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On Stock Market Return Co-M ovements:
M acr oeconomic News, Dispersion of Beliefs, and Contagion

Abstract

We document and explain the return co-movement for the U.S., U.K., and Japanese equity
markets for the period of 1985-1996. Our empirica results show the importance of imperfect signa-
extraction in explaining the equity market return co-movement. In such a setting, domestic investors try
to extract the unobservable global factors from foreign market returns and use the extracted information
in their subsequent domestic trading. In this imperfect learning environment, domestic investors respond
to the foreign return signal more strongly if the signal is more precise. In addition, trading noise may aso
affect the return-generating process in domestic markets. We find this contagion effect is most

pronounced in the extreme down markets.

JEL Classfication: G15, F30.
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On Stock Market Return Co-M ovements:
M acr oeconomic News, Dispersion of Beliefs, and Contagion

I. Introduction

With the advent of new technology and market integration around the globe, the capital alocation
process in internationa equity markets increasingly extends beyond national boundaries. One noticeable
feature of this interdependence is that these markets tend to influence each other and often appear to move
together (e.g., Becker, Finnerty, and Gupta (1990), Hamao, Masulis, Ng (1990), and Lin, Engle, and Ito
(1994)). The nature and origins of stock market linkages has attracted attention from academics,
investment professionals, and government regulators. Drawing on international asset pricing models such
as Solnik (1974a, 1974b), Stulz (1981), and Adler and Dumas (1983), the traditional view stresses the
role of common fundamental factors. Nonetheless, these models seem to be unable to explain important
characterigtics of globa market interdependence, particularly when there are extreme market movements
such as the Crash in October 1987.

Macroeconomic variables may be reasonable proxies for the common factors because they reflect
the economic activity affecting cash flows and/or discount rates. In this approach, the unexpected
component of macroeconomic news announcements may have important market valuation effects. Early
empirical evidence is mixed on this (e.g., Cornell (1983), Pearce and Roley (1985), Hardevoulis (1987),
Ito and Roley (1987), McQueen and Roley (1993)). To the extent that there are globa common factorsin
business cycles, macroeconomic news in one country may reveal information about future cash flows or
discount rates in many countries, not just in the home country. This suggests that one source of market
return co-movement may be macroeconomic news announcements. On the other hand, even if a
macroeconomic news announcement reveals information only for the home country, foreign markets may
still respond to such aloca news through cross-market hedging demands from internationally diversified
investors (Fleming, Kirby, and Ostdiek (1998)).

King and Wadhwani (1990) propose a signal-extraction model of cross-market return and

volatility spillovers. Consider two non-concurrent markets, where the trading in market 1 opens and



closes before the trading day begins in market 2. When market 2 opens, investors in this market
incorporate al available information when making their trading decisons. One édement of ther
information set is the previous intraday trading result in market 1. To the extent that a portion of trading
in market 1 may reflect globa factors with potential valuation implications for market 2, investors in
market 2 will try to extract that valuable information from market 1 trading results and use the extracted
information in their subsequent trading. Such an information extraction process can produce the return
co-movement phenomenon observed between national equity markets.

Lin, Engle, and Ito (1994) provide early evidence consistent with the signal-extraction hypothesis
for the U.S. and Japanese markets. They estimate the common factors from the foreign intraday returns
with a signal-extraction model and find that the extracted common factors are relevant for pricing in
multiple markets. Since they do not control for macroeconomic news announcements, it is difficult to
interpret what the extracted common factors represent. In particular, it is unclear to what extent such
common factors reflect observable public economic news or unobservable global factors.

This is important because the signal-extraction hypothesis hinges on a critical premise that there
are some unobservable globa factors significantly affecting many markets, and that information about
these factors may be extracted, abeit imperfectly, from foreign market returns. However, if return co-
movements between markets are driven primarily by observable global factors, such as public
macroeconomic news, then the previous foreign market returns represent essentially redundant
information. In this case, investors trading in market 2 can trade optimally on the basis of the observable
global factors and, as a result, foreign market returns should have no obvious valuation implications.

In this paper, we test the signal-extraction hypothesis for equity market return co-movements,
while controlling for the potential effect of macroeconomic news announcements. Specificaly, we
examine the co-movement between the domestic intraday (or overnight) returns and foreign intraday
returns for the U.S,, U.K, and Japanese markets, conditional on a representative set of macroeconomic

news announcements from these three countries for the period of 1985-1996. If foreign intraday returns



significantly influence domestic market returns even after controlling for the potential macroeconomic
news effects, this renders more convincing evidence in favor of the signal-extraction hypothesis.

In our empirical analysis, severd interesting patterns of market return co-movements emerge.
First, foreign intraday returns significantly and positively affect domestic market returns. Second, foreign
market returns affect domestic overnight returns more profoundly than domestic intraday returns. Since
domestic overnight returns precede domestic intraday returns, the greater impact on the domestic
overnight returns implies that the domestic market processes the information contained in foreign market
trading quickly and efficiently. This result strengthens confidence in similar findings in Lin, Engle, and
Ito (1994) for the U.S. and Japanese markets. Third, the nearby foreign market exerts a greater influence
on domestic intraday (overnight) market than the more distant foreign market and the preceding domestic
overnight (intraday) market. The only exception is the U.K. overnight market where the more distant
U.S. market has a greater influence than the nearby Japanese market. Fourth, domestic intraday markets
tend to reverse returns realized in the preceding domestic overnight markets, whereas domestic overnight
markets tend to display momentum relative to returns in the preceding domestic intraday markets.

In addition, we find that foreign economic news announcements have larger effects on domestic
returns when the announcements are accompanied by large foreign market returns. This result is
consistent with McQueen and Roley (1993) and Kaminsky and Schmukler(1999) and suggests that the
effect of macroeconomic announcements depend on the context in which investors interpret the
announcements, not just the news itself. Nevertheless, the four distinct patterns of return co-movements
persist with essentially the same magnitude, even after controlling for the effect of macroeconomic news
announcements. Furthermore, in each country the two foreign intraday returns are much more important
than the lagged domestic market returns and all economic news announcements taken together in
explaining the domestic intraday and overnight returns.

Our empirical results suggest that the great bulk of the observed market return co-movement
between national equity markets cannot be attributed to public information flow, as measured by the news

about macroeconomic fundamentals. These results are consistent with recent evidence in suggesting that



macroeconomic news announcements are not a primary determinant of the observed market return co-
movement (e.g., King, Sentana, and Wadhwani (1994), Karolyi and Stulz (1996), and Connolly and
Wang (1998)). Ingtead, foreign market returns may convey important information distinct from public
economic news announcements. This suggests the importance of the unobservable global factors that
domestic investors try to extract from foreign market returns.

Apart from globa factors, some trading in foreign markets could be due to local factors that have
no value implication for the domestic market. Domestic investors, however, cannot distinguish perfectly
between the influences of globa and loca factors on foreign market returns. As aresult, the return signal
from foreign market trading is essentidly “imperfect”. The imperfect signal-extraction process has an
important implication: the response of domestic investors to the return signal from foreign market trading
depends on the quality of the signal. That is, holding the true signal constant, greater precision in the
foreign return signal leads domestic investors to rely more heavily on foreign returns in their subsequent
trading and this leads to greater market return co-movement.

We test this implication using each market's cross-sectional return dispersion as an inverse
measure of the quality of the market return signal (Stivers (1999)). In this context, higher return
dispersion reflects a less precise signal about the unobservable globa factors. Therefore, the return co-
movement between markets should decrease as the return dispersion increases, ceteris paribus. Our
empirical evidence is consistent with this implication. Specifically, we find a smaller market return co-
movement between the domestic market return and the nearby foreign market return in the presence of a
higher foreign market return disperson. Furthermore, the effect is more pronounced for domestic
overnight returns than for domestic intraday returns.

The imperfect signal-extraction process has another important implication: trading noise in
foreign markets could aso spillover into the domestic market through this imperfect learning process.

King and Wadhwani (1990) term this phenomenon a “contagion” effect.’ Christie and Huang (1995) and

1. For interesting alternative models of financial market contagion see Calvo and Mendoza (1999) and Kodres and
Pritsker (1999).



Bae, Karolyi, and Stulz (2000) measure the presence of contagion by extreme market returns. In this
paper, we argue that extreme negative returns from one market may trigger a liquidity crunch among
large financia ingtitutions that they may be forced to liquidate some of their positions subsequently in
other markets. Such a liquidity crunch can thereby cause further market co-movements for the extreme
negative return days. The effect is asymmetric: there is no reason to expect the same result for the
extreme positive return days. Accordingly, we expect the contagion effect to be “asymmetric”’ in the
sense that market returns are highly correlated in bad times, but much less correlated in good times.

In this paper, we test the asymmetric contagion effect using extreme returns as the proxy for
contagion. Our empirical results confirm the existence of the asymmetric contagion effect. Specifically,
we find that the return co-movement between domestic and foreign markets are significantly higher when
foreign markets are experiencing extreme negative returns, but not with extreme positive returns.
Furthermore, once we account for the existence of the asymmetric contagion effect, there is no reliable
remaining return co-movement between Japanese intraday returns and the U.S. and U.K. intraday returns.
In other words, there is evidence that the return co-movements between these market segments are driven
primarily by the asymmetric contagion effect.

Overdl, our empirical results lend support to the imperfect signal-extraction hypothesis (King
and Wadhwani (1990)) in explaining the return co-movement between nationa equity markets. In
particular, there is evidence that domestic investors try to extract the unobservable globa factors from
foreign market returns and use the extracted information in their subsequent domestic trading. In this
imperfect learning environment, domestic investors respond to the foreign return signal more strongly if
the signal is more precise, i.e., the return dispersion is relatively small. Furthermore, trading noise from
foreign market can also spillover into domestic markets and such a contagion effect is more pronounced
for the extreme negative return days than for the extreme positive return days.

The paper proceeds as follows. Section |1 introduces the empirical models used in our analysis,

and discusses the corresponding predictions.  Section 1ll describes data and presents a preliminary

2. See Kyleand Xiong (1999) for atheoretical model of asymmetric contagion.



correlation analysis.  Section IV reports our regression results and an empirical model comparison

analysis. Section V concludes.

II. Modeling Market Return Co-M ovements
A. General Framework and Notation

In our study of market return co-movements, we use the Nikkel 225 index for the Japanese
market, the FTSE 100 index for the U.K. market, and the S&P 500 index for the U.S. market. In each
market, the daily close-to-close returns are separated into overnight (i.e., close-to-open) and intraday (i.e.,
open-to-close) returns. To emphasize this decomposition, denote by NKON; and NKID; the Japanese
overnight and intraday returns, respectively, on calendar day t. Similarly, denote by FTON; and FTID; for
U.K. overnight and intraday returns, and by SPON; and SPID; for U.S. overnight and intraday returns on
calendar day t.

We decompose further each of the two stock index returns into two components. one that is
expected, conditiona on the current information, and another which is the unexpected (residual)
component. We focus initialy on the information set generated by the current overnight and intraday
returns and macroeconomic news announcements from both the domestic and foreign countries.
Specificaly, the current information set for the domestic intraday stock index returns on calendar day t,
denoted by Q7 contains the domestic and foreign returns and announcements, if any, that occur between
domestic market i’ s close on calendar day t-1 and the subsequent domestic market close on calendar day t.
On the other hand, the domestic overnight stock index returns on calendar day t, denoted by Q?", consists
of the domestic and foreign market returns and announcements, if any, that occur between domestic
market i’s open on calendar day t-1 and the subsequent domestic market open on calendar day t.

The current information set for Japanese domestic intraday stock index returns, Qi"? , contains the

previous domestic overnight return (NKON;), the previous U.S. intraday return &I1D,,), the previous

U.K. intraday return (FTID..,), Japanese news announcements NEWS,, ), U.S. news announcements



(NEWS,,,,), and U K. news announcements (NEWS,, , ,). Note that since Japanese markets precede the
U.K. and U.S. markets in calendar time, the current information set relevant to Japanese intraday returns
on calendar day t includes returns and news from the U.K. and U.S. markets on calendar day t-1. Thus,
the decomposition of Japanese intraday returns (NKID,), is

Intraday: NKID, = E(NKID,|Q} ) +e') ()]

Y
where E(?) is the expected return component, e, is the unexpected (residual) return component, and the
information set is given by QP ={NKON,, SPID _,, FTID ,, NEWS_ , NEWS ,, NEWS, .}.
Similarly, the decomposition of Japanese overnight returns, NKON;, is

Overnight: NKON, = E(NKON,|Q%) + e} 2

JPt?
where E(?) is the expected return component, eS}, is the unexpected (residual) return component, and the

information set isgiven by Q%' ={NKID,_,, SPID,

t-17

FTID,,, NEWS,,, ,, NEWS,,, NEWS,, ,}.

The information set for the domestic overnight return on calendar day t contains the domestic
intraday return and news on cdendar day t-1. This reflects the fact that domestic overnight returns
precede domestic intraday returns in our setup. Otherwise, the current intraday and overnight information
sets contain the same information regarding foreign market returns and news. The decomposition of U.K.
and U.S. intraday and overnight returns into expected and residual components is analogoudly done.
B. Conditional Mean Models
B.1. TheLinear News Mode

In this paper, we use a representative set of macroeconomic news announcements from al three
countries to proxy for the observable globa factor(s). In the following discussion of empirical models,
we continue to use Japanese return models as our regular working examples. The U.K. and U.S. return
models are analogously formulated, and hence are omitted to conserve space.

Our baseline model for the intraday and overnight return co-movement between markets,

ignoring the news effect, is shown in equations (3) and (4):

Intraday:  NKID, =a +r, XNKON, +r ,XPID,_; +1 ;xFTID_; +] xMHD,, +e', ©)]



Overnight:  NKON, =a +r ,xNKID_, +1 , XPID_, +r ;xFTID,_, +j xMHD,, +e%, (4
Our mode for intraday and overnight return co-movement between markets incorporating news
effect is shown in equations (5) and (6):

NKID, =a + 1, >NKON, +r ,>SPID,_, +1 ;>FTID,_; +b, >NEWS,, +b,> NEWS ¢, ,

5
+b3xNEVVSJK,t-l+j ><I\/IHDJP,t +el\]?3,t ( )

NKON, =a +r ;>NKID, ; +1 ,>SPID_, + 1 ;>FTID,_, +b > NEWS,, , +b,> NEWS,q,
+b3 xNEVVSJK,t-l +j xMHDJP,t + e?lg\l,t

©)

It is worth noting that al news variables represent vectors of the unexpected components of the
corresponding macroeconomic announcements.®> We also control for the Monday and post-holiday effect
(French (1980) and Gibbons and Hess (1981)) using the Monday and post-holiday dummy variable,
MHD ;. Using these models, we can measure the effects of various market return co-movements with
the coefficientsr ,, r ,and r ;.

If proxies for observable globa factors, such as public macroeconomic news, capture the primary
source of return co-movement, then the return co-movement between markets should diminish
substantialy, once we account for the observable global factors. That is, we expect to find that estimates
of coefficients r ,, r , and r ; should decrease substantidly in (5) and (6) (rdative to (3) and (4)) if
observable global factors dominate unobservable globa factors in asset vauation. On the other hand, if
we incorporate measures of observable globa factors and the return co-movements persist with similar
magnitudes, this constitutes evidence favoring the primacy of unobservable globa factors and the signal-
extraction hypothesis.

It is independently interesting to compare the impact of the previous domestic overnight
(intraday) return, i.e., the coefficient r;, on the current domestic intraday (overnight) return relative to
the previous foreign intraday returns, i.e., the coefficients r , and r ;. Note that al foreign intraday
trading considered in this paper occurs essentially during the domestic overnight trading period.

Therefore, if the domestic market is efficient in processing information during the preceding intraday



foreign intraday session, we expect that the foreign intraday returns significantly affect the domestic
overnight returns, but have a smaler effect on domestic intraday returns. Lin, Engle, and Ito (1994) find
evidence of thisfor the U.S. and Japanese markets. In this paper, we assess whether this result still holds
after incorporating public information flows and a third country, the U.K.
B.2. The Nonlinear News Model

There is evidence that the effect of macroeconomic announcements depends on the context in
which investors interpret the announcements, not just the news itself (McQueen and Roley (1993) and
Kaminsky and Schmukler(1999)). In this spirit, we posit that foreign macroeconomic announcements are
more likely to contain relevant new information for the domestic stock market if they are accompanied by
measurable foreign trading returns. As a result, such conditional foreign news announcements may have
a significant impact on the domestic stock market, while the unconditional foreign news by itself may
have no effect at al. Allowing for this possibility, we develop a nonlinear model to gauge the interactive
effect of foreign intraday returns and news announcements on the domestic intraday and overnight
returns. Specifically, we address conditional effects in the following model:

NKID, =a +(r , +b, >NEWS,,, ) >NKON, +(r , +b,>NEWSg, ;) >SPID, ,

Hr 5+ by XNEWS ) TID ; +] xMHD,, +e12, ¥

NKON, =a +(r, +b, "NEWS 5, )>NKID,_, +(r , +b,>NEWSg, ;) >SPID, ,
H(r 5 + by NEWS,, ) XFTID, , +j *MHD ., +eS,

)

If our conjecture, that the news effect is greater when accompanied by measurable foreign trading
returns, is right, then we should find more news announcements are significant in the nonlinear news
model in comparison to the corresponding estimates from the linear news mode in (5) and (6).
Furthermore, one can gauge whether or not the patterns of return co-movements established under the
linear news model change substantialy in the nonlinear news model. This issue can be addressed by

comparing the coefficients of return co-movements (i.e,, r,, r,andr ;) in the nonlinear model to the

corresponding coefficients in the linear model.

3. Wediscussthe methods for cal culating the unexpected component of news announcementsin Section I11.
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B.3. Nonlinear News Modd with Return Dispersion

While some trading in market 1 may be related to global factors, some trading may reflect loca
factors that have no valuation implications for market 2. It may be quite difficult for investors in market 2
to distinguish globa from local factors based on the intraday trading return in market 1. That is, the
signal provided by trading results from market 1 may be imperfect. These limits on the signal-extraction
process have one important implication: the reaction of investors in market 2 to the trading in market 1
depends on the quality of the signal. That is, holding the information content constant, the better the
quality of the signal from market 1 is, the stronger the reaction of investorsin market 2.

In this paper, we test this implication using each market’s cross-sectional return dispersion as an
inverse measure of the quality of the market’s return signal. Higher return dispersion may reflect less
agreement among investors concerning the observed market return or a less precise return signal about the
unobservable global factors. As a result, the investors in market 2 may discount the signal provided by
foreign market returns when the corresponding return dispersion is large. That is, return co-movement
should decrease as the return dispersion increases, ceteris paribus.

Following Stivers (1999), the market cross-sectiona return dispersion (RD) at time't is given by:

RD _Z(Rt M,t)z (9)

n-1ia
where n is the number of firms in the market, and subscript M indicates market-wide values® To
implement our empirical tests, we measure RD using daily returns for the U.S. firms in the largest
capitalization decile of the NY SE-AMEX, but we use the Nikkei 225 for Japan and the FTSE-100 for the
U.K. This approach reduces to a minimum the chance of spurious results related to high small-firm

idiosyncratic volatility or non-synchronous trading.

4. Amihud and Mendelson (1989) use return dispersion to measure the inefficiency of the price discovery process
and Bessembinder, Chan, and Seguin (1996) useit to proxy for firm-level information flows.
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As noted in earlier studies, it is essential to recognize the relation between the market’s cross-
sectional return dispersion and the market return.®> Our relative RD measure (RRD) is intended to reflect
the level of the market's cross-sectiona return dispersion after controlling for variation in return
dispersion attributed to the magnitude of the market return. Our relative RD measure, denoted RRD, is

the residual, u;, from aregression of RD on afunction of the aggregate excess market return:

RO+ (10)

RD, =f , +g,|R|+g,Dun,
where R® is the excess return of the market-portfolio return for period t using Euro-currency interest
rates as the risk-free return, Duml; = 1 if the portfolio excess return is negative, and is O otherwise. This
formulation admits a potentialy asymmetric relation between portfolio returns and RD as noted in
Lamoureux and Pannikath (1994).

We incorporate the relative return dispersion (RRD) into our nonlinear news model for intraday
and overnight returns because we believe that market return co-movement may depend on the dispersion
of beliefs during earlier domestic and foreign trading sessions. The specific empirical models are:

NKID, =a +(r , +b,>NEWS,, ) >NKON, +(r , +b, "NEWS,g, ; +d, *RRDyg, ;) > PID, ,

11
H(r 3+ by XNEWS; +d g XRRDy ;1) XFTID ; +] XMHDp + eng,t &

NKON, =a +(r, +b; >NEWS,,, ) >NKID, , +(r , + b, >NEWS,s, ; +d,>RRD g, ,)>SPID, ,
H(r 3 + D XNEWS,  ; +d3 XRRD 1) XFTID, ; +] XMHD;;, +e?F"\l,t

(12)

Using (11) and (12), we can test the first implication of the imperfect signal-extraction
hypothesis: the reaction of investors in market 2 to the trading in market 1 depends on the qudity of the
signal. We expect the return co-movement should decrease as the return dispersion increases. This
means that the coefficients of the relative return dispersions (RRD) should be negative (i.e., d, <0 and/or
d, <0). Inaddition, by comparing the estimates of the return co-movements(i.e., r,, r ,,and r ;) in (11)

and (12) to the same estimates in (7) and (8), we may gauge the incrementa effect of controls on signal

quality on estimates of market return co-movement.

5. Stivers (1999) contains an extensive analysis of the relation between a portfolio’s cross-sectional return
dispersion and the market’ s excess return.
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B.4. Nonlinear News Model with Extreme Returns

Another implication of the signal-extraction hypothesis is that trading noise in market 1 (created,
say, by shifts in investor sentiment) can aso spillover into market 2 through this imperfect information
extraction mechanism. King and Wadhwani (1990) call this phenomenon a contagion effect. If investors
could distinguish between noise and information as the source of foreign intraday trading, then they
would only respond to the foreign market movement when it reflects new information. In this approach,
contagion is a by-product of the imperfect signal-extraction process.

Although it is difficult to distinguish between the two possible sources of the co-movement
between markets (noise or information), one may still gauge the separate influence of contagion from that
of information. Imagine that on a ‘norma’ day, there are some positive noise and some negative noise
and in the aggregate market return, the two may roughly offset each other. On such a day, the imperfect
signal-extraction process would reflect mainly the influence of information and hence, investors in market
2 may rationally extract information from the return movement in market 1. On the other hand, there are
days when there may exist a significant imbalance between the positive noise and the negative noise. In
particular, investors in market 2 may herd on extreme (positive or negative) noise from market 1, which
leads to extreme (positive or negative) return movements in market 2. Unless the extreme return
movements are coupled with significant rational revaluation of the market (due, perhaps, to some discrete
news release), the extreme return movements may be regarded as a manifestation of investor herding or
contagion. In light of this, we posit that contagion involves an extraordinary co-movement between
markets under the imperfect signal-extraction process’

In this paper, we measure potential contagion effects on market return co-movement by adding
negative and positive extreme return dummies for the left and right tails of the return distribution, denoted

D" and D", to the nonlinear news model.” The resulting model is given by:

6. On the definition of contagion, see also Forbes and Rigobon (1998, 2000).

7. Christie and Huang (1995) and Bae, Karolyi, and Stulz (2000) also use extreme return movements as proxies for
investor herding or contagion.



NKID, =a +(r ; + b, XNEWS;p ) XNKON, + (1 , + b, sNEWS;s,. 1 +h XDs;.1 N XDys 1) XSPID;.
+H(r 3+ by XNEWS .1 +hy Dk +1thg xDHK,t-l) XFTID.; +] XMHDp, "'eIJ%,t (13)

NKON, =a +(r, +by X;NEWSy, ;) XNKID,_ ; +(r , + b, NEWS)s,.; +hy >OLIJ_S,t-1 +hy >OllJJS,t-1) PID,
H(r 5+ by XNEWSy g +N gy XDy .1 +N g D 1.1) FTID; +] XMHDy, + €55, (14)

The dummy variables D}, (DY, ,) are one if the lagged U.S. intraday return is in the first (99"
percentile of its own return distribution, and zero otherwise. We define the other dummy variablesin a
completely analogous fashion.® If contagion is important in explaining return co-movement relative to
the nearby foreign market, then the coefficients of the corresponding dummy variables should be
significantly postive (i.e.,, h,, >0 and h,, >0). The same anaysis applies to the extreme market
movements involving the more distant foreign market (i.e., h;, >0 and h;, > 0).

Large financia institutions tend to have postions in many markets. When one market is
experiencing extreme market down movement, these institutions or their clients may need to liquidate
their positions in the other markets in order to cover losses in the first market. Such a liquidity crunch or
wealth constraint may generate further market co-movements on extreme return days” Note that such a
liquidity effect implies an asymmetric return co-movement between markets. That is, markets tend to fall
together for extreme downward movements from foreign markets (i.e., h,, >0 and h, >0), but not for
extreme upward movements. In other words, the liquidity effect exacerbates downward market co-
movements. Note, however, that this liquidity effect may be triggered either by a sudden, significant
downward revaluation of the market, or smply by investor herding on pessimistic sentiment. Regardless
of the source of the liquidity crunch, an asymmetric contagion effect will result.

In this expended structure, the coefficients r , and r , are measures of the norma return co-
movement between the domestic market return and the two foreign market returns due to the usual signal-

extraction process. And, the coefficients h,, and h;, are measures of the incremental return co-movement

due to specificaly the asymmetric contagion effect between these markets. If the return co-movement is

8. We also considered the fifth (95th) percentilerule, but it did not affect our results.
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principaly due to the asymmetric contagion effect, then the h,, and h,, estimates should be statistically
and economically significant whilethe r , and r , estimates should be appreciably smaller.
B.5. Nonlinear News Modd with Return Dispersion and Extreme Returns
To contrast the effects of macroeconomic news, difference in beliefs, and contagion, we employ a
nonlinear news model with both return dispersion (RRD) and extreme returns (D" and D). The
encompassing (al-inclusive) mode is given by:
NKID, =a +(r ; + b XNEWS;5 ) XNKON, + (1 , +b, NEWS;s,.1 +h 1 XDsr.1 +h o XDl i1

+0d, XRRDyg ;1) XSPID;.; +(r 3 + 05 XNEWSy ;.1 + gy XD 1.1+ XDk 1.1 (15)
+d3xRRDUK,t—1) XFTI Dt—l +j ><I\/lHD.]P,’( + e!]g,t

NKON; =a +(r; +b; XNEWSyp;.1) XNKID,.; + (1 , + by XNEWSg ;.1 +h; XDLIJ_S,t-l +hy, XDLLJJS,t-l
+d, XRRDys;.1) XSPID,. +(r 3 + by XNEWS (., +hyy XDULK,t-l +hg, xDLLJJK -1 (16)
+d3 XRRDy 1) XFTID, ; +] XMHD,,, + e?llv\‘,t

Of course, using this model, we can estimate the unconditional market return co-movements
gvenby r,, r,,and r,. Mogt interestingly, if these unconditional estimates are tatisticaly and
economicaly significant even after controlling for news, dispersion of beliefs, and contagion, this
congtitutes support for the signal-extraction hypothesis. In essence, it suggests that the return co-
movements be driven primarily by the unobservable global factors. Domestic investors try to extract
these factors from the previous foreign market returns and, subsequently, they use this extracted
information in their trading. Note that as long as the learning is imperfect, the signal-extraction process
can give rise to the contagion effect. That is, noise in one market can aso spillover into the next market
in this process.

C. Conditional Volatility Models

Extensive empirica evidence indicates that stock return volatility exhibit clustering phenomenon,

i.e., high volatility in one period tends to be followed by high volatility in the next period (Bollerdev,

Chou, and Kroner (1992)). In addition, this volatility clustering effect is asymmetric, i.e., the effect is

9. See Kyleand Xiong (1999) for more on this.
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more pronounced when the market is falling than rising (Nelson (1990), Engle and Ng (1993) and

Glosten, Jagannathan and Runkle (1993)). In order to account for the asymmetric volatility clustering
effect, we model the intraday and overnight residual terms, i.e, e, and ey, , respectively, using the
Glosten-Jagannathan-Runkle (GJR) asymmetric GARCH volatility model as follows:

eil,? - N(O'hil,tD)’ hil,? =W Wi, - eiz,’tl? Wi, hil,?—l +Wi,3'ei¥i1|D TWi,- MHDi,t TWis- INTi,t—l 17)

ON _ ON ON _ . @2,0N el
e N(O,hn ), hi,t =W, +W,, € tW,, h°N +w

2-,0N
it-1 i, t—1 i,3'e +Wi,4' MHDi,t +Wi,5'INTi

it-1

(18)

A1

wherei=JP, UK, USand e’ =€’ _, ife

|,t—l_

<0, but is O otherwise.

Note that the term e?;

it-1

accounts for the asymmetric clustering effect. In addition, our volatility
model captures any Monday and post-holiday-related variations in conditiona volatility by including the
Monday and post-holiday dummy variable, MHD;;. The mode aso accounts for the interest rate effect
(Glosten, Jagannathan, and Runkle (1993)) by incorporating a comparable domestic interest rate, INT, ,
for each country. We use a nonlinear maximum-likelihood method to estimate each conditional mean
mode aong with the corresponding conditiona volatility model given by (17) and (18). We applied the
volatility model specification tests (Engle and Ng (1993)) to insure that our estimates are based on well-
behaved volatility functions.
D. Mode Comparison

The multiplicity of models raises the issue of sdlecting a ‘best’ modd for explaining equity
market return co-movements. To compare the various conditiona mean models delineated in subsection
B, we compare the posterior odds of the different models. The following example illustrates the principal
features of the posterior odds analysis.

Suppose a hypothesis, Hy, is associated with return generating model 1, and another hypothesis,
H,, is associated with return generating model 2. Denote the conditiona likelihood function giving the
probability of the (say) intraday return on the Nikkei 225 asp(NKID|R = 3). With the prior probability of
hypothesis indicated by p(H;), Bayes Theorem says that the posterior probability of hypothess i,

conditiona on the data is given by p(H;|NKID) = p(H;)p(NKID|R = )/p(NKID). Here, p(NKID) is the
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weighted likelihood function where the prior probabilities in p(H;) serve as the weights. Using these
results, the posterior probability of hypothesis 1 relative to hypothesis 2 is given by

P(H,NKID) _ p(H,) P(NKID|b =b,)
P(H,INKID) ~ p(H,) P(NKID|b=b,)

(19)

where the posterior odds are on the left-hand side of (19), the prior odds are given by p(H;)/ p(H,), and
the likelihood ratio (also known as the Bayes Factor) is given by p(NKID|R = (3)/ p(NKID|R = (3).

In application, the trick is to find explicit forms for the prior probability densties and the
likdlihood functions that deliver tractable and economicaly interesting posterior odds computations.
Using diffuse priors, Leamer (1978) demonstrates that (19) may be written as

p(H,|NKID)/p(H2NKID) = T @?(SSE,/SSE;) ™ (20)
where T is the sample size, d is the difference in the number of parameters under the two hypotheses, and
SSE, is the sum of squared errors for the i" hypothesized model. In the event that the two hypotheses
imply nested empirical models, the posterior odds may be rewritten in terms of the usua F Statistic:

p(H,|NKID)/p(H2INKID) = T “2[(dF/(T-K))+1] (1)
where k is the number of parametersin the larger model and F is the usual F statistic.

Note that with a fixed number of parameters, any difference in the sum of squared errors (or
model ) can be rendered dtatistically significant by increasing the sample size. That is, with large
sample sizes (for us, T ~ 2500), there is a strong chance that the p-vaue of standard test statistics will be a
misleading indicator of the probability associated with a particular hypothesis.™ Klein and Brown (1984)
note that (19) may be interpreted “in terms of an adjusted likelihood ratio test in which for large samples
the significance level is a specified function of the sample size” While our empirical applications of

posterior odds rely on diffuse priors, extending this analysis to informative priorsis relatively direct.**

10. See Connolly (1989, 1991) for an extensive analysis of these issues in the context of the weekend effect
anomaly literature. Shanken (1987) applies posterior odds analysis to asset pricing model tests.

11. See Connolly (1991, Section 5.2) for an application of informative priors in the context of posterior odds
analysis.
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[I1. Data and Correlation Analysis
A. Stock Returns

We estimate our empirical models with daily stock index returns from the U.S., U.K., and Japan
for the sample period January 1, 1985 through December 31, 1996. We measure the stock return as the
change in the logarithm of the stock price index. Most of the stock price index data are from Datastream.
Figure 1 shows the timing of the three markets. The Japanese market opens at 9:00am and closes at
3:00pm, athough there is a two-hour break between 11:00am to 1:00pm (Tokyo loca time). The U.K.
market opens a 9:00am and closes at 4:30pm (London local time). The U.S. market opens at 9:30am and
closes at 4:00pm (New York loca time).

In the study, we consider close-to-open “overnight” returns and open-to-close “intraday” returns.
Since there are potential stale-price problems associated with opening prices of the U.S. (Stoll and
Whaey (1990)) and Japanese (Hamao, Masulis, Ng (1990)) stock indices, we collected intraday values
for these indices and computed intraday and overnight returns with post-opening prices of the respective
indices. For Japan, we collected 9:15 and 10:00 Nikkei 225 quotes by hand from Nihon Keizai Shinbun.*?
We found important differences in the distribution moments for returns calculated using the official
opening vs. the later quotes. Generally, overnight returns calculated with the opening quotes displayed a
much smaller mean return and lower volatility than when overnight returns use the 10:00 quote. After
consulting with experts at the Bank of Japan, we choose the 10:00 price as the opening price in our
anaysis to minimize the stale-price problems in the Japanese market. The Japanese overnight return on
day t (NKON),) is calculated as In(Nikkel 225 at 10 am. on day t) — In(Nikkei 225 at close on day t-1).
The Japanese intraday return on day t (NKID,) is caculated as In(Nikkei 225 at close on day t) —
In(Nikkei 225 at 10:00 am. on day t).

For our U.S. return series, we used the S&P500 index as our measure of the stock market. We
obtained daily opening and closing quotes on the S& P500 index from Datastream. We also obtained half-

hourly quotes for the S&P500 index from Prudential Securities for the 1985 - 1993 period, and hourly
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index values from Standard and Poor’ s for the last three years of our sample. As with the Japanese return
data, we found important differences in the distribution moments of returns using the later quotes.®

Following Becker, Finnerty, and Tucker (1992) and Craig, Dravid and Richardson (1995), we choose the
10:00 price as the opening price in our analysis to minimize the stale-price problems in the U.S. market.

The U.S. overnight return on day t (SPON, ) is calculated as In(S&P500 at 10 am. on day t) — In(S& P500
a close on day t-1). The U.S. intraday return on day t (SPID,) is the percentage change in the vaue of

the S&P500 from 10:00 to the close of trading on day t, caculated as In(S&P500 at close on day t) —
IN(S&P500 at 10:00 am. on day t).

For the U.K., we use FTSE 100 index with the 9:00 am. opening prices and 4:30 p.m. closing
prices. The stale price problem is much less important for this market, because firm quotes are used
instead of transaction prices and there is a half-hour pre-market period each day. Hence, the UK.
overnight return on day t (FTON, ) is calculated as In(FTSE 100 a 9:00 am. on day t) — In(FTSE 100 at
closeon day t-1). The U.K. intraday return on day t (FTID,) is the percentage change in the vaue of the
FTSE 100 from 9:00 to the close of trading, caculated as In(FTSE 100 at close on day t) — In(FTSE 100at
9:00 am. on day t).

Figure 1 shows the corresponding intraday and overnight returns in each merket. Note that our
Japanese intraday return does not overlap with intraday returns in the U.S. and U.K. Japanese overnight
returns completely overlap with the previous day’s intraday trading period in the U.S. and the U.K. There
is a short overlap of one and one-half hours between our U.S. intraday and U.K. intraday measures. This
creates some greater cross-market lead-lag correlation between the U.K and U.S. returns. Overnight
returns in the U.S. overlap with intraday returns in Japan and for al but one and one-haf hours of the
U.K. intraday return period. Overnight returns in the U.K. overlap with al but the first one and one-half
hours of U.S. intraday trading, and the U.K. overnight period completely encompasses the intraday

trading period for Japan.

12. In earlier work, we used the broader TOPIX index, which includes 500 stocks in the Japanese stock market. We
were unable to find a source of intraday datafor the TOPIX index, so we shifted our focus to the Nikkei 225 index.
13. These results are not reported here, but a summary is available upon request.

18



Table 1, Panel A gives the mean, standard deviation, minimum, maximum, and autocorrelation
with various lags for our overnight and intraday returns. The summary dtatistics are consistent with
findings in earlier studies. The volatility of intraday returns is larger than the voldtility of overnight
returns. Similarly, the average return is often larger for intraday returns than overnight returns for the
U.S. and U.K. data. The volatility finding may reflect greater information flow during the intraday period
and/or it may reflect the conclusions reached in some recent papers that stress the importance of trading
behavior in generating higher volatility.

B. Macroeconomic News Announcements

Our choice of the macroeconomic news announcements is based on a trade-off between a fair
representation of economic fundamentals and the need for parsmony. Our U.S. economic news variables
include money supply (MS), industrial production (IP), consumer price inflation (CPI), producer price
inflation (PP1), the unemployment rate (UR), and the merchandise trade balance (TD). Earlier work has
investigated the vauation impact of al of these announcements. Among a large number of papers,
Cornell (1983) provides an early assessment of money supply announcements. Hardevoulis (1987)
analyzes the stock price effects of the trade deficit announcement, Pearce and Roley (1985) and
Hardevoulis study inflation announcements, and recently McQueen and Roley (1993) examine industrial
production and unemployment rate among other major announcements. These announcements form a fair
and parsimonious representation of the economic fundamentals for the U.S. markets (McQueen and Roley
(1993), Pearce and Roley (1993), and Ederington and Lee (1993)).

We provide a quick sketch of the U.S. economic news announcement schedule (see McQueen and
Roley (1993) and Ederington and Lee (1993) for more detail). U.S. industria production announcements
are released monthly by the Federa Reserve Board before the U.S. market opens. Unemployment data
are released by the Bureau of Labor Statistics monthly before the U.S. market opens. The merchandise
trade deficit data are announced monthly by the Foreign Trade Division of the Department of Commerce,
also before the U.S. market begins trading. Consumer price index and producer price index data are

announced monthly by the Bureau of Labor Statistics at 8:30 am. Finaly, weekly U.S. money stock
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(M1) announcements are made by the Federal Reserve on Thursday afternoons, after the U.S. market
closes, but before trading begins in Japan. We obtain the U.S. actual announcement data and the median
survey estimates from MMS International (Money Market Services). The median values are calculated
from the MMS surveys of market participants and observers, and they serve as a measure of the market's
expected value of the particular announcement.

The Japanese economic news announcements that we study include money supply (MS),
industrial production (IP), consumer price index (CPI), and wholesale price index (PPl). The money
supply announcement reports the monthly money stock (M2 plus certificates of deposit) estimate. The
Japanese money supply announcements are usualy made on Friday of the first or second week of the
month. Until November 28, 1996, the Bank of Japan announced the money supply and wholesale price
index in the afternoon while the market was still open. From that point forward, the announcements have
been made at 8:50 am. Tokyo time. Japanese industrial production data are the monthly index of
industrial production computed by the Ministry of International Trade and Industry (MITI). This
announcement does not have a fixed release date, but is usualy made toward the end of the month. The
industrial production announcement is made by the MITI, generadly at 1:30 p.m. (while the market in
Tokyo is open). The consumer price index is released monthly a dightly irregular times by the
Management and Coordination Agency after it is reported to the Japanese cabinet. In our regressions, we
treat this announcement as if it is made during the trading day. We collected the Jgpan monthly
preliminary announcement data by hand from the Nihon Keizai Shinbun for the 1985-1994 period. The
Bank of Japan provided some additional announcement data for 1995 and 1996.

Our macroeconomic news announcements for the U.K. include M3 money supply (MS), retail
price inflation (CP!), industria production (IP), and the unemployment rate (UR). These announcements
are made monthly at 11:30 am. while the market in London is open (King and Wadhwani (1990)). The
U.K. announcement data are collected from the Financial Times.

Since stock prices might be expected to respond only to the new information contained in each

announcement, we use the unexpected component of each announcement in our study, not the raw
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announcement figures. The unexpected components of the U.S. announcements are calculated as the
percentage difference between the actual announcement values and the median expected values, using the
actual values as the base. Since we do not have expected values on the macroeconomic announcements
for Japan and the U.K., we built a separate ARIMA model for each actual news announcement series.
Specificdly, we use residual at time t from the final ARIMA model for a specific announcement to
measure the unexpected value of the news announcement at time t. These residuas can be interpreted as
the unexpected percentage change in the news announcement series, and in this way, they are directly
comparable to the measurement approach we use for U.S. announcements. We do not report the details
here, but generally, the models are often fairly smple ARMA(1,1) models with an AR(12) term added.
Figure 1 shows the timing of trading in the three markets and the corresponding intraday and
overnight returns in each market. Some examples may help to clarify the considerations that went into
the determination of the timing of macroeconomic announcements (i.e. specifying the timing on particular
announcements) that underlie the regression models (5) — (16).
Example 1: Five of the six U.S. announcements are made before the market opens in the U.S,; the U.S.
money supply data are released after the U.S. market closes. Accordingly, the five U.S. announcements
are included in both the overnight U.S. and the intraday U.K. models at timet.
Example2: The U.S. money supply announcement enters both the intraday and overnight U.S,, U.K., and
Japanese return models at time t-1.
Example 3: Japanese economic news announcements enter U.K. and U.S. return models at time t, but
they only enter the intraday Japanese return model at timet. The Japanese news announcements enter the
overnight return models at time t-1, because they are made after the 10:00 Nikkel index value is recorded.
Example 4: U.K. announcements enter the U.K. intraday return model and the U.S. overnight and
intraday return models at time t. U.K. news announcements appear at time t-1 in the U.K. overnight
return model.

Table 1, Panel B reports summary statistics on our macroeconomic news announcement data.
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The final, non-news variable that we need to describe is the interest rate term that is included in
our conditional volatility model. There are some potentia difficulties in finding comparable domestic
interest rates for each country. To address this issue, we use the one-month Eurodollar interest rate for
the U.S,, the one-month Euro-yen interest rate for Japan, and the one-month Euro-sterling interest rate for
the U.K. We gathered this data from Datastream, and it consists of afternoon observations taken in
London. The advantage of the Euro-interest rates is the comparability of the underlying asset, the relative
lack of regulation in the market, and ease with which the data can be collected. When matching interest
rate data to intraday and overnight return data, we adjust for timing variations so that interest rate
observations precede the last equity index value used in calculating equity returns. This renders the
interest rate observations pre-determined variables in our empirical work.

C. Cross-market Contemporaneous Correlations
C.1. Unconditional Correlations

Documenting and explaining equity market return co-movements is the principa purpose of this
paper. Table 1, Panel C reports cross-market contemporaneous return correlations between foreign
intraday returns and domestic overnight returns, while Panel D reports cross-market lead-lag return
correlations between foreign intraday returns and subsequent domestic intraday returns.

The analysis of the contemporaneous correlations provides a preliminary, univariate summary of
the data that our overnight regression models are designed to explain. The contemporaneous correlations
have several interesting features. First, foreign intraday returns are positively and substantialy related to
domestic overnight returns. Second, U.S. intraday returns exert the greatest influence on both the U K.
and Japanese overnight returns, while the U.K. intraday returns have a greater impact on U.S. overnight
returns than Japanese intraday returns. Third, there are distinct asymmetries in the spillover from foreign
intraday returns to domestic overnight returns. Specifically, the contemporaneous correlation between the
U.S. intraday return at t-1 and the Japanese (U.K.) overnight return at time t is .223 (.556). In contrast,

the contemporaneous correlation between the Japanese (U.K.) intraday return at t and the subsequent U.S.



overnight return at time t is .090 (.338). This asymmetry has been noted in earlier studies (e.g., Hamao,
Masulis, and Ng (1990)).
C.2. Conditional Correlations

We aso gtratified the data to provide preliminary evidence on how cross-market correlations vary
with news and return dispersion, and on the likely importance of contagion effects. To focus this
discussion, we identified three related questions about market co-movements that the correlation analysis
might address. Firdt, is there systematic evidence that market return co-movements are affected by public
information flows (i.e.,, economic news)? Second, do cross-market correlations change systematically
when there are extremely large negative (or positive) market movements? Finally, does the dispersion of
beliefs in a foreign market systematically affect the market return co-movements? We address each
guestion in turn.

Two results emerge from the news-related variations in the correlation of Japanese market returns
with foreign market returns. First, the correlations between Japanese overnight returns and foreign
intraday returns are highest on days when there is news in al markets, followed by the days with news
from any one market. This correlation is at its nadir on no-news days. Second, the correlation between
Japanese intraday returns and U.S. overnight returns, after conditioning on news, is much higher than in
the whole sample. These results suggest that the co-movement between Japanese returns and foreign
market returns is quite sengitive to the news effect. Nonetheless, the unconditiona result that Japanese
intraday returns have the least impact on foreign overnight returns in the whole sample is till robust in
every news-related subsample. For example, the correlation of U.K. overnight returns with lagged U.S.
intraday returnsis greater than with Japanese intraday returns in every news-related subsample. A similar
result holds for U.S. overnight returns.

The second question focuses on return-related variations in market return co-movements. With
one exception, market return co-movements are larger and positive when there is bad news compared to

the whole sample. For example, the correlation of Japanese overnight returns with lagged U.S. intraday
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returnsis .223 in the whole sample, but .799 in the extreme negative returns (1% fractile) subsample. The
only exception isin the U.S. overnight market.

We dso find that the contemporaneous correlations are generally smaller when we form samples
based on positive return extremes compared with negative return extremes. The tests for differences in
correlations confirm that five out of six correlations are higher in the extreme negative return sample than
the extreme positive return sample. We aso note that the correlations based on extreme returns are
dramatically and statistically significantly different from correlations based on samples where returns fall
in the interquartile range. These results are consistent with the contagion effect that unusually large noise
in foreign intraday returns may also spillover into domestic overnight returns on days with extreme
foreign intrady returns. Moreover, the effect is more pronounced with extreme negative returns in foreign
markets. The only exception isin the U.S. overnight market, where the Japanese extreme positive returns
have a greater influence than its extreme negative returns do.

The fina set of return correlations that we analyze is based on variations in the relative return
disperson (RRD). For Japanese overnight returns, the U.S. RRD-sorted correlations (5% vs. 95%
fractiles) show partial evidence that the contemporaneous correlations are negatively related to the
dispersion of beliefsin U.S. intraday returns. In other words, investors whose trading determines returns
in the Japanese overnight market seem to discount the influence of U.S. intraday returns if they find the
U.S. return signa is accompanied by unusually high return dispersion. For U.S. overnight returns, the
U.K. RRD-sorted correlations display a similar pattern, thus providing further evidence consistent with
the signal extraction hypothesis.

Overdll, the genera patterns in the contemporaneous correlations prevail under a variety of
sample dtratifications - news, extreme returns, and return dispersion. That is, foreign intraday returns are
positively and substantially related to subsequent domestic overnight returns. U.S. intraday returns exert
the greatest influence on both U.K. and Japanese overnight returns, while U.K. intraday returns have a

greater impact on U.S. overnight returns than Japanese intraday returns. Findly, the asymmetric
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correlation patterns among the U.S., U.K., and Japanese market returns noted by Hamao, Masulis, and Ng
(1990) persists.

D. Cross-market Lead-lag Correlations

D.1. Unconditional Correlations

Table 1, Panel D reports the cross-market |ead-lag correlations of intraday returns. The anaysis
of these correlations provides a preliminary, univariate summary of the data that our intraday regression
models are designed to explain.

In the full sample, the lead-lag correlations indicate that foreign intraday returns continue to exert
positive impact on domestic intraday returns in the Japanese and U.S. markets, even after their first and
substantial impact on the domestic overnight returns. However, the lead-lag correlation is generaly less
than haf of the corresponding contemporaneous correlation. For example, the lead-lag correlation
between the U.S. intraday returns and Japanese intraday returns is .096, whereas the contemporaneous
correlation between the U.S. intraday returns and Japanese overnight returns is .223. It appears that the
signal-extraction process is not completed in the domestic overnight market and the learning continues,
albeit to alesser extent, in the subsequent domestic intraday market.

The largest entry in the full sample portion of the table is the lead-lag cross-correlation between
intraday returns in the U.K. and U.S. (.191). In part, this correlation reflects the one and one-half hour
overlap of the intraday trading periods for these two markets. Aside from this relatively large value, the
rest of the full sample correlations are relatively small.

D.2. Conditional Correlations

Here, dratifying the samples by news, extreme return, and return disperson produces some
interesting changes in the correlations. The news dratification shows that the lead-lag correlations
between domestic overnight returns and subsequent domestic intraday returns are generally much higher
when there is news from any of the markets. For Japan and the U.K., when we sort the data on domestic
news, we find the corrdation between domestic overnight and domestic intraday news is negative,

relatively sizeable, and statisticaly different from the comparable correlation in the no-news sample.

25



The gratification by extreme return indicates that the lead-lag correlations between the foreign
intraday returns and subsequent domestic intraday returns are substantially higher when the foreign
intraday returns fall into the extreme negative categories. Moreover, the test for differences in correlation
for extreme returns indicates that the lead-lag correlations are significantly and negatively related to the
extreme returns. This result is consistent with a smilar finding in contemporaneous correlations in Panel
C. Both results suggest an asymmetric contagion effect: markets tend to move down together in bad
times, but may not move up together in good times.

Finaly, conditional on extremely small RRD (1% fractile) in the U.K. market, we find the
correlation of the U.K. intraday returns with subsequent U.S. intraday returns is much higher than the
whole sample result (i.e,, .501 vs. .191). Similarly, conditiona on extremely smal RRD (1% fractile) in
the U.S. market, the correlation of the U.S. intraday returns with subsequent U.K. intraday returns is
much higher than the whole sample result (i.e, .144 vs. -.004). On the other hand, conditiona on
unusualy high RRD (99% fractile) in the U.S. market, we find the correlation of the U.S. intraday returns
with subsequent Japanese intraday returns becomes significantly negative and much less than the whole
sample result (i.e., -.523 vs. .096). These results are consistent with the signal-extraction hypothesis,
which predicts that the lead-lag correlation between market returns will be negatively related to the
dispersion of beliefs in the leading foreign market. We find further evidence for this view in the test for
differences in correlation for the two extreme return dispersions (1% vs. 99% fractiles) for al three
countries. Note, however, the results based on the less extreme return dispersions (5% vs. 95% fractiles)
provide similar evidence only for the lead-lag correlation between the U.K. and U.S. intraday returns. It

appears that return dispersion may have a nonlinear effect on the lead-lag correlations.

V. Empirical Results
A. Linear Models
In this section, we report and discuss the results from estimating various return-generating models

described in Section Il. Table 2 reports the estimates for our baseline model. These estimates establish

26



four distinct patterns of return co-movements across the three national equity markets studied here. First,
foreign intraday returns significantly and positively affect subsequent domestic market returns (i.e.,
r,>0 and/or r,>0). Second, the spillover effect is greater for domestic overnight returns than for
domestic intraday returns, a result consistent with the findings in Lin, Engle, and 1to (1994). Third, the
nearby foreign market returns have alarger impact than the more distant foreign market on the subsequent
domestic returns (i.e., r, >r.). The only exception involves the U.K. overnight market, where U.S.
market returns have a larger impact than Japanese market returns. Fourth, domestic intraday markets tend
to reverse the direction of the return movement in the previous domestic overnight markets (i.e., r, <0),
whereas domestic overnight markets tend to follow the course of the return movement in the previous
domestic intraday markets (i.e., r, > 0).

Table 3 shows that the four distinct patterns about return co-movements persist and have
essentially the same magnitudes, even after controlling for the effects of the macroeconomic news
announcements. This invariance result suggests that the return co-movements between markets are more
likely to be driven by unobservable globa factors than by observable macroeconomic news. This result
tends to confirm a similar conclusion in King, Sentana, and Wadhwani (1994) about monthly return co-
movements between national stock markets. Table 3 aso show that both Japanese and U.K. markets
respond to domestic as well as foreign macroeconomic news. In contrast, U.S. markets tend to respond
only to the domestic macroeconomic news.

B. Nonlinear Models
B.1. Basic Results

In Table 4, we report estimates of the nonlinear news model parameters. The four distinct
patterns about return co-movements across the three national equity markets remain and the
corresponding parameter estimates have smilar magnitudes in this model. However, we find that across
al three countries there are more dtatistically significant macroeconomic news announcement coefficients
in the nonlinear model compared to the linear model. In other words, macroeconomic news effects seem

to be more important in the nonlinear model than in the linear model. This finding confirms our
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conjecture that macroeconomic announcements from a country are more likely to contain relevant new
information for the domestic stock market if they are accompanied by measurable stock return
movements. This result further strengthens the recent findings that the effect of macroeconomic
announcements depends on the context in which investors interpret the announcements, not just the news
itself (McQueen and Roley (1993) and Kaminsky and Schmukler (1999)).

From taking a closer look at the effect of each individual news announcement in Table 4, the
following results seem clear. Firgt, for domestic news announcements, consumer price index (CPI) and
money supply (MS) are two important domestic news announcements for Japan and U.K. Industria
production (IP) is aso important in Japan, while unemployment rate (UR) is the only important domestic
newsin U.S. Second, concerning the effect of U.S. news on foreign markets, U.S. consumer price index
(CP) and trade deficit (TD) both have measurable impacts on Japanese and U.K. markets. In contrast,
U.S. industrial production (1P) and money supply (MS) affect Japanese markets, whereas U.S. producer
price index (PPI) and unemployment rate (UR) affect U.K. markets. Third, concerning the effect of U.K.
news on foreign markets, U.K. consumer price index (CPl) and money supply (MS) have measurable
impacts on both Japanese and U.S. markets. In addition, U.K. unemployment rate (UR) affects Japanese
markets. Fourth, concerning the effect of Japanese news on foreign markets, Japanese industria
production (IP) has measurable impacts on both U.K. and U.S. markets. In addition, Japanese producer
price index (PPl) only affects U.K. markets, whereas Japanese consumer price index (CPI) only affects
U.S. markets.

B.2. Nonlinear Return Model with Return Dispersion

Table 5 reports estimates of nonlinear news model parameters where the model incorporates
foreign return dispersion (RRD) as an additional conditional determinant of equity market return co-
movement. One particularly important finding about the role of the return dispersion emerges. Aside
from the Japanese intraday market, the greater the return dispersion in the nearby foreign market, the

smaller the return co-movement between that foreign market and the domestic market (i.e., d, <0). This

result is particularly evident for the domestic overnight market. For example, the d, coefficients for the
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Japanese, U.K., and U.S. overnight markets are all statistically significant with values of -9.15, -0.03, and
-0.03, respectively. This result is consistent with the signal extraction hypothesis and suggests that the
response of the domestic traders to the return signa from the nearby foreign market decrease with the
dispersion of beliefs. Interestingly, the return co-movement between Japanese intraday returns and the
U.S. (U.K.) intraday returns, i.e., r , (r ;), in Table 4 decreases from 0.21 (0.08) to 0.13 (0.06) in Table 5
after including the two return dispersion variables—about a 30% drop. Apart from these new findings,
the results in Table 5 are similar to those in Table 4. Again, the four distinct patterns about return co-
movements across the three nationa equity markets remain, even after controlling for both the effects of
public news and dispersion of beliefs.
B.3. Nonlinear Return Model with Contagion

Table 6 reports estimates of the parameters of the nonlinear news mode that incorporates
extreme foreign return dummies (i.e., 1% and 99% tails) to capture the effects of potential contagion from
foreign markets. The results are generdly consistent with our conjecture about asymmetric contagion
effects in down markets. Specificaly, domestic markets tend to move down with foreign markets when
the foreign markets are experiencing extreme negetive returns (i.e., h,, >0 and/or h,, >0). On the other
hand, domestic markets generally do not move up with foreign markets when the foreign markets are
experiencing extreme positive returns. This asymmetric contagion result is consistent with the prediction
of Kyleand Xiong (1999). For example, in Japanese intraday market the coefficients of the 1% dummies
of the U.S. and U.K. market returns (i.e,, h,, and h,,) are statistically significant with values of 0.38 and
0.15, respectively. On the other hand, the coefficients on the 99% dummies of the U.S. and U.K. market
returns in the Japanese market (i.e, h, and h,,) are negative or statistically insignificant. More
interestingly, the usual co-movement between Japanese intraday returns and the U.S. intraday returns
(measured by r ,) disappears, after the extreme foreign returns are incorporated. 1t seems that the bulk of
the return co-movement related to the Japanese intraday market may reflect an asymmetric contagion
effect. However, in al other markets the genera return co-movement patterns persist and have smilar

magnitudes even after controlling for both effects of public economic news and contagion. To check for
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robustness, we repeated the analysis in Table 6 with 5% and 95% return dummies and find essentialy the
same results.
B.4. All-Inclusive Nonlinear Return Model

In Table 7, we report parameter estimates for the all-inclusive non-linear news mode. This
specification renders possible smultaneous comparison of macroeconomic news, dispersion of beliefs,
and contagion effects on equity market return co-movements. The most important new finding emerges
from the Japanese intraday market. Unlike in Table 5, U.S. return disperson now has a significant,
negative impact (d, = -6.55) on the return co-movement between the U.S. and Japanese intraday returns.
This result is further confirmation of the signa extraction hypothesis, but we find this only after
controlling for extreme U.S. and U.K. returns. Like in Table 6, the usua co-movements between
Japanese intraday returns and the U.S. and the U.K. intraday returns (i.e., r , and r ;) disappear, after both
the dispersion of beliefs and the extreme foreign returns are incorporated. This result strengthens the
finding in Table 6 and suggests that the bulk of the return co-movement related to the Japanese intraday
market may be due to the asymmetric contagion effect. In general, Table 7 confirms both the effect of
dispersion of beliefs found in Table 5 and the asymmetric contagion effect found in Table 6.

Above all, the estimates of return co-movements reved that the distinct patterns among the three
equity markets by and large persist with similar magnitudes. First, positive foreign intraday returns tend
to raise domestic market returns, especially for domestic overnight markets. Second, the nearby foreign
markets tend to exert a greater influence on the domestic markets. The only exception remains the U K.
overnight market, which is much more sensitive to the distant U.S. market than to the nearby Japanese
market. Finally, domestic intraday returns tend react negatively to the previous domestic overnight
returns, whereas domestic overnight returns tend react positively to the previous domestic intraday
returns.

These patterns are established first in our baseline model and are robust in the al-inclusive, non-
linear news model. These robust results suggest that the return co-movements, to a large extent, are

driven by unobservable global factors. Domestic investors try to extract these factors from the previous



foreign market returns and they use this extracted information in subsequent trading. This signa-
extraction process may aso give rise to a contagion effect in which noise in one market spills over into
the next market through this imperfect learning process.

C. Mode Comparison

Finaly, in Table 8 we compare various conditional mean modelsin equations (3) — (16). Panel A
gives each mode’s R vaue and Panel B provides a posterior odds-based comparison of the various
models. It is not surprising that R? values increase as more variables are added to the models. Posterior
odds anaysis takes this into account, penalizes models with more parameters, and compares different
models based on the posterior probability of each model given the data.

We compare first the baseline model (egs. 3 and 4) to al other models. Two remarkable findings
arein order. Firgt, the basdline model dominates the linear news model (egs. 5 and 6) and the nonlinear
news model (egs. 7 and 8) for all six intraday and overnight markets. This result strengthens one of our
basic conclusions that macroeconomic news announcements have little independent role in explaining the
return co-movements between nationa equity markets. To the extent that our new announcements proxy
for observable global factors, the relative orthogonality of news effect and return co-movement strongly
suggests that the return co-movements may be driven primarily by unobservable globa factors. This
implication is consistent with the conclusion of King, Sentana, and Wadhwani (1994), who emphasize the
importance of unobservable global factors.

Second, for the U.K. and U.S. overnight markets and the Japanese intraday market the basgline
model can be improved by incorporating return dispersion and/or extreme returns.  This result suggests
that the disperson of beliefs and market contagion be important factors affecting the return co-
movements in these markets. On the other hand, this result aso implies that the parsmonious, baseline
mode is sufficient to capture the return co-movements in the U.K. and U.S. intraday markets and the
Japanese overnight market.

The comparison between the linear news model (egs. 5 and 6) and other models shows that the

linear news model may best explain the U.K. intraday market. But, the linear news model isinferior to all
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other models essentially for dl other five markets. For example, posterior odds favor the nonlinear news
model (egs. 7 and 8) over the linear news model for all markets except for the U.K intraday market. This
result basically confirms our previous finding that foreign macroeconomic announcements are more likely
to contain relevant new information for the domestic stock market if they are accompanied by measurable
stock return movements. This result is also consistent with the recent findings that the effect of
macroeconomic announcements depends on the context in which investors interpret them, not just the
news itself (McQueen and Roley (1993) and Kaminsky and Schmukler (1999)).

Relative to the basic nonlinear news model (egs. 7 and 8), the posterior odds favor the more
complex nonlinear news models with return dispersion and/or extreme returns (egs. 11 — 16) for al three
overnight markets and the Japanese intraday market. This result highlights again the importance of
incorporating the potential effects of the dispersion of beliefs and contagion as one examines the return
co-movements in these markets.

Finally, posterior odds favor the most complex (all-inclusve) model (egs. 15 and 16) for
explaining the return co-movements for the U.K. and U.S overnight markets. By comparison, posterior
odds favor the baseline model for the Japanese overnight market and the U.K. and U.S intraday markets,

and the nonlinear news models with extreme returns (egs. 13 and 14) for the Japanese intraday market.

V. Summary and Conclusions

In this paper, we document and explore the sources of return co-movement for the U.S., UK.,
and Japanese equity markets for the 1985-1996 period. Severa distinct patterns of market return co-
movements emerge from our empirica analysis. First, foreign intraday returns significantly influence
subsequent domestic market returns, and the effect is stronger for domestic overnight returns than for
domestic intraday returns. Second, the U.S. market exerts the greatest influence on both the U.K. and
Japanese markets, while the U.K. market has more influence on the U.S. market than the Japanese market
has. Third, domestic intraday returns tend to have a negative correlation with the preceding domestic
overnight returns, whereas domestic overnight returns tend to have a positive correlation with the

preceding domestic intraday returns.
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We establish these digtinct patterns first in our baseline model excluding macroeconomic news,
and find these results robust essentialy in all other models where we incorporate macroeconomic news,
disperson in beliefs, and contagion. In addition, we find that foreign macroeconomic news
announcements have larger effects on domestic market returns when the announcements are accompanied
by large foreign market returns. Still, the news effect on returns is small in comparison to the effects of
foreign market returns. In particular, for al three countries the two foreign intraday returns are much
more important in explaining the domestic intraday and overnight returns than the lagged domestic
market returns and all macroeconomic news announcements taken together. This result confirms a
similar finding in Connolly and Wang (1998).

These empirical results are consistent with the imperfect signal-extraction explanation (King and
Wadhwani (1990)) of equity market return co-movements. Specifically, our results are consistent with a
mode in which domestic investors try to extract the unobservable global factors from foreign market
returns and use the extracted information in their subsequent domestic trading. In this imperfect learning
environment, domestic investors discount the foreign return signal more strongly as the signa is less
precise. Finaly, we find evidence that trading noise may also affect the return-generating process in
domestic markets and that this contagion effect is more pronounced for the extreme down markets than
for the extreme up markets. The Crash in October 1987 appears to provide a leading example of this

asymmetric contagion effect.
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Tablel

Summary Statisticsand Correlation AnalysisFor U.S,, U.K., and Japan

Panel A: Summary Statisticsfor Overnight and I ntraday Returns

Market Return Mean Std. Dev. Min. Max. ?(1) ?2(2) ?2(3) ?(12)
u.s. SPID .0006 .0077 -.163 .045 .012 .006 -.012 -.034
SPON .00004 .0054 -.066 .087 -.015 -.204 .045 .026

UK. FTID .0005 .0073 -.054 .047 -.047 .059 022 .002
FTON .0001 .0058 -.095 .061 -.059 .076 .054 -.028

Japan NKID -.0002 .0103 -.130 .083 -.060 .026 021 .003
NKON .0005 .0086 -.045 .070 .042 -.048 014 .025

Panel B: Summary Statistics for Economic News Announcement

Market News M ean Std. Dev. Min. Max.
us. CPlys -.0057 139 -2.00 3.00
IPys 014 177 -2.00 3.00

PPlys 024 483 -3.00 4,00

URys -.0005 .0062 -.067 053

TDus -.0003 041 -.833 303

MSys 078 172 -49.0 26.0

UK. CPlyk .0007 .070 -.957 1.10
1Py -.0043 253 -4.01 303

URyk .0005 038 -1.534 259

MSuk .0005 .099 -1.32 175

Japan CPlyp .0037 179 -1.323 4.133
PPl;p 001 093 -1.248 247

IPsp -.005 475 -5.827 6.779

MS;p .0033 1.454 -.016 021
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Table 1 (cont.)

Summary Statisticsand Correlation AnalysisFor U.S,, U.K., and Japan

Panel C: Cross-Market Contemporaneous Return Correlations

Stratification

Whole Sample
News All News
US News
UK News
Japan News
No News
Return

1% Fractile

99% Fractile

5% Fractile

95% Fractile
Interquartile Range

Return Dispersion
1% Fractile
99% Fractile
5% Fractile
95% Fractile
Interquartile Range

Stratification

No News vs. US News
UK News

Japan News

All News

All News vs. US News
UK News
Japan News

Return
1% vs. 99%
5% vs. 95%
5% vs. Inter. Range
95% vs. Inter. Range

Return Dispersion
1% vs. 99%
5% vs. 95%
5% vs. Inter. Range
95% vs. Inter. Range

Correlation of NKON;

Correlation of FTON;

Correlation of SPON;

with with with

SPID:.1 ETID:.q NKID; SPID:.q ETID; NKID;
0.223 0.193 0.240 0.556 0.338 0.090
0.522 0.352 0.122 0.669 0.400 0.290
0.262 0.235 0.141 0.470 0.388 0.117
0.263 0.315 0.045 0.631 0.390 0.156
0.209 0.296 0.402 0.701 -0.023 -0.267
0.208 0.148 0.202 0.478 0.421 0.220
0.799 0.265 0.583 0.929 0.294 -0.632
0.184 0.196 0.487 0.824 -0.18 0.358
0.459 0.263 0.504 0.889 0.294 -0.362
0.16 0.133 0.394 0.444 -0.044 0.351
0.193 0.165 -0.009 0.482 0.147 0.024
0.15 -0.115 -0.154 0.387 0.655 0.225
-0.183 0.255 0.149 -0.332 0.555 0.329
0.429 0.13 -0.068 0.566 0.655 0.055
0.267 0.389 0.406 0.612 0.162 0.389
0.171 0.185 0.162 0.546 0.377 0.168

Testsfor Differencesin
Correlation of NKON;

Testsfor Differencesin
Correlation of FTON;

Testsfor Differencesin
Correlation of SPON;

with with with
SPIDy.g FTID;.q NKID; SPID;.q ETID; NKI D¢
-1.26 -1.99** 1.39 0.23 0.87 2.34*
-0.97 -2.96* 2.67* -3.72* 0.62 111
-0.02 -2.76* -3.91* -6.16* 8.34* 8.79*
-2.21** -1.31 0.49 -1.73%* 0.15 -0.45
1.85%* 0.76 -0.11 1.77** 0.08 1.08
1.79** 0.24 0.45 0.38 0.07 0.82
2.14%* 0.36 -1.77%* -0.35 2.60* 3.33*
14.44* 1.74** 2.24* 7.97* 39.60* -18.56*
27.55* 11.88* 11.81* 77.39* 30.42* -63.79*
34.26* 12.63* 68.70* 101.63* 19.03* -49.14*
-4.02* -4,05* 50.61* -5.71* -23.79* 40.74*
6.78* -10.52* -7.03* 17.34* 5.90* -2.49*
15.70* -28.13* -43.04* -5.98* 62.36* -30.55*
34.30* -8.32* -27.99% 3.47* 57.11* -13.85*
12.01* 30.31* 32.59* 11.83* -31.62* 29.14*
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Table 1 (cont.)

Summary Statisticsand Correlation AnalysisFor U.S,, U.K., and Japan

Panel D: Cross-Market Lead-L ag Return Correlations

Stratification

Whole Sample
News All News
US News
UK News
Japan News
No News
Return

1% Fractile

99% Fractile

5% Fractile

95% Fractile
Interquartile Range

Return Dispersion
1% Fractile
99% Fractile
5% Fractile
95% Fractile
Interquartile Range

Stratification

No News vs. US News
UK News

Japan News

All News

Il News vs. US News

UK News
Japan News

Return
1% vs. 99%
5% vs. 95%
5% vs. Inter. Range
95% vs. Inter. Range

Return Dispersion
1% vs. 99%
5% vs. 95%
5% vs. Inter. Range
95% vs. Inter. Range

Correlation of NKIDy

Correlation of FTID¢

Correlation of SPID;

with with with
NKON; SPIDy.1 ETON; SPID..1 SPON; ETID;
-0.039 0.096 -0.043 -.004 0.086 0.191
0.284 0.018 -0.138 -0.152 0.238 0.183
-0.072 -0.008 -0.039 -0.047 0.037 0.197
-0.203 0.016 -0.194 -0.196 0.235 0.228
-0.324 0.366 0.074 0.162 -0.058 0.209
0.051 -0.020 -0.046 -0.021 0.176 0.179
-0.036 0.920 0.188 0.567 0.534 0.388
-0.641 -0.050 -0.207 -0.505 -0.224 0.095
0.120 0.725 0.074 0.373 0.417 0.381
-0.504 -0.087 -0.208 -0.329 -0.209 0.064
0.009 -0.009 0.042 -0.07 -0.015 0.011
-0.979 0.016 -0.202 0.144 0.229 0.501
0.114 -0.523 0.187 -0.153 -0.147 0.095
-0.825 -0.005 -0.128 0.019 0.071 0.410
0.339 0.430 0.104 0.241 -0.238 0.192
0.142 0.012 -0.051 -0.044 0.243 0.105

Testsfor Differencesin
Correation of NKI Dy

Testsfor Differencesin
Corrélation of FTID;

Testsfor Differencesin
Correlation of SPI D,

with with with

NKON; SPIDy.; FTON; SPID:.; SPON; ETID,
2.72% -0.26 -0.15 0.57 3.11* -0.41
4.30* -0.60 2.52* 2.97* -1.03 -0.85
6.84* -7.13* -2.12%* -3.26* 4.17* -0.55
-1.45 -0.23 0.56 0.79 -0.39 -0.02
2.16** 0.15 -0.59 -0.63 122 -0.09
2.88* 0.01 0.33 0.26 0.02 -0.27
3.66* -2.13** -1.24 -1.84** 1.75%* -0.16
12.25* 27.11* 6.62* 19.83* 13.66* 7.81*
58.00% 82.77* 24.80% 60.40* 56.60* 29.56*
13.38* 105.68* 3.95% 52.67* 55.95% 47.95*
-68.70* -9.23* -30.85* -32.03* -23.83* 6.58*
-52.70* 13.73* -11.01* 6.89* 8.78* 12.73*
-131.03* -39.44* -23.42* -19.25* 26.62* 24.24*
-159.01* -2.04%* -11.45* 7.56* -21.21* 48.67*
25.39* 53.27* 21.08* 34.48* -58.35* 12.08*
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Table 1 (cont.)

Summary Statisticsand Correlation AnalysisFor U.S,, U.K., and Japan

Notes: The return and news announcement data in Panels A and B, and the sample stratification and the tests for
differencesin correlation in Panels C and D are explained as follows.

Returns: We cal culate the overnight return in the Japanese market NKON) on day t as In(Nikkei 225 at 10
am. on day t) - In(Nikkei 225 at close on day t-1). Our intraday return in the Japanese market (NKID) on day tis
calculated as In(Nikkei 225 at close on day t) — In(Nikkei 225 at 10:00 am. on day t). The U.S. overnight return
(SPON) on day t is given by In(S&P500 at 10 am. on day t) - In(S&P500 at close on day t-1). The U.S. intraday
return (SPID) on day t is calculated as In(S&P500 at close on day t) — In(S&P500 at 10:00 am. on day t). We
calculate the U.K. overnight return (FTON) on day t as In(FTSE 100 at 9:00 a.m. on day t) - In(FTSE 100 at close on
day t-1). Our U.K. intraday return (FTID) on day t is calculated asIn(FTSE 100 at close on day t) — In(FTSE 100at
9:00 a.m. on day t).

News:. Our U.S. economic news variables include money supply (MS), industrial production (IP), consumer price
inflation (CPI), producer price inflation (PPI), the unemployment rate (UR), and the merchandise trade balance
(TD). The Japanese economic news announcements that we study include money supply (MS), industrial
production (IP), consumer price index (CPI), and wholesale price index (PPl). Our macroeconomic news
announcements for the U.K. include M3 money supply (MS), retail price inflation (CPI), industrial production (1P),
and the unemployment rate (UR). We employ the unexpected component of each announcement in our study, not
the raw announcement figures. The unexpected components of the U.S. announcements are calculated as the
percentage difference between the actual announcement values and the median expected values, using the actual
values as thebase. Since we do not have expected values on the macroeconomic announcements for Japan and the
U.K., we built a separate ARIMA model for each actual news announcement series. We use residual at timet from
an ARIMA model for a specific announcement to measure the surprise in the news announcement at timet.

Correlation: The correlations in the row marked whole sample are based on the entire sample of data for the 1985
— 1996 period. The sample stratifications based on news were made as follows. The all news sample consists of
observations for days when there is news in any of the markets. The U.S. (U.K., Japan) news sample includes only
observations from days when there are economic news announcements in the U.S. (U.K., Japan). The no-news
sample consists of observations on days when there are no announcementsin any of the three markets.

The return and return dispersion samples are formed by including observations where the retumn in the
foreign market involved in the correlation computation (not the home market) satisfies the return or return
dispersion criterion. For the Japanese (U.K., U.S.) overnight return correlations, the sample is formed based on the
U.S. (Japan, U.K.) intraday returns from the previous day. For example, the 1% return fractile sample used to
compute the correlation of NKON; with SPID,.; consists of observations where the value of SPIDy.; fell into the 1%
return fractile. The return dispersion samples are formed in a completely anal ogous fashion.

The tests for differences in the correlation coefficients are a heteroskedasticity-robust t-test studied by
Forbes and Rigobon (1998) and implemented by Baig and Goldfajn (1998) from whom this explanation is taken.

The null and alternative hypotheses are given by Ho: I, 2T and Hy: r |, <r, where the 0 and 1 superscripts

indicate the first and second samples, thei and j subscriptsindicate the ith and jth countries, and r is the correlation
coefficient. The test uses a Fisher transformation of the sample correlation given by
m =5-In[(1+r | )/ (1-r ;)] to compute a test statistic (distributed as at with m degrees of freedom) given by

U=(m- rq)/J(s§ I n,)+ (s /n,) where s° =(n, —3) " isthe sample variance after the Fisher transformation.
The number of degrees of freedom is given by the integer part of
[(SE/n)+ (S In)PTI(S Ing)/ (ng =)+ (s’ /n,))/(n,—1)]. We indicate statistically significant differences
in correlations with * (1%), ** (5%), or *** (10%).



Table2

Estimates of the Baseline Model for U.S., U.K., and Japan, 1985 — 1996

Parameter Japan

Estimates | ntraday Overnight | ntraday Overnight Intraday Overnight
ra -0.209 (0.015)* 0.071 (0.010)* -0.086 (0.020)* 0.119 (0.009)* -0.065 (0.020)* 0.092 (0.009)*
ra 0.223 (0.011)* 0.223 (0.017)* 0.063 (0.011)* -0.011 (0.005)** 0.104 (0.017)* 0.202 (0.008)*
rs 0.076 (0.025)* 0.121 (0.018)* -0.017 (0.020) 0.380 (0.005)* 0.013 (0.013) 0.044 (0.006)*
a 0.000 (0.000) 0.000 (0.000)** 0.001 (0.000)* 0.000 (0.000) 0.000 (0.000)** 0.000 (0.000)
] -0.002 (0.001)* 0.001 (0.000)* 0.000 (0.000) -0.001 (0.000)* 0.001 (0.000)* 0.000 (0.000)
Wo 0.000 (0.000)* 0.000 (0.000)* 0.000 (0.000)* 0.000 (0.000)* 0.000 (0.000) 0.000 (0.000)*
Wy 0.076 (0.012)* 0.153 (0.013)* 0.034 (0.012)* 0.193 (0.012)* 0.037 (0.010)* 0.035 (0.014)**
wo 0.782 (0.013)* 0.727 (0.016)* 0.789 (0.017)* 0.711 (0.011)* 0.740 (0.018)* 0.735 (0.017)*
w3 0.156 (0.022)* 0.210 (0.023)* 0.101 (0.021)* -0.036 (0.015)** 0.143 (0.012)* 0.194 (0.018)*
Wy 0.000 (0.000)* 0.000 (0.000)* 0.000 (0.000)** 0.000 (0.000)* 0.000 (0.000) 0.000 (0.000)
W5 0.000 (0.000)** 0.000 (0.000)* 0.000 (0.000)* 0.000 (0.000)* 0.000 (0.000)* 0.000 (0.000)*

Notes: In thistable, we report estimates of the parameters of the conditional mean and volatility models for Japan, the U.K., and the U.S,, respectively, using daily
intraday and overnight returns for the 1985 — 1996 period. The conditional mean models are as follows

Japan Intraday: NKID, =a + 1, XNKON, +r1 , XSPID_, +r s XFTID,_; +j X*MHDy, +e'p,,
Japan Overnight: NKON, =a +r1 ; XNKID,_, +1 , X3PID,_, +1 3 XFTID_; +j *MHD,, +e3,
UK Intraday: FTID =a +r  XFTON, +r1, XNKID, +1 5XPID, ; +j XMHDy, , +elx

UK Overnight: FTON,=a +r,-FTID_ +r ,-NKID,+r ,-SPID,, +j - MHD,, +€%x,

US Intraday: SPID, =a +1 ;XSPON, +71 , XFTID, +1 3 XNKID, +j XMHDys, +e{}3;
US Overnight: SPON, =a +r,-PID, ,+r1,-FTID, +r,-NKID, +j - MHD, + €5,
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Table 2 (cont.)

Estimates of the Baseline Model for U.S., U.K., and Japan, 1985 — 1996

Standard errors, indicated in parentheses on the line beside the point estimates, are computed from a covariance matrix that accounts for conditional volatility using
the Glosten-Jagannathan-Runkle (GJR) asymmetric GARCH model. Specifically, the conditional volatility models for intraday and overnight returns are given by

Intraday Volatility: et ~N(OhP), NP =w,+w XD +w, h'D ) +wye? (P +w, xMHD, | +w, xINT,,

Overnight Volatility: er ~N(Oh), hY" =w, +w,-e2% +w, -h% +w,-e* ™ +w, - MHD  +w,-INT (i =JP, UK, US)

it-1 it-1 it-1

We measure stock returns as follows. We calculate the overnight return in the Japanese market (NKON) on day t as In(Nikkei 225 at 10 am. on day t) -
In(Nikkei 225 at close on day t-1). Our intraday return in the Japanese market (NKID) on day t is calculated as In(Nikkei 225 at close on day t) — In(Nikkei 225 at
10:00 am. onday t). The U.S. overnight return (SPON) on day t is given by In(S&P500 at 10 am. on day t) - In(S&P500 at close on day t-1). The U.S. intraday
return (SP1D) on day t is calculated asIn(S& P500 at close on day t) —In(S& P500 at 10:00 a.m. on day t). We calculate the U.K. overnight return (FTON) on day t as
IN(FTSE 100 at 9:00 a.m. on day t) - In(FTSE 100 at close on day t-1). Our U.K. intraday return (FTID) on day t is calculated as In(FTSE 100 at close on day t) —
In(FTSE 100at 9:00 am. on day t).

For the interest rate term (INT) that is included in our conditional volatility model, we use the one-month Eurodollar interest rate for the U.S., the one-
month Euro-yen interest rate for Japan, and the one-month Euro-sterling interest rate for the U.K. The underlying data are afternoon observations taken in London.
We adjust for timing variations so that interest rate observations precede the last equity index value used in calculating equity returns. MHD is a dummy variable
taking avalue of one when an observation falls on Monday or follows a holiday.

See Sections |1 and 111 for more detail about the model and data. We indicate statistical significance of parameter estimates using the following notation: *:
1 per cent significance; **: 5 per cent significance; ***: 10 per cent significance.
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Table3

Estimatesof Linear NewsModel for U.S., U.K., and Japan, 1985 - 1996

Parameter Japan U.K. uU.S.

Estimates Intraday Overnight Intraday Overnight Intraday Overnight
ry -.148 (.015)* .062 (.011)* -.071 (.025)* .122 (.008)* -.058 (.023)* -.016 (.010)
rs, 236 (.012)* 232 (.017)* .066 (.012)* .060 (.004)* .105 (.018)* .198 (.009)*
rs .065 (.024) 121 (.018)* .002 (.021) .365 (.006)* .015 (.014) .030 (.006)*
by, .0002 (.001) -.0004 (.0006) .0002 (.0007) .0001 (.0002) -,0003 (.001) -.0004 (.0004)
b1, .002 (.002) -.001 (.001) -.0003 (.006) .002 (.002) -.0003 (.0006) -.0001 (.0003)
bis -.001 (.0004) .001 (.0002)* .0004 (.003) -.001 (.001) -.0008 (.001) -.0001 (.001)
b4 -.007 (.112) .040 (.037) .006 (.004)*** -,0005 (.002) .039 (.014)* -.002 (.007)
bis .006 (.003)* -.0006 (.001)
bus -.050 (.095) -.001 (.009)
b1 .001 (.001)*** -.003 (.0004)* .0002 (.0004) .00003 (.0001) .0002 (.0007) -.0002 (.0003)
b, .001 (.001) .0002 (.0007) .002 (.002) .0001 (.001) -.001 (.005) -.003 (.003)
b3 .001 (.001) .001 (.0005)* .0003 (.0003) .0002 (.0001) -.00003 (.003) .001 (.002)
o .001 (.030) .023 (.024) -.146 (.100) -.070 (.038)*** -.001 (.003) .001 (.002)
D25 .004 (.004) -.003 (.003)

D26 -.00001 (.00001) -.0001 (.0001)

b1 -.001 (.001) .0003 (.0006) -.000 (.001) -.001 (.001) .0005 (.0001)* .036 (.097)
b3, .006 (.003)** -.005 (.002)* .000 (.001) -.0004 (.0004) -.002 (.002) .001 (.001)
bas -.008 (.001)* .008 (.0005)* -.0002 (.001) .00005 (.0003) .004 (.304) .0002 (.0002)
D34 .005 (.008) .003 (.004) -.053 (.022)* -.036 (.008)* -.092 (.110) -.041 (.050)
Das -.001 (.002) -.0005 (.001)

bas -.0260 (.050) .00001 (.00003)

a -.0001 (.0002) .0004 (.0001)* .0005 (.0001)* .023(.071) .0004 (.0001)* .028 (.085)
j -.002 (.000)* -,001 (.0003)* -.000 (.000) -.001 (.000)* .001 (.000)** -.000 (.000)

Notes. We report estimates of the parameters of the conditional mean models for Japan, the U.K., and the U.S., respectively, using daily intraday and overnight
returns for the 1985 — 1996 period. To save space, we show the conditional mean models only for intraday returns as follows:

JP Intraday: NKID, =a + 1 XNKON, +r ,XSPID,_; +1 3 XFTID,_; + b, XNEWSy,, + b, XNEWSs,.  + b3 XNEWS, ., +] XMHD,p, +€'2 .,
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Table 3 (cont.)

Estimatesof Linear NewsModel for U.S., U.K., and Japan, 1985 - 1996

UK Intraday: FTID, =a +r1  XFTON, +1 , XNKID, +r 3 >SPID,_; + b, XsNEWS, ; + b, XNEWS)5, + b3 XNEWS,g, +j XMHDy, , +€x
US Intraday: SPID, =a +1 ; XSPON, +1 , XFTID, + 1 3 XNKID, + b, XNEWS;s + b, XNEWS, , + by xNEWSy,, +j xMHDs, +el3, .

Standard errors, indicated in parentheses on the line beside the point estimates, are computed from a covariance matrix that accounts for conditional volatility using
the Glosten-Jagannathan-Runkle (GJR) asymmetric GARCH model. Specifically, the conditional volatility models for intraday returnsis given by

Intraday Volatility: e ~N(Oh?), h? =w, +w, €'Y +w,-h"?, +w,-e> > +w, - MHD, , +w, - INT,, (i = JP, UK, US).
We have suppressed reporting the estimates of the coefficients of the volatility models (i.e.,, w,, w,, w,, W, w, and w,) to save space.

We calculate the overnight return in the Japanese market (NKON) on day t asIn(Nikkei 225 at 10 am. on day t) - In(Nikkei 225 at close on day t-1). Our
intraday return in the Japanese market (NKI1D) on day t is calculated asIn(Nikkei 225 at close on day t) —In(Nikkei 225 at 10:00 am. on day t). The U.S. overnight
return (SPON) on day t is given by In(S&P500 at 10 am. on day t) - In(S&P500 at close on day t-1). The U.S. intraday return (SPID) on day t is calculated as
IN(S& P500 at close on day t) —In(S& P500 at 10:00 a.m. on day t). We calculate the U.K. overnight return (FTON) on day t as In(FTSE 100 at 9:00 am. on day t) -
IN(FTSE 100 at close on day t-1). Our U.K. intraday return (FTID) on day t is calculated asIn(FTSE 100 at close on day t) —In(FTSE 100at 9:00 a.m. on day t).

We calculate news announcements as follows. We obtain the U.S. actual announcement data and the median survey estimates from MMS International
(Money Market Services). We collected the Japan monthly preliminary announcement data by hand from the Nihon Keizai Shinbun for the 1985-1994 period. The
Bank of Japan provided some additional announcement data for 1995 and 1996. The U.K. announcement data are collected from the Financial Times. To capture
the news in each announcement, we use the unexpected component of the announcement figures. For the U.S., thisis the percentage difference between the actual
announcement values and the median expected values, using the actual values as the base. For Japan and the U.K., we use the residual at timet from an ARIMA
model for a specific announcement to measure the unexpected val ue of the news announcement at timet.

The bjj news announcement parameter estimates may be matched against specific announcements in the following way. The i subscript refers the country
where the announcement occurred and the j subscript refers to the specific announcement. For Japan, the by; are coefficients on the ordered values of the Japanese
CPl, PPI, IP, and MS announcements (j = 1, 2, 3, 4). For example, bys is the coefficient on the Japanese industrial production announcement. The by are
coefficients on U.S. news announcements using the order CPI, PPI, IP, UR, TD, and MS (j = 1,...,6). The bg; are coefficients on U.K. news announcements using
the order IP, CPI, MS, and UR (j = 1,..., 4). Using the news announcement order given below, the same procedure is used to identify individual coefficients for the
U.K. and U.S. regressions. For example, inthe U.S. intraday regression, b;s is the coefficient on the U.S. trade deficit announcement.

For the interest rate term (INT), we use the one-month Eurodollar interest rate for the U.S., the one-month Euro-yen interest rate for Japan, and the one-
month Euro-sterling interest rate for the U.K. MHD isadummy variable taking avalue of one when an observation falls on Monday or follows a holiday.

See Sections |1 and 111 for more detail about the model and data. We indicate statistical significance of parameter estimates using the following notation: *:
1 per cent significance; **: 5 per cent significance; ***: 10 per cent significance.
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Table4

Estimates of Nonlinear News Model for U.S,, U.K., and Japan, 1985 - 1996

Parameter Japan U.K. u.S.

Estimates | ntraday Overnight Overnight I ntraday Overnight
ra -0.115 (0.016)* 0.061 (0.012)* -0.064 (0.021)* 0.109 (0.009)* -0.035 (0.028) 0.093 (0.010)*
D11 0.327 (0.074)* -0.016 (0.164) -0.169 (0.036)* -0.006 (0.043) 0.007 (0.255) -0.150 (0.136)
b1 -0.440 (0.310) -0.011 (0.192) -0.235 (1.034) -0.465 (0.184)** -0.044 (0.175) -0.060 (0.070)
D13 -0.241 (0.013)* -0.007 (0.031) 0.251 (0.790) 0.308 (0.095)* 0.327 (0.249) -0.009 (0.078)
D14 107.025 (5.679)* -37.815 (6.495)* 1.220 (1.089) 0.053 (0.524) -19.510 (1.536)* -1.684 (1.474)
b1s -0.172 (0.397) -0.173 (0.258)
D16 -0.002 (0.014) -0.009 (0.007)
ro 0.209 (0.012)* 0.237 (0.016)* 0.068 (0.013)* -0.015 (0.006)** 0.094 (0.018)* 0.204 (0.009)*
D21 0.385 (0.343) -0.717 (0.071)* -0.018 (0.077) -0.037 (0.038) -0.084 (0.093) -0.040 (0.030)
b2, 0.115 (0.129) 0.141 (0.106) 0.024 (0.289) -0.147 (0.077)*** -0.118 (0.425) -0.348 (0.206)***
D23 0.219 (0.129)*** -0.085 (0.085) -0.056 (0.029)***  -0.025 (0.013)*** 0.230 (0.362) 0.289 (0.160)***
D24 4.655 (4.603) 1.483 (2.959) -7.517 (11.246) 2.758 (4.667) 0.339 (0.934) 0.237 (0.395)
D25 -1.649 (0.743)** -0.312 (0.493)

D26 0.008 (0.033) -0.051 (0.013)*

rs 0.076 (0.025)* 0.118 (0.017)* -0.023 (0.020) 0.370 (0.007)* 0.014 (0.013) 0.044 (0.006)*
D31 0.039 (0.057) -0.042 (0.064) -0.033 (0.271) 0.532 (0.056)* 0.012 (0.075) -0.040 (0.032)
(2% 0.338 (0.538) 0.844 (0.258)* 0.214 (0.046)* 0.154 (0.044)* -0.058 (0.200) -0.136 (0.060)**
D33 -0.863 (0.088)* -1.006 (0.074)* 0.092 (0.072) -0.069 (0.080) 0.000 (0.051) 0.001 (0.017)
D34 1.053 (0.400)* 0.071 (0.380) 6.140 (3.516)*** -2.318 (0.484)* 7.442 (7.312) 0.281 (5.680)
D35 0.676 (0.259)* -0.333 (0.200)***

D36 0.014 (0.015) -0.010 (0.010)

Notes. We report estimates of the parameters of the conditional mean models for Japan, the U.K., and the U.S,, respectively, using daily intraday and overnight
returns for the 1985 — 1996 period. To save space, we show the conditional mean models only for intraday returns as follows:

Japan I ntraday: NKID, =a +(r, + b, XNEWS,, ) XNKON, +(r , + b, XNEWS,s, ;) XSPID, ; +(r 5 +b ; XNEWS,,_,) XFTID,_, +j xMHD,, +e'p,



Table 4 (cont.)

Estimates of Nonlinear News M odel for U.S., U.K., and Japan, 1985 - 1996

UK Intraday: FTID, =a + (r, +b, XNEWS,,, ) XFTON, +(r , + b, XNEWS,, ) XNKID, + (r 5 + b, XNEWSs,) XSPID,_; +j XMHDy,, + ey
US Intraday: SPID, =a + (1 , +b, XNEWS,g, ) XSPON, + (r , +b, NEWS, ) XFTID, + (r 5 + by NEWSy, ) XNKID, +] xMHDyg, +€[)3 »

Standard errors, indicated in parentheses on the line beside the point estimates, are computed from a covariance matrix that accounts for conditional volatility using
the Glosten-Jagannathan-Runkle (GJR) asymmetric GARCH model. Specifically, the conditional volatility models for intraday returnsis given by

Intraday Volatility: ey ~N(O,h?), h'P =w,+w 'Y +w, h'D, +w e P +w, xMHD, , +wg xINT,, (i = JP, UK, US).
We have suppressed reporting the estimates of the coefficientsa, j , w,, w,, w,, w,, w, and w, to save space.

We calculate the overnight return in the Japanese market (NKON) on day t asIn(Nikkei 225 at 10 am. on day t) - In(Nikkei 225 at close on day t-1). Our
intraday return in the Japanese market (NKID) on day t is calculated asIn(Nikkei 225 at close on day t) —In(Nikkei 225 at 10:00 am. on day t). The U.S. overnight
return (SPON) on day t is given by In(S&P500 at 10 am. on day t) - In(S&P500 at close on day t-1). The U.S. intraday return (SPID) on day t is calculated as
IN(S&P500 at close on day t) —IN(S&P500 at 10:00 a.m. on day t). We calculate the U.K. overnight return (FTON) on day t as In(FTSE 100 at 9:00 a.m. on day t) -
In(FTSE 100 at close on day t-1). Our U.K. intraday return (FTID) on day t is calculated asIn(FTSE 100 at close on day t) —In(FTSE 100at 9:00 a.m. on day t).

We calculate news announcements as follows. We obtain the U.S. actual announcement data and the median survey estimates from MMS International
(Money Market Services). We collected the Japan monthly preliminary announcement data by hand from the Nihon Keizai Shinbun for the 1985-1994 period. The
Bank of Japan provided some additional announcement data for 1995 and 1996. The U.K. announcement data are collected from the Financial Times. To capture
the news in each announcement, we use the unexpected component of the announcement figures. For the U.S., thisis the percentage difference between the actual
announcement values and the median expected values, using the actual values as the base. For Japan and the U.K., we use the residual at time t from the final
ARIMA model for a specific announcement to measure the unexpected value of the news announcement at timet.

The bjj news announcement parameter estimates may be matched against specific announcements in the following way. The i subscript refers the country
where the announcement occurred and the j subscript refers to the specific announcement. For Japan, the by; are coefficients on the ordered values of the Japanese
CPI, PPI, IP, and MS announcements (j = 1, 2, 3, 4). For example, bys is the coefficient on the Japanese industrial production announcement. The by are
coefficients on U.S. news announcements using the order CPI, PPI, IP, UR, TD, and MS (j = 1,...,6). The bg; are coefficients on U.K. news announcements using
the order IP, CPI, MS, and UR (j = 1,..., 4). Using the news announcement order given below, the same procedure is used to identify individual coefficients for the
U.K. and U.S. regressions. For example, inthe U.S. intraday regression, b;s isthe coefficient on the U.S. trade deficit announcement.

For the interest rate term (INT), we use the one-month Eurodollar interest rate for the U.S., the one-month Euro-yen interest rate for Japan, and the one-
month Euro-sterling interest rate for the U.K. MHD isadummy variable taking avalue of one when an observation falls on Monday or follows a holiday.

See Sections 11 and 111 for more detail about the model and data. We indicate statistical significance of parameter estimates using the following notation: *:
1 per cent significance; **: 5 per cent significance; ***: 10 per cent significance.
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Table5

Estimates of Nonlinear News M odel with Dispersion in Beliefsfor U.S., U.K., and Japan, 1985 — 1996

Parameter
Estimates
r
bll
b12
b13
b14
D15
b16

o)
D21
D22
D23
D24
b5
D26
d,

s
D31
D32
D33
D34
Dss
D36
ds

Japan UK.
| ntraday Overnight | ntraday Overnight I ntraday Overnight
-0.157 (0.016)* 0.068 (0.014)* -0.057 (0.022)* 0.128 (0.010)* -0.028 (0.028) 0.091 (0.010)*
0.330 (0.082)* -0.045 (0.175) -0.174 (0.037)* 0.194 (0.017)* 0.019 (0.258) -0.163(0.120)
-0.343 (0.291) 0.219 (0.193) -0.241 (1.050) -0.322 (0.220) -0.038 (0.171) -0.057 (0.069)
-0.229 (0.014)* 0.021 (0.028) 0.294 (0.798) 0.355 (0.113)* 0.334 (0.251) -0.005 (0.079)
93.404 (5.535)* -23.084(10.819)** 1.184 (1.088) -0.471 (0.184)** -19.851 (1.535)* -1.938 (1.442)
-0.170 (0.403) -0.175 (0.253)
-0.001 (0.014) -0.005 (0.007)
0.130 (0.018)* 0.219 (0.016)* 0.066 (0.013)* -0.017 (0.007)** 0.093 (0.018)* 0.197 (0.009)*
0.345 (0.324) -0.710 (0.073)* -0.024 (0.077) -0.050 (0.029)*** -0.087 (0.093) -0.029 (0.030)
0.218 (0.116)*** 0.134 (0.113) 0.033 (0.285) -0.154 (0.079)*** -0.130 (0.421) -0.278 (0.205)
0.224 (0.133)*** -0.063 (0.089) -0.061 (0.025)** -0.004 (0.012) 0.224 (0.360) 0.247 (0.165)
2.247 (5.474) 1.530 (2.665) -6.711(10.289) 6.768 (4.642) 0.289 (0.953) 0.379 (0.388)
-1.186 (0.641)*** -0.325(0.523)
0.011 (0.036) -0.036 (0.017)**
29.596 (2.022)* -9.147 (2.160)* -0.022 (0.020) -0.031 (0.007)* -0.023 (0.029) -0.028 (0.014)**
0.058 (0.024)** 0.119 (0.019)* -0.025 (0.020) 0.370 (0.006)* 0.008 (0.013) 0.054 (0.007)*
-0.064 (0.044) -0.018 (0.058) -0.034 (0.270) 0.097 (0.198) 0.005 (0.074) -0.005 (0.041)
0.411 (0.500) 0.955 (0.275)* 0.209 (0.046)* 0.159 (0.041)* -0.061 (0.199) -0.155 (0.064)* *
-0.909 (0.079)* -1.103 (0.090)* 0.091 (0.076) -0.010 (0.079) -0.012 (0.046) 0.026 (0.014)***
0.792 (0.462)*** 0.075 (0.392) 6.598 (3.583)*** -1.651 (1.129) 8.438 (8.846) -3.771 (4.829)
0.690 (0.261)* -0.634 (0.225)*
0.007 (0.014) -0.011 (0.015)
0.006 (0.045) 0.017 (0.036) 0.759 (3.953) 8.744 (1.006)* -0.037 (0.020)*** 0.056 (0.008)*

Notes: We report estimates of the parameters of the conditional mean models for Japan, the U.K., and the U.S,, respectively, using daily intraday and overnight
returns for the 1985 — 1996 period. To save space, we show the conditional mean models only for intraday returns as follows:
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Table5 (Cont.)

Estimates of Nonlinear News M odel with Dispersion in Beliefsfor U.S,, U.K., and Japan, 1985 — 1996

Japan: NKIDt =a+ (r 1 + bl XNEVVSJP,I ) XNKONI + (r 2 + b2 XNEVVSJS,I»J. +d2 XRH:)US,t-l) )G:’lDt»l + (r 3 + b3 XNEVVSJK,I-I + d3 ><IQRDUK,I- 1) >4:T| Dt-l +j XMHDJP,I +e.I]|%,t '
UK. FTID, =a +(r, +b, XNEWS, ) XFTON, +(r , + b, XNEWS,, , +d, xRRD o | ) XNKID, +(r ; +b; xXNEWSg, +d; XRRD 5 .,) XSPID,_; +j XMHD, +e[,ﬁ’<,t

US:  SPID, =a +(r, +b, xNEWS,s,) XSPON, +(r , + b, XNEWS,, +d, XRRDy, ) XFTID, + (1 5+ by NEWS,,, +d, XRRD ) *NKID, +] *MHDy, +€/2 .

Standard errors, indicated in parentheses on the line beside the point estimates, are computed from a covariance matrix that accounts for conditional volatility using
the Glosten-Jagannathan-Runkle (GJR) asymmetric GARCH model. Specifically, the conditional volatility models for intraday returnsis given by

Intraday Volatility: e ~N(O,h7), h'P =w,+w 'Y +w, h'D, +w e’ P +w, xMHD, , +wg xINT,, (i =P, UK, US).

We have suppressed reporting the estimates of the coefficientsa, j , w,, w,, w,, w,, w, and w, to save space.

1 =n
We define the stock market’s cross-sectional RD in periodt as: RD,, , = —12(Rt -R,.)?.
; n_12° " ;

where n is the number of firmsin the market, and subscript M indicates market-wide values. To implement our empirical tests, we measure RD using daily returns
for the U.S. firms in the largest capitalization decile of the NY SE-AMEX, but we use the Nikkei 225 for Japan and the FTSE-100 for the U.K. Our relative RD
measure, denoted RRD, isthe residual, u;, from aregression of RD on afunction of the aggregate excess market return:

RD, =f0+g1|Re|+g2Dunm|Re

+U

where R? isthe excess return of the market-portfolio return for periodt using Euro-currency interest rates as the risk-free return, Dumi, = 1 if the portfolio excess
returnis negative, and is 0 otherwise.

The bjj news announcement parameter estimates may be matched against specific announcements in the following way. The i subscript refers the country
where the announcement occurred and the j subscript refers to the specific announcement. For Japan, the by; are coefficients on the ordered values of the Japanese
CPI, PPI, IP, and MS announcements (j = 1, 2, 3, 4). For example, bys is the coefficient on the Japanese industrial production announcement. The by are
coefficients on U.S. news announcements using the order CPI, PPI, IP, UR, TD, and MS (j = 1,...,6). The bg; are coefficients on U.K. news announcements using
the order IP, CPI, MS, and UR (j = 1,..., 4). Using the news announcement order given below, the same procedure is used to identify individual coefficients for the
U.K. and U.S. regressions. For example, inthe U.S. intraday regression, b;s isthe coefficient on the U.S. trade deficit announcement.

See Sections |1 and |11 for more detail about the model and data. We indicate statistical significance of parameter estimates using the following notation: *:
1 per cent significance; **: 5 per cent significance; ***: 10 per cent significance.
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Table6

Estimates of Nonlinear News M odelswith Extreme Returnsfor U.S., U.K., and Japan, 1985 — 1996

Parameter
Estimates
]

Japan U.K.
| ntraday Overnight I ntraday Overnight I ntraday Overnight
-0.154 (0.015)* 0.062 (0.013)* -0.066 (0.023)* 0.128 (0.010)* -0.028 (0.028) 0.079 (0.010)*
0.333 (0.081)* -0.012 (0.179) -0.198 (0.033)* 0.053 (0.045) 0.011 (0.255) 0.217 (0.118)***
-0.411 (0.277) 0.212 (0.188) -0.317 (1.033) -0.232 (0.256) -0.026 (0.169) -0.077 (0.062)
-0.233 (0.014)* 0.021 (0.028) 0.321 (0.784) 0.384 (0.137)* 0.305 (0.249) 0.018 (0.089)
89.060 (5.755)* -33.927 (7.071)* 0.905 (1.046) -0.108 (0.341) -20.337 (1.731)* -0.468 (1.602)
-0.178 (0.393) -0.018 (0.271)
0.001 (0.020) 0.006 (0.009)
0.027 (0.029) 0.227 (0.022)* 0.070 (0.017)* -0.022 (0.008)* 0.094 (0.018)* 0.208 (0.009)*
0.527 (0.257)** -0.686 (0.073)* -0.041 (0.080) 0.115 (0.014)* -0.079 (0.088) -0.087 (0.023)*
0.096 (0.088) 0.127 (0.111) 0.035 (0.277) -0.148 (0.090)* ** -0.157 (0.419) -0.224 (0.234)
0.250 (0.148)*** -0.026 (0.094) -0.034 (0.041) -0.014 (0.014) 0.243 (0.358) 0.289 (0.172)***
7.759 (3.397)** 1.952 (3.441) -11.378(12.263) 4,595 (4.480) 0.357 (0.923) -0.005 (0.467)
-1.770 (0.523)* -0.373(0.578)
0.011 (0.034) -0.038 (0.017)**
0.381 (0.032)* 0.065 (0.027)** -0.065 (0.041) 0.197 (0.017)* 0.837 (0.323)* -0.623 (0.086)*
-0.146 (0.067)** -0.058 (0.054) 0.063 (0.034)*** -0.116 (0.016)* -0.093(0.212) 0.113 (0.112)
0.054 (0.024)** 0.113 (0.021)* -0.025 (0.025) 0.365 (0.011)* 0.025 (0.016) 0.057 (0.008)*
0.126 (0.070)*** -0.052 (0.071) -0.031 (0.290) 0.135 (0.170) -0.009 (0.081) -0.021 (0.038)
0.683 (0.500) 0.963 (0.269)* 0.185 (0.054)* 0.164 (0.047)* -0.061 (0.198) -0.366 (0.056)*
-0.930 (0.080)* -1.072 (0.082)* 0.061 (0.075) -0.033 (0.084) 0.016 (0.045) 0.041 (0.007)*
0.895 (0.448)** 0.077 (0.381) 6.939 (3.700)*** -0.035 (0.946) 3.770 (7.398) 3.725 (8.173)
0.710 (0.268)* -0.330 (0.191)***
0.005 (0.014) -0.007 (0.014)
0.146 (0.063)** -0.018 (0.048) 0.091 (0.037)** 0.118 (0.016)* -0.022 (0.032) 0.001 (0.020)
-0.072 (0.138) 0.078 (0.082) -0.085 (0.055) -0.167 (0.022)* -0.057 (0.040) -0.024 (0.014)***
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Table6 (Cont.)

Estimates of Nonlinear News M odelswith Extreme Returnsfor U.S,, U.K., and Japan, 1985 — 1996

Notes. We report estimates of the parameters of the conditional mean models for Japan, the U.K., and the U.S., respectively, using daily intraday and overnight
returns for the 1985 — 1996 period. To save space, we show the conditional mean models only for intraday returns as follows:

NKID, =a +(r, +b, XNEWS, ) NKON, +(r , +b, XNEWS g, ; +h,, ®Ds,., +h, ®s,.,) XPID,

Japan:
+(r3+by XNEWS) ;1 +hy "DLIJ_K,t»l +hy, ><Dll_lJK,t- 1) X¥FTID,_ ; +] XMHDy, + elj[;,t

UK. FTID, =a +(r ; +b  XNEWS,, ) XFTON, +(r , + b, sNEWS,,  +h,, xD%, +h,, 3D}, ) XNKID,
+(r 3+ by XNEWS, +hy XDLlfs,t- 1+ N3, thSJs,t- 1) XSPID,_; +j XMHDy, + ellJ[})<,t

US SPID, =a +(r, +b, XNEWS,g, ) XSPON, +(r , +b, xNEWS,, , +h, D, +h, xDj, ) <FTID,

+(r 3+ b3 xNEWS;p +h g >DEP,t +hg, >DSJP,I) XNKID, +j XMHDys; "'eb%,t

Standard errors, indicated in parentheses on the line beside the point estimates, are computed from a covariance matrix that accounts for conditional volatility using
the Glosten-Jagannathan-Runkle (GJR) asymmetric GARCH model. Specifically, the conditional volatility models for intraday returnsis given by

Intraday Volatility: e ~N(O,h?), h'P =wy+we'Y +w, h'D, +w e P +w, xMHD, , +wg xINT,, (i = JP, UK, US).
We have suppressed reporting the estimates of the coefficientsa, j , w,, w,, w,, w,, w, and w, to save space.

The D" and DY terms that appear in each regression are dummy variables that take a value of one if the return lies in the bottom (top) one per cent of the
return distribution. These are defined separately for each market and within each market, they are defined separately for overnight and intraday returns.

The bj; news announcement parameter estimates may be matched against specific announcements in the following way. The i subscript refers the country
where the announcement occurred and the j subscript refers to the specific announcement. For Japan, the by; are coefficients on the ordered values of the Japanese
CPl, PPI, IP, and MS announcements (j = 1, 2, 3, 4). For example, byz is the coefficient on the Japanese industrial production announcement. The by are
coefficients on U.S. news announcements using the order CPI, PPI, IP, UR, TD, and MS (j = 1,...,6). The by are coefficients on U.K. news announcements using
the order IP, CPI, MS, and UR (j = 1,..., 4). Using the news announcement order given below, the same procedure is used to identify individual coefficients for the

U.K. and U.S. regressions. For example, in the U.S. intraday regression, b;s isthe coefficient on the U.S. trade deficit announcement.

See Sections |1 and 111 for more detail about the model and data. We indicate statistical significance of parameter estimates using the following notation: *:
1 per cent significance; **: 5 per cent significance; ***: 10 per cent significance.
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Table?7

Estimates of All-Inclusive Nonlinear News Modelsfor U.S., U.K., and Japan, 1985 — 1996

Parameter

Estimates
r

51

Japan UK.

| ntraday Overnight | ntraday Overnight I ntraday Overnight

-0.030 (0.017)*** 0.066 (0.014)* -0.065 (0.023)* 0.124 (0.009)* 0.039 (0.027) 0.090 (0.010)*
0.302 (0.065)* -0.032 (0.177) -0.198 (0.033)* -0.048 (0.037) -0.013 (0.245) -0.169 (0.117)
-0.758 (0.232)* 0.225 (0.193) -0.306 (1.052) -0.174 (0.242) -0.010 (0.160) -0.057 (0.069)
-0.298 (0.017)* 0.021 (0.028) 0.336 (0.786) 0.324 (0.116)* 0.419 (0.222)*** -0.006 (0.078)
70.734 (8.176)* -28.447(10.212)* 0.912 (1.035) -0.025 (0.426) -21.370 (1.685)* -1.914 (1.450)
0.717 (0.391)*** -0.177 (0.253)
0.001 (0.019) -0.004 (0.007)
-0.001 (0.029) 0.218 (0.022)* 0.068 (0.017)* -0.015 (0.007)** 0.087 (0.018)* 0.196 (0.009)*
0.349 (0.226) -0.697 (0.073)* -0.047 (0.079) 0.111 (0.013)* 0.072 (0.081) -0.026 (0.030)

0.207 (0.121)*** 0.123 (0.113) 0.047 (0.277) -0.156 (0.084)*** 0.217 (0.426) -0.274 (0.216)

0.302 (0.171)*** -0.036 (0.097) -0.040 (0.035) -0.021 (0.012)*** 0.114 (0.378) 0.246 (0.170)

6.445 (3.454)*** 2.145 (2.767) -10.392(11.786) 4.661 (4.928) 0.155 (0.978) 0.391 (0.391)

-1.375 (0.643)** -0.391 (0.571)

0.004 (0.035) -0.041 (0.018)**

-6.553 (3.185)** -8.620 (2.645)* -0.024 (0.022) -0.005 (0.009) 0.006 (0.030) -0.031 (0.015)**
0.332 (0.037)* 0.057 (0.031)*** -0.069 (0.042) 0.195 (0.017)* 0.626 (0.262)** 0.043 (0.103)
-0.015 (0.080) -0.023 (0.065) 0.061 (0.035)*** -0.062 (0.022)* -0.203 (0.258) 0.125 (0.090)

0.034 (0.026) 0.118 (0.021)* -0.024 (0.025) 0.376 (0.011)* -0.014 (0.017) 0.052 (0.008)*
0.071 (0.072) -0.035 (0.067) -0.023 (0.286) 0.180 (0.116) -0.021 (0.087) -0.004 (0.042)
-0.199 (0.571) 0.957 (0.275)* 0.116 (0.056)** 0.153 (0.051)* -0.056 (0.201) -0.156 (0.066)**

0.094 (0.229) -1.090 (0.090)* 0.055 (0.080) 0.003 (0.079) -0.006 (0.042) 0.026 (0.014)***
0.335 (0.676) 0.082 (0.392) 6.902 (3.677)*** 1.652 (0.904)* ** 11.446(10.129) -3.171 (5.360)
0.661 (0.263)** -0.360 (0.237)
0.003 (0.014) -0.011 (0.015)
0.008 (0.045) 0.011 (0.036) 0.209 (3.978) 19.004 (1.451)* -0.068 (0.020)* 0.054 (0.008)*
0.162 (0.070)** -0.020 (0.050) 0.088 (0.037)** 0.229 (0.017)* 0.002 (0.032) 0.018 (0.019)
-0.078 (0.134) 0.078 (0.079) -0.057 (0.057) -0.070 (0.024)* -0.026 (0.041) 0.001 (0.014)



Table 7 (cont.)

Estimates of All-Inclusive Nonlinear News Modelsfor U.S,, U.K., and Japan, 1985 — 1996

Notes: We report estimates of the parameters of the conditional mean models for Japan, the U.K., and the U.S,, respectively, using daily intraday and overnight
returns for the 1985 — 1996 period. To save space, we show the conditional mean models only for intraday returns as follows:

NKID, =a +(r ; +b, xNEWS,, ) NKON, +(r , +b, xXNEWSg, , +d, XRRDyq , +h,; XD, + h,, XD . ) XSPID,

Japan: US t-
+(r 3 + by XNEWS ., +d 3 XRRD . +hy XDLIJ_K,t—l +hg XDLLJJK,t—l) XFTID, ., +] *MHDy, + elJE,t

UK. FTID, =a +(r , +b xNEWS,, ) XFTON, +(r , +b,xNEWS,, +d, xRRD ., +h,, XD}, +h,, XD}, ) xNKID,
+(r 3+ by XNEWS)g, +d3 XRRDys,.; +hy >DLIJ_S,t-1 +hg, >‘I:)LLst,t»l) XPID,.; +] XMHDy,, + eLIJDK,t

US: SPID, =a +(r, +b, XNEWS,g, ) XSPON, +(r , +b, xNEWS,, , +d, XRRD , +h,, XD, +h ,, XD} ) XFTID,

+(r 3+ b3 XNEWS;p, +d 3 XRRD jp +hy; XDJLP,t +hg, XD.lJJP,t)XNKIDt +] XMHDyg +el|JDS,t

Standard errors, indicated in parentheses on the line beside the point estimates, are computed from a covariance matrix that accounts for conditional volatility using
the Glosten-Jagannathan-Runkle (GJR) asymmetric GARCH model. Specifically, the conditional volatility models for intraday returnsis given by

Intraday Volatility: e ~N(O,h7), WP =w,+we'Y +w, h'D, +w e P +w, xMHD, , +wg xINT,, (i = JP, UK, US).
We have suppressed reporting the estimates of the coefficientsa, j , w,, w,, w,, w,, w, and w, to save space.

The b;j news announcement parameter estimates may be matched against specific announcements in the following way. The i subscript refers the country
where the announcement occurred and the j subscript refers to the specific announcement. For Japan, the by; are coefficients on the ordered values of the Japanese
CPI, PPI, IP, and MS announcements (j = 1, 2, 3, 4). For example, bys is the coefficient on the Japanese industrial production announcement. The by are
coefficients on U.S. news announcements using the order CPI, PPI, IP, UR, TD, and MS (j = 1,...,6). The bg; are coefficients on U.K. news announcements using
the order IP, CPI, MS, and UR (j = 1,..., 4). Using the news announcement order given below, the same procedure is used to identify individual coefficients for the
U.K. and U.S. regressions. For example, inthe U.S. intraday regression, b;s isthe coefficient on the U.S. trade deficit announcement.

See Sections |1 and 11 for more detail about the model and data. We indicate statistical significance of parameter estimates using the following notation: *: 1 per
cent significance; **: 5 per cent significance; ***: 10 per cent significance.
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Table8

R?and Posterior Odds Comparison of Empirical Equity Market Return Co-M ovement Models

Panel A: R? Valuesfor Conditional Mean Models

&

Japan U.K. U.S.
M odel Equation | ntraday Overnight | ntraday Overnight Intr aday Overnight
Basdine 3and4 0.019 0.080 0.014 0.351 0.036 0.121
Linear News 5and 6 0.023 0.084 0.018 0.326 0.041 0.124
Nonlinear News 7 and 8 0.055 0.091 0.025 0.368 0.056 0.156
Nonlinear News + Return Dispersion 11and 12 0.056 0.097 0.026 0.393 0.058 0.197
Nonlinear News + Extreme Returns 13 and 14 0.072 0.094 0.031 0.449 0.065 0.200
All-Inclusive 15 and 16 0.074 0.098 0.033 0.453 0.070 0.236
Pandl B: Posterior Odds
Model Japan UK. us
Comparison |niraday Favored Overnight Favored | Intraday Favored Overnight Favored | Intraday Favored Overnight Favored

3vs. 5 a 3 a 3 a 3 a 3 a 3 a 3
3vs. 7 1208 3 a 3 a 3 a 3 a 3 119 3
3vs. 11 7906 3 a 3 a 3 b 11 a 3 b 11
3vs 13 0.01 13 a 3 a 3 b 13 a 3 b 13
3vs. 15 0.85 15 a 3 a 3 b 15 a 3 b 15
5vs. 7 b 7 b 7 545 5 b 7 0.11 7 b 7
5vs. 11 b 1n b 1 915 5 b 11 1.29 5 b 1n
5vs 13 b 13 b 13 1243 5 b 13 0.20 13 b 13
5vs. 15 b 15 b 15 a 5 b 15 0.93 15 b 15
7vs. 11 6.54 7 b 1 1.68 7 b 11 1 7 b u
7vs. 13 b 13 0.22 13 2.28 7 b 13 174 7 b 13
7vs. 15 0.001 15 1.96 7 1021 7 b 15 8.08 7 b 15
11vs. 13 b 13 a 1 1.36 1 b 13 0.15 13 30 1
11vs. 15 0.16 15 159 1 461 1 b 15 6.88 1 b 15
13vs. 15 155 13 8.81 13 448 13 0.31 15 4.64 13 b 15



Table 8 (cont.)

R?and Posterior Odds Comparison of Empirical Equity Market Return Co-M ovement Models

Note: An “a’ represents a posterior odds value greater than 10,000 while a “b” represents a posterior odds value less than 0.00001. Posterior odds above one
indicate the data favor the model in the numerator. Posterior odds below one indicate the data favor the model in the denominator. For example, the posterior odds
of (3) vs. (11) for Japanese intraday returns are 7906. This means that model 3 is 7906 times more likely than model 11 given the data. The same model comparison
for U.K. overnight returns indicates that the odds are less than .00001. In this case, the data strongly favor model (11) against model (3).

These calculated posterior odds employ diffuse Qriors and even prior odds. Under these circumstances, Leamer (1978) shows posterior odds may be
calculated asp(H;|NKID)/p(HzNKID) = T'(d/z)(SSEZISSEQ 2 tor Japanese intraday return (NKID), where T is the sample size, d is the difference in the number of
parameters under the two hypotheses, and SSE is the sum of squared errors for the it hypothesized model. This is equation (20) in the text. The SSE; entries are
retrieved from a least squares regression corresponding to the indicated model where we estimated the covariance matrix using the ROBUSTERRORS option in
RATS.
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Figure 1. Timing Conventions for Intraday and Overnight Index Returns for the U.S., U.K., and Japanese Equity Markets
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