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ABSTRACT

MACROECONOMIC NEWS, TIME-VARYING RISK FACTORS,
AND TIME-VARYING RISK PREMIA:

THE CASE OF THE US STOCK AND BOND MARKETS

Alexandre Vézina

The basic purpose of this paper is to investigate the sources of time-varying risk premia
for both the U.S. stock and bond markets. In addition, we look at the sources of time-
varying conditional variance and conditional covariance of these two markets. Although a
large literature has emerged on the return and volatility of any of the two markets, few
studies propose a model in which both markets are modeled together. Moreover, after all
the research done, the reasons explaining the causes of the volatility of any of the two
markets remain unclear. What we propose in this paper is a model that considers both
markets’ volatility simultaneously. Our model captures the change in the risk premium, if
any, to each market's own volatility risk as well as to the covariance risk for specific
events. More specifically, we investigate if macroeconomic news is a source of time-
varying volatility as well as time-varying covariance, and whether these results in time-
varying risk premia in either of the markets. We find that stocks, as opposed to bonds,
mainly exhibit a change in the risk premium on variance risk. The results suggest that
most of the change is due to the PPI announcements. Our models also indicate that there
is a change in the bond risk premium on covariance risk on macroeconomic news
announcement dates. Finally, linear regressions show that employment reports and PPI
releases are a source of time-varying conditional variance for stock, notes and bond

returns.
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Introduction

In finance, it is well known that volatility is used as a measure of risk. Of course, there
are many kinds of risk in finance. Those risks can be divided into two broad classes:
Macroeconomic risk (e.g., country specific risk and industry specific risk) and
microeconomic risk (e.g., firm specific risk). Because the different macroeconomic and
microeconomic characteristics vary through time, we should expect volatility to vary
through time. These changing conditions are known to occur randomly. On the other
hand, the disclosure of information to market participants can occur either randomly (e.g.,
merger announcements) or at pre-announced dates (e.g., employment report releases).

Because risks vary through time, we wonder if risk premiums vary through time also.

Many researchers have modeled this time-varying volatility without making the
difference between preannounced news releases and non-preannounced news releases.
This is problematic, however. In a market with rational agents, the reaction of asset
markets should depend only on the unanticipated component of the release. Since
preannounced news releases are generally periodic and because investors can form better
expectations than for non-preannounced news releases, the latter should generate, on
average, higher volatility due to its larger unanticipated component. However, even a
small unanticipated portion of a preannounced release could lead to large movement in
stock and/or bond market returns. For example, a 0.1% difference below the anticipated
unemployment rate number in period of high economic activity may adversely affect both

the stock and bond markets due to higher inflation prospect.



Previous studies have examined the sensitivity to macroeconomic risks for individual
assets classes. For example, Hardouvelis (1987) examines stock price indices while
Ederington and Lee (1993) examine interest rate futures. Jones, Lamont, and Lumsdaine
(1998) (JLL henceforth) look at bond markets. However, they leave many unanswered
questions. They mention: "Since bonds but not stocks have high return variance on
(macroeconomic) announcement days, we might expect that the conditional covariance of
stock and bond returns falls on announcement days". We address that question in this

study.

If the pricing of both assets (stock and bond) is sensitive to a particular risk, then we
might expect the covariance of returns of these two assets to be the only risk factor to be
rewarded. The reason is that there are no specific risks but instead a common risk. If both
assets are equally sensitive, then the reward to risk should be the same for the two
markets. On the other hand, if one particular asset exhibits specific risk over one
particular (macroeconomic) risk, then we might expect the volatility of that particular
asset to be the rewarded. In that case, we might expect the risk premium on variance risk
to increase with the riskiness of the asset. Since we look at macroeconomic risks, we
should find unusually high changes in the risk premium to covariance risk on
macroeconomic release date if both markets are risk sensitive to the information
contained in one particular macroeconomic release to compensate for the common risk.
However, if only one market is risk sensitive to the information contained in one
particular macroeconomic release, then we should find unusually high changes in its risk

premium to variance risk on the release date to compensate for the specific risk exposure.



Recently, academicians have used relatively new types of models - the AutoRegressive
Conditional Heteroskedastic model and its Generalized version - to study the time-
varying return, time-varying volatility, and time-varying risk premium properties of
different types of securities (see Bollerslev et al. (1992) for a survey of past literature on
ARCH and GARCH models). Among other things, these models show that volatility in
financial markets is correlated over time. Researchers are still debating why this is so.
One possible explanation (see Lamoureux et al. 1990) is that the ARCH effect reported
for daily returns is the result of a mixture of distributions, in which the rate of daily
information arrival is the stochastic mixing variable. ARCH would in fact capture the
time series properties of this mixing variable. In any case, ARCH and GARCH models
seem to guide us one step closer to the ultimate goal of modeling financial securities'

volatility with reasonable confidence levels.

We use a bivariate GARCH-M framework similar to the one used by Doukas and Switzer
(2000) and Bekaert and Harvey (1995) to study the time-varying risk premium of two
different security markets. This bivariate GARCH model is a variant of the original
ARCH and GARCH models developed by Engle (1982) and Bollerslev (1986). The
model we use is also a special form of the multivariate GARCH model first introduced by
Bollerslev (1990) in that it does not impose a constant conditional correlation constraint
as opposed to Bollerslev (1990). The reason for using constant conditional correlation 1s
that it is computationally easier in that it reduces the number of matrix inversions.
However, Longin and Solnik (1995) show that it is not appropriate to do so when

modeling equity returns. Like the standard univariate ARCH and GARCH models, the



Multivariate GARCH model permits us to study time-varying return, time-varying
volatility, and time-varying risk premium by having one advantage over the standard
univariate ARCH and GARCH models. It allows the dependent variables, i.e., the returns,
conditional variances or conditional covariance of returns, to be a function of the

conditional covariance of two return series.

Our approach in this paper is to look at the effect of some preannounced macroeconomic
news releases in order to explain some of the daily differences in risk premia. We
investigate the impact, if any, of three of the most important macroeconomic news
releases on the US stock and bond markets’ risk premia. These variables are the
employment report, the PPI, and industrial production. Our model estimates the impact
of macroeconomic news releases on each market's risk premium to its own volatility risk,
which depends on security-specific information. In addition, we examine, for the first
time to our knowledge, the impact of news on risk premium to covariance risk, which

should depend only on global information.

The paper is organized as follow. We first provide a brief review of the relevant
literature. Next, we provide a discussion of the data and present preliminary statistics and
analysis. In part 3, we describe the methodology used to model time-varying risk
premium. More specifically, we present the different classes of bivariate GARCH-M
models. The results of the estimation follow in part 4. We analyse conditional variance
and conditional covariance of stock and bond returns in part 5. We conclude in part 6 and

present some suggestions for future work.



1. Literature Review

Other studies that use the multivariate GARCH framework to examine the relation
between conditional market volatility and expected returns concentrate on international
stock markets (Doukas and Switzer (2000), Bekaert and Harvey (1995), and Chan,
Karolyi, and Stulz (1992)) or exchange rate markets (Baillie and Bollerslev, 1990). We
use the multivariate GARCH framework to study the US stock and US bond markets' risk

premiums.

Macroeconomic variables, especially their unexpected components, were used
extensively in past studies to explain stock and bond returns. We discuss some of these
articles to emphasis the impact that some macroeconomic variables have on stocks and
bonds. However, while research on (changing) volatility accrued during the last two or
three decades, it is only recently that researchers seriously considered macroeconomic
variables as possible explanatory variables in there models. Some researchers find that
some macroeconomic variables are more important than others to explain volatility. For
example, it appears from previous literature that the employment report and PPI news
releases have a significant impact on the volatility of interest rate securities (Jones et al.,
1998; McQueen and Roley, 1993; Ederington et al., 1993) as well as on large stocks'
volatility (Connolly and Strivers, 1999) and option volatility - implied volatility
(Ederington et al., 1996; Donders et al., 1996) on announcement days. Of course, the
level of explanatory significance of macroeconomic variables may depend on the security

that we study.



Most of the following studies do not discuss risk premia on macroeconomic risks but
only discuss interest rate changes and stock price index responses to macroeconomic
releases. They also discuss stock and bond volatility on macroeconomic news release

dates.

Hardouvelis (1987) examines the impact of unanticipated changes of monetary and
nonmonetary variables stock price indexes (the S&P 500, the Amex Major Market index,
the Value Line index, and the NYSE Financial index) as well as on interest rate securities
(3 month T-Bills and 20-year T-Bonds) over two sample periods: October 11, 1979 -
October 5, 1982, and October 6, 1982 - August 16, 1984. The sample split is motivated
by the Federal Reserve switch from non-borrowed reserves to borrowed reserves

targeting in October 1982.

For the pre-October 1982 period, monetary announcements are shown to significantly
impact stock prices (M1 and the federal discount rate have a negative sign, whereas the
free reserves have a positive coefficient) as well as on interest rates (M1 and the federal
discount rate have a positive sign, whereas the free reserves have a negative coefficient).

The NYSE Financial index shows the strongest reaction to the monetary announcements.

Concemning the non-monetary variables, personal income and the trade deficit have a
significantly positive effect on the stock indices (except for the S&P 500), whereas the
unemployment rate and the trade deficit are significantly negative for T-Bills. Finally, the

PPI and personal income are significantly positive and negative respectively for T-Bonds.



For the post-October 1982 period, Hardouvelis reports that monetary announcements
have a weaker effect. Only M1 is significant for both stocks (negative coefficient) and
interest rates (positive coefficient). Further, from the non-monetary announcements, only
the unemployment rate is statistically significant for the stock indices (positive
coefficient) and the T-Bill (negative coefficient), whereas the CPI (positive), the PPI
(positive), the unemployment rate (negative), and the durable goods (positive) are
significant for the T-Bond. Finally, the author reports that the structural response of the
return series to the announcements change only for the three-month T-Bill rate after
October 1982. The other series exhibit similar responses to the announcements in both

sub-periods.

Hardouvelis (1988) studies the exchange rate, Federal funds rate, T-Bill rate, and T-Bond
rate (and exchange rates) reactions to 15 unanticipated components of macroeconomic
releases. Similar to Hardouvelis (1987), he uses a sample period from October 1979

through August 1984.

Hardouvelis first regresses the change in interest rates on the unanticipated component of
the economic series announcements (the independent variables). Few significant results
for the Federal funds rate are shown. However, he finds that monetary variables strongly
influence the T-Bill and T-Bond rates. Unanticipated changes in M1 have a significantly
positive effect on the T-Bill as well as on the T-Bond rates for the complete period. Also,
unanticipated changes in the unemployment rate and in retail sales affect (significantly

negative and positive respectively) both the T-Bill as well as the T-Bond rates. The



author concludes that an unanticipated increase in the unemployment rate (retail sales)
signals a future (increase) decrease in the aggregate demand which causes a decrease (an

increase) in the T-Bill and T-Bond rates.

Further, it is shown that the free reserves (negative sign), the discount rate (positive sign),
and the surcharge rate (positive sign) variables are significant in the T-Bill rate equation
only. The free reserve reaction is due to the expected liquidity effect. On the other hand,
Hardouvelis argues that the positive sign of the discount rate and surcharge rate is due to
the market expectation of future tightening by the Fed, which increases the expected

future real interest rate due to an expected liquidity effect.

Finally, inflation news has a strong positive effect on the T-Bond market (CPI and PPI
are significantly positive). The personal income (negative sign) is also found to be
significant in the T-Bond market. This is because an increase of the personal income is
the result of an increase in the aggregate supply. This increase of the aggregate supply 1s

deflationary and this causes the long-term interest rate to fall.

A more recent study that looks at the relationship between macro variable announcements
on asset markets is Ederington and Lee (1993). This study uses intraday data to assess the
impact of nineteen monthly scheduled macroeconomic news announcements on interest
rate (and foreign exchange) futures markets’ volatility for the period from 1988 through
1991. They find that these announcements are responsible for most of the observed

intraday and day-of-the week volatility. In fact, once the impact of these announcements



is removed, volatility is flat across the trading day and across the trading week. Also, like
Harvey and Huang (1991), Ederington and Lee report that Thursdays and Fridays exhibit
relatively higher interest rate volatility than other days of the week. They hypothesize that
it is due to the employment report being released on Fridays and the PPI usually being

released on Thursday or Friday. .

They also conclude that employment, PPI, CPI and durable goods orders are the monthly
macroeconomic variables with the greatest impact on interest rates. They find that most
of the price adjustment occurs within one minute of the release. However, even if they
report that return volatility is much higher between 8h30 and 8h35 than during any other
time in the day, they also report that volatility continues to be higher than normal for
another fifteen minutes, and slightly higher for several hours. The explanation they
provide is that the release of those macroeconomic variables could affect interest rates
because either they signal a likely change in the demand for credit or because the Federal

Reserve is believed to consider these variables when setting monetary policy.

In a subsequent paper, Ederington and Lee (1995) examine the price adjustment of T-
Bond, Eurodollar, and Deutschemark futures markets to scheduled macroeconomic news
releases. Like their previous paper, they use 18 macroeconomic announcements.
However, they also provide some results for the pooled major announcements. For the T-
Bond market, the major announcements are the employment report, PPI, and CPI. Their
sample consists of 10-second interval returns (as opposed to S-minute intervals for

Ederington and Lee, 1993) and tick-by-tick data for the period from November 7, 1988



through October 30, 1992. Ederington and Lee use a 12-minute window, from two

minutes before the news release to 10 minutes after.

Their major findings are that these markets adjust very quickly to new information. Since
we focus on T-Bonds, the next conclusions apply to this type of security only. First,
markets adjust very quickly. When they consider the 18 announcements as a whole,
volatility increases in the next 10 seconds following the news announcements, and
reaches a peak in the 20 to 30 seconds interval. For both samples, the 18 announcements
and the major announcements, most of the information adjustment is done within 40
seconds. Note that the adjustment is made with many small price changes rather than one
large change. Finally, for the larger sample (18 announcements) only, they report a
significantly negative reaction that starts 90 seconds after the release and lasts for 30

seconds.

They also report higher than normal volatility for the period preceding the announcement.
However, they mention that the returns are not correlated with returns following the
announcements. Finally, average abnormal returns (AARs) and cumulative abnormal
retumns (CARs) are small and insignificant for the period prior to the announcements.

Thus, they conclude that it is unlikely that there is information leakage.

In a more recent paper, Ederington and Lee (1996) study the impact of information

release — scheduled and unscheduled announcements — on implied volatility from the T-

Bond, Eurodollar, and Deutschemark option markets. Only the results applying to the

10



interest rate option market will be reported herein. The period covered is from November

11, 1988 through September 30, 1992.

They use 12 macroeconomic variables as the scheduled announcement news. From those
12 macroeconomic variables, the employment report, the PPI, and the CPI are the only
statistically significant variables. The variance of returns (not ISD) on days when the
employment report is released is 4.7 times the variance on days with no scheduled
announcements, whereas it is 3.5 and 2.5 times when the PPI and CPI are released

respectively.

Further, they report that the implied standard deviation (ISD) from the interest rate
options markets increases (an average of 0.505%) in the pre-release period as the
uncertainty is high, but drops back (an average of 0.781%) to normal once the
announcement is made, and this source of uncertainty is resolved. Once again the
employment report has a relatively strong effect. The ISD declines, on average, by 4.4%
on the day the employment report is released. Also, in 80% of the times, releases of the

employment report are followed by a decline in ISD.

The authors report that the greater the usual day t volatility of a particular announcement,
the greater the decline in the ISD following the announcement. Once again, the
employment report has a greater impact on the interest rate ISD than on any other
variables. In addition, they find that, in general, on days with no scheduled

announcements the rise is greater the shorter the option’s time-to-expiration.

11



On the other hand, they find that the release of unscheduled announcements results in
unexpectedly high volatility (high ISD) that remains in the post-release period. The
reason might be that market participants anticipate other unscheduled news, consistent

with the volatility clustering phenomena.

Finally, similarly to Ederington and Lee (1995), they show that the ISD pattern of falling
on Fridays and rising on Mondays can be explained by the fact that scheduled
announcements are generally released on Fridays. That is, from their sample,
employment reports are issued on Friday in 44 of the 45 Fridays (and the ISD declines on
average by 4.40%), whereas PPI are usually released on Thursdays or Fridays. On the

other hand, Monday is the day with the lowest number of releases.

Jain (1988) studies the impact of money supply announcement surprises as well as of
CPI, PPI, industrial production, and unemployment rate announcement surprises on
hourly stock returns (S&P 500) and hourly trading volume (NYSE volume). He finds that
the S&P 500 index adjusts to unanticipated change announcements in the money supply
and CPI within one hour. Those announcements have significant negative effects on
stock prices. On the other hand, he finds no reactions of the S&P 500 return index to the

unemployment rate, the PPI, and the industrial production unanticipated components.

For that reason we might expect to find no significant reaction of the risk premium to

variance risk on macroeconomic release dates. Another possibility could be that we find

significantly negative reactions on announcement days if volatility increases. However,

12



we must keep in mind that we use a different time period as well as a different
framework. Furthermore, we are not dealing with anticipated or unanticipated
components but with announcement dates only. Finally, Jain also finds that these

macroeconomic variable announcements have no consequences for trading volumes.

Bollerslev et al. (2000) examine, using intraday data, return volatility of US Treasury
bond futures contracts. They split the volatility process in three distinct components. The
time-of-the-day patterns (intraday calendar effects), macroeconomic announcements
(public information effects), and the well-documented interday volatility persistence
(ARCH effects). They employ a MA(l) - FIGARCH model to estimate the daily
volatility. They use this estimate in a Flexible Fourier form (FFF) regression to estimate

the calendar, announcement, and day-of-the-week effects.

First, they find a time-of-the-day pattern in that the volatility is higher at 8h30 and 10h00.
These two time periods correspond to the regularly scheduled macroeconomic
announcements in the US. Second, they report a U pattern in the intraday volatility,
which results in a (U-shaped) daily pattern in the autocorrelation of the absolute 5S-minute
returns. Third, they find that macroeconomic news announcements are the most
important source of intra and interday volatility among the three components. More
specifically, they find that the Humphrey-Hawkins testimony, the employment report, the
PPI, the employment cost, retail sales, and the NAPM survey have the greatest impact.

Finally, they report that the fixed income market exhibits long-memory volatility

dependencies.

13



Connolly and Slivers (2000) study the volatility-clustering phenomenon. One explanation
of the ARCH behaviour is the public-information hypothesis. More specifically, the
ARCH behaviour reflects autocorrelated news-volatility that is associated with cyclical
public-information releases. Another explanation for volatility clustering is the signal
ambiguity hypothesis. This hypothesis suggests that ARCH reflects the presence of
imperfect information with ambiguous signals. This explanation suggests a stronger
ARCH effect following ambiguous market-information signals. In contrast to other
studies, they examine firm-level stock returns of the 30 large firms that comprise the
DIJIA. They attribute volatility clustering in firm-level returns to two factors, namely

common-factor (market level) and idiosyncratic-factors (firm-level).

They use an asymmetric GARCH(1,1) model similar to Glosten et al. (1993), which
implies higher conditional volatility following negative return shocks, as compared to
lagged positive return shocks of the same magnitude. Their major findings are that inter-
temporal market-to-firm volatility flow:
e Decreases following macroeconomic news announcements (PPl and employment
announcement days)
e Does not change during the high-news months when firms typically announce
quarterly eamings
e Increases substantially following:
A) Market periods with relatively high trading volume (they assume that periods
with high trading volume reflect periods of high signal ambiguity and of

diverse beliefs across traders),

14



B) High cross-sectional return dispersion periods,

C) High futures’ open interest periods.

According to Connolly and Slivers, these findings suggest that volatility clustering is
associated with signal ambiguity and diverse beliefs across traders, and not the

autocorrelation in scheduled news releases.

Jones et al. (1998) first argue that public information that has no anticipated
announcement days arrive in clusters, and that this information is generally significantly
positively autocorrelated at daily frequencies. This would cause autocorrelated volatility.
Thus, they decide to focus on information releases that are not autocorrelated, i.e.
information for which the release dates are preannounced to investigate autocorrelation in
volatility. They use two macroeconomic variables, namely the employment and producer
price index (PPI) data. Their paper studies the daily Treasury bond price reaction to U.S.
macroeconomic news releases. Thus, they test whether shocks to bond volatility on
macroeconomic announcement days are as persistent as shocks on nonannouncement

days.

The basic point of their work is to investigate whether these non-autocorrelated
announcements give rise to autocorrelated volatility. More specifically, they try to find
out if effects on volatility persist over time or if it is immediately incorporated into bond
prices, consistent with the efficiency theory. Further, they address the question “is the

investor rewarded for these macroeconomic risks?” In other words, if these
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macroeconomic news results in higher volatility, can investors expect higher returns from

treasury bonds?

In order to investigate the impact of public information releases, they use a GARCH (1,1)
model similar to the one of Bollerslev (1986). Then, where other authors have used
ARCH in mean developed by Engle et al. (1987) to test whether time-varying risk
premiums are a function of the estimated conditional volatility, Jones et al. test whether
announcement days, which usually offer high bond market volatility, exhibit high

expected returns.

Their major findings are the following. First, PPI and employment announcements have
large contemporaneous effects on bond market volatility but this effect dissipates on the
following day. For example, daily absolute excess returns, which is a proxy for volatility,
are 0.375%, 0.558%, and 0.776% respectively for the 5-, 10-, and 30-year bonds on
announcement days. On the other hand, the same measures are 0.254%, 0.388%, 0.543%
for the nonannouncement days. Second, they find that bonds eamn significantly higher
excess returns on announcement days. The Sharpe measures on the announcement days
are 0.166%, 0.145%, and 0.137%, respectively, for the 5-, 10-, and 30-year bonds,

compared to 0.011%, 0.009%, and 0.008% for the nonannouncement days.

Both finding are supported by the fact that, using OLS to control for day of the week,

they find that absolute excess returns as well as excess returns on days preceding and
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following the announcements for the 5-, 10-, and 30-year bonds are lower than on

announcement days. The difference also increases with the bond’s maturity in both cases.

Next, they use a GARCH(1,1) model in which a dummy variable is included to indicates
the announcement day. This procedure permits one to measure the announcement-day
effect on both conditional mean returns and conditional volatilities. The results confirm
the previous findings. There is a significant risk premium on the announcement days for
the three maturity bonds. Furthermore, volatility experiences a statistically significant

increase on the announcement day.

Finally, Jones et al. check whether announcement-day volatility shocks are as persistent
as nonannouncement-day volatility shocks. They use a model in which the conditional
variance is a regime-switching GARCH process where the regime shifts occur at the
announcement dates. They find that announcement-day volatility shocks exhibit no
persistence at all, and that volatility on the days following the announcements is not

higher than average.

Few papers examine linkages across different asset classes. Flemming et al. (1998)
examine the nature of volatility linkages between stock futures, T-Bond futures, and T-
Bill futures. Two sources of volatility linkages between the three markets are possible.
First, common information, which is information that simultaneously affects multiple
markets (e.g., Ederington and Lee, 1995). The second source of volatility linkage

between markets is called information spillover. Information spillover can be caused by
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cross-market hedging. This happens when a shock (or information) alters expectations
about one market (stocks or bonds). Because investors may rebalance their portfolios,
demand for that market may change. This results in a cash transfer from one market to
another. The cash transfer depend on the correlation of returns between the markets.
Thus, demand for both markets is influenced by information that initially affects only one
market. The information spillover generates trading and volatility in both markets. This is

the second way that information creates volatility linkages between markets.

First, they consider daily information flow proportional to the variance of daily returns.
Consistent with previous findings that volatility follows an autoregressive structure, they
develop a stochastic volatility model that allows log volatility (information flow) to
follows an AR (1) process. Further, instead of using multivariate GARCH models to
measure the linkages, they use GMM. This model helps in determining how information
creates cross-market linkages and in estimating the contemporaneous correlation between
the information flows in the different markets. The correlation between the variance-
covariance matrices of two markets measures the strength of the informational linkages
between the two markets. In other words, if the variance-covariance matrices of the two
markets are highly correlated, then this is an indication that the information linkage
between the two markets is high, as any information will move both markets with similar
amplitude for different reasons. On the other hand, return correlations indicate the
effectiveness of cross-market hedging which should influence the degree of information
spillover. However, as FKO mention, “this implicitly assumes that the best forecast of

volatility is simply its unconditional mean”, which is not necessarily true.
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They find strong volatility linkages between the three markets but it is not a complete
one. Whereas the cross-market correlations of returns for S&P 500 - T-Bond, S&P 500 -
T-Bills, and T-Eond - T-Bills are 0.35, 0.13, and 0.66, the correlation between the log
information flows (volatility) is 69% for the stock and Bond markets, 67% for the stock
and Bill pairing, and 64% for the Bonds and money markets. The later results are
consistent with large information spillover, and thus with strong volatility linkages across

the three markets.

Finally, using Kalman filter estimates to test for structural stability, they find that the
volatility linkage is stronger for the post 1987 stock market crash period. Also, they
report that their model explains much of the skewness and excess kurtosis in the return

series.

One explanation for the presence of ARCH is that daily returns follow a mixture of
distributions, where the rate of daily information arrival is the stochastic mixing variable.
The aim of Lamoureux and Lastrapes (1990) is to show that the ARCH effect of daily
returns reflects the serial correlation of this mixing variable. They argue that the variance
of daily price increments is positively related to the rate of daily information arrival.
They use daily trading volume as a proxy for the mixing variable, the rate of daily
information arrival.

In their paper, they use a GARCH(1,1) model to examine the variance of daily returns of
20 individual stocks. Their unrestricted model includes individual stock volume whereas

the restricted version does not include volume. They report strong evidence that daily
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stock returns can be characterized by the GARCH model (the ARCH and GARCH terms
are statistically significant) when the volume is not included in the variance equation.
However, when including volume, it is found to have significant explanatory power
regarding the variance of daily returns since the coefficient on volume is significantly
positive for each of the 20 companies. Further, volume explains much of the non-
normality of the unconditional distributions. Finally, the ARCH effects disappear when

volume is included in the conditional variance equation for 16 of the 20 common stocks.

Lamoureux and Lastrapes conclude that ARCH is the result of the daily time dependence
in the rate of information arrival to the market for actively traded individual stocks. Using
stock volume, they provide evidence that the ARCH process observed in daily stock
return series reflects information clustering. For this reason, we will also include the
NYSE volume as an independent variable to explain conditional variances and

covariances of stock and bond returns.

2. Data and Preliminary Results and analysis

Our Study

The first objective of this paper is to check whether there is a change in the risk premium
to covariance risk as well as to variance risk on macroeconomic new release dates. This is
important for different reasons, whether it is for investing purposes, hedging purposes, or
for pricing purposes. It is even more important when the two markets consist of the US
equity market and the US Treasury bond market, two of the largest security markets in

the world. Finally, we explore whether macroeconomic news releases are a source of
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time-varying volatility for both the stock and bond markets. More specifically, we study
the reactions of the conditional variances and conditional covariances of stock and bond

returns on macroeconomic announcement days.

This paper is different than the one of Jones et al. (1998) in that not only do we check
volatility and risk premium to volatility risk on macroeconomic announcement days for
bonds, but we also do so for stocks and for bonds and stocks. We use a multivariate
Generalized Autoregressive Conditional Heteroskedasticity (GARCH) in mean
framework in which the expected returns in any security are regressed on their own return
variance as well as on their return covariance with another security. The coefficients
indicate the risk premia to variance risk and to covariance risk. This model
accommodates for interaction effects within the conditional mean and conditional
variance and covariance of two (or more) series. Thus, it provides a suitable framework
to study the transmission mechanism of mean and volatility shocks across different
securities. Furthermore, we include indicator variables that represent variance and
covariance on specific macroeconomic news release dates. In this way, we are able to
study if the risk premia change on those announcement days. Finally, we provide a check

for time-varying conditional volatility as well as for time-varying conditional covariance.

Data

We use daily returns on the S&P 500 index, and on the five-, ten-, and thirty-year
Treasury bonds. We obtain the S&P 500 index from Bloomberg. We use the 5-, 10-, and
30-Year Treasury constant maturity interest rate series from the Federal Reserve Bank of

Saint-Louis. We calculate the excess return on the S&P 500 and on holding Treasury
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bonds using the secondary market three-month T-Bills rate also obtained from the

Federal Reserve Bank of Saint-Louis.

The daily continuously compounded excess return on the S&P 500 is simply the
difference between the logarithm of daily S&P 500 return and that of three-month T-Bills
rate, or:

= In(1 + S&P 500) -In(1 + T-Bill)

We calculate daily continuously compounded excess returns on bonds in the same way as
in Jones et al. (1998) and Ibbotson and Associates (1994). Total returns equal capital
appreciation plus the excess income that accrues over the holding period. The holding
period is assumed to be one business day, which means that the holding period may vary

from 1 to four days due to weekends and holidays.

The return from buying and selling a bond is calculated as follow: We compute the end-
of-period (one business day after having bought the bond) price on this bond using the
end-of-period yield as the discount rate, and the current yield as the coupon rate. Then,
we subtract the beginning-of-period price, which we assume to trade at par (coupon rate
equal to the yield). For example, for calculating the daily continuously compounded
excess return from 01/10/79 to 02/10/79 on the 30-year Treasury bond, we proceed as

follow:
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Date 3-mo T-Bill yield 30-yr yield

01/10/79  10.15% 9.32%
02/10/79  10.37% 9.28%
Total excess return = excess income + capital gain/loss

=(9.32%- 10.15%) * (N/365) + (P(9.28%,9.32%) - 100) / 100,
However, to compute the continuously compounded excess return, we proceed as follow:

= In(1+((9.32%*(N/365)) + ((P(9.28%,9.32%) - 100) / 100))) — In(1+10.15%*(N/365)))

Where P(x, y) is the price of a hypothetical 30-year bond with a coupon of y trading at a
yield of x, and N is the number of days in the holding period. In this example, we are

buying the bond on 01/10/79 and then selling it one day later on 02/10/79.

Like Doukas and Switzer (2000) and Bekaert and Harvey (1995), our model includes
weights for each type of security. The US stock market capitalization is, by far, more
important than the capitalization of government bonds. Market capitalization data for the
U.S. were obtained from Morgan Stanley Capital International (MSCI), whereas
outstanding amount for Treasury Bills, Treasury notes, and Treasury bonds were obtained
from Wefa Group. Thus, those indices are used to compute weights. Because we have
monthly series, we dynamically interpolate the market capitalization observations within
the month using the index returns to approximate the real daily numbers. Extending the
interpolations from the month end to the beginning of the month matches closely the
actual beginning of the month weights reported by MSCI. As for the outstanding amount

of each maturity debt, we also interpolated the monthly observations to get daily
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numbers. However, because of monthly offerings, interpolating using respective rates of
each series result in imprecise numbers relative to actual end of the month figures. Thus,
we use a linear interpolation to get closer numbers. Finally, we use NYSE daily share

volumes from the NYSE.

The PPI and employment announcement dates are obtained from the U.S. Bureau of
Labor Statistics. The industrial production release dates are obtained from the Federal

Reserve Board.

As in Jones et al. (1998), we use a sample that starts on October 1979. The reasons are
various. First, Jones el al. like others (e.g., Hardouvelis, 1988 and Jain, 1988) find
evidence of a structural break in interest rate data in October 1979. More specifically,
Jones et al. report that the effect of announcement days on Treasury securities' volatility
for the period before October 1979 is minute. Also, they do not reject the hypothesis that
release dates have no effect on the volatility of bonds prior to October 1979. One of the
reasons explaining this shift is the change in the U.S. Monetary Regime. In fact, the US
Federal Reserve shifted its focus in October 1979 from targeting interest rates to targeting
monetary aggregates. The literature suggests that this change represents a shift in
monetary policy. Note that the Federal Reserve shifted its focus once again in October
1982. Other reasons explaining the non-response of bonds' volatility to PPI and
employment report releases are the changes in data quality (Krueger, 1996), learning by

financial markets, and changes in macroeconomic structure.
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Preliminary Results

Our sample period covers 249 months (5197 trading days) of data. Two employment
reports were released on a Saturday (March 5, 1983 and November 1, 1986) whereas the
PPI was released once on a Saturday (February 15, 1986) and once on a Sunday
(February 12, 1989). Finally, one industrial production statistic was released on a
Saturday (December 14, 1985). We classify those releases as if they were announced on
the next trading day. Table 1, in the appendix, shows the distribution of the
macroeconomic release dates throughout the weekdays for each announcement. As we
can see for the three macroeconomic variables, the release dates often fall on Fridays. For
the 747 announcements, 501 (67%) happen on Fridays. This is more obvious for the
employment report (238/249) whereas the Industrial Production release dates are more
evenly distributed. Note how Monday is an unpopular day for each of the three

announcements.

It is also important to mention that only 15 days include both announcements - the
employment report and the PPI - on the same day since October 1979. Furthermore, 14 of
these 15 event dates occurred between January 1980 and September 1981. The only other
case where the employment report and PPI were released in the same day happened on
January 9, 1987. The PPI and the industrial production numbers were released 52 times
during the same day. Finally, the employment report and the industrial production were
never released together on the same day since October 1979. Thus, for the complete
sample, there are 680 of the 5197 days (13.1%) with at least one announcement, and 4517

of the 5197 days (86.9%) with no announcement.
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Table 2-A, in the appendix, gives summary statistics for the four financial series for the
period from October 1, 1979 through July 5, 2000. The S&P 500's daily continuously
compounded excess return is the largest with 0.022 % per trading day, whereas it ranges
from 0.008% to 0.015% for the debt. The (daily) Sharpe measures range from 0.02 (30-
year bonds) to 0.023 (5-year bonds). Also, magnitude of the daily excess returns for the
S&P 500 is relatively large with returns as high as 8.69% (on October 21, 1987) and as
low as —22.96% (on October 19, 1987). These extreme values might be an indication of
negative skewness. However, notice that both of these extreme values occurred during
the period surrounding the 1987 crash. On the other hand, the range of extreme values
conceming daily excess returns for debt increases with maturity. The extreme values for
the 30-year bonds are —3.94% (on February 19, 1980) and 7.25% (on October 20, 1987).
Note that none of these dates are an announcement date. As suggested, the S&P 500
shows negative skewness (-2.31), while the debt securities show positive skewness that
decreases with maturity. Finally, the S&P 500 series is much more fat-tailed (kurtosis of
51.48) than the debt series. The kurtosis measure decreases with debt maturity. It is 6.77

for the 5-year notes.

Since the Jarque Bera statistic is significantly different from zero for the three series, we
reject the assumption of normality, that is, for the three debt series and for the S&P 500
series. Note that the Jarque Bera follows a Chi-square distribution with 2 degrees of

freedom. At the 5% level, the critical value is 5.99.
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We also present in table 2-A the compounded excess return on announcement days and
non-announcement days for each security over the complete sample period. Those are the
returns that investors would have earned over the complete period by investing in any of
the four securities on each announcement day (non-announcement day) only. These

returns do not include transaction costs.

Even if days with at least one announcement only account for 13% of the sample, they
account for a large proportion of the returns earned during the total period. The S&P 500
earned 68.4% on days with at least one announcement versus 43.0% on days with no
announcements. Also, most of the 30-year bond excess returns are earned during days
with at least one announcement (69.3%) compared to days with no announcements

(9.9%).

The autocorrelation coefficients are shown in table 2-B for the S&P 500, as well as for
the 5-, 10-, and 30-year bonds. The first-order autocorrelation coefficients are positive
and significant for the 5-, 10-, and 30-year bond excess returns (0.10, 0.08, and 0.05
respectively). The first-order autocorrelation coefficients are also positive and significant
for the S&P 500, the 5-, 10-, and 30-year bonds’ absolute excess return (0.19, 0.18, 0.15,
and 0.06, respectively) as well as for the squared excess returns (0.12, 0.16, 0.12, 0.04,
respectively). Note that the second-order autocorrelation coefficients are often the highest
for the absolute and squared excess returns. Because absolute values are usually
considered proxies for standard deviations, the four return series exhibit autocorrelated

volatility. This may justify the use of ARCH/GARCH models to explain the conditional
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variances of returns. We formally test for ARCH/GARCH effects using a test from Engle
(1982). To compute the test statistic, we regress asset returns on a constant and save the
residuals. Then, we square the residuals and compute an autoregression of lag length n.
Finally, the test statistic is calculated as T*R? where T is the sample size and R? comes
from the autoregression. This statistic follows a x* distribution with n degrees of
freedom. Similarly to Connolly (1989), we estimate an autoregression of lag length 1, 2,
4, and 10. Table 3 reports the results. There is strong evidence of ARCH/GARCH effects
in each of the security return series since we reject the null hypothesis at the 1% level for

each lag length.

We also present (table 2-C) the cross-correlation of any of the 5-, 10-, or 30-year bond
returns (at time T) and the S&P 500 returns (at time T — L, where L is the number of the
lag). Note that if there are significant cross-correlations for the negative (positive) lags,
then that indicates current values of a particular bond return series are correlated with
future (past) values of stock returns, i.e., the bond returns (stock returms) are leading the

S&P 500 returns (bond returns) by L periods.

Even if the daily excess return correlations for the bonds and stocks are the highest at
time 0, i.e., the bonds and stocks’ daily excess returns are contemporaneously correlated,
the numbers are still very low to conclude that both markets are integrated. Note also that
negative lags for the excess return series suggest that bond returns lead stock returns.
However, the coefficients are either non-significant or very low. Concerning the absolute

daily excess return series’ correlations, the highest coefficients also occur at lag (0),
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followed by lag (-1), which suggests that all three bond series’ (the 5-, 10-, and 30-year
bonds) volatility are leading stocks’ volatility to a certain extent (the coefficients are
0.085, 0.109, and 0.117 for the 5-, 10-, and 30-year bonds, respectively). Note that most
of the lags are significant for all three pairs of absolute excess return series. Finally, we
see that the squared excess returns series are relatively highly correlated (0.302, 0.382,
and 0.502 for the 5-, 10-, and 30-year bonds, respectively) at lag (-1) compared to other
lags. Once again, this suggests, to a certain extent, that bond volatilities are leading stock

volatility by one day.

Tables 3, 4, and 5, in the appendix, present the means and standard deviations of the four
daily excess return series on the pre-, post-, and announcement days for the employment
report, PPI, and industrial production releases, respectively. We also show the covariance
between the S&P 500 and any of the 5-, 10-, and 30-year bonds. Finally, we compute the
Sharpe measure, which is a risk premium statistic. We do not pool the macroeconomic
announcements together as in JLL (1998). The reason is that there are significant

differences between the results for the three announcements.
First, most of the return series are non-normal. This is not surprising as we anticipate that
each security exhibits different properties (unusual mean and volatility) on the three days

surrounding macroeconomic announcements.

Next, for all three announcements over the three days (pre-, post-, and announcement

days), stock volatility is higher than bond volatilities. Also, the standard deviation of
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bond returns as well as the covariance of stock returns and any of the bond returns

increase with bond maturity for all three announcements over the three days.

Pre-Announcement days

Tables 4, 5, and 6 show that pre-announcement days of employment report and PPI (but
not industrial production) releases are characterized by significantly lower than average
stock and bond volatilities. Covariance of stock returns and bond returns appear slightly
lower than average on employment report pre-announcement days, slightly higher than
average on industrial production pre-announcement days, and reasonably higher than

average on PPI pre-announcement days.

Also, the S&P 500 risk premium is negative on employment and PPI pre-announcement
days but higher than average on industrial production pre-announcement days (4.9%).
Bond risk premia are higher than average on industrial production (15.9%, 16.3%, and
17% for the 5-, 10-, and 30-year bonds respectively) and employment report (13%,
10.1%, and 4.1% for the 5-, 10-, and 30-year bonds respectively) pre-announcement days

whereas they are negative on PPI pre-announcement days.

Announcement Days

From tables 4, 5, and 6, we note that the S&P 500 exhibits significantly higher than
average volatility on employment report and PPI announcement dates (1.097 and 1.168
respectively versus 1.037 for the complete sample period). On the other hand, the stock

index experiences significantly higher risk premia on release dates of any of the
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macroeconomic variables (Sharpe measure ranges from 5.4% to 6.2%) compared to the

complete period (Sharpe measure of 2.2%).

The 5-, 10-, and 30-year bonds experience significantly higher volatility on employment
and PPI release dates (at the 1% level). Thus, our results seem consistent with previous
studies that find that the employment and PPI releases have more impact than industrial
production releases on both bond and stock volatility. Similar to stocks, the risk premia of
bonds are unusually high on any of the three macroeconomic announcement days. In fact,
bonds risk premia rise considerably more than the S&P 500 risk premium on the
employment, PPI, and industrial production release dates. Note that PPI announcements
are associated with the highest risk premia of all announcements. The Sharpe measures
range from 15.4% to 17% on PPI announcement dates compared to about 2% for the
whole sample period for all three fixed income securities. Overall, we can say that

macroeconomic risks are compensated with higher risk premia.

Stock return and bond return covariances experience significant increases on
announcement days relative to pre-announcement days for the employment report and
PPI releases. Compared to average, the covariances of stock index returns and the 5-, 10-,
and 30-year bond returns double on employment report release dates, increase by half on
PPI announcement dates, while they slightly decrease on industrial production
announcement days. To the extent that conditional covariances behave similarly to these
unconditional series, these results are not consistent with JLL (1998)’s conjecture.

Formal examination of the conditional covariances follows in section 5.
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Post-Announcement days

If we find persistent volatility following the macroeconomic news announcements, 1L.€.,
the announcement and post-announcement volatilities are similar, than we may conclude
that macroeconomic news announcement shocks do not vanish and the market is unable
to fully price the new information as uncertainty remains. On the other hand, if
macroeconomic announcements do not cause permanent shocks to stocks and/or bonds,
we should observe falling volatility on post-announcement dates. In this case, we may
conclude that market quickly adjusts to public information. However, this does not
necessarily suggest that the market is efficient as lower volatility does not necessarily

suggest more accurate pricing.

We find that stock volatility reverts to normal on employment report post release days, as
the volatility is no longer significantly different from volatility on average days. On the
other hand, stock volatility soars on PPI and industrial production post-announcement
days. Bond volatilities decrease on employment report and PPI post-announcement days,
but are still significantly higher than average. On the other hand, similar to stocks, bonds
volatilities increase on industrial production post-announcement days (from the
announcement days). It seems reasonable to say that those announcements cause a shock
— and autocorrelated volatility - to most of the securities, at least temporarily. The shock

seems higher for stocks on PPI and industrial production release periods.

As we see from the three tables, the covariances of stock and bond returns decrease on all

three macroeconomic post-announcement days. Not surprisingly, the highest decrease
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happens on PPI post-announcement days as stock volatility increases while bond
volatilities decrease. On the macroeconomic news post-announcement days, the

covariances fall to the point that they are lower than usual.

Finally, stock and bond risk premia experience a significant drop on each macroeconomic
post-announcement day compared to the announcement days. In fact, stock risk premia
are negative and lower than bond risk premia on the three macroeconomic post-
announcement days. Bond risk premia are also negative on employment report post-
announcement days and close to average on PPI and industrial production post-

announcement days.

Using the F test, we show in tables 4, 5, and 6 whether or not announcement days (as
well as pre- and post-announcement days) excess return variances are significantly
different from variances of excess returns for the complete sample period. However, due
to the nonnormality of most of the return series, we now will present more robust tests for
similar return series. To perform these tests, we use log returns, In(P/Py.), as opposed to

log excess returns, In(P/Pe1) — In(Rwiiis,e)-

Nonparametric Tests

We first present the Mann-Whitney U-test (see Sheskin, 1997), which is a median
equality test for two subgroups. To perform this test, we rank the series from the smallest
value (rank 1) to largest, and compare the sum of the ranks from subgroup 1 to the sum of

the ranks from subgroup 2. If the groups have the same median, the values should be
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similar. The null hypothesis is that the two distributions are the same. The Mann-Whitney

U statistic is computed as follow:

Nj 1+1)
U=Ni(N2) + Z R,

Where 2R, is the observed sum of ranks for sample 1, and {N;N, + N;(N;+1)/2} is the

maximum possible value of ZR;.

We also present the Brown-Forsythe (modified Levene) test (Brown and Forsythe, 1974),
which is useful for testing the null hypothesis of the equality of variances between

subgroups. The test statistic is computed as follow:
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Because these tests assume that the subsamples are independent, we delete all
announcement days from the compliete sample period. We report the test statistics in
tables 7 and 8 respectively for each security on each announcement days and on each pre-

and post-announcement day.

As we see, the median of the 5-, 10-, and 30-year bond returns are significantly higher on
PPI (1% level) and industrial production (10% level or less) announcement days than on
nonannouncement days. This is somewhat surprising for returns on industrial production
release days as excess returns on those days in table 6 are lower than excess returns on
employment report announcement days in table 5. The median of the 5-, 10-, and 30-year
bond returns on industrial production pre-announcement days are also significantly
higher than on nonannouncement days at the 1% level. On the other hand, there is only
weak evidence that median stock returns on any of the macroeconomic news release days
is significantly higher than on nonannouncement days. However, we must keep in mind
that the Mann-Whitney U-test is a conservative test as it is less likely to find a difference

between the two subsamples if a real difference exists.

Concerning the variance equality tests, we see from table 8 that the Brown-Forsythe tests
yield similar results to the F tests, at least when we compare the employment report and
industrial production announcement days to the nonannouncement days. More
specifically, stock return variance as well as the 5-, 10-, and 30-year bond retum
variances are significantly higher (at the 5% level or less) on employment report

announcement and pre-announcement days than on nonannouncement days. The
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variances of returns on industrial production release days are not significantly different
from those on nonannouncement days for all of the securities. Only on industrial
production post-announcement days do we find that the variances of stocks, 10-, and 30-
year bond returns are significantly higher than other days. Finally, the 5-, 10-, and 30-
year bond return variances are statistically significantly higher (at 1% level) on PPI
announcement days than on nonannouncement days whereas stock return variances are
not. However, all four securities experience higher variances on PPI post-announcement

days than on nonannouncement days.

Weekend Effect or Macroeconomic News Releases Effect?

One possible explanation for the declining stock and bond risk premia on macroeconomic
post-announcement days might be that market participants overreact on announcement
days and adjust the following day. Another explanation might be that the negative returns
are due to the “Weekend Effect”, or that the weekend effect is due to the tendency of
important macroeconomic news to be released on Fridays. The rationale is that many of

the news releases occur on Fridays, whereas the next trading 1s usually Monday.

In table 1, we report the release date distribution across days of the week. In table 9-A
(see appendix), we report the mean daily excess returns for each security on the pooled
macroeconomic news release dates classified by day of the week. In tables 9-B and 9-C,
we report the test statistics (and their p-values) for mean tests (T-tests) and of median

tests (Wilcoxon/Mann-Whitney tests), respectively. More specifically, we test whether or
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not excess returns on each day of the week (when there is at least one announcement) are

significantly different from excess returns on nonannouncement days.

Since a large portion of the releases are made on Fridays one might ask: Are the
abnormally high stock and bond returns on macroeconomic news release dates due to the
releases themselves or because the announcements are confounded by other phenomena
causing weekend effects? On the other hand, one could argue that the weekend effect is
due to the large portion of important macroeconomic variables to be released on Fridays.
In other words, if we find that announcements made on Fridays yield relatively higher
returns than releases made on other days of the week, then it is possible that one effect
causes the other. However, even in that case, it is possible that both effects are unrelated.
On the other hand, if we find no evidence that returns are higher for macroeconomic
news announcements made on Fridays, then we cannot conclude that macroeconomic
news releases cause the weekend effect nor can we conclude that the higher returns on

macroeconomic news release days are due to the weekend effect.

As we see from table 9-A, returns do not appear to be higher for announcements made on
Fridays compared to announcements made on the other days of the week. Table 9-B
suggests that the S&P 500 index returns are significantly higher than nonannouncement
days when announcements are made on Mondays, Wednesdays and Thursdays. On the
other hand, Tuesdays, Thursdays, and Fridays seem to be favourable announcement days
for bonds as the mean excess returns are significantly different from nonannouncement

days. However, the median tests (see table 9-C) do not indicate that bond excess returns
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are higher for announcements made on Fridays compared to nonannouncement days.
Thus, it appears that macroeconomic announcements are not associated with unusual

returns on weekends.

3. Modeling Time-Varying Risk Premia

As opposed to Engle et al. (1987) and others that use ARCH-in-means to test whether
risk premiums of securities change over time, we use a multivariate GARCH-in-mean
model similar to the one used by Chan et al. (1992). This type of model allows the
conditionally expected returns of one type of security to be a function of its own return
variance as well as its covariance with another security’s returns, which is not the case for
ARCH-in-mean models. It is an excellent tool to capture time-varying risk premium or
time-varying volatility. The model suggests that if both markets do not share the same
risk sensitivity, then each market will be compensated differently, i.e., expected returns
of each market will be determined by its return variance times the price of variance. The
price of variance depends on the weighted relative risk aversion of market participants in
each market. If both markets share the same risk sensitivity, then both markets will be

compensated equally according to their return covariance times the price of covariance.

Similarly to Bekaert and Harvey (1995), our models have three sources of time-variation
in expected returns: variation in the prices of risk (coefficients), variations in the
conditional risk measures (variances and covariance), and variations in the weights. Note
that the weights for the S&P500/30-year bonds bivariate GARCH model vary from a

minimum of 54.2% (December 1987) to a maximum of 94.2% (June 2000) in favour of
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the S&P 500. For the S&P500/5-year notes and S&P500/10-year notes bivariate GARCH
models, the weights vary from a minimum of 71.3% (October 1990) to a maximum of

92.5% (June 2000) in favour of the S&P 500.

Our model also allows for time-varying correlations. We use the structure proposed by
Engle and Kroner (1995), i.e. the BEKK parameterization, of the multivariate GARCH
process. This ensures a positive semi-definite H; (Variance-Covariance) matrix, which is
necessary for the estimated variance to be greater than or equal to zero. This is the case
because the BEKK parameterization makes use of quadratic forms in a way that no
restrictions are required to ensure a positive semi-definite H, matrix. The H; matrix
evolution is written as:

g ~ N(O, Hy),

{ Pstocks.c hSlac/c:—Bandx.r:l
H, = Rstocks - Bonds.1 N gonds.c
=C’C+ A’H.xA + B’ee/B,
Where H, is the 2X2 variance-covariance matrix, A and B are matrices of coefficients,
and C is an upper triangular matrix of coefficients. & is the vector of residuals with

conditional mean 0 and conditional variance-covariance H;. H; is a linear function of its

own K past values as well as of values of squared shocks.
Because this methodology implies no restriction of constant correlation between the S&P

500 and bonds, it allows us to check whether the correlations across securities are

constant over time. Having no restriction of constant correlation implies that increased
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comovements in the stock index and bond series may be due to changes in both the

covariance structure of returns as well as the correlation structure.

We are dealing with five bivariate GARCH models. Four of these are unrestricted models
while the fifth is the restricted case. Each model includes the S&P 500 excess returns
series as a dependent variable of one equation and any of the three bond excess return
series — i.e., the five-, ten-, or 30-year Treasury bonds - as a dependent variable of the
second equation. Similar to Bekaert and Harvey (1995) and Doukas and Switzer (2000),
we add, in the unrestricted cases, indicator variables that allow us to check the effects of
specific events on the risk premiums. We use macroeconomic news release dates as
indicator variables. This framework tells us if there is a significant change in the risk
premium to variance and covariance risk on macroeconomic release dates. The
macroeconomic variables we analyse are the employment report, the PPI, and the

industrial production releases.

Our first model includes two indicator variables that represent the two macroeconomic
news releases that have the highest impact on both stock and bond returns as well as on
stock and bond returns variances as recognised by the literature and confirmed by our
preliminary analysis. These two variables are the PPI releases and the employment report

releases.
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Model 1:
Rsiwocks.t = 1o — (B1 + Bri*Emp, + B12*PPL)Wstocks.thstocks, — (81 + 811 *Emp, +
312*PPI)*(1-Wstocks,0)Nstocks-Bonds.t T Estocks.t @8]

RBonds.. = 20 — (B2 + B21*Emp, + B22*PPL)Wgonds,thBonds, — (02 + 821 *Emp, +
822*PPI)*(1-Wgonds,t)hstocks-Bonds,t T €Bonds, t 2)

Our second model includes an additional indicator variable that represents the industrial

production releases.

Model 2:
Rstockst = 10 — (B + B11*Emp, + B12*PPI; + Bi3*Ind)Wsiocks.Bstocks.t —
(81 + 811 *Emp, + 812*PPI, + 813*Ind,)*(1-Wstocks,:)Bstocks-Bonds,t T EStocks, t 3)

RBonds.t = 20 — (B2 + B21*Emp, + B22*PPI; + B23*Ind:)Wronds.hBonds,t —
(62 + 821 *Emp, + 822*PPI; + 823*Ind)*(1-WBonds,.)Dstocks-Bonds.t + EBonds, t 4)

In these first two models, Emp, PPI, and Ind are indicator variables that are set to 1 on the
employment report, PPI, and Industrial Production release dates respectively, and equal 0
otherwise.

In model 3, we pool the employment report and PPI releases into a unique dummy, Dum.

Model 3:
Rstocks.e = ctio — (B1 + Bi1*Dum)Wsiocks.thstocks.t —
(&1 + 6, l*Dumt)(l‘WStocks,t)hSzocks-Bonds,t + Estocks.t %)

Rgonds.c = ¢t20 — (B2 + B21*Dum)Wgonds.:honds,: —
(82 + 621 *Dumt)(l'WBonds.t)hStocks-Bonds,t + €Bonds, t (6)

In model 4, we now combine the three macroeconomic releases together to form a unique
dummy, Dum.

Model 4:
Rstocks.t = 10 — (B1 + B11*Dum;)Wsiocks,thstocks,t —
(810 + 811 *Dum,)(1-Wsiocks,.)Nstocks-Bonds,t + Estocks.t @)

RBonds.: = 020 — (B2 + B21*Dum)Wgonds.hBonds,t —
(82 + 821 *Dum,)(1-Wgonds,t)hstocks-Bondst + EBonds. t (8)
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In (5) and (6), Dum is an indicator variable that is set to 1 on either the employment
report release dates or on the PPI release dates. In (7) and (8), Dum is an indicator
variable that is set to 1 on either the employment report release dates, on the PPI release
dates, or on the industrial production release dates.

Finally, the restricted model 5 does not include any indicator variable.

Model 5:
RStocls.t =00 — (BI)WStocks.thStocks,t - (61)( 1 ‘WStocks.t)hStocks-Bonds.t + EStacks.t (9)
RBonds,t =020 — (ﬁZ)WBonds.thBonds,t - (82)(1‘WBonds.t)hStocks—Bonds.t + €Bonds, t (10)

4. The Multivariate GARCH results

Parameter estimates are obtained by maximizing the log-likelihood function. Conditional
log-likelihood functions are computed as

L(©) =-log 2I1 - Y2 log [Hy - %2 ' (0)H.1(0)e(O)

Where 0 is the vector of all parameters B; for i = S&P 500, 5-, 10-, 30-year bond and j =
1 or 2 whether it is variance or covariance respectively. To maximize this log-likelihood
function, we use the simplex and Berndt, Hall, Hall, and Hausman (1974) algorithms.
The BHHH algorithm provides the final parameter estimates, associated standard errors,

and p-values.

To test the null hypothesis that the estimated coefficients are equal to 0, we use the

likelihood ratio test. For large sample sizes,

-2[L(Br) — LBur)] ~ X’m
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Where m is the number of restrictions. If the statistic is greater than the critical value, we
reject the null hypothesis that the restriction applies, i.e., we conclude that the indicator
variable coefficient estimate is significantly different from 0. In most situations involving
linear models, especially those with large sample sizes, the more traditional F tests and
the likelihood ratio tests should generate very similar results. However, the likelihood is
more appealing when large samples are used in part because it requires no assumption of
normality. Remember that we rejected previously the null hypothesis of normality for our

four return series.

If the pricing of both assets (stock and bond) is sensitive to a particular risk, then we
might expect the covariance of returns of these two assets to be the only risk factor to be
rewarded. The reason is that there are no specific risks but instead a common risk. If both
assets are equally risk sensitive, then the reward to risk should be the same for the two
markets. On the other hand, if one particular asset exhibits specific risk over one
particular (macroeconomic) risk, then we might expect the volatility of that particular
asset to be the rewarded. In that case, we might expect the risk premium on variance risk
to increase with the riskiness of the asset. Since we look at macroeconomic risks, we
should find unusually high changes in the risk premium to covariance risk on
macroeconomic release date if both markets are risk sensitive to the information
contained in one particular macroeconomic release to compensate for the common risk.
However, if only one market is risk sensitive to the information contained in one
particular macroeconomic release, then we should find unusually high changes in its risk

premium to variance risk on the release date to compensate for the specific risk exposure.
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Statistically significant By where k = 1, 2, or 3 indicate that security i's returns are
significantly influenced by security i's own retum volatility on macroeconomic variable
k's announcement date. In other words, statistically significant B indicate that security i's
risk premium to variance risk is significantly different from 0 on macroeconomic variable
k's announcement date. Statistically significant 8 where k = 1, 2, or 3 indicates that
security i's returns are influenced by security i's returns covariance with security j’s
returns on announcement k's date. Thus, statistically significant §;; indicate that security
i's risk premium to covariance risk is significantly different from 0 on macroeconomic
variable k's announcement date. Many possibilities could explain that. It could be due to
higher returns, lower covariance risk, a positive change in the covariance risk that is
lower than a positive change in the security returns, or a negative change in the
covariance risk that is higher than a negative change in the security returns. Finally, to a
certain extent, we can say that employment report, PPI, and Industrial production release
dates will be considered as a source of temporary increase (decrease) in integration if the

estimated coefficients 8,y is found to be significantly positive (negative).

The estimated coefficients, their t-statistics and p-values, as well as the likelihood ratio

statistics of the multivariate GARCH models are reported in table 10 (see appendix).

Non-Pooled Macroeconomic Variables Models

Let us first analyse the results for models 1 and 2, i.e., the non-pooled macroeconomic
variable models. We find that the likelihood ratio statistics are greater than the critical

value at 1% for S&P500/5-year notes models. This indicates that employment report and
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PPI releases create a regime shift. Furthermore, from model 2, we can reject the null
hypothesis that the restrictions apply for the S&P500/10-year notes model at the 5%
level. Finally, from model 1, it seems appropriate to reject the null hypothesis for the

S&P500/30-year bond models.

As general conclusions, we find for models 1 and 2 that a stock-specific component of
risk is rewarded on PPI release days. The B, coefficient is significantly positive and
varies from 0.16% to 0.23%. We also find for model 2 that stocks risk premium to
covariance risk is significantly negative on PPI announcement days. 8, ranges from —2%
to —3.2%. Thus, stocks are compensated for a specific and common component of risk on
PPI announcement days. Note that neither stock risk premium to variance risk (B:) or
stock risk premium to covariance risk (8;) are significantly different from O on regular
trading days. On the other hand, bonds risk premium to covariance risk (822) i1s
significantly positive on PPl announcement days in both models. In fact, on PPI
announcement days, a change of 1% in covariance results in a change of about 0.60% to
0.67% to any of the bond returns. Note that bonds risk premium to covariance risk is
usually significantly negative (&, is about —0.21%). This suggests that on regular trading

days, excess returns decrease (increase) for a positive (negative) change in covariance.

Finally, most of the remaining significant relations involve the S&P 500/5-year notes. We
see that 8, is significantly positive in the two bivariate GARCH models involving the
S&P 500/5-year note returns which implies that there is significantly positive shift in the

5-year notes risk premium to covariance risk on employment report announcement days.
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On employment report release days, a one-percent change in covariance seems to
produce a change of about 0.40% to 0.45% to the 5-year note returns. Finally, industrial
production releases appear to have an impact on 5-year notes risk premium to volatility
risk since the B,3 is significantly positive in model 2-A. Note that on regular trading days,
there seem to be a significantly positive premium to 5-year notes specific component of

risk as B, is significantly positive.

Pooled Macroeconomic Variables Models

Finally, we pool the employment report and PPI announcements together. The results are
reported for model 3. We also pool the employment report, PPI and industrial production
announcement together and report the results for model 4. First, except for model 4-C,
the likelihood ratio statistics indicate that we can reject the null hypothesis that the
restrictions apply at the 5% level or less. This means that the macroeconomic releases are
a source of temporary regime shifts for the period starting from October 1979 through

July 2000.

Furthermore, there is a significantly positive change in the stocks' risk premium to
volatility risk on announcement days. This suggests that stocks exhibit a specific
component of risk to macroeconomic variable releases that market participants reward

with higher returns.

Also, for both models (models 3 and 4), it seems that the risk premium on covariance risk

for bonds increases on macroeconomic release days as 6, is usually significantly
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positive. This is even truer for models that include the S&P 500 and the 10-year notes.
Note that there is a significant relationship between bonds excess returns and bonds

returns covariance with stocks returns on regular trading days.

While some macroeconomic variables are more important than others, the release time is
also important. In fact, the employment report, which is generally considered to be the
most important macroeconomic variable in the literature as well as among the financial
community, is normally the first government release concerning economic activity in a
given month. It is usually followed by the PPI, which is released before industrial
production (and CPI). Thus, we might hypothesis that earlier releases can be used to
predict the later releases, and from that, later releases are less important. This might
explain why we find that industrial production releases do not offer significant changes in
the risk premiums, the reason being that these macroeconomic announcements do not
offer much more new information concerning the health of the economy. However, it
does not explain why the PPI releases offer more evidence of a change in the risk

premium to variance and covariance risks than employment report releases.

5. Modeling Conditional Variance and Conditional
Covariance

Our next step is to model the conditional variance and conditional covariance of models 1
and 2. More specifically, we investigate if macroeconomic news announcements are
sources of time-varying conditional variance and/or conditional covariance. We use the

employment report, PPI, and industrial production releases as indicator variables. We
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also include the lag of the dependent variable (conditional variance or conditional
covariance of any of the S&P 500, 5-, 10-, and 30-year bond returns) as an independent
variable since we previously found the presence of ARCH/GARCH effects in each of the
security return series. Note that we use the log of the conditional variance and conditional
covariance. Since some of the covariances are negative and because we cannot compute
the natural logarithm of a negative number, we added 11 to every covariance. The lowest
covariance was —10.4. Finally, we include the NYSE volume as an independent variable
to explain the conditional variances and conditional covariances. We set October 1, 1979
as our base period (i.e., the NYSE volume is set to 1 on October 1, 1979) and compute

following trading day volume as a fraction of this basis.

We include the NYSE volume as an independent variable since previous studies found
that volume explains the GARCH effect (Lamoureux and Lastrapes, 1990). On the other
hand, remember that we previously found that the stock market exhibits unusually high
volatility on macroeconomic news release days. Since market volume is usually
positively correlated with the stock market's volatility (Karpoff, 1987, Crouch, 1970,
Smirlock et al. 1988), we might expect NYSE volume to be relatively high on those days.
One explanation for this "phenomena" is the one of Jain (1988). He notes that new
information (may) causes investors to rebalance their portfolios, which (may) translate
into unusually high volume (and return) to particular assets. For that reason, we might
expect to find a particularly strong relationship between the NYSE volume and the

conditional variances and/or conditional covariances on macroeconomic news release
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dates. However, this may negatively bias the significance level of our indicator variables
in regressions that study the stock return conditional variance.

We use the conditional variances and conditional covariances of models 1A, 1B, and 1C
(in which the employment report and PPI releases are used as indicator variables) as well
as of models 2A, 2B, and 2C (in which the employment report, PPI, and the industrial
production releases are used as indicator variables). Plots of these conditional variances
and conditional covariances are shown in the appendix as figures 1 to 6. The conditional
variance of the 5-year note returns is the least volatile series of the four securities, while
the conditional variance of the S&P 500 returns is the most volatile series. This is true for
both models. Moreover, conditional covariance of stock and S-year note returns and
conditional variance of 5-year note returns are of the same magnitude in both models
(models 1A and 2A). A similar conclusion can be reached for conditional covariance of
stock and 10-year note returns and conditional variance of 10-year note returns. Also, the
period surrounding the end of 1991 and the end of 1997 seems relatively quiet in each

series. Finally, from the six graphs, there is no specific trend.

Because each multivariate GARCH model produces two conditional variance series and
one conditional covariance series, we have 18 linear regressions. We present the results
in table 11 (appendix). We show the estimated coefficients as well as their t-statistics and
p-values for each regression. We also present the R? bar, the F statistic and the p-value

for each regression.

Remember that we found (see section 2 — preliminary analysis) that employment report

and PPI releases have more impact on bond and stock return volatilities than industrial
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production releases. We also found that covariances of stock returns and any of the 5-,
10-, or 30-year bonds returns double on employment report release dates.

The results confirm our previous findings. First, we see that we can reject the null
hypothesis that all coefficient estimates are not significantly different from zero as the F
statistics are higher than the critical value at the 1% significant level. Also, the adjusted
R? are higher than 0.75 in 13 of the 18 estimated equations. Moreover, the constant is
significantly negative in each conditional variance equation whereas it is significantly
positive in each conditional covariance equation. Second, not surprisingly, the first lag
value of the conditional variance and conditional covariance are highly significantly

positive.

We also see from table 11 that the employment report is a good explanatory variable for
stock and bond conditional variance. The estimated coefficients are significantly positive
at the 5% significant level or less and range from 0.013 (see table 8F — 30y bonds) to
0.106 (see table 8B — 10y notes). However, the results are mixed for conditional
covariances. In fact, employment report releases only explain conditional covariance of
stock and 10-year note returns as well as of stock and 30-year bond returns when only
two indicator variables are included, i.e., the employment report and PPI releases.
Estimated coefficients of indicator variables that represent PPI releases are significantly
positive in most of the stock and bond conditional variance equations at the 10% level or
less. However, this macroeconomic variable does not create time-varying conditional
covariance between stock and bonds returns on announcement days. Finally, from models

11D, 11E, and 11F, we see that industrial production releases are not a significant source
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of time-varying conditional volatility nor they are a source of time-varying conditional
covariance. The NYSE volume is significantly positive at the 1% level and explains
conditional variance of stock and 30-year bond returns as well as covariance of stock and
any of the 5-, 10-, and 30-year bonds returns. Note that the estimated coefficients are

fairly low, however.

Thus, in summary, employment report and PPI releases do seem to be sources of time-
varying conditional volatility for both stock and bonds returns, whereas industrial
production releases are not found to be a source of unusually high volatility. On the other
hand, except in model 11B, none of the employment report, PPI, or industrial production
releases generate significant changes in conditional covariance of stock and any of the 5-,
10-, and 30-year bond returns on announcement days. This result does not support the

JLL (1998) conjecture.

6. Conclusion

The first and second moments of daily returns of both stocks and bonds have been the
subject of numerous studies. In this paper, we study the effect of macroeconomic news
releases on stock and bond risk premium to variance and covariance risks. We use the
employment report, the PPI, and the industrial production announcements as indicator

variables.

From our preliminary results we see that bonds, like stocks, earn higher returns when

exposed to macroeconomic risks. However, from the multivariate GARCH analysis, we
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conclude that stocks, as opposed to bonds, exhibit a change in the risk premium to
variance risk on macroeconomic announcement days. From the non-pooled
announcement models, we see that most of this effect is due to PPI announcements. This
finding suggests that both assets (stocks and bonds) do not share the same level of
macroeconomic risk. In fact, stocks have a specific component of risk and are more

sensitive to macroeconomic news announcements.

On the other hand, macroeconomic news announcements create a significantly positive
change to bonds risk premium to covariance risks. In other words, on macroeconomic
news announcement days, bonds are rewarded for the common component of
macroeconomic risk they share with stocks. This is in opposition to regular trading days

where bonds eam a significantly negative risk premium to covariance risk.

As anticipated, industrial production releases do not affect significantly any of the models
we estimated. More surprisingly, however, is the fact that employment report releases do

not seem to have a significant impact on any of the security risk premia.

However, employment report and PPI releases do seem to be sources of time-varying
conditional volatility for both stock and bonds returns, whereas industrial production
releases are not found to be a source of unusually high volatility. On the other hand, none
of the employment report, PPI, or industrial production releases seem to generate

significant changes in the conditional covariance of stock and any of the 5-, 10-, and 30-
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year bond returns on their announcement days. This is in contrast to what JLL (1998)

conjectured.

Of course, we must be careful in interpreting our results. We should not forget that we
study large indices and that specific industry and/or group of stocks (small vs large
stocks, defensive vs aggressive, etc.) may exhibit different patterns. Of course, the news
that we study represent only a small fraction of all public and private information and
explain only a small fraction of the changes in asset risk premium to volatility and

covariance risks.

Further studies could make use of intraday data instead of daily data. This would help to
see if changes in risk premia occur quickly or gradually over the release days. Another
possibility would be to examine whether there are significant changes in the risk
premium to variance and/or covariance risks on days before or after macroeconomic
news releases. Also, by using the expected and released statistics instead of the release
dates, one could check if stock and/or bond volatility is higher following large
unexpected component announcements. It could then be interesting to check whether
changes in the risk premia vary with the level of uncertainty (unexpected component) of
the releases. Finally, including more than two assets in the multivariate GARCH
framework could result in a more complete framework and could lead to different and

new results.
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Table 3: Test results for ARCH errors

Lag Length
1 2 4 10
S&P 500 68.08 158.39 169.32 262.46
5-year note 132.75 22438 301.03 471.58
10-year note 79.68 212.52 284.69 402.56
30-year bond 8.58 56.26 112.84 206.25
v2 (0.01) 6.63 9.21 13.28 23.21

Note: The number of degrees of freedom in each test equals the lag length value. The critical 3~ values are listed below

each column.

Table 4: Employment Report Announcements

S&P 500 5-year note 10-year note 30-year bond

Pre-announcement days

Daily mean return (in%) -0.023 0.041 0.050 0.028
Standard Deviation 0.840° 0.314° 0.492° 0.682°
Covariance 0.091 0.143 0.213
Sharpe -0.028 0.130 0.101 0.041
Announcement days

Daily mean return (in%) 0.068 0.049 0.061 0.069
Standard Deviation 1.097° 0.529° 0.766° 1.034°
Covariance 0.196 0.313 0.483
Sharpe 0.062 0.092 0.080 0.067
Post-announcement days

Daily mean return (in%) -0.099 -0.016 -0.022 -0.025
Standard Deviation 1.022 0.417° 0.612¢ 0.857°
Covariance 0.162 0.245 0.342
Sharpe -0.097 -0.039 -0.036 -0.030

* Significantly higher (or lower) from variance on average trading days at 10%
® Significantly higher (or lower) from variance on average trading days at 5%
¢ Significantly higher (or lower) from variance on average trading days at 1%
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Table 5: PPI Announcements

S&P 500 S-year note 10-year note 30-year bond

Pre-announcement days

Daily mean return (in%) -0.084 -0.008 -0.004 0.000
Standard Deviation 0.969% 0.300° 0.492° 0.682°
Covariance 0.127 0.212 0.328
Sharpe -0.086 -0.028 -0.008 0.000
Announcement days

Daily mean return (in%) 0.063 0.070 0.099 0.146
Standard Deviation 1.168° 0.415° 0.644° 0.869°
Covariance 0.153 0.253 0.337
Sharpe 0.054 0.170 0.154 0.168
Post-announcement days

Daily mean return (in%) -0.061 0.006 0.021 0.017
Standard Deviation 1.805° 0.404° 0.572 0.808°%
Covariance 0.012 0.049 0.169
Sharpe -0.034 0.015 0.036 0.021

* Significantly higher (or lower) from variance on average trading days at 10%
® Significantly higher (or lower) from variance on average trading days at 5%
¢ Significantly higher (or lower) from variance on average trading days at 1%

Table 6: Industrial Production Announcements

S&P 500 5-year note 10-year note 30-year bond

Pre-announcement days

Daily mean return (in%) 0.050 0.056 0.085 0.126
Standard Deviation 1.012 0.352 0.520 0.745
Covariance 0.099 0.167 0.255
Sharpe 0.049 0.159 0.163 0.170
Announcement days

Daily mean return (in%) 0.057 0.037 0.056 0.057
Standard Deviation 1.052 0.360 0.525 0.727
Covariance 0.067 0.128 0.212
Sharpe 0.054 0.102 0.106 0.078
Post-announcement days

Daily mean return (in%) -0.065 0.000 0.014 0.011

Standard Deviation 1.760° 0.406° 0.621° 0.849°
Covariance 0.032 0.086 0.210
Sharpe -0.037 0.000 0.022 0.012

? Significantly higher (or lower) from variance on average trading days at 10%
b Significantly higher (or lower) from variance on average trading days at 5%
¢ Significantly higher (or lower) from variance on average trading days at {%
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Table 7: Median equality test for the S&P 500, 5-. 10-, and 30-year bonds
returns: pre-, post-, and announcement days vs nonannouncement days

Wilcoxon/Mann-Whitney tie-adj. (one-tailed test)

Employment Report S&P 500 5-year note 10-year note
Pre-Announcement 1,07 1,49* 1,24
Announcement 0,65 0,87 1,05
Post-Announcement 1,00 1,05 0,58

PPI S&P 500 §-year note 10-year note
Pre-Announcement 1,69** 0,62 0,03
Announcement 1,25 2,37 2,42
Post-Announcement 1,93* 1,51* 1,44
Industrial Production S&P 500 5-year note 10-year note
Pre-Announcement 1,03 2,55 2,85**
Announcement 1,40* 1,70 1,96**
Post-Announcement 0,23 0,30 0,80

30-year bond
0,49
1,06
0,55

30-year bond
0,05
299"
0.65

30-year bond
2,63
1,68*
0,32

*** Significantly higher (or lower) from variance on nonannouncement days at 1%
*=* Significantly higher (or lower) from variance on nonannouncement days at 5%
* Significantly higher (or lower) from variance on nonannouncement days at 10%

Table 8: Variance equality test for the S&P 500, S-. 10-, and 30-year bonds
returns: Pre-, Post-, and announcement days vs nonannouncement days

Brown-Forsythe (one-tailed test)

Employment Report S&P 500 5-year note 10-year note 30-year bond
Pre-Announcement 3,08 3,93* 2,85™ 2,09"
Announcement 2,61 79,78*** 68,20"** 65,27*
Post-Announcement 0,73 2,17 1,72* 1,01

PPI S&P 500 5-year note 10-year note 30-year bond
Pre-Announcement 0,07 1,16 0,68 0,43
Announcement 1,50 14,63 19,24™ 17,35
Post-Announcement 4,64 1,96 1,57 3,93*
Industrial Production S&P 500 5-year note 10-year note 30-year bond
Pre-Announcement 0,11 0,65 0,35 0,74
Announcement 0,26 1,44 0,03 0,11
Post-Announcement 3,38* 1,23 1,76* 3,36**

*** Significantly higher (or lower) from variance on nonannouncement days at 1%
** Significantly higher (or lower) from variance on nonannouncement days at 5%
* Significantly higher (or lower) from variance on nonannouncement days at 10%
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Table 9 A: Mean daily excess return of the S&P 500, 5-. 10-, and 30-year
bonds on announcement days classified by days of the week

S&P 500 S-year bond 10-year bond 30-year bond
Monday 0,186 (0,001) 0,033 0,111
Tuesday 0,075 0,091 0,145 0,213
Wednesday 0,200 0,009 0,029 0,022
Thursday 0,189 0,063 0,108 0,168
Friday 0,040 0,039 0,043 0,053

Table 9 B: Mean test for the S&P 500, 5-. 10-, and 30-year bonds returns

S&P 500 5-year bond 10-year bond 30-year bond
Monday 1.733 0.072 0.591 1.455
(0.083) (0.942) (0.554) (0.146)
Tuesday 1.083 3.971 4.242 4.453
(0.279) (0.000) (0.000) (0.000)
Wednesday 3.029 0.342 0.848 0430
(0.003) (0.737) (0.397) (0.667)
Thursday 3.044 2.966 3.417 3.787
(0.002) (0.003) (0.001) (0.000)
Friday 1.246 3.422 2.682 2.415
(0.213) (0.001) (0.007) (0.016)

Note: The mean test performed is a T-test. It tests if S&P500, 5-, 10-, and 30-year bond returns on announcement days,
classified by weekdays, are significantly different from average returns. We present the test statistics and p-values (in

parenthesis).

Table 9 C: Median test for the S&P 500, 5-. 10-, and 30-year bonds returns

S&P 500 5-year bond 10-year bond 30-year bond
Monday 1.561 0.254 0.834 1.178
(0.119) (0.799) (0.404) (0.239)
Tuesday 0.452 2.518 2.843 2.672
(0.651) (0.012) (0.005) (0.008)
Wednesday 2.151 0.486 1.057 0.897
(0.032) (0.627) (0.291) (0.370)
Thursday 1.904 2.134 2.241 2.843
(0.057) (0.033) (0.025) (0.005)
Friday 1.387 1.258 0.971 1.015
(0.165) (0.209) (0.332) (0.310)

Note: The median test performed is the Wilcoxon/Mann-Whitney test. It tests if the median S&PS00, 5-, 10-, and 30-
year bond returns on announcement days, classified by weekdays, are significantly different from average returns. We
present the test statistics and p-values (in parenthesis).
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Table 11-A: Two indicator variables

X , olume y p-value
[Table T1A - Conditional variances and covariance of model A"
'S&P 500 Variance 0,019 0,968 O‘DTB——O"OTB_O 001
5,054 288,494 1,980 2,031 . 5,316 0,944 22039 256 0 ,000 |
T T "0;000_’*"-0_000 70,048 ~0 042 0,000 7/ — /7 -
'5year note Vanance 0,016 0,985 0,054 0,07: 2 0,000
T T4 4537 621,800 12,3257 2.738 0,739 0,989 116135281 0,000
0,000 0,000 0,000 0, 006 0,460
'Covariance 0,263 0,891 0,000 0, 000_”—0 000 : ""'_
17,527 : 143355 0,625 0,431 5,546 0,817 5810427 0,000
0,000 0,000 0,532 . 0,667 0,000
[Table 11B - Conditional variances and covariance of model 1B
S&P 500 Variance 0,047 0,676 0,048 OWO 002
T ' T TTR266 T 66,1687 28217 T 1452 T 4,675 T 0,466 1135, 735 0 000

T T 0,000 0,000 70,005 0,147 0,000 —
10%yéar note VVariance 20,333 0746 0,106 . 0,044 0,001
T TTTTTa28,605 T T ST 11577 76,981 2902 3452 0, 562 T1668,782 0,000
70,000 0,000 0,000 0,004 ° 0,001 T oo )
Covarance 0,25 T 0,907 ~ 0,004 0,002 0,000 -
i o 5997 155,607 3,888 1,880 ° -2.262 0,825 6134, 141 0,000 |
TTTTTO,000 T 70,000 70,000 70,060 0,024 T ' I
Table 11C - Conditional variances and covariance of model 1C
S&P 500 Variance =~ 0,035 0,900 0,037 " 0,021 00020 B S
I i ST "-7‘381 51,4587 2,689 1,559 . 6,159 0,828~ 6253,991 0,000
T 0000' —“0000 0007——"0'1'19 0000 T
30-year note Variance 0,234 0,592 0,051 0,018 0001 — T
- 735,167 7 53,168 6,915 2473 ~ 73982 0,360 732,110 0.000 )
TTUTTTO000T T 00000 00000 70,0137 0000 T T T T T
Covariance "7 0,316 0,870 0,003 00010000
o ' 7719086 127,332 2,010 0,883 2605 0, 759 4091 355 O 000"

TTTTTTTT0,000 70,000 7T 0,044 0377 0,000

We first present the coefficient estimates, followed by their t-statistics and p-values in column 2 to 6. The R2 bar of

each equation is shown in column seven. Column 8 and 9 show the F-statistic and p-value of each equation.
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Table 11-B: Three indicator variables

Constant t- ume _ pvalue |
'Table 11D - Conditional variances and covariance of model 2A
S&P 500 Vaiance 0,018~ 099 0017 0,019 0007, Q001

—'E%WW—_ZOTIW 520 094 1813573 0000

0,000 0000 0049 008 0819 0000

| 5year note Vaiance 0016 09% 005 0011 G (IB 0,000
4, mx&mﬁmgm-‘mfm 000 |
o 0,000~ 0000 . 0000  Of 0T2—0_18)_0?87
 Covaiance m 0000 O (ID 0, 000 0,000
17,211 fm‘mwom—
o ~ 0,000 0,000 05% . 0631 07187 0,00

' Table 11E - Conditional vaniances and covariance of model 28 |
'SP 500 Vaiance 0,017 0974 0017 0020 000 0,001

582 5117 205 2251 0,13 5218 0,950 19648819~ 0,000
0000 000 0043 004 084 0000

10yeer mote Vaiance ~ 0,015~ 0,992 0,048 1 0,015 0,001 0000 - -
BAT0  BHA4 1055 3373 0163 083 094 684517 G000
00007 0000 0000 0001 0871 0411
Cogriance "_0;284"' 70,883 0,001 0000 0,000 0,000 - T
T T8 20 T 16,7997 0855 04/ 02177 662 0,803 4238,608 000
0000 0000 033 06X 088 0000

m vanancnsaml covanance of model 2C
S&P 500 Vaiance ™ 0022709137 00217 0,020 0,04 0002

598 164206 19% 1772 030 6187 0,849 5847,02 oooo
C 0,000 00007 00537 007 0734 0000 T

30-yea'rdéVéi§né' oA "0,‘664”'""0,"013"“0,'(117”_-0“(01”‘0,'(!!)~ I
R3IB3 64,0050 4576 2406 0445 3637 0446 2 83660 C000
T 0000 0000 0000 0016 08% 0,000
Coerance ~ 7087 0613 00007 0000 0001 0000
T T T T T %y 0012 0116 0,185 3153 03m™ 636,02 0000

0000 0000 0%9T 098 0853 002

We first present the coefficient estimates, followed by their t-statistics and p-values in column 2 to 6. The R2 bar of
each equation is shown in column seven. Column 8 and 9 show the F-statistic and p-value of each equation.
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