google Trends.
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Fig. 6. Nonparametric causality in quantiles with seasonality robustness
Note(s): The test statistics of non-parametric causality are represented on the vertical axis and quantiles from 0.00 to 0.9 are on the horizontal axis.
The dashed black line represents test statistics, where the red thin dashed and dotted line represents the 10% critical value (CV) of 1.65 and the
green line represents 5% critical value (CV) of 1.96. Test statistic values between or above red thin dotted and dashed lines and green lines show

rejection of the null hypothesis that SFDR-GSVI does not lead financial sector market prices. Data about stock prices are from Bloomberg, while
SFDR-GSVI data is retrieved from Google Trends.
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Fig. 7. Nonparametric causality in quantiles (Euro STOXX Ex-Financials)

Note(s): The test statistics of non-parametric causality are represented on the vertical axis and quantiles from 0.00 to 0.9 are on the horizontal axis.
The dashed black line represents test statistics, where the red thin dashed and dotted line represents the 10% critical value (CV) of 1.65 and the
green line represents 5% critical value (CV) of 1.96. Test statistic values between or above red thin dotted and dashed lines and green lines show
rejection of the null hypothesis that SFDR-GSVI does not lead financial sector market prices. Data about stock prices are from Bloomberg, while
SFDR-GSVI data is retrieved from Google Trends.

Table 4
Nonparametric granger causality test.
m=2 m= m=4

S&P Europe 350 Financials 2.37%* 2.41%* 2.51%*
MSCI Europe Financials 2.67%* 1.515* 1.495*
Euro STOXX Financials 1.786%* 1.763** 1.964**
Euro STOXX Banks 2.245%* 1.442* 1.526*
Euro STOXX Insurance 1.731%* 1.852%* 1.995**

Note(s): m denotes the embedding dimension.
" p <0.05.
“ 0.10 indicates the rejection of null hypothesis of no-causality.
Data about stock prices are from Bloomberg, while SFDR-GSVI data is retrieved from Google Trends.

and sub-industry indexes (Figs. 4d and 4e) confirm that investor attention to SFDR is a predictor for financial prices.

Second, we check the robustness of our findings using two different sets of keywords to identify the SFDR-GSVI® (Aslanidis et al.,
2022; Scott and Varian, 2014). Figs. 5a, 5b, and 5c show the null hypothesis is rejected in lower-middle quantiles, confirming that
SFDR-GSVI does lead European financial markets, while Fig. 5¢ shows that the null hypothesis is also rejected at upper quantile
(0.7-0.75). Lastly, Figs. 5d and 5e confirm the presence of causality in quantiles in the sub-sector indexes. The results related to the
single keyword “SFDR” also confirm the main findings.”

As a third robustness test, we control our results for week seasonality, following Reyes (2018). Prior studies indeed highlight the
GSVI weekly data may have a strong day-of-the-week seasonality (Campos et al., 2017; Monaco and Murgia, 2023; Reyes, 2018). The
robustness of seasonality confirms the presence of causality in quantiles (Fig. 6) validating our baseline results.

In addition, the nonparametric causality in quantiles on the alternative sample of Euro STOXX Ex-Financials reasonably confirms
no causal relationship between investor attention to SFDR and non-financial market actors, either for weekly or daily estimation
(Fig. 7a, 7b).

Finally, as a last battery of robustness checks, we employ nonparametric Granger causality test with embedding dimensions to

6 The first alternative set includes the keywords “Sustainable Finance Disclosure Regulation”, “SFDR”, “SFDR Regulations”, “SFDR sustainability”,
“SFDR ESG” (Figure 5), while in the second alternative set of keywords we consider only the keyword “SFDR”.
7 For reasons of brevity, results are available upon request.
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analyze the nonlinear causal association between SFDR-GSVI and financial markets (Table 4). The findings reveal that the null hy-
pothesis is rejected on all the embedding dimensions, supporting the validity of causality in quantiles technique.

4. Conclusion

Using a unique dataset and nonparametric causality in quantile, our study reveals that investor attention toward SFDR matters in
European financial equity price prediction. The results are robust to daily analysis, alternative measures of GSVI, day-of-the-week
seasonality robustness, alternative analysis on non-financial equity markets, and alternative model specifications.

First, our research offers novel insights into the stream of literature investigating the price relevance of investor attention toward
specific events and the nascent literature on sustainable finance regulation. Second, our findings have important implications for asset
managers and investors, suggesting the rebalancing of financial portfolios should consider investor attention toward sustainability
disclosure. Furthermore, the sensitivity at lower-middle quantiles suggests that regulation may mostly affect financial markets when
other negative conditions occur (e.g., geopolitical uncertainty or pandemic emergency).

Future research may expand the analysis of the link between investor attention and sustainable finance, by also considering other
regulations and sustainable financial markets. Similarly, future research may investigate whether SFDR positively or negatively affects
financial markets, since our research provides evidence of sensitivity, but not of the sign of the relationship, also over other exogenous
events.
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Appendix A
We used weekly SFDR-GSVI to empirically analyze the prediction power of investor attention on the European financial equity

markets. The SFDR-GSVI are explained by “y;’, and European equity index prices are explained by “X;”. According to Jeong et al.
(2012) the y; does not lead X, in the 6-quantile, considering the lag-vectors of {y: — 1, ..., ¥t — py Xt — 1, ..., X¢ _ p}if:

00 = yr|yz—17 ----7yr—p7Xr—l-, ---sz—p) :QG(}’r}’r—ls ----;}’r—p) (€D)]
In the 6-quantile X; possibly cause y; regarding{y; _ 1, ...., ¥t — p» Xt — 1, ..., X; — plif:
00 =yi|yrs e Vips Xicts oo Xip) # QO(VViot, ooy Vi) @

In Eq. (2) Q0 = () symbolizes 0-the quantile ofy,which is contingent on t, and the quantiles are bound among O or 1, i.e.,0 <0 < 1.

They: 1 =0t—1, -0 Ye—ph Xt -1 =Xt — 1, ..., Xt — p), Zt = (Xpy)vectors are defined to explain the causality-in-quantiles test.
Also, the conditional distribution, which is defined by Fy|y: — 1, O/ |¥e — 1), FyelZe — 1, /| Z¢ — 1), signifies the distribution function y;
and is conditioned on vectors Z; _ 1 and y; _ 1. Fy|Z¢ — 1, (ys|Z; — 1) is supposed to be entirely continuous in y; for all Z; _ ;.

We can construct Fy;|tZ; — 1{QO(Z; _ 1)|Z; _ 1} = 0 having a probability of 1 by denoting Q0(Z; — 1) = QO(y¢|Z; — 1), and Q0(y; — 1) =
QO(y¢|y: — 1)- Thus, the hypotheses that need to be tested based on Egs. (1) and 2 are given below.

Hy: P {Fy,\szl{QQ(yrfl)l Zr—l} = 9} =1 3)

H, : P{Fy|Z_1{00(y.—1)| Zi-1} = 0} < 1 “4)

Also, Jeong et al. (2012) used J = {&E(e|Z; — 1)Fz|Z; _ 1)}to measure the distance, where ¢, displays the error and function of
marginal density as represented byF,(Z; _ 1). The null hypothesis in Eq. (3) will be held as correct if E[1{y; < Q0(y; — 1)Z; — 1} = 0]or 1{y;
< Q¢ - 1)}] = 0 + &, where 1{'} is the indicator function and the Jeong et al. (2012) function is

7= E[{Frz. (0001)1Z1} ~0FF.(Z,0) ®)

A feasible kernel-based causality in quantiles test statistics for fixed 8-quantile can be represented as
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—~ 1 L Zit —Zoa\ ~ ~
J]-:mzz:s¢tl(( - )e,es 6)

t=p+1 s#P+1

Where “h” is bandwidth, t is the sample size, kernel function (.) and the lag order (p) is determined by Schwarz criterion (SIC). The
unknown regression error is represented by ¢, and is calculated by;

& =1{y, <000 1)} -0, @

where Qa(y[,l) calculates the 6-th conditional quantile of y, of y;.; and Qe(yt,l) is calculated through a nonparametric kernel approach
as given below.

~ ~-1

Q0(yi-1) = F,w\y,,l (Oyi-1) ®

?ytb/t—l (VtYt-1) is described as

Fygy (- = AR 7&} (=) ' .

Zs:p+l, :%IL (IVH ;y‘il)

Where L (.) is the Kernel function and h is the bandwidth based on gaussian kernels and least square cross-validation technique.
Also, based on Jeong et al. (2012) and Nishiyama et al.’s (2011) work, Balcilar et al. (2017) developed high order moment causality
in quantiles as mentioned below;

Hy: P {FY|Z_1{000yi-1)| Z—1} =0} =1, fork=1,2, 3,..K (10)
H, : P {2 {000y:-1)| Z-} =6} <1, fork=1,2,3,..K an

which summarize into y, does lead X, in the 6-quantile.
Using Eq. (10), we constructed the test statistic value of each k in Eq. (6) (Raza et al., 2022) using the sequential testing method,
which resolves the equal correlation issue of different test statistics.
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