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Stock Market Correlations and the Business Sentimen ts:
Evidence from the US and Germany

Ruzhao GAO* —Bing ZHANG** —Haifei LIU***

Abstract

W& analyse the correlations between the US and German stock markets and
study the influences of the US and German business sentiments on the correla-
tions. On the whole, high US business sentiment increases the correlations, while
low US business sentiment decreases the correlations. However, the German
business sentiment has virtually no influence on the correlations. The correla-
tions are joint positive-type asymmetric, although the asymmetry is not statisti-
cally significant. Both the asymmetry in the correlations and the influences of
the business sentiments on the correlations had structural breaks caused by the
advent of the Euro and the recent financial crisis.
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Introduction

With the development of globalization, the relatbip among markets is
becoming increasingly important, including the etations between different
stock markets (see, e.g., Li and Zou, 2008). Wedl known that the US and the
European Union play very important roles in globabnomic affairs. Germany
is the largest economy in European Union, and ¥ @ccounted for more than
one-fifth of the whole European Union’s GDP in 20G&rmany is also the most
populous country in the European Union. Hence,Gleeman economy deeply
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influences the entire Eurozone. Therefore, we ohdlbe US and German stock
markets for our investigation.

In this paper, we mainly address two problemsstFive detect the asym-
metry in the correlations between the US and Gerstaok markets. Suppose
that the US and German stock markets simultaneaeslgive news, such as
policy resulting in a decline in the stock marketsie US is a typical mar-
ket-based country (Lee, 2012; Levine, 2002), aeduB stock market will react
to the news. However, Germany is a bank-based polbée, 2012; Levine,
2002), which is more clear in the early years. €ffect of the news may be
principally absorbed by the banks and not by tlekstmarket. If so, the news
will affect the correlations mainly through the Wtéck market. However, there
is another possibility. In recent years, Germany lecome more market-based
than ever, and the two economies are more closgipacted. In this situation,
the simultaneously received news will affect therelations through the two
markets. If this occurs, for good news, the govesminwill typically leave things
as they are. For bad news, the government may mékeentions. Hence, the
effects of the good news on the correlations ovefmtthe bad news of the same
magnitude, which is called “joint-positive asymny&tfLi, 2011)} In this paper,
the data will uncover the truth.

Second, we examine how business sentiments i$and Germany affect
the correlations between the US and German stocketsa Business sentiment
is a leading economic indicator (Entorf, Gross &teiner, 2012) that can affect
investors’ behaviours and further influence thefgremnances of the stock mar-
kets. The US is the most economically influent@liatry in the world, while the
German economy is a small open economy. As Nikkaash Sahlstrom (2004)
stated, the US macroeconomic news announcementskable sources of in-
formation on German stock markets, while domestiwsireleases in Germany
seem to be unimportant. Hence, we insist that tBebusiness sentiment has
a more important influence on the correlations leetwthe US and German
stock markets, even dominating the correlationslen@erman business senti-
ment has little impact on the correlations. Higlsibass sentiment can trigger
investors’ enthusiasm for stocks. Therefore, high husiness sentiment will
promote the two markets to be more bullish, leading rise in the correlations.
In the low US business sentiment situation, theegoment may not just stay
out of the market, and German banks may absorb ofaste bad information
for its bank-based financial system. Thus, the eotion between the two stock

1 If the effects of the bad news on the correlatiomsrwhelm the good news of the same
magnitude, it is joint-negative asymmetric. If thifects of the bad news on the correlations are
equal to the good news of the same magnitudesitriiametric (Li, 2011).
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markets in the different countries will be weakkdence, the consequence of low
US business sentiment results in a decline in dheelations.

The influences of business sentiments on the lediwas between the US and
German stock markets can also be interpreted asvbArguably, high business
sentiment often corresponds to a bullish stock etarnkhile low business sen-
timent is often consistent with a bearish stock kearNoise traders or retail
traders are prone to be more active in bullishkstoarkets than in bearish ones
(Baker and Stein, 2004; Corredor, Ferrer and Sarian®2015); on the contrary,
institutional investors or informed traders tend&more active in bearish mar-
kets than in bullish ones (see, Shleifer and Vist2®03; Yu and Yuan, 2011;
CorredorFerrer and Santamaria, 2015). As stated by KumailLae (2006) and
Kumar, Page and Spalt (2013), retail trades carease stock co-movements,
but institutional trading attenuates stock co-moests. Therefore, we hold that
high business sentiment increases the correlalietvgeen the two stock markets,
while low business sentiment decreases the cdometabetween the two stock
markets. Previous studies suggest that the majomd&oeconomic news had
cross border impacts on both European equity retana volatilities (Harju and
Hussain, 2011). Furthermore, the US market is thstrimportant producer of
information (Eun and Shim, 1989; Ng, 2000; Theoumssand Lee, 1993),
which is also related to the asymmetry in the datiens. Therefore, the US
business sentiment has more influence on the aetiors than the German
business sentiment, and it even dominates thelabores.

The launch of the Euro makes the stock marketisérEuropean Union more
closely linked (Cappiello, Engle and Sheppard, 20@®ich may cause a struc-
tural break in the relationship between businessiraents and the correlations.
As described in Gao and Zhang (2016)'s paper, @@82- 2010 financial crisis
had numerous effects on the economy and could tewsed a structural break
in the relationships among the assets. Hencejdrptper, we also check whether
there are structural breaks in the relationshigvben the two stock markets and
the business sentiment caused by the introducficgheoEuro and the outbreak
of the recent financial crisis, respectively.

The topic that we discuss is very important fareistors. As is known, corre-
lations between the US and German stock marketsipiportant roles when
investors construct their portfolios containing th® and German stocks. Ignor-
ing the asymmetry in the correlations will ovenestie/underestimate the corre-
lations which directly affect the benefits of dis#ication. Since business sen-
timent is a leading economic indicator (Entorf, &and Steiner, 2012), by
understanding the influence of business sentimerthe correlations, investors
can adjust the portfolio in time according to tledationship between business
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sentiments and the correlations. Capturing thewdifices in the influences of the
US and German business sentiments on the corredatiovestors can pay more
attention to the business sentiment that has a&biggpact on the correlations.

Our contributions are as follows. First, we praobe asymmetry in the corre-
lations between the US and German stock markets. cbirelations between
stock markets have been widely analysed (e.qg., i€é@pEngle and Sheppard,
2006; Hwang et al., 2013). The asymmetry in theetations between different
assets has also been explored (e.g., Gao and Zhahg;, Li, Zhang and Gao,
2015). However, the asymmetry in the correlatiossveen the US and German
stock markets receives less attention. Althougpp@dio, Engle and Sheppard
(2006) investigate the asymmetry in the correlatibatween the US and German
stock markets, they utilized data spanning fromudan8, 1987 until February 7,
2002, which did not include the most recent terrgiela this paper, we employ
a method different from Cappiello, Engle and Shegipga2006) to examine the
asymmetry in the correlations between the US anun@e stock markets. Our
data cover the most recent ten years. This papkr achew study on the asym-
metry in the correlations.

Second, our most important contribution is thatexplore the influences of
business sentiments on the correlations betweeb$and German stock mar-
kets. The influence of the macroeconomic factorshenstock market has been
studied by many scholars (e.g., Kurov and Stan,720AcQueen and Roley,
1993, etc.). The relationship between businessnsent and the stock market
has also been studied. Abberger (2007) analysethamthe extensive use of
business tendency survey results are helpful foecisting quarter-on-quarter
growth rates of GDP. Entorf, Gross and Steiner 22@kamine the reactions of
DAX returns to the announcements of business sentiindicators. Vermeulen
(2014) studies the valuation of business sentiméigig the high-dimensional
Granger Causality approach, Wilms, Gelper and Cr@046) investigate the
predictive power of the business and bank sentirérirms. However, little
literature has addressed how business sentimdetg #fe correlations between
stock markets. The literature concerning the comssitry study on this topic is
almost non-existent. Our paper fills this gap.

Third, we discuss the influences of the introductof the Euro and the out-
break of the 2008 — 2010 financial crisis on thatienships among the stock
markets and business sentiments. In particulaipwestigate whether there are
structural breaks in the relationships among tbeksmarkets and business sen-
timents. Some papers have tested the structurak iraused by the launch of
Euro or the outbreak of the 2008 — 2010 finanaiais For instance, Ehrmann
and Fratzscher (2005) verify that there is indeetkar structural break for the
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spillover across the US and Euro area money madetsany of the macro-
economic variables around the advent of Europeamduic and Monetary
Union (EMU). Kearney and Poti (2006) find that mustural break in the corre-
lations between the five largest Eurozone stockkatandices is caused by the
official adoption of the Euro. Kontonikas, MacDonadd Saggu (2013) find
that an important structural shift took place dgrihe financial crisis, which
changed the stock markets’ responses to FederdsFate shocks. Jung and Ma-
deritsch (2014) study the structural break in viithatspillovers between interna-
tional financial markets caused by the 2008 — Zifdhcial crisis. However, few
papers simultaneously detect structural breaks hia asymmetry in the
US-German stock market correlations and the inftesrof business sentiments
on the correlations caused by the advent of the Bod the 2008 — 2010 finan-
cial crisis, respectively. Our work settles thesebfems. To the best of our
knowledge, we are the first to discuss these questi

Our work relates to that of Bedowska-Sojka (2083)e studied the reaction
of the German and French stock markets to the seteaf macroeconomic fun-
damentals including business sentiments that emdrfeadm Germany and the
US. However, he did not check the influences oflihginess sentiments on the
correlations between the cross-country stock merkde documents that the
reaction of the German stock market to the US nemmeomic surprises is
stronger than to the German ones. This may helmderstand the influences of
the US and German business sentiments on the attored between the US and
German stock markets.

The rest of this paper is organized as followstiBe 1 presents the data
and methodology. Section 2 provides an empiricallysims, and last section
concludes.

1. Data and Methodology

1.1. Data

We choose monthly data from the US S&P 500 Indekthe German DAX
index. We employ the Institute for Supply Managet{¢®M) PMI (Purchasing
Managers’ Index) to measure the US business semitiangd the IFO (Infor-
mation und Forschung) Business Climate Index fom@ay to measure Ger-
man business sentiment. All of the data are aVaildbm the Wind database.
The database only provides monthly data for the I88&x and the IFO index.
Therefore, in the paper, we use monthly data. SiinedFO index data are only
from January 1991, our period covers January 18@etember 2014. We should
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note that the IFO index provided for the Europeaiol’'s quarterly data is too
small, which is why we do not investigate the clatrens between the US and
European Union stock markets.

The ISM index is constructed from a survey of mtran 300 purchasing
and supply executives from across the country. Jlheey is conducted every
month and covers new orders, production, employntkeattimeliness of suppli-
er deliveries and inventories in their companiesngaring the current month to
the previous one. The index is compiled based erstinvey. A value of 50 of the
index can be regarded as a benchmark. An indexeatwolzelow 50 implies that
the economy is in an expansion or contraction, aetsgely. The IFO index is
very similar to the ISM index, but 100 is choseradsenchmark. Veredas (2006)
believes that the ISM index is the most forwardkiog measure available for
the market since it is based on expectations. Laadk and Lanne (2009)
suggest utilizing the ISM index and IFO index as theasures of the US and
German business cycles, respectively. Hence, wémgnt the two indexes to
measure the business sentiment in each respeotivery.

1.2. Methodology

The model that we employ is enlightened by Li @0MWe first fit the fol-
lowing ARMA(m, n) models:

L=c+y @t +z,+> Kz ,.(0=12) (2,|Q)~N[OH,] (1)
j=1 k=1

In (1), r,(i=12)are the logarithm returns of the US stock prices Ger-
man stock prices at time respectively, Z, =[z,,z,], Q,, is the information
set. H, can be expressed as

H, =DRD, (2)

In formula (2), D, :diag(hyz hyzz), h,(i=1,2) are the elements on the

1t
main diagonal of the matrixt,, and R =(diag(Q))™Q.(diag(Q))™ is the
conditional correlation coefficient matrix of seside} and series{&,} .

£,(1=12) are defined asfi =%(i =1,2) We choose the ordersi@ndn) of
t

the ARMA(m, n) models to makes, and &, as close to i.i.d. as possible, and
estimate the GARCH(1,1) models for the conditioraiance h,, (i =1,2):

h=w+de ., +6h,,(=12) ©)
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Everything above is from the standard DCC modetji&rand Sheppard
(2001). We now consider how the business sentimefitence the correlations
between the US and German stock markets. Enligtitegeli (2011), we as-
sume thatQ, follows the form:

Qt = (6 - A'6A_ B'(_?B) + AIQ—lql—lA'l' B’Qt—lB g/ Afu 1—1+’76A§CG t-1 (4)

= (1 pp 0 0 £y +
where Q=| _ 2| A={a1 J Bz(ﬁl J , q=( g ylj ,
,012 1 0 0’2 0 :82 521+y2

A& =&, — &, D& =&~ 61, and &, is ISM index at timg, &, is
IFO index at timd. 6 is unconditional correlation coefficient matrik.andB
describe the time-varying characteristics of theralations. Q, A and B have
the same implications in the models described igl&and Sheppard (2001) and
Li (2011). If A&, >0, this implies that the US business sentimentnaé tiis
higher than at timet -1; if A&, <0, the US business sentiment is lower than
before; if A, =0, the US business sentiment is stabfg, has a similar
economy implication.a,(20), a,(=0), £(=0), £,(=0), v, V,, 7, and
s are the parameters needing to be estimated. Tiferedice of the series
{&,4 and {3} can avoid the effect of different benchmarks tmecextent.
The parameters in (4) must satisfya’-p7>0, 1-a?-57>0 and
1-a,a,-5,53,>0. Formula (4) means that whep =y, =0, (4) is the standard
DCC model with no asymmetry in the study by Enghel &heppard (2001);
when ¢ >0(¢ <0),i =1,2, joint positive-type (negative-type) asymmetryvhen
¥, and )y, take different signs, the asymmetry type coulddiet-positive or
joint-negative depending on the values|of |, |a; | and |8 |(i=1,2).

The elementg,; in matrix R is the correlations coefficient between series
{&4} and series{&,} .Since the correlations coefficient must lies ia thterval

[-1, 1], we must rescale the correlation coefficiesn the following equation, beca-
use §_,€_, is not constrained to have elements between —1 éRdlletier, 2006).

0, = Gy 5)
12t
(ChasClany) 2

where G,;,0:4;,0,, are the elements of matrif, .

2 This means that joint positive-type (negative-ypews (€ > 0(¢, <0), i = 1,2) yields a greater
impact on the correlation than join negative-typesitive-type) news £ <0(¢, > 0), i = 1,2) of the
same magnitude, which is termed “joint positiveetfpegative-type) asymmetry”.
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Similar to Li (2011), if 7, <0, high US business sentiment will increase the
correlations; if 77, >0, low US business sentiment will increase the dati@ns;
if 77, =0, the correlations are independent of the US basisentiment. The
implication of 775 is similar with 7, .

We use the two-stage procedure proposed by EmgleéSheppard (2001) to
obtain the estimates of the model.

2. Empirical Analysis

2.1. Estimates of the Model

From Table 1 in the appendix, we can see thathellseries are stationary,
indicating that the ARMA model is appropriate.

Table 1 shows the estimates of the model. Inahéet all of the Ljung-Box
statistics are not significant, denoting thgt constitutes white noise and that
our models fit the series very well. All estimatdshe GARCH parameters are
significant at least at the 10% IevetlAi_L+¢§'l>c32+é2 (cASi +é <1,(=1,2)).
Hence, the US stock return series is more persitiam the German stock-re-

turn series with respect to volatility.
According to the estimates of the DCC parametets,and g3, are significant

at the 1% level, andy, and B are not significant.d? +a?, a,a,+p,5,
and ,3’12+,5’22 (c?i,,é,i =1,2 are the estimates ofr,[S,i =12, respectively)
are significantly less than 1, which indicates w ldegree of persistence in the
correlations.

2.2. Asymmetry Type in the Correlations and the In  fluences of the Business
Sentiments on the Correlations

From Table 1,y; and j, (the estimates ofy; and y,) are positive, but
while y; is significant at the 1% levely, is not significant. This suggests that

the correlation is joint positive-type asymmetbat the asymmetry is not statis-
tically significant. Hence, in our whole sample,ogonews from the US stock
market has more influence on the correlations thethnews from the US stock
market of the same magnitude; good news and bad m®@m German stock
market have no significantly asymmetric effectstba correlations. This can
be interpreted by the different financial systerhshe two countries and by the
related the literature that the US market is thetmportant producer of infor-
mation (Eun and Shim, 1989; Ng, 2000; Theodossimllaee, 1993).
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We are most interested in the estimatesjof and 7. In Table 1,/A7U (the
estimate of77,) is positive and significant at the 1% level, whigsuggests that
when the US business sentiment is high, the coiwakwill be stronger. How-
ever, /A7G (the estimate ofj;) is not significant. Therefore, the German busi-

ness sentiment has virtually no influence on theetations. Consideringy,

and /}G together, we can conclude that the US businessrgat dominates the
correlations to a very high exteht.

This can be explained as follows. First, the Ushes most economically in-
fluential country in the world, while the Germanoaomy is a small open
economy.

Second, the US financial system is typically matka@sed, while Germany’s
is typically bank-based. The release of busineatirsent is a kind of macro-
economic news. Moreover, we find support in thatea literature that the reac-
tion of German stock market to the US macroecon@miprises is stronger than
to the German ones (Bedowska-Sojka, 2013).

Table 1
Estimates of the Model

GARCH model parameters

2 3 ) @, s, 6,
0.4796 |0.1554" |0.8219" |3.5474 |0.1488 |0.7575"
DCC model (with exogenous variables) parameters

a B n a; B, ¥ Ty Ts LLF LRT
0.2620" 0.1227(-051.1858" |0.1110 | 0.808% |1.8840 | 0.0811 [-0.8196E-03-1584.9157.1100"

0y, =0.7092
Q, =7.8554
Q, =8.7290
Q, =16.153
Q,,=10.243

Note: *** means that the coefficient is significant &et 1% level. ** means that the coefficient is sfipaint
at the 5% level. * means that the coefficient igndicant at the 10% level. LLF is the likelihoodhlue.

LRT denotes the likelihood ratio test statistictites the joint null y,=),=0. Q, Q,, Q and Q, are
Ljung-Box statistics fore, , &2, &, and & at 20 lags, respectively. We should note thaifathe Ljung-Box
statistics are not significant up to 20 lags. Wened list all of the Ljung-Box statistics due tolted space.
Source: Own research.

3 We should note that although we reject the stah@EC model according to the LRT in

Table 1, the same conclusion can be derived by @nimg the standard DCC model. The results
can be provided on request.
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Table 2
Estimated Results of the Model with the Possible Gictural Breaks in y, and y,

Panel A: Influences of the introduction of the Eurocand the outbreak of the 2008 — 2010 financial ciiison y, and y,

Dm \%H S pre-euro v\w euro <crisis w\w post crisis QN mm w\m pre-euro w\m_ euro-<risis w\m_ post crisis

s

s

0.3482" 0.1485E-07| 0.7197 —0.5566 2.0218 0.1518" | 0.6746" 1.6073 0.3147 2.2105

0.0877"

—0.3742E-02

LLF: -1570.848

Panel B: Test Results

AHV TE” v\w pre-euro = v\ﬁmEo crisis = w\u_com. erisis 5 w\P pre-euro = w\mb:_‘o <risis = w\m‘uom erisis 5

IH_ w\». pre-euro # w\ﬁm:qo <risis x euro<risis = w\fvom <risis y w\mb_‘mé_‘o z w\m.m.:o <risis w\m_ euro-crisis = w\m‘uom crisis «

LRTewo= 9.7820"

(2) Ho: Wi, reeuro = V1 ewo crisis = Vipos erisis » Y2, preewro = V2, euro crisis = ¥2,post arisis

IH_ x pre-euro = w\P euro €risis y w\f euro-crisis z w\».nom €risis 5 w\N_ pre-euro = w\m‘m:o <risis y w\N euro-Crisis % w\m‘nom crisis «

LR Terisis= 14.7820"

va TE” v\p pre-euro = v\ﬁmEo erisis y S eurorisis z v\ﬁuou crisis » v\m_ pre-euro = v\m,m&o crisis 5 5 euro risis z v\mwuom crisis

IH” S pre-euro # v\ﬁmEo crisis S euro-crisis # v\ﬁuou €risis y w\m_ pre-€uro # v\PmEo crisis w\m_ euro<risis # v\m,uom crisis «

LR Towo-breaks= 16.4880"

Note: *** means that the coefficient is significant &et1% level. ** means that the coefficient is sfigaint at the 5% level. * means that the coeffitisrsignificant at the 10%

level. LLF is the likelihood value. In panel B, LRIEnotes the likelihood ratio test statistic.

Source: Own research.
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2.3. Testing the Structural Breaks in the Relation  ship

The introduction of the Euro has had a deep infteeon Germany and the
entire Eurozone. The recent financial crisis alad & heavy impact on the world
economy. Thus, we discuss whether the introduatibthe Euro and the out-
break of the 2008 — 2010 financial crisis chandedrelationship among the US
and German business sentiments and the US and Gestoek markets. We
choose the date January 1, 1999, as one possibitusal break date. In Sep-
tember 2008, Lehman Brothers collapsed, which \kasonset of the global
financial crisis (Alt-Sahalia et al., 2012; Ivashiand Scharfstein, 2010). There-
fore, September 2008 is taken as another posdihletral break daté.The
estimated results of the model with the possibilectiiral breaks are presented in
Table 2 and Table 3.

Table 2 reports the results testing the possiletsiral breaks in the asym-
metry in the correlations. In Panel B of Table 8thbthe value of the LR]ss
(testing the null hypothesis without breaks in #symmetry in the correlations
against the alternative hypothesis with one brealsed by the outbreak of the
financial crisis) statistic and the value of theTl R (testing the null hypothesis
without breaks in the asymmetry in the correlatiagainst the alternative hy-
pothesis with one break caused by the introductidine Euro) statistic are sig-
nificant at the 1% level. Since the value of theTL R statistic is greater than
the value of the LRI, statistic, there is at least one structural breakhe
asymmetry in the correlations caused by outbreath®f2008 — 2010 financial
crisis. The value of the LRJ,.wreakt€Sting the null hypothesis with one break on
the asymmetry in the correlations caused by thbreak of the 2008 — 2010 fi-
nancial crisis against the alternative hypothestb iwo breaks caused by the
launch of the Euro and the outbreak of the findrarigis) statistic is significant
at the 1% level. Based on the above analysis, thethintroduction of the Euro
and the outbreak of the recent financial crisisiltei® structural breaks in the
asymmetry in the correlations between the US anmdh@e stock markets.

In Panel A of Table 2, we report all the estimatéh two structural breaks in
the asymmetry in the correlations between the Uf @arman stock markets.
Vipearo @Nd y, ... are positive.

However, y, ..., is significant at the 10% level, ang, ..., is not signifi-
cant. This indicates that before the introductibthe Euro, the correlations are
not significantly joint asymmetric, and only the 9t&ck market has a positively

asymmetric weak impact on the correlations. Thdifig means that before the

4 We appreciate the anonymous referee’s insightfggjestion.
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launch of the Euro, the US stock market had a greatpact on the correlations
than German stock market. However, the connectmimvden the two stock
markets is not strong enough to make the impathefJS stock market on the
correlations occur at a more significant level.

Both ;/1,euro<:risis and f/zvmms.s are not significant. Therefore, from the intro-

duction of the Euro to the outbreak of the recewdricial crisis, the correlations
are symmetric. This is explained by the fact thatadvent of the Euro links the
German stock market more closely to other Eurostwek markets, which indirect-
ly decreases the impacts of the US and German stadkets on the correlations.
Both J, owciss @Nd y, i @€ POSitive. y, ... is significant at the 1%

level. is significant at the 5% level, related to Germadgpting a more

V2, post risis
market-based financial system. Thus, since thereakbof the 2008 — 2010 fi-
nancial crisis, the asymmetry is joint positivegygsymmetric. In other words,
joint positive-type news g >0, i =1, 2) produces a greater impact on the cor-
relations than joint negative-type news €0, i =1, 2) of the same magnitude.

This can be explained as follows. The recent firdrmerisis had deep impacts on
both the US and European economies. Hence, thendd&armany implemented
all kinds of measures to improve the economy. Wihentwo stock markets re-
ceived joint positive-type news, the governmentedtby the market. However,
when the two stock markets received joint negatjpe news, the governments
may intervene to reduce the influence of negatiawa Therefore, the impact of
joint positive-type news on the correlations oveglmfiis the joint negative-type
news of the same magnitude.

The most interesting thing is whether the advdrthe Euro and the recent
financial crisis cause structural breaks in théugrices of the US and German
business sentiments on the correlations betweeb$and German stock mar-
kets. Table 3 reports the results that test fosiptes structural breaks in the in-
fluences of the US and German business sentimaritseocorrelations. In Panel
B of Table 3, both the value of the LRT(testing the null hypothesis without
breaks in the influences of business sentimentghercorrelations against the
alternative hypothesis with one break caused byainech of the Euro) statistic
and the value of the LRJs(testing the null hypothesis without breaks in the
influences of business sentiments on the correlstagainst the alternative hy-
pothesis with one break caused by the outbreakeo2008 — 2010 financial cri-
sis) statistic are significant at the 1% level. Madue of the LR, Statistic is
greater than the value of the LRJsstatistic. Therefore, there is at least one
break in the influences of business sentimentshercorrelations caused by the
advent of the Euro. The value of the LR ad{testing the null hypothesis with
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one break on the influences of business sentinentie correlations caused by
the introduction of Euro against the alternativpdthesis with one break caused
by the launch of the Euro against the alternatiypothesis with two breaks
caused by the launch of the Euro and the outbrétedinancial crisis, respec-
tively) statistic is significant at the 1% levelehte, either the introduction of the
Euro or the outbreak of the recent financial crisissed a structural break in the
impacts of business sentiments on the correlabetseen the US and German
stock markets.

In Panel A of Table 3,77G is uniformly not significant over the three pesod

indicating that German business sentiment has litfluence on the correlations.
This supports our conjecture that due to a bankddimancial system and the
relatively small economic influential power, Germausiness sentiment has little
impact on the correlations. The finding here presi@vidence for the viewpoint
that domestic macroeconomic news releases in Gerseam to be unimportant

for German stock markets (Nikkinen and Sahlstro®943.
Prior to the launch of the Euray, .., IS positive and significant at the 5%

level. Therefore, during this period, the US busgsentiment has positive im-
pacts on the correlations. Hence, high US busisesiment results in an in-
crease in the correlations, while low US businesgisient leads to a decline in
the correlations. This is due to the following @m#s High business sentiment
stimulates the demand for stocks, and the goverhmeltomes it, which in-
creases the correlations. Moreover, low businesinsent depresses the demand
for stocks, and the government may intervene. Waakens the links between
the cross-country stock markets, resulting in didedn the correlations.

During the period from the introduction of the Buo the outbreak of the
2008 — 2010 financial crisisg, 4,,qiss 1S NOt significant. We insist that it is re-
lated to the fact that the launch of the Euro makemtries in the European Union
link more tightly than ever, and during the peritite European Union economy
experienced a fast and steady growth. These famysmensify the expectations
of good European Union economic prospects anddetserelative influential

power of the US business sentiment on the corosisiti
After the recent financial crisisy, . .iss IS POsitive and significant at the

level of 1%. The US business sentiment has poséffexts on the correlations
once again, which is related to the outbreak of2B@8 — 2010 financial crisis.
The financial crisis originated in the US and glyigdpread to the European Union.
The financial crisis heavily destroyed the Europgaion economy.

This highlights the importance of the US econoihyabates the influential
power of German business sentiment and enhancaspaet of US business
sentiment. Therefore, the US business sentimentinddes the correlations.
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High US business sentiment provides the world witgood prospect for the
world economy, helping to boost the stock marketsch results in a rise in the
correlations between the US and German stock nmarkitwever, due to gov-
ernments’ interventions in low US business sentins#mations, low US busi-
ness sentiment leads to a decline in the corresti@tween the US and German
stock markets.

2.4. Graphical Representation of the Asymmetry in the Correlation Since
the 2008 — 2010 Financial Crisis

Since the 2008 — 2010 financial crisis, the catiehs between the US and
German stock markets are significantly joint pesiiype asymmetric. We em-
ploy graphs to vividly present the asymmetry tyfpeh@ correlations after the
outbreak of the recent financial crisis, which ightened by Kroner and Ng
(1998) and Li (2011).

In particular, we take the stock shocks (i..) as “good/bad news” and inves-

tigate the impact of such news on the correlatigisg the graph “news impact
surface”. Focusing on the asymmetric impact gf™“and “¢, ” on the correla-

tions, we set both exogenous variables as 0. Héoceur model, the correla-
tion news impact surface is:

é12 + 0’10'2(£l+ ylpost erisis)(52+ y2p0$ eria's) + :Bﬁ p 12
\/[éll +af(£1+ yl,post e:risis,)2 +ﬂ12][622+0'2£€ 2+ ya)ost crisis) 2+ﬂ1

f(&,&,)=

(6)

where C~:12::512(1_0'9'2_13132) ) Cllzl_af_lglz , and ézzzl_ag_ﬁg ‘
a,(i=12), B(=12) and y, =1,2) are the parameter estimates in
Table 2. For convenience, we utilize the followfiogmula to express the corre-
lation news impact surface:

post -crisis (I

a,a,(&+ y)(Ex+ V) 7)

f(e,6,)=—F= —
JC.+a%(e,+y)? + BAIC ,+afe +y) >+ B

Formulas (6) and (7) only have a different vetticeation in a three-di-
mensional plot, but they have the same shape. \&kuae the surface in the
domain [-3,3]x[-3,3].

Figure 1 is the news impact surface for the cati@hs between the US and
German stock markets with three different viewsPhamels (2) and (3), we can
find that the joint positive-type asymmetry in ttwrelations is very apparent.
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Figure 1

The News Impact Surface for the Correlations betweaethe US and German Stock
Markets with three Different Views

Correlation impact

Germany std. residual America std. residual
2) (3

Correlation impact

0371 I I I | |
America std. residual Germany std. residual

Source: Own research.

The centre of the surface is located at the p¢it#.0219, — 2.210%, which
is away from the origin(0,0), resulting in a greater surface value for joinsipo
tive than joint negative standardized residualegpfal magnitudes. This suggests
that after the outbreak of the recent financiadisrithe correlations between the
US and German stock markets have a larger resporsit good news (in the
“+, +” standardized-residual quadrant) than joiatlmews (in the “—, —" stand-
ardized-residual quadrant). More specifically, wasider two extreme scenarios.
One is that joint positive shocks, =&, =3 hit the US and German stock mar-
kets. The other scenario is that for joint negasivecks, & = &, =-3. According
to formula (7), f(3,3)= 0.550% and f(-3,-3)= 0.041. The latter is less than

one-thirteenth of the former.
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This implies that after the 2008 — 2010 finanaasis, the correlations be-
tween the US and German stock markets decline whenhbad news hits the
markets. The diversification sought by investingtliie US and German stock
markets is likely high.

Conclusions

This paper discusses the asymmetry in the cooetabetween the US and
German stock markets and the influences of the ndSGerman business senti-
ments on the correlations. On the whole, the caticeis between the US and
German stock markets are joint positive-type asytrimebut the asymmetry is
not statistically significant. News from the US cktomarket has a positively
asymmetric impact on the correlations. The asynimatipact on the correla-
tions caused by the German stock market is noifgignt. US business senti-
ment has a positive impact on the correlation. WH&nbusiness sentiment in-
creases, the correlations increase. Likewise, eedsing US business sentiment
decreases the correlations. However, the Germandasssentiment has almost
no influence on the correlations.

The asymmetry in the correlations mainly causedhleyUS stock market re-
lates to the viewpoint that the US market is thestimportant producer of in-
formation (Eun and Shim, 1989; Ng, 2000; Theodassiod Lee, 1993). Differ-
ent impacts of the US and German business sensneenthe correlations sup-
port the related literature that major US macroeocan news had a cross-border
impact on both European equity returns and vdiasli(Harju and Hussain, 2011)
and that the reaction of the German stock mark#tedJS macroeconomic sur-
prises is stronger than to the German ones (Bedo®sika, 2013).

Both the advents of the Euro and the 2008 — 2D Eial crisis changed the
asymmetric type in the correlations between thead® German stock markets.
Before the launch of the Euro, the asymmetry incthreelations between the US
and German stock markets was mainly dominated éyJ@ stock market. After
the introduction of the Euro, before the outbrehthe recent financial crisis, the
correlations are symmetric, implying that the advehthe Euro tightens the
European Union countries and decreases the inffuehthe US stock markets
on the correlations. Since the outbreak of the Film® correlations between the
US and German stock markets become joint positige-asymmetric due to the
interconnection of the economy and Germany’s irgirgamarket-based finan-
cial system.

Two structural breaks caused by the introductiotn® Euro and the outbreak
of the financial crisis also exist in the influesocaf business sentiments on the
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correlations. Although the influences of Germanihess sentiment on the cor-
relations are not consistently significant, thduahces of the US business sen-
timent on the correlations are significant, exdaphe period between the launch
of the Euro and the outbreak of the 2008 — 2018nfifal crisis. The European
Union quickly develops and experiences a fast drddy economic growth,
which makes the influences of US business sentimsignificant.

Our research is very important for investors aalicpmakers. For example,
investors should consider the asymmetry type incitreelations, constructing
their portfolio containing US and German stocksic8i business sentiment is
a leading economic indicator (Entorf, Gross andn8te 2012), our findings can
help investors adjust their portfolio and help pgihakers to estimate the con-
sequence of the policy.
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Appendix

Table 1 reports the results of the stationary fastll the series. From the
table, we can see that all the series are signifiabthe level of 1%.

Table 1
The Results of the Stationary Test for All the Seds
r r, A&, JAYS
ADF test statistic —16.0390%+ ~16.1908*** -15.6883 —5.4292%+

Note: ADF test is Augmented Dickey-Fuller test;(i =1,2) are the logarithm return series of the US stock
prices and German stock prices respectively;, denotes the difference series of the US busiressinsent;
A¢é, denotes the difference series of the Germany essisentiment; *** indicates significant at thedeof 1%.

Source: Own research.



