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Abstract

The arrival of scheduled macroeconomic announcements in the U.S. stock market leads

to a two-stage adjustment process for prices and trading transactions. In a brief first

stage, the release of a news announcement induces a sharp and nearly instantaneous

price change along with a rise in the number of trading transactions. In a prolonged

second stage, the release causes significant and persistent increases in price volatility

and trading transactions within approximately an hour. After allowing for different

stages of the business cycle, we demonstrate that the release of a news announcement

induces larger immediate price changes per interval in an expansion period but more

immediate price changes per interval in a contraction period as prices shift from the

old equilibrium to the approximate new equilibrium. The announcement causes smaller

subsequent adjustments of stock prices along with a lower number of trading transac-

tions across a shorter time during a contraction period as the information contained

in the news announcement is incorporated fully in stock prices. These findings imply

that there is a more efficient market in a contraction period. We use a static analysis

to investigate the immediate effects of news announcements, as measured by the level

of surprise in the news, on prices and adopt a wavelet analysis to examine their even-

tual effects on prices. The evidence shows that only 6 out of 17 announcements have

a significant immediate impact, but all announcements have an eventual impact over

different time periods. The combination of the results of both analyses provides us with

a time-profile for each type of news announcement’s impact on stock prices and shows

that the impact is significant within approximately an hour but is exhausted after a day.
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1. Introduction

Many economic indicators that reflect economic fundamentals have a major impact on fi-

nancial markets. Therefore, scheduled macroeconomic news announcements, such as the

employment report, CPI (consumer price index), and PPI (producer price index), are a

natural focus for market participants. How do market participants respond to news an-

nouncements? Is public information about the economy immediately reflected in asset

prices, or does its effect on volatility persist over the course of several days? How does the

impact on financial markets from announcements persist? Market participants’ responses to

news announcements are interpreted by the way information spreads in the market, which is

viewed as information processing. Information processing is an important topic in financial

economics. Consequently, much attention has been devoted to its study.

In the early stage, economists found mixed and relatively weak empirical evidence using

monthly or daily data. Cornell (1983), Pearce and Roley (1983, 1985), and Hardouvelis

(1987) find a negative effect of monetary announcement surprises on stock prices. However,

limited evidence supports the view that stock prices significantly react to nonmonetary an-

nouncement surprises. Schwert (1981) finds that daily stock prices significantly but weakly

react to the announcement of unexpected information in the CPI. A limited impact of

inflation (PPI) surprises and no impact of industrial production and unemployment rate

surprises on stock prices are found by Pearce and Roley (1985), and only the unemployment

rate, trade deficit, and personal income of eleven announcements are found to be significant

in Hardouvelis (1987). Edison (1997) only finds a statistically significant response for daily

exchange rates and short-term and long-term interest rates for nonfarm payroll information

in six U.S. news announcements.

Over time, the sampling frequency of data in the literature has been questioned. Low

frequency data, consisting of monthly or daily data, are believed to be unable to capture

the impact on financial markets of news announcements. Oberlechner and Hocking (2004)

find that the speed of information is the primary characteristic of important foreign ex-

change market news, the importance of which is actually rated higher than the accuracy

and content of news by a questionnaire survey of 321 traders and 63 financial journalists

from leading banks and financial news providers in the European foreign exchange mar-

ket. Market participants’ responses to news announcements are so fast that they cause

immediate changes in asset prices. The daily or monthly data are unable to reflect these

behaviours. Furthermore, several announcements and other news may be released on the

same day but at different times. The price behaviour is difficult to attribute to any specific
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announcement using daily or monthly data. Consequently, higher frequency data have been

preferred in the past two decades. A growing number of works in the literature study the

impact of macroeconomic news announcements on financial markets using intraday data,

such as one-minute or five-minute data. Ederington and Lee (1993) find that most price

adjustments to announcements are within one minute of the monthly economic information

releases; volatility remains considerably higher than normal for another fifteen minutes or

so and slightly higher for several hours. Following this study, Ederington and Lee (1995)

study the price changes in interest rate and foreign exchange futures markets to monthly

announcements in the short run. They conclude that asset prices adjust to the scheduled

announcements within the first 10 seconds. The adjustments are small but rapid, which

implies that some trades occur at nonequilibrium prices. Furthermore, it takes 40-50 sec-

onds to complete the major adjustments to the initial releases.

These empirical studies focus on scheduled macroeconomic news announcements and exam-

ine their impact on futures markets, including Treasury bond and foreign exchange futures

markets, which are highly related to spot markets. However, according to challenges to

the efficient market hypothesis, asset prices not only reflect all information in the market

but also include market participants’ expectations. Market participants constantly dis-

count expectations of the future in their present buying and selling decisions. As a result,

the importance of news announcements in financial markets declines. This observation is

consistent with the findings of Oberlechner and Hocking (2004): foreign exchange traders

regard news that is unanticipated by the foreign exchange market and that contradicts an

expectation of the foreign exchange market as more important than the reliability of the

news source and the perceived accuracy of the news. This view is also implicitly identified

by Ederington and Lee (1993). For a total of 19 monthly announcements, they find that the

employment report, PPI, CPI and durable goods orders are most important for the Trea-

sury bond and Eurodollar futures prices. In addition, the monthly announcements with

the greatest impact on the dollar-deutsche mark exchange rate are the employment report,

merchandise trade deficit, PPI, durable goods orders, GNP, and retail sales: note that they

are listed in order of decreasing impact. The employment report that imposes the greatest

impact on financial markets is normally the first government release concerning economic

activity in a given month. Furthermore, the PPI is released before the CPI. Ederington and

Lee (1993) infer that later releases are less important because they are partially predictable

based on earlier releases.

Consequently, announcements are worth less as expectations conform more closely to them.

The unanticipated components of announcements, but not the announcements themselves,
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affect asset prices. As a result, the credibility of the findings of previous studies is chal-

lenged. Moreover, they allow us to assess the different impacts of several announcements

that are released simultaneously. Ederington and Lee (1993) and Fleming and Remolona

(1997) study the impact of macroeconomic news announcements on financial markets by

using dummy variables to represent announcements as regressors in the model. However, it

is impossible to individually evaluate the effects of several announcements that are released

at the same time. To study information processing, it is important to estimate expecta-

tions. On the one hand, expectations can be produced from extrapolative benchmarks such

as ARMA models, a strategy that is adopted by Schwert (1981). On the other hand, expec-

tations can be collected from financial companies, such as the International Money Market

Services (MMS) and the Bloomberg Terminal.1 Compared to the expectations generated

by econometric models, the MMS survey data are unbiased and less variable (Andersen et

al., 2003). Accordingly, these data are proposed to represent the expectations of market

participants on scheduled macroeconomic news. Cornell (1983), Pearce and Roley (1983,

1985), Hardouvelis (1987), Harvey and Huang (1993), McQueen and Roley (1993), Edison

(1997), Balduzzi et al. (2001), and Andersen et al. (2003) use data from the MMS survey

and announced macroeconomic news to generate announcement surprises and then study

the response of asset prices to them.

We extend the literature in four directions. First, how does the stock market respond to

scheduled news announcements? Previous papers (Ederington and Lee (1993, 1995), Edi-

son (1997), Fleming and Remolona (1997, 1999), Balduzzi et al. (2001), and Andersen

et al (2003)) primarily focus on the Treasury bond and foreign exchange markets using

low frequency and high frequency data. Although some papers (Schwert (1981), Cornell

(1983), Pearce and Roley (1983, 1985), Hardouvelis (1987), and McQueen and Roley (1993))

have studied the impact of news announcements on the stock market using low frequency

data−(daily data), to the best of our knowledge, no previous studies have used high fre-

quency data to examine this impact.

Second, do news announcements immediately or eventually affect the stock market in the

form of price volatility and trading volume? Ederington and Lee (1993, 1995), Fleming

and Remolona (1997, 1999), Balduzzi et al. (2001), and Andersen et al. (2003) propose

that the information contained in news announcements is incorporated in asset prices so

immediately that a sharp and instantaneous price change occurs at the news release time.

1Every week since 1977, MMS has conducted a Friday telephone survey of approximately forty money

managers, collected forecasts for all figures from news announcements to be released during the next week,

and reported the median forecasts from the survey.
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However, the implicit information from a news announcement is not fully learned when it

is released. Market participants’ responses to the information are based on their initial

analyses. They need to adjust their investment decisions to reconcile their different views

about the news after the release. The subsequent adjustment of prices induces significant

and persistent increases in price volatility and trading volume. Accordingly, the impact of

news announcements on the stock market comprises an immediate impact and an eventual

impact. Price volatility and trading volume by one-minute intervals and by five-minute

intervals, respectively, are used to study these impacts.

Naturally, two questions are raised regarding which announcements immediately or even-

tually affect the stock price. Based on a questionnaire survey with traders and financial

journalists, news that contradicts market expectations is considered far more important than

news that confirms these expectations (Oberlechner and Hocking, 2004). To address the first

question, we thus regress one-minute price changes on announcement surprises. Regarding

the second question, the traditional literature fixes the time before the announcement and

shifts the examined time after the announcement. The largest time interval in which the

price changes significantly in reaction to the news announcement indicates the time during

which the news announcement’s impact on the market remains significant. However, the

analysis based on these static changes in prices cannot explain why increases in price volatil-

ity persist over a longer time, as has been found by Ederington and Lee (1993), Balduzzi

et al. (2001), and Andersen et al. (2003). This issue stems from static changes in prices,

which cannot fully reflect the eventual impact of a news announcement on the market. To

manage the disadvantages of these static changes, we use wavelets to construct wavelet-scale

price changes. These data are then regressed on announcement surprises to answer the sec-

ond question. Moreover, because wavelets produce an orthogonal decomposition of a data

sequence by time scale, wavelet-scale price changes on different time scales are mutually or-

thogonal, which implies that they are linearly independent. The combination of estimation

results from the OLS regression model of static price changes and from wavelet-scale price

changes gives us the time-profile for the news announcement’s impact on stock prices.

Third, we study the different responses of the stock market to news announcements over

various stages of the business cycle. The same type of news is considered a positive signal

regarding the economy in some states of the business cycle and a negative signal of the

economy in others. Consequently, the market’s responses are different. For example, on

the one hand, a negative surprise in the announcement of the unemployment rate during

a boom reduces asset prices because the market fears that the economy is overheating and

policy makers will increase the interest rate to cool it down. On the other hand, the same
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negative surprise in the unemployment rate during a gloom raises asset prices because the

market considers it a signal of economic recovery. Even when the market has the same

interpretation of news announcements over different stages of the economy, the response of

the market to news announcements is unlikely to be consistent considering the divergent be-

haviours of market participants conditional on the state of the economy. It is interesting to

examine the stability of the market’s response over various stages of the business cycle. Due

to the significant impact of only monetary announcement surprises on daily stock prices,

McQueen and Roley (1993) classify economic states into high, medium, and low based on

the industrial production index. They find different responses for daily stock prices from a

variety of news announcements conditional on the state of the economy. The low frequency

data in this paper motivate us to investigate the market’s response to news announcements

over different stages of the business cycle using high frequency data.2

The fourth direction is to examine a so-called “calm before the storm” effect on the stock

market. As the weather is particularly calm before a storm, this effect may also observed in

financial markets. Market participants withdraw from the market and stabilise asset prices

prior to the arrival of a scheduled news announcement, which is taken as a shock to the

market, because they do not want to undergo the news release with heavily held stocks.

This strategy implies high uncertainty.

This paper is organised as follows. In section 2, we introduce the tick-by-tick data, news

announcements, and corresponding forecast data used in the analysis. In section 3, we

document price volatility and trading volume. According to the results, we divide the mar-

ket’s response to news announcements into two stages: the immediate response in the first

stage and the subsequent adjustment in the second stage. We infer market participants’

behaviours conditional on the stages of the economy. In section 4, we propose a simple

“news” model and use the data on news announcements and market surveys to generate

announcement surprises. Then, we introduce the wavelet analysis and estimate wavelet-

scale price changes. We regress static price changes and wavelet-scale price changes on

announcement surprises using an ordinary-least squares (OLS) regression model to identify

which announcements immediately and which eventually move the stock market. In section

2We follow the method of McQueen and Roley (1993) and examine the response of daily closing prices

of the S&P 500 index to news announcements conditional on the economic states in the sample, which runs

from February 3, 1997 to January 30, 2009. Unlike these authors, our results are quite weak. In our opinion,

this difference is due to the emergence of the Internet and other advanced communication technologies that

facilitate the spread of information during our sample period. In McQueen and Roley (1993), the sample

period covers September 1977 to May 1988. Consequently, low frequency data are not appropriate for

examining the impact of news announcements on financial markets.
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5, we summarise our findings.

2. Data

This section provides a detailed description of the data set used in the empirical analysis:

S&P 500 index futures data and data on news announcement release values and the corre-

sponding forecast survey values.

2.1. S&P 500 Index Futures

The sample data collected are tick-by-tick S&P 500 index futures from February 3, 1997 to

January 30, 2009. Due to the need for high-frequency data but the lack of high-frequency

S&P 500 index data, it is only possible to use tick-by-tick S&P 500 index futures, which are

highly related to the spot assets, to study the news announcements’ impact on the stock

market. The S&P 500 index futures have been listed on the Chicago Mercantile Exchange

(CME) since the spring of 1982 and comprise the largest 500 listed stocks. They are traded

from 09 : 30 to 16 : 15 Eastern Time (ET) on working days except holidays.3 The price

of the tick-by-tick S&P 500 index futures is recorded when a trading transaction occurs.

Therefore, we know the trading prices and the number of ticks in a one-minute interval,

but not the second when a trading transaction occurs. The one-minute price change is

defined as the difference in the price from the last trade in the previous minute interval to

the last trade in the current minute interval by percentage. The two-minute price change

is the price of the last trade in the current minute interval subtracted from the price of the

last trade in the minute interval two minutes previously in percentage terms, and so on.

In addition, the total number of trading transactions in a time period is the proxy of the

corresponding trading volume. Following this definition, the one-minute trading volume is

the total number of ticks in a one-minute interval, and so on.

2.2. News Announcements and Market Survey Data

The data on news announcements and the corresponding market expectations are from the

Bloomberg Terminal, which is a global financial market database providing data, business

news, and analytics. The forecasts of news announcements’ release values are collected

from a number of economists in different companies on a variety of days before the news

3In this paper, the time is based on American Eastern Standard Time.
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announcement. The last forecast of an news announcement in each month is usually con-

ducted only one day before the announcement. The standard deviation of all forecasts of

the same news announcement in each month is small, approximately 0.1% to 0.2%. This

standard deviation suggests that the survey data, which reflect the market’s expectations

on news announcements ’release values, include all publicly available information one day

before the announcements.4 The median of the survey data for a news announcement rep-

resents the market’s expectation for it.

The 17 monthly news announcements that we consider are reported in Table 1. Seven of

the announcements are released at 8:30, two at 9:15, six at 10:00, one at 14:00, and one at

15:00.5 The precise release times of these announcements stem from the Bloomberg Termi-

nal. For the nonfarm payrolls, trade balance, consumer confidence, new single-family home

sales, PMI (purchasing managers index), federal budget, and consumer credit, we convert

the announcement release values into percentage changes from the previous month’s an-

nounced level.

3. Price Volatility and Trading Volume

To examine intraday volatility, the standard deviations of the one-minute price changes at

the same time interval across all 3003 trading days are shown in Figure 1A.6 The means

of the corresponding trading volumes at the same time interval across all trading days are

shown in Figure 1B as well. In these and other figures, the time on the horizontal axis

denotes the end of the interval in Eastern Time (e.g., 10:00 for 9:59 to 10:00 price changes).

An apparent spike emerges over the 16:15 to 9:30 period in Figure 1A. It is not surprising

to find high volatility in price changes at this time interval because of overnight informa-

tion. Indeed, this price change does not belong to the one-minute price change. The price

change over the 9:59 to 10:00 period is also very volatile. The corresponding trading vol-

umes over the 16:15 to 9:30 period and over the 9:59 to 10:00 period are unusually high.

4One could conjecture that the survey data miss some information and cannot precisely reflect the

market’s expectations because the market updates its expectations on the later released announcement

in accordance with the earlier released one. However, the survey data from the Bloomberg Terminal are

collected on a variety of days before the announcement. The last forecast is usually conducted one day before

the announcement, and the standard deviation of all forecasts of the same news announcement in each month

is small, approximately 0.1% to 0.2%, which implies that the survey data do not miss the information before

the announcement.
5The release times of these announcements change in some months. Here, we classify the times in terms

of when they are usually released.
6Given the small magnitude of intraday price changes, they are all multiplied by 100.
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The difference between them is that trading volume declines substantially after 9:30 but

falls slowly after 10:00. It is observed that 9 of our news announcements occur before 9:30,

which is the opening time of the CME; 6 of the news announcements occur at 10:00; 1 news

announcement occurs at 14:00; and 1 news announcement occurs at 15:00. To investigate

whether the price volatility and trading volume patterns observed in Figures 1A and 1B

are attributed to news announcements, we divide the sample into those days that contain

at least one of our seventeen news announcements (1541 days) and those with none (1462

days). As shown in Figure 2A, the 9:59 to 10:00 spike in price volatility disappears on

nonannouncement days. Figure 2B also indicates that the 9:59 to 10:00 trading volume on

announcement days is significantly higher than on nonannouncement days. Moreover, price

volatility and trading volume remain considerably higher than normal for a time after the

news announcements, particularly for those released at 10:00.

Consequently, the price volatility and trading volume patterns observed in the above figures

are due to news releases. Given the price volatility and trading volume over the 16:15 to

9:30 period, it is very difficult to clarify whether news announcements before 9:30 affect the

stock market because overnight information dominates. However, the persistent increases

in price volatility and trading volume after 9:30 on announcement days are shown in Figures

2A and 2B, respectively. It is believed that these patterns are related to news announce-

ments before 9:30.

The above study in price volatility and trading volume only concentrates on the sample

period. The findings imply that market participants’ response to news is the same in differ-

ent stages of the economy. However, market participants’ behaviours may vary for different

macroeconomic environments: there is no reason to believe in a consistent response to news

announcements over different stages of the business cycle. An economic expansion denotes

an increase in the level of economic activity, whereas an economic contraction represents

a decline in the economy and more volatile financial markets. Market participants chase

returns in an expansion period, whereas they prefer to decrease their exposure to aggregate

risk factors in a contraction period (Cederburg, 2008). McQueen and Roley (1993) utilise

an example to show that market participants’ behaviours are related to divergent levels of

economic activity. A negative surprise in the unemployment rate, which was released on

February 4, 1983 after 16 months of recession, increased the Dow Jones Industrial Average

because it was viewed as an signal of economic recovery (“The Chairmen of the Council of

Economic Advisers, Martin Feldstein, commented that a recovery was either beginning or

already here in the Wall Street Journal, February 7, 1983”). However, a similar surprise,

which was announced on November 4, 1998 after six years of expansion, reduced stock prices
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because it was considered a signal of tighter Fed Policies that would increase the interest

rate, which is called the “policy anticipation effect” by Urich and Wachtel (1981) (“Bond

market investors reacted with gloom, sending interest rates higher on fears of tighter Fed

Policy. The stock market also fell. They were reported by Wall Street Journal, November

7, 1988”). Consequently, market participants adapt their behaviours to different macroe-

conomic environments. This observation infers that their response to news announcements

will vary for different stages of the business cycle, as McQueen and Roley (1993) argue.

Accordingly, it would be interesting to explore the patterns in price volatility and trading

volume over different stages of economic activity. It is necessary to first classify the diver-

gent levels of the economy. Due to the lack of a widely accepted definition, we quote the

NBER business cycle as the classification. Regarding the definition of the NBER business

cycle, the time periods from February 1997 to March 2001 and from December 2001 to

December 2007 are the expansion periods, and the rest of the sample is in the contraction

periods. As a result, the announcement days and nonannouncement days are divided into

two groups: the expansion period and the contraction period. There are 1314 announcement

trading days in the expansion period and 227 announcement trading days in the contraction

period, and there are 1252 nonannouncement trading days in the expansion period and 210

nonannouncement trading days in the contraction period.

On both announcement days and nonannouncement days, Figures 5A and 6A show that

price volatility during the contraction periods is apparently greater than during the ex-

pansion periods. As introduced earlier, the spike over the 16:15 to 9:30 period emerges on

both announcement days and nonannouncement days, whereas the spike over the 9:59 to

10:00 period only appears on announcement days. Conditional on the business cycle, aside

from the greater volatility over the 9:59 to 10:00 period, price volatility remains higher

than normal within the minutes following 9:30 or 10:00 in both the expansion periods and

the contraction periods, as shown in Figures 3A and 4A. Moreover, the increases in price

volatility persist over a longer period of time in the expansion periods compared with the

contraction periods, especially for 10:00 announcements.

Figures 5B and 6B show that trading volume in the contraction periods is generally lower

than in the expansion periods on both announcement days and nonannouncement days.

One of the few time intervals contradicting this finding is from 9:59 to 10:00, when trading

volume in the contraction periods is higher than in the expansion periods on announcement

days. As shown in Figures 3B and 4B, for the same stage of the business cycle, trading

volume over the 9:59 to 10:00 period on announcement trading days is higher than on
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nonannouncement trading days. Subsequently, trading volume falls less after 10:00 in the

expansion periods compared with the contraction periods. Furthermore, it is found that

trading volume remains higher than normal within nearly an hour after 10:00 in the expan-

sion periods. However, this persistence in the contraction periods is not as obvious, and the

time is shorter. In addition, trading volume in the expansion periods remains higher than

normal within the minutes following the market opening at 9:30, whereas this phenomenon

is not observed in the contraction periods. It is concluded that persistent increases in price

volatility and trading volume emerge after news announcements but vary with different

stages of economic activity.

3.1. The First Stage: The Immediate Impact of Public Information

In the above section, we briefly introduce the impact of news announcements on price

volatility and trading volume. Based on the findings that price volatility and trading vol-

ume surge in the news release minute and show persistent increases afterwards, we divide

the news announcements’ impact on the stock market into two categories: the immediate

impact and the eventual impact. To examine the impact of news announcements on the

stock market in detail, we form 4 groups of announcements based on their release times:

8:30 9:15 announcements, 10:00 announcements, the 14:00 announcement, and the 15:00

announcement.7 Consequently, the announcement days only include the trading days when

a specific-time announcement is released, whereas the nonannouncement days are trading

days excluding all days when an announcement is released. Table 2 reports price volatility

and trading volume by one-minute intervals as well as a comparison between announcement

and nonannouncement days using the ratio of price volatility and the difference in trad-

ing volume mean. The Brown-Forsythe-modified Levene F-statistic comparing variances

for announcement and nonannouncement days and the t-statistic comparing means for an-

nouncement and nonannouncement days assuming unequal variances are also included in

this table. All one-minute intervals between 9:30 and 9:41 and the time period over 16:15

to 9:30 are examined for the 8:30 & 9:15 announcements. For other announcements, we

examine all one-minute intervals from 5 minutes before the announcement to 7 minutes

after the announcement.

7Because the market is open from 9:30 to 16:15, 8:30 and 9:15 announcements, which are released before

the opening time, are put into one group. The 8:30 & 9:15 announcements are CPI, PPI, civilian unem-

ployment, nonfarm payrolls, personal consumption, personal income, the trade balance, capacity utilisation,

and IP (industrial production); 10:00 announcements are consumer confidence, durable goods orders, the

leading index, manufacturers’ new orders, new single-family home sales, and PMI; the 14:00 announcement

is the federal budget; and the 15:00 announcement is consumer credit.
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Panel A of Table 2 shows that the ratio of price volatility on announcement days to that

on nonannouncement days increases in the news release minute and/or the next minute,

reflecting the market’s initial reaction to the announcement. The ratio increases in the next

minute for the 8:30 & 9:15 announcements and the 14:00 announcement and increases in

both the news release minute and the next minute for the 10:00 announcements. In partic-

ular, price volatility surges at these time intervals. This surge denotes that price volatility

on announcement days is greater than on nonannouncement days. Moreover, the results

of the B-F-L test indicate that price volatility between these two different types of days is

significantly distinguished in the corresponding time intervals. Meanwhile, trading volume

significantly increases for the same time intervals along with an increase in price volatility,

particularly for the 10:00 announcements, as shown in Panel B. For the 14:00 announce-

ment, the increase in price volatility is not accompanied by a higher trading volume.

Some important macroeconomic news consisting of civilian unemployment, CPI, and IP fall

into the category of 8:30 & 9:15 announcements. Ederington and Lee (1993, 1995), Fleming

and Remolona (1997, 1999), Balduzzi et al. (2001), and Andersen et al. (2003) find a fierce

initial response to these types of announcements on other markets including the Treasury

bond and foreign exchange markets. However, the market’s initial response to 8:30 & 9:15

announcements in terms of stock prices is not as intense as it is for other markets’ asset

prices and is not as the same as it is for 10:00 announcements. Stock prices significantly

change only over the next minute when the market opens because the market participants

already know the contents of these news announcements, and the market responds to them

based on the performance of other 24-hour markets after these announcements. The stock

prices are changed by more homogeneous analyses, whereas other markets’ asset prices are

affected by more heterogeneous analyses, similar to the change in stock prices from 10:00

announcements.

Tables 3 and 4 compare announcement with nonannouncement days by one-minute price

volatility and trading volume during the expansion and contraction periods, respectively.

As shown in Table 2 for the entire sample period, price volatility and trading volume rise

in the news release minute or the next minute. The difference is that the significant in-

crease in price volatility in the expansion periods is larger than in the contraction periods,

whereas the significant increase in trading volume in the expansion periods is smaller than

in the contraction periods. Accordingly, news announcements induce larger price changes

per interval in the expansion periods and more price changes in the contraction periods.

These tables also demonstrate the divergent market’s behaviours at different stages of eco-

nomic activity. In the expansion periods, market participants who are relatively calm on
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normal days are more sensitive to news announcements and prefer to use a lower number of

trading transactions to achieve a greater price change. However, in the contraction periods,

market participants who are relatively susceptible on normal days are less sensitive to news

announcements. Their response to announcements is more prudent; they prefer to change

stock price on a smaller scale through a higher number of trading transactions.

It is noted that these comparisons are based on the same stage of economic activity. As

shown in Figures 5A, 5B, 6A, and 6B, Tables 3 and 4 report higher price volatility and

lower trading volume in the contraction periods in comparison with the expansion periods

on both announcement days and nonannouncement days. These figures illustrate that the

market is more susceptible and less active during the contraction periods compared with

the expansion periods. It is not surprising to find that the magnitude of price volatility

in the news release minute or the next minute over the contraction periods is greater than

that at the same time intervals over the expansion periods, whereas the magnitude of the

corresponding trading volume over the contraction periods is generally lower than that over

the expansion periods, with an exception for the trading volume over the 9:59 to 10:00

period.

It is interesting to note that price volatility and trading volume significantly decline 2 or

3 minutes before the 10:00 announcements, as shown in Tables 2, 3, and 4, because mar-

ket participants reduce trading transactions and stabilise the stock price at those times

to prepare for the arrival of announcements. This pattern is called the “calm before the

storm” effect by Jones et al. (1998), although these authors use daily data to investigate

this effect. This effect is consistent with the claim of the financial press that financial mar-

kets are particularly quiet prior to scheduled news announcements. However, the effect of

news announcements on financial markets lasts only a few hours. Thus, it is doubtful that

markets remain silent for the days. We find that the effects only last a few minutes.

In conclusion, the market’s initial response to news announcements is strong and induces

a sharp and nearly instantaneous price change along with a rise in trading volume. The

information contained in news announcements is incorporated into stock prices immedi-

ately. There are different market behaviours conditional on the business cycle: a larger

initial price change is driven by a lower trading volume in the expansion periods, whereas

a smaller initial price change is accompanied by a higher trading volume in the contrac-

tion periods. Moreover, the “calm before the storm” effect arises 2 or 3 minutes before an

announcement because market participants withdraw from the market just prior to lower

their risk.
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3.2. The Second Stage: The Eventual Impact of Public Information

After an announcement, market participants need to adjust their initial reactions in accor-

dance with others’ behaviour. To obtain profits or avoid losses when an news announcement

is released, market participants immediately react based on their initial analyses. After

the announcements, they learn others’ decisions from changes in stock prices and trading

volume. The participants may then realise that their initial behaviours were an over- or

underreaction and may then further adjust their response. Consequently, stock prices are

still volatile and are still accompanied by high trading volume for a long time before equi-

librium is reached.

We characterise the subsequent adjustment to news announcements measured through price

volatility and trading volume by five-minute intervals from 9:30 to 10:25, adding the mea-

surements over the closing (16:15) to opening (9:30) time period for 8:30 & 9:15 announce-

ments, and from 5 minutes before to 55 minutes after for other announcements, including

the 10:00; 14:00, and 15:00 announcements. Tables 5, 6, and 7 present the comparisons be-

tween announcement days and nonannouncement days over the entire sample period, over

the expansion periods, and over the contraction periods, respectively, following the same

format as in Tables 2, 3, and 4. Standard deviations of five-minute price changes across

the trading days for the specific economic period are presented in Panel A, and five-minute

trading volume means are shown in Panel B.

The sharp initial price change is followed by a significantly prolonged increase in trading

volume along with high price volatility for the 8:30 & 9:15 announcements and the 10:00 an-

nouncements. This pattern indicates the persistent increases in price volatility and trading

volume. Panel A of Table 5 and Figure 2A show that price volatility remains significantly

higher than normal from 9:45 to 10:20 for 8:30 & 9:15 announcements and from 10:00 to

10:40 for 10:00 announcements, respectively. Panel B of Table 5 and Figure 2B indicate

significantly higher trading volume across the announcement days from 9:35 to 10:10 for

8:30 & 9:15 announcements and from 10:00 to 10:40 for 10:00 announcements, respectively.

We do not find persistent increases in either price volatility or trading volume for the 14:00

or the 15:00 announcement. Because there is only one announcement at these times, the

subsequent adjustment is too small to significantly change the stock price or increase the

trading volume.

The higher price volatility and trading volume following 8:30 & 9:15 announcements indicate
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that market participants still need to adjust their initial decisions for more than an hour

after the announcements. This length of time implies that market participants cannot accu-

rately absorb the implicit information from news announcements until that time, although

they already know the response to these announcements for other markets. Ederington

and Lee (1993), Fleming and Remolona (1999), Balduzzi et al. (2001), and Andersen et al.

(2003) find that price volatility remains considerably higher than normal for approximately

one hour and up to several hours on the Treasury bond and foreign exchange markets. The

persistent increases in price volatility and trading volume on the stock market from 8:30

& 9:15 announcements are accompanied by these continued adjustments in asset prices for

other markets.

The above results for the entire sample period vary over the two different stages of the econ-

omy. In the expansion periods, the eventual effects of announcements on price volatility

and trading volume persist over time for as long as they do for the entire sample period.

Both price volatility and trading volume remain significantly higher than normal from 9:35

to 10:20. The 10:00 announcements induce higher price volatility and higher trading vol-

ume from 10:00 to 10:40. However, in the contraction periods, the time encompassing

persistent increases in price volatility and trading volume is shorter. For 8:30 & 9:15 an-

nouncements, price volatility remains significantly higher than normal only from 10:00 to

10:20, whereas trading volume is significantly higher only over the 10:00 to 10:05 period. For

10:00 announcements, price volatility and trading volume are significantly higher than nor-

mal only from 10:00 to 10:05. These results provide evidence for our earlier arguments: in

the expansion periods, news-sensitive market participants overreact or underreact to news

announcements and thus need to spend more time adjusting their initial behaviours. In

the contraction periods, news-insensitive market participants react to news announcements

moderately based on prudent decisions; thus, they spend less time adjusting their initial

behaviours.

In conclusion, market participants reconcile the differential views over a prolonged second

stage that induces an increase in price volatility and trading volume after the announce-

ments. Because market participants initially overreact or underreact to news announce-

ments, they need to adjust their initial responses according to others’ behaviour as seen in

the market’s performance. This process causes persistent increases in price volatility and

trading volume within an hour and over even a longer time. In the expansion periods, the

patterns in price volatility and trading volume are similar to those for the entire sample

period. However, the increases in price volatility and trading volume persist over a shorter

time in the contraction periods. Compared to nonannouncement days at the same stage of
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economic activity, news-sensitive market participants make larger subsequent adjustments

in stock prices through a higher number of trading transactions across a longer time in the

expansion periods, whereas news-insensitive market participants are so cautious that they

make smaller subsequent adjustments in stock prices through a lower number of trading

transactions across a shorter time in the contraction periods. These findings imply that

there is a more efficient market in the contraction periods. Accordingly, news announce-

ments induce substantial and long-term repercussions in the stock market over expansion

periods, whereas they have small and short-term repercussions on the stock market over

contraction periods.

4. Economic News and Stock Prices

The results shown in the above figures and tables demonstrate that scheduled macroeco-

nomic news announcements significantly affect stock prices. Naturally, the next question

involves identifying which announcements move the stock market. In this section, we pro-

pose a simple “news” model for stock prices to explain why announcement surprises affect

them. Then, we study the impact of different news announcements on stock prices, including

the immediate impact and the eventual impact.

4.1. The Theoretical Framework of the “News” Model

The underlying principle of investment in the stock market is that stock prices are identical

to the present discounted values of rationally expected future dividends through infinity,

which is called the dividend discount model. This model is expressed as follows:

Pt =

∞∑
τ=1

EtDt+τ

1 + Etrt+τ
, (1)

where Pt is the stock price at time t, Dt+τ is the dividend at time t + τ , rt+τ is the

stochastic discount rate of cash flows at time t + τ , and Et [·] denotes the mathematical

expectation conditional on available information Ωt at time t. Correspondingly, the stock

price at time t− 1 is Pt−1, which is equal to

Pt−1 =

∞∑
τ=1

Et−1Dt−1+τ

1 + Et−1rt−1+τ
. (2)
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Consequently, the stock price change from time t− 1 to t is

Pt − Pt−1 =

∞∑
τ=1

EtDt+τ

1 + Etrt+τ
−
∞∑
τ=1

Et−1Dt−1+τ

1 + Et−1rt−1+τ

= − Et−1Dt

1 + Et−1rt
+
∞∑
τ=1

(
EtDt+τ

1 + Etrt+τ
− Et−1Dt+τ

1 + Et−1rt+τ
)

=
Dt

1 + rt
− Et−1Dt

1 + Et−1rt
+
∞∑
τ=1

(
EtDt+τ

1 + Etrt+τ
− Et−1Dt+τ

1 + Et−1rt+τ
)− Dt

1 + rt
. (3)

Suppose that the dividend and the discount factor are only determined by the economic

fundamentals; we then have

Dt

1 + rt
= f(zt), (4)

where zt is the vector of fundamental variables, and f [·] is the linear function with the

variable zt. Market participants rationally expect the next period’s dividend using Equation

(4).8 Specifically, the participants use all publicly available information at time t − 1 to

form their expectation of the dividend at time t:

Et−1Dt

1 + Et−1rt
= f(Et−1zt). (5)

Subtracting Equation (5) from Equation (4), we have

Dt

1 + rt
− Et−1Dt

1 + Et−1rt
= f(zt − Et−1zt), (6)

where f(zt) − f(Et−1zt) = f(zt − Et−1zt) because f [·] is the linear function with the

variable zt. zt−Et−1zt is the unexpected component of the fundamentals in zt, which is de-

fined as “news”. This component is interpreted as the announcement surprise and shows the

deviation of the actual value of the figure on an news announcement from its mathematical

expected value. This deviation should be random in the sense that it has an average value

of zero and displays no systematic pattern over time. Otherwise, market participants could

obtain the potentially predictable element from it to upgrade their expectation at the time.

Although the news releases the previous month’s data about fundamentals, these data in-

volve the latest reliable information about economic fundamentals. Market participants use

these announcements to update their knowledge about fundamentals. The efficient market

hypothesis implies that market participants immediately respond to information when it

becomes available. As a result, stock prices should react when market participants perceive

information about fundamentals, which is at the same time that the institution collects the

8Here, it is assumed that market participants know the underlying structural model between the endoge-

nous variables, Dt and rt, and the fundamental variable, zt. This assumption allows us to infer that the

same structural model links the expectations of those variables.
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relative data. However, Schwert (1981) finds the contrary result that the stock market does

not respond to unexpected inflation during the period in which CPI data is collected, which

is before the release date, but the market significantly reacts to unexpected inflation around

the time that it is released. Therefore, zt −Et−1zt is viewed as the unexpected component

of a news announcement that occurs at time t.

Similarly, the relationship between the expected dividend and the expected fundamentals

at time t+ 1 conditional on the information at time t is

EtDt+1

1 + Etrt+1
= f(Etzt+1). (7)

The expected dividend and the expected discount factor at time t + 1 are determined by

the expected fundamentals at time t+ 1 based on all available information at time t− 1:

Et−1Dt+1

1 + Et−1rt+1
= f(Et−1zt+1). (8)

Consequently, the first term in the bracket on the right-hand side of Equation (3) is gener-

ated by subtracting Equation (8) from Equation (7):

EtDt+1

1 + Etrt+1
− Et−1Dt+1

1 + Et−1rt+1
= f(Etzt+1 − Et−1zt+1). (9)

The expected fundamentals zt are generated by using the past information about funda-

mentals, which is assumed to be

Et−1zt =
∑

i
λizt−i, (10)

where λi is the decreasing weight. At time t − 1, market participants anticipate the

future fundamentals at time t + 1 using the past fundamentals and the expected future

fundamentals at time t based on the information set Ωt−1. Following the same format as

Equation (10), we have the expected fundamentals at time t+ 1, which are

Et−1zt+1 = λ1Et−1zt +
∑

i
λi+1zt−i. (11)

According to Equation (10), the expected fundamentals at time t + 1 conditional on the

information set Ωt, are identical to

Etzt+1 =
∑

i
λizt+1−i. (12)

Subtracting Equation (11) from Equation (12), we have

Etzt+1 − Et−1zt+1 =
∑

i
λizt+1−i − (λ1Et−1zt +

∑
i
λi+1zt−i)

= λ1(zt − Et−1zt). (13)
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Therefore, the first term in the bracket on the right-hand side of Equation (3) can also be

expressed by

EtDt+1

1 + Etrt+1
− Et−1Dt+1

1 + Et−1rt+1
= f [λ1(zt − Et−1zt)]. (14)

Based on the same method, it is not difficult to determine that every term in the bracket

on the right-hand side of Equation (3) can be represented by the function f [·] with the

variable zt − Et−1zt. Consequently, Equation (3) is identical to

Pt − Pt−1 = − Dt

1 + rt
+
∞∑
i=1

f [µi(zt − Et−1zt)]. (15)

The left-hand side of this equation is the stock price change from time t − 1 to t. The

unexpected component of the fundamentals in zt, which is revealed by the announcement

surprise, is the variable in the function f [·] on the right. It is the simple “news” model

about stock prices, and it tells us that the announcement surprise affects the stock price

change.

4.2. “News”

“News” is defined as the difference between the expected and real values for an announce-

ment. The unanticipated component of announcement j is

Sj,t =
Aj,t − Ej,t

σ̂j
, (16)

where Aj,t is the real value for announcement j at time t, Ej,t is the median of the

market-based survey forecast for announcement j, which is collected from the Bloomberg

Terminal, and σ̂j is the sample standard deviation of surprise Aj,t − Ej,t, which is used to

facilitate the comparison between stock market responses to different news announcements.

Therefore, Sj,t is interpreted as the standardised surprise of announcement j. The regres-

sion coefficient shows how much a one standard deviation change in the surprise affects the

price change when regressing price changes on announcement surprises. Due to the con-

stant standard deviation σ̂j across all observations for announcement j, the standardisation

affects neither the significance of the estimates nor the fit of the regression.

Table 1 reports the sample standard deviations of announcement surprises and the descrip-

tive statistics for the data on standardised announcement surprises, including the number

of observations, the number of zero values for standardised announcement surprises, the

means, and the t-statistics testing the zero mean for the entire sample period, for the ex-

pansion periods, and for the contraction periods. The highest ratio for the number of zero

19



values over the number of observations occurs for the leading index (36.17%), with the CPI

(32.64%) and civilian unemployment (31.69%) following for the entire sample period. Re-

garding the different stages of the economy, the highest ratio is for civilian unemployment

(35.53%), following the leading index (35%) and CPI (34.96%) during the expansion peri-

ods. The leading index (42.86%) with the PPI (40%) following for the contraction period.

Moreover, the mean of every standardised announcement surprise is close to zero. However,

only the standardised surprise of personal income is significantly different from zero for the

entire sample period. Regarding the different stages of the business cycle, the means of

the standardised surprises are significantly different from zero for civilian unemployment,

personal income, and the trade balance for the expansion periods and PPI and the fed-

eral budget for the contraction periods. These results are consistent with our inference in

the “news” model that the average of the deviations for the actual value of an news an-

nouncement from its mathematical expectation should be zero.9 This result is attributed to

random deviation; otherwise market participants would be able to improve their expecta-

tion according to the potentially predictable information from the deviation. Consequently,

this result provides indirect evidence that the survey data from the Bloomberg Terminal

are rational forecasts.

4.3. Which News Announcements Immediately Affect Stock Prices?

To investigate which news announcements immediately affect stock prices, we regress one-

minute price changes on the surprises for the 17 economic variables:

(Pt − Pt−1)/Pt−1 ∗ 100 = C +

17∑
k=1

βkS
′
k,t + et, (17)

where

i) Pt is the price of the last trade in the current minute interval;

ii) Pt−1 is the price of the last trade in the previous minute interval. Because the mag-

nitude of the one-minute price change is small, we multiply it by 100 and interpret it as a

change in percentage;

iii) βk is the response coefficient of the price to the kth announcement;

iv) S′k,t is the kth economic variable. It is equal to the standardised surprise of the kth

announcement Sk,t when the kth announcement occurs at time t; otherwise, it is identical

9The mean of the announcement surprises equals the production of the mean of the standardised surprises

and the standard deviation of surprises. Because the standard deviation of surprises is smaller than 1, the

mean of announcement surprises is more likely to approximate zero. The t-statistic for the mean of the

announcement surprises is identical to that of the standardised surprises.
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to zero.

The model takes concurrent news announcements into account. For example, the civilian

unemployment and the nonfarm payroll figures are always announced in the same report.

The different values for the standardised surprises of concurrent news announcements distin-

guish them, but the dummy variables that have been used to represent news announcements

in previous papers cannot separate them. This difference is one advantage of adopting an-

nouncement surprises as regressors. Another advantage is the ability to study whether asset

prices increase when news announcements are better than expected by assessing the response

coefficients. However, this ability is not available when dummy variables represent news

announcements. In the literature, to reduce the computational burden, only data around

the news release time are analysed. The results of these two methods are similar, except

for the higher adjusted R2 in the latter method. Because the market is open from 09:30

to 16:15, we take the 8:30 and 9:15 announcements as the 9:30 announcements in the model.

Table 8 presents the estimation results of the model, including the response coefficients

and the t-statistics.10 Intercept terms are not listed because they are rarely significant.

The results show the significant response of the stock price to 6 announcement surprises

regarding PPI, consumer confidence, durable goods orders, the leading index, PMI, and

the federal budget. Of these announcements, PPI is released at 8:30, the federal budget

is released at 14:00, and the other 4 announcements are released at 10:00. The positive

signs for the response coefficients on the 10:00 announcement surprises indicate that the

stock price rises when these announcements are better than expected, implying that the

the economy has outperformed market expectation, and drops when these announcements

are worse than expected, implying that the economy has underperformed market expecta-

tion. Moreover, the negative signs of the response coefficients for the the PPI surprise and

the federal budget surprise show a reverse movement in the stock price. An unexpectedly

high PPI reduces the stock price, whereas an unexpectedly low PPI increases the stock

price. A positive surprise in the federal budget reduces the stock price, whereas a negative

surprise increases the stock price. The market’s response to news announcements is ambigu-

ous. Our results indicate the overall market reaction to these surprises in the sample period.

It would be interesting to examine the stability of the response coefficients over differ-

ent stages of the business cycle. Seven announcements consisting of CPI, PPI, consumer

10To address the heteroskedasticity issue, standard errors and test statistics use the HAC coefficient

covariance matrix. We use the slash line instead of the data if the response coefficient on the announcement

surprise is not significant in every time period.

21



confidence, the leading index, PMI, the federal budget and consumer credit significantly

affect stock price in the expansion periods, whereas seven different announcements compris-

ing nonfarm payrolls, consumer confidence, durable goods orders, new single-family home

sales, PMI, the federal budget, and consumer credit significantly affect the stock price in

the contraction periods. Compared to the results for the entire sample period, more news

announcements have a significant impact on stock prices when examining different stages

of the economy. This finding implies that the market is only responsive to surprises in

some news announcements over a particular economic period but not over the entire sample

period. In addition, stock prices react to some announcement surprises over both economic

periods, including PMI, consumer confidence, the federal budget, and consumer credit. In

particular, the signs of the response coefficients for these announcement surprises are quite

stable in both stages of the business cycle. The one exceptional announcement is consumer

credit, which is negatively related to stock prices in the expansion periods and positively

related to stock prices in the contraction periods. We do not find that the market sig-

nificantly reacts to consumer credit over the entire sample period because the signs of its

response coefficients vary based on the stage of economic activity.

The overall response of the stock market to these news announcements is described as fol-

lows: unexpected high figures in the leading index in the expansion periods and durable

goods orders and new single-family home sales in the contraction periods increase the stock

price, whereas unexpected low figures in these announcements for the corresponding peri-

ods reduce the stock price. Moreover, unexpected CPI and PPI in the expansion periods

negatively affect the stock price. In both economic periods as well as in the entire sample

period, surprises in consumer confidence and PMI have a positive impact on the stock price,

whereas in the federal budget have a negative impact on the stock price.

In terms of the size of the impact of news announcements on stock prices in the entire sam-

ple period, PPI is the most significant. It is noted that the standard deviation of the daily

price change for the S&P 500 index futures is 1.37%. A one standard deviation surprise in

the PPI, which is related to a 0.27% monthly variation in the index, causes a price change

of approximately 11.41% in the normal daily volatility of price changes.11 Consumer confi-

dence (8.58%), durable goods orders (6.38%), PMI (2.66%), the leading index (2.65%),and

the federal budget (0.33%) lead to price changes between 0.33% and 8.58% of daily volatil-

11The seventh column of Table 1 reports the sample standard deviations of announcement surprises. The

response coefficients in the regression model combined with these standard deviations provide the economic

interpretations of the estimation results.
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ity, and their importance decreases by the listing order.12 According to the effect of news

announcements on stock prices in the expansion period, PPI is also the most important an-

nouncement with an effect of approximately 11.03% of daily volatility on the price change.

In terms of the decreasing size of the news announcements’ impact on stock prices, PPI is

followed by consumer confidence (8.70%), CPI (7.82%), PMI (2.32%), the federal budget

(0.30%), and consumer credit (0.30%), where the federal budget and consumer credit are

of identical importance. In the contraction periods, new single-family home sales have the

greatest impact on the market with an effect of approximately 171.25% of daily volatility

on the price change. Next are nonfarm payrolls with an effect of approximately 65.23% of

daily volatility, followed by consumer credit (28.62%), durable goods orders (15.11%), con-

sumer confidence (8.39%), and PMI (3.57%). The federal budget (2.05%) has the smallest

effect on stock prices. In conclusion, the magnitudes of the response coefficients on news

announcement surprises in the contraction periods are generally greater than those in the

expansion periods. This result suggests that the impact of news announcements on stock

prices is more considerable in contraction periods. This finding is consistent with Figure

5A and Tables 2 and 3, which show that price volatility in the contraction periods is higher

than in the expansion periods when news announcements are released.

4.4. Which News Announcements Eventually Affect Stock Prices?

The results of the regression model of one-minute price changes on announcement surprises

identify which announcements move the stock market and confirm the immediate impact

of those announcements on the stock price. As discussed earlier, the news announcements’

impact on the stock market comprises the immediate and the eventual impact. The even-

tual impact induces persistent increases in price volatility and trading volume. Regressing

price changes from the time before the announcement to the time after the announcement

on the surprises in the economic variables or on the dummy variables that represent news

announcements is a commonly used method, and this paper also adopts this method to

study the immediate impact of announcements on the stock price. To investigate how long

news announcements affect asset prices, the time before the announcement is often fixed,

and the time after the announcement is moved to obtain the price change for different time

intervals. The largest time interval over which the price change is significantly affected by

a news announcement tells us the market’s response until that time. Because this type

of price change is static, the method used to study the impact of news announcements on

the price change is defined as static analysis. Ederington and Lee (1993, 1995), Balduzzi

12The value in the brackets shows how much the stock price changes given a one standard deviation

surprise of an announcement in terms of the normal daily volatility of price changes.
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et al. (2001), and Andersen et al. (2003) find that asset prices significantly react to news

announcements from between one minute to five minutes after the announcements based

on this type of static analysis or price volatility over the short time interval. However,

Ederington and Lee (1993), Fleming and Remolona (1999), Balduzzi et al. (2001), and

Andersen et al. (2003) find that price volatility and trading volume remain considerably

higher than normal over approximately an hour and up to even several hours.

Consequently, the static analysis cannot explain why increases in price volatility persist over

longer than the maximum time discovered by economists. The difference in time between

them is caused by temporal aggregation. A simple example illustrates why this question

arises. Suppose the asset price is P1 one minute before an announcement at time t, and

it increases considerably to P2 when the news is released. The price then drops to P3 one

minute after the announcement and rises to P4 two minutes after the announcement. The

relationships between these prices are P2 > P4 > P1 > P3 and P1P4 > P2P3, as illus-

trated in Figure 7A. By the regression model, the asset price significantly reacts to the

news announcement through the one-minute price change (P2 − P1)/P1, but it does not

react through the two-minute price change (P3 − P1)/P1 or the three-minute price change

(P4 − P1)/P1 because those magnitudes are smaller than that of one-minute price change

(P2−P1)/P1. Thus, the static analysis claims that the effect of the news announcement on

the financial market is within one minute. However, the price change (P4 − P3)/P3, whose

magnitude is greater than that of (P2 − P1)/P1, shows that price volatility remains signifi-

cantly higher than normal within three minutes after the announcement. Consequently, we

find that the effects of announcements on price volatility persist longer than the maximum

time declared by the static analysis. Because the asset price changes from P1 to P2, P3

and P4 are attributed to the news announcement, and the static analysis cannot properly

examine the eventual impact of news announcements on the financial market.

Furthermore, in terms of static price change, two scenarios are indistinguishable. In the

first scenario, the asset price is assumed to be P1 one minute before an announcement.

When the announcement is released, the asset price surges to the threshold price P2, which

reflects the significant response of the market to the announcement and remains constant

for four minutes. According to the static analysis, we fix the time before the announcement.

As a result, the one-minute price change (P2 − P1)/P1 is identical to the two-minute price

change, and so on. The static analysis shows the impact of the news announcement on the

financial market within five minutes, although it occurs within one minute. In the second

scenario, the asset price is still assumed to be P1 one minute before an announcement.

The announcement induces a linear increase in the price to P2 in the fourth minute. As a
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result, the price changes by different time intervals are distinct. The impact of the news

announcement on the financial market is within five minutes. These two different scenarios

are shown in Figure 7B. They are deemed to be the same when we regress the five-minute

price changes on announcement surprises.

Consequently, these examples motivate us to better aggregate the data to capture the even-

tual impact of news announcements on stock prices. Consider the first example again. If

a mathematical operation called first difference is applied to the one-minute price change,

the price change from the first one minute to the second one minute is (P3−P2)/P2− (P2−
P1)/P1. Its magnitude is smaller than that of the first one minute ((P2−P1)/P1). However,

the price change from the second one minute to the third one minute is (P4−P3)/P3−(P3−
P2)/P2, which has a magnitude greater than that of the first one minute. Thus, we conclude

that it is within three minutes by using the first-difference to investigate the speed of the

eventual impact, which is consistent with reality. Moreover, when this type of temporal

aggregation is applied to the second example, the two scenarios are easily distinguished.

4.4.1. Why Do We Use Wavelets?

The first-difference is a type of filter that performs mathematical operations to rearrange

a data structure. In empirical works in economics and finance, the required frequency of

observations is commonly not available because it is very expensive or not possible to col-

lect data in the required frequency for particular variables. However, there is no reason

to believe that data collected in the required frequency would be able to fully capture the

movement of economy. Nevertheless, to solve this issue, a mathematical method referred

to as temporal aggregation is required. The implicit assumption of this method is that the

underlying stochastic process in continuous time is observed in discrete intervals. When the

required frequency of observations is not available, the temporal aggregation is applied to

obtain the ideal frequency of data.

Consider a case in which monthly observations of an economic variable are collected from

the market. However, quarterly data for this variable are actually required to study an

empirical issue. A simple and frequently used way of converting the observations would be

to take the sums or the averages of successive sets of three months. This process is equiva-

lent to subjecting the data to a three-point moving sum or average and then subsampling

the resulting sequence by picking one in every three points. However, a problem called

“aliasing” arises with this procedure. Aliasing refers to an effect that leads to different data

sequences that are indistinguishable when sampled. For instance, in the second example,
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the five-minute price changes in the two scenarios are the same. We cannot use them to

distinguish the groups to which they belong.

To avoid the aliasing problem, it is appropriate to use a filter that can better aggregate

data without creating this problem in the process. Although several filters fulfil this con-

dition, they cannot make the filtered data linearly independent on different time scales.

Linear independence means that when price changes on different time scales are applied

in an OLS regression model that studies a linear relationship between price changes and

announcement surprises, the results do not affect each other. Otherwise, they are ambigu-

ous. As a result, the time profile for a news announcement’s impact on the stock price is

revealed. Furthermore, news announcements cause jumps in asset prices (Andersen et al.,

2003), which requires the filter to maintain this feature when processing data. Fortunately,

the wavelet theory provides this type of filter. Wavelets literally mean small waves because

they have finite length and are oscillatory. Wavelets on a finite support begin at a point

in time and then die out at a later point in time. Their localised nature enables them to

be used to analyse episodic variations in the frequency composition of data; thus, they are

referred to as a “mathematical microscope”. Consequently, wavelets have the ability to

isolate jumps at different time scales. The filters, which are based on a Fourier Transform,

are not appropriate here because they smooth jumps.

There are two different filters in wavelet theory: the wavelet filter ({hk}) and the scaling

filter ({gk}). Generally, there is a relationship between these filters

gk = (−1)k+1hL−k−1 (18)

and an inverse relationship

hk = (−1)kgL−k−1, (19)

where L, the width of filter, must be even. {gk} is referred to as the “quadrature

mirror filter” (QMF), corresponding to {hk}. The scaling filter gk is a lowpass filter that

preserves the contents of the signal at a low frequency and discards the contents at a

high frequency, whereas the wavelet filter hk is a highpass filter that retains only the high-

frequency components. The wavelet filter and the scaling filter should fulfil three conditions,

respectively: ∑
hk = 0,

∑
h2
k = 1,

∑
hkhk+2m = 0 (m 6= 0)∑

gk =
√

2,
∑

g2
k = 1,

∑
gkgk+2m = 0 (m 6= 0).

(20)
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Furthermore, two more conditions are imposed on the wavelet and scaling filters:∑
k
gkhk+2m = 0 (m 6= 0)∑
k
gkhk = 0.

(21)

These conditions guarantee that a data sequence can be decomposed orthogonally into com-

ponents by time scales via discrete wavelet transform (DWT). Correspondingly, a pyramid

algorithm is proposed to implement this transform. Specifically, scaling coefficients from

the previous level are used as inputs and processed by wavelet and scaling filters to estimate

the current level wavelet and scaling coefficients, respectively. The only exception is at the

first level, in which the wavelet and scaling filters are applied to the original data sequence.

It is noted that jth level is associated with frequency interval
(
π/2j , π/2j−1

]
. Because fre-

quency ω is related to time horizon T : ω = 2π/T , the jth level indicates that the relative

data sequence contains information inside the time interval [2j , 2j+1). Wavelet and scaling

coefficients can be used to recover the original data sequence or to construct subseries in

specific frequency intervals. Here, we use two channel-filter banks to demonstrate wavelet

decomposition and synthesis.

4.4.2. The Analysis of Two Channel Filter Banks

A sequence {yt, t = 0, 1, · · · , T − 1}, where the tth element of a column vector Y is yt,

goes through a highpass filter H1 that is constructed by wavelet filters via a downsampling

process (↓ 2) in which the odd-numbered elements of the filtered signal are discarded and

the even-numbered elements are preserved. Then, the filtered and downsampled signal,

which holds half the information of yt, is stored and transmitted. Later, this signal goes

through an anti-imaging highpass filter C1, which is constructed by wavelet filters. Prior to

this procedure, upsampling (↑ 2) is performed by inserting zeros between each element of

the filtered and downsampled signal. Finally, w1, involving a half component of the signal

yt in the specific frequency band, is achieved. This process is applied for scaling filters as

well, and v1, which contains the other half part of yt, is derived. Therefore, the graphic of

this flow path is

Y −→ H1 −→ ↓ 2 −→'−→ ↑ 2 −→ C1 −→ w1

Y −→ G1 −→ ↓ 2 −→'−→ ↑ 2 −→ D1 −→ v1 ,

where the structures of matrices G1 and D1 are the same as matrices H1 and C1, respec-

tively. Both the lowpass filter G1 and the anti-imaging lowpass filter D1 are constructed by

scaling filters. Here, filters H1 and G1 are called analysis filters, and filters C1 and D1 are

called synthesis filters. The symbol ' represents the storage and transmission of the signal.

27



The output signals formed by the two channel-filter banks are w1 and v1, respectively, and

their combination is the original signal: w1 + v1 = Y .

Normally, compared to temporal notation, frequency notation is preferred to express this

flow path because it can show some properties of these filters. Therefore, the highpass and

lowpass flow paths are expressed, respectively, as

y(z) −→ H1(z) −→ ↓ 2 −→'−→ ↑ 2 −→ C1(z) −→ w1(z)

y(z) −→ G1(z) −→ ↓ 2 −→'−→ ↑ 2 −→ D1(z) −→ v1(z) ,

where z could be ω or e−iω, and this expression has more generality. It has been proven

that the Fourier transforms of (↓ 2)yt and (↑ 2)yt are [ε(ω/2) + ε(ω/2 + π)]/2 and ε(2ω),

respectively.13 Because e−iω/2 = z1/2 and e−i(ω/2+π) = −z1/2 where z = e−iω, in terms of

the z-transform, they can be written as

(↓ 2)yt ←→ [ε(z1/2) + ε(−z1/2)]/2 and (↑ 2)[(↓ 2)yt]←→ [ε(z) + ε(−z)]/2 ,

where “←→” denotes the Fourier transform, and the right term is the Fourier transform

coefficient.

In conclusion, in terms of the z-transform, the highpass and lowpass flow paths are expressed

by two equations, respectively:

w1(z) =
1

2
C1(z)[H1(z)y(z) +H1(−z)y(−z)]

v1(z) =
1

2
D1(z)[G1(z)y(z) +G1(−z)y(−z)].

(22)

It is presumed that the synthesis of w1(z) and v1(z) is x(z); thus,

x(z) =
1

2
[C1(z)H1(z) +D1(z)G1(z)]y(z)

+
1

2
[C1(z)H1(−z) +D1(z)G1(−z)]y(−z).

(23)

13The details are provided in the appendix: downsampling doubles frequency and upsampling halves

frequency.
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As y(−z) is caused by aliasing from the downsampling process, it must be eliminated.14

Here, we set C1(z) = −z−dG1(−z), and D1(z) = z−dH1(−z), where d is identical to L− 1,

and L is the width of filter. Thus, Equation (23) becomes

x(z) =
z−d

2
[H1(−z)G1(z)−H1(z)G1(−z)]y(z). (24)

It is noted that the aliasing term y(−z) can be cancelled by any choice of H1(z) and G1(z)

when the anti-imaging filters C1(z) and D1(z) are identical to −z−dG1(−z) and z−dH1(−z),
respectively. However, a restriction on the choice of H1(z) and G1(z) is imposed so that the

coefficients of the wavelet and scaling filters are mutually orthogonal, including sequential

orthogonal and lateral orthogonal. To demonstrate this, we assume that the width of the

filter is four. Thus,

G1(z) = g0 + g1z + g2z
2 + g3z

3

H1(z) = h0 + h1z + h2z
2 + h3z

3.
(25)

Because {gk} is referred to as the “quadrature mirror filter” (QMF) corresponding to {hk},
hk = (−1)kgL−k−1 indicates that Equation (25) could be written as

G1(z) = g0 + g1z + g2z
2 + g3z

3 = z3H1(−z−1) = D1(z−1)

H1(z) = g3 − g2z + g1z
2 − g0z

3 = −z3G1(−z−1) = C1(z−1),
(26)

where

D1(z) = g0 + g1z
−1 + g2z

−2 + g3z
−3 = z−3H1(−z) = G1(z−1)

C1(z) = g3 − g2z
−1 + g1z

−2 − g0z
−3 = −z−3G1(−z) = H1(z−1).

(27)

C1(z) = H1(z−1) and D1(z) = G1(z−1) indicate that the synthesis filters are simply the

reversed-sequence anti-causal versions of analysis filters. Equations (26) and (27) tell us

that Equation (24) can be rendered as

x(z) =
1

2
[H1(z)H1(z−1) +G1(z)G1(z−1)]y(z)

=
1

2
[D1(−z)G1(−z) +D1(z)G1(z)]y(z)

=
1

2
[P (−z) + P (z)]y(z), (28)

14Aliasing may occur when a temporal sequence is Fourier transformed in terms of its frequency. This

occurs because the basis of the Fourier analysis is the cosine and sine functions. Suppose the angular

velocity ω exceeds the Nyquist value (π), ω ∈ (π, 2π], and define ω∗ = 2π − ω, ω∗ ∈ [0, π). Thus, for all

values of t = 0, . . . , T − 1, cos(ωt) = cos(2πt−ω∗t) = cos(2πt) cos(ω∗t) + sin(2πt) sin(ω∗t) = cos(ω∗t). Thus,

the cosine functions at the frequency ω and ω∗ are identical; this problem is called “aliasing”. It is not

possible to distinguish the angular frequency ω from the value of the cosine (or sine function). To avoid

aliasing, the positive frequencies in the spectral analysis of a discrete time process are limited to the interval

[0, π]. Whether an aliasing problem exists depends on the structure of the particular time series. For many

econometric time series, the problem does not arise because their positive frequencies are limited to the

average [0, π].
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where

P (−z) = D1(−z)G1(−z) = H1(z)H1(z−1)

P (z) = D1(z)G1(z) = G1(z)G1(z−1).
(29)

To achieve the perfect reconstruction in which x(z) is equal to y(z), a condition is imposed:

H1(z)H1(z−1) +G1(z)G1(z−1) = 2. (30)

This condition guarantees the perfect reconstruction of the original sequence y(t) from out-

puts by two-channel filtering. The terms in H1(z)H1(z−1) and G1(z)G1(z−1) with an odd

power of z are cancelled because of the relationship between the wavelet filter {hl} and the

scaling filter {gl} (Equation (21)). The orthogonality conditions of {hl} and {gl} (Equation

(20)) make the terms with an even power of z equal to zero and the terms associated with

a zero power of z identical to 2. Consequently, Equation (30) is always valid in the wavelet

theory. This result is applied to the further decomposition and reconstruction in DWT

as well. Thus, the sum of component signals is the original signal:
∑J

j=1 wj + vJ = Y .

In conclusion, we briefly introduce the deconstruction and the perfect reconstruction of a

time series by two channel filter banks. These two channel filter banks offer us the entire

architecture for the dyadic wavelet analysis and help us to interpret this analysis more easily.

The above introduction of dyadic wavelet analysis concentrates on frequency notation. Re-

turning to temporal notation, we use the circulant matrix KT to replace z in Equation

(25), where KT = [e1, e2, · · · , eT−1, e0], which is established by shifting the first column of

an identity matrix (I = [e0, e1, · · · , eT−1]) to the last column, and T is the length of the

original time series. The results are the filter matrices H1 and G1. Because K−1
T = K ′T , the

filter matrices H ′1 and G′1 are associated with H1(z−1) and G1(z−1), respectively. Because

C1(z) = H1(z−1) and D1(z) = G1(z−1) in Equation (27), the anti-imaging highpass filter

matrix C1 and lowpass filter matrix D1 are equal to the transpose of the highpass filter

matrix H1 and the lowpass filter matrix G1, respectively. The operation “downsampling”

can be represented by a matrix V , where V = Λ′ = [e0, e2, · · · , eT−2]′. This comes from

the identity matrix (I = [e0, e1, · · · , eT−1]), in which the alternate rows are deleted. As

introduced earlier by frequency notation, a sequence goes through a highpass filter matrix

H1 or a lowpass filter matrix G1 and then is downsampled (V ). The outputs are wavelet

coefficients associated with the highpass filter or scaling coefficients associated with the

lowpass filter. The wavelet and scaling coefficients at the first level are referred to as α(1)

and β(1), respectively, and are identical to

α(1) = V H1Y

β(1) = V G1Y.
(31)
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To construct the component signals w1 and v1, they are first upsampled. Matrix Λ can

be used to represent this operation. Second, the upsampled coefficients go through the

anti-imaging highpass filter matrix C1 or the lowpass filter matrix D1, in which C1 = H ′1

and D1 = G′1. The results are the component signal w1 or v1, which is equal to

w1 = H ′1Λα(1) = H ′1ΛV H1Y

v1 = G′1Λβ(1) = G′1ΛV G1Y.
(32)

Because the synthesis of the component signals w1 and v1 is the original time series, we

have

Y = w1 + v1 = H ′1ΛV H1Y +G′1ΛV G1Y. (33)

This entire process is also applied on the further decomposition and reconstruction. The

only difference is that scaling coefficients from the previous level are used as inputs instead.

Consequently, the wavelet coefficients associated with the jth-level wavelet filter are

α(j) = VjHjVj−1Gj−1 · · ·V1G1Y , (34)

and the scaling coefficients associated with the jth-level scaling filter are

β(j) = VjGjVj−1Gj−1 · · ·V1G1Y , (35)

where Vj = Λ′j = [e0, e2, · · · , eT/2j−1−2]′, which is established by deleting the alternate

rows of an identity matrix (IT/2j−1 = [e0, e1, · · · , eT/2j−1−1]). The matrices Hj and Gj , in

terms of polynomial expression, can be written as

Hj = H(KT/2j−1) = h0K
0
T/2j−1 + h1K

1
T/2j−1 + · · ·+ hL−1K

L−1
T/2j−1 (36)

and

Gj = G(KT/2j−1) = g0K
0
T/2j−1 + g1K

1
T/2j−1 + · · ·+ gL−1K

L−1
T/2j−1 , (37)

where L is the width of the filter and T is the length of original time series. It is not

difficult to find that

VjHjVj−1Gj−1 · · ·V1G1 = VjVj−1 · · ·V1H(K2j−2
T )G(K2j−4

T ) · · ·G(KT )

VjGjVj−1Gj−1 · · ·V1G1 = VjVj−1 · · ·V1G(K2j−2
T )G(K2j−4

T ) · · ·G(KT ),
(38)

where the jth-level wavelet filter {hj,k} forms the matrix:15

H(K2j−2
T )G(K2j−4

T ) · · ·G(KT ), (39)

15To unify the matrix expression, the matrix V and Λ in the first decomposed level are rewritten as V1

and Λ1, respectively. {h1,k} is referred to as the first-level wavelet filter {hk}; it is applied on the first-level

scaling filter {gk} as well.
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and the jth-level scaling filter {gj,k} matrix is

G(K2j−2
T )G(K2j−4

T ) · · ·G(KT ). (40)

Accordingly, the wavelet and scaling amplitudes can also be expressed by

α(j) = VjVj−1 · · ·V1H(K2j−2
T )G(K2j−4

T ) · · ·G(KT )Y

β(j) = VjVj−1 · · ·V1G(K2j−2
T )G(K2j−4

T ) · · ·G(KT )Y.
(41)

Observing the component signal w1, we find that it is estimated by multiplying the trans-

pose of the production of matrices V and H1 by wavelet coefficients α(1), which are the

results of multiplying the production itself by the original time series Y . This mathemati-

cal operation also works on another component signal v1 with the scaling filter matrix G1.

Generally, we find that it is always valid for the component signals wj and vj at the jth

level. Consequently, the component signal wj is

wj = [VjHjVj−1Gj−1 · · ·V1G1]′α(j) (42)

= [VjVj−1 · · ·V1H(K2j−2
T )G(K2j−4

T ) · · ·G(KT )]′α(j),

and the component signal vj is

vj = [VjGjVj−1Gj−1 · · ·V1G1]′β(j) (43)

= [VjVj−1 · · ·V1G(K2j−2
T )G(K2j−4

T ) · · ·G(KT )]′β(j).

According to the orthogonality conditions of wavelet and scaling filters on Equations (20)

and (21), we have[
VjHj

VjGj

] [
(VjHj)

′ (VjGj)
′
]

=

[
VjHjH

′
jΛj VjHjG

′
jΛj

VjGjH
′
jΛj VjGjG

′
jΛj

]
=

[
IT/2j 0

0 IT/2j

]
(44)

and [
(VjHj)

′ (VjGj)
′
] [ VjHj

VjGj

]
= H ′jΛjVjHj +G′jΛjVjGj = IT/2j−1 . (45)

As a result, we infer that

v′jwj = 0

w′jwk = 0 (j 6= k)

J∑
j=1

wj + vJ = Y,

(46)

which illustrate the lateral orthogonality (wj⊥vj) and sequential orthogonality (wj⊥wk),

respectively. A data sequence can be decomposed orthogonally into components by time
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scales using wavelets. Because orthogonality is a special case of linear independence, the

components at different time scales are linearly independent. The component signal wj is

associated with the frequency interval
(
π/2j , π/2j−1

]
, which implies that it contains infor-

mation inside the time interval [2j , 2j+1).

In this paper, we use the Daubechies least asymmetric (LA) wavelet filter of width 8 to

orthogonally decompose one-minute price changes by ten scales.16 The tenth scale, which

indicates that the time interval of the data sequence is [210, 211) minutes (approximately

one day change), shows the maximum change in time during the ten scales. Because the

increases in price volatility persist over approximately an hour in the paper, which is longer

than an hour but shorter than the one day suggested by a number of papers, price changes

on this scale and smaller scales are sufficient to examine the eventual impact of news an-

nouncements on the stock market. Price changes on each scale that are estimated using

wavelets are called “wavelet-scale price changes”.

4.4.3. The Findings of News Announcements’ Eventual Impact on Stock Prices

We regress the wavelet-scale price changes on the surprises in the 17 economic variables, as

in the static analysis. Table 9 reports the estimation results of the model of the wavelet-scale

price changes using different time intervals, including response coefficients and t-statistics,

following the same format as Table 8. The results show the subsequent adjustment of the

stock market to more news announcements. In the entire sample period, there are six

announcements that significantly affect the price change at the first scale. In these six

announcements, this price change is positively related to unexpected components of con-

sumer confidence, the leading index and PMI, and it is negatively related to unexpected

components of PPI, new single-family home sales and consumer credit. Similarly, three

announcements significantly affect the price change at the second scale. In particular, the

unexpected announcements of PPI and consumer credit have a positive impact on this price

change, whereas the unexpected announcement of new single-family home sales has a neg-

ative impact on this price change.

In addition, the price change at the third scale positively reacts to unanticipated changes in

capacity utilisation, new single-family home sales and PMI and negatively reacts to unantic-

ipated changes in PPI and nonfarm payrolls. The price change at the fourth scale positively

reacts to IP, consumer confidence, and new single-family home sales and negatively reacts

16This filter with this width is recommended by Percival and Walden (2000) and is widely used in the

literature on wavelet analysis (Kim and In (2003), Gallegati (2008)).
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to personal consumption. The price change at the fifth scale positively reacts to civilian un-

employment and consumer credit and negatively reacts to personal consumption, the trade

balance, and the federal budget. The price change at the sixth scale positively reacts to

personal consumption and negatively reacts to capacity utilisation and the trade balance.

The price change at the seventh scale positively reacts to personal consumption and durable

goods orders and negatively reacts to IP and personal income. Finally, the price change

at the eighth scale negatively reacts to CPI, personal income, durable goods orders, and

consumer credit; the price change at the ninth scale negatively reacts to PPI; and the price

change at the tenth scale negatively reacts to consumer confidence.

As shown in the static analysis, the wavelet analysis finds that more announcements affect

the stock market conditional on the business cycle, and some have an eventual impact only

for a particular type of economic period. To explore this observation further, consumer

confidence, the leading index, and the federal budget positively affect price change at the

first scale, whereas PPI, new single-family home sales, and consumer credit negatively affect

this price change in the expansion periods. PMI and durable goods orders positively affect

the price change and nonfarm payrolls negatively affect the price change by the same time

interval in the contraction periods. Consumer credit has a positive impact, whereas new

single-family home sales have a negative impact on the price change at the second scale in

the expansion periods. Manufacturers’ new orders are positively related, whereas civilian

unemployment and personal consumption are negatively related to the price change at the

same scale in the contraction periods.

Moreover, the price change at the third scale positively reacts to new single-family home

sales in the expansion period and capacity utilisation and PMI in the contraction periods,

and it negatively reacts to CPI, PPI, and personal consumption in the expansion period and

civilian unemployment and nonfarm payrolls in the contraction period. The price change

at the fourth scale positively reacts to new single-family home sales in the expansion period

and PPI, IP, and PMI in the contraction period, and it negatively reacts to the federal

budget in the contraction period and personal consumption in both economic periods. The

price change at the fifth scale positively reacts to consumer credit in the expansion periods

and civilian unemployment in both economic periods, and it negatively reacts to personal

consumption and the federal budget in the expansion period, capacity utilisation and new

single-family home sales in the contraction period, and the trade balance in both economic

periods. The price change at the sixth scale positively reacts to the federal budget in the

expansion period, new single-family home sales in the contraction period, and personal

consumption in both economic periods, and it negatively reacts to capacity utilisation in
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the expansion period and PMI and the federal budget in the contraction period. The price

change at the seventh scale positively reacts to PPI and manufacturers’ new orders in the

expansion period, nonfarm payrolls, capacity utilisation, the trade balance, consumer confi-

dence, durable goods orders, and consumer credit in the contraction period, and the federal

budget in both economic periods. It negatively reacts to personal income in the expansion

period and IP and the leading index in the contraction period. The price change at the

eighth scale positively reacts to new single-family home sales in the contraction period, and

it negatively reacts to CPI, personal income, durable goods orders, and consumer credit

in the expansion period and the trade balance and the federal budget in the contraction

period. The price change at the ninth scale positively reacts to PPI and negatively reacts

to PMI in the contraction period; and the price change at the tenth scale negatively reacts

to consumer confidence in the contraction period.

In sum, more news announcements cause the subsequent adjustments of the stock market

when examining different stages of the economy. The eventual impact of news announce-

ments on the stock market is quite stable conditional on the business cycle. Furthermore,

the signs of the response coefficients on the same announcement surprise vary over wavelet-

scale price changes by different time intervals. This finding is attributed to the market

participants’ subsequent adjustments to news announcements. Only some announcements

significantly affect the stock price based on the static analysis. In comparison, all of the

news announcements found by the wavelet analysis impose an eventual impact on the stock

market over different time periods, regardless of the size of the impact. The stock market

significantly reacts to more announcements through price changes at smaller time scales

and reacts to fewer announcements through price changes at bigger time scales.

Kimmel (2004), and Oberlechner and Hocking (2004) find that market participants are

concerned about rumours in financial markets. The financial press report these rumours,

including the Wall Street Journal ’s “Heard on the Street” and “Abreast of the Market”

columns, Business Week ’s “Inside Wall Street” column, and SmartMoney ’s Web site. This

reporting indicates the importance of rumours and implies that rumours can sometimes

affect financial markets as much as scheduled news announcements. Thus, we believe that

all reliable news announcements can have a significant impact on the market unless market

participants perfectly expect them. This belief contradicts the results of previous papers,

which claim that the market responds to only some announcements. As mentioned earlier,

previous papers examine the market’s response to news announcements based on static

changes in prices, which ignores the impact of announcements on the price changes by dif-

ferent time scales, denoting that price change information occurs in different time intervals.
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Regarding the size of the eventual impact of news announcements on stock prices, the most

important announcements during the entire sample period, the expansion period, and the

contraction period are shown as follows, respectively: consumer confidence, PPI, and non-

farm payrolls at the first scale; PPI, new single-family home sales, and nonfarm payrolls at

the second scale; capacity utilisation, PPI, and capacity utilisation at the third scale; IP,

personal consumption, and the federal budget at the fourth scale; civilian unemployment,

personal consumption, and new single-family home sales at the fifth scale; capacity utilisa-

tion, capacity utilisation, and new single-family home sales at the sixth scale; IP, personal

income, and consumer credit at the seventh scale; and personal income, personal income,

and new single-family home sales at the eighth scale. In the entire sample period and the

contraction periods, PPI has a larger eventual impact on the stock price change at the ninth

scale, and consumer confidence is the only announcement that still significantly affects the

stock price change at the tenth scale.

It is noted that the magnitudes of the response coefficients are considerably reduced over

the larger time scales. In particular, the magnitudes for the price change at the sixth scale

and the larger scales are smaller than 10−6, whereas almost all magnitudes for the price

change at the smaller scales are notably larger than 10−6. These findings imply that the

eventual impact of news announcements is very small over longer than an hour after the

announcements because the sixth scale indicates a time interval for the data sequence of

approximately an hour. Consequently, this finding provides evidence of why price volatil-

ity remains considerably higher than normal over approximately an hour but less than a day.

According to the results of the wavelet analysis over the entire sample period, the expansion

period and the contraction period, most announcements that impose a significant eventual

impact on the stock market are released at 8:30 or 9:15. These announcements belong

to the 8:30 & 9:15 announcements category. This result is consistent with the findings in

Tables 5, 6, and 7 showing that the increases in price volatility persist over approximately

an hour for 8:30 & 9:15 announcements, whereas they persist over a shorter time for other

announcements.

5. Conclusion

This paper examines the impact of monthly news announcements on the price, trading vol-

ume, and price volatility of S&P 500 index futures. The market participants’ responses to
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scheduled news announcements are viewed as information processing in financial markets.

In accordance with the participants’ initial analyses, they immediately react when a news

announcement is released. Then, market participants adjust their investing decisions by

observing the market’s subsequent performance. Accordingly, the way information spreads

in the market is understood by examining market participants’ responses to news announce-

ments in two distinct stages.

In sum, the effect of news announcements includes immediate and eventual effects, which

are identified by price volatility and trading volume by one-minute and five-minute inter-

vals, respectively. The immediate effect is a sharp and nearly instantaneous price change

along with a rise in trading volume, and the eventual effect causes a persistent increase in

price volatility and trading volume. Furthermore, the static analysis indicates which an-

nouncements immediately affect the stock price, whereas the wavelet analysis shows which

announcements eventually affect the stock price. The combination of these results provides

us with the time-profile for each type of news announcement’s impact on the stock price and

demonstrates that the impact is short lived to within a day. Although many announcements

do not have an immediate impact on stock price, all announcements impose an eventual

impact on stock price over different time periods.

It is important to note that price is more volatile and trading volume is lower over contrac-

tion period in comparison with expansion period on both announcement days and nonan-

nouncement days, as shown in Figures 5A, 5B, 6A, and 6B, because market participants are

more susceptible and less active in contraction periods. This result explains why the magni-

tudes of response coefficients in the contraction period are always greater than those in the

expansion period. On the one hand, market participants react to news announcements more

moderately during contraction periods. They are news insensitive and change stock prices

by a smaller scale through a higher number of trading transactions. They then make smaller

subsequent adjustments to stock prices along with a lower number of trading transactions

across a shorter time to reconcile their different views on news announcements. On the

other hand, market participants are news sensitive in expansion periods and change stock

prices by a larger scale through a lower number of trading transactions. They then make

larger subsequent adjustments of stock prices accompanied by a higher number of trading

transactions across a longer time to reconcile their different views of news announcements.

Consequently, news announcements create larger immediate price changes per interval in

the expansion periods and more immediate price changes per interval in the contraction

periods from the old equilibrium to the approximate new equilibrium. It takes smaller
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subsequent adjustments of stock prices along with a lower number of trading transactions

across a shorter time in the contraction period for the information contained in news an-

nouncements to be incorporated fully in stock prices. This finding implies a more efficient

market in the contraction periods and shows that the market participants’ behaviour is

conditional on the economic state. The market’s response to news announcements varies

over different stages of the business cycle, although the signs of the response coefficients are

quite consistent. The combination of the results from the examination of the two different

stages of the business cycle shows that the market significantly reacts to more announce-

ments in comparison with the results from the entire sample period because some news

announcements impose a significant impact only in a particular type of economic period.

Because the arrival of scheduled news announcements brings high uncertainty into the mar-

ket, market participants generally withdraw from the market prior to announcements to

avoid the high risk. Price volatility and trading volume thus significantly decline prior to

announcements. The “calm before the storm” effect arises 2 or 3 minutes before announce-

ments. The financial press usually claims that this effect is observed over the days prior to

the announcements, as supported by Jones et al. (1998). However, this finding is questioned

because the effect of new announcements on financial markets does not last over a day, a

result that has been found by a number of previous papers and this paper. Accordingly, we

believe that the “calm before the storm” effect is only observed some minutes prior to the

announcements, as found in this paper.
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Figure 1A
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Figure 1. Price volatility and trading volume. The standard deviations of one-minute

price changes and the means of one-minute trading volumes, which are proxied by the number of

ticks in one minute intervals, at the same time interval across all 3003 trading days from February

3, 1997 to January 30, 2009 are shown in Figure 1A and Figure 1B, respectively. The one-minute

price changes are the calculated values times 102, and the times shown on the horizontal line are

the interval ending times.
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Figure 2A
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Figure 2. Price volatility and trading volume on announcement and nonannounce-

ment days. The standard deviations of one-minute price changes and the means of one-minute

trading volumes, which are proxied by the number of ticks in one minute intervals, are reported

for days with at least one of the seventeen announcements (solid line) and days with none of

these announcements (dashed line) in Figure 2A and Figure 2B, respectively. The one-minute

price changes are the calculated values times 102, and the times shown on the horizontal line are

the interval ending times.
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Figure 3A
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Figure 3. Price volatility and trading volume on announcement and nonannounce-

ment days in the expansion periods. According to the NBER business cycle, trading days

from February 3, 1997 to March 30, 2001 and from December 3, 2001 to December 31, 2007 are

the expansion periods. The standard deviations of one-minute price changes and the means of

one-minute trading volumes, which are proxied by the number of ticks in one minute intervals,

are reported for days in the expansion periods with at least one of the seventeen announcements

(solid line) and days in the expansion periods with none of these announcements (dashed line) in

Figure 3A and Figure 3B, respectively. The one-minute price changes are the calculated values

times 102, and the times shown on the horizontal line are the interval ending times.
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Figure 4A
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Figure 4. Price volatility and trading volume on announcement and nonannounce-

ment days in the contraction periods. According to the NBER business cycle, trading days

from April 2, 2001 to November 30, 2001 and from January 2, 2008 to January 30, 2009 are

the contraction periods. The standard deviations of one-minute price changes and the means of

one-minute trading volumes, which are proxied by the number of ticks in one minute intervals,

are reported for days in the contraction periods with at least one of the seventeen announcements

(solid line) and days in the contraction periods with none of these announcements (dashed line)

in Figure 4A and Figure 4B, respectively. The one-minute price changes are the calculated values

times 102, and the times shown on the horizontal line are the interval ending times.
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Figure 5A
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Figure 5. Price volatility and trading volume on announcement days in the ex-

pansion periods and in the contraction periods. According to the NBER business cycle,

trading days from February 3, 1997, to March 30, 2001, and from December 03, 2001, to De-

cember 31, 2007, are the expansion periods, and trading days from April 2, 2001, to November

30, 2001, and from January 2, 2008, to January 30, 2009, are the contraction periods. The

standard deviations of one-minute price changes and the means of one-minute trading volumes,

which are proxied by the number of ticks in one minute intervals, are reported for days in the

expansion periods with at least one of the seventeen announcements (solid line) and days in the

contraction periods with at least one of the seventeen announcements (dashed line) in Figure 5A

and Figure 5B, respectively. The one-minute price changes are the calculated values times 102,

and the times shown on the horizontal line are the interval ending times.
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Figure 6A
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Figure 6B
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Figure 6. Price volatility and trading volume on nonannouncement days in the

expansion periods and in the contraction periods. According to the NBER business

cycle, trading days from February 3, 1997 to March 30, 2001 and from December 3, 2001 to

December 31, 2007 are the expansion periods, and trading days from April 2, 2001 to November

30, 2001 and from January 2, 2008 to January 30, 2009 are the contraction periods. The

standard deviations of the one-minute price changes and the means of the one-minute trading

volumes, which are proxied by the number of ticks in one minute intervals, are reported for

days in the expansion periods with none of seventeen announcements (solid line) and days in

the contraction periods with none of seventeen announcements (dashed line) in Figure 6A and

Figure 6B, respectively. The one-minute price changes are the calculated values times 102, and

the times shown on the horizontal line are the interval ending times.
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Figure 7A
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Figure 7. The difference between static price changes. The times shown on the horizontal

line are the interval ending times. A news announcement is released at time t. Price changes

with and without the effect of a news announcement are shown by the solid and dashed lines,

respectively, in Figure 7A. Under the impact of a news announcement at time t on the market,

price changes in the first scenario and in the second scenario are drawn with a solid line and a

dashed line, respectively, in Figure 7B.
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