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1 Introduction

Asset prices are a¤ected by revisions in expectations about changing economic conditions

driven by macroeconomic news, such as output, employment and in�ation surprises. Be-

cause the objectives of monetary policy are expressed in terms of the same macroeconomic

variables, the response of the stock market to macroeconomic news is linked to market as-

sessments of future Fed actions and/or future states of the economy. In this context, it

remains an intriguing question the empirical distinction of the link between market beliefs

and the mechanisms through which macroeconomic information enters the price process.

The impacts of macroeconomic news on asset prices have been analyzed under two main

approaches. The most common, known as the �asset pricing approach�, is based on sym-

metric information. This approach supports the view that public information is fully and

nearly instantaneously incorporated into prices since all agents observe the same piece of in-

formation, and interpret any asset pricing implication the same way. Therefore, the implied

mechanism suggests that asset prices jump to their new equilibrium values nearly immedi-

ately after an announcement is released.1 The second approach has been less explored. It is

based on asymmetric information, which is associated with heterogeneous interpretation of

public announcements. The asymmetric information approach points out that although real

time macroeconomic information is publicly observed, economic agents might di¤er in their

interpretations of the relevance of speci�c news for asset prices. This approach recognizes

that some agents might have better models or superior information with which they can

make more accurate predictions of the economy than the rest of the agents. As a result, the

price impact of a macroeconomic surprise might not be instantaneous, but rather it might

take some time for the market to aggregate heterogeneous beliefs and learn about the �true�

1A nearly instantaneous adjustment in prices can be interpreted as a case where information a¤ects prices
with little or no trading activity, and the fundamental price impact is fully revealed at most a few minutes
(or seconds) after the announcement.
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price impact of the economic news. The microstructure literature suggests the mechanism in

which this learning process occurs is through trading. Therefore, the price formation process

is sensitive to the underlying information structure.

Homogeneous assessments imply di¤erent reactions than heterogeneous revisions. How-

ever, the empirical literature on announcement e¤ects has mostly ignored asymmetric infor-

mation e¤ects, and the two approaches described above have largely followed two separate

lines of research. Combining the two underlying mechanisms is crucial for a complete un-

derstanding of news e¤ects in �nancial markets. Micro e¤ects of macro announcements are

only partially understood if one does not take into account relevant issues, such as hetero-

geneity of beliefs, the process of aggregating heterogeneous information, and news e¤ects on

revisions of expectations about long run states of the economy.

In the present paper, I contribute to reduce the gap between these lines of research by

combining key elements of the two approaches in a structural microstructure model. Speci�-

cally, the goal of this paper is to jointly explore these two mechanisms to evaluate the extent

to which heterogeneity in the market assessment of public fundamental information explains

the stock market responses to such information. I do so by including two distinct compo-

nents in the fundamental price. The �rst component is consistent with the standard �asset

pricing view� and describes instantaneous responses (jumps) of the fundamental price to

macroeconomic news, while the second component accounts for possible asymmetric infor-

mation (measured by permanent order �ow price impacts) on �announcement�days due to

aggregation of heterogeneous private information, or heterogeneous interpretation of public

information.

The e¤ects of macroeconomic surprises on asset prices have been analyzed in a num-

ber of recent empirical studies. Most of these papers consider the symmetric information

view. Based on di¤erent data sets and data frequencies, some of these studies address the
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conditional mean e¤ects of macroeconomic news using event-study analyses. For instance,

Bernanke and Kuttner (2003) and Boyd, Jagannathan, and Hu (2005) analyze the stock

market; Balduzzi, Elton, and Green (2001) and Fleming and Remolona (1999) study the

bond market; and Andersen, Bollerslev, Diebold, and Vega (2003) analyze exchange rates.

Other studies examine news e¤ects on market volatility. For example, Flannery and Pro-

topapadakis (2002) and Bom�m (2003) study stock returns; Andersen and Bollerslev (1998)

analyze exchange rates; Li and Engle (1998) and Jones, Lamont, and Lumsdaine (1998) ex-

amine bonds. News e¤ects at a multi-market level are investigated in Andersen, Bollerslev,

Diebold, and Vega (2004) and Faust, Rogers, Wand, and Wright (2003).

The less explored approach of asymmetric information, under a microstructure frame-

work, has most of its theoretical foundations in the seminal papers of Kyle (1985), and

Glosten and Milgrom (1985). Heterogeneous responses to public announcements are theoret-

ically discussed in Kim and Verrecchia (1991a) and Kim and Verrecchia (1991b). Empirical

studies accounting for asymmetric information (order �ow) e¤ects in asset prices linked to

public announcements include Evans and Lyons (2004) (for exchange rates) and Brandt and

Kavajecz (2004) (for yields).

Like Andersen, Bollerslev, Diebold, and Vega (2004), this paper analyzes simultaneous

reactions of prices to macroeconomic news in several markets. However, I go beyond their

analysis by introducing an asymmetric information component described in terms of price

impacts of the order �ow on announcement days. Indeed, I estimate a structural microstruc-

ture model that captures jointly instantaneous news e¤ects and permanent order �ow e¤ects,

which might have some nontrivial implications for �observed�volatility and market liquid-

ity. In my empirical analysis, I use daily observations to proxy microstructure measures.

Speci�cally, following the Markov chain Monte Carlo (MCMC) approach for microstruc-

ture models with unobserved latent variables suggested in Hasbrouck (2004) and Hasbrouck
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(2005), I estimate the microstructure parameters from closing prices and trading volume.2

I extend the Hasbrouck model by introducing news e¤ects on the fundamental (unobserved

e¢ cient) price and average di¤erential e¤ects of order �ows on announcement regimes versus

the non-announcement regime. In addition, I use evidence from other �nancial markets as

a robustness analysis. Speci�cally, I analyze to what extent the interest rate component,

or other primitive components, such as growth rate expectations and risk premia, explain

reactions to news in the stock market.

My empirical analysis estimates the e¤ect on the stock market of 19 macroeconomic an-

nouncements. In line with the empirical literature, the results suggest instantaneous news

e¤ects are important for macroeconomic variables related to real activity, investment, in�a-

tion, and monetary policy. In addition, my results support the presence of both instantaneous

news impacts and order �ow e¤ects on employment announcement days. My theoretical mo-

tivation and features of observed trading volume suggest that the combination of asymmetric

information with either increases in the volatility of the fundamental price or decreases in the

precision of the price implication of the news, are likely reasons for explaining the increment

in the asymmetric information component on employment announcement days.

My multi-market analysis suggests that this increase in asymmetric information in the

stock market is driven by the interest rate component. In fact, I �nd evidence of excess sensi-

tivity of long term interest rates to employment news in terms of both news e¤ects and order

�ow e¤ects. This complements the results of Gurkaynak, Sack, and Swanson (2003) in the

sense that, not only do private agents revise their expectations of future Fed policies and/or

long run states of the economy, but also their revisions might be heterogeneous. Therefore,

the asymmetric information e¤ect comes from uncertainty about long term interest rates due

to heterogeneous assessments of future Fed responses to employment shocks. This argument

2The main motivation for implementing Bayesian MCMC methods in these cases is the analytical and
computational convenience in dealing with the unobserved trade direction.
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is also consistent with the two theoretical reasons discussed above: decreases in the precision

of asset price implications of employment news and increases in stock market volatility when

employment information arrives.

These results are important for several reasons. On a fundamental level, they contribute

to a better understanding of the link between macroeconomic information and the price

formation process, which is one of the main functions of �nancial markets. In addition, the

implications for returns, volatility and liquidity are of great relevance not only for portfolio

and risk management decisions of market participants, but also for policy decisions, such as

government and central bank policies, concerning �nancial system stability. Indeed, practi-

tioners and policy makers can bene�t from new methods for measuring impacts of output

and in�ation shocks in �nancial markets. Moreover, the analysis of both mechanisms permits

us to evaluate the heterogeneity in the market assessment of economic news and future Fed

policies, and provides a more general view of the information structure in �nancial markets.

This paper is organized as follows. Section 2 presents a theoretical review of the asset

pricing approach and a microstructure theoretical framework in the context of public macro-

economic announcements. Section 3 describes the data. Section 4 presents the structural

model and the econometric estimation strategy. Section 5 reports my empirical �ndings.

Section 6 presents a robustness analysis based on information from other �nancial markets,

and Section 7 concludes.

2 Theoretical Economic Framework

2.1 Macroeconomic Information and the Asset Pricing Approach

In this subsection, I provide intuition on how macroeconomic fundamental variables a¤ect

asset prices under a standard rational expectations equilibrium framework consistent with a
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structure in which the interpretation of macroeconomic news is common knowledge. Follow-

ing the standard consumption-based model with nominal prices, I obtain the familiar pricing

equation:

mt = Et

��
�
u0(ct+1)

u0(ct)

�t
�t+1

�
xt+1

�
= Et [�t+1xt+1] ; (1)

where mt represents the fundamental security price, u0(ct) denotes the marginal utility of

consumption ct; � denotes the nominal price level (CPI), � is the discount rate, and xt+1

represents the future payo¤ (dividends and principal). Under constant relative risk aversion

(CRRA) utility with parameter 
 > 0; and taking the equilibrium condition ct+1 = xt+1; the

stochastic discount factor takes the form:

�t+1 = �

�
xt+1
xt

��

�t
�t+1

(2)

Moreover, equation (1) can be rewritten as follows:

mt = Et [�t+1]Et [xt+1] + covt (�t+1; xt+1) (3)

Equations (2) and (3) permit us to analyze the e¤ects of macroeconomic shocks on

the di¤erent components of the price. For instance, the expected value of the stochastic

discount factor, which sets the price of a zero-coupon bond and determines the risk-free

rate, decreases with positive output shocks, as well as with positive in�ation shocks.3 In

contrast, a positive output shock will increase the current expected payo¤ (rate of growth),

which is represented by Et [xt+1]. Therefore, the interest rate and the expected growth rate

components react to output (and in�ation) shocks in opposite directions. Moreover, the

reaction of the covariance term (risk premium) to macroeconomic shocks is also ambiguous.

This leaves the overall e¤ect of macroeconomic shocks on stock prices as an important

empirical question. Nevertheless, using data from other �nancial markets, such as bond

3The e¤ect of in�ation shocks on �t+1 is not sensitive to the assumption of power utility.
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markets, might give more insights in determining which e¤ect dominates.

2.2 A Microstructure Asymmetric Information Model

Under the risk-neutral probability measure, the fundamental asset price in equation (1)

satis�es the martingale property, and has a random walk representation. Moreover, even

with respect to the actual probability measure, the random walk representation works well

on a daily basis due to the little change in consumption and risk aversion at daily or higher

frequencies. Thus, under symmetric information and short term horizons, the fundamental

price follows a time-series process of the form:

mt = mt�1 + ut (4)

where ut re�ects innovations in the fundamental price over the interval (t� 1; t] due to the

arrival of public information, including macroeconomic announcements. Here, information

is instantaneously incorporated in the fundamental price.

Under asymmetric information, an additional component is added to the fundamental

price due to revisions in expectations of the market maker(s) conditional on either an order

arrival or the aggregated order �ow. Glosten and Milgrom (1985) and Kyle (1985) pro-

vide formal theoretical derivations of asymmetric information models in a context of insider

trading. However, in a context of public announcements, it is convenient to restate the

motivation. Indeed, after an announcement release, some trades might be based on supe-

rior information associated, for instance, with the presence of better informed agents who

are able to process public news in superior ways that lead to better predictions of the as-

set price impact of such news. Moreover, since this informed trading is based on private

models, heterogeneous assessments of the price implication of such public news among in-

formed traders present a natural scenario that describes how information asymmetry might
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arise when public announcements are released. As mentioned earlier, the situation of facing

informed trading hidden in standard liquidity demands creates an order �ow adverse selec-

tion problem for market makers, and motivates their revisions in expectations, which make

permanent the asymmetric information e¤ect on the fundamental price.4

Several speci�cations that include permanent e¤ects of orders on prices are available in

the literature. Hasbrouck (2005) presents one in which the fundamental (e¢ cient) price takes

the following form:

mt = mt�1 + 'Qt + "t; (5)

where t indexes equally-spaced intervals, and Qt is a measure of the cumulative signed order

�ow over the interval (t � 1; t]. For instance, if eqk is de�ned as an indicator of the trade
direction corresponding to the k trade, where it takes the value of 1 if a transaction was

initiated by a buyer (ask), and -1 if a transaction is initiated by a seller (bid), then Qt can

be de�ned as
NtP
k=1

eqk; where Nt represents the number of trades in the interval. Alternatively,
the order �ow can be proxied using signed trading volume. In this case, Qt can be replaced

in equation (5) by Vtqt; where Vt denotes the dollar trading volume (or a function of it), and

qt represents the sign of Qt.5 Therefore, equation (5) can be replaced by:

mt = mt�1 + 'Vtqt + "t (6)

The second term in equation (6) characterizes the asymmetric information (spread) com-

ponent as a function of the order sizes, which are approximated by a function of the volume

variable.6 Other related speci�cations also account for this size e¤ect. For instance, Glosten

4Appendix A provides a more formal economic intuition by analyzing asymmetric information e¤ects
when announcements are released. The theoretical framework is based on an extension of Kyle (1985) in a
simple one-period context. In this extension, I accommodate multiple informed traders who receive noisy
signals about the price impact of a piece of news.

5Hasbrouck (2005) interprets qt as the trade direction associated with the last trade of the corresponding
interval. This study also �nds similar results using either cumulative order �ow or signed volume.

6See Glosten and Harris (1987) and Hasbrouck (2004) for a complete representation of the components
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and Harris (1987) characterize the asymmetric information spread component as an a¢ ne

function of the order size. Theoretical motivation about why this component should increase

with the quantity traded can be found in Kyle (1985) and Easley and O�Hara (1987), in a

general context. In the particular context of public releases, Appendix A provides further

economic motivation and gives insights to explain possible changes in the marginal e¤ect of

order �ows.7 For instance, the marginal order �ow impact might increase when any of the

following situations occur: the variance of the fundamental price increases, the variance of

liquidity demands decreases, the precision of the signal that informed agents obtain about

the price implication of an economic news decreases (provided the number of informed agents

is su¢ ciently large), and the number of informed agents decreases (provided the number of

informed agents is su¢ ciently large).

3 Data

Jointly analyzing the �elds of market microstructure and asset pricing has proven di¢ cult.

Hasbrouck (2005) argues that these di¢ culties arise from di¤erences in the data samples

and frequencies favored by each area. Asset pricing models require data at daily or lower

frequencies due to various reasons, such as large sample requirements to estimate risk factors,

and the fact that daily data might be the highest frequency at which prices keep their con-

venient martingale properties. On the other hand, microstructure models require intradaily

trades and quotes data, which favors analyses of other important issues, such as intraday

price dynamics, price discovery, impacts of transaction costs, inventory e¤ects, among others;

however, the data samples are small (covering only recent periods), and they are di¢ cult

obtain, particularly in multi-market setups. These issues, combined with the importance

of the bid-ask spread.
7In Appendix A, I follow the familiar notation of Kyle (1985), where the parameter associated with the

asymmetric information (order �ow) e¤ect is denoted by � (instead of ').

10



of linking the asset pricing and microstructure areas, as well as the possibility of inferring

microstructure characteristics from daily data (as suggested by Hasbrouck), motivate the

use of daily data in the present study.

In particular, I use daily closing prices and trading volume data for the S&P 500 index,

obtained from the Center for Research in Security Prices (CRSP) database. I also use

futures daily closing prices and trading volume data for contracts associated with stocks,

exchange rates, and bonds at di¤erent maturities, obtained from Global Financial Data and

Datastream. Speci�cally, I consider the S&P 500, $US/Yen, US 5-Year Note and US 10-Year

Note futures contracts. My sample period covers from January 1992 through December 2003.

I analyze the e¤ect on asset prices of 19 macroeconomic announcements, classi�ed into

seven categories, namely real activity, investment, consumption, trade, price level, forward

looking, and monetary policy.8 The real activity group includes: industrial production, re-

tail sales, nonfarm payroll employment, unemployment rate, capacity utilization, personal

income, and consumer credit; the investment group includes: durable goods orders, con-

struction spending, and business inventories; the consumption group includes: new home

sales and personal consumption expenditures; the trade group is composed of the goods and

services trade balance; the price level group includes: the consumer price index and the pro-

ducer price index; the forward looking group includes: the index of leading indicators, the

National Association of Purchasing Managers (NAPM) index, and housing starts; and �nally,

the monetary policy category includes only the Federal Open Market Committee (FOMC)

announcements. Data on the corresponding macroeconomic releases are obtained from the

Bureau of Labor Statistics.9 Macroeconomic forecasts are obtained from the Money Market

Services (MMS) survey, which includes data from telephone surveys conducted normally one

8In this clasi�cation, we followed Andersen, Bollerslev, Diebold, and Vega (2004).
9These releases are usually made at 8:30 am on regularly scheduled announcement days by the U.S.

Department of Labor.
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week or less before any macroeconomic news release.10 Based on this information, a surprise

for release k on day t is calculated as follows:

Skt =
Ykt � bYkt
�k

(7)

where Ykt is the realization of variable k; bYkt is the corresponding median forecast, and �k is
the standard deviation of the forecast error.

Regarding monetary policy shocks, recent literature has pointed out that the federal

funds futures dominate all other instruments for predicting near-term changes in the federal

funds rate (FFR).11 Therefore, these instruments can be used to compute monetary policy

surprises surrounding FOMC announcements as follows:

Sit � it � Et�1it =
�

D

D � d�fft
�

(8)

where it denotes the federal funds rate, �fft is the change in the rate of the current month�s

futures contract, D represents the number of days in the month, and d indicates the day of

the month in which the FOMC meeting occurs.

4 Model Speci�cation and Econometric Approach

I extend the version of the augmented Roll (1984) model with trade e¤ects on the funda-

mental price presented in Hasbrouck (2004, 2005). Although this structural microstructure

framework has been motivated in the spirit of sequential trade models, the economic intuition

10This data was kindly provided by Informa Global Markets/MMS. Balduzzi, Elton, and Green (2001)
conclude that the MMS survey data is an accurate representation of the consensus expectation in the market.
Pearce and Roley (1985) �nd MMS forecasts unbiased and e¢ cient.
11See Gürkaynak, Sack and Swanson (2002, 2003), and Kuttner (2001) for further discussion.

12



of the strategic trade model presented in Appendix A remains valid, and the estimated asym-

metric information spread component, given by the order �ow parameters, can be related to

the \Kyle0s lambda" type parameter discussed in this appendix.12 The extensions included

here are the following. First, I introduce macroeconomic news e¤ects on the fundamental

price, which allows for jumps on announcement days. Second, I introduce di¤erentiated

(average) order �ow e¤ects on the fundamental price associated with di¤erent regimes linked

to announcement and non-announcement days. In this context, the model can be stated as

follows. Let the fundamental price in equation (6) take the following form:

mt = mt�1 + ('+ Ik;tak)Vtqt + ut; (9)

where qt 2 f1;�1g denotes the trade direction (1 if the t trade is a buy order, -1 if the

t trade is a sell order), qt � Bernoulli(1=2), Vt is a function of trading volume, and Ik;t

is an indicator of type-k announcement regime. As described in Section 2, Vtqt represents

signed volume as a proxy of order �ow. Moreover, the term ('+ Ik;tak)Vtqt characterizes the

asymmetric information spread component. In addition, ut re�ects new public information

as follows:

ut = "t + �Sk;t; (10)

where "t � iidN(0; �2"); and Sk;t represents the news variables (or a function of the news

variables) de�ned in equations (7) and (8). The permanent-transitory decomposition is

completed by specifying an equation for the observed (log) trade price:

pt = mt + cqt (11)

Although the original setup of this model refers to intradaily price dynamics, the model

12Back and Baruch (2004) �nd that the bid-ask spread in the Glosten and Milgrom (1985) model is
approximately twice the order size multiplied by the �Kyle�s lambda�when the order size is not too big.
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has the same form under time aggregation, as pointed out by Hasbrouck (2005). This allows

us to infer the microstructure parameters from estimation based on daily data. In terms of

interpretation of the structural model, parameters ' and ak characterize the order �ow ef-

fects associated with the asymmetric information aspects discussed in Section 2; parameter

�k measures the direct impact of (type-k) public news on the fundamental price, captur-

ing the fundamental news e¤ects discussed in the beginning of Section 2; and parameter

c characterizes the average spread as a measure of aggregated transaction costs (excluding

asymmetric information costs). Even though the goal of this study is not the analysis of these

transaction costs, as it is in the simplest version of the Roll�s model, I maintain the structural

form of the model and direct my attention to the asymmetric information parameters and

the news e¤ects.

Based on this setup, the returns and their properties can be associated with contempo-

raneous news e¤ects and market microstructure features. Indeed, from equations (9)-(11),

the model implies observed returns:

�pt = c�qt + ('+ Ik;tak)Vtqt + �kSk;t + "t; (12)

which leads to the following expression for the conditional variance, given some information

set �t�1.13

V ar (�ptj�t�1) = 2c2 + ('+ Ik;tak)
2E(volume2t j�t�1) + c('+ Ik;tak)E(volumetj�t�1)

+�2kV ar(Sk;tj�t�1) + �2" (13)

To estimate this model, I follow the Bayesian approach of Hasbrouck (2004), which

was motivated by the power of MCMC techniques for accommodating latent data. In this

13Recall that qt is assumed to be independent of Vt and E
�
q2t j�t

�
= 1:
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setup, the parameters of the model are included in � = fc; '; ak; �k; �2"g. The latent data

include the sequence of trade direction indicators q = fq1; q2; :::; qNg over the sample period.14

Given the assumptions described above, it is possible to directly sample iteratively from all

the complete conditional distributions, which makes the MCMC algorithm a Gibbs sampler.

The following steps describe the Gibbs sampler procedure I use to obtain a sequence of draws

from the unattainable desired posterior F (�; qj
) given a vector of initial values
�
�(0); q(0)

�
,

where 
 denotes the set of observed data, which includes closing prices, trading volume,

announcement indicators, and news variables.

Step 1 Draw �(1) from P
�
�jq(0);


�
Step 2 Draw q(1) from P

�
qj�(1);


�
Step 3 Continue in this fashion until generate a sequence of random variables

�
�(j); q(j)

	J
j=1

whose limiting distribution is the desired posterior.15

To fully describe the algorithm, the following proposition characterizes the conditional

distributions on steps 1 and 2.

Proposition 1 Consider the model and underlying assumptions described in equations (9)-

(11). Assuming normal/inverted gamma priors on � = f(c; '; ak; �k) ; �2"g ; then the condi-

tional posterior P (�jq;
) �MVN=IG; as in the standard Bayesian multivariate regression

model.

Moreover, the conditional posterior distribution for the latent trade direction at time t is

de�ned as follows:

14Although the sequence of e¢ cient prices m = fm1;m2; :::;mNg represents also a vector of unobserved
latent variables, the structural equation (11) pins down its values once q and c are known.
15The Ergodic Theorem for Markov Chains guarantees the convergence properties of this sequence. This

theorem holds under very mild regularity conditions that are satis�ed in the microstructure model considered
in this paper.
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P (qtjq�t;�;
) / �
�
M�
t ;
q

�2"
2

�
�

exp

8<:�(mt�1�mt+1+e'tVt+1qt+1+�Sk;t+1+e'tVtqt+�Sk;t)2
4�2"

9=;
exp

8<:�(mt�1�mt+1+e'tVt+1qt+1+�Sk;t+1+e'tVt+�Sk;t)2
4�2"

9=;+exp
8<:�(mt�1�mt+1+e'tVt+1qt+1+�Sk;t+1�e'tVt+�Sk;t)2

4�2"

9=;
;

where � denotes the normal pdf, q�t = fq1; q2; :::; qt�1; qt+1; :::; qNg ; M�
t =

1
2
(mt�1 + e'tVtqt +

�kSk;t +mt+1 � e't+1Vt+1qt+1 � �kSk;t+1); e't = ('+ Ik;tak) and m = p� cq:

The �rst part of Proposition 1 is straightforward from equation (12), which, once q is

known, �ts in the standard Bayesian multivariate regression framework where the result is

well known. The second part is developed in Appendix B. Proposition 1 is the basis of the

Gibbs steps that lead to the sample(s) from the joint posterior used for estimation of the

parameters and latent (state) variables in the structural microstructure model. Empirical

estimation results are discussed in the next section.

5 Estimation Results

I estimate the model described above considering an a¢ ne function of volume in the order

�ow term of equation (9).16 Thus, Vt = (1;trading volume at day t)0; ' = ('0; '1)
0;and ak =

(a0;k; a1;k)
0: Table 1 presents descriptive statistics for the S&P 500 trading volume on non-

announcement and announcement days.17 In addition, I consider asymmetric news e¤ects

by accounting for di¤erential e¤ects associated with positive and negative shocks. Therefore,

the model can be summarized from the speci�cations for fundamental and observed prices

16Glosten and Harris (1987) suggest a linear a¢ ne function of the number of traded shares to characterize
the order size e¤ect on the asymmetric information spread.
17The types of announcement days included in this table correspond to the announcements that show

signi�cant e¤ects for the index in my estimation results (see Table 2).
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in equations (9) and (11):

mt = mt�1 + ('+ Ik;tak)Vtqt + ut;

pt = mt + cqt

However, in lieu of equation (10), the following equation describes the public information

term:

ut = �1;kS
+
k;t + �2;kS

�
k;t + "t; (14)

where

S+k;t =

8><>: Sk;t

0

if Sk;t � 0

Otherwise

S�k;t =

8><>: jSk;tj

0

if Sk;t < 0

Otherwise
;

and therefore, equation (12) becomes:

�pt = c�qt + ('+ Ik;tak)Vtqt + �1;kS
+
k;t + �2;kS

�
k;t + "t (15)

Considering these modi�cations and applying Proposition 1, Table 2 presents estimation

results for the S&P500.18 As mentioned in Section 4, I focus on the interpretation of the

asymmetric information coe¢ cient vectors, ' and ak; and those corresponding to the direct

news impacts, �1;k and �2;k: For reasons of space, I present results only for the announce-

ments that show signi�cance on the coe¢ cients of interest. The results in columns (1) and

(2) show that news e¤ects are important for variables regarding real activity, such as non

farm employment payrolls, the unemployment index, and retail sales; investment, such as

18I also consider the possibility of structural breaks in the volatility of the e¢ cient price by applying the
group of tests presented in Andreou and Ghysels (2002). This procedure indicates two likely breaking points,
one corresponding to 10/24/1995 and the other to 3/26/1997.
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construction spending; prices, such as the consumer price index; and monetary policy, such

as the federal funds rate. In terms of output surprises in real activity and investment, the

e¤ects indicate that positive shocks decrease returns and negative shocks increase returns.

These results are in line with Andersen, Bollerslev, Diebold, and Vega (2004) and Boyd,

Jagannathan, and Hu (2005) given that most of the years included in the sample period

correspond to expansions, where bad news has a puzzling positive impact due to a dominant

discount rate e¤ect. In contrast, positive in�ation surprises show the expected negative e¤ect

in the stock index, and lower than expected interest rates show a positive impact.

In terms of asymmetric information e¤ects, although I �nd that the order �ow impact

is not signi�cant for most of the announcements, the analysis provides an interesting result

in terms of the economic content of employment news. Besides direct news e¤ects, I �nd

signi�cant order �ow e¤ects on employment announcement days. Results in columns (5)

and (8) of Table 2 show that the average e¤ect of order �ow on employment announcement

days almost duplicates the average e¤ect of about 0.35 basis points on non-announcement

days.19 Moreover, the size of the average (incremental) order �ow e¤ect suggests that the

asymmetric information component is of the same order of magnitude as the fundamental

news e¤ect on employment announcement days.

Notice also that the intercept coe¢ cient, a0;k; is driving the incremental asymmetric

information e¤ect on employment announcement days since the slope coe¢ cient, a1;k; is not

signi�cant. To illustrate this point, the �rst panel of Figure 1 shows the cumulative order

�ow e¤ect, '0 + '1volumet; for the full sample; the second panel shows the incremental

e¤ect on employment announcement days driven by the signi�cant intercept term; and the

third panel shows the total e¤ect on employment announcement days, where the cumulative

19Column (5) of Table 2 shows the average order �ow e¤ect on all days given the estimates of ' presented
in columns (3) and (5). Similarly, column (8) shows the average incremental order �ow e¤ect given the
estimates of ak presented in columns (6) and (7). The average e¤ect refers to the cumulative impact when
the term Vt in equation (12) is evaluated on the average trading volume.

18



e¤ect shifts upwards. In addition, Table 3 presents F-tests regarding the coe¢ cients on the

speci�cation with employment news. The �rst column suggests that all of the coe¢ cients in

the returns equation are jointly signi�cant; the tests in the second column reject the null of a

zero intercept coe¢ cient in the order �ow component; the tests in the third column con�rm

that the slope parameter is not driving the e¤ect; and the tests in the last column indicate

that the two employment order �ow coe¢ cients are jointly signi�cant.

These results suggest that employment information has particular characteristics that

make the mechanism through which it is incorporated into stock prices di¤erent. To un-

derstand the reason for the increase in the order �ow e¤ect on employment announcement

days, it is useful to review the motivation provided in Section 2 and Appendix A, where

increases in the level of asymmetric information could be associated with one (or a combina-

tion) of the following reasons: increases in the volatility of the fundamental price, decreases

in the volatility of liquidity demands, decreases in the precision of the signal for a su¢ ciently

large number of informed traders, or decreases in the number of these informed traders. In

the context of employment announcement days, some of these reasons seem less likely than

others. For instance, it would be di¢ cult to believe that on employment announcement

days there is a drop in the number of informed traders compared to days in which other

macroeconomic announcements are released. Such a case seems neither economically nor

empirically feasible. Regarding liquidity trading, Table 1 reports descriptive statistics of

the trading volume on employment and non-employment days. Neither the mean nor the

standard deviation are signi�cantly di¤erent on employment announcement days (see the

last two columns in Table 1). Indeed, based on the variance ratio test presented in Table 1,

I cannot reject the null hypothesis of equal variances on employment and non-employment

days. Thus, a drop in the volatility of liquidity demands on employment announcement days

also seems unlikely. Therefore, the most likely explanations are related to the informative

content of the news. In fact, a decrease in the precision of the interpretation of employment
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news implications for asset prices, and/or an increase in the volatility of the fundamental

price due to the information arrival process, are potential (interrelated) explanations for the

incremental order �ow impact observed on employment announcement days. Moreover, they

are in line with the argument that interpretation of public news might be heterogeneous due

to uncertainty about future policy decisions and economic conditions.

These empirical results might be conservative given the daily time aggregation considered

in the estimation of the structural model. The fact that most of the announcements are

released in the morning, combined with the use of closing prices and a structure that links

the order �ow component with the last trading activity of a day, indicate that the model

is capturing permanent e¤ects in stock prices several hours after the news arrival. Indeed,

an important part of the intradaily adjustments is missed with this time aggregation and,

therefore, my speci�cation might �nd di¢ culties in accounting for other permanent impacts

that might be reversed or smoothed during the day due to the arrival of other information.

If this is the case, the news e¤ects might be underestimated in my analysis.20

The asymmetric information e¤ects observed on employment announcement days are also

relevant to explain empirical patterns in conditional volatility. Equation (13) suggests that

employment announcement days present larger conditional volatility in terms of observed

returns due to the incremental asymmetric information e¤ect. This result is consistent with

recent empirical studies that provide evidence of larger stock market volatility on employment

announcement days; examples of such studies include Flannery and Protopapadakis (2002)

and Rangel (2004).

In the following section, I present a robustness analysis of my empirical results based on

a revision of reactions in other �nancial markets (futures markets), and I provide further

discussion of the economic intuition behind my �ndings for employment announcement days.
20An additional issue is how accurate are the daily proxies of microstructure features. Comparing daily

and intradaily estimates for individual stocks, Hasbrouck (2005) �nds correlations around .94 for transaction
costs and around .75 for price impacts of trades.
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6 Robustness: A Multi-market analysis

To con�rm the empirical evidence obtained in Section 5, I estimate the structural model

summarized in equation (15) using data on the S&P 500 futures contract. This is convenient

since using this data permits us to avoid possible concerns about the aggregation of trading

volume in the actual index. Table 4 presents descriptive statistics for the daily (dollar)

volume of the S&P 500 futures contract on announcement and non-announcement days.

Table 5 shows the estimation results for this market. The �rst two columns con�rm the

results obtained in the previous section in terms of fundamental news impacts. Indeed, sizes

and signs of the estimated e¤ects are fully consistent with those obtained for the actual

index (see Table 2). Moreover, columns (5) and (8) in Table 5 also con�rm the presence of

signi�cant incremental order �ow e¤ects on employment announcement days.21 Interestingly,

in this market the slope coe¢ cient, a1;k, is driving the e¤ect (see columns (6) and (7)). This

suggests that the order �ow impact is stronger in days with large levels of trading volume.

Figure 2 illustrates this point by showing the changes in slope between the cumulative

asymmetric information e¤ect (on all days) and the incremental asymmetric information

e¤ect (on employment announcement days). Despite the di¤erence in the structure of the

asymmetric information component showed in Figures 1 and 2, results from the futures

market reinforce the empirical �ndings discussed in the previous section.

To explore further the nature of the reactions in stock markets implied by the structural

speci�cation discussed in Section 4, I study reactions to macroeconomic news in other �-

nancial markets. For instance, an analysis of bond markets describes the behavior of the

interest rate component of asset prices. Moreover, it provides a barometer indicating the

market evaluation of future Fed actions when macroeconomic shocks occur. Similarly, for-

21Also, note that, in this market, days of FOMC meetings are also associated with a signi�cant increment
in the order �ow e¤ect. This new �nding might add more support to the argument that reactions in the stock
market are linked to revisions in expectations of private agents (that might be heterogeneous) in response
to Fed actions. Further discussion is presented at the end of this section.
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eign exchange markets can lend insight into the e¤ect of output shocks on expectations of

future growth.

An exploration of futures data on these markets suggests that taking into account the

seasonality in trading volume is important. Figure 3 presents the pattern of trading (dol-

lar) volume for the 5-Year and 10-Year US Treasury Note contracts. The evident seasonal

components are associated with the contract months, namely March, June, September, and

December. Given that changes in volume associated with this contract design do not stem

from informational asymmetries, I include an indicator variable for these contract months in

the order �ow term of equation (9), as follows22:

mt = mt�1 + ('+ 'cmIcm;t + akIk;t)Vtqt + ut; (16)

where Icm;t is an indicator of the contract months of the Treasury notes.23 In addition, I

perform tests for structural breaks in the variance of the fundamental price innovation in

the same fashion as in the previous section.24

Table 6 shows the estimation results for the two bond futures contracts, considering em-

ployment announcements.25 The �rst two columns indicate that instantaneous fundamental

news e¤ects are highly signi�cant, and they are consistent with the predictions of the asset

pricing view described in Section 2, under power utility. Thus, employment shocks related to

positive output shocks a¤ect bond prices negatively (or interest rates positively). In contrast,

22This speci�cation was also estimated for the case of the S&P 500 futures contract. No signi�cant changes
in the results were found.
23ut is described in equation (14), Vt = (1;volumet); and the order �ow coe¢ cients, ';'cm; and ak; are

2� 1 vectors.
24I �nd three breaks for each contract. One matches in both contracts and corresponds to 09/08/1998.

The other occurs in the same year and month, but at a di¤erent day: 12/29/2000 for 5-Year notes and
12/19/2000 for 10-Year notes. And the last one does not match: 08/02/96 for 5-Year notes and 08/03/95
for 10-Year notes. However, the results are not highly sensitive to accounting for these changing points,
particularly the breaks that do not match in both contracts.
25Results on the other 17 announcements are not presented in order to conserve space, but they are

available upon request.
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employment shocks associated with negative output shocks (like increases in the unemploy-

ment rate) impact bond prices positively (or interest rates negatively). More remarkable is

the �nding that order �ow e¤ects are also highly signi�cant for both contracts. In this case,

the intercept and slope coe¢ cients drive the asymmetric information e¤ect, whose average

value is more than three times that of a non-announcement day.

These results suggest that the reactions observed in the stock market on employment

announcement days are driven in an important part by the interest rate component. This

is the case not only for the order �ow e¤ect, but also for the fundamental news impacts.

The �nding that bad news for employment is good news for stocks in expansionary periods

has been justi�ed in Boyd, Jagannathan, and Hu (2005) and Andersen, Bollerslev, Diebold,

and Vega (2004) arguing that information about interest rates dominates during expansions.

Nevertheless, the new empirical contribution of the present study consists in pointing out that

the unexplored order �ow e¤ects in the stock market observed on employment announcement

days are also driven by asymmetric information regarding the behavior of long term interest

rates.

In addition, the interest rate e¤ect can be described using the argument of Gurkaynak,

Sack, and Swanson (2003) about the excess sensitivity of long term interest rates to macro-

economic fundamental news. They �nd that long term interest rates react signi�cantly to

news that would be expected to have only transitory e¤ects on the short-term interest rate.

They argue that this phenomenon is due to adjustments in private agents�expectations of the

long run in�ation target. My �ndings support that there is, indeed, excess sensitivity of long

term interest rates in response to employment news, and complement the results found in

Gurkaynak, Sack, and Swanson (2003) by suggesting that, not only do private agents revise

their expectations about future Fed actions, but also their revisions are heterogeneous. This

result is also consistent with the implications of the theoretical model presented in Appendix

A. Indeed, revisions of private agents�expectations about future states of the economy can be
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associated with increases in volatility of the fundamental price, and heterogenous revisions

can be associated with decreases in the precision of the news implication for stock prices.

Table 7 presents estimation results for a currency market, the $US/YEN futures contract.

In line with Andersen, Bollerslev, Diebold, and Vega (2004), I �nd that positive employment

(output) shocks appreciate the dollar (see columns (1) and (2) in Table 7). However, addi-

tional order �ow e¤ects on employment announcement days are not present.26 This suggests

that the impact of employment news on the asset pricing component associated with growth

rate expectations (future payo¤s) is not responsible for the asymmetric information e¤ect.

Therefore, my conclusion that this last e¤ect comes from the interest rate component is

maintained.27

7 Concluding Remarks

This paper explores two mechanisms that describe the process through which macroeconomic

information enters stock prices, in order to evaluate heterogeneity in the market assessment

of public announcements. One mechanism is related to the fundamental price impact of a

surprise, which is re�ected as a direct instantaneous reaction of stock prices to the news.

The second is related to the process of aggregating heterogeneous information in the market

stemming from heterogeneous beliefs about the price impact of a macroeconomic surprise.

This latter e¤ect is re�ected in a permanent post announcement impact of order �ow in

the fundamental price. Heterogeneity of beliefs, associated with heterogeneous assessments

of agents about future Fed policies and/or future states of the economy, makes the news

implication for stock prices less precise. I provide theoretical motivation and empirical

26The order �ow e¤ect in currency markets on regular days has been studied by Evans and Lyons (2004).
27Further analysis would be required to isolate the e¤ect of employment news in the risk premium com-

ponent. I leave this extension for future work.
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support for the presence of both e¤ects on announcement days.

A modi�ed version of the structural microstructure model introduced by Hasbrouck

(2004) is the basis of my empirical analysis. Announcement e¤ects, and di¤erential order

�ow impacts associated with announcement regimes, are allowed to have a permanent e¤ect

on the fundamental price. The analysis is based on daily observations of closing prices and

trading volume. I follow the econometric approach of Hasbrouck (2004, 2005) to estimate

the microstructure parameters from incomplete data using the Gibbs sampler.

In addition to fundamental news impacts associated with announcements on real activity

(including employment), investment, in�ation and monetary policy, order �ow e¤ects also are

present on employment announcement days. Moreover, they are the same order of magnitude

as fundamental news e¤ects. Futures markets provide further evidence of this incremental

asymmetric information e¤ect. From a theoretical perspective, increases in the order �ow

impact on employment announcement days could more likely be explained by either increases

in the dispersion of the news interpretation, or increases in volatility of fundamental prices.

Both reasons are consistent with heterogeneity of beliefs.

An analysis of bond and currency markets suggests that the asymmetric information

e¤ect observed in the stock market is driven by the interest rate component of stock prices.

Excess sensitivity of long-term interest rates to employment news is found in terms of both

instantaneous fundamental news impacts and order �ow e¤ects. This con�rms the argu-

ment that the asymmetric information e¤ect observed on employment announcement days

is due to heterogeneous beliefs and/or revisions about long-run Fed policies driven by em-

ployment surprises. This �nding is also consistent with a decrease in the precision of the

news implication for stock prices when employment surprises arrive.

The incremental asymmetric information e¤ect observed on employment announcement

days also provides an explanation for (at least part of) the excess of returns volatility ob-
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served on such days, according to recent empirical evidence. This opens interesting questions

regarding the contribution of this e¤ect to the excess of volatility relative to the contribu-

tion associated with the volatility of the symmetric information term. In this context, an

intradaily analysis will provide a richer dynamic framework to explain this phenomenon.

Moreover, introducing speci�cations that allow more general time varying news and order

�ow impacts are also appealing to help get a better understanding of the dynamics of these

two mechanisms characterizing the information structure on announcement days. I leave

these extensions for future research.
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TABLE 3
Coefficient Tests 

Announcement F Tests 
 B=0‡ a0,k=0 a1,k=0 F2&F3 

REAL ACTIVITY F1 F2 F3 F4 

     
Nonfarm Payroll 67.37* 14.05* 0.77 16.04* 

 (12.32) (6.95) (1.38) (5.52) 
     

Unemployment 62.78* 15.87** 1.73 14.32* 
 (11.35) (8.28) (2.58) (5.84) 
          

Standard errors in parentheses. 
*)   5% significant. 
**) 10% significant. 
‡)   B=(c, φ0 , φ1 , a0,k , a1,k , β1,κ , β2,κ ) 

  
 
 
 

TABLE 4
Descriptive Statistics for Futures S&P500 Trading Volume 

Type of Announcement  
Days Obs Mean Std. Dev. 

95% Conf. 
Interval 

 for Mean 
T-Test F-Test 

Non-Announcement 2865 82.41 41.42 80.89 83.92   
CPI 132 101.82 53.33 92.64 111.00 -5.19* 0.60

Employment 140 88.10 36.60 81.98 94.21 -1.39 
FFR (FOMC) 101 82.21 44.86 73.35 91.06 0.26 0.88 
Retail Sales 142 100.05 55.50 90.85 109.26 -4.88* 0.55* 

Construction Spending 140 80.44 34.52 74.67 86.21 0.81 1.52 
Source: Thomson Financial Datastream/Chicago Mercantile Exchange. 
Sample Period: From January 1, 1992 to December 31, 2003. 

* 
1.34 

Notes: Units are expressed in terms of dollar volume ($1000). T-Test denotes a test for equality of means with respect to 
Non-Announcement days, i.e., Ho: Mean(Non-Announcement Days) = Mean(Announcement Days). F-Test denotes a 
variance ratio test for Ho: Std. Dev(Non-Announcement) = Std. Dev(Announcement). CPI and Retail Sales days favor the 
alternative Ha: Std. Dev(Non-Announcement)<Std. Dev.(Announcement) at the 5% level (*p<.05). 
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    FIGURE 1 
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Source: Data from The Center for Research in Security Prices (CRSP) 
Sample Period: From January 1, 1992 to December 31, 2003 
Notes: The relevant range of volume goes from 197 to 2144.7 ($1,000,000). Extreme values in the left tail are not shown in the graphs  
(4.5% of the distribution of volume). 
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FIGURE 2 
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Source: Thomson Financial Datastream/Chicago Mercantile Exchange 
Sample Period: From January 1, 1992 to December 31, 2003 
Notes: The relevant range of (dollar) volume goes from 39.52 to 397.87 ($1,000). Extreme values on the left are not shown in the graphs 
(7% of the distribution of volume). 
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Source: Thomson Financial Datastream. 
Sample Period: From January 1, 1992 to December 31, 2003. 
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Appendix A

A Microstructure Model of Price Determination

To provide economic intuition on the impact of trades on fundamental prices due to hetero-

geneous private information, I present an extension of the Kyle (1985) model that includes

noisy signals and more than one agent with superior information.28 For expositional conve-

nience, I present results for the simple one period model.29

Let p0 represent the starting price of an asset observed before an announcement is re-

leased. Now, let v denote the post announcement fundamental value of the same asset.

Assume v is normally distributed with mean p0 and variance �2. Suppose I have M in-

formed agents who get noisy signals, sm (m = 1; 2; :::;M); about the �true�price impact of

a news on a particular announcement day. Speci�cally, sm = v + "m; where v and "m are

independent, and f"mgMm=1 are iid zero mean normal random variables with variance �": Af-

ter obtaining her signal, the informed trader m demands xm units of the asset. In addition,

there are noise traders whose aggregated demand u is normal with mean zero and variance

�u: There is also a market maker who observes the global order �ow and sets prices. I am

interested in Nash equilibria with linear pricing. As I show below, linear equilibrium has the

advantage that symmetric informed agents will behave in a similar fashion. Accordingly, the

informed traders conjecture that the market maker uses a linear pricing rule:

p� = �Q+ �; (17)

where

Q = u+
MX
m=1

xm

denotes the global order �ow observed by the market maker.

28Holden and Subrahmanyam (1992) extend the Kyle (1985) model allowing for multiple privately informed
agents who strategically exploit their long-lived informational advantage.
29Although the batch auction nature of Kyle�s model is a simpli�cation, Back and Baruch (2004) have

shown that it converges to the more realistic sequential trade models.
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Informed traderm chooses her demand to maximize expected pro�ts given her signal and

the conjectured pricing rule. Symmetry implies that, given a linear pricing by the market

maker, the only possible equilibrium between the informed traders is one in which they

choose identical demands, which are linear in their signals. The market maker makes zero

pro�ts and prices satisfy a market e¢ ciency condition:

p� = E(v j Q) = E
 
v j u+

MX
m=1

xm

!
(18)

The following proposition characterizes the unique linear equilibrium price.

Proposition 2 Given v s N(po; �
2); f"mgMm=1 iidN(0; �"), "m ? v; u s N(0; �u), and the

market e¢ ciency condition in equation (18), there exists a unique linear equilibrium in which

the price satis�es equation (17), and the order �ow impact on the security price is given by:

� =
�2 [M(�2 + �2")]

1=2

�u [(M + 1)�2 + 2�2"]
(19)

Proof. The pro�ts of the informed agent m; given a linear price conjecture, are:

�m = (v � p�)xm =
"
sm � "m � �

 
u+

MX
m=1

xm

!
� �

#
xm

Moreover, her expected pro�ts given her signal take the following form:

Em [�mjsm] = [sm � Em ("mjsm)� �xm � �]xm � �
 X
k 6=m

Em(xkjsm)
!
: (20)

She maximizes her expected pro�ts by choosing her optimal demand xm. To solve her

demand optimization problem, the following two intermediate results are needed:

1) Em ("mjsm) = �2"(sm�p0)
�2"+�

2

This follows from the assumption of normality:
�
"m
v

�
� N

h�
0
p0

�
;
�
�2"
0
0
�2

�i
implies that�

"m
sm

�
� N

h�
0
p0

�
;
�
�2"
�2"

�2"
�2"+�

2

�i
; and 1) is the conditional mean associated with this bivariate

normal.
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2) Em (skjsm) = �2(sm�p0)
�2"+�

2 + p0

This also follows from the assumption of normality, where
�
sk
sm

�
� N

h�
p0
p0

�
;
�
�2"+�

2

�2
�2

�2"+�
2

�i
:

Given the symmetry among informed traders, they conjecture that the other informed

agents have a linear demand in their particular signals, xk = � + �sk: Thus, Em(xkjsm) =

� + �Em(skjsm): Using this relation, and the results in 1) and 2), the FOC of maximizing

the expression in equation (20) with respect to xm takes the following form:(
�2

�2" + �
2
sm +

�2"
�2" + �

2
p0 � 2�xm � �

X
k 6=m

�
�+ �

�
�2(sm � p0)
�2" + �

2
+ p0

��)
= 0

Thus, the optimal demand of informed trader m is:

xm =

�
�2 � �(M � 1)��2
2� (�2" + �

2)

�
sm +

�2"
2(�2" + �

2)

�
1� ��(M � 1)

�

�
p0 �

�
�+ �(M � 1)�

2�

�

To satisfy the linear conjecture, xm = � + �sm; the coe¢ cients of sm is equalized to �,

and the following expression for � is obtained:

� =
�2

� [(M + 1)�2 + 2�2"]
(21)

On the other hand, the market maker makes zero pro�ts, and prices satis�es the market ef-

�ciency condition in equation (18). Given thatQ = u+
MP
m=1

xm = u+M�+�Mv+
MP
m=1

"m, and�
v; u;

MP
m=1

"m

�
are mutually independent, the vector

�
v
Q

�
� N

��
p0

M(�+�)p0

�
;
�

�2

M��2
M��2

�2u+�
2M2�2+�2M�2"

��
.

Thus, equation (18) takes the following form:

p� = E (v j Q) = M��2 (Q�M��M�p0)
�2u + �

2M2�2 + �2M�2"

This is consistent with the linear conjecture in equation (17) provided

� =
�M�2

�2u + �
2M2�2 + �2M�2"

: (22)
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Equalizing equations (21) and (22) implies that � = �up
(M(�2+�2"))

: Substituting this value

in equation (21) leads to the result for �:

A simple exercise of comparative statics suggests that � increases with the variance of the

fundamental price (�2) and decreases the variance of liquidity demands (�2u). The relation

with respect to the other parameters is non-monotonic. For instance, when the precision of

the signal (��2" ) decreases, � increases provided �
2
" <

(M�3)�2
2

. This condition is likely to

hold when the number of informed agents is not too small. Similarly, � decreases with the

number of informed agents for large enough M
�
M > 1 + 2�2"

�2

�
. Given these complicated

relations, explaining empirically changes in the � parameter is not straightforward. There

might be many possibilities or interactions. However, some scenarios seem more likely than

others in the context of scheduled releases of public information. The empirical part of this

study presents further discussion on the interpretation of changes in � (expressed in terms

of changes in ' in equations (5) and (6)), and estimates proxies of this trade price-impact

parameter in di¤erent regimes associated to �announcement�and �regular�days.
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Appendix B

Proof. of Proposition 1:

This proof follows the appendix of Hasbrouck (2004). De�ne the subsequent notation:

p = (p1; p2; :::; pT )

q�t = (q1; :::; qt�1; qt+1; :::; qT )

Equations (9)-(11) can be summarized as follows:

pt = mt + cqt

mt = mt�1 + e'tVtqt + �kSk;t + "t;
where e't = ('+ akIk;t)
To conserve space, all densities are conditioned on � = f(c; '; ak; �k) ; �2"g and the ob-

served data fSk;t; Ik;t; VtgTt=1 :

Thus, the conditional distribution of the latent variables is given by:

P (qtjp; q�t) = P (qtjpt;mt�1;mt+1; qt+1)

Moreover, from Bayes rule

P (qtjpt;mt�1;mt+1; qt+1) =
f(ptjqt;mt�1;mt+1;qt+1)P (qtjmt�1;mt+1;qt+1)

f(ptjmt�1;mt+1;qt+1)
;

which implies:

P (qtjpt;mt�1;mt+1; qt+1) / f(ptjqt;mt�1;mt+1; qt+1)P (qtjmt�1;mt+1; qt+1) (23)

Now, consider the second term in equation (23) and apply Bayes rule:

P (qtjmt�1;mt+1; qt+1) =
f(mt+1jmt�1;qt;qt+1)P (qtjmt�1;qt+1)

P (mt+1jmt�1;qt+1)

Given that P (qtjmt�1; qt+1) =
1
2
;

P (qtjmt�1;mt+1; qt+1) / f(mt+1jmt�1; qt; qt+1) = f("t + "t+1); (24)

where "t = mt �mt�1 � (e'tVtqt + �kSk;t) and "t+1 = mt+1 �mt � (e't+1Vt+1qt+1 + �kSk;t+1):
Now, given the assumption that "t � iidN(0; �2"); equation (24) can be written as:

P (qtjmt�1;mt+1; qt+1) /
R1
�1 exp

�
�
�
(mt�mt�1�(e'Vtqt+�kSk;t))2

2�2"
+
(mt+1�mt�(e'Vt+1qt+1+�kSk;t+1))2

2�2"

��
dmt
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Solving the integral:

P (qtjmt�1;mt+1; qt+1) / exp
�
�(mt�1�mt+1+e'Vt+1qt+1+�kSk;t+1+e'Vtqt+�kSk;t)2

4�2"

�
;

and de�ning

�t = exp

�
�(mt�1�mt+1+e'Vt+1qt+1+�kSk;t+1+e'tVt+�kSk;t)2

4�2"

�
+exp

�
�(mt�1�mt+1+e'qt+1+�kSk;t+1�e'tVt+�kSk;t)2

4�2"

�
;

I obtain the normalized conditional density:

P (qtjmt�1;mt+1; qt+1) =

exp

�
�(mt�1�mt+1+e'Vt+1qt+1+�kSk;t+1+e'Vtqt+�kSk;t)2

4�2"

�
�t

(25)

Now, consider the �rst term in equation (23), f(ptjqt;mt�1;mt+1; qt+1) = f(mt+cqtjqt;mt�1;mt+1; qt+1)

= f(mtjqt;mt�1;mt+1; qt+1) / f(mt+1jmt; qt+1)f(mtjmt�1; qt)

= exp�
�
(mt�mt�1�(e'Vtqt+�kSk;t))2

2�2"
+
(mt+1�mt�(e'Vt+1qt+1+�kSk;t+1))2

2�2"

�
Simplifying:

f(ptjqt;mt�1;mt+1; qt+1) / exp

8<:�[mt� 1
2(mt�1+e'Vtqt+�kSk;t+mt+1�e'Vt+1qt+1��kSk;t�1)]2

2

�q
�2"
2

�2
9=;

or,

f(ptjqt;mt�1;mt+1; qt+1) = �pt�cqt

 
M�
t ;

r
�2"
2

!
; (26)

where M�
t =

1
2
(mt�1 + e'Vtqt + �kSk;t +mt+1 � e'Vt+1qt+1 � �kSk;t+1); and � denotes the

normal pdf with respect to the random variable mt:

Finally, the result follows from substituting equations (25) and (26) into equation (23).30

30Note that we need some modi�cations for the endpoints. The following expressions provide the condi-

tional densities for such points.
First point:

P (q1jm2; q2; p1) =
exp

(
�(p1�cq1�(m2�e'V2q2��kSk;2))2

2�2"

)

exp

(
�(p1+c�(m2�e'V2q2��kSk;2))2

2�2"

)
+exp

(
�(p1�c�(m2�e'V2q2��kSk;2))2

2�2"

)

Last point:

P (qT jmT�1; qT�1; pT ) =
exp

(
�(pT�cqT�(mT�1+e'VT qT+�kSk;T ))2

2�2"

)

exp

(
�(pT+c�(mT�1+e'VT qT+�kSk;T ))2

2�2"

)
+exp

(
�(pT�c�(mT�1+e'VT qT+�kSk;T ))2

2�2"

)
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