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Abstract

Applying sign and zero restrictions to survey forecasts embedded in
a VAR, we study the economic effects of news about future monetary
policy—the type of shock induced by credible "forward guidance." We find
that such policy has large, immediate, and persistent effects on inflation
and real activity, that these effects are larger than those of unanticipated
monetary policy, and that the economic responses grow larger as the hori-
zon of the guidance moves farther into the future. Our results also suggest
that conventional monetary-policy shocks themselves are effective only be-

cause they shift interest-rate expectations.
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1 Introduction

This paper uses time-series data to examine how beliefs about future monetary
policy affect the current state of the economy. This question has received particu-
lar attention as policymakers have increasingly used "forward guidance" to shape
interest rate expectations as a means to stimulate the economy. In the U.S., for
example, the Federal Open Market Committee has in recent years provided calen-
dar dates through which it expected its target rate to be held near zero, economic
thresholds that would warrant an unusually accommodative policy stance, and
qualitative signals about potential deviations from its conventional policy rule.
In principle, a commitment to future policy accommodation should have imme-
diate stimulative effects on the economy, and in some theoretical models those
effects can be quite large.! Yet, there is no conclusive evidence on whether this
mechanism is actually present in the data. We address this question and quan-
tify the dynamic effects of monetary-policy expectations and forward guidance
on output and inflation.

Just as identifying a conventional monetary-policy shock requires capturing
a deviation from the historical policy rule, identifying an anticipated monetary-
policy shock requires capturing an anticipated deviation from the historical policy
rule.> The type of shock that interests us in theory—and that is of interest
to policymakers hoping to stimulate the economy through forward guidance—is
one in which agents come to correctly anticipate policy easing beyond what the
expected state of the economy would normally warrant. To identify this shock,
we embed survey forecasts of the short-term interest rate and key macroeconomic
variables in a structural VAR model and use the following sign restrictions: the
expected short rate must move in the opposite direction of expected inflation and
expected GDP. This pattern of changes in expectations is unique to anticipated
monetary-policy deviations in theoretical models.

In contrast, an anticipated endogenous response of policy to the expected

state of the economy moves short-rate expectations in the same direction as

'For example, see Krugman (1998), Eggertsson and Woodford (2003), Laseen and Svensson
(2011), and Werning (2011).

2The title of our paper is a homage to Leeper et al. (1996), which was among the first
studies to grapple with this identification problem with respect to conventional policy.



expected inflation or expected GDP. If policymakers usually act in a clear and
consistent way, most fluctuations in short-rate forecasts will reflect expectations
of such systematic policy responses to future economic conditions. Previous
evidence, such as Romer and Romer (2000) and Campbell et al. (2012), supports
this notion: when people expect looser policy, it is usually because they expect
the economy to deteriorate. If we did not control for this expected endogenous
policy response, it would obscure the effects we are interested in. Changes in
short-rate forecasts alone are not sufficient to isolate the exogenous component
of policy, as the distinguishing feature is the corresponding change in expected
economic conditions. Qur sign restrictions, being contemporaneously imposed
on three key forecasted variables (short rate, GDP, and inflation) and excluding
all cases in which those move in the same direction, isolate the anticipation of
exogenous policy innovations.

To ensure that our shocks can be interpreted as "news" about future mon-
etary policy, our identification also requires that the survey forecasts correctly
anticipate, on average, the economic fluctuations resulting from these shocks.
While the interpretation of forward guidance as a news shock is not uncommon
(e.g., Milani and Treadwell, 2012), the empirical identification of news about the
monetary-policy rate is novel. The empirical literature on news shocks mostly
identifies news about variables, such as technology (e.g., Beaudry and Portier,
2006; Barsky and Sims, 2011) and non-cyclical components of fiscal policy (e.g.,
Ramey, 2011; Mountford and Uhlig 2009), that are assumed to be exogenous—an
assumption that certainly does not hold for the monetary-policy rate. Conse-
quently, the identifying procedures developed in those papers are not applicable
to our problem. Instead, our restrictions identify news by linking changes in
survey forecasts with subsequent changes in economic data.

We find that, consistent with an FOMC that usually hews closely to a clearly
communicated policy rule, anticipated deviations from that rule are small; nev-
ertheless, they have large, immediate, and persistent effects on both prices and
real activity. We estimate that a 10-basis-point decline in expectations for the
average short-term rate over the following year—roughly the size of the shock
associated with the FOMC’s adoption of calendar-based forward guidance in Au-

gust 2011—raises current output, prices, and hours by about 0.6 percent in the



near term. These responses are larger and occur faster than those produced by
an identical path of the short rate that is unanticipated, but the effects of the
unanticipated policy largely catch up after a few quarters. To perform this com-
parison, we identify unanticipated policy innovations using the same restrictions
on the survey forecasts that we use when identifying anticipated policy innova-
tions, but we require the actual short rate to decline contemporaneously. This
novel identification method allows for the expectations channel to have a role in
both types of shock, maximizing their comparability. However, our finding that
anticipated policy moves are more effective than unanticipated ones also holds
when we use more-standard identification schemes (Christiano et al., 1999; Uhlig,
2005) for the unanticipated policy shocks.

Finally, we construct a new quarterly dataset of very long-range survey fore-
casts and use those expectations to test how the magnitude of the effect of
monetary-policy news depends on its horizon. We find that shocks to long-term
policy expectations have larger effects than in the shorter-run cases. For exam-
ple, based on our median estimates, anticipated policy innovations are roughly
twice as powerful at the 11-year horizon as they are at the one-year horizon.
The longer-horizon results are also more statistically significant than the shorter-
horizon ones.

These findings support the basic mechanisms at work in the standard New
Keynesian model. We confirm that news about future monetary-policy easing has
immediate stimulative effects, that these are larger than the effects of similarly
sized unanticipated policy shocks, and that the economic responses to monetary-
policy news grow larger as the period it pertains to moves farther into the future.
Although the magnitudes of our estimates—particularly for the very long-horizon
news—are smaller than standard models would suggest, they are consistent with
extensions, such as McKay et al. (2016), that introduce discounting in the IS
curve and thereby dampen the effects of news at long horizons. We conclude,
therefore, that credible forward guidance can likely provide significant economic
stimulus, just as the theory suggests.

The reason that forward guidance is more effective than conventional policy
in the short run is that interest-rate expectations adjust immediately to forward

guidance but only sluggishly to conventional policy, and economic outcomes ap-



pear to depend primarily on these expectations. Indeed, we also explore the
channels through which conventional policy operates, and we find that when an
unanticipated policy shock occurs, it is not the change in the short rate per se
that matters for economic outcomes, but rather the associated shift in expected
short rates. We reach this conclusion by using our estimates to construct hypo-
thetical scenarios in which there is a shock to today’s short rate but expectations
for future short rates remain unchanged. This type of unanticipated shock in
which the expectations channel is shut down has no significant effect on GDP or
inflation.

To our knowledge, these findings are the first to assess the macroeconomic
effects of monetary-policy expectations and forward guidance in a way that is
consistent with theoretical treatments but does not impose any particular struc-
tural model. They fill a gap in the literature because, even among those who find
the theoretical case for forward guidance compelling, its quantitative importance
has remained an open question. Standard versions of New Keynesian models
deliver macroeconomic effects that are generally viewed as implausibly large (Del
Negro et al., 2012; Carlstrom et al., 2012), and relatively minor variations, such
as those explored in Levin et al. (2010) and Werning (2015), can yield impacts
of policy expectations that differ markedly from each other. A number of pa-
pers have estimated versions of New Keynesian models that incorporate news or
forward guidance about monetary policy (Milani and Treadwell, 2012; Del Negro
and Schorfheide, 2013; Campbell et al., 2016; Gomes et al., 2017). Though in-
formative, those papers face the usual limitation of DSGE models, which is that
the results may hinge upon the particular structural specification. In contrast,
our VAR-based approach imposes only a minimal set of restrictions.

In the only previous attempt to estimate the effects of forward guidance in
a model-free way, Campbell et al. (2012) found the opposite of what theory
predicts: when the Fed signals that lower rates are coming, survey expectations
of GDP and inflation decline. ~They argued that this likely reflected agents
interpreting accommodative signals by the Fed as conveying negative informa-
tion about the prospects for the economy ("Delphic" forward guidance), rather
than as commitments to future stimulative deviations from the historical pol-

icy rule ("Odyssean" forward guidance). This is an example of the distinction



made above between expectations for endogenous policy responses to the econ-
omy versus expectations for exogenous policy innovations, a distinction that our
methodology is specifically designed to address. Gurkaynak et al. (2005) and
Gertler and Karadi (2015) also examined aspects of changes in the anticipated
path of interest rates, but neither distinguished expectations for exogenous policy
innovations from expectations for endogenous policy responses as we do, nor did
they consider differential effects of expectations over different horizons.

In Section 2 of the paper, we motivate our identification strategy within a
simple New Keynesian model in which forward guidance is thought of as a news
shock, whose qualitative and quantitative implications provide a benchmark for
our empirical results. Section 3 shows that our survey-augmented VAR is a
valid reduced-form of that type of model and describes the VAR implementation.
Section 4 details our structural identification scheme. Section 5 summarizes
the baseline results. In Section 6, we use those results to construct scenar-
ios that illustrate the importance of anticipation in monetary policy, including
forward-guidance scenarios. Section 7 conducts a battery of robustness checks,

and Section 8 concludes the paper.

2 Policy expectations in a New Keynesian model

We begin by considering what happens when we allow for news about future
monetary policy in an otherwise standard New Keynesian (NK) model. The
purpose of this exercise is threefold. First, it illustrates in a familiar setting the
mechanism underlying the impact of anticipated monetary-policy innovations.
Second, it demonstrates the qualitative and quantitative responses to such shocks
implied by theory, providing hypotheses (such as the forward-guidance puzzle)
to be tested in our empirical work. Lastly, it illustrates how the sign restric-
tions that will be used to identify anticipated policy innovations in our VAR are
prescribed by the theory. The model has some overlap with previous studies
of forward guidance and monetary-policy news (e.g., Eggertsson and Woodford,
2003; Werning, 2011; Milani and Treadwell, 2012; Campbell et al., 2012, 2016),
but we emphasize the particular features that will be of interest for our empirical

tests.



2.1 Model Description

We borrow the basics of the model from Gali (2008, c¢. 3). Specifically, under

standard NK assumptions, the equilibrium conditions can be written as follows:
Ty = BEmi1 + Ky (1)

1 . .
Yy = By — p (it — By —17) (2)

where 7, is inflation, y; is the output gap, E; is the expectation conditioned on
time—t information, 7; is the nominal short-term interest rate, r* is the natural
rate of interest, 0 < 8 < 1 is the rate of time preference, o > 0 is the coefhi-
cient of relative risk aversion, and the Phillips Curve slope x > 0 is a nonlinear
combination of structural parameters. In addition, assume that the short-term

interest rate is set by the central bank according to the rule

it = QY + O+ Uy (3)

where

Uy = PU—1 + &¢ (4)

with €; being a mean-zero iid disturbance, and ¢, > 1, ¢, > 0, and 0 < p < 1.

We depart from the standard treatment only by allowing agents to have some
knowledge about the policy innovation ; prior to period ¢t. Agents potentially
receive correct information (i.e., news) about this innovation every period before
it occurs. Let a/™ be agents’ anticipation of the policy innovation e,y as of
period t, and let u; denote the component of ¢, that is unanticipated as of period
t —1. That is

gr=al_, +u (5)

For any fixed period T > t, rational expectations implies that {a!} follows the
martingale process

a; =a;y+n; (6)

where 7! is a serially independent news shock. For the reminder of the paper we

will refer to this shock as the "policy-expectations shock." Clearly, the standard



model without news is a special case in which a!™ = 0 for all ¢ and .

Given this setup, one can solve forward to obtain a solution for time-¢ inflation,
output, and the short-rate as a function of the current policy stance v, and an
infinite-order moving average of the future policy innovations that are expected

as of time ¢:

(o ¢] (e, ] o
t+h t+h t+h
T = wo,nvﬁ‘z ¢h,ﬂat+ Y = @/Jo,yUH‘Z wh,yat+ 1 = wo,ivﬁ‘z ?/)h,iat+
h=1 h=1 h=1
(7)

The effects of unanticipated shocks u; in this model are standard and are the same
regardless of whether the anticipated component exists or not. In particular,
Appendix A shows that 1, . and ¢, , are negative, meaning that time-¢ inflation
and output move in the opposite direction of an unanticipated monetary-policy
shock u;. Under standard parameterizations, v, is positive, implying that the
nominal short rate moves in the same direction as the shock, and we will assume

for the remainder of the discussion that this is the case.

2.2 Responses to Policy-Expectations Shocks

In the model described above, when agents receive a shock n/™ that alters the
anticipated monetary-policy innovation h periods ahead, their expectations of

what the economic variables will be in period t + h react as follows:

AE; [men] = %,M?h AE; [yia] = %ynﬁh AFE (i) = %ﬂl?h (8)

Intuitively, expectations of future inflation, output, and interest rates are affected
by expectations of a future monetary-policy change in the same way that current
inflation, output, and interest rates are affected by a current unanticipated policy
shock. Thus, a policy-expectations shock causes both E; [r,,;] and E; [ysyn] to
move in the opposite direction of Fj [i;1]. This observation motivates our sign-
based identification scheme in the VAR. Notably, no other shock in standard

models of this type can produce this response pattern.?

3For example, a shock to expectations about future technology, which would enter through
r*, would generally move the short rate in the same direction as expected output and inflation.
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The empirical question is, given a shock to today’s expectations of policy h pe-
riods in the future, how does the economy respond today? The predictions of the
NK model with respect to this question are given by the multipliers ¢, ., v, , ;and
1y, ; in equation (7), whose closed-form solutions are provided in Appendix A. To
get a sense of the magnitudes involved and how the expectational horizon mat-
ters, Figure 1 illustrates the immediate responses and the subsequent economic
dynamics under a standard calibration. Specifically, taking periods to be quar-
terly (and again following Gali, 2008), let 0 = 1, § = .99, k = .15, ¢, = .125,
¢, = 1.5, and p = .5. We focus on policy-expectations shocks /™" that are suf-
ficient to lower the expected h-period-ahead annualized interest rate by 25 basis
points, where h = 1, ..., 4 quarters.

As shown in panel A, inflation rises immediately in response to the policy-
expectations shocks, and it rises by more the farther into the future those inno-
vations are expected to occur. For an anticipated monetary easing of 25 basis
points one year ahead (the blue line) current quarterly inflation rises by about
3 percent (at an annual rate). This effect is somewhat damped because of the
systematic response of policy: the current value of the interest rate rises to offset
the stimulative effects of its anticipated future declines. For this calibration,
that policy response is large enough to drive the output gap negative in early
periods, even though the shock itself is a stimulative one. In general in this
economy, depending on the parameter values, output and inflation responses to
policy-expectations shocks are ambiguous in the short run.*

However, if the path of the economy shown in panel A resulted from deliberate
policy, the central bank would find itself in the somewhat bizarre position of me-
chanically raising rates in response to its own accommodative forward guidance.
Since this seems implausible, we consider a second, more realistic scenario: at
time t, the central bank announces that it will lower the policy rate by 25 basis
points in ¢ 4+ h but also that it will maintain the rate unchanged at its t — 1

level until that time. This is equivalent to introducing an unanticipated shock in

A "markup shock," which would appear as an additional stochastic term in equation (1), would
generally move inflation and output in opposite directions.

4 Indeed, in Appendix A we show that those responses are only guaranteed to be positive if
¢, < 1/B. Since f is typically close to one, this condition will nearly always be violated if the
model satisfies the Taylor principle.



period t and a series of anticipated innovations in periods ¢t + 1 through t +h — 1
that are sufficient to offset the systematic response of the short rate. As shown
in panel B, once the mechanical policy response to expected future easing is shut
down, the output gap rises substantially. Given the stabilized nominal short
rate, the higher inflation results in a significant reduction in real rates.” Panel
C shows that a similar outcome occurs if the central bank promises to lower the
short rate by 25 basis points, not just in period ¢t + h, but for the entirety of
the period ¢t + 1 through ¢ + h. This is closer to what central banks have done
in practice, and it essentially mirrors the forward-guidance experiments we will
conduct using our empirical results in Section 6.

The magnitudes of the responses in Figure 1 are large when compared to those
of conventional monetary policy shocks within the same model. For example,
an unanticipated 25-basis-point shock to the actual short rate (not shown) has
an initial impact of only +0.2 percentage points on both the inflation rate and
the output gap—an order of magnitude smaller than when the same shock is
anticipated to occur one year ahead. These are manifestations of the "forward
guidance puzzle" pointed out by del Negro et al. (2013). They are not specific to
the structure of the simple model here, its calibration, or its assumed policy rule.
Rather, as discussed by McKay et al. (2016), they result from the large influence
of future interest rates on the path of the output gap and the way that path
compounds into inflation via the NK Phillips Curve. While several authors have
proposed modifications to the basic NK structure that can reduce the effect of
forward guidance, it is unclear what a reasonable result from such models should
be, since there is so far no empirical work estimating this impact in a model-free
way.

Summing up, the stylized NK model shows that policy-expectations shocks,
as we have defined them, move expected short-term interest rates in the opposite
direction of expected future output and inflation. This will be a key identifying

feature of our empirical approach. In terms of predictions, the model shows

5 At the zero lower bound (ZLB), the situation depicted in panel B arises. From the per-
spective of the linear model, a short-rate that does not move in response to forward guidance
because of the ZLB looks like an accomodative shock. Thus, the results in panel B repro-
duce those of previous theoretical models that have explicitly taken the ZLB into account (e.g.,
Eggertsson and Woodford, 2003; Werning, 2011; Del Negro et al., 2013).

10



that, if the systematic policy response to anticipated future innovations is not
shut down, the immediate macroeconomic effects of policy-expectations shocks
can go in either direction. Thus, the sign of these effects is an empirical question.
However, if the systematic policy response to anticipated future innovations is
shut down, the model also makes two firm, qualitative predictions about the
effects of such shocks. First, policy-expectations shocks have immediate effects
on output and inflation that are in the same direction of their expected future
effects.  Second, the effects of policy-expectations shocks grow larger as the
horizon they pertain to moves farther into the future. Our empirical results

provide tests of both predictions.

3 Empirical Specification

3.1 Reduced Form

Our empirical strategy identifies policy-expectations shocks as “news" shocks in
a VAR that jointly models economic variables and survey forecasts, treating the
latter as direct measures of agents’ expectations. Survey forecasts have been
previously used to measure expectations in numerous empirical macro/finance

6 However, their inclusion in a structural VAR is somewhat novel

applications.
and raises questions about their added value and whether such a VAR is a valid
reduced form for a plausible set of economies. We therefore briefly derive the
VAR from first principles, based on a general structural model that nests the NK
model discussed above.”

Consider a linear rational-expectations economy of the form
Xy = AXt_l -+ BEt [Xt-i-l] + & (9)

where x; is the state vector of economic variables and €; is an exogenous sto-

SThese applications include term-structure modeling (e.g., Chun, 2011; Kim and Orphanides,
2012; Piazzesi et al. 2015), improving forecasting models (e.g., Wright, 2013; Frey and Mokinski,
2015), and identification of DSGE models (e.g., Milani, 2011; Del Negro and Schorfheide, 2013).

"The only previous study known to us in which surveys are used to identify shocks to
expectations in a VAR setting is Leduc and Sill (2013), which takes the VAR reduced form as
given.
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chastic process that is independent of current and past values of x; and has zero
unconditional mean. To introduce the possibility that agents may form expec-
tations based on information other than that contained in x;, we generalize the
conditional expectation of &; itself to be a stochastic process, as we did in the NK
model of the previous section. In particular, we assume that agents may receive
an unbiased signal in each period about the future value of €;, potentially at all
horizons h > 0. Thus, for each period ¢, we can write the innovation &; as the
sum of an unanticipated mean-zero component u; and a component anticipated
in the previous period a!_;:

Er = ai_l + uy. (10)

Under the standard (no-news) assumption, €, = u;, the conditional mean of

g; is also always zero, and the economy has a reduced-form VAR representation:
Xy = (ﬁxt—l + \Pout (11)

where Wou, is a mean-zero, iid vector of reduced-form errors, assuming that the
matrices of structural parameters A and B satisfy the conditions for invertibil-
ity. The reduced-form parameters ® are easily estimated by OLS or Bayesian
methods.

In the more general case where the news component may be non-zero, al_; and
u; are independent, and, for any fixed period T' > ¢, rational expectations imply
that al’ must follow a martingale. Thus, the time-t news shocks, n! = al —al |,
are mean-zero and iid. We note that this way of specifying news shocks mathe-
matically nests the treatment of those shocks in much of the previous theoretical
literature on news about productivity (e.g., Beaudry and Portier, 2006; Schmitt-
Grohe and Uribe, 2012; Jaimovich and Rebelo, 2009) and on forward guidance
in monetary policy (Lasseen and Svensson, 2011; Campbell et al., 2012; Milani

and Treadwell, 2012; Del Negro and Schorfheide, 2013).8

8Lorenzoni (2009), Barsky and Sims (2011), and Blanchard et al. (2013) consider a related
class of models in which, rather than forming beliefs about variables that are only realized in
the future, agents solve a filtering problem in which they try to learn current productivity from
a noisy signal. Although the models in those papers differ slightly from the structure assumed
here, the mechanism is similar because the primary economic effects occur through changes in
agents’ expectations of future values. In particular, when they infer higher productivity, they
revise upward their beliefs of future output, causing an immediate increase in demand.

12



In Appendix B, we show that, in the presence of news shocks, x; follows the
process
o0
x; = ®x; 1 + Pouy + Yoal , + Z\Ilha?h (12)
h=1
where ¥,,, are the multipliers on future expectations.” The reduced-form para-
meters ® and disturbance Wou, are the same as in equation (11). Thus, the
presence of news generalizes the no-news model by adding a linear combination
of the anticipated state innovations. These terms are necessarily correlated with
x,_1 because the a!™" are persistent. ~Consequently, estimating the VAR on
{x;} alone will produce omitted-variable bias with respect to ®, as well as an
estimated variance of the reduced-form errors that is too large.
Since we do not observe the al™, we cannot estimate (12) directly. However,
we can rewrite the system solely in terms of observable variables in one of two

ways, according to the following proposition.

Proposition 1 In the linear rational-expectations economy with news shocks,
characterized by the structural equations (9) and (10), the state vector x; follows
the process

X, =01x1 +602x, o +e ;1 —01e3;, 1+ ey (13)

where (e1; es) ~ Niid[0,X], and 01, 0, and X are matrices of reduced-form
parameters.  Equivalently, the joint dynamics of x; and its one-period-ahead

expectation can be written as the VAR

Eixn] [ 61 6 B ] o (14)
X; I O Xi1 €t

Proof. See Appendix B. m

Equation (13) shows that x; does not have a VARMA representation, let alone
the simple VAR(1) dynamics of the no-news economy (11). This observation
again highlights the potential for misspecification error in the presence of news if
survey data (or other direct measures of expectations) are not included. Indeed,

in general, the reduced-form parameters in equation (13) cannot be identified

9Note that equation (7) is the NK special case.
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from the observations {x;} alone. Intuitively, if ¥ is of full rank, there are
innovations in Fj [x;;1] that are not linear combinations of innovations in x; and
therefore cannot be recovered only from data on x;. The issue is related to
the non-invertibility induced by news shocks that is discussed by Sims (2012)
and Leeper et al. (2013), although the arguments in those papers have to do
with identifying the structural parameters of the system given estimates of the
reduced form. Here, even the reduced-form parameters themselves are not fully
identified.

On the other hand, equation (14) shows that a VAR that incorporates survey
data is properly specified, and its reduced-form parameters are both identified
and straightforward to estimate. Thus, if news shocks are present, incorporat-
ing direct measures of expectations in the VAR is not only admissible but also
necessary in order to obtain consistent reduced-form estimates.'® The empirical
news literature has long recognized the need to include information from forward-
looking variables, such as stock prices (Beaudry and Portier, 2006) and consumer
confidence (Barsky and Sims, 2012). One advantage of the survey data is that
they directly reveal the magnitudes of the expectations for x;,,. The ability
to measure the reaction of these expectations at the time of a shock allows us
to impose that this reaction equals the subsequent change in the actual x;,; on

average, which is a defining feature of news.

3.2 Data and reduced-form estimation details

As our baseline specification we include in x; the 3-month Treasury Bill (TBill)
rate, log GDP, log CPI, log hours worked, and the growth rate of M2 at a quarterly
frequency over the period 1983-2015. Following Christiano et al. (1999) and
others, we include GDP and CPI in log levels. We have also run the model
in first differences and with a larger x; that includes several additional macro
variables, with little effect on the results.

As direct measures of expectations, we employ forecasts from widely used

macroeconomic surveys. We denote the survey forecast of a variable x;.) as

10Tndeed, in the presence of news, measures of expectations are required even if the researcher
has no interest in the effects of news shocks themselves and only wishes to estimate the effects
of the unanticipated structural shocks u;.
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E? [z,1], where the superscript S on the expectations operator distinguishes it
from the model-implied expectation, which we continue to denote F; [z;,p]. Our
baseline model uses information from the Blue Chip Survey (BCS), which begin in
1983 Q2 for our series of interest. The Survey of Professional Forecasters (SPF)
is used as a robustness check. Each survey reports the respondents’ average
forecasts of real GDP, CPI, and the 3-month TBill rate, which we use as a proxy
for the monetary-policy instrument. The survey data on future GDP and CPI
are in log levels, while data on the TBill rate are reported as averages over the
period t+1 to t+h. Due to idiosyncrasies in the conventions and timing of their
reporting, the survey data require some manipulation to be useful in our VAR
model, particularly for longer horizons. Our method for obtaining constant-
horizon quarterly series and their properties are detailed in Appendix C. We are
able to construct constant-horizon quarterly series for survey expectations of key
variables at horizons ranging from 3 months to 11 years. Use of these data over
a long sample period is novel and provides important information for testing the
forward guidance puzzle.

With these data, we estimate a series of models

( Esz(lH’h] ) _ 00+G)(L) < Eigifwh] > 4 ( zl,t ) (15)

where L is the lag operator. Note that, while this specification has the form of
equation (14), it is more general. In particular, we do not impose the bottom
row of (L) to be ( I 0 ) or the intercept term to be zero. This is because,
although we impose that rational expectations hold for the specific set of shocks
we are interested in, we want to allow for the possibility that the survey data
themselves might be biased or that their forecast errors might be predictable in
response to other types of shocks that we do not specify.!!

We estimate separate models for each survey forecast horizon, 1, 2, 3, and 4
quarters and 6 and 11 years. In each case, we estimate @(L) and ¥ by Bayesian
methods, using a flat normal-Wishart prior and selecting the lag length by BIC.

We also ran specifications in which we included multiple surveys within the same

'Numerous studies suggest bias and predictability among consensus survey forecasts. See
for example, Davies and Lahiri (1995, 1999) and Coibion and Gorodnichenko (2012, 2015).
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model, simultaneously identifying shocks to expectations at different horizons.

The results were not appreciably different from those we report below.

4 Shock Identification

Let T denote the matrix of multipliers on the structural shocks, such that

€1 T n:
€2 u;

and ¥ = I'T".  (Appendix B derives the elements of I" as functions of structural
parameters for the linear rational-expectations economy of the previous section.)
Although the vectors of news and unanticipated shocks, n, and u;, may contain
arbitrarily many elements, we single out two: a policy-expectations shock (7,)
and an unanticipated monetary-policy shock (u;). We denote by I'f and T’ , the
elements of I' corresponding to the impact of shock u; and 7, on variable x. Thus,
for example, F?D P is the contemporaneous effect of a policy-expectations shock on
GDP, and ry *1 is the contemporaneous effect of an unanticipated policy shock on
the survey forecast of the TBill rate. In order to identify the necessary elements
of I', we impose a combination of exact and partial identification restrictions,

which we now describe.

4.1 Policy-expectations shocks

Our sign restrictions for the policy-expectations shock 7, enforce the following
condition: the time-f impact on the expected average TBill rate over periods ¢
to t + h must be in the opposite direction of the time-t impact on expectations
of the time-t + h GDP and CPI. This assumption about the contemporaneous
impacts of policy-expectations shocks is consistent with the predictions of the NK
model discussed earlier and, indeed, with a large class of forward-looking macro-

economic models.!> To ensure that we are not conflating policy expectations

120ne might be concerned that we are actually picking up the effects of time-t aggregate-
demand shocks: perhaps output and inflation rise today, and persistence causes expectations
for their values tomorrow to rise as well, rather than the other way around. But, since the Fed
raises rates in response to exogenous increases in output and inflation, short-rate expectations
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with unanticipated policy, we impose that the current TBill rate does not fall in
response to an accommodative expectations shock. In other words, we isolate
cases in which current policy does not ease but expected future policy does, im-
plying that the short rate can move in the opposite direction of its expectation,
which is the behavior predicted by the NK model in Section 2.!* In Section 7,
we consider a specification in which this rate does not change at all in the period
of the policy-expectations shock.

Further, to narrow the admissible set of shocks to those that contain news
about future policy innovations, in line with theoretical treatments, we restrict an-
ticipated monetary-policy changes to materialize as expected on average. Specifi-
cally, the observed responses of GDP, inflation, and the short rate in the h periods
subsequent to the shock are equal, on average, to the time-t change in the survey
forecasts of these variables at horizon ¢4 h. Structural VARs that do not include
actual measures of expectations cannot impose this rationality condition, but in
most previous studies of monetary policy the treatment of expectations was not
of primary importance as the focus was not on news. Note that this condition
does not rule out the possibility that agents’ expectations may not always be
rational or that they do not respond to noise, since there are additional VAR
shocks that we do not identify.

As a normalization, we consider policy-expectations shocks that move ex-
pected short rates in the negative direction (i.e., anticipated future monetary-
policy easing). Thus, the restrictions to identify policy-expectations shocks can

be summarized as follows:

Ffs[i] <0, {FES[GDP],F,?ES[CP”} >0, P% > () (16)

H .
pESIGDP] _ E {3GDP75+H} ’ pESICPI _ E |:8OPL§+H:| ’ B _ iZEt [8@t+h
! on, ! on, K Hh*l on,

|

()

would rise in that scenario. Our restrictions ensure that we do not include such situations.
31n a different context, Leduc and Sill (2013) show empirically that the current short rate
rises when consumers receive positive news about the future.
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where H is the horizon of the survey forecast used in the VAR. Note that,
consistent with the reporting conventions of the surveys, our restrictions are on
the future levels of GDP and CPI at the end of the forecast period but on averages

of the short rate over the forecast period.

4.2 Unanticipated policy shocks

We next turn to the unanticipated monetary-policy innovations u;. The primary
purpose of identifying these shocks is to compare their effects to those of the antic-
ipated innovations. Since survey forecasts should also respond within a quarter
to unanticipated policy shocks, in our baseline specification for u;, we impose on
those forecasts the same set of restrictions used for 7,. This allows the expec-
tation channel to be present in both types of shock, maximizing comparability.
The only difference is that unanticipated policy shocks involve a contemporane-
ous decline in the level of the current short rate, whereas such decline can occur
only with a lag when the policy innovation is anticipated. Thus, the restrictions

are:

dGDP, s dCPI, sy Laem,, [Dicen
eGP _ p |ZX T2 H ) pES[CPI _ p |27 T pBESE] _E E, | =t
v ¢ 8Ut ’ w ¢ 8Ut ’ w H ¢ 8Ut

h=1
(19)
As with the policy-expectations shock, these restrictions on the unanticipated
policy shock are consistent with the predictions of standard NK models (including
the one discussed in Section 2), and there are no other shocks within standard
versions of those models that result in the same patterns.

There is, of course, a large literature on identifying unanticipated monetary-
policy innovations, and for robustness we will consider two of the most commonly
used identification schemes (Christiano et al., 1999, and Uhlig, 2005) in Section
7. However, at least for the purposes of this paper, the restrictions in equations
(18) and (19) have two advantages. First, they ensure rationality of the shock

responses. This is not guaranteed by other identification schemes. Second, they
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ensure consistency between the policy-expectations and unanticipated shocks.
For example, standard approaches may lead to a price puzzle, but this would be
inconsistent with our identifying assumption that anticipated policy easing cause

expected inflation to rise.

4.3 Implementation of sign and zero restrictions

The standard method for imposing sign (or other partial-identification) restric-
tions is to draw a set of candidate factorizations of the estimated covariance
matrix ¥, discarding the draws that are inadmissible. The drawing procedure
makes use of the result that, if I" is a factorization of X, then so is I'R, where R
is an orthonormal matrix. Thus, random draws are generated by taking an easily
computable factor (such as the Cholesky decomposition) and multiplying it by
randomly generated orthonormal matrices. Standard procedures for generating
these matrices produce draws of I' that are uniformly distributed under the Haar
measure.

Although this procedure has become standard in the sign-restriction litera-
ture, Baumeister and Hamilton (2015) point out that draws that are uniform
under the Haar measure are not generally unconditionally uniform for any given
element of the structural parameters I'"!. They recommend treating the prob-
lem as a fully Bayesian one by specifying a prior for the structural parameters.
Since the data do not provide any information about the factorization of 3, the
posterior distribution of I'"! is proportional to this prior within the region of the
parameter space that satisfies the partial restrictions.

For our problem, two difficulties render the Baumeister-Hamilton approach
infeasible. First, while it might be possible to use theory to come up with priors
for the structural parameters applying to our two shocks of interest, some of the
variation in our VAR comes from other shocks that we do not identify and for
which we have no structural interpretation. Thus, there is no obvious way to
produce priors for all of the structural parameters of our model. Second, we
need to impose zero restrictions in addition to sign restrictions, and Baumeister
and Hamilton do not provide any method for doing this.

Fortunately, Arias et al. (2016) have developed an algorithm for drawing
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uniformly (i.e., with agnostic priors) across either the structural parameters of
the model or across the impulse-response functions (IRFs) given an arbitrary set
of zero restrictions. To implement the identification in equations (16) - (19),
and make sure that the identification only comes from this set of restrictions, we

4 For our baseline results, we use a uniform prior over

follow their procedure.!
the structural parameters. We show in Section 7 that imposing a uniform prior
over the IRFs produces almost the same results.

To compute IRFs, we draw jointly 10,000 times from the posterior distribu-
tion of the VAR parameters and the set of admissible I'’s, and we simulate the
dynamic effects of a one-standard-deviation shock under each draw. We report
the median and 16%-t0-84% range across all draws, noting that these distribu-
tions reflect both statistical uncertainty about the reduced-form parameters and
"model uncertainty" over the possible structural rotations that are consistent
with our restrictions for any given set of reduced-form estimates. Our focus
on the quantiles of the IRF distribution accounting for uncertainty about both
the model parameters and the impact matrix effectively treats the problem as a

Bayesian one, as recommended by Baumeister and Hamilton (2015).

5 Results

5.1 Shorter Horizons

We begin with the results for the models that include survey data with a horizon
of one year or less. As we will show, these results are very close to one another,
suggesting that the economic multipliers on policy-expectations shocks at short
horizons are very similar. Then, we compare their effects to those of the unan-
ticipated innovations. The results using longer-horizon surveys differ somewhat,

and we defer them to a separate subsection.

5.1.1 The time series of policy-expectations shocks

Figure 2 offers some evidence that the policy-expectations shocks we have iden-

tified do indeed correspond to periods in which the path of anticipated monetary

14We thank Jonas Arias for providing us with Matlab code that greatly assisted in this effort.
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policy had reasons to shift.!® In particular, using each parameter draw from each
model characterized by a specific survey horizon, we compute the time series of
the shocks and plot the median across all draws for each model. All four models
deliver very similar results.

The largest positive policy-expectations shocks occur in 2008 Q4 and 2009
Q1, just as the short-term rate hits the zero lower bound. This is precisely
as we would expect if forward-looking agents incorporate the ZLB constraint in
their expectations. From the perspective of a linear model, agents’ knowledge
that, because of the ZLB, monetary policy cannot be as accommodative as the
usual rule would prescribe constitutes an expectation for tightening. Another
noticeable positive shock occurs in 1994 Q4, as market participants were surprised
by the extent of the tightening at the November FOMC, action that the Fed
motivated "as necessary to keep inflation contained."!

The largest negative policy-expectations shock in the sample occurs in 2011
Q3, coincident with Federal Reserve’s adopting calendar-based forward guidance,
which specified that economic conditions were "likely to warrant exceptionally low
levels for the federal funds rate at least through mid-2013." Similarly, in 2012 Q1,
another accommodative shock appears as the Committee extended the date of
its calendar-based guidance to "late 2014." Finally, the shock identified in 2014
Q2, coincides with the FOMC switching to qualitative guidance about likely
deviations from the conventional policy rule by announcing: "The Committee
currently anticipates that, even after employment and inflation are near mandate-
consistent levels, economic conditions may, for some time, warrant keeping the
target federal funds rate below levels the Committee views as normal in the longer
run." Indeed, between 2011 Q3 and 2014 Q2—roughly the period during which
the FOMC was most explicit in its use of forward guidance—our estimated policy
expectations shocks at the one-year horizon average approximately —0.6 standard

deviations per quarter. No other consecutive three-year period in our sample

1»The dates in the figure reflect the dates of the identified shock and not necessarily those of
the corresponding FOMC statements, as we have taken care to account for the timing of the
surveys relative to FOMC meetings. In particular, the BCS data for each quarter is typically
gathered in the first week of the last month of each quarter, while the last FOMC meeting of
the quarter takes place a couple of weeks later and therefore would not be reflected in survey
responses until the following quarter.

16Gee the December 1994 Bluebook for a detailed description of this episode.
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shows this level of anticipated accommodation.!”

There are also sizeable policy-expectations shocks in our sample prior to the
Z1B period that correspond to identifiable events. For example, we find large
accommodative shocks in early 2008, when the FOMC aggressively cut rates in an
intermeeting move and noted the "downside risks" associated with the emerging
financial crisis; in 2003 Q3, when it introduced language to signal that "policy
accommodation can be maintained for a considerable period;" in 2002 Q3 when
it tilted the balance of risks toward the downside mentioning that "the risks are
weighted mainly toward conditions that may generate economic weakness;" and
in 1998 Q4, when in an intermeeting move it significantly eased policy pointing
to "unsettled conditions in financial markets."

Prior to the late 1990s, explicit FOMC communication was more sparse, and
thus specific events that might relate to our estimated shocks are harder to find.
For example, the large accommodative expectations shocks that occur in early
1984 do not correspond to any obvious Fed communication, but it roughly co-
incides with the "inflation scare" episode pointed out in Goodfriend (1993), in
which a significant rise in expected long-run inflation occurred in the absence of
an aggressive funds rate tightening. An advantage of our approach is that it
does not require that shocks arise only from explicit forward guidance. Any in-
formation that has caused agents to (correctly) change their beliefs about future
monetary policy innovations should be identified as policy-expectations shocks in
the data.

5.1.2 Impulse-Responses

Policy-expectations shocks Figure 3 presents IRFs for policy-expectations
shocks in our baseline VARs. Each row reports the results using survey forecasts
at a different horizon (1 to 4 quarters ahead). For the moment, we concentrate
on the results using the four-quarter forecast (last row). We estimate that the
size of a one-standard-deviation shock to policy expectations at this horizon is

about 2 basis points (i.e., the survey-forecasted TBill rate declines by about 2

17The relatively high volatility of the policy-expectations shocks during the ZLB period raises
the possibility that that episode might be driving the results discussed below. In Section 7,
we estimate the model excluding this period and obtain similar impulse-responses.
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basis points in response to such a shock), with a credibility interval of about 1
to 4 basis points. The small size of these shocks is consistent with a monetary
authority that mostly adheres to a consistent rule and rarely uses explicit forward
guidance. However, in spite of the small change in short-rate expectations, the
expected economic changes are nontrivial: the GDP and CPI survey forecasts for
the next four quarters increase by about 0.15 percent, according to the posterior
medians.

Our central question is how these changes in expectations affect actual macro-
economic outcomes. The last four columns of IRF's in Figure 3 show the evidence
on this question: in response to a one-year policy-expectations shock of average
size, GDP and CPI immediately increase by about 0.16 percent, increases that
are "statistically significant" in the sense that about 95 percent of the posterior
probability mass in both cases lies above zero. The point estimate of hours
worked rises by 0.21 percent, though its credibility band is wider and includes
zero.  All three variables revert to their steady-state values only very slowly.
Meanwhile, in the period of the shock, the actual TBill rate rises by about 2
basis points. (Recall that our restrictions guaranteed that this response would be
non-negative.) However, it quickly reverses sign, and subsequent changes in the
actual TBill rate are closely aligned with those of the expected TBill rate. The
response of M2, which is not central to our story, is not significantly different
from zero.

Now comparing the results across rows, we note that the responses of most of
the variables are very similar, regardless of the horizon of the expectations used
in the model. This observation, together with the high correlation among the
shocks evident in Figure 2, implies that the economic multipliers on short-horizon
policy-expectations shocks are very similar and thus, from now on, we can focus
just on one of these shocks.

In interpreting these IRFSs, it is important to be careful to avoid confusing
assumptions with results. Although our identifying restrictions guarantee that
the cumulative responses of actual GDP and CPI after h periods must equal
the initial changes in their respective h-period-ahead survey forecasts, nothing
predetermines the magnitude of the response at impact, its significance, and

its evolution until period h. Our results suggest that the economy responds
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immediately to expectations, with nearly all of the eventual change in current
variables occurring in the period of the shock. The magnitude of economic
responses to the policy-expectations shock could have been small (in principle
even zero), but that is not the case. We get a 15- to 20-basis-point increase
in GDP, prices, and hours from a 2-basis-point decline in the one-year expected
short rate, an economically significant response. Further, in principle, shocks to
four-quarter expectations could have generated much different results than shocks
to one-quarter expectations. But, we find that there are virtually no differences
across expectational horizons.

Finally, and perhaps most importantly, we analyze how the effects of expected
changes in monetary policy compare to those of unexpected changes. This com-
parison, which is what will ultimately allow us to discuss the importance of the
expectations channel in conventional monetary policy and the effects of forward
guidance, requires estimating the responses to unanticipated policy shocks, which

we turn to next.

Unanticipated policy shocks Responses to the unanticipated policy shocks
are shown in Figure 4. Recall that these shocks are produced within the same set
of models depicted in Figure 3, using identifying restrictions that differ from the
policy-expectations shocks only in the contemporaneous response of the current
TBill rate, which must now decline at impact. We first note that, looking down
rows, the responses are very similar when any shorter-term survey horizon is used,
which is in line with what we observed in the case of the policy-expectations
shocks.

Focusing on the four-quarter horizon for brevity, our median estimate is that
a one-standard-deviation unanticipated policy shock lowers the actual short rate
by about 10 basis points.'® It also moves average short-rate expectations by
about 6 basis points on impact, because of the strong persistence of the TBill se-
ries. Recall that the policy-expectations shock moved the four-quarter expected

short rate by only about 2 basis points on impact. In this sense, the aver-

18Note that this is considerably smaller than the size of monetary-policy shocks that are
typically estimated in VAR models, especially at a quarterly frequency. The reason is the
inclusion of the survey data, which help the VAR to predict the one-step-ahead short rate with
a relatively high degree of accuracy.
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age unanticipated policy shock is "bigger" than the average policy-expectations
shock. Despite this, the response of the macroeconomic variables is of similar
magnitude. GDP and CPI immediately increase by about 0.15 percent in re-
sponse to the unanticipated policy shock, and both remain around those levels
for the remainder of the projection period. The initial response of hours — a
statistically insignificant 0.04 percent — is somewhat weaker than it was in Fig-
ure 3. These findings highlight the potency of near-term anticipated monetary
policy innovations, as a small policy-expectations shock can generate changes in
current GDP and CPI that are at least as large as those produced by a larger
unanticipated policy shock. In the robustness section, we will show that this
result holds when we use more-standard identification schemes (Christiano et al.,
1999; Uhlig, 2005) for the unanticipated policy shocks.

5.2 Longer Horizons

Figure 5 shows the IRFs when we apply our model to the 6- and 11-year survey
data. It is worth pointing out that when using longer-horizon expectations, the
short-run behavior of the economy is less likely to be constrained by the news
restrictions. For example, if the cumulative response of actual GDP has to equal
on average the initial change in the 6-year forecast of GDP, then this response
has 24 quarters to satisfy this condition. In contrast, when using one-year
expectations, the GDP trajectory has 4 quarters to satisfy the constraint.

In response to a one-standard-deviation policy-expectations shock at the six-
year horizon, GDP rises by about 0.2 percent, CPI rises by about 0.15 percent,
and hours worked rises by 0.12 percent, according to the posterior medians. The
responses are persistent and, except for hours, statistically significant. These are
similar to the responses observed after a one-standard-deviation near-term policy-
expectations shock. However, the change in the one-year average expected TBill
rate was 2 basis points, whereas here it is only about 1 basis point.'” Thus, a
given change in policy expectations is more potent when it lasts for 6 years.

This idea is further confirmed by the results for the 11-year surveys. There,

the movement in the average expected TBill rate over the survey horizon is again

19This is not surprising considering the little variation displayed by long-range survey fore-
casts in Figure A2 of Appendix C.
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about 1 basis point. But in response median GDP rises by 0.25 percent, CPI
by 0.22 percent, and hours by 0.28 percent, with all three responses statistically
significant and persistent. These responses are larger than in the six-year case.
We interpret these results to suggest that, at least qualitatively, the predictions of
the NK theory are correct—policy expectations at longer horizons have a larger
effect on current outcomes than policy expectations at shorter horizons.

As shown in the bottom panel of Figure 5, using the 6- and 11-year survey
data, a one-standard-deviation unanticipated policy shock moves the contempo-
raneous TBill rate by about 10 basis points. Differently from the shorter-horizon
estimates, the GDP response becomes statistically significant only in the medium-
run, when it rises above 0.1 percent, but IRFs of CPI and hours are insignificant.
These findings indicate that also at long horizons anticipated policy moves are

more effective than unanticipated ones.

6 The effects of anticipation

In this section, we use the results from the models estimated above to examine the
effects of anticipation in monetary policy, which is the question at the core of this
study. We address this question from two angles. First, we ask how much of the
economic reaction to unanticipated policy shocks is due to the effect that those
shocks have on expectations for future interest rates, rather than on the level of
today’s short rate. Second, we ask whether a given deviation from the historical
policy rule has a different effect when it is anticipated than when it is not, which
is crucial to understand the marginal effect of credible forward guidance. In
both cases, our approach is to simulate a combination of policy-expectations and
unanticipated policy shocks that produce the hypothetical short-rate path we
wish to consider. This approach is similar in spirit to the fiscal policy scenarios
in Mountford and Uhlig (2009).

6.1 Expectations in conventional monetary policy

To understand the importance of the expectation channel for the propagation

of unanticipated policy shocks, we construct a hypothetical scenario in which
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there is a shock to today’s short rate but expectations for future monetary policy
remain unchanged. One way to approach this question, using direct estimation
rather than simulation, would have been to use additional zero restrictions to
identify a policy shock in which the short rate moved contemporaneously but

expectations did not:
{27, pESGPR PETCPIL — o T, < 0 (20)

However, when we attempted to estimate this model, we could not find any draws
of T' for which these restrictions were met. This corroborates the implausibility
of shocks that move the policy rate today without affecting expectations of its
future values.?

Alternatively, we can use the results of our baseline model to construct the
following hypothetical experiment: Concurrent with an unanticipated shock ug,

we introduce a policy-expectations shock 7, that is equal to

P;ESM
Mo = —wuo (21)
and thus exactly offsets the effect of uy on the expected short rate. This pro-
duces an immediate change in the actual short rate but no change in the average
expected short rate over the survey horizon.

Figure 6 illustrates the results of this scenario using the model with four-
quarter surveys. In panel A, we consider a pair (ug,7,) that lowers the con-
temporaneous TBill rate by 25 basis points such that expectations for the future
short rate do not move in the period of the shock. In contrast to the IRFs shown
in Figure 4, GDP and CPI do not respond significantly to the unanticipated
monetary-policy shocks when the expectation effects are removed. Indeed, the
median of the response is negative (though insignificant). This could be due to
the fact that, in Panel A, the TBill rate is higher after about a year, and antic-

ipation of that move may depress current output and inflation. We therefore

20This is consistent with Gurkaynak et al. (2005), who show that market-based measures of
short-rate expectations at different horizons react very fast and significantly to unanticipated
monetary-policy shocks.
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introduce a second offsetting expectations shock 7, to ensure that policy expec-
tations are not only unchanged in the period of the unanticipated policy shock
but also in the subsequent period. These results are shown in panel B. The
introduction of the second expectations shock is sufficient to keep short-rate ex-
pectations essentially unchanged for the entirety of the projection period. And,
as a result, there is virtually no impact on the economic variables.

We repeat this exercise using the longer-horizon survey data (not shown).
The models with both the 6- and 11-year surveys also produce insignificant re-
sults. This exercise illustrates how powerful the expectation channel is: when
policy expectations do not change, conventional monetary-policy shocks have no

significant effect on current economic outcomes.

6.2 Forward guidance

We now use the results of the models estimated in Section 5 to analyze the
marginal effects of forward guidance about the policy-rate path. As we did in
the NK model (see panels B and C of Figure 1), we simulate a scenario in which
the Fed introduces a policy-expectations shock at time 0, 7,, that changes the
anticipated path of the short rate by a certain amount and an unanticipated policy
shock, ug, to ensure that the change in the actual short rate is zero at time 0. wug
effectively shuts down any systematic policy response to the economic expansion
induced by the forward-guidance announcement. Thus, if 7, is the initial policy-

expectations shock, the required unanticipated policy shock in period 0 is given
by

Fi
n
Up = ——=""p- (22)
I
In our exercise, we set the initial change in the expected TBill rate over the next
sy B
four quarters, Ff - F“F—u" 1Mo, equal to —10 basis points. For a sense of

scale, this is approximately the size of the change in TBill expectations implied
by our median estimates in response to the adoption of calendar-based forward
guidance in 2011 Q3.2

21Recall from Figure 2 that, according to the model with the four-quarter surveys, the
calendar-based forward guidance was associated with a policy-expectations shock of approx-
imately a 2.5 standard deviations. In that model, our median estimate of the multiplier
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We compare the outcome of this experiment to a separate scenario in which
the short rate follows an identical path over quarters 0 to 4, but this path is
not pre-announced and therefore there is no policy-expectations shock. That is,
we simulate a sequence of unanticipated policy shocks (uy, ..., uy) that produces
the same short-rate path as in the forward-guidance scenario. (Note that we do
not need a g, because the TBill rate does not move in period 0 under forward
guidance.) The difference between the IRFs produced by (1, ug) and (uy, ..., uy)
tells us the marginal effect of forward guidance—that is, the extra effect on the
economy that is achieved by credibly announcing a given policy path in advance.

Figure 7 summarizes the outcome, with the forward-guidance scenario shown
in blue and the unanticipated scenario shown in red. The top-right panel shows
that the realized TBill rate does not move in period 0 but gradually falls over
the next four quarters and averages —10 basis points over that period. By
construction, the paths are identical in both scenarios over these four quarters
(although they are allowed to differ after that time). The top-left panel shows
that, in the case of forward guidance, rate expectations fall immediately in period
0, whereas in the unanticipated policy scenario, rate expectations only change
slowly, in response to the shocks to the actual policy path. The initial disparity
in the TBill expectations in that panel is the key difference between the two
scenarios.

The bottom panels show that the forward-guidance announcement causes cur-
rent GDP and CPI to increase by about 0.6 percent on impact, according to the
posterior medians. Furthermore, the distribution of outcomes is skewed to the
upside, so that responses of double that size cannot be ruled out. For all three
variables, more than 84 percent of the probability mass lies above zero for several
years after the shock. Hours rise by about 0.7 percent at impact, although after
the first quarter their response is not statistically significant. In the unantici-
pated policy scenario, the median responses of GDP and CPI are at most half as
big as in the forward guidance scenario, and the response of hours is proportion-
ally even smaller. The statistical significance of the responses is also weaker. In
addition, the effects take longer to occur: in the forward-guidance scenario, the

Sts ES[i]i
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economic variables essentially jump to new levels in the period of the shock and
remain there, but in the case of unanticipated policy, they take approximately
a year to reach their maximum levels. However, we note that the differences
between the forward-guidance scenario and the unanticipated policy scenario are
not statistically different after the first couple of quarters, in the sense that their
posterior credibility intervals overlap. The relatively rapid convergence of the
two scenarios in the case of short-horizon guidance is to be expected given that
the disparity between the expected policy rate paths dissipates quickly.

We re-run this exercise for each of the survey horizons using the same size
shock (as measured by the change in the average expected TBill rate) and com-
pute the median distance between the economic responses to the anticipated and
unanticipated policies (i.e., the difference between the blue and red solid lines in
Figure 7) at different points in time, from the period of the shock to 20 quarters
after the shock hits. The results are tabulated in Table 1. We also report a
"significance" test for this difference — that is, the percentage of the posterior
probability mass for which the anticipated policy generates a larger response than
the unanticipated policy. In all cases, we find that the forward-guidance shocks
generate larger responses. For the 6- and 11-year scenarios, the marginal effect
of forward guidance is larger than at the one-year horizon, and it is almost always
statistically significant. For example, we find that if forward guidance lowered
policy expectations for six years, rather than one year, the near-term response of
GDP would have been about 1.06 percent and the near-term response of the CPI
would have been about 0.82 percent. Further, forward guidance at the 11-year
horizon elicits bigger economic effects than at the 6-year horizon, as predicted by
the NK models.

7 Robustness and Extensions

In this section, we examine a variety of alternative specifications. ~We start
with analyzing the robustness of the positive and substantial marginal effects of
forward guidance to different identification schemes for the unanticipated policy
shocks, as this result is at the core of our study. Then, we turn to demonstrate

that our novel methodology for the policy-expectations shock is robust to various
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modifications of the identifying restrictions and implementation.

7.1 Alternative Identification for Unanticipated Shocks

Because the way we identify unanticipated policy shocks is novel, we first single
out that aspect of the estimation. Specifically, we check our results against two
standard methods for identifying unanticipated monetary-policy shocks: short-
run exclusion restrictions similar to those of Christiano, Eichenbaum, and Evans
(CEE) (1999) and sign restrictions similar to those of Uhlig (2005). For the CEE-
like shocks, we impose that GDP, CPI and hours can only respond to such shocks
with a one-period lag. For the Uhlig-like shocks, we impose that unanticipated
policy shocks do not cause CPI or M2 to fall in either the quarter of the shock
or the subsequent quarter.??

The primary purpose of identifying the unanticipated policy shocks was to
compare them to the policy-expectations shocks. Therefore, robustness can be
demonstrated most clearly by repeating the forward-guidance exercise of Section
6.2. Figure 8 shows the results for the VAR model using one-year survey data,
with the outcomes of the CEE-like unanticipated shocks in panel A and those of
the Uhlig-like shocks in panel B.

In both cases, the 10-basis-point forward guidance over the next year (depicted
in blue) has a very similar effect to what we found in the baseline model, with
median GDP, CPI, and hours all rising by approximately half a percentage point
on impact and decaying back to zero only very slowly. The statistical significance
of the results is also similar to what we found above. In other words, changing
the identification strategy for the unanticipated shock has little consequence for
the estimated effects of anticipated policy. (See the last two rows of the top
panel in Table 2 for more details on the IRF's.)

The red regions show the effects of the same short-rate path when it is pro-
duced by unanticipated shocks under the alternative identification schemes. In
both cases, unanticipated policy has small and largely insignificant effects. (Un-
der the Uhlig-like scheme, the effect on CPI is positive and significant over the first

two quarters by construction, but it is still economically small.) Consequently, we

22Uhlig (2005) uses bank reserves rather than M2 as the measure of the money supply, but
this series is no longer practical to include because it exhibits a large structural break in 2008.
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continue to estimate that the marginal effects of forward guidance are substantial
in the short run—indeed, a bit bigger than in the baseline model-—but become
statistically insignificant after a few quarters. When we use longer-horizon sur-
vey forecasts (not shown), we find bigger and more persistent marginal effects of
forward guidance, again consistent with our baseline results.

The result in panel B that the real variables do not respond significantly
to unanticipated policy is consistent with Uhlig’s (2005) original finding. Our
estimated response of inflation is slightly weaker than what he found, but the dif-
ference would not be enough to meaningfully affect our conclusions. The panel A
results are more puzzling, since they seem to contradict Christiano et al.’s (1999)
finding that real activity responds significantly to unanticipated policy shocks. A
likely reason for the discrepancy is that Christiano et al.’s model did not account
for forward-looking information about policy and thus may have conflated the

effects of unanticipated policy shocks with those of policy-expectations shocks.

7.2 Other Robustness Checks

Here, for each specification, we calculate the IRFs for the policy-expectations
shocks, and report their values at the time of the shock (time 0), one year after
the shock (1y), and 5 years after the shock (5y) in Table 2. To keep the analysis
manageable, we focus on the results using only the one-year and six-year survey
data, summarized in the top and bottom panels, respectively. In the the first

row of each panel, we report the baseline results as a term of comparison.

Flat prior on IRFs. As noted in Section 4.3, our results adopt a flat prior
for the structural parameters (I'"!), and here we verify whether imposing a flat
prior on the IRFs produce similar results. The results using that approach
are reported in the second row of each panel. Overall, using both the one-
and six-year survey data, the economic effects of one-standard-deviation policy-
expectations shock appear to be quite similar to the baseline. However, it should
be noted that, in the top panel, the size of the shock is smaller but the effects
for GDP and hours are larger and more significant. Therefore, the results would

have been stronger under this assumption.
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Restricting the response of the TBill rate. The NK model of Section
2 implies that the short-term interest rate ought to rise in response to a policy-
expectations shock, and we allow that response to be non-negative in our baseline
model. An alternative is simply to identify shocks for which the current policy
rate does not move in the period of the shock. In other words, rather than the
sign restriction F% > 0 in equation (16), we impose the zero restriction F% =0.
The results are shown in the third row of each panel. At the one-year horizon,
the economic responses are very similar to the baseline. For the six-year horizon,
even if the magnitude of the shock is slightly bigger, some of the effects are a bit

smaller than the baseline.

Excluding the ZLB period. Since the effective zero bound on nominal in-
terest rates could be an important source of non-linearity in our sample period,
we check the stability of our results to the exclusion of the ZLB period. The
pre-ZLB sample is also important to consider in order to show that our results
are not just driven by the relatively short period in which forward guidance has
been most actively used as a policy tool. The results of the models that are
re-estimated stopping the sample in Q4 2008 are shown in the fourth row of each
panel. First of all, it should be noted that the size of one-standard-deviation
policy-expectations shocks is the same as the baseline for both the one- and six-
year VAR models, and second, that their economic impact is very similar to that
of the baseline specification, except that at the six-year horizon is larger and

statistically significant beyond the short-run.

Alternative survey measure. Our baseline model relied on forecasts from the
BCS. We check robustness to SPF forecasts. One way in which those data differ
is that they begin in Q3 1981, rather than in Q1 1983, so that this also serves to
extend the sample slightly. However, until the 1990s, the SPF does not include

observations on our variables of interest at horizons beyond one year, thus the

Z3These results are in contrast to a number of other VAR studies that exhibit apparent
structural breaks at the ZLB (e.g., Baumeister and Benati, 2013). A likely explanation for the
robustness of our results in this dimension is that direct measures of expectations help with
the stability of the reduced-form parameters in the presence of nonlinearities, because those
expectations are not required to be linear functions of the data, even though the model itself
is linear.
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results of this exercise appear only in the fifth row of the top panel. In this case,
a one-standard-deviation policy-expectations shock is smaller in magnitude but
its effects, although mostly quite similar to the baseline, appear to be a bit larger
for CPI. This result could be due in part to the extension of the sample back to
1981. As shown in Figure Al in the Appendix, 1981 and 1982 are particularly
important for the inflation expectations process and the early 1980s is when the
SPF and BCS forecasts diverge the most.

Even more robustness checks. We also conducted a variety of other robust-
ness checks that are not reported in the table. As noted earlier, we experimented
with different combinations of macro variables and different lag lengths in the
VAR and ran the model in first differences rather than in levels. We also im-
posed the sign restriction on the real yield rather than the nominal yield. (The
real yield is calculated as the h-quarter survey forecast of the average nominal
TBill rate minus the h-quarter forecast of CPI inflation.) Finally, instead of
using a normal-Wishart prior on the VAR parameters, we used the Minnesota
prior, and we also performed simple maximum-likelihood estimation, treating the
parameters as known for the purpose of drawing structural factorizations. Again

we found very similar results in all of these cases.

8 Conclusion

We have used time-series data to examine the dynamic effects of news about
future monetary policy on the economy. The central identification challenge
is teasing out expected deviations from the historical policy rule—that is, an-
ticipated changes in the short-term interest rate that cannot be explained by
expectations of future growth and inflation. In the context of explicit monetary-
policy communication, the shocks we identify correspond to what Campbell et
al. (2012) call “Odyssean” forward guidance: commitments to future accommo-
dation beyond what the expected state of the economy would normally warrant.
We accomplish this identification by combining data on interest rate expectations
with data on expectations of macro conditions. In particular, we use quarterly

survey forecasts, at horizons ranging from three months to 11 years, back to the
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early 1980s. We look for shocks that move the survey forecast of the short-
term interest rate in the opposite direction of the survey forecasts of GDP and
inflation. In a wide class of theoretical models, only anticipated innovations to
monetary policy can have this effect.

We find that anticipated policy easing over the near term is associated with
immediate and persistent increases in output and inflation. In particular, we
estimate that a 10-basis-point decline in the expected short-term interest rate
over the following year raises current GDP, prices, and employment by about 0.6
percent, in our baseline model. These are large effects, and we observe that
when longer-horizon (6- and 11-year) expectations are used, the effects are larger
still. Further, when we compare these economic responses to those elicited by
conventional monetary-policy shocks, we find that the marginal effect of forward
guidance is positive and significant and that the conventional policy shocks them-
selves work entirely through the expectation channel.

Overall, these results corroborate the main mechanism underlying New Key-
nesian models and their qualitative predictions. News about future monetary
policy has significant effects on the current economy, and they grow larger as the
horizon of the news moves farther into the future. The theoretical literature
has debated the magnitude of the impact of forward guidance, and our results
provide some quantitative benchmarks for models that study such policies. Our
estimates for the effects of forward guidance at long horizons are smaller than
those produced by standard NK models, which many researchers consider im-
plausibly large. But our results are consistent with extensions, such as McKay
et al. (2016), that introduce discounting in the IS curve and thereby dampen
the effects of news at long horizons. We conclude, therefore, that credible for-
ward guidance can likely provide significant economic stimulus, just as the theory

suggests.
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Appendix A. Derivation of Results in the NK
Model

Substituting (3) and (4) into (1) and (2) and rearranging gives inflation and

output as functions of their own expected future values and of v;:
7= M E me] [+ 8 (6, + o(1 = p)] + 5 (" + 0B [yesa] - v)}

yo = ME[men] [L = B0,] + (1 = Bp) (" + 0 E [yra] — vi)}

where A = [k (¢, — p) + (1 = Bp) (¢, + o(1—p))] !, Thus the effects of unan-

ticipated shocks, which are given by the multipliers on v;, are

™

77ZJ0,71' = —krA and ,lvb(],y == (1 - Bp) A (23)

Substituting (23) into the policy rule and taking the derivative with respect to
vy also gives

Yo = [(1=p) (1= Bp)o—rp] A (24)

(23) and (24) reproduce the results in Gali (2008). Since ¢, > p, 1y, and 9,
are necessarily negative. For ¢, to be positive requires (1 —p) (1 —Bp)o >
kp. Sufficient for this is ¢ > k/(1 — (), which is satisfied under standard
parameterizations.

To find the 9);, at longer horizons, note that, since v, is only backward-looking,
the multipliers on a‘™' are simply the derivatives of 7, y,, and 4, with respect
to the one-period-ahead expectations. Indeed, by iterating forward, we obtain

that, at any horizon h, the multipliers are given by the recursion:

( whﬂr ) - R ( rLph—l,ﬂ' ) (25)
1/}h,y ¢h—1,y

RZ(/{—}—B(%—FU(I—p)) KO )A
1 - B, o(1—PBp)

where

In addition,
¢h,i = st@bh,n + ¢y¢h7y‘
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Given the admissible values of the parameters, all elements of R except the
bottom-left are necessarily positive. That element is positive if and only if
¢, < 1/B. Consequently, for arbitrary values of ¢, and 3, ¢;, , may take either
sign for any h > 0, and 1, . may take either sign for any h > 1.

Appendix B. Proof of Proposition 1

We conjecture that (9) has a solution of the form (12). From equation (12),

expectations of the economic variables follow the process
Ey [xpi1] = ®x, + Y Wyat ! (26)
h=0

Substituting the latter in for the expectation term in (9):
I-B®)x, = Ax,_, +B (qloa’;“ - Z\I:ha§+h+1> + & (27)
h=1

Given invertibility, this can be written in the form of (12), which verifies that

such a solution exists, where Wy, is given by the recursion:

v, = I-B®)"'
v, = (I-B®) 'B¥,, forh=1,..

Since x; = ®x; 1+ Pou,+Poal |+ > ¥,al ™ and given (26), x; can be trivially
h=1

written as the sum of its lagged expegtation and the contemporaneous effects of

the news shock n*™" and unanticipated shocks u,:

x = By [xi] + Y Wit 4+ Tou, (28)
h=1

Substituting this into (26),

By [Xp1] = ®E o [x] + @ou, + > [(@W)py + ) n " 4+ Whal T (29)
h=0
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Due to the constant-horizon structure of the observable expectations, the unob-
served aif'f“ still appears in the above equation. As a device for eliminating
this term, we note that without loss of generality, we can write the anticipated
component as a factor structure of arbitrarily large dimension,?* with factors f;
and loadings given by a sequence of matrices (v;, s, -..), such that
a§+h = vt

for all h, where, necessarily, dim f; > dime;. The fact that al™” is a martingale
implies

E, 4 [’Y/hft] = ’Y?H—lftfl

Since this is true at all horizons, there must exist matrices p and -« such that
E; 1 [f] = pf, jand v, = ~p" for all h. Assuming that expectations of the
far future always move by less than expectations of the near future (that is, for
any € > 0, 30 > 0 such that h > ¢ implies det~y, < ¢€), the eigenvalues of p

lie inside the unit circle, and the factors follow a stationary, first-order vector

autoregression, f, = pf, | +1,.2> Given that n'™" = a/™ — a'™” it follows that
m" = vhm

Applying the factor structure to equation (12),

Xy = Px; 1 + <Z‘I’h‘)’h> fi + Wo (v1fi-1 + )

h=1
= ®x, 1+ (Z‘I’hph“> fo1 +y <Z‘I’h,0h> n,+Tou,  (30)
h=0 h=1

240ur use of the factor structure for expectations generalizes the "path factor" of interest
rates computed by Gurkaynak et al. (2005) in the sense that we allow for (and will empirically
identify) the loadings of these factors on expectations of macro variables as well as of interest
rates.

25 Note that the factor f;, governing expectations about the future is a mean-reverting process,
even though the expectation about any particular date a] is a martingale.
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Rearranging gives

0o —1
f, = (72%1)“1) x

h=0

—®Px; — (Z‘I’hph> n, — ‘I’out] (31)
h=1

Meanwhile, applying the factor structure to equation (30) gives

WE

Ei[xp41) = ®E_q[x] + 2¥ou; + (’Y

+ (’YZ‘I’hPthl) Pt
h=0

Substituting (31) into this equation,

(PWhi1 + Ph) Ph+1) uk

>
Il

0

Et [Xt+1] = @Et_l [Xt] + @lIIOUt + (VZ (@l]:’h_t,_l + ‘Ilh) ph+1) T4 (32)
hi

TP X —

Using (28) to eliminate x; from (32) gives
B [xi1] = (24 p) By [x] — pPx; 4

- (72 W), + Up) Phﬂ) N + PPou,
0

or By [xi1] = 01E 1 [x¢] + 02x_1 + Ty + Towy (33)

where
0, =P+ pand 0, = —pP

I'n= ’YZ (@)1 + ¥) p"" and Ty, = @Y,
h=0

and thus, combining (33) and (28), the system has the reduced-form VAR repre-
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sentation given in (14), where

. OO1"11 Lo d (€ Y _p( ™
> Yy Wo €2, uy
h=1

Equation (13) then follows from direct substitution.

Appendix C. Treatment of the Survey Data

We employ survey data from two sources: the Blue Chip Survey (BCS) and
the Survey of Professional Forecasters (SPF). The principal advantages of the
SPF data are that they begin in 1981 (the year when the three-month TBill rate
forecast becomes available) and are reported at a consistent quarterly frequency.
However, the longest available forecasting horizon in these data is one year ahead.
The BCS data, by contrast, include forecasts of up to 11 years in the future, but
they do not begin until 1983 and for some forecasting horizons are reported only
twice a year at a slightly irregular interval.

The SPF in quarter t asks respondents for their forecasts in quarters ¢t — 1
through ¢ + 4. We thus have one-year forecasts reported quarterly from 1981:4
through 2015:4, as well as "nowcasts" of the contemporaneous data and "back-
casts" of the lagged data. The main issue with these data is transforming the
reported forecast growth rates into levels, which we require for our VAR. Al-
though the SPF does ask for GDP and CPI forecasts in levels, this is not always
useful ex post because re-benchmarking introduces discrete breaks in the series.
To obtain consistent series we assume that the average survey backcast of quar-
ter t — 1 is correct in the sense that any difference between this value and the
revised value we observe in the most-recent vintage of data is due entirely to
rebenchmarking and does not reflect any fundamental change in agents’ beliefs
about the economy. By then applying the reported SPF growth rates for the
subsequent five quarters, we obtain a forecast for the ¢ through ¢ + 4 levels of
GDP and CPI that are based on the same indexation as the 2015 data. Finally,
for each quarter, we average the t 4+ 1 through ¢ + h forecasts of the TBill rate to

obtain its average forecasts over the following h quarters.
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The same difficulty with benchmarking applies to the BCS, but there we face
the added complication that we do not have a backcast for ¢ — 1. Therefore, to
index the level in the BCS data, we assume that BCS respondents have the same
estimate of the quarter-t data level as the SPF respondents. (This is likely a
reasonable assumption, given that, as shown below, the SPF and BCS data are
generally quite similar in other respects.) Apart from this, the short-run BCS
forecasts are reasonably straightforward, and we construct one-year expectations
by averaging the forecasts for quarters ¢ + 1 through ¢ + h in the last month of
each quarter. However, the long-range BCS data involve complications related
to the timing and scope of their reporting. To obtain as much consistency as
possible from this information, we build a new dataset of long-term expectations
from the BCS at a quarterly frequency from 1983 to 2015.

Specifically, since 1983, the BCS has been providing semiannual long-range
consensus forecasts over two 5-year periods (1- to 6-year and 6- to 11-year) for
various interest rates, including the average 3-month TBill rate, as well as real
GDP, GDP deflator, and CPI. These long-range consensus forecasts were origi-
nally provided every March and October in both the Blue Chip Economic Indi-
cators (BCEI) and the Blue Chip Financial Forecasts (BCFF). Starting in 1996,
the BCFF switched to providing these long-range projections in June and De-
cember, while the BCEI continued reporting them in March and October. We
thus have observations of long-term expectations of our main variables of interest
twice per year prior to 1996 and four times per year after that time. These
inconsistent frequencies and the fact that the observations are not equally spaced
across the year mean that we cannot use these data directly in the VAR.

We address both of these issues through interpolation. Specifically, from
1983 to 1996, when the long-range forecasts are available only in March and
October, we use the results from the BCEI and linearly interpolate to obtain
June, September, and December values. Once the June and December values
become directly observable, we interpolate to obtain only the September value.
(Interpolation was not necessary for the short horizons, because those are avail-
able on a monthly basis from the BCEIL. Once we have adjusted the timing in
this way and computed survey expectations for the average values over the first

year following the survey, it is possible to compute the 6-year expectations by
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taking the weighted average of the one-year and 1-6-year expectations, and the
11-year expectations by taking the weighted average of the one-year, 1-6-year,
and 6-11-year expectations, respectively.

The three panels of Figure A1l plot the resulting time series of the survey-
based expectations of the average 3-month TBill rate, CPI inflation, and GDP
growth over the next year. The projections of the 3-month TBill rate and CPI
inflation are very similar between the two surveys. In the case of GDP growth,
on the other hand, the SPF projections are more volatile and, at least through
about the year 2000, more pessimistic than the BCS projections. Figure A2
illustrates the properties of the term structure of BCS forecasts for the same set
of variables (3-month TBill, CPI inflation, and GDP growth) by plotting their
time series at the one-, six-, and 11-year horizon. Shorter-term expectations
(blue lines) display much more variation than longer-term expectations, and there
is very little difference between 6- and 11-year projections (red and green lines,
respectively). These results are consistent with the stylized fact that it is difficult

to forecast economic variables far in the future.
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Figure 1. Monetary-policy news and forward-guidance shocks in the New
Keynesian model

A. News shocks (1 period)
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C. Forward-guidance scenario (multiple periods)
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Notes: The figures show the effects of a monetary-policy news shock that is sufficient to lower
expectations of the short-term interest rate 4 periods ahead by 25 basis points, where /= 7 (green), 2
(yellow), 3 (red), and 4 (blue). In panel A, the central bank hews to its standard policy rule following the
shock and therefore raises nominal interest rates in the short term. In panel B, the central bank introduces
an unanticipated shock and a seties of policy-expectations shocks in order to maintain the nominal short
rate at zero in periods 7 through 74+4-7. In panel C, the central bank holds the short rate at -0.25 in periods
t+1 through #+h. Responses ate shown for the period of the policy-expectations shock and seven
subsequent periods. Calibration of the model is as described in the text. All variables are in percentage
points. Inflation and interest rates are expressed as annual rates.
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Figure 2. Shorter-horizon policy-expectations shocks in the baseline identification
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Note: The figure plots the estimated policy-expectations shocks in standard deviation unit (posterior medians) in our baseline models, using survey forecasts 1 quarter
to 4 quarters ahead.
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Figure 3. Impulse-response functions for policy-expectations shocks using shorter-horizon survey data

Horizon  ES[i] ES[GDP] ES[CP]] i GDP CPI
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Note: The figure plots impulse-response functions following a one-standard-deviation policy-expectations shock, as defined by the restrictions (16) and (17), for each
of the variables included in our baseline model specification. Each row corresponds to a VAR that includes survey forecasts at a different horizon, as indicated in the
first column. The solid black lines are posterior medians, while the shading depicts the 16 — 84% posterior credibility regions, taking account of uncertainty about both
the reduced-form parameter values and the structural factorization, as discussed in the text. All variables are in percentage points.
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Figure 4. Impulse-response functions for unanticipated policy shocks using shorter-horizon survey data
Horizon  FS[i] ES[GDP] ES[CPT] i GDP cpI Hours %AM2

3m

6m

9m

ly

Note: The figure plots impulse-response functions following a one-standard-deviation unanticipated policy shock, as defined by the restrictions (18) and (19), for each
of the variables included in our baseline model specification. Each row corresponds to a VAR that includes survey forecasts at a different horizon, as indicated in the
first column. The solid black lines are posterior medians, while the shading depicts the 16 — 84% posterior credibility regions, taking account of uncertainty about both
the reduced-form parameter values and the structural factorization, as discussed in the text. All variables are in percentage points.
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Figure 5. Impulse-response functions using longer-horizon survey data

Policy-excpectations shocks
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Note: The figure plots impulse-response functions following a one-standard-deviation policy-expectations shock (top panel) and unanticipated policy shock (bottom
panel), as defined by the restrictions (16) through (19), for each of the variables included in our baseline model specification. Each row corresponds to a VAR that
includes survey forecasts at a different horizon, as indicated in the first column. The solid black lines are posterior medians, while the shading depicts the 16 — 84%
posterior credibility regions, taking account of uncertainty about both the reduced-form parameter values and the structural factorization, as discussed in the text. All
variables are in percentage points.
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Figure 6. Effect of unanticipated policy shock with the expectations channel

neutralized.
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Note: The figures show the results of simulations, using the results of our baseline VAR model with one-year survey data, in
which there is an unanticipated shock to monetary policy and, simultaneously, an offsetting shock to policy expectations
that leaves the survey forecast of the TBIill rate unchanged, thus effectively shutting down the effect of policy expectations.
In panel A, expectations are neutralized in the period of the unanticipated shock only; in panel B, they are also neutralized in
the subsequent period. Solid lines are posterior medians, and shading depicts 16 — 84% credibility intervals. All variables

are in percentage points.
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Figure 7. Estimated marginal effect of forward guidance
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Note: The blue regions in the figure show the results of simulations, using the results of our baseline VAR model with one-
year survey data, in which there is a policy-expectations shock and, simultaneously, an offsetting unanticipated-policy shock
that leaves the current TBill rate unchanged. The red regions show the effects of a series of unanticipated policy shocks that
exactly reproduce the blue path of the TBill rate over the subsequent four quarters. Thus, the difference between the two
sets of impulse-response functions can be interpreted as the marginal effects of forward guidance about a given interest-rate
path. Solid lines are posterior medians, and shading depicts 16 — 84% credibility intervals. All variables are in percentage
points.
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Figure 8. Forward guidance with alternative identifications for unanticipated
shocks
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Note: The blue regions in the figures show the results of simulations in which there is a policy-expectations shock and,
simultaneously, an offsetting unanticipated-policy shock that leaves the current TBill rate unchanged. The red regions show
the effects of a series of unanticipated policy shocks that exactly reproduce the blue path of the TBill rate over the
subsequent four quarters. Thus, the difference between the two sets of impulse-response functions can be interpreted as
the marginal effects of forward guidance about a given interest-rate path. In panel A, unanticipated policy shocks are
identified using short-run ordering restrictions similar to those of Christiano et al. (1999); in panel B, unanticipated policy
shocks are identified using sign restrictions similar to those of Uhlig (2005). In both cases, policy-expectations shocks are
identified as in our baseline model, and the survey horizon is four quarters. Solid lines are posterior medians, and shading
depicts 16 — 84% credibility intervals. All variables are in percentage points.
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Table 1. Marginal effects of forward guidance at different horizons

Effect on impact
GDP CPI Houts
FG horizon Median  Prob. >0 Median  Prob. >0 Median Prob. > 0
1y 0.65 0.96 0.61 0.99 0.74 0.85
6y 1.07 0.91 0.85 0.92 0.57 0.83
11y 1.30 0.91 1.21 0.93 1.16 0.89
Effect after 2 gtrs
GDP CPI Hours
FG hotizon Median  Prob. >0  Median  Prob. >0  Median  Prob. > 0
1y 0.42 0.87 0.38 0.86 0.60 0.77
Oy 1.08 0.92 0.82 0.86 0.62 0.79
11y 1.35 0.93 1.20 0.91 1.24 0.90
Effect after 4 qtrs
GDP CPI Houts
FG horizon Median  Prob. >0 Median  Prob. >0 Median  Prob. > 0
1y 0.29 0.75 0.27 0.75 0.53 0.72
6y 1.04 0.91 0.77 0.83 0.59 0.75
11y 1.32 0.93 1.11 0.89 1.15 0.89
Effect after 8 qtrs
GDP CPI Houts
FG horizon Median  Prob. >0 Median Prob. >0 Median  Prob. > 0
1y 0.27 0.71 0.26 0.73 0.39 0.70
6y 0.92 0.88 0.61 0.78 0.48 0.73
11y 1.23 0.92 1.02 0.87 1.02 0.90
Effect after 20 gtrs
GDP CPI Hours
FG horizon Median  Prob. >0 Median Prob. >0 Median  Prob. > 0
1y 0.26 0.65 0.18 0.66 0.24 0.68
Oy 0.70 0.82 0.51 0.81 0.39 0.71
11y 1.01 0.90 0.82 0.85 0.89 0.82

Notes: The table shows the estimated effect of a pre-announced exogenous decline of 10 basis points in the
short-term interest rate over various hotizons, minus the effect of the same path of policy when it is not announced
in advance. (The exercise is the same as that depicted, for the 4-quarter horizon, in Figure 7.) The columns
labeled “Prob. > 0” report the posterior probability that the pre-announced policy results in a greater change than

the unanticipated policy after the indicated number of quarters. All variables are in percentage points.
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Table 2. Effects of policy-expectations shocks under alternative identifying assumptions
and implementations.

1-Year Survey Horizon

Initial GDP CPI Hours
MODEL Reaction 0 1y 5y 0 1y 5y 0 1y 5y
of ES[i]
Baseline -0.02* 0.16*  0.17¢  0.18 0.16* 0.15*  0.09 0.21 0.18 0.11
Flat IRF prior -0.01* 0.21*  0.23*  0.23* 0.14% 0.15* 0.11* 0.27%  0.23*  0.16*
I =0 -0.01* 0.16*  0.17¢  0.17 0.14*  0.14*  0.10* 0.18 0.15 0.10
Excluding ZLLB -0.02* 0.17%  0.14*  0.10 0.12% 0.15*  0.12* 0.12 0.05 0.02
SPF -0.01* 0.19%  0.14*  0.11 0.18% 0.18*  0.14* 0.14 0.08 0.06
CEE -0.02* 0.18*  0.18¢ 0.18 0.18* 0.17*  0.11 0.23*  0.19 0.13
Uhlig -0.02* 0.18*  0.22¢  0.25* 0.14* 0.13* 0.10* 0.22%  0.17 0.14
6-Year Survey Horizon
Initial GDP CPI Hours
MODEL Reaction 0 1y 5y 0 1y 5y 0 1y 5y
of ES[i]
Baseline -0.01* 0.18*  0.19% 0.21* 0.15%  0.17*  0.14* 0.13*  0.14 0.09
Flat IRF prior -0.01* 0.19%  0.21* 0.22* 0.18*  0.18% 0.13* 0.24*  0.22* 0.13
I7,=0 -0.02%* 0.14*  0.17*  0.20* 0.14*  0.13*  0.11* 0.16 0.13 0.10
Excluding Z1.B -0.01* 0.16*  0.16* 0.20* 0.16* 0.19* 0.15* 0.19%  0.19¢  0.10*
CEE -0.02%* 0.18%  0.19% 0.23* 0.15*  0.13*  0.11* 0.19%  0.14 0.12*
Uhlig -0.01* 0.22%  0.21*  0.19* 0.20* 0.21* 0.15* 0.26*  0.25¢  0.13*

Notes: The tables show the effects of one-standard-deviation policy-expectations shocks on economic variables at different
horizons, using several alternative identification schemes and VAR implementations, as described in the text. The top panel
reports the results for models using one-year survey forecasts; the bottom panel reports the results for models using 6-year
survey forecasts. Reported values are posterior medians. Asterisks indicate that at least 84% of the posterior probability
mass has the same sign as the median. All variables are in percentage points.
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Figure Al. Comparison of SPF and BCS one-year forecasts
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Notes: The figures depict the consensus forecasts from the Blue Chip Survey (BCS) and Survey of Professional Forecasters
(SPF) used in our VAR models, at the one-year horizon. Construction of the data is described in the text of Appendix C.
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Figure A2. Term structure of BCS forecasts
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Notes: The figures depict the long-range forecasts from the Blue Chip Survey used in our VAR models, and compare them
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