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1 Introduction

A voluminous literature has grown over the last decade considering the extent to which

business cycle °uctuations are driven by the arrival of news and the uncertainties sur-

rounding this news.1 The distinction between `news about the near future' and `news

about the far future' is central to this literature, yet relatively little attention has been

paid to the structure of information °ows in the applied work exploring the relevance of

the news-driven business cycle. This paper focuses on the distinction between the e®ects

of, and the uncertainties surrounding, news about noisy short-lived events and news about

changes in longer term prospects using survey-based measures of expectations at di®erent

forecast horizons to identify shocks with di®erent persistence properties. We establish

these distinctions to be important empirically, ¯nding, for example, that agents believe

that a large part of contemporaneous output movements re°ects `noise' which has little

or no e®ect on output over even short horizons either directly or through the uncertainty

it creates. On the other hand, agents recognise the importance of the fundamental shocks

that will have permanent e®ects, and we ¯nd evidence to support the news-driven business

cycle view in `normal' times with stock prices reacting immediately to permanent shocks

to output while the e®ects on output itself only build gradually. Interestingly, because

of the uncertainties they create, the permanent shocks to output, and permanent shocks

to interest rates, are found to have more immediate e®ects on output during recessionary

times.

The news-driven business cycle literature explains business cycle °uctuations as the

result of individuals' responses to news on current and future economic conditions.2 For

example, news that generates widespread expectations of future productivity growth or

foresight about future ¯scal or monetary policy may trigger ¯nancial market responses

and macroeconomic decisions that a®ect output well ahead of any change in actual pro-
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ductivity or actual policy. Conventional approaches to investigating the role of news in

empirical work employ identifying assumptions motivated with reference to the sources

of shocks and/or the mechanism by which the shocks are propagated over time (through

assumptions on timing, causal ordering, sign restrictions, etc.). However, these conven-

tional approaches can run into di±culties if they do not take into account the nature

of information °ows. For example, Leeper et al. (2013) note the econometric problems

that arise when a variable is in°uenced by foresight about future economic fundamen-

tals so that agents' decisions are based on news which is not retrievable solely from the

historical measures of the variable. And Walker and Leeper (2011) note that the com-

plicated (hump-shaped) dynamic responses of macro variables to shocks that are often

observed in the data can be explained by two entirely contradictory sets of circumstances:

by assuming propagation mechanisms involving real rigidities (such as habit formation,

variable capacity utilisation or costly investment adjustment) in the presence of simple

information °ows or, equally, by assuming `correlated news' - characterised by a moving

average process for information °ows - without real rigidities.

Our approach focuses on the nature of information °ows and the time pro¯le of the

e®ects of shocks from the outset by considering directly the persistence of the e®ects

of shocks. It side-steps the use of possibly contentious identifying assumptions on the

source of shocks or their propagation mechanisms and exploits the idea that individuals

understand that shocks from di®erent sources and with di®erent propagation mechanisms

will have more or less persistent e®ects. This understanding is revealed through their

survey responses. Where a positive shock is believed to be short-lived, for example,

individuals might report that one-period-ahead expectations of a variable will be high

but that two-period-ahead expectation will revert to the level observed in the absence

of the shock. The survey responses expand the information set of the econometrician to

expose the news on which agents make their decisions, avoiding the econometric issues

raised by foresight. The shocks with di®erent persistence properties also show directly the

extent of `correlated news' °ows so that we can distinguish news about `fundamentals' that

have permanent e®ects on variables from news about `incidentals' that generate transitory

dynamics as variables temporarily move out of equilibrium.
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The uncertainty surrounding shocks is also potentially in°uential for output °uctu-

ations and some of the theoretical papers considering the macroeconomic e®ects of un-

certainty have highlighted the importance of the time frame over which a shock exerts

in°uence on the macroeconomy. For example, the theory and simulations of Bloom's

(2009) seminal paper consider a shock to the uncertainty surrounding ¯rms' business con-

ditions. The shock is considered to be short-lived and transitory with its direct e®ect

assumed to end after two months. This shock reduces output over the next six months as

¯rms defer investment projects, cautiously adopting a `wait-and-see' strategy despite the

potential foregone income lost during the delay, before rebounding when the uncertainty

disappears. This reaction to uncertainty contrasts with that described in the often-cited

earlier paper by Bar-Ilan and Strange (1996). Here it is assumed that investment deci-

sions take time to implement and an increase in uncertainty surrounding ¯rm demand can

trigger an increase in investment and output if ¯rms focus on the opportunities that may

be available after the investment `construction lag'. In these circumstances, an increase

in uncertainty that persists over the longer term means that ¯rms might bring forward

investment plans to take advantage of the potentially improved conditions that will be

available at that later date.3

In two important papers, Jurado et al (2015) [JLN] and Ludvigson et al. (2021)

[LMN] propose that the uncertainty surrounding a variable is measured by it forecast error

variance. While these paper do not distinguish between shocks of di®erent persistence

properties, they provide (at least) three insights that will be important when looking at

the in°uence of the uncertainties surrounding shocks with di®erent persistence properties.

First, JLN/LMN argue uncertainty is de¯ned by what is not known (forecastable) about a

variable.4 Second, uncertainty about a variable di®ers at di®erent forecast horizons. And

third, the uncertainty surrounding a variable + periods in the future will evolve over time
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depending on the information available at (which they represent using a time-varying

stochastic volatility model).5 We build on these insights focusing on the uncertainties

surrounding variables at di®erent forecast horizons and based on what agents do and do

not know about a variable as revealed by their survey responses. We also adopt a model

that accommodates time-varying volatilities to describe the uncertainties surrounding

variables at di®erent forecast horizons at each point in time.

More speci¯cally, in this paper, we use U.S. data on outputs, interest rates and stock

prices over 1981Q1-2019Q4 to consider the way in which news - in the form of shocks

with di®erent persistence properties and their associated uncertainties- in°uences macro-

economic dynamics. We exploit the information contained in the Survey of Professional

Forecasters (SPF) to distinguish between shocks that are believed to have permanent

e®ects on output, interest rates and stock prices, those that have transitory but long-

lived e®ects and those that have only very short-lived e®ects. The survey-based measures

of expectations of output and interest rates at di®erent forecast horizons provide direct

insight on the news arriving relevant to the current and future value of the variables

and the associated uncertainties.6 The uncertainties are captured through a multivariate

GARCH{in-Mean model in which the variabilities of the various shocks are time-varying

and allowed to in°uence the determination of output, interest rates and stock prices. We

also make use of `persistence pro¯les' which provide model-based measures of the e®ects of

news on the variables at di®erent future horizons and which can be decomposed to high-

light the contributions of the shocks with di®erent persistence properties to the macro

dynamics.

The layout of the remainder of the paper is as follows. Section 2 describes the mod-

elling framework and its use of direct measures of expectations, introducing the model as
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though output is the only variables of interest and subsequently extending the model to in-

clude the other forward-looking variables. The section also comments on the identi¯cation

of the shocks with their varying persistence properties, the persistence pro¯les that char-

acterise their e®ects and the role of uncertainty in macro dynamics. Section 3 describes

the empirical work, reporting the estimated model and providing persistence pro¯les to

illustrate the role played by the di®erent types of news and associated uncertainties in

business cycle dynamics. Section 4 concludes.

2 News-Driven Business Cycles involving Shocks with Di®erent Persistence

Properties

The persistence of a shock is related to the concept of stationarity. If a variable is driven by

innovations that are partly permanent and partly temporary, the variable can be modelled

as a combination of unit root and stationary series. If the unit root series dominate, or

the stationary series is close to unit root, the long-range outcomes of the variable vary

in line with these innovations; i.e. their e®ect persists. But if the stationary series

dominate, the e®ects of innovations are short-lived and do not persist. In the context of a

univariate series Cochrane (1988) referred to the Beveridge-Nelson decomposition of a

series into its permanent, stochastic trend component and its stationary component, and

he proposed the innovation variance of the stochastic trend as a measure of the importance

of the random walk component. This measure focuses on the size of the e®ect of today's

shock on the long di®erence + as . More generally, we might de¯ne the

persistence of shocks to the variable by the size of the response of + to news that

becomes available at time ; i.e.

( ) = Var( + ), (1)

where + = E[ + ¡1 , ¡1 ] E[ + ¡1 ¡1 ] , (2)

E[ ] is the expectations operator, represents the news arriving at and ¡1 represents the

information held at 1. This corresponds to Cochrane's measure at the in¯nite horizon,

tending to a constant if contains a unit root and tending to zero if is stationary.

But even contemporaneously and at intermediate horizons, the variance ( ) describes
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the range of potential outcomes that might be observed for + depending on today's

news, re°ecting the accumulating in°uence of the persistent component of the news and

the declining in°uence of the transitory component over time. We can think of the value

( ) as describing the persistence pro¯le of the series at di®erent horizons = 0 1 2 3 .

The pro¯le also conveys the information content and `importance' of time- news for +

and is a useful descriptive tool for characterising a news-driven business cycle.

The persistence of shocks is also related to the uncertainty surrounding a variable. The

contemporaneous measure, (0) refers to the error variance of the time-( 1) forecast

of and so conveys the extent to which the outcome is not known; i.e. its time-

uncertainty.7 At longer horizons, ( ) describes the uncertainty surrounding + due

to the time- shock. Hence, for example, the measure falls to zero as if the

stationary component of the time- shock dominates and the in¯nite-horizon e®ect of the

shock becomes completely certain. Of course, the total uncertainty surrounding +

at time- for 1 depends on the expected size of shocks between + 1 and + as

well as the size of and, as suggested by JLN/LMN, this is typically measured by the

forecast error variance. However, if there are direct measures of expectations obtained

from a survey, so that = + the expectation of + as published at time- say, then

incorporates respondents' views on the future path of the variable, captures the

news about that whole future path and (0) provides a measure of the total uncertainty

surrounding + at time directly taking account of all the shocks that are expected to

occur to between + 1 and +

2.1 The Dangers of Ignoring the Persistence Properties of Shocks; An Illus-

tration

It is worth considering the properties of the persistence pro¯le in the above (univariate)

case when the variable is driven by shocks with di®erent persistence properties. A simple

illustration shows that failure to take account of the persistence of di®erent types of shocks
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can introduce biases in modelling output movements, mis-measurement of uncertainty and

inaccurate claims on the role of uncertainty in business cycle dynamics.8 To illustrate these

points, denote output at by , denote the expectation of + published in a survey at

time by + and consider the case where output growth is driven by two shocks

¡1 = ( ¡1 ¡2) + + ¡1 . (3)

Here (0 2) has a permanent e®ect on and (0 2 ) is a shock whose e®ect

on output is known to be short-lived and o®set next period, providing a simple example

of `correlated news'. The e®ects of both types of shock are propagated over time through

the presence of the lagged growth term. Assuming expectations are formed rationally, the

survey measure of expected growth in + 1 as reported in , is

+1 = [ ( ¡1) + +1 + +1 ]

= ( ¡1)

and, if is known, the survey measure can be used to obtain a direct measure of the

transitory innovation experienced in .9 The range of outcomes surrounding output at

di®erent horizons in the future depends on the relative size of the and and is described

by the persistence pro¯le of (1) which, in the case of output de¯ned by (3), is given by

( ) =
=0

2
2 +

2 2 , = 0 1 2 3 .

The persistence pro¯le could be dominated by the transitory shocks at the short horizons,

if 2 is smaller than 2 , but tends to
2

1¡ 2 at longer horizons if there are permanent e®ects

(i.e. 2 = 0) and tends to zero if output is subject only to transitory shocks.

In the absence of direct measures of expectations, output growth would be modelled

using only actual output data, captured by the ARMA(1,1) process

¡1 = ( ¡1 ¡2) + + ¡1 (4)
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with (0 2). Matching the variance/covariances of the characterisations at (3) and

(4), we have 2 = (1 + )2 2 and 2 = 2, with [ 1 0] depending on the relative

size of 2 and 2 . The associated persistence pro¯le is

( ) =
=0

+
¡1
=0

2
2

which is readily used to show that

( ) ( ) for = 0 1 2

with ( ) ( ) as ;

i.e. the size of the response of + to the news conveyed by actual output alone over-

states the true persistence associated with the series at all but the in¯nite horizon. In

the absence of survey data, the shocks with di®erent persistence properties cannot be

identi¯ed separately, the consequences of known-to-be-short-lived shocks cannot be taken

into account and the persistence pro¯le measures based on the univariate ARMA repre-

sentation therefore overstate the size of the e®ect of shock at all horizons, including the

contemporaneous uncertainty measure.

Of course, in practice, the size of the shocks impacting might change over time so

that (0 2 ) and (0 2 ) with the -subscript on the variance terms denoting

time-variation in the size of the underlying innovations. The persistence pro¯les de¯ned

at (1) - updated to include the time-variation in the variances - are still calculable if direct

measures of expectations are used and still re°ect the in°uence of shocks on output at

each future time horizon. But the univariate ARMA(1,1) speci¯cation at (4) is now mis-

speci¯ed as the parameter, de¯ned by the relative size of the permanent and transitory

shocks, varies over time in these circumstances. The extent of the overstatement of the

size of the persistent e®ect of shocks on output will also change over time therefore, and

estimated errors from the ARMA(1,1) speci¯cation will be correlated with the 2 and 2 .

This means that, if these variance measures had been included as additional regressors in

a time-invariant ARMA(1) speci¯cation, a spurious relationship would be found between

growth and uncertainty. This again highlights the potentially critical importance of ac-

commodating direct measures of expectations in the analysis of growth and uncertainty

so as to model explicitly the contribution of shocks with di®erent persistence properties.
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2.2 News, Persistence and Uncertainty in a Multivariate GARCH Model

When survey measures of expectations are available, the persistence properties of di®erent

types of shocks and the associated persistence pro¯les are readily captured by a multi-

variate GARCH model of the actual and expected series. For example, assume the survey

published in reports expected output growth in + 1 and + 2. Then the trivariate

GARCH model explaining the actual and expected growth in output is given by

¡1

+1

+2 +1

= A0 +A1

¡1 ¡2

¡1 ¡1

¡1 +1 ¡1

+

0

1

2

(5)

with

(0 § ) and § = H0
0H0 +H0

1§ ¡1H1 +H0
2 ¡1

0
¡1H2 (6)

where = ( 0 , 1 , 2 )
0 and these shocks represent all the new information arriving at

time on the actual and expected series The GARCH form of (6) allows the extent of

the new information on actual and expected outputs to vary over time with the time-

(co-)variances of depending on the (co-)variances in time- 1 and on the sizes of the

shocks observed in the previous period.

The model in (5) is written in `quasi-di®erences' and is appropriate if output growth is

stationary and expectational errors are stationary. The model can be written equivalently

in the di®erence form

¢Y = B0 +B1¢Y ¡1 +¦ Y ¡1 + (7)

whereY = ( , +1, +2)
0 and the Vector Error Correction form makes explicit that the

actual and expected output series are cointegrated with¦ = 0 and cointegrating vector

=
1 1 0

1 0 1
, re°ecting the assumption that expectations errors are stationary.

The model can also be written in its Moving Average form

¢Y = C( ) (8)

where C( ) = C0 +C1 +C2
2 + is a matrix polynomial in the lag operator and

C0 = I. The variance of the e®ect of time- news on the long-di®erences (Y + Y ¡1)
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here is given by

P ( ) = C § C0 (9)

where C = =0C . The variance again gives `persistence pro¯les' that measure the

variation in Y + arising from time- news, converging now to P ( ) = C(1) § C(1)0 as

the time horizon expands.10 If output is stationary in levels, then P ( ) = 0 re°ecting the

fact that the e®ects of shocks die away at the in¯nite horizon. If output is non-stationary,

then some part of the shocks arriving at time persists inde¯nitely and the P ( ) re°ects

this, converging to a constant matrix with the extent of the persistent e®ect dependent

on § , the size of the shocks at the time. And the contemporaneous value P (0) provides

measures of the uncertainty surrounding actual time- output and expected future outputs

at + 1 and + 2, re°ecting the range of values of current output and of the variety of

paths of output to + 2 that might be revealed by time- news.

The persistence pro¯le relating to actual output, taken in isolation, is de¯ned by

( ) = e0P ( )e where e0= (1, 0, 0) is the relevant selection vector. Similarly, the size of

the potential responses of the one-step-ahead expectation + + +1 to the news arriving

at time is traced out using the selection vector e0= (0, 1, 0) 11 Given that the three series

in Y are cointegrated, being driven by a single stochastic trend, the three rows of the

C(1) matrix will be the same, capturing the fact that the three series will converge to the

same long-run outcome and the persistent e®ect of shocks to the three series is the same

in the long run.

The expectations series provided by the surveys are necessary to ¯nd an accurate time
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series representation of the actual and expected output series. But, as noted in the illustra-

tion above, they can also be used to obtain direct observations on the shocks distinguished

by the survey respondents according to their persistence properties. Speci¯cally, in the

example at (5) we can distinguish three types of shock according to their persistence: a

very short-lived transitory shock whose e®ects in°uence output one period ahead but not

two periods ahead, denoted , 1 say; a transitory shock which continues to e®ect output

for two periods and beyond but whose e®ects die away at the in¯nite horizon, denoted

2 ; and a permanent shock, , representing the common stochastic trend driving the

three series in the long-run. The structural shocks are related to the reduced form shocks

as follows:

1 2 3

0 1 0

0 0 1

0

1

2

=

1 0 0

1 0

1

2

1

(10)

Q = R (11)

and = W where W = R¡1Q

and where = ( , 2 , 1 )
0, (0  ) and  = W§W0 is a diagonal matrix.

The permanent shock is identi¯ed by the (known) combination of reduced form shocks

that de¯nes the stochastic trend as in C(1); the shock with the transitory but long-

lived e®ect is identi¯ed as being that part of news on two-period-ahead expectations

not explained by the permanent shock (with the short-lived shock assumed to have no

e®ect); and the short-lived shock is that part of news on one-period-ahead expectations

not explained by the other two shocks. In practice, reported expectations series become

progressively less volatile at longer forecast horizons so the short-lived shocks 1 have

a natural interpretation as representing short-term noise which is believed by the survey

respondents to dissipate after one period.

The translation of the reduced form shocks to the structural shocks described in (10)

provides a more meaningful interpretation of the model in (7) and (6) but leaves the char-

acterisation of the time variation in the variance and the persistence pro¯les unchanged.
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To see this, note that  = W§W0 so that

 = H0
0H0 +H0

1 ¡1H1 +H0
2 ¡1

0
¡1H2

where H0 = WH0W¡1 for = 0 1 2 and the GARCH structure is maintained (noting

that the H's are not necessarily diagonal so each of the time-varying elements of  will

respond to all of the ¡1 shocks). Similarly, the moving average representation in (8)

can be written in terms of the economically-meaningful shocks

¢Y = C( )W¡1 = D( )

where D( ) = C( )W¡1 and the persistence pro¯les are given by

P ( ) = C § C0

= D W § W0D0 = D  D0

Written in this way, the persistence pro¯les now highlight the contribution of the shocks

of di®erent persistence to the pro¯les at di®erent future horizons. Speci¯cally, with 

being diagonal, we can decompose the persistence pro¯le by writing

P ( ) = D  D0 +D 2D0 +D 1D0 (12)

where  =  + 2 + 1 separates the variances into the elements relating to the

permanent shock and the transitory shocks 2 and 1 . Here, the persistence pro¯le

relating to the permanent shock D  D0 will converge to the single value of P ( ) as

the time horizon grows while the pro¯les relating to the transitory shocks D 2 D0 and

D 1 D0 will tend to zero.

2.3 News, Persistence and Uncertainty in a Multivariate GARCH-in-Mean

Model

The model we consider in our empirical work has the following form:

¢Y = B0 +B1¢Y ¡1 +¦ Y ¡1 +G £ + (13)

where (0 § ) ¡ = min( 0)

§ = H0
0H0 +H0

1§ ¡1H1 +H0
2 ¡1

0
¡1H2 +H0

3
¡
¡1

¡0
¡1H3, (14)

and £ = (§ ), (15)
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with the B's, ¦ , G and H's representing model parameters. This model extends the

model described in the previous subsection in a number of ways explained below.

2.3.1 Allowing uncertainty to a®ect business cycle dynamics

The model at (13) has a GARCH-in-Mean form, with feedbacks from the contemporaneous

uncertainty measures § in°uencing the growth in the macroeconomic variables in Y

through the inclusion of the £ = (§ ) in the mean equation. As in the previous

model, (14) allows the extent of the new information on actual and expected outputs

arriving at time- to vary over time with the (co-)variances of depending on the (co-

)variances in time-( 1) and on the sizes of the shocks observed in the previous period.

A further extension in (14) allows for an asymmetry in the e®ects of positive and negative

shocks with ¡ taking a non-zero value only when the shocks are negative. The inclusion

of lagged ¡ in (14) in addition to the lagged means that past shocks can have di®erent

e®ects on the time pro¯le of the size of shocks depending on whether they are expansionary

or recessionary.

The presence of the uncertainties in (14) introduces non-linearities to the system that

will complicate estimation and inference in empirical work. For example, a particularly

large positive shock might increase output on impact and this e®ect could be compounded

subsequently if the growth in uncertainty generated by the large shock brings forward

investment decisions that also increase output. On the other hand, a large negative shock

would reduce output on impact and this e®ect would then be o®set by the increase in

uncertainty this causes. The non-linearities mean that the moving average representation

of (8) will have time-varying parameters with the time-speci¯c C ( ) de¯ned by the

history of shocks experienced up to that time and by the sign and magnitude of the

current shock. The problems this causes for estimation and inference can be resolved

however using simulation methods based around Koop et al.'s (1996) Generalised Impulse

Response functions which can characterise the time series properties of a model taking

into account the history, sign and size of shocks. Details of the approach adopted are

provided in the empirical section below and the Appendix.
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The GARCH-in-Mean form allows us to investigate the e®ect of uncertainty on the

macro variables of interest in a single, coherent modelling framework. This avoids the

problems highlighted by JLN/LMN of using uncertainty measures based on outside metrics

which could re°ect uncertainties about events that have no connection with the variables in

the model. The GARCH-in-Mean model also avoids the problems highlighted by Carriero

et al. (2018) of taking a two-step approach where measures of uncertainty are derived

in stage 1 and then used in a macro model in stage 2. Internal inconsistencies can arise

in this case as the measurement of uncertainty surrounding a variable in the ¯rst stage

typically does not account for the fact that uncertainty a®ects the variable in the second

stage. Further, in modelling the variable in the second stage, it is typically assumed

that the variable has homoskedastic errors even though the ¯rst step is concerned with

modelling the time-varying volatility of news about the variable. The disconnect between

the measurement of uncertainty and the role played by uncertainty in macro dynamics is

avoided in the GARCH-in-Mean model.

2.3.2 The inclusion of other forward-looking in°uences on output

The model of (5) and (6) can be readily extended to include other variables and in the

empirical work below we consider the vector of seven variables Y = ( , +1, +4, ,

+1, +4, )0 adding actual and expected future values of the interest rate and current

stock prices to the output variables.12 Obviously the inclusion of the extra variables

provides a broader view of macroeconomic dynamics, but it also improves the modelling

approach even if the focus of interest is just on output movements. One advantage of

the modelling approach outlined in this paper is that uncertainty is measured directly

by the extent of the new information becoming available at each point, as measured by

the size of the innovations to the actual and expected macro variables. But it does rely

on having a relatively complete characterisation of the information set dated at time

1 with which to judge what is `new information'. For the news on output, it can
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be argued that the inclusion of the lagged expectations series as a regressor means the

analysis already uses the best summary measure of the available information since, if

expectations are formed rationally and with full information, then the variable ¡1

¡1 provides a complete description of the information relating to ¡1 available at

time 1. But, in the possible absence of full information rationality, it is useful to

broaden the information set. The inclusion of lagged values of ¯nancial variables such as

stock prices and expected future interest rates aims to accommodate the relatively rapid

reaction and forward-looking nature of ¯nancial markets hoping to capture any part of

the news available at 1 and relevant to output determination that is not adequately

captured by the lagged actual and expected output series. Of course, the inclusion of the

additional variables also provides an important connection to the empirical work in the

news-driven business cycle literature.

With the inclusion of the extra variables, the model explains stock price growth and

actual and expected interest rate growth, with and assumed integrated of order one

and expectational errors on interest rates assumed stationary. The model also includes

the contemporaneous uncertainties relating to all the additional variables as explanatory

variables. The structure of the identi¯cation of (10) is then elaborated to give

11 12 13 14 15 16 17

21 22 23 24 25 26 27

31 32 33 34 35 36 37

0 0 0 0 0 1 0

0 0 1 0 0 0 0

0 0 0 0 1 0 0

0 1 0 0 0 0 0

0

1

4

0

1

4

0

=

1 0 0 0 0 0 0

1 0 0 0 0 0

1 0 0 0 0

1 0 0 0

1 0 0

1 0

1

4

4

1

1

(16)

The arrangement in (16) relates shocks with di®erent persistence properties to the reduced

form errors obtained from the equations explaining the actual and expected series with

di®erent forecast horizons. The emphasis of the identi¯cation remains on the persistence of

the shocks with three of the seven structural shocks identi¯ed by long-run restrictions and

the remainder identi¯ed by short-run restrictions. In terms of the long-run restrictions,
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the three stochastic trends, , and , are identi¯ed by their permanent e®ects - as

described by the C (1) - assuming that a®ects all variables while the are shocks

that permanently a®ect interest rates beyond the e®ect of the , and the are shocks

that permanently a®ect stock prices beyond the e®ects of the and In what follows,

we call these `permanent output', `permanent interest rate' and `permanent stock price'

shocks. For the short run restrictions, we assume there are two transitory shocks that

last for four periods and beyond, 4 and 4 , and two transitory shocks that last for at

least one quarter but not four quarters, 1 and 1 ; we call these `long-lived' output and

interest rate shocks and `short-lived' output and interest rate shocks respectively.

An important feature of this paper's approach to identi¯cation is the idea that agents

can distinguish between news about `fundamentals' that will have a permanent e®ect

on the macroeconomy and news about `incidentals' which have only transitory e®ects.

Examples of fundamentals might include technological advances, wars, demand shocks

that are su±ciently severe that, via hysteresis, they have long-term consequences, and so

on. Examples of fundamentals that might a®ect stock prices and interest rates might in-

clude changes in policy regimes, changes in the perception of risk, a permanent shift in the

composition of demand, and so on. Such news might be relatively rare and might be dom-

inated in most periods by the incidental news on transitory disequilibrium phenomenon.

But importantly, it is the survey respondents who judges which news is fundamental and

which is incidental and, as a modeller, we simply identify the di®erent types of news from

the reported expectations of outcomes at di®erent forecast horizons. We consider this

identi¯cation strategy to be less contentious than many found in the literature aiming to

specify the source of shocks and/or the mecahnism by which their e®ects are propagated

over time based on assumptions on the nature of short-run dyamics.13
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3 News, Uncertainty and the US Business Cycle, 1980q1-2019q4

The empirical work of the paper considers quarterly measures of US real GDP, the 3-month

Treasury Bill rate, and the S&P500 Stock Market index between 1980q1-2019q4. The

forward-looking data are the experts' forecasts on output and interest rates provided in the

Survey of Professional Forecasters (SPF) at the one-quarter-ahead and four-quarter-ahead

forecast horizons; the measures used are the mean of the survey respondents' expectations

as reported at the Philadelphia Fed's Real Time Data Centre website. Figure 1(a)-1(c)

plot the data, showing in particular the relative stability in the expected output growth

series. For example, Figure 1(a) shows that the standard deviation of actual output

growth is 0.60, that of the one-period-ahead expected growth is 0.23, and the standard

deviation of the (quarterly-measure of) the four-quarter-ahead expected growth is smaller

again, at 0.15. This indicates that the largest part of the variation in output is noise but

around 40% of the variation is anticipated by agents based on the expected compounding

or o®setting e®ects of previous permanent and transitory shocks viewed from the previous

quarter, and around 25% of the variation is explained by past shocks viewed from a year

earlier.14 It is this understanding of the persistent e®ects of shocks, as revealed by survey

respondents, that we exploit in our empirical work.

3.1 The Estimated Model and its Dynamic Properties

The estimation of the model of (13) and (14) is not entirely straightforward because of

the non-linearities involved in the GARCH-in-Mean model. The non-linearity means the

e®ects of shocks will vary over time, depending on the start position (i.e. the history of

shocks to that point) and the sign and size of the shocks at that point. This introduces

complexity in estimating the model parameters and in the impulse response analysis which

is addressed through simulation methods.

To be more speci¯c, the estimation of the model and calculation of the impulse re-

sponses involves two stages. In the ¯rst stage, a GARCH-in-Mean model is estimated for
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the changes in the seven variables in Y = ( , +1, +4, , +1, +4, )0 allowing for

feedback to the mean equations from the time-varying variance of the reduced form resid-

uals § . Estimation is by maximum likelihood and subject to diagonal BEKK restrictions

which ensure the positive de¯niteness of the variance-covariance matrices as they evolve

over time (see Engle and Kroner (1995). The second stage estimates the linear combi-

nations of the reduced form residuals that have a permanent e®ect on output and stock

prices at each point in time taking into account the non-linearities introduced through

the uncertainty terms. This is achieved through simulation, generating (at each point in

the sample) impulse responses for simulated shock realisations based on the estimated

model from the ¯rst stage and averaging across the simulations to derive a time-speci¯c

moving average representation corresponding to (8) but with dynamics characterised by

C ( ) taking into account the history of shocks to that point. (See the Appendix for

details). Having estimated the model parameters, including an estimate of C (1) and

the corresponding long-run relations, the identifying structure of (16) can be employed to

investigate the e®ects of the structural shocks at each point in the sample.

The multivariate GARCH-in-Mean model of (13) and (14) was estimated following

this strategy and Figure 2(a) illustrates the dynamics of the estimated model by showing

the average response of actual output growth to two system-wide shocks: one that results

in a one-standard deviation increase in output and one that results in a one standard

deviation decrease in output.15 The dynamics in both cases are complex and prolonged:

for the positive shock, the initial rise of 0.5 percentage points results in an overshoot at two

years converging after around four years to a level in which the e®ect of the initial shock

is doubled, with output around one percentage point higher than in the absence of the

shock; for the negative shock, the convergence is achieved after six years and the long run

level, at -0.5 percentage points, is roughly equal to the initial shock. The asymmetries in

the e®ects of the positive and negative shocks are an important feature which we develop
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below.

There are, of course, many complicated interactions underlying these dynamics in

our seven-variable system both in the mean equations and the variance equations. Two

features are worth highlighting:

Figure 2(b) focuses on the interplay between outcomes and expectations and plots

the e®ect of the same positive and negative shocks on actual output as Figure 2(a)

but also shows the response of 1-period-ahead expected output and 4-period-ahead

expected output. These show that the actual and expected output series converge

to the same level eventually (by construction). However, the interactions are not

straightforward and the three series are certainly not simple horizontal displacements

of each other (with +1 = +1 and +4 = +4 for all forecast horizons ) as they

would if full information Rational Expectations (FIRE) holds.

Turning to the role of uncertainty, Table 1 reports the contemporaneous impact

of a one standard deviation increase in the uncertainties arising from the various

shocks with di®erent persistence properties on the actual and expected outputs.16

The coe±cients show that changes in the uncertainty arising from the permanent

shocks to output and interest rates have the most in°uence on output; a one standard

deviation increase in the uncertainty arising from permanent output shocks increases

actual output by 0.17 percentage points, while a one standard deviation increase in

the uncertainty arising from permanent interest rate shocks decreases actual output

by 0.28 percentage points. In short, it is uncertainty surrounding fundamentals that

impacts on the macroeconomy; changes in the uncertainties arising from transitory

shocks have little or no impact on output.

The results establish the complexity in business cycle dynamics anticipated by Walker

and Leeper (2011), for example, where the `correlated news' arising from foresight and

from shocks that are known to be transitory is captured directly through the inclusion of

survey expectations. The impulse responses found here do not resolve the macro question
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about whether there are behavioural explanations for dynamic complexity such as habit

formation in consuption or adjustment costs in investment, say. But they make clear

that information °ows should be taken into account when investigating the complexity.

Further, it is worth noting that this type of complexity would arise even in models with

FIRE but, as illustrated in Garratt et al. (2018), it is compounded in models in which

sentiment or information rigidities play a part in expectation formation. This appears to

be the case here.

The dynamics are further compounded by the uncertainties surrounding output and

interest rates.17 These are not straightforward, however, with the uncertainty arising from

the shocks that will have a permanent e®ect on output causing output to rise while the

uncertainties arising from shocks expected to have a permanent e®ect on interest rates

cause output to fall. Figure 3 shows the time pro¯le of the estimated size of the two types

of permanent shock. Particularly large permanent output shocks were observed during

the 1987 Stock Market crash, the start of the 1990 Gulf War recession and the 2008 Global

Financial Crisis (GFC). Large permanent interest rate shocks were observed during the

interest rate °uctuatons of the early eighties, around the early 2000's dot.com recession

and again at the GFC. We shall pursue the timing of these events in more detail below.

But given our identifying assumptions, the permanent shocks to interest rates do not

have a permanent e®ect on output and indeed, as we show below, have only a relatively

short-lived e®ect on output. Seen in this light, the negative impact of the uncertainty

arising from permanent interest rate shocks on output is readily interpreted as a `wait-

and-see' response to short-lived output e®ects as emphasised by Bloom (2009), while the

positive e®ect of the uncertainty surrounding long-lived permanent output shocks are in

line with the fast-tracked investment and output growth associated with Bar-Ilan and

Strange (1996).
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3.2 The Time-Speci¯c Persistence Pro¯les

The results of Tables 1 and Figures 2 and 3 give a sense of the complexity of the estimated

GARCH-in-Mean model and the role of uncertainty in propagating the e®ects of shocks

over time. But the importance of the di®erent types of shock are conveyed in more detail

- and taking account of the time variation in § and C ( ) - through the persistence

pro¯les de¯ned earlier.

Figure 4a plots the (square root of the) persistence pro¯le measures for actual output

at one quarter ahead, at one year ahead and at three years ahead over the sample period;

i.e. showing ( ) for = 0 3 11, and describes the persistent e®ects on output generated

from the shocks observed over our sample.18 Figures 4b and 4c show the corresponding

persistence pro¯les for stock prices and the interest rate. The ¯gures illustrate the varying

importance of the di®erent types of shock at di®erent times and for the di®erent variables.

In all cases (i.e at all times and for all variables) the persistent e®ect of shocks grows as the

future horizon increases. But the patterns are very di®erent between the variables. For

example, the correlations between the stock price pro¯les ( ) at = 0 and the pro¯les

at = 3 and = 11 are 0.96 and 0.90 respectively, showing that the shocks driving

the long-horizon permanent e®ects on stock prices are very quickly - and dominantly -

re°ected in the contemporaneous and short-run pro¯les. This is in sharp contrast to the

output pro¯les for which the correlation between (0) and (3) is 0.71, falling to 0.57

between (0) and (11). Noisy short-lived and longer-lived transitory shocks play a

much more important role for output °uctuations over the ¯rst year or two, with the

e®ects of the permanent shocks to output only emerging gradually over three years and

beyond.

The changing balance in the relative importance of the permanent, long-lived and

short-lived shocks to the persistence pro¯les at di®erent future horizons is illustrated in

Figure 5(a)-(c).19 Averaging across the whole sample, Figure 5a shows that, for output,
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the long-lived transitory shocks explain 60% of the variance on impact and continue to

have a noticeable impact over the subsequent two/three years, after which the dominance

of the permanent shocks is established. Short-lived shocks play a very small role at any

time horizon. This pattern is broadly similar for interest rates in Figure 5c, although

the e®ects of short-lived shocks are noticeable (averaging around 10%) over the ¯rst year.

However, the output pro¯les are very distinct from the pro¯les for stock prices in Figure

5b where the fundamental permanent shocks dominate even on impact. Figures 5( )

and 5( ) present the equivalent ¯gures to Figure 5(a) relating to output growth but

showing the decompositions when averaged over periods of positive output growth and

when averaged over periods of negative output growth. Output growth was positive over

most of the sample, so Figure 5( ) is similar to Figure 5( ). But Figure 5( ) shows

that the permanent shocks have a much larger impact e®ect on output during recessionary

times than expansionary times (with 65% of the persistence pro¯le on impact relating to

permanent shocks compared to 40% in expansionary times) and the long-run e®ects (or

at least 95% of them) being achieved much more quickly, taking around two rather than

four years.20

These ¯gures provide nuanced support for the ideas promoted in the news-driven

business cycle literature. The patterns in the persistence pro¯les are consistent with the

view that the fundamental news ¯rms and consumers receive about future outcomes is

re°ected immediately in stock prices but generate transitional macro adjustments which

only gradually translate into actual output growth and interest rate changes over the

next years, with output adjustment more rapid in the case of anticipated future output

reductions. Incidental news about events with only transitory consequences play a role

in output (and interest rate) determination over a two or three year time-frame but have

little in°uence on stock prices over any horizon.

The uncertainties surrounding particular types of news also contributes to these growth

dynamics. Usually, the largest part of the contemporaneous uncertainty surrounding
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output and interest rates arises out of transitory shocks. But it is recognised that their

e®ects will dissipate over the coming two/three years and the uncertainties arising from

this source do not impact signi¯cantly on output growth. However, the uncertainties

arising with fundamental news on output and interest rates are in°uential, and during

recessions, a larger part of the contemporaneous uncertainty surrounding output relates

to permanent shocks and uncertainty will play a particularly important role in determining

output levels at these times.

Which were the important shocks to the US economy? Figures 6 and 7 provide

more detail on the persistent e®ect of the various shocks to the macreconomy over the

last forty years or so. They highlight four important episodes initiated by shocks

at the Stock Market crash of 1987;

at the start of the `Gulf war' recession in 1990;

at the early 2000's `dot-com recession';

and at the start of the 2008 GFC.

While these are perhaps obvious candidates for special mention, the persistence pro¯les

do o®er some insights on the episodes that are not usually commented upon.

Figures 6(a)-(c) focus on the contemporaneous persistence values obtained from the

decomposition of P (0) described at (12) and measuring the uncertainty surrounding

output, stock prices and interest rates at each point in our sample. The values are

obviously heavily in°uenced by the size of the shocks at the time - as illustrated in Figures

3(a) and (b) for example - but are also in°uenced by the weights of the D0 in (12). Figure

6(a) shows that the fundamental permanent output and permanent interest rate shocks

of the Gulf War, dot-com recession and GFC have the largest and most striking impact

on output uncertainty (relative to the `baseline' level of uncertainty surrounding output

generated by noisy transitional shocks, say).21 The permanent output and permanent
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interest rate shocks also have the most striking e®ect on stock price uncertainty, although

here it is the shocks of the 1987 Stock Market crash, Gulf War recession and GFC that

generate the highest levels of uncertainty. No obvious episodes show very strikingly as

far as interest rate uncertainty is concerned with this being dominated by the baseline

uncertainty generated by the transitional shocks to the system.

Figures 7(a)-(c) plot the persistence pro¯le measures after twelve quarters - i.e. based

on P (11) - showing, at each point in our sample, the persistent e®ects of shocks to output,

stock prices and interest rates after three years (decomposing the three-year-ahead pro¯les

described in Figure 4(a)-(c) therefore). The permanent shocks to output show as the most

important source of permanent change in all three diagrams, completely dominating in the

case of three-year-ahead output but also having a greater in°uence on three-year-ahead

stock prices and interest rates than their own respective permanent shocks.

In terms of the speci¯c timing of events, we see in Figure 7(a) that the news about

the dot-com recession that generated so much uncertainty around output on impact is not

found to have an unusually large e®ect on output at the three-year horizon, while the

news on the Gulf War and the GFC do translate into long-lasting e®ects. Moreover, while

the permanent output shocks experienced at the time of the 1987 Stock Market Crash

generated a reasonable, but not striking, impact on output, Figure 7(a) shows this news

had a considerable e®ect over the longer term. Permanent output shocks in these same

three episodes (1987, 1990 and 2008) have long-lasting e®ects on interest rates in Figure

7(c), and the permanent output shocks of 1987 and 2008 dominate stock price movements

after three years in Figure 7(b).

4 Concluding remarks

The paper has emphasised the importance of using the information contained in sur-

vey data to capture explicitly the sophisticated dynamic response of output and expected

future output to shocks and to distinguish between shocks with di®erent persistence prop-

erties. It is useful to brie°y summarise here the implications this has had for the modelling

of the paper. First, the time series representation has been set up - in a cointegrating

VAR form - to accommodate the idea that the various shocks have permanent e®ects on
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actual and expected output levels but that these are driven by the same stochastic trend

in the long run and that expectational errors are stationary. Second, by reporting that

some part of today's movements in output are not expected to survive to the next quarter

and still less is expected to survive the year, survey respondents are e®ectively making

explicit the elements that they consider to be `noise' and distinguishing permanent from

transitory innovations. This motivates relatively uncontentious restrictions with which to

identify the shocks with di®erent persistence properties, and we introduced `persistence

pro¯les', and their decomposition, to measure and illustrate these persistence properties.

Third, by using the asymmetric GARCH-in-Mean form, we allow for time variation in the

size of the di®erent types of shock experienced at di®erent times during the sample and

for the uncertainty about the macro variables to in°uence the growth in those variables.

This creates complexity in the estimation of the model but also provides the °exibility to

allow shocks of di®erent types, and their associated uncertainties, to play di®erent roles in

di®erent circumstances as captured by the persistence pro¯les obtained at di®erent points

in the sample.

In the event, we ¯nd that much of the °uctuations in output is recognised as incidental,

transitory noise, with short-lived e®ects, and that this noise is discounted relatively quickly

(within the year) and has no persistent e®ect on output. The uncertainties associated

with these noisy °uctuations also have no e®ect on output. It is reassuring to know that

decision-makers are aware of this noise element and `look through' its e®ects. But the

earlier algebraic exercise highlighted the dangers of ignoring this element for modelers who

will overstate the extent of uncertainty, and interpret it as being more in°uential than it

actually is, if the noise is not properly accounted for. The empirical work makes clear the

very distinct response of output, interest rates and stock prices to shocks of di®erent types

and shows that using direct measures of expectations guards against these problems.

The complementary ¯nding is that fundamental news on permanent output change

(and on permanent interest rate change) is the primary driver of macro dynamics. As

emphasised in the news-driven business cycle literature, news about permanent future

output change is re°ected straightaway in stock price reactions but it is understood that

it will take more than three years before this is translated into actual output outcomes.
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An important part of the propagation of the e®ect over time, at least during downturns,

is the uncertainty associated with the news on permanent output and permanent interest

rate change. Although these two uncertainty channels have o®setting e®ects, the overall

e®ect of the uncertainty arising from the two sources on output was particularly negative

in the recessions associated with the 1987 Stock Market Crash, the 1990 `Gulf war',

the 2000 dot-com bubble and the 2008 GFC. On the other hand, even at the time, it

was recognised that only the news about the 1987, 1990 and 2008 events would have

substantial consequences for output beyond three years.

We have emphasised throughout the persistence properties of our shocks - identi¯ed

from the survey responses at di®erent forecast horizons - without reference to the source

of shocks or their propagation mechanisms. We consider this to be an important feature

of the approach given the frailty of some assumptions used to identify `economically-

meaningful' shocks when only administrative data is available. We hope this work will

encourage greater use of survey data and direct measures of expectations in models used

for policy making to better accommodate the in°uence of information °ows.
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5 Appendix: Accommodating the Non-Linearities in Estimating the GARCH-

in-Mean Model

Identi¯cation of the shocks according to their durability is relatively straightforward in

the linear VAR model of (5) - or equivalently of (8) - using the restrictions outlined in (10).

Here the macro variables' response to the reduced form shocks is time-invariant, with the

sign and size of the response being determined by the sign, and in proportion to the size,

of the shocks. In these circumstances the estimated matrices in the lag polynomial C( )

from (8) are time-invariant so that (i) the impulse responses based on C( ) are the same

at all times and (ii) the C(1) and the associated values for for = 1 2 3, - and hence

the W matrix that translates the reduced form shocks to structural shocks - are also the

same at all times.

The GARCH-in-Mean model of (13) introduces non-linearities that mean that the

e®ects of shocks on the macro variables are time-speci¯c, depending on the start position

of the system (i.e. depending on the history to that time) and the size and sign of the

shocks. In this situation, we base our impulse responses and the matrix used to translate

reduced form to structural shocks on a time-varying version of (8)

¢Y = +C1 ¡1 +C2 ¡1 + (17)

where the C shows the impact of a 1-unit increase in ¡ on ¢Y . The steps to

construct the C 's are as follows:

1. Estimate a GARCH-in-Mean model of the form in (13) and (14) incorporating in

the mean equation feedback from the time-varying variance of the reduced form

residuals, § . The positive de¯niteness of the variance-covariance matrices as they

evolve over time is ensured if estimation is by maximum likelihood and subject to

diagonal BEKK restrictions (see Engle and Kroner, 1995).

2. Set = 1 and construct the associated history 0

3. Set = 1 to consider the e®ect of the ¯rst reduced form shock 1 .
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4. Simulate ¯ctional shock realisations
( )
+ = 0 1 + by sampling with re-

placements from the ¯tted residuals

5. Apply the shock by adding to the -th element of
( )
. Denote by

( ) ¤
+ the series

of shocks with applied

6. Simulate using (13) - (14) the impulse responses of the endogenous variables to a

shock according to

( + )( ) = E(Y + ¡1 = = 0) E(Y + ¡1)

where = . The ¯rst term on the RHS is computed using
( ) ¤
+ while the second

term on the RHS is computed using
( )
+ . Note that in this step, we account for the

impact of the shock on the covariance matrix implied by the GARCH equation.

7. Repeat 3 to 5 for = 1 2 ; i.e. simulate di®erent shock realisations in Step

2. In practice, we used = 300.

8. Average across to obtain ( + ) = 1
=1 ( + )( )

9. Repeat 2 to 7 for all shock

10. Scaling the ( + ) by 1 gives the -th column of C

11. Compute the cumulative long-run impact matrix associated with by adding up

( + ) from = 0 to = 200 and dividing the sum by 1 to rescale. We

call this long-run impact matrix C (1)

12. Set = 2 and repeat step 2 to 11 for = 2 3 .

Steps 1-12 provide time- measures of: ( + ); C for = 0 1 2 and = 1

; and (1). These measures convey the typical response of Y to shocks at time taking

account of the non-linearity introduced through the GARCH-in-Mean form and the size,

sign and history of shocks to that time.

To summarise the typical response to shocks abstracting from the historical position,

we can calculate ( ) = =1 ( + ) and (1) = =1 (1) to capture the

29



average response to system-wide shocks and the average in¯nite-horizon response. The

corresponding structural shocks are de¯ned by time-invariant combinations of reduced

form shocks, embedded within a Q de¯ned by the amended versions of (11) and (14) and

Q = R , W = R¡1Q and  = W§ W
0
.

The structural errors (and associated variance-covariance matrix) are obtained from the

reduced form errors with an identi¯cation matrix W which imposes a common `average'

structure for identifying the shocks of di®erent persistence properties across time.

In Table 1 of the text, we make use of the `average' W as we are interested in quan-

tifying the e®ect of uncertainty on the variables in Y . Noting that § = W¡1 W0¡1,

the e®ect of an increase in  by , say, is to increase § by W¡1 W0¡1 and hence to

impact on Y by G diag(W¡1 W0¡1) The responses described in Table 1 report the

impact of a change in uncertainty measured by a one standard deviation value for .
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Table 1: Impact of the Uncertainty Surrounding Structural Shocks on Actual and Expected Output

ߠ
௬

ߠ
 ߠ

{௦}
ସߠ
௬

ସߠ
 ଵߠ

௬
ଵߠ


Δݐ_ݕ 0.165 -0.277 0.010 -0.062 -0.067 0.005 0.030

Δ y୲ {୲ାଵ}
ୣ

0.182 -0.276 0.010 -0.065 -0.077 0.006 0.050

Δ௧ݕ{௧ାସ}


0.292 -0.281 0.024 -0.069 -0.069 0.010 0.047

Notes: Parameters show the impact of a one standard deviation increase in uncertainty on actual

and expected output.



Figure 1a: Actual and Expected Output Growth (Quarterly Rate)

Figure 1b: Actual and Expected Change in Interest Rate (Quarterly Rate)

Figure 1c: Stock Return
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Figure 2a: Actual Output Response to a Positive or Negative Output Shock.

Notes: Response of actual output to a typical system-wide shock increasing or decreasing output by one standard deviation
on impact. Top: Positive shock. Bottom: Negative shock. Bands are 95% confidence bands based on the distribution across

histories.

Figure 2b: Actual and Expected Output Responses to a Positive or Negative Output Shock.

Notes: See notes to Figure 2a.



Figure 3(a): Size of Permanent Output Shocks

Figure 3(b): Size of Permanent Interest Rate Shocks
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Figure 4(a): Output Persistence Profiles, 


(), at k = 0, 3 and 11

Figure 4(b): Stock Price Persistence Profiles, 
(), at k = 0, 3 and 11

Figure 4(c): Interest Rate Persistence Profiles, 
(), at k = 0, 3 and 11
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Figure 5(a): Decomposition of Average Output Persistence Profile ഥ


(), k=0,1,2,3,…, into Parts

Associated with Permanent, Long-Lived and Short-Lived Shocks

Notes: Historical average based on the whole sample.

Figure 5(a)EXP : Decomposition of Average Output Persistence Profile ഥ


(), k=0,1,2,3,…, into Parts

Associated with Permanent, Long-Lived and Short-Lived Shocks during Expansions

Notes: Historical average based on periods of positive output growth.

Figure 5(a)REC : Decomposition of Average Output Persistence Profile ഥ


(), k=0,1,2,3,…, into Parts

Associated with Permanent, Long-Lived and Short-Lived Shocks during Recessions

Notes: Historical average based on periods of negative output growth.
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Figure 5(b): Decomposition of Average Stock Price Persistence Profile ഥ (), k=0,1,2,3,…, into

Parts Associated with Permanent, Long-Lived and Short-Lived Shocks

Notes: Historical average based on the whole sample.

Figure 5(c): Decomposition of Average Interest Rate Persistence Profile ഥ (), k=0,1,2,3,…, into

Parts Associated with Permanent, Long-Lived and Short-Lived Shocks

Notes: Historical average based on the whole sample.
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Figure 6(a): Decomposition of Output Persistence Profile on Impact, 


(), into Parts Associated

with Permanent Output, Permanent Interest Rate, Permanent Stock Price and Transitory Shocks

Figure 6(b): Decomposition of Stock Price Persistence Profile on Impact, 
(), into Parts Associated

with Permanent Output, Permanent Interest Rate, Permanent Stock Price and Transitory Shocks

Figure 6(c): Decomposition of Interest Rate Persistence Profile on Impact, 
(), into Parts Associated

with Permanent Output, Permanent Interest Rate, Permanent Stock Price and Transitory Shocks
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Figure 7(a): Decomposition of Output Persistence Profile at Three Years, 


(), into Parts Associated

with Permanent Output, Permanent Interest Rate, Permanent Stock Price and Transitory Shocks

Figure 7(b): Decomposition of Stock Price Persistence Profile at Three Years, 
(), into Parts

Associated with Permanent Output, Permanent Interest Rate, Permanent Stock Price and Transitory

Shocks

Figure 7(c): Decomposition of Interest Rate Persistence Profile at Three Years, 
(), into Parts Associated

with Permanent Output, Permanent Interest Rate, Permanent Stock Price and Transitory Shocks
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