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per day and approximately 51×22=1122 five-minute observations per month. Specifically,
we define
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Fig. 1 (continued ).
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where J=51 (J≈1122) for the daily (monthly) correlations, and d refers to the corre-
sponding daily (monthly) index.14

Turning to the two figures, the time varying stock–bond correlations are remarkably similar
across countries, not only for the nonfarm payroll announcement dates (Fig. 2A), but also when

Fig. 1 (continued ).

14 We also tried adjusting for non-synchronous trading effects by including up to three additional leads and lags in a
Newey–West calculation of the correlations, and the results were qualitatively identical.
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calculated for the full month (Fig. 2B). The correlations are generally higher and mostly
positive during the expansion period and smaller and negative during the contraction period.
Interestingly, there is also an indication that the correlations may evolve smoothly, shifting
rather slowly from values typical of expansion to those typical of contraction. Moreover, there
is a noticeable drop just around August and September of 1998, which corresponds to the
Russian debt default crises and the Long Term Capital Management (LTCM) hedge fund
collapse, at which time the Federal Reserve actively intervened to avoid spillovers into the

Fig. 1 (continued ).
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Fig. 2. Notes to Fig. 2A: we graph the daily U.S., British and German stock-bond realized correlations, as detailed in
the main text, for nonfarm payroll announcement days from January 1, 1992 through December 31, 2002. The shaded
area corresponds to the U.S. contraction sample from March 1, 2001 to December 31, 2002. Notes to Fig. 2B: we
graph the monthly U.S., British and German stock-bond realized correlations, as detailed in the main text, from
January 1, 1992 through December 31, 2002. The shaded area corresponds to the U.S. contraction sample from March
1, 2001 to December 31, 2002.
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global capital markets. This episode is well known to have increased credit spreads on risky
securities worldwide. The burst of uncertainty regarding the financial and economic health of
the international economy is clearly reflected in our correlation measures as they take on a
pattern otherwise only observed during the contraction. Our European series are somewhat
contaminated by this event as they only are observed from July, 1998 onward. Ignoring the
immediate aftermath of the financial crisis in late 1998, the switch in the sign of the correlations
matches almost perfectly the previously exogenously imposed U.S. business cycle regime.

Our analysis is, of course, limited to the relatively short calendar time span and single U.S.
expansion–contraction period covered by the high-frequency data.15 Nonetheless, it is
noteworthy that even though the German and British's business cycles do not necessarily
coincide with the U.S. business cycle, it appears as though the relevant state variable for
determining the time-varying impact of the news announcements is the state of the U.S. economy
rather than the foreign country.16 Indeed, the patterns in the time-varying correlations are entirely
consistent with our previous assertion that the discount rate effect dominates in each of the three
stock markets during U.S. economic expansions, coupled with the U.S. interest rate playing the
role of the “world interest rate” and hence dictating the move of the foreign bond markets.17

4. A generalized specification

We have argued that the movements in asset returns across markets and countries documented
above are driven by the common exposure to exogenous U.S. macroeconomic shocks and the
U.S. business cycle. This contrasts with previous studies that also document important spillover
effects and market linkages, but little (if any) role for macroeconomic fundamentals in explaining
the comovements between markets. Our positive results can be attributed to our focus on
synchronous high-frequency data around the time of the announcement – all assets are actively
traded during announcement times, so we observe the immediate news reaction of all assets –
which mitigates other influences and potentially important omitted variables biases.

To further investigate the extent of the cross-market and cross-country links in the high-
frequency data, beyond the direct influence of the macroeconomic news announcement effects, it
is informative to consider the simultaneous equations model,

Rh
t ¼ bh0 þ

X
h Vph
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bh VhiR
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t ¼ 1; N ; T :

ð4:1Þ

Except for the inclusion of the contemporaneous asset returns on the right-hand side, the model
is identical to our basic model (3.1). As in Eq. (3.1), the βk0

h coefficients directly capture the U.S.
macroeconomic announcement effects, while the βh0

h′ account for any contemporaneous cross-
asset linkages and/or spillover effects that are not explained by the news announcements. This

15 Using daily date over a much longer time span, Connolly, Stivers and Sun (2005) find that U.S. stock-bond return
correlations are inversely related to the level of aggregate stock market volatility as measured by the VIX index. The VIX
may in turn be interpreted as a state variable related to the level of economic uncertainty and the stage of the business
cycle in the sense of David and Veronesi (2004) and Ribeiro and Veronesi (2002). See also the recent related empirical
results in Guidolin and Timmermann (2005, 2006).
16 The U.K. did not experience a contraction from March 2001 to December 2002.
17 The dominance of the U.S. interests rate is consistent with the recent empirical evidence reported in Chinn and
Frankel (2004).
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could include reaction to other fundamental information as well as non-fundamental market
microstructure, contagion, and cross-hedging effects. The problem from an econometric
perspective is that, without any additional restrictions or modeling assumptions, the contem-
poraneous coefficients in βh0

h′ are not identified.
To overcome this problem, we follow the approach of a recent series of papers by Rigobon

(2003), Rigobon and Sack (2003a,b, 2004), and Sentana and Fiorentini (2001), who use the
conditional heteroskedasticity in the high-frequency data to identify the contemporaneous
response coefficients. The idea is straightforward. Assuming that the innovations in Eq. (4.1) are
conditionally uncorrelated but heteroskedastic – as indicated by our previous estimation results
for Eq. (3.2) – the conditional covariances of the implied (3.1) innovations will then move in
proportion to the conditional heteroskedasticity in the (4.1) innovations, with the factors of
proportionality determined by βh0

h′ This proportionality in turn, allows for the identification and
estimation of the contemporaneous response coefficients.18

Our approach follows Rigobon and Sack (2003b), in estimating the elements of βh0
h′ by applying

Gaussian quasi-maximum likelihood estimation (QMLE) techniques to the multivariate GARCH
model implied by univariate GARCH models for each of the individual equations in (4.1).19 To
facilitate the implementation of the multivariate GARCH model, we treat the residuals from the
first-stage estimation of (3.1) as directly observable. Also, for tractability, we estimate the model
for three markets at a time, but the same idea could in principle be applied to any number of assets.

Focusing first on the trivariate domestic system consisting of U.S. T-Bond, S&P500, and $/
Euro returns, we obtain the following estimates for the contemporaneous linkages among the
three markets based on the 9301 five-minute announcement period returns spanning the July 1,
1998 through February 28, 2001 expansion time period:
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18 Formally, consider the matrix representation of (4.1), ΨRt=ΦXt−1+ηt, where the ηt
h are heteroskedastic but serially

and contemporaneously uncorrelated. The corresponding (3.1) representation, Rt=Ψ
−1ΦXt−1+Ψ

−1ηt, then uniquely
determines the distributional properties of Rt. Importantly, the non-zero off-diagonal elements of the time-varying
conditional covariance matrix for the (3.1) shocks, εt≡Ψ−1ηt, depend directly on Ψ−1, thus enabling identification of Ψ.
19 To economize on the number of parameters, we include only those macroeconomic news announcement dummies that
were statistically significant at the five-percent level in the estimation of Eq. (4.1). We also employ a more parsimonious
GARCH(1,1) specification, Et�1½ðght Þ2�uðrht Þ2 ¼ xh þ bhðrht�1Þ2 þ khðght�1Þ2 þ

PK
k¼1 gh;kDk;t , as opposed to the ARCH

(9) model implicit in Eq. (4.1).
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where the numbers in parentheses refer to robust t-statistics.20 A number of the coefficients are
highly significant and they all have a natural interpretation. For example, an increase in stock
prices may be seen as a signal of a positive real activity or inflationary shock and the point
estimate for the S&P500 return coefficient in Eq. (4.2) is entirely consistent with the implications
of the stylized monetary model. The impact of the exchange rate returns is clearly less important,
but the sign is compatible with exchange rate changes on balance reflecting real economic shocks.
Eq. (4.3) is also directly in line with our aforementioned discussion of the dominance of the
“discount” factor component in the evaluation of stock prices during economic expansions,
whereby higher bond prices (lower discount rates) are good for the stock market in good times.
Similarly, dollar depreciation (interpreted as a negative real activity or deflationary shock) results
in higher stock prices. Notice also that while the unconditional correlation between bond and
stock prices for the expansion period reported in Table 3 is positive, the estimation method
underlying Eqs. (4.2)–(4.4) allows us to disentangle two opposing effects: bond prices affect
stock prices positively, but stock prices affect bond prices negatively.21 Finally, interpreting
negative bond returns and positive stock returns as indicators of real economic strength the
associated appreciation of the Dollar implied by Eq. (4.4) is as expected.

Estimating the same set of equations for the 6463 five-minute announcement period returns
over the March 1, 2001 through December 31, 2002 contraction time period produces the
following results:
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The estimates for Eqs. (4.5) and (4.7) are qualitatively as before, although the linkages among
the interest rate and the other variables appear to have declined. This is consistent with the interest
rates being less sensitive to economic shocks during the contraction. In contrast, the difference in
the estimates for the S&P500 returns in Eqs. (4.3) and (4.6) is striking. The contemporaneous
linkages between the stock market and the other markets flips sign between the two periods. As

20 The reported t-statistics do not formally account for the first-stage conditional mean parameter estimation error, but
this effect is almost surely negligible in the present context.
21 Our results for the high-frequency data in Eqs. (4.2) and (4.3) agree with the findings reported in Rigobon and Sack
(2003b) based on daily stock and bond market returns from November 1985 to March 2001. Of course, this is
predominantly an expansionary period, so it is not surprising that the directional effects coincide.
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before, “good news” during expansions is “bad news” for stocks, but “good news” during
contractions is good for the stock market. In summary, the dominant finding is that positive stock
returns (positive real or inflationary shocks), ceteris paribus, always raise interest rates, while
positive innovations to interest rates (real or inflationary shocks) have a strongly regime-
dependent impact on stock returns, once again confirming the differential impacts of the cash-
flow and the discount rate effects over the business cycle.

Finally, we use the same approach to estimate the interdependence among the national stock
markets beyond the linkages explained by the U.S. macroeconomic announcements. As before,
dividing the sample in two, we find for the expansion sample:
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Not surprisingly, all estimated coefficients are positive, indicating important cross-country
linkages over-and-above those explained by the U.S. macroeconomic news releases. It is unclear
whether these high-frequency international market linkages are due to common reactions to world-
wide fundamental news or reflect cross-market hedging or other non-fundamental contagion effects.

Estimating the same relations over the more recent contraction period suggests even stronger
contemporaneous cross-country linkages:
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These results accord directly with the findings of stronger international stock market cross-
correlations in down markets reported in the recent asset pricing literature.22 Importantly,
however, our results help explain the origins of the linkages, with movements in the DJE and the
FTSE both strongly influencing the U.S. market. This contrasts notably with most previous
studies, which typically report significant spillover effects from the U.S. equity market to foreign
markets, but not the other way around. Again, our use of finely sampled intraday data along with
the application of refined statistical procedures are critical in terms of uncovering such linkages.

5. Summary and directions for future research

We have characterized the real-time interactions among U.S., German and British stock, bond
and foreign exchange markets in the periods surrounding U.S. macroeconomic news
announcements. We found that announcement surprises produce conditional mean jumps;
hence high-frequency stock, bond and exchange rate dynamics are linked to fundamentals.

Our results are especially intriguing as regards stock market responses to news, which display
distinct state dependence. In particular, bad macroeconomic news has the traditionally-expected
negative equity market impact during contractions, but a positive impact during expansions. This
explains the small stock market news reaction effect when averaged across expansions and con-
tractions, as reported in the exiting literature. The asymmetric responses manifest themselves in
very different stock–bond return correlations across the business cycle. We verify that these distinct
correlation patterns are not limited to the period around announcements; rather, they apply generally
for trading day returns in expansions and contractions. We conjecture that such real-time correlation
measures will be useful for more refined classification of the phase of the business cycle.

Finally, we pursue a generalized estimation approach that documents highly significant
contemporaneous cross-market and cross-country linkages, even after controlling for macroeco-
nomic announcement effects. These findings generally point toward important direct spillover
effects among foreign and U.S. equity markets, revealed by virtue of our use of synchronous high-
frequency futures data that let us observe the interaction of actively-traded financial assets around
announcement times.

Among the many possible directions for future work, we are particularly intrigued by the idea
of using high-frequency data to quantify the three separate channels of private information,
contagion, and public information that link the markets. Several recent studies have highlighted
the role of order flow in the price formation process, including Brandt and Kavajecz (2004),
Evans and Lyons (2003, 2005) and Pasquariello and Vega (2004). It would be interesting to
exploit the information in order flow and other liquidity measures in concert with the new
statistical procedures and rich high-frequency return and news announcement data employed here
to further advance our understanding of the price discovery process and cross-market linkages.
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