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Jérôme LAHAYE† Sébastien LAURENT‡ Christopher J. NEELY§

This Version: August 2009

Abstract

We use recently proposed tests to extract jumps and cojumps from three types of assets: stock

index futures, bond futures, and exchange rates. We then characterize the dynamics of these discon-

tinuities and informally relate them to U.S. macroeconomic releases before using limited dependent

variable models to formally model how news surprises explain (co)jumps. Nonfarm payroll and federal

funds target announcements are the most important news across asset classes. Trade balance shocks

are important for foreign exchange jumps. We relate the size, frequency and timing of jumps across

asset classes to the likely sources of shocks and the relation of asset prices to fundamentals in the

respective classes.

Keywords: exchange rates, futures, bonds, bipower variation, robust intraday periodicity, jumps,

macroeconomic announcement.

JEL Codes: G14, G15, F31, C22

∗The authors would like to thank participants at the University of Namur Economic Department Doctoral

Workshop, CORE Econometrics Seminar, 2nd Research Day of the METEOR “Money and Banking Group”,

7th Missouri Economic Conference, GREQAM summer school/workshop on “New Microstructure of Financial

Markets” for helpful comments and discussions. We would like to particularly thank Kris Boudt, Mardi Dungey,

Cumur Ekinci, Jesper Pedersen and Woon K. Wong. We thank Tim Bollerslev and three anonymous referees for

very constructive remarks. This text presents research results of the Belgian Program on Interuniversity Poles

of Attraction initiated by the Belgian State, Prime Minister’s Office, Science Policy Programming. The authors

assume responsibility for errors.
†CeReFiM, University of Namur; jerome.lahaye@fundp.ac.be (corresponding author)
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1 Introduction

How markets process information and what determines asset return distributions are central issues

in economics. Our study investigates jumps and simultaneous jumps in multiple markets (i.e.,

cojumps) and their relation to macroeconomic news releases. How big and frequent are jumps

across asset classes and over time? Do jumps cluster in time? Are there more “cojumps” than

one would expect if asset prices jumped independently? What causes (co)jumps and how do such

causes vary across markets? Our study answers these questions.

Andersen, Bollerslev, Diebold and Vega (2003, 2007a) studied how macroeconomic news re-

leases affect asset returns generally, but we focus on discontinuous price changes. Duffie, Pan and

Singleton (2000), Liu, Longstaff and Pan (2003), Eraker, Johannes and Polson (2003), and Piazzesi

(2005) discuss how knowledge of jumps influences financial management. Lee and Mykland (2008)

and Tauchen and Zhou (2005) explain how characterizing the distribution and causes of jumps

can improve asset pricing models, which motivates our study.

We use the non-parametric statistic of Andersen, Bollerslev and Dobrev (2007c) and Lee and

Mykland (2008), modified by Boudt, Croux and Laurent (2008), to extract jumps and cojumps

from three types of assets—exchange rates, stock index futures and U.S. bond futures—and then

relate those jumps to macroeconomic news. The jump test compares returns to a local volatility

measure to find returns that a diffusion is very unlikely to produce—jumps. Because our procedure

identifies the precise timing of intraday jumps, it is especially useful in studying the effects of

announcements on jumps and cojumps.

We define cojumps with univariate tests as simultaneous significant jumps, rather than using

any of the multivariate tests proposed by Barndorff-Nielsen and Shephard (2006b), Jacod and

Todorov (2009), and Bollerslev, Law and Tauchen (2008). Our approach is most appropriate for

the present study because it permits straightforward estimates of precisely timed cojumps with a

relatively narrow range of intraday data.

Researchers have evaluated the impact of macroeconomic news on assets returns in many

ways. To the best of our knowledge, two other concurrent papers study the link between jumps

and news besides the present paper. Huang (2007) estimates daily jumps with bipower variation

on 10 years of S&P 500 and U.S. T-bonds data. Analyzing conditional distributions of jumps,

and regressing continuous and jump components on measures of disagreement and uncertainty

concerning future macroeconomic states, Huang (2007) finds a major role for payroll news and a

relatively more responsive bond market. This is basically consistent with our findings. Dungey,

McKenzie and Smith (2008) focus on the Treasury market, estimating jumps and cojumps across

the term structure with bipower variation. Dungey et al. (2008) find that the middle of the yield

curve often cojumps with one of the ends, while the ends of the curve exhibit more idiosyncratic

jumps. Macro news is strongly associated with cojumps in the term structure.

Our paper differs from these concurrent papers in several respects. First, we estimate jumps at

a very high frequency with the Andersen/Bollerslev/Dobrev and Lee/Mykland technique, modified
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by Boudt et al. (2008). These intraday estimates, which are much more precise than daily (bipower

variation) jump measures, enable us characterize cojumps and to carefully link macro news to

(co)jumps. Second, we implement Boudt et al. (2008)’s modification to the jump statistic, which

improves jump detection in the presence of intraday patterns in volatility. The Lee/Mykland

statistic overdetects (underdetects) jumps in periods of high (low) intraday volatility. Third, we

consider a broad set of financial assets including exchange rates, stocks, and bonds. Fourth, we

estimate Tobit-GARCH and probit models to formally assess the impact of macro surprises on

jumps and cojumps.

To presage our results, we find that exchange rate jumps are frequent but small, fairly symmet-

ric and highly interdependent. U.S. news releases are relatively less important to USD markets

than to U.S. stock and bond markets. In contrast, bond markets are the most sensitive to our

news releases, by some measures, and display significant asymmetry. Certain market combinations

are more likely to cojump because shocks affect them similarly. The fed funds target, NFP and

GDP announcements are important in all markets and the trade balance is important in forex. We

conclude that (co)jump behavior varies across markets in a sensible fashion. The likely sources of

jumps and the variation in market dependence on fundamentals explains how (co)jump behavior

differs across markets.

The rest of the paper proceeds as follows: Section 2 explains our jump detection procedures

while Section 3 characterizes (co)jumps and their joint distribution with our news releases. Section

4 formally evaluate the impact of news surprises on jumps/cojumps with Tobit-GARCH and probit

models. Section 5 concludes.

2 Jump identification

We describe the original tests of Andersen et al. (2007c) and Lee and Mykland (2008) before ex-

plaining Boudt et al. (2008)’s modification that accounts for a deterministic volatility component.

2.1 First step towards intraday jumps detection

Andersen et al. (2007c) and Lee and Mykland (2008) assume a continuous time jump-diffusion

data generating process. The log price process evolves as follows:

dp(t) = µ(t)dt + σ(t)dW (t) + κ(t)dq(t), 0 ≤ t ≤ T, (1)

where p(t) is a log asset price, W (t) is a standard Brownian motion, q(t) is a counting process,

possibly a non-homogenous Poisson process, independent of W (t), and κ(t) (= p(t) − p(t−)) is

the jump size. The Brownian motion, W (t), jump sizes, κ(t), and the counting process, q(t), are

independent of each other. In the absence of jumps, the drift µ(t) and instantaneous volatility

σ(t) are such that the underlying data generating process is an Itô process with continuous sample

paths. The drift and diffusion coefficients may not change dramatically over short periods of time.
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The intuition behind the jump test proposed simultaneously by Andersen et al. (2007c) and

Lee and Mykland (2008) is straightforward: In the absence of jumps, instantaneous returns are

increments of Brownian motion. Standardized returns that are too large to plausibly come from

a standard Brownian motion must reflect jumps.1 More formally, assume we have T days of

b1/∆c ≡ M equally-spaced intraday returns and denote the i-th return of day t by rt,i ≡ p(t +

i∆)− p(t + (i− 1)∆), where i = 1, . . . , M . Andersen et al. (2007c) and Lee and Mykland (2008)

propose the following test statistic for jumps in rt,i:

Jt,i ≡ | rt,i |
σt,i

. (2)

One must estimate the unobserved volatility, σt,i, with a robust-to-jumps estimator. Barndorff-

Nielsen and Shephard (2004, 2006a) show that, under weak conditions, realized bipower variation

(RBV) converges to integrated volatility under the model described by Equation (1).

plim
∆→0

RBVt(∆) =
∫ t

t−1

σ2(s)ds, (3)

where

RBVt(∆) ≡ µ−2
1

M∑

i=2

|rt,i||rt,i−1|, (4)

with µ1 ≡
√

2/π ' 0.79788.

Consequently, Andersen et al. (2007c) and Lee and Mykland (2008) propose estimating σ2
t,i as

the average of the RBV computed over a local window of K observations preceding period t, i.

They both explicitly assume that the spot volatility is approximately constant over that window.

There is a clear tradeoff in choosing the window size K: K must be large enough to accurately

estimate integrated volatility but small enough for variance to be approximately constant. For

returns sampled at frequencies of 60, 30, 15, and 5 minutes, Lee and Mykland (2008) recommend

using K = 78, 110, 156 and 270 observations, respectively.

Under the null of no jumps, the test statistic, Jt,i, follows the same distribution as the absolute

value of a standard normal variable. Lee and Mykland (2008) propose inferring jumps from the

distribution of the statistic’s maximum over the sample size. Under the null of no jumps in t, i−1

to t, i, then, as ∆ → 0, the sample maximum of the absolute value of a standard normal (i.e. Jt,i

in (2)) converges to a Gumbel distribution. We reject the null of no jump if

Jt,i > G−1(1− α)Sn + Cn, (5)

where G−1(1 − α) is the 1 − α quantile function of the standard Gumbel distribution, Cn =

(2 log n)0.5 − log(π)+log(log n)
2(2 log n)0.5 and Sn = 1

(2 log n)0.5 , n being the total number of observations (i.e,

M × T ). With a significance level of α = 0.1, we reject the null of no jump if Jt,i > Snβ∗ + Cn

with β∗ such that exp(−e−β∗) = 1−α = 0.9, i.e. β∗ = −log(−log(0.9)) = 2.25. This conservative

procedure can be expected to find only α spurious jumps in a given sample of n observations.
1The drift is nearly zero and can be ignored in practice.
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2.2 The instantaneous volatility periodicity problem

Many financial time series display deterministic periodic variation within a day or a week (An-

dersen and Bollerslev, 1997). Estimating volatility using RBV rolling windows inappropriately

smooths these periodic patterns, because such an estimator is necessarily slowly time varying.

Boudt et al. (2008) show that such cyclical patterns might induce the Jt,i statistic to spuriously

detect jumps. To correctly infer jumps, we must estimate and remove this deterministic periodicity

with a robust-to-jumps volatility estimator.

Following Boudt et al. (2008), we assume that instantaneous volatility in Equation (1) is the

product of a slowly varying component, δ(t), and a deterministic circadian component, f(t).

σ(t) = δ(t)f(t). (6)

We assume, without loss of generality, this deterministic variance process integrates to one on a

daily basis, ∫ t

t−1

f2(s)ds = 1, (7)

and standardize the estimates of intraday periodicity in volatility accordingly.

Boudt et al. (2008) propose modifying the jump statistic to account for the circadian component

in volatility, i.e.,

FiltJt,i ≡ | rt,i |
δt,ift,i

, (8)

where δt,i is estimated as the average of the RBV over the K observations preceding rt,i and ft,i, the

circadian component, with Boudt et al. (2008)’s modification to Taylor and Xu (1997)’s estimator.

This estimation scheme omits returns that might contain jumps to avoid biased estimates of the

periodicity. Appendix A-1 describes the periodicity filters.

The pattern of intraday periodicity in volatility varies over time, enough to affect the jump

estimation. So we reestimate it for each year, which provides a reasonable trade-off between

permitting time variation and accurate estimation. For brevity, we do not describe the estimated

volatility periodicity in this paper, but they are available upon request.

In the remainder of the text, Jumpt,i denotes significant jumps based on the jump statistics

given in Equation (8). It equals the tested return rt,i when there is a significant jump (i.e.

FiltJt,i > G−1(1− α)Sn + Cn) and it equals 0 otherwise, i.e.,

Jumpt,i ≡ rt,i × I(FiltJt,i −G−1(1− α)Sn − Cn), (9)

where I(.) is the indicator function for a positive argument. Because we use the conservative Lee

and Mykland (2008) procedure that is expected to find only α spurious jumps in the whole sample,

we evaluate jumps with a significance level of α = 0.1.
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3 Jumps and cojumps

This subsection characterizes the jumping and cojumping behavior of 8 financial assets from 3 asset

classes: four dollar exchange rates, denoted USD/EUR, USD/GBP, JPY/USD, and CHF/USD,

respectively, three stock index futures, Nasdaq, Dow Jones, S&P 500, denoted as ND, DJ, and SP,

respectively, and 30-year U.S. Treasury bond futures, denoted as US.

3.1 The Data

Table 1 summarizes the source, timing and sample lengths of the asset return series and Appendix

A-2 further details these data. The sample lengths vary across assets, from 18 years for the

exchange rates to about 6.5 to 7 years for bond and equity futures.2 We consider 24-hour trading

for exchange rates and approximately business hours for the bond and equity data: 8:30 to 15:00

or 16:15.3 The Nasdaq and S&P 500 data include limited electronic trading, which enables these

data to start at 8:30, the same starting time as the U.S. bonds and Dow Jones futures.4 In choosing

the trading hours, we sought to obtain the longest spans of data, the longest daily trading hours

with liquid trading and similar trading hours within the bond and stock classes.

We use a sampling frequency of 15 minutes for all data. Our own unreported simulation results

and those in Lee and Mykland (2008) show that the jump test has good power at the 15-minute

frequency. Volatility signature plots —omitted for brevity— and results from the literature lead

us to think that 15-minute returns are free of microstructure noise.

3.2 Jump sources and relation to fundamentals

The sources of news and relation of asset prices to fundamentals help us understand jump char-

acteristics across markets. There are at least three sources of jumps: 1) Our set of U.S. news

releases; 2) other news, not in our set, including foreign releases; and 3) idiosyncratic liquidity

shocks from traders moving into and out of markets, perhaps revealing private information. Liq-

uidity shocks are much more likely during periods of slow trading—as might be experienced on

the 24-hour-a-day forex markets—and are likely to be specific to one market.

Different functions of fundamentals drive exchange rates, stocks and bond prices. Exchange

rates reflect the discounted stream of expected relative fundamentals between the two currencies.
2We splice USD/DEM returns with USD/EUR returns on January 1, 1999, and call the resulting series the

USD/EUR for simplicity.
3Exchange rates display known features: low volatility during Tokyo lunch at about 22:00 EST (3:00 GMT),

higher volatility during the London segment starting at about 1:00 EST (6:00 GMT), and the highest variation

during the London - New-York overlap, from 7:00 to 10:00 EST (12:00 to 15:00 GMT) (Andersen and Bollerslev

1998). The Nasdaq and S&P series display relatively low volatility during the E-platform trading, prior to 9:30

EST, and a U-shaped pattern of higher volatility during pit trading. The Dow Jones and U.S. T-bonds futures

series also display U-shaped patterns during pit trading.
4We note that U.S. bonds and Dow Jones futures trade at the CBOT from 8:20 EST on. We sampled from 8:30

for ease of comparison with other series.
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Equity prices reflect the discounted stream of expected future dividends in the domestic currency;

bond prices reflect only the domestic discount factor. The fact that asset prices reflect changes in

fundamentals in different ways will affect their jump characteristics.

3.3 Jump size and frequency

Figure 1 provides a bird’s eye view on the time series of identified jumps, illustrating that jumping

behavior varies by asset class. For example, the volatile ND futures exhibit fewer but larger jumps

than exchange rates. Comparing jumps between markets, the size of detected jumps must be

positively related to the underlying volatility of the market because jump detection procedures

can only find jumps that are larger than the diffusion volatility, for a given data frequency. More

volatile markets will tend to have larger jumps.

The P (jumpday) statistics in the second horizontal panel of Table 2 show that stock indices

and bond futures exhibit fewer jump days than on dollar exchange rates. US bonds and stock

index futures jump on 6.62 to 8.43 % of sample days, while dollar exchange rates—with 24 hours

of data per day—jump on about 25% of sample days. While foreign exchange rates jump on 3

or 4 times as many days as stock and bond markets, the 24-hour forex market also has about 3

times as many trading hours in the day. Per observation, foreign exchange markets jump about

50 percent more often than the SP or DJ markets but about as often as the very volatile ND or

US Treasury bond futures (P (jump)). The Treasury bond futures market (column 4, US) also

jumps frequently. It exhibits more jumps per observation (P (jump) = 0.37%) than three of the

four exchange rates but the exchange rates exhibit more jump days.

Table 2 shows that stock indices and bond futures exhibit relatively large jumps, which average

between 0.51 and 1.61%, in absolute value (E(|jumpsize| |jump)). Exchange rates jumps are

smaller, averaging between 0.27 and 0.36%, in absolute value. The coefficients of variation
(

σ
µ

)

for absolute jumps are similar across assets, ranging from 63 percent for the SP to 74 percent for

the DJ.

Exchange rates experience more frequent jump days than stock or bond markets because they

are subject to news from two countries, not just one, and probably because they experience

more idiosyncratic liquidity shocks during slow trading in the 24-hour markets. Commonality in

international business cycles (see Kose, Otrok and Whiteman, 2003, 2008) means that a shock to

a U.S. or foreign fundamental will change the expected value of the relative fundamentals much

less than the individual variable. And idiosyncratic liquidity shocks will tend to produce relatively

small jumps. Thus, exchange rates will experience small but frequent jumps.

Equity prices depend on the expected discounted stream of future dividends while bond prices

depend on the discount factor. That is, U.S. macro surprises—not relative surprises—matter for

equities and bonds and their jumps tend to be larger than forex jumps, even relative to their

larger return volatility. Mean bond, stock and forex jumps are about 5, 4 and 3 percent of their

annual volatilities, respectively. Researchers have speculated that bond prices exhibit large jumps
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in response to news because bond prices depend only on the discount factor, while offsetting

news effects on the discount rate and expected dividends might dampen the size of equity jumps,

weakening the relation of macro surprises to equity jumps (Ederington and Lee, 1993; Fleming

and Remolona, 1997, 1999). For example, a positive GDP shock will tend to increase dividend

forecasts but it will also tend to raise expected interest rates. These effects will tend to offset each

other in equity prices. We will show later that some of the bond market’s jump frequency is due

to its sensitivity to news.

3.4 Symmetry in jump frequency

Is there asymmetry in positive and negative jump frequency? While we analyze jumps rather

than returns, previous theoretical and empirical results on returns suggest that markets respond

more to negative surprises in good times.5 Because surprises are mean zero and most of our

sample covers expansions, we might expect more significant negative jumps, at least for bonds

and equities.6 The justification for asymmetry is less clear in other markets.

The last two rows of Table 2 show that forex markets show no evidence of consistent or sizable

asymmetry, although the USD/EUR shows a modest—but statistically significant—preponderance

of positive jumps.7 Equity markets tend to show more negative jumps but the disparity is not

statistically significant. Bond markets do display significant asymmetry, however: More than 58

percent of all bond jumps are negative and this figure is statistically significantly different than

50 percent.

Why are bond market jumps asymmetric? Figure 1 suggests that many of the negative bond

price jumps came in late 1998 and the first half of 1999, during which 30-year Treasury bond yields

rose from about 5 percent to 6 percent. About 75 percent of bond jumps were negative from July

1998 through June 1999, and one fails to reject bond jump symmetry in the whole sample without

these observations. What happened during late 1998 and 1999? The Russian default in August

1998 led investors to seek safe returns, pushing up U.S. long bond prices considerably from July

1, 1998 to about October 1, 1998. For the next 15 months, long yields rose about 2 percentage

points and bond futures prices fell substantially. This recovery from the flight-to-safety generated

inordinately many negative jumps in bond futures prices.
5The literature has suggested both behavioral and rational expectations explanations for such asymmetric re-

sponses. Barberis, Shleifer and Vishny (1998) offer a behavioral approach, while Veronesi (1999) provides a rational

expectations model. Moreover, practitioners commonly accept that markets strongly respond to bad news in good

times, as Conrad, Bradford and Landsman (2002) and Andersen, Bollerslev, Diebold and Vega (2003) explain.
6NBER business cycle dating identifies only two periods covering about 18 months (July 1990 to March 1991

and March-to-November 2001) as contractions. These recession periods are only a small fraction of our longest

samples that cover about 18 years of data.
7A positive jump means a dollar depreciation for the USD/EUR and USD/GBP markets and a dollar appreciation

for the JPY/USD and CHF/USD.
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Table 2: Descriptive statistics on significant jumps using the FiltJ statistics

SP ND DJ US USD/EUR USD/GBP JPY/USD CHF/USD

# obs. 49135 49662 53909 40560 419616 423072 418272 424128

annualized std. dev. 18.15 35.84 17.81 8.99 11.38 10.20 12.06 12.15

# days 1585 1602 1739 1560 4371 4407 4357 4418

# jump days 105 135 116 130 1062 1184 1092 1143

P (jumpday) (%) 6.62 8.43 6.67 8.33 24.30 26.87 25.06 25.87

E(#jump|jumpday) 1.24 1.26 1.12 1.15 1.33 1.38 1.35 1.34

# jumps 130 170 130 149 1408 1636 1471 1531

P (jump) (%) 0.26 0.34 0.24 0.37 0.34 0.39 0.35 0.36

E(|jumpsize||jump) 0.89 1.61 0.74 0.51 0.32 0.27 0.36 0.30√
V ar(|jumpsize||jump) 0.56 1.22 0.55 0.35 0.23 0.18 0.25 0.20

# jumps > 0 59 84 57 62 744 802 701 745

P (jump > 0) (%) 0.12 0.17 0.11 0.15 0.18 0.19 0.17 0.18

E(jumpsize|jump > 0) 0.87 1.66 0.82 0.53 0.32 0.27 0.36 0.30√
V ar(jumpsize|jump > 0) 0.61 1.33 0.71 0.37 0.23 0.18 0.26 0.20

# jumps < 0 71 86 73 87 664 834 770 786

P (jump < 0) (%) 0.14 0.17 0.14 0.21 0.16 0.20 0.18 0.19

E(jumpsize|jump < 0) -0.90 -1.57 -0.68 -0.49 -0.33 -0.27 -0.36 -0.31√
V ar(jumpsize|jump < 0) 0.51 1.10 0.36 0.32 0.23 0.19 0.25 0.20

% of negative jumps 54.62 50.59 56.15 58.39 47.16 50.98 52.35 51.34

standard error 4.37 3.83 4.35 4.04 1.33 1.24 1.30 1.28

Note: The table displays, from top to bottom the number of sample points (#obs.), the annualized standard deviation of

intraday returns, the number of sample days (#days), the total number of jump days (# jump days, i.e. days with at

least one jump), the probability (in %) of a jump day (P(jump day)=100(# jump days / # days)), and the number of

jumps per jump day (E(# jumps|jump day)=# jumps/#jump days). We further give the total number jumps (#jumps),

their proportion (in %) over sample observations (P (jump) = 100(#jumps/#obs.)), as well as their absolute mean size

and standard deviation (E(|jumpsize||jump) and
√

V ar(|jumpsize||jump)). The next two panels split the jumps in two

sets: positive and negative jumps. Proportions (P (jump > 0) and P (jump < 0)), mean (E(jumpsize|jump > 0) and

E(jumpsize|jump < 0) ) and std. dev. (
√

V ar(jumpsize|jump > 0) and
√

V ar(jumpsize|jump < 0)) are reported,

as for the full set of jumps in absolute value. Finally, the last panel reports the percentage of jumps that are negative

(100#jumps<0
#jumps

) and the associated standard error (100
√

(1− #jumps<0
#jumps

)#jumps<0
#jumps

/#jumps). The chosen significance

level for jumps estimation is α = 0.1. The sampling frequency is 15 minutes. The sample period is given in Table 1.
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Table 3: Cojumps

# obs. # coj. P (coj) P (coj|jump) (%) # coj. P (news|coj)

(%) 1 2 3 4 match. news

ND - DJ 49600 20 0.04 11.76 16.53 - - 11 55.00

ND - SP 49135 46 0.09 27.54 35.38 - - 16 34.78

ND - US 40482 15 0.04 9.49 10.07 - - 11 73.33

DJ - SP 49073 22 0.04 18.97 16.92 - - 8 36.36

DJ - US 40508 9 0.02 9.09 6.04 - - 5 55.56

SP - US 40040 10 0.02 8.47 6.71 - - 7 70.00

ND - DJ - SP 49073 16 0.03 9.58 13.79 12.31 - 8 50.00

ND - DJ - US 40456 5 0.01 3.16 5.05 3.36 - 3 60.00

DJ - SP - US 40014 5 0.01 5.32 4.24 3.36 - 3 60.00

ND - SP - US 40040 9 0.02 5.81 7.63 6.04 - 6 66.67

ND - DJ - SP - US 40014 5 0.01 3.23 5.32 4.24 3.36 3 60.00

USD/EUR - USD/GBP 419424 313 0.07 22.28 19.25 - - 15 4.79

USD/EUR - JPY/USD 417792 214 0.05 15.24 14.58 - - 17 7.94

USD/EUR - CHF/USD 418848 531 0.13 37.74 35.21 - - 24 4.52

USD/GBP - JPY/USD 417984 134 0.03 8.26 9.11 - - 12 8.96

USD/GBP - CHF/USD 422304 266 0.06 16.29 17.45 - - 14 5.26

JPY/USD - CHF/USD 417504 172 0.04 11.69 11.46 - - 17 9.88

USD/EUR - USD/GBP - JPY/USD 417600 89 0.02 6.35 5.49 6.06 - 11 12.36

USD/GBP - JPY/USD - CHF/USD 417216 74 0.02 4.57 5.03 4.94 - 10 13.51

USD/EUR - USD/GBP - CHF/USD 418656 186 0.04 13.25 11.46 12.36 - 12 6.45

USD/EUR - JPY/USD - CHF/USD 417024 129 0.03 9.19 8.79 8.60 - 15 11.63

USD/EUR - USD/GBP - JPY/USD - CHF/USD 416832 62 0.01 4.43 3.83 4.22 4.14 9 14.52

USD/EUR - ND 46080 9 0.02 7.44 5.66 - - 3 33.33

USD/EUR - SP 45570 12 0.03 10.08 9.92 - - 3 25.00

USD/EUR - DJ 46050 9 0.02 7.44 8.04 - - 4 44.44

USD/EUR - US 39442 7 0.02 7.29 5.00 - - 1 14.29

Note: Cojumps are defined as an indicator variable equal to one when significant jumps (at α = 0.1, and a 15-minute

sampling frequency occur exactly at the same time on different markets. The table displays, the number of observations,

the number of cojumps, the cojump probability (P (coj), in %). Columns 5 to 8 (P (coj|jump) in %, numbered 1 to 4) report

the probability of a cojump on the considered markets, given a jump on the market designated by the number of the column

(1 to 4). This number refers to the order of the markets in which they appear on the first column. For example, the values

in the 5th and 6th columns of row 2 (ND-SP) indicate that 27.54% (35.38) of all jumps on the ND (SP) market are also

ND-SP cojumps. The last two columns report the number of cojumps matching exactly news arrival and the probability

of a type of news, given a cojump (P (news|coj)), respectively. The sample period is given by the common sample between

the considered assets.
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Table 4: Scheduled macroeconomic announcement

Announcement Variable Name Starting Date Time (EST) Freq.

Real Activity

Real GDP Advance GDPADV 4/27/1990 8:30 Q

Real GDP Preliminary GDPPRE 5/24/1990 8:30 Q

Real GDP Final GDPFIN 6/21/1990 8:30 Q

Employees on Non-farm Payrolls NFPAYROL 1/8/1986 8:30 M

Retail Sales RETSALES 2/11/1980 8:30 M

Industrial Production INDPROD 2/15/1980 9:15 M

Capacity Utilization CAPUTIL 4/18/1988 9:15 M

Consumer Credit CONSCRED 1/11/1996 15:00 M

Personal Income PERSINC 3/17/1981 8:30/10:00 M

Prices

Producer Price Index PPI 1/10/1986 8:30 M

Consumer Price Index CPI 1/22/1986 8:30 M

Investment

Durable Good Orders DURABLE 1/24/1986 8:30 M

Business Inventories BINVENT 3/14/1988 8:30/10:00 M

Construction Spending CNSTRSPEND 4/1/1988 10:00 M

New Orders at Factories ORDERFACT 3/30/1988 10:00 M

Consumption

Personal Consumption Expenditures PCE 7/17/1985 8:30/10:00 M

New Home Sales HOMESALES 3/29/1988 10:00 M

Net Exports

Trade Balance TRADEBAL 1/30/1986 8:30 M

Government Deficit

Government Fiscal Surplus - Deficit GVFISCDEF 2/22/1988 14:00 M

Forward Looking

Manufacturing Composite Index MFGIND 2/1/1990 10:00 M

Housing Starts HOUSING 1/17/1986 8:30 M

Consumer Confidence CONSCONF 7/30/1991 10:00 M

Index of Leading Economic Indicators LEADINGI 1/30/1986 8:30 M

FOMC

Federal Funds Target FFRTARGET 9/21/1994 14:15 6-weeks
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Table 5: Further descriptive statistics on jumps

SP ND DJ US USD
EUR

USD
GBP

JP Y
USD

CHF
USD

# days 1585 1602 1739 1560 3668 3675 3660 3670

# obs. 49135 49662 53909 40560 352128 352800 351360 352320

P(news) (%) 2.53 2.53 2.52 2.84 0.78 0.78 0.78 0.78

# news days 991 1004 1085 934 2213 2219 2208 2216

# jumps 130 170 130 149 1136 1330 1190 1200

Aggregated news

# jump-news match 38 46 42 48 35 40 30 50

P (jump|news) (%) 3.06 3.66 3.09 4.17 1.28 1.46 1.10 1.82

(0.49) (0.53) (0.47) (0.59) (0.21) (0.23) (0.2) (0.26)

P (news|jump) (%) 29.23 27.06 32.31 32.21 3.08 3.01 2.52 4.17

(3.99) (3.41) (4.1) (3.83) (0.51) (0.47) (0.45) (0.58)

P(jump,news) (%) 0.077 0.093 0.078 0.118 0.010 0.011 0.009 0.014

(0.013) (0.014) (0.012) (0.017) (0.002) (0.002) (0.002) (0.002)

Disaggregated news - P (jump|news) (%)

PPI 3.90 3.90 3.57 1.33 0.00 1.14 1.14 0.57

(2.21) (2.21) (2.02) (1.32) (0) (0.8) (0.8) (0.57)

CPI 6.58 5.13 5.95 7.79 0.57 0.00 0.57 0.57

(2.84) (2.5) (2.58) (3.05) (0.57) (0) (0.57) (0.57)

NFPAYROL 12.00 23.38 9.52 14.47 5.20 0.00 1.73 5.20

(3.75) (4.82) (3.2) (4.04) (1.69) (0) (0.99) (1.69)

TRADEBAL 1.30 2.56 1.18 1.30 0.56 1.13 1.13 0.56

(1.29) (1.79) (1.17) (1.29) (0.56) (0.79) (0.79) (0.56)

GDPADV 16.00 16.00 18.52 0.00 0.00 1.82 0.00 0.00

(7.33) (7.33) (7.48) (0) (0) (1.8) (0) (0)

GDPPRE 0.00 0.00 3.70 4.17 1.85 0.00 1.85 1.85

(0) (0) (3.63) (4.08) (1.83) (0) (1.83) (1.83)

RETSALES 4.23 12.68 6.41 7.25 0.62 0.00 0.00 0.62

(2.39) (3.95) (2.77) (3.12) (0.62) (0) (0) (0.62)

FFRTARGET 5.41 7.89 7.89 39.47 22.03 30.00 8.47 33.33

(3.72) (4.37) (4.37) (7.93) (5.4) (5.92) (3.63) (6.09)

Other 1.87 0.81 1.60 1.95 0.59 0.86 0.81 0.86

(0.46) (0.3) (0.41) (0.5) (0.18) (0.21) (0.21) (0.21)

Disaggregated news - P (news|jump) (%)

PPI 2.31 1.76 2.31 0.67 0.00 0.15 0.17 0.08

(1.32) (1.01) (1.32) (0.67) (0) (0.11) (0.12) (0.08)

CPI 3.85 2.35 3.85 4.03 0.09 0.00 0.08 0.08

(1.69) (1.16) (1.69) (1.61) (0.09) (0) (0.08) (0.08)

NFPAYROL 6.92 10.59 6.15 7.38 0.79 0.00 0.25 0.75

(2.23) (2.36) (2.11) (2.14) (0.26) (0) (0.15) (0.25)

TRADEBAL 0.77 1.18 0.77 0.67 0.09 0.15 0.17 0.08

(0.77) (0.83) (0.77) (0.67) (0.09) (0.11) (0.12) (0.08)

GDPADV 3.08 2.35 3.85 0.00 0.00 0.08 0.00 0.00

(1.51) (1.16) (1.69) (0) (0) (0.08) (0) (0)

GDPPRE 0.00 0.00 0.77 0.67 0.09 0.00 0.08 0.08

(0) (0) (0.77) (0.67) (0.09) (0) (0.08) (0.08)

RETSALES 2.31 5.29 3.85 3.36 0.09 0.00 0.00 0.08

(1.32) (1.72) (1.69) (1.48) (0.09) (0) (0) (0.08)

FFRTARGET 1.54 1.76 2.31 10.07 1.14 1.35 0.42 1.67

(1.08) (1.01) (1.32) (2.47) (0.32) (0.32) (0.19) (0.37)

Other 12.31 4.12 11.54 10.07 0.97 1.20 1.26 1.33

(2.88) (1.52) (2.8) (2.47) (0.29) (0.3) (0.32) (0.33)

Note: The table gives the matching between announcements and jumps computed at a 15-minutes fre-

quency with significance level α = 0.1. The table’s upper panel shows, from top to bottom, the number

of sample days (# days), the number of observations (# obs.), the probability (in %) of an announce-

ment (i.e. the probability that at least one announcement occurs in an intra-day interval), the number

of announcement days and the number of jumps (# news days and # jumps). Next panel (Aggregated

news) shows the number of jumps occurring within one hour after announcement arrival (# Jump-news

match), the probability (in %) of a jump given a release (P (jump|news) = 100(# Jump-news match /

# news)), the probability (in %) of an announcement given a jump (P (news|jump) = 100(# Jump-news

match / # jumps)), the probability (in %) of an announcement and a jump (P (jump, news) = 100(#

Jump-news match / # obs.)). Jump-news matches are very similar with a half-hour window. In the

second panel, reported quantities are based on a news indicator equal to one when at least one of our

sample announcement occurs, and 0 otherwise. The last two panels (Disaggregated news, P (jump|news)

and P (news|jump)) split previous panel (Aggregated news) information. They provide detailed results

for most important news and displays P (jump|news) and P (news|jump) in percent. The last line of

the “disaggregated panels” (called “Other”) is based on a news indicator equal to one when one of our

sample announcement occurs, excluding those detailed above in the corresponding panel. The exchange

rate samples start in January 1990. The other series samples period is given in Table 1.
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Figure 1: Time series of significant jumps
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Note: The figure illustrates significant jumps based on the FiltJt,i statistics given in Equation (8).

The significance level is α = 0.1 and the sampling frequency is 15 minutes. The X-axis displays

time in years, while the Y-axis displays identified jumps (in %), i.e. the variable Jumpt,i given in

Equation (9). The sample period is given in Table 1.
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Figure 2: Count of significant jump occurrences and mean of absolute jumps conditional on the

intraday period
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Note: the X-axis represents intraday time (U.S. eastern time). The left side Y-axis displays the

number of significant jumps (α = 0.1), while the right side Y-axis displays the mean of absolute

values of significant jumps. Solid lines denote the number of jumps and dashed lines denote mean

jump size. Vertical lines denote the interval containing 8:30, the time of most news arrival. The

sample period is given in Table 1.
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Figure 3: Cojump occurrences per intra-day period
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Note: The graphs display the cojump count (α = 0.1) for different exchange rates combinations.

The X-axis displays intraday periods over 24 hours in EST time. The sample period is given in

Table 1.
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