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CONTAGIOUS INVESTOR SENTIMENTS AND THEIR VOLATILITIES

ASKAR KOSHOEV

Abstract. This study examines the cross-country relationships of investor sentiments. Dis-
coveries of linkages across fourteen developed and emerging markets provide evidence of in-
terdependencies. Employing CCI as a proxy for investor sentiments and ARIMA-EGARCH
models, this study has successfully captured multiple instances of spillover of sentiments and
volatilities. The results suggest that most markets have at least one-directional association
with another market by either spreading or being exposed to investor sentiments. Moreover,
the division of the sample into pre and post-global crisis periods suggests that the senti-
ments are becoming more contagious as technologies advance, leading to further integration
between the markets.

1. Introduction

The di¤erence between noise trading and investment decisions based on the fundamental
analysis is long-established and can be traced back to Benjamin Graham (1965). He noticed
that despite temporary deviations of stock prices from their intrinsic values as consequences
of irrational trading, in the long run, stocks tend to be valued according to the ability of the
issuer to generate cash �ow. Therefore, while rational investors try to identify stocks that
are undervalued or demonstrating appropriate returns and growth, noise traders make their
decisions based on less reliable methods, including recommendations from non-professionals,
beliefs, personal preferences, a chase of subjective patterns and trends in historical data (De
Long et al., 1990).
Various researchers attempted to explain the determinants and predictability of stock returns,

among which the two most widespread are the capital asset pricing model (CAPM) and Fama-
French�s three-factor model. The CAPM explains stock returns as an asset�s sensitivity to a
non-diversi�able risk and required rate of return for the use of money (risk-free) and market
risk. Among several assumptions to be held for this model to be applicable. Two of them, �All
investors are rational and risk-averse�and �All investors have homogeneous expectations,�are
the most disputable ones by supporters of behavioral �nance (e.g., Baker and Wurgler, 2006;
Brown and Cli¤, 2004). Fama and French (2004) advanced the CAPM model further and
observed size and value factors in addition to the systematic risk factor. However, their model
was seriously criticized even after they extended it by adding the other factors of pro�tability
and investments (Fama and French, 2014).
The behavioral aspect of stock valuation, which assumes temporary stock prices deviation

from their values estimated based on the fundamental analysis, was the beginning of multiple
studies which have revealed a signi�cant impact of investor sentiments on the stock returns
(Campbell and Shiller, 1988; Baker and Wurgler, 2006; Brown, 1999; Brown and Cli¤, 2004;
Lemmon and Portniaguina, 2006; Schmeling, 2009; Zweig, 1973). Currently, there is still no
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exact de�nition of investor sentiments. Still, scrutinizing the de�nitions and explanations of
numerous authors, one may conclude that investor sentiments are related to the decisions made
by investors based on factors that are not considered rational.
Aside from ine¢ ciencies caused by asset misevaluation, investors may analyze sentiments

at other international markets when considering trading decisions. Few scholars (Bai, 2014;
Hudson and Green, 2015; Verma and Soydemir, 2006) have established that sentiments in the
US market signi�cantly impact the sentiments in the UK market. If it is true, then what other
markets may have these interdependencies? This article aims to investigate these connections
between various markets and establish the direction of the sentiments. The research examines
the spillover of sentiments and their volatilities using a sample of fourteen markets, which can
be described as representative of their geographical regions.
The outcomes of this study can be helpful in charting the map of the inter-market depen-

dencies. As multiple scholars provide evidence that investor sentiments can play a key role in
asset valuation and, at the extreme, can lead to the formation of �nancial bubbles, it is vital to
determine all sources of these sentiments. Although this study does not investigate a complete
list of potential sources of investor sentiments, it sheds light on the impact of sentiments from
other markets. Moreover, considering the continuous market integration process, the role of
foreign markets may have greater importance with time.
A clear understanding of which markets are importers and which are exporters of the investor

sentiments can be valuable information for investors as a market susceptible to sentiments of
foreign investors should imply additional risk. Asset pricing should include this factor to involve
added returns as compensation for bearing this risk. With awareness of which markets are
closely linked in sentiments spillover, policymakers can design tools to mitigate the volatilities of
investor sentiments in the local markets while tracking the consequences of market interrelations.
The impact of this research on the contemporary literature with the contradictory conclusions
discussed in the following sections supports the theory that investor sentiments in the various
markets can play a signi�cant role in the other markets. Another major contribution of this
study is broadening the range of markets under investigation on the global scale and examining
cross-relationships between investment environments.
The rest of the article is organized as follows: Section 2 reviews the recent �ndings of the

relevant literature and discusses the gaps which potentially can be �lled by the current research
outcomes; Section 3 discusses the methodology and sample used in the research; Section 4
examines the spillover e¤ects within the past 20 years; Section 5 examines the changes after
global �nancial crises of 2008 and an association of economic development and size factors
to the sentiments spillovers; Section 6 concludes the paper and discusses the limitations and
recommendations for further research. Finally, the list of references �nalizes the paper.

2. Literature review

Most studies related to investor sentiments examine the impact of investor sentiments on
future stock returns. It was repeatedly documented that the investor sentiments and future
returns are negatively correlated, implying that optimism (pessimism) in stock valuations is
associated with the negative (positive) future stock returns (Baker and Wurgler, 2006; Brown
and Cli¤, 2004). Schmeling (2009) supported his �ndings by examining eighteen countries to
examine if this phenomenon holds globally. His further analysis showed that the e¤ect of the
sentiment di¤ered from country to country. For example, the impact of the sentiments on stock
returns was higher for countries with less market integrity and was culturally more prone to
herd-like behavior and overreaction.
Froot et al. (2001) found evidence that cross-border stock trading �ows re�ect shifts in

investor sentiments with respect to foreign markets, a¤ecting asset prices. This phenomenon
supports the results of earlier research by Grinblatt and Keloharju (2000), who found that
foreign investor �ows impact share prices. Investigation of relationships between the markets
may clarify which markets cause these shifts and which markets are being a¤ected by them.
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Further analysis of the spillover e¤ect of investor sentiments volatilities will reveal which markets
cause signi�cant �uctuations in investors�perceptions regarding stock valuations.
Barberis and Shleifer (2003) argue that herding may occur in subsectors of the equity uni-

verse, irrespective of the general market. If sentiment fragmentation is possible within a market,
it may be possible on a larger scale. For example, sentiments in one country may di¤er from
those in the rest of the world. Grossmann et al. (2007) conducted research based on the sample
of the �rms cross-listed in the US stock market through the American Depositary Receipts
(ADRs). According to the law of one price, the valuation of the same stocks across di¤erent
markets should be close to zero. Although, they found that the price of the ADRs and the
underlying asset�s price are more responsive to the US consumer sentiments than the country�s
sentiments from where the underlying asset originates. What are potential reasons for the
US market to a¤ect other markets, and does any other market have a similar trait? Current
research examines a few factors that may hint at this phenomenon.
Bai (2014) conducted closely related research, investigating the relationship between investor

sentiments on eight major European stock markets and the returns of respective stock indices. In
addition to supporting an earlier established connection of sentiments and following returns, he
found that investor sentiments are contiguous, but their impact is not constant. By dividing the
sample into the periods preceding the global �nancial crisis and following it, he has established
that US sentiments signi�cantly in�uenced the sample markets. However, this in�uence lost
its e¤ect after the crisis. The UK market was the only country from his sample a¤ected by
US sentiments. It is consistent with the �ndings of Verma and Soydemir (2006) that US
investors�sentiments signi�cantly impact the UK stock returns. Similar results were stated by
Hudson and Green (2015), who con�rmed a signi�cant relationship between the US investor
sentiments and the UK stock returns and, using the Granger causality test, found that the UK
sentiments are caused by the US sentiments and not the opposite. Furthermore, the inclusion
of sentiments of both countries into the same regression revealed that domestic sentiments have
become irrelevant while the US sentiments signi�cantly a¤ect the UK stock returns.
In their recent study, Bathia et al. (2016) contradicted the abovementioned outcomes. They

argue that the sentiments of US investors do not play any role in determining the stock returns
of any member of the Group of Seven (G7). Further analyzing the outcomes, they concluded
that sentiments spillovers are not linked to trade interdependencies between G7 countries. They
employed the sentiment index constructed by Baker and Wurgler. They discovered that the
index has signi�cant explanatory power on G7 stock returns, and one standard deviation of
sentiment shock increases the stock returns by an average of 2.77%. These contradictive stud-
ies prove that investor sentiment spillovers are still inconclusive and uncharted, and further
investigation is appropriate.

3. Methodology

3.1. Sentiments measurement. Numerous scholars continuously mention that the signi�cant
discrepancies between multiple studies are based on the di¢ culty of sentiment measurement.
Earlier researchers employed various market information, such as the di¤erence between market
price and net asset value of closed-end funds (e.g., Lee et al., 1991; Swaminathan, 1996; Zweig,
1973), closed-end funds price volatility (Brown, 1999), traded stocks turnover ratio (Baker and
Stein, 2004). The second generation of investor sentiments was represented by complex indices
based on the �rst principal component of several indicators containing investor sentiments
(Baker and Wurgler, 2006; Brown and Cli¤, 2004). While many acknowledged this approach,
scholars agreed that the components comprising the US investor sentiment index might not be
suitable for other markets (Seok et al., 2018). This fact is essential for the current research as
it is vital to measure di¤erent markets using the same ruler. Furthermore, it is essential to use
as a proxy for sentiments only those indicators that are not inconsistent from market to market
due to di¤erences in business legislation, investment culture, and market development.
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Among many sentiment indices constructed by various scholars following Baker and Wurgler
(2006) and Brown and Cli¤ (2004), most are based on the components common to the majority.
A closed-end fund discount rate is assumed to capture investor sentiments as investors�prospects
can deviate from the fund�s net asset values. It might not be the case for countries without
fully functioning closed-end funds. A turnover ratio of traded stocks has also been expected to
capture investor sentiments as optimistic or pessimistic investors tend to increase their trading
rather than in cases of indi¤erence. Same as with the previous proxy, the turnover ratio is
inappropriate for emerging markets that rapidly increase the trading volumes as to the source
of capital budgeting and developing stock trading infrastructure. Even Baker and Wurgler�s
sentiment index1 does not include turnover ratio anymore. They explain it as an outcome of
the explosion of high-frequency institutional trading and trading migration to various venues.
The number of initial public o¤erings is not included for the same reasons as the turnover

ratio. Finally, the equity share is expected to be higher when the market is bullish, and managers
successfully take advantage of it by increasing the proportion of equity over debt. In contrast,
the opposite is expected during a bearish market. This proxy cannot be utilized on a global
scale study because each country�s regulations related to the stock issuance are di¤erent. The
managers in di¤erent countries have signi�cantly less freedom in controlling sources of capital
and their amounts. In addition, complications related to con�rmation with a board of directors
or even shareholders and timing issues make this indicator not applicable as the proxy of global
sentiments.
The di¢ culties in using proxies of investors�sentiments lie in immense di¤erences from one

country to another, a¤ecting the proxies unequally. The answer to the problem might involve
the employment of a direct proxy represented by an index constructed by a single institution
based on a periodical survey. For example, Verma and Soydemir (2006), in their study of US
sentiments� impact on the US and the UK stock returns, used the American Association of
Individual Investors�survey as a proxy for investor sentiments. In a similar study, Grossmann
et al. (2007) found a solution to the problem by choosing a proxy that was calculated similarly
across a sample. Using the sample of the US, Australia, and several members of the European
Union, they combined three consumer sentiment surveys conducted by the University of Michi-
gan, University of Melbourne, and the European Commission, respectively. Current research
uses a similar approach in investigating spillover e¤ects between the markets and employs a
Consumer Con�dence Index (CCI) designed by the Organization for Economic Co-operation
and Development (OECD). As indicated on the OECD�s o¢ cial website: �CCI provides an
indication of future developments of households�consumption and saving, based upon answers
regarding their expected �nancial situation, their sentiment about the general economic sit-
uation, unemployment and capability of savings.�2 Therefore, collecting the survey data by
a single organization using a single index estimation method is an opportunity to investigate
sentiments spillovers between the sample markets.
Before using the CCI as the sentiments proxy, the series were tested to represent investor

sentiments rather than households�sentiments. The previous studies aimed to �nd a signi�cant
impact of investor sentiments or its proxy on future stock returns. To test if the CCI has any
e¤ect on the stock returns, the CCI was regressed on total returns on respective stock indices of
each country3. As demonstrated in Table 1, the linear regression results are similar to previous
scholars��ndings (Baker and Wurgler, 2006; Brown and Cli¤, 2004; Schmeling, 2009). The CCI
indeed has a signi�cantly negative association with the returns on stock indices�. The further
analysis establishes a lasting e¤ect to remain up to �fteen lags of the CCI. Figure 1 illustrates

1The �le with the data and de�nitions were accessible on Je¤rey Wurgler�s website
(http://people.stern.nyu.edu/jwurgler/).

2https://data.oecd.org/leadind/consumer-con�dence-index-cci.htm.
3The criteria for stock market index selection based on representativeness of as many stocks of respective

market as possible, concurrently having long and available data. Monthly data on each stock index was obtained
through �nance.yahoo.com and investing.com.
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the CCI of US consumers and returns on the S&P 500 Index. As another approach to assess the
ability of the CCI to serve as the proxy for investor sentiments, the CCI series of US consumers
were tested for the correlation with Baker and Wurgler�s sentiment index. From January 1992
to September 2015, the correlation coe¢ cient is 0.399.

Figure 1. CCI and returns on S&P 500 Index

3.2. Data. The data was collected through the OECD database on the o¢ cial website. A
methodology of polling information and further analysis which leads to an estimation of the
sentiment index should be identical. Otherwise, empirical results may be skewed depending on
the approach. For example, past researchers depended on the University of Michigan Consumer
Sentiment Index. However, this is not an alternative in this case because the indicator is
designed to measure consumer con�dence only in the US.
The sample covers the period from January 1997 to June 2018 and comprises countries rep-

resenting their region. Priority was given to emerging markets that can be representative of
their regions. The selection was based on the World Federation of Exchanges�monthly reports
by April 2018. North America is represented by the United States of America (USA); South
America by Brazil (BRA). There are several representatives of Europe because of belonging
to di¤erent stages of development or represent di¤erent stock exchange networks. The United
Kingdom (GBR) was added to the sample to be tested if it had a positive unilateral spillover
with the US sentiments (Hudson and Green, 2015) or has not (Bathia et al., 2016). Excluding
GBR, Europe is dominated by two stock exchanges based in Germany (DEU) and Nether-
land (NLD), representing Deutsche Börse and the Euronext group, respectively. Following
Bai (2014), Hungary (HUN) and Poland (POL) were chosen to represent emerging European
markets of di¤erent scales. Africa is represented by South Africa (ZAF). There are several
representatives from Asia, either. The rapidly emerging market of China (CHN) has become a
center of interest among many scholars as the integration with global markets is passing through
slow phases. Despite being controlled by the government, it has encountered multiple internal
sentiment outbreaks in the recent past. Other Asian markets, Japan (JPN) and South Korea
(KOR), are representatives of developed Asia. Developing Asia is represented by Indonesia
(IDN) and Turkey (TUR), the rapidity of growth and distance from each other cause interest
in investigating the source of sentiments spillovers. IDN also represents the Southeast Asian
economic bloc countries known as ASEAN. Finally, Australia (AUS) represented its region and
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included to reveal if the geographical closeness to its Asian partners or cultural relationships
with historical origins substantially impacts the sentiments.

3.3. Model. This research deploys the Autoregressive moving average Exponential generalized
autoregressive conditional heteroscedasticity (ARMA-EGARCH) model to identify the spillover
e¤ect of sentiments between the countries. The results for some series of the serial correlation
Breusch-Godfrey Lagrange multiplier (LM) test were insu¢ cient to reject the null hypothesis
of autocorrelation for each series. In those cases, ARIMA-EGARCH models were employed.
The spillover e¤ect of the sentiments is computed in the following way:

SentiEi;t = �0 +

gX
i=1

�1;iSenti
E
i;t�1 + �2Senti

A
i:t�1 + "

E
i;t +

sX
i=1

�i"
E
i;t�i + �3h

E
i;t (1)

log
�
hE

2

i;t

�
= 
0 +

qX
i=1

 
ai

����� "Ei;t�ihEi;t�i

�����+ �i
����� "Ei;t�ihEi;t�i

�����
!
+

pX
i=1

 ilog
�
hE

2

i;t

�
+ 
1"

A2

i;t�1; (2)

"ei;t j  t�1 � N
�
0; hE

2

i;t

�
SentiAi:t = �0 +

gX
i=1

�1;iSenti
A
i;t�1 + �2Senti

E
i;t�1 + "

A
i;t +

sX
i=1

!i"
A
i;t�i + �3h

A
i;t (3)

log
�
hA

2

i;t

�
= b0 +

qX
i=1

 
bi

����� "Ai;t�ihAi;t�i

�����+ �i
����� "Ai;t�ihAi;t�i

�����
!
+

pX
i=1

�ilog
�
hA

2

i;t�1

�
+ b1"

E2

i;t�1; (4)

"Ai;t j  t�1 � N
�
0; hA

2

i;t

�
where SentiEi;t represent sentiments of a country and SentiAi:t represents sentiments of an-

other country at the time t; �3h
A
i;t and �3h

E
i;t are conditional variances; "

A
i;t and "

E

i;t
are

residuals terms.
Pg

i=1 �1Senti
E
i;t�1and

Pg
i=1 �1Senti

A
i;t�1 are the sentiment indices with a

higher order of autoregressive processes (AR).
Ps

i=1�i"
E
i;t�iand

Ps
i=1 !i"

A
i;t�iare the senti-

ment indices with a higher order of moving average (MA) processes.
Pp

i=1 ilog
�
hE

2

i;t�1

�
andPp

i=1 ilog
�
hA

2

i;t�1

�
are associated with p-order of conditional heteroscedasticity of GARCH

term.
Pq

i=1

�
ai

���� "Ei;t�ihEi;t�i

����+ i

���� "Ei;t�ihEi;t�i

����� and
Pq

i=1

�
bi

���� "Ai;t�ihAi;t�i

����+ i

���� "Ai;t�ihAi;t�i

����� are associated with q-
order of conditional heteroscedasticity of ARCH term.  t�1- denotes all available information
at time t� 1.
The method assumes the null hypothesis H0; which states that a sequence has no spillover e¤ects
of sentiments (�2 = 0; �2 = 0) while the alternative hypothesis H1 states that a sequence has
a spillover e¤ect of sentiments (�2 6= 0; �2 6= 0). Signi�cantly di¤erent from zero �2, �2 will
indicate that the lagged sentiments of one market a¤ect to sentiments of another market.
Spillover e¤ects of sentiments volatility can be captured similarly. The null hypothesis H0
asserts that a sequence has no spillover e¤ects of volatility (
1 = 0; b1 = 0) against alternative
hypothesis H1; which claims that a sequence has the spillover e¤ects of volatility (
1 6= 0; b1 6=
0).

3.4. Descriptive statistics and the ADF test. Descriptive statistics of the CCI series for
respective countries are presented in Table 2. According to the de�nition of the CCI by the
OECD, �the CCI is based on households�plans for major purchases and their economic situa-
tion, both currently and their expectations for the immediate future. Opinions compared to a
�normal�state are collected, and the di¤erence between positive and negative answers provides
a qualitative index on economic conditions.�The normal state is 100. As shown in Table 2,
most of the series�means are above or equal to 100, except CHN and JPN, for which households
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are rather pessimistic about economic prospects. The most optimistic countries are GBR and
NLD, with a mean CCI of 100.4. The deviations from the mean sentiments volatility are highest
for the series of TUR (SD 3.02), followed by CHN (1.73). The most sentimentally stable series
appeared to be IDN (0.37), followed by its geographical neighbor AUS (0.81). The results of the
Jarque-Bera test suggest that all series, except for AUS and KOR, are non-normally distributed.
The next step involves testing the series to con�rm stationarity using the Augmented Dickey-

Fuller (ADF) test. Half of the series, including BRA, CHN, GBR, IDN, POL, USA, and ZAF,
was insu¢ cient to reject the null hypothesis and was required to run the test using the series��rst
di¤erences iteratively. As noted in the middle section of Table 2, all series reached stationarity
and will be used in these forms in further analysis. The number of observations for each series
is demonstrated in the bottom row of the table. Most of the series comprises approximately
258 months of observations, while TUR has only 174.
Table 3 demonstrates correlations of the sentiments of respected countries. In support of

Hudson and Green�s (2015) �ndings, the strongest positive correlation observable (0.723) is
between the markets of the USA and GBR. The second highest correlation coe¢ cient is between
POL and NLD (0.715). The most negative correlation is between the USA and BRA (-0.658).
Measured by a similar methodology as standard deviation, a square root of a sum of squares
shown at the bottom of the table, NLD and USA are the leaders by the correlations positions.
The country with the least correlations is KOR.

4. Spillover of sentiments and their volatilities.

The results of ARMA/ARIMA-EGARCH are shown in Table 4. The table is divided into
sections linked to each country�s CCI as the dependent variable. Further, each series of CCI
as the dependent variable was regressed on the �rst-lag term of CCI of other markets as the
explanatory variable and indicated on the �rst row of each section. The second row signi�es the
p-value of the coe¢ cients. Depending on the stationarity of each series, the ARMA (ARIMA)
models were employed with p,q (p,d,q) properties selected according to the lowest value of the
Akaike info criterion and speci�ed on the third row. Finally, the sections are �nalized by an
adjusted r-squared of each subsequent regression and the results of ARCH-LM tests verifying
an absence of the ARCH e¤ect.
Figure 2 demonstrates cross-market relationships where only signi�cant associations are de-

picted. Overall, the models have successfully captured 41 spillover e¤ects. The series with the
most spillover e¤ects belong to DEU with �ve signi�cant coe¢ cients. In contrast, the series
a¤ected mostly by sentiments from other countries are NLD and POL, with �ve connections
each. The series with the minimum number of spillover e¤ects on or from the other countries�
sentiments is BRA. The results support Hudson and Green (2015) with signi�cantly positive
sentiments spillover from the USA to GBR while contradicting the outcomes of Bathia et al.
(2016). Interestingly, AUS illustrates that geographical ties prevail over cultural bonds by be-
ing a¤ected only by neighboring Asian markets. Other markets do not demonstrate such an
extensive geographical factor.
While most spillover e¤ects are unilateral, implying only a one-way in�uence of sentiments

from country to country, there are some instances of bilateral spillovers. For example, AUS
with CHN, and AUS with TUR have a positive bilateral connection of their sentiments. An
asymmetric relationship is observable between CHN, which has a negative spillover on NLD,
and NLD, positively a¤ecting CHN. KOR and IDN have bilateral negative sentiments spillover,
implying competition for investors�capital.
The study employs ARMA/ARIMA-EGARCH to investigate if the markets have spillover

e¤ects of sentiment volatility, as demonstrated in equations 2 and 4. Compared with senti-
ments spillover, which investigates only the association of sentiments between two markets,
this examination may reveal if growing uncertainty in one market may be contagious to others,
as it usually happens during turbulent periods. Analysis of the results, presented in Table 5,
reveals several facts. First, out of 182 market pairs examined, only 37 are signi�cant. Second,
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by the number of signi�cant volatility spillover and spreading uncertainty, the top two markets
are HUN and POL (six connections each). CHN, on the contrary, keeps internal sentiments
preserved. The opposite reaction CHN demonstrates for the volatilities of external sentiments,
sharing the top rank with KOR (four connections each). Countries demonstrating resistance to
external instabilities of sentiments are DEU and ZAF (one connection each). Bilateral volatility
spillovers have been veri�ed between HUN and GBR, HUN and IDN, GBR and KOR, GBR
and POL, POL and USA, TUR and ZAF.

Figure 2. Sentiments Spillover across the Markets
The diagram demonstrates the spillover of investor sentiments over the markets. All sig-

ni�cant coe¢ cients are disclosed in the boxes near their corresponding arrows, indicating the
directions of the spillover e¤ect. All zeros before the decimal points are omitted for aesthetic
purposes.

5. Additional conditions

Hudson and Green (2015) established that sentiments are less deterministic of stock returns
during crises than before or after. Their explanation suggests that stock prices return to their
fundamentals during �nancial crises. Signi�cant negative returns and elevated volatility char-
acterize these periods. Similarly, Bai (2014) divided his sample into pre-crisis, before August
2007, and after. His �ndings revealed that the global �nancial crisis signi�cantly adjusted
sentiment associations between the markets, especially the impact of US sentiments on the sen-
timents of major European markets. In order to test these alterations, the sample is reduced
to observations after the global crisis of 2008. According to the information publicized by the
US National Bureau of Economic Research, the US stock market stabilized by June 2009.
The results, demonstrated in Table 6, reveal the progression of sentiments spillover, 41

signi�cant pairs in the whole sample against 45 in the newly formed subsample, which may
be the outcome of the global crisis. Another possible explanation might include a signi�cant
development of information technologies, including the Internet, social networks, professional
networks, and other means of sharing personal views and opinions, spreading sentiments across
countries. DEU remains the leader of sentiments exporters with six signi�cant spillovers, while
the leader of importers is IDN, with the equivalent number of statistically signi�cant spillover
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coe¢ cients. CHN and TUR decreased their susceptibility to external sentiments (one connection
each). On the side of the independent series, BRA does not have any signi�cant spillover.
Nevertheless, based on the overall growth of signi�cant spillovers and the changes in the patterns
of sentiments spillovers, it can be deduced that sentiments are becoming more contagious over
time.
Further examination of sentiments spillover involves the full sample to be tested if the de-

veloped (larger) countries prevail at spreading/exporting sentiments while developing (smaller)
are more prone to be a¤ected by external sentiments. Unfortunately, the sample size does not
allow performing complicated statistical tests, which leaves no choice but to divide the sample
and compare the di¤erences manually. Although this might not lead to conclusive outcomes,
it can serve as a general indicator of the relationships between the factors and investor senti-
ments. Countries�development levels are divided according to the World Bank�s Atlas method
of economies classi�cation. Using the data of 2017, World Bank considers economies to be
classi�ed as high-income if the GNI per capita exceeds 12�055 US dollars. The sample consists
of nine developed markets and �ve developing. According to the statistics shown in Table 7,
markets classi�ed as developed have, on average, more signi�cant sentiments spillovers to the
other markets (sentiments exporters) than being a¤ected by the sentiments of the other markets
(sentiments importers). The opposite relationship is observable in developing markets, with an
average number of sentiment imports exceeding sentiment exports.
Another section of Table 7 demonstrates the sample separation by the size of a market

measured by the countries�gross GDP. Economies with a GDP above or equal to the median
are considered �Large,�the remaining marked as �Lesser.�It is worth noticing that the sample
consists of the markets large enough to represent the region and does not include economies
to be classi�ed as small. The smallest economy of the sample is Hungary, with a GDP of 139
billion USD, while the median is 1.427 trillion USD. Results of the sample separation suggest
that the large economies tend to be exporters of sentiments, while the non-large economies
are sentiments importers. Finally, economic development and size factors are combined to
investigate which factor dominates the sentiments of imports/exports. The numbers suggest
that despite the size of an economy, market development is a key factor of an economy prevailing
at spreading internal sentiments or being prone to external sentiments.

6. Conclusions and Study Limitations

This study investigates the relationships of sentiments among various countries around the
globe. The study has successfully captured several investment spillover e¤ects and the spillover
e¤ect of sentiments volatilities by employing a sample of fourteen major stock markets represent-
ing their geographical regions and development level. Overall the full sample was tested for 182
sentiments spillovers, and an equal amount of regressions were run to investigate the spillover
e¤ects of sentiments volatilities. The results provide evidence that unilateral (one-directional)
spillover e¤ects and positively bilateral, asymmetric bilateral, and negatively bilateral senti-
ments spillovers exist, triggering an interest in reasoning these uncommon relationships.
The outcomes of this study allow for charting a map that demonstrates currents of investor

sentiments across the fourteen major stock markets around the globe. As Hudson and Green
(2015) demonstrated, investor sentiments factor of foreign origin might dominate over domestic
sentiments. Therefore, the established cross-relationships between various international markets
may be useful for future research that employs multifactor models explaining the variance of
stock returns.
Further analysis of the sentiments spillover revealed that the number of signi�cant senti-

ments spillovers increased after the global �nancial crisis of 2008, implying that sentiments are
becoming more contagious with the technological advances and globalization processes. Divi-
sion of the sample into two subsamples of developed and emerging markets, large and lesser
economies, revealed that developed economies export sentiments to the other markets while
emerging economies, on the contrary, are mostly a¤ected by external sentiments rather than
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spreading sentiments to other markets. Similarly, large economies tend to have more contagious
internal sentiments than external ones. Although, this relationship is inverse for the smaller
economies. A combination of both factors revealed that the market development factor overlaps
the size factor in determining if a market is prevailing at exporting sentiments over importing.
Unfortunately, there was not enough accessible data to perform empirical analysis based on

complex investor sentiments indices similar to those proposed by Baker and Wurgler (2006).
Therefore, the only indicator with a common estimation methodology was the CCI, which
represents the sentiments of households. However, the comparison with the Baker and Wurgler�s
sentiments index shows that CCI has a signi�cant correlation with the latter. Furthermore, a
linear regression performed to test the relationship of CCI with current and future stock returns
demonstrated similar results to the �ndings of the prior studies (Brown and Cli¤, 2004; Baker
and Wurgler, 2006; Schmeling, 2009). Therefore, considering CCI�s positive correlation with
investor sentiments and negative correlation with future stock returns, it is considered that CCI
is capable of serving as a proxy for investor sentiments.
It is motivating to see future research outcomes which test the relationships based on the

larger sample and uses a complex sentiment proxy involving discrepancies between fundamental
and market valuations.
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7. Appendix: Tables

Table 1. OLS results for stock indices
being regressed on CCI

SENTI IRET p-value
CCI -0.00118* 0.0996

CCI(t�1) -0.00201*** 0.0051
CCI(t�2) -0.00291*** 0.0000
CCI(t�3) -0.00342*** 0.0000
CCI(t�4) -0.00328*** 0.0000
CCI(t�5) -0.00311*** 0.0000
CCI(t�6) -0.00287*** 0.0001
CCI(t�7) -0.00268*** 0.0002
CCI(t�8) -0.00235*** 0.0010
CCI(t�9) -0.00252*** 0.0004
CCI(t�10) -0.00271*** 0.0002
CCI(t�11) -0.00295*** 0.0000
CCI(t�12) -0.00277*** 0.0001
CCI(t�18) -0.00098 0.1614
CCI(t�24) -0.00061** 0.3846

This table demonstrates the results of the OLS model. SENTI is employed as an independent variable
and IRET (total returns on the broad stock market index) as a dependent. Therefore, SENTI

signi�es monthly CCI and IRET returns on a representative stock index.
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The upper section of the table provides information about variables�descriptive statistics and the
Jarque-Bera test for normal distribution. The middle section demonstrates the Augmented

Dickey-Fuller (ADF) test for the stationarity of each series. If the results of the ADF test fail to
reject the null hypothesis (H0: series are non-stationary), then a repetitive test for the �rst di¤erence
was conducted and indicated on the second row of the middle section. Finally, the bottom section

displays the number of observations for each series.
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The upper section of the table provides information about correlations between the series. The
bottom row is designed to compare gross correlations by each country. The measurement is calculated

similarly to the standard deviation, the square root of the sum of squares.
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This table demonstrates the results of the ARIMA-EGARCH model. One section represents a series
of one country. Each column denotes the lagged term of CCI for the respective country as the

explanatory variable. If the coe¢ cient (�rst row of each section) is signi�cant (p-values are indicated
on sections�second rows), then the explanatory country has a sentiments spillover e¤ect on the

sentiments of a dependent country. The third and fourth rows display the number of observations and
adjusted R2. The �nal row expresses the p-values of the Lagrange multiplier test for autoregressive
conditional heteroscedasticity in the residuals. *, **, *** - indicate signi�cance at 10 %, 5%, and 1%

respectively.
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This table summarizes the regression results of ARMA/ARIMA-EGARCH models, which were
conducted similarly to the models in table 4. The residuals of single CCI models were used as

variance regressors of the CCI model of another country. Each explanatory variable has a pre�x �R,�
symbolizing the residual term. Only signi�cant coe¢ cients are presented. Not shown results specify
no ARCH E¤ect, based on the Chi-square of the ARCH-LM test, ARMA/ARIMA order, and AIC
score. One may send an email to the corresponding author for the extended table. *, **, *** -

indicate signi�cance at 10%, 5%, and 1% respectively.
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This table demonstrates the results of the ARIMA-EGARCH model with the sample from
June 2009 to the most recent available. Each column denotes the lagged term of CCI for
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the respective country as the explanatory variable. If the coe¢ cient is signi�cant, then the
explanatory country has a spillover e¤ect on a dependent country�s sentiments. Only signi�cant
coe¢ cients are presented. Non-indicated results imply no ARCH E¤ect, based on the Chi-square
of the ARCH-LM test, ARMA/ARIMA order, and AIC score. One may send an email to the
corresponding author for the extended table. *, **, *** - indicate signi�cance at 10%, 5%, and
1% respectively.
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Table 7. E¤ect of Economies�Development
and Size on the Sentiments

Panel A. Division of the Full Sample into the Subsamples
Import Export GDP Development Size

AUS 4 4 1�323�421 DEV LESSER
BRA 1 1 2�055�506 EMG LARGE
CHN 3 4 12�237�700 EMG LARGE
DEU 1 5 3�677�439 DEV LARGE
HUN 2 2 139�135 DEV LESSER
GBR 3 3 2�622�434 DEV LARGE
IDN 3 3 1�015�539 EMG LESSER
JPN 2 4 4�872�137 DEV LARGE
KOR 2 4 1�530�751 DEV LARGE
NLD 5 3 826�200 DEV LESSER
POL 5 2 524�510 DEV LESSER
TUR 4 1 851�102 EMG LESSER
USA 4 3 19�390�604 DEV LARGE
ZAF 2 2 349�419 EMG LESSER

Panel B. Subsamples and their means
DEV 3.11 3.33 58(28/30)
EMG 2.60 2.20 24(13/11)
LARGE 2.29 3.43 40(16/24)
LESSER 3.57 2.43 42(25/17)

DEV-LARGE 2.40 3.80 31(12/29)
DEV-LESSER 2.00 2.50 9(4/5)
EMG-LARGE 4.00 2.75 27(16/11)
EMG-LESSER 3.00 2.00 15(9/6)

Panel A shows the number of sentiments spillovers from the other markets (Import), signif-
icant sentiments spillover on the other markets of the full sample (Export), GDP according to
the data of the World Bank by the end of 2017, division of the sample to the markets with
high-income economies according to the Atlas method of the World Bank (DEV �developed;
EMG �emerging), and division according to the median (US$ 1�427�086) of the GDP (Large
>= Median; Lesser < Median). Panel B demonstrates a mean average of the spillover e¤ects
and several instances (total instances for a subsample; import/export instances).



CONTAGIOUS INVESTOR SENTIMENTS AND THEIR VOLATILITIES 81

Figure 2. Sentiments Spillover across the Markets
The diagram demonstrates the spillover of investor sentiments over the markets. All signi�cant

coe¢ cients are disclosed in the boxes near their corresponding arrows, indicating the directions of the
spillover e¤ect. All zeros before the decimal points are omitted for readability purposes.




