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Abstract

With short-term interest rates at the zero lower bound, forward guidance has be-

come a key tool for central bankers, and yet we know little about its effectiveness. This

paper first empirically documents the impact of forward guidance announcements on a

broad cross section of financial markets data and professional forecasts. We find that

FOMC announcements containing forward guidance had heterogenous effects depend-

ing on the other content of the statement. We show that once we control for these

other elements, forward guidance, on average, had positive effects on output and infla-

tion. Using this benchmark, we then show that standard medium-scale DSGE models

tend to grossly overestimate the impact of forward guidance on the macroeconomy, a

phenomenon we call the “forward guidance puzzle.” We explain why this is the case

and show that incorporating a perpetual youth structure into the benchmark provides

a tentative resolution to the puzzle.
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1 Introduction

For decades, macroeconomists have attempted to quantify the effects of monetary policy

actions on the economy. By now, a large literature has documented the transmission mecha-

nism of surprise changes in short-term interest rates onto the economy, using either VARs or

DSGE models (e.g., Sims (1980), Christiano et al. (1999), Christiano et al. (2005)). While we

thus have some understanding of the effects of short-term interest rates, this tool has been

constrained by the zero lower bound (ZLB) during the financial crisis in most developed

economies. Instead, many central banks have used other tools such as announcements about

the future path of the policy rate (“forward guidance”), or “quantitative easing” measures

involving a change in the size and the composition of the central bank balance sheet. Forward

guidance has been used extensively and explicitly by the Federal Reserve since the FOMC

meeting of December 16, 2008, so as to affect long-term bond yields and stimulate aggregate

expenditures (see Woodford (2012) and Campbell et al. (2012a)).1 Moreover, Woodford

(2012), building on results by Krishnamurthy and Vissing-Jorgensen (2011) and Bauer and

Rudebusch (2011), emphasizes the “signaling channel” of the Fed’s asset purchases – that

is, he argues that quantitative easing itself can at least in part be interpreted as implicit

forward guidance.

While the literature has provided strong theoretical justifications for the use of such for-

ward guidance (e.g., Eggertsson and Woodford (2003)), evidence on the quantitative effects

of this policy tool on the macroeconomy is still limited. This paper is intended to help fill

that gap. The lack of evidence in the literature may not be surprising in light of the fact

that there are significant identification challenges in the case of shocks that are anticipated.

An announcement by policymakers that they will maintain the policy rate at the ZLB for

longer than initially anticipated by market participants may have two types of effects. On

the one hand, it could be interpreted as more monetary stimulus: it should lower the mar-

ket’s expectation of future federal funds rate (FFR), which contributes to lower longer term

1At that meeting, the FOMC’s statement mentioned that economic conditions “are likely to warrant

exceptionally low levels of the federal funds rate for some time.” Three months later, the FOMC reinforced

its forward guidance by stating that the exceptionally low levels of the federal funds rate would likely be

warranted “for an extended period.” This sentence was reiterated in each subsequent FOMC statement until

August 9, 2011, when the FOMC argued that economic conditions “are likely to warrant exceptionally low

levels of the federal funds rate at least through mid-2013.” That sentence was maintained in subsequent

statements until January 25, 2012, when the date was pushed forward to “late 2014.”
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yields, hence stimulates economic activity and puts upward pressure on inflation. On the

other hand, such an announcement could be interpreted by market participants as revealing

negative news about the state of the economy, if they believe that the FOMC has access to

information not shared by market participants. In this case, such an announcement would

be associated with lower long-term yields and lower projections of economic activity. The

interpretation chosen by the market participants could thus depend in very subtle ways on

the FOMC communication.2

Empirically, Gürkaynak et al. (2005b) and more recently Campbell et al. (2012a) find

strong evidence that FOMC announcements move asset prices. However, Campbell et al.

(2012a) illuminate the challenge in using time series to identify the effect of forward guidance.

Specifically, when they assess the impact of exogenous anticipated changes in monetary

policy on private expectations, they find that the opposite sign from what theory predicts,

showing that the public’s interpretation of the policy depends crucially on other components

of the communication. Moreover, even if it were possible to identify the impact of, say, four

quarters-ahead forward guidance, its effect would not necessarily be the same as, say, that of

eight-quarters ahead forward guidance (Campbell et al. (2012a) consider one through four

quarters ahead forward guidance; forward guidance communicated in early 2012 was going

through the end of 2014, and hence amounted to approximately eight quarters). Given that

policymakers have seldom experimented with forward guidance this far in the future, there

is little data to guide them.

New Keynesian DSGE models following the work of Christiano et al. (2005) and Smets

and Wouters (2007) are in principle well suited to study the effects of forward guidance. Such

models have been found to fit the data reasonably well and to provide a good forecasting

performance relative to reduced form models such as VARs, private forecasters, or the Green-

book (see Smets and Wouters (2007), Del Negro et al. (2007), Edge and Gürkaynak (2010),

and Del Negro and Schorfheide (2013)). Most importantly, being laboratory economies, they

can be used to study the impact of policy experiments never performed before. As shown

by Laseen and Svensson (2011), forward guidance can be captured in DSGE models using

anticipated policy shocks. Such shocks reflect deviations of the short-term interest rate from

2Woodford (2012) argues that several announcements made prior to August 2012 about the future path

of policy rates did not indicate a clear commitment to maintaining short-term rates low, so that they ran

the risk of being interpreted as reflecting a deteriorating forecast for output and or inflation.
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the historical policy rule that are anticipated by the public. They can be affected by policy-

makers’ announcements about their intentions regarding the future path of the policy rate.

Milani and Treadwell (2011) study the impulse responses to anticipated policy shocks using

a simple three-equations New Keynesian DSGE model. Campbell et al. (2012b) go even

further and investigate the impact of forward guidance on the macroeconomy by estimating

a medium scale DSGE model broadly similar to the one in this paper using data on market

expectations for the federal funds rate, in addition to a standard set of macro variables,

for the sample 1987-2007. They find that forward guidance explains about 9 percent of

output and hours fluctuations at the business cycle frequency, and more than 50 percent of

the movements in the federal funds rate. Their results indicate that even in the pre-Great

Recession period, forward guidance played a large role in monetary policy – a finding that

echoes that of Gürkaynak et al. (2005b) – and a significant role in terms of business cycle

fluctuations.

The problem with DSGE models, however, is that they appear to deliver unreasonably

large responses of key macroeconomic variables to central bank announcements about future

interest rates – a phenomenon we can call the “forward guidance puzzle”. Carlstrom et

al. (2012) show that the Smets and Wouters model would predict an explosive inflation

and output if the short-term interest rate were pegged at the ZLB between eight and nine

quarters. This is an unsettling finding given that the horizon of forward guidance by the

FOMC has at times been of at least eight quarters.

This paper makes three contributions. First, we document empirically the response of

financial market variables and forecasts of key macroeconomic variables to actual FOMC

communications involving changes in calendar-based forward guidance. We both provide

a detailed description of the heterogeneity in past forward guidance episodes, as well as a

realistic benchmark against which our model’s predictions can be compared. We find that

the estimated effect of forward guidance on output and inflation expectations are positive but

not quantitatively large. Second, we characterize the quantitative implications of forward

guidance in a setting that is arguably more realistic than that adopted by Carlstrom et al.

(2012). In their experiment, these authors assess the impact of fixing the interest rate to

the zero lower bound relative to the steady state baseline. Given the current state of the

economy, we view the assumption that interest rates would be at steady state in absence of

forward guidance as unrealistic. We instead incorporate current market expectations for the
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short rate in our baseline forecast using the approach described in Del Negro and Schorfheide

(2013). Specifically, we use the FFR expected path through mid-2015 implied by OIS rates as

of August 28, 2012. Doing so allows us to incorporate valuable information for the estimation

of the state of the economy. We then investigate the effect of extending the forward guidance

by two quarters, from the end of 2014 to mid-2015. Using the FRBNY-DSGE model we

show that even for this much more modest (relative to Carlstrom et al. (2012)) experiment,

the same findings are confirmed: the model-implied response of macroeconomic variables is

unrealistically large.

The third contribution of the paper is to point to the source of the problem and suggest

a solution. Credible announcements about future short-term policy rates should affect the

current long-term bond yields, and these in turn affect economic activity and inflation.

However, the model predicts an excessive response of the long-term bond yield to policy

announcements, compared to what is observed in the data. In order to address this issue,

we adopt Blanchard (1985)’s and Yaari (1965)’s perpetual youth model, which has been

incorporated recently in simple New Keynesian models by Nisticò (2012) and Piergallini

(2006). We assume, as in these papers, that agents face each period a constant probability of

dying and being replaced by a new agent, an assumption that we believe adds realism. While

each individual in this model behaves similar to the representative agent, the cohort structure

results in an aggregate economy that discounts the future more heavily. This implies that

announcements of policy changes in the future generate smaller effects on current aggregate

variables than is the case in models with infinitely lived agents. This discounting bears

some similarities with the mechanism proposed by McKay et al. (2014). In their paper,

current conditions also matter more than conditions far into the future. The mechanism

is, however, different, as these authors emphasize the role of precautionary savings and

borrowing constraints, whereas we focus on the effect of overlapping cohorts.

The paper proceeds as follows. Section 2 provides some empirical evidence on the effects

of forward guidance in the US. It documents the responses of financial market data as well as

private sector forecasts of key macroeconomic variables to FOMC announcements. Section 3

briefly describes the DSGE model used, its estimation, and how we formalize the introduction

of a fixed interest-rate path. It then presents the implications of interest rate announcements

in this model, and reports that the model generates an excessive response to announcements

about changes in the expected future interest rate path, a phenomenon we call the forward
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guidance puzzle. Section 4 proposes incorporating a perpetual-youth structure into a DSGE

model as a potential solution to this puzzle. Section 5 concludes.

2 Empirical Evidence on the Effects of Forward Guid-

ance

In this section, we provide empirical evidence on the effect of forward guidance announce-

ments. Our goal is twofold – first, we aim to provide a comprehensive description of forward

guidance episodes, and second, we aim to provide a benchmark against which we can compare

the predictions of our model. Empirically documenting the effects of forward guidance on

the macroeconomy is challenging both due to data constraints and due to the nature of for-

ward guidance announcements, which confound negative news about the economy, forward

guidance and in some cases quantitative easing. Since we model forward guidance as purely

stimulative in our theoretical exercises, it is important for our benchmark to disentangle the

direct effect of forward guidance from these other elements.

2.1 Descriptive Evidence of Forward Guidance Episodes

We begin by documenting the impact of the three FOMC announcements in which there

were calendar-based announcements about future interest rate paths: August 2011, January

2012, and September 2012.3 We first document the impact of these announcements on a

broad cross section of financial markets data, following the approach of Krishnamurthy and

Vissing-Jorgensen (2011).4 Since real economic variables are not available as frequently, we

complement this evidence by documenting the impact of FOMC announcements on Blue

Chip forecasters’ expectations, after controlling for other news about the state of the econ-

omy. Table 1 summarizes the important elements of each of these three events.5 While all

statements are similar in their forward guidance announcements, the table below shows that

3Note that for simplicity, we do not look at December 2008, as this was also the date at which the interest

rate hit the zero lower bound.
4A subset of these data has already been analyzed by Filardo and Hoffman (2014), who limit their analysis

to forward rates and nominal long term Treasuries, and Femia et al. (2013).
5See Table B1 and B2 in the Appendix for additional detail on the FOMC statement language
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they differ significantly in their language about the economy as well as their QE announce-

ments. As we will discuss further in Section 2.1.2, the various components of the statement

each play important roles.

Table 1: Summary of Forward Guidance FOMC Statement Language

Economic Conditions Policy Action

Growth Inflation Forward Guidance Quantitative Easing

August 2011 “considerably “picked up” “low levels warranted –

slower” at least through mid 2013”

January 2012 “expanding “at or below “low levels warranted –

moderately” mandate” at least through late 2014”

September 2012 “moderate “subdued” “until after the announce

pace” recovery strengthens... QE3

at least through mid 2015”

2.1.1 Evidence from Financial Markets

Table 2 reports changes in several asset prices (measured in basis points, unless otherwise

noted) in the two day window following each forward guidance event, as in Krishnamurthy

and Vissing-Jorgensen (2011). Most of these asset prices coincide with those reported in

Krishnamurthy and Vissing-Jorgensen (2011), and are constructed using the same method-

ology and data sources. The Table provides a full description of the data, though we urge

the reader to note several important elements.

First, the top panel shows that nominal rates declined substantially at most horizons

following the January 2012, and especially the August 2011, announcements. In the two

days following the August 2011 meeting, constant maturity Treasury yields fell by 23 basis

points. Similarly, Figure 1 reports changes in federal funds rate futures, swap basis-adjusted

Eurodollar futures, and forward rates extracted from the Treasury yield curve. The futures

and forward interest rate curves flattened substantially not only at the short horizons, consis-

tent with the announcements, but also at longer horizons. The flattening at shorter horizons
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seems to indicate that explanations for the forward guidance puzzle based on imperfect

credibility of the central bank (e.g., Bodenstein et al. (2012)) or on the notion that financial

market participants don’t pay attention to FOMC announcements are not consistent with

the evidence.

Table 2: Evidence from Financial Markets

Treasury Yields
(constant maturity)

Agency Yields
(Fannie/Freddie)

MBS
Yields

Maturity
(years)

30 10 5 3 1 30 10 5 3 30 15

8/9/2011 -14 -23 -18 -12 -3 -19 -23 -27 -25 -24 -26

1/25/2012 -5 -12 -15 -8 0 -10 -13 -18 -14 -16 -18

9/13/2012 17 11 2 2 0 10 5 0 1 -13 -11

TIPS
(constant maturity)

Implied
Vol.

SP
500

DJ
IA

FX
USD/EUR

Maturity
(years)

30 20 10 7 5 (% change) (% change)

8/9/2011 -26 -16 -33 -52 -39 -8.11 0.12 -0.83 -0.01

1/25/2012 -8 -11 -15 -18 -20 -4.21 0.29 0.46 0.56

9/13/2012 -9 -8 -15 -19 -25 -1.13 2.03 1.95 1.78

Breakevens Inflation Swaps TIPS Spread

Maturity
(years)

20 10 5 30 20 10 5 1 20 10 5

8/9/2011 -7 10 21 8 9 14 13 -3 16 4 -8

1/25/2012 3 3 5 3 3 4 8 12 0 1 3

9/13/2012 24 26 27 26 27 21 28 23 3 -5 1

Corporate Yields
Intermediate term Long term

Aaa Aa A Baa Ba B Aaa Aa A Baa Ba B

8/9/2011 -8 -6 -8 -8 2 16 -11 -9 -5 -5 26 33

1/25/2012 -10 -13 -11 -16 -9 -13 -12 -15 -17 -13 -16 -10

9/13/2012 11 10 7 -2 -8 -15 0 -1 -1 5 -12 -18

Notes: All figures are in basis points unless otherwise noted.

Second, in August 2011, corporate yields fell less than Treasuries for high credit quality

bonds, but actually rise substantially for low credit quality bonds, suggesting an increase in
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the safety premium. Caballero and Farhi (2014) provide a model where forward guidance

has no effect on economic activity but results in increased safety premia, and this evidence

appears to be consistent with such theory. Evidence shown in the next section however shows

that the August 2011 statement may have been interpreted by forecasters as conveying bad

news about the economy, and many of the asset price movements shown here (the decrease in

real rate, the stall in the stock market in spite of significant lower real rates, and the increase

in safety premia) are also consistent with this explanation. Conversely, in January 2012,

yields on corporate bonds fell by roughly the same amount as Treasuries, regardless of the

credit rating, suggesting little variation in the safety premium following the announcement.

Figure 1: Change in the Nominal Futures and Forward Curve following FOMC Announce-

ments
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Notes: Federal funds futures, swap basis-adjusted Eurodollar futures, and forward rates extracted from the Treasury yield curve
are in purple, blue, and red, respectively. Pre- and post-announcement curves are solid and dotted, respectively.

Third, the response of financial markets to the September 2012 announcement was al-

together different from the others. Nominal yields on government securities rose, instead of

falling. Agency debt yield also rose, but less than for corresponding Treasuries, while agency

MBS yields fell. Real yields fell substantially. Note that the rise in nominal yields makes

the yield search explanation for the fall in real yields arguably less plausible. Breakeven and

inflation swap rates rose at both short and long horizons, and the dollar depreciated. The

stock market rose by about two percent. Most notably, while high credit quality corporate

bond yields rose in line with Treasuries, the yield on low credit quality fell, indicating a
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sizable decrease in the safety premium.

One explanation for the heterogeneity across episodes is related to the start of QE3: as

suggested in Table 1, the central bank announced in September 2012 that it intended to “in-

crease policy accommodation by purchasing additional agency mortgage-backed securities at

a pace of $40 billion per month.” According to this explanation, the announced acquisition of

agency MBS lowered safety premia, affecting the yield of low credit quality corporate bonds,

while the increase in nominal Treasury was then the result of disappointed expectations that

QE3 would also include long-term Treasuries. A complementary explanation is that this

announcement, together with other parts of the statement also signaled that monetary pol-

icy was going to be more accommodative than previously thought, resulting in a decline in

real rates, and increased inflation and growth expectations. Evidence presented in the next

section, based on the revision of Blue Chip forecasts, is consistent with this explanation.

The more optimistic outlook, in turn, resulted in a flattening of the safety premium. We

will explore this heterogeneity further in Section 2.2.

2.1.2 Evidence from Surveys of Forecasts

In order to quantify the effect of forward guidance on other aspects of economic activity,

we use an event study framework and the Blue Chip Financial Forecasts. If information on

expectations for economic activity, inflation, and financial market variables were available

the day before and two days after the event, we would simply report the two day-window

change in expectations and attribute it to the news about monetary policy. Unfortunately,

the expectations survey is available only once a month. Instead, using the exact collection

dates of the survey, we control for any macroeconomic news and changes in asset prices in

between surveys and attribute the residual change in expectations during the (approximate)

one-month window to the FOMC announcement.6 Of course, the macroeconomic news and

asset price changes are not exogenous, and may themselves capture some of the effect of

forward guidance. Our construction of the economic news over the time frame is intended

6Altavilla and Giannone (2014) follow a related approach to assess the impact of unconventional monetary

policy on forecasters’ projections for bond yields. These authors use the Survey of Professional Forecasters

however, which is available only once a quarter, which makes it harder to control for other developments in

the economy.
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to deal with this to the best of our ability.7 Specifically, we use the panel of forecasters i to

run the following panel regression separately for each predicted variable (k) and h-quarter

ahead forecast (h):

∆f (k, h)i,t = γ(k, h)0 + γ(k, h)
′
1 ∆Mt + γ(k, h)

′
2 ∆APt + γ(k, h)

′
3 Z(k, h)t,i

+ β(k, h)
e De

t + ε(k, h)i,t, for t = 1, .., T, i = 1, .., n, (1)

where ∆f (k, h)i,t is the change in the h-quarters ahead forecast of participant i for variable k

(e.g., GDP growth) between periods t and t−1, ∆Mt and ∆APt are vectors of macroeconomic

surprises (e.g., payroll report) and changes in asset prices (e.g., stock prices) in the one-

month window, respectively, Z(k, h)t,i is a vector of participant-specific variables (e.g., the

lagged change in the forecast), and De
t is the event dummy which is equal to one if the

forward guidance event takes place in the one-month window (that is, t = te), and is zero

otherwise. The γ and β coefficients are indexed by (k, h) to stress the fact that these vary

across variables k and forecast horizons h. They are therefore estimated by running separate

regressions for each h and k.8

The vector ∆Mt contains surprises in macroeconomic releases occurring between t − 1

and t, where t is the date of the forecast collection.9 These surprises, which are listed in

Table B3 in the Appendix, are computed as the difference between the actual release and

the median forecast in the Bloomberg survey and are expressed in the units of the release.10

The vector ∆APt contains changes in asset prices that occurred between the time the t− 1

and t surveys were collected.11 These are a subset of the variables discussed in the previous

section, one for each category. Appendix Table B3 lists these variables, along with the units

in which the change is measured (basis points or log change). Of course, part of these changes

7Our approach bears similarities with that of Campbell et al. (2012a) in that it looks at the effect of policy

announcements on private forecases, but it differs in two important ways. First, we use the individual-level

forecast, rather than the census. Second, we adopt an event study framework rather than the identified

factor analysis from Gürkaynak et al. (2005b).
8Of course, this implies that we ignore the potential correlation of ε(k, h)i,t across k and h.
9We assume that forecasters incorporate news occurring in the two-day collection period, as data is

usually released in the morning, allowing forecasters to adjust their Blue Chip submission in light of relevant

information released on the last day of collection of the survey.
10This specification is inspired by the literature computing the effect of economic news on financial variables

(e.g., Fleming and Remolona (1999) and Gürkaynak et al. (2005a))
11Specifically, this window ranges from the day after the last collection day of the t − 1 release and the

last collection day of the t release.
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may be due to the forward guidance announcement itself. In computing APt we therefore

subtract from the overall change the change in asset prices that occurred in the two-day

window after the FOMC announcement. Finally, the vector of participant-specific variables

Z(k, h)t,i includes the lagged value of the change in forecast ∆f (k, h)i,t−1, the previous period’s

forecast itself f (k, h)i,t−1, and participant specific fixed-effects. These variables are included

to control for mean reversion and the possibility that forecasters are not rational, and hence

do not respond to current period news only (see Coibion and Gorodnichenko (2012)).

We use OLS to obtain the estimates of all coefficients in the spirit of White (1982),

but we take into account both heteroskedasticity and correlation across i in computing the

standard errors.12 Specifically, we assume a factor structure for ε(k, h)i,t:

ε(k, h)i,t = e(k, h)t + ν(k, h)i,t,

E[e(k, h)
2
t ] = σ2

(k, h)0,

E[ν(k, h)i,tν(k, h)j,t] =

{
σ2

(k, h)i for i = j

0 otherwise,

E[e(k, h)te(k, h)s] = E[ν(k, h)i,tν(k, h)i,s] = 0, for t 6= s. (2)

We estimate σ2
(k, h)0 as the sample variance of ê(k, h)t =

1

n

∑
i

ε̂(k, h)i,t, and σ2
(k, h)i as the

sample variance of ν̂(k, h)i,t = ε̂(k, h)i,t − ê(k, h)t. We then use the n × n variance covariance

matrix Σ̂(k, h), whose diagonal and off-diagonal elements are σ̂2
(k, h)0 + σ̂2

(k, h)i and σ̂2
(k, h)0,

respectively, to construct the White (1980)-robust standard errors.

We can properly recover the effect of the announcement on expectations under the fol-

lowing assumptions: 1) the γ coefficients are stable over time and are consistently estimated

using the panel regression, 2) the regressors capture all public (common) news over the one-

month event window, 3) the effect of the announcement on financial markets is fully captured

by the two-day window change in asset prices. Assumption (1) is standard, and we use only

post-2008 data (that is, data that are mostly in the zero lower bound regime) to account for

the fact that the γs may have been different in the pre-zero lower bound period. Assumption

(2) states that the average residual ε(k, h)i,te only captures the reaction to the event. This

12This is particularly important in this setting as forecasters likely speak to each other over the forecast

period. Indeed, as we show in Table B4, standard errors adjusted in this way are much larger than those

only taking into account heteroskedasticity.
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Figure 2: The Effect of Forward Guidance Announcements on Expectations
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Notes: The panels in Figure 2 show the estimates of β(k, h)e for three different events, August 2011, January 2012, and
September 2012, and four different variables, GDP growth, CPI inflation, the 3-month TBill, and the 10-year Treasury rate.
Variables and events correspond to rows and columns in the panel, respectively, while the horizon h is in the horizontal axis
of each plot. For each triplet (e, k, h) we report the OLS estimate of β(k, h)e (solid black) and the 68 and 90 percent bands
(dash-and-dotted and dotted lines, respectively) computed using heteroskedasticity-robust standard errors. The sample for each
regression is t = 2008.06, .., 2015.02.
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assumption can be defended by including all possible sources of common information, espe-

cially asset price movements. Despite our many macroeconomic controls, it is unlikely that

we cover all public information, but asset prices should be a sufficient statistic for all relevant

public information, and therefore, their inclusion should help cover gaps. Finally, assumption

(3) is taken from the event-study literature (Krishnamurthy and Vissing-Jorgensen (2011),

Krishnamurthy and Vissing-Jorgensen (2013), Gagnon et al. (2010)). If it is violated because

the impact of the event on asset prices extends beyond the two-day window, then some of

the movements in ∆APte are attributable to the event. Vice versa, if the movements in

the two-day window reflect information other than the event, then this information is not

adequately captured in ∆APte .
13

Under our assumptions, the mapping between the forecast horizon h and β(k, h)
e can be

interpreted as an impulse response, as it shows the change in the projection for variable k

following the FOMC announcement, E[f(h, k)|Ωt−1 ∪ e] − E[f(h, k)|Ωt−1], over horizon h,

where Ωt−1 represents the time t− 1 information set of survey forecasters. This is a strong

interpretation as it presumes we are able to perfectly control for all other factors affecting

the forecast, but it provides a clear exposition and a good approximation.

The panels in Figure 2 show the estimates of β(k, h)
e for three different events, August

2011, January 2012, and September 2012, and four different variables, GDP growth, CPI

inflation, the 3-month TBill, and the 10-year Treasury rate. The sample for each regression is

t = 2008.06, .., 2015.02. Variables and events correspond to rows and columns in the panel,

respectively, while the horizon h is in the horizontal axis of each plot.14 For each triplet

(e, k, h) we report the OLS estimate of β(k, h)
e (solid black) and the 68 and 90 percent bands

(dash-and-dotted and dotted lines, respectively) computed using the previously described

robust standard errors.15

As with the financial variables, Figure 2 shows that response of expectations are very

different across events. In August 2011, the response of the expected 3-month TBill is muted

13We check the robustness of this assumption in Table B4.
14Note that for August 2011 and January 2012 we report the change in the nowcast (h = 0), that is, the

forecast for the quarter in which the event takes place, for September 2012 this information is not available

given that the first survey after the event is the October survey, for which the nowcast is the first quarter

after the event. Hence the estimate for β(k, h)
e begin with the first quarter (h = 1).

15For the results in Figure 2 we run separate regressions for each event (that is, we use one dummy at the

time), but the results are nearly identical if we use all dummies at the same time. See Table B4.
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at short horizons, since rates were already expected to stay at the zero lower bound, but

is very strong at longer horizon. This response has the same sign and pattern as those in

section 2.1.1, although the magnitude is larger in terms of the point estimates.16 Similarly,

the response of the nominal 10-year Treasury rate is significantly negative and very persistent.

Alternatively, the January 2012 announcement seems to produce little significant movement

in expectations for either the 3-month TBill or the 10-year Treasury rates.17 Lastly, in

September 2012, expectations for the short-term rate increase by a small amount (less than

20 basis points) while those for the 10-year rate increase more substantially, in line with the

reaction of financial markets to the announcement, but the change in expectations is quite

imprecisely estimated.

The fact that both short and long-term nominal rates increased in September 2012 may

seem puzzling: How can policy accommodation lead to an increase in rates? To understand

this, it is useful to look at that response of inflation and output growth forecasts following the

FOMC announcements. The August 2011 event lowers the GDP growth nowcast by about

0.6 percent, although the estimates are quite uncertain and the 90 percent bands include

zero while the September 2012 event raised expectations by one percentage point and the

January 2012 episode had no effect.18 The effects in August 2011 and September 2012 were

largest in the beginning, but the effect is quite persistent.19 The response of CPI inflation to

the August 2011 and January 2012 announcements was close to zero and insignificant, but

the September 2012 episode increased inflation expectations by almost 1 percentage point.

One likely explanation for the large difference in the reaction of expectations and asset

prices to the announcements has to do with the language used in the FOMC statements.

This interpretation is similar to that in Campbell et al. (2012a), who distinguish between

16We should note that the actual forecasts revisions ∆f (k, h)i,t, 5-quarters ahead, are larger than the

adjusted revisions β(k, h)
e + ε(k, h)i,t. As we would expect, the controls attribute some of the downward

revisions to factors other than the forward guidance announcement.
17This is slightly at odds with the evidence on forward rates and nominal long term rates presented in the

previous section, which show both as declining, although the extent of this decline is indeed much smaller

than in August 2011.
18Note that the September 2012 response implies that the impulse response on the level of output is hump-

shaped, with a peak at least 5 quarters after the shock, in line with the VAR evidence on the impact of

policy shocks.
19Note that the first forecast pertains to the first quarter (h = 1) after the announcement in September

2012 because we do not have information about the change in the nowcast from September to October.
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types of forward guidance based on the public’s interpretation of the language within the

statement. Table 1 shows a substantial change in the language associated with the interest

rate announcement. The August 2011 FOMC statement emphasized negative news about

economic activity but was more nuanced about inflation, while the September 2012 the lan-

guage on economic conditions was more positive on economic progress but slightly more

nuanced on current inflation.20 September 2012 also included an announcement of QE3,

which would likely have contributed to the positive market response.21 Additionally, as we

discussed in Section 2.1.1, the safety premium rose following the September 2011 announce-

ment while it fell after September 2012, again suggesting that news played a different role

across these episodes. Together, using the language of Campbell et al. (2012a), these ob-

servations suggest that forward guidance in August 2011 was interpreted as “Delphic,” in

that is was interpreted as conveying bad news about the economy, while forward guidance in

September 2012 was interpreted as “Odyssean,” in that it was interpreted as a commitment

to more monetary policy stimulus.22

2.2 Benchmarking Forward Guidance in Our Model

While the heterogeneity in the effect of various statements containing forward guidance is

descriptively interesting, in order to move to an estimate that we can more directly compare

to the impulse responses generated by our models in Section 3 and 4, we need to isolate the

effect of stimulative forward guidance from the news that is associated with it. In theory, it

could be the case that the modest estimates for the effect of forward guidance in the previous

section are masking large and offsetting negative news shocks and policy stimulus. Therefore,

our aim in this section is to estimate the effect of purely Odyssean forward guidance. In order

20See Table B1 and B2 in the Appendix for the precise language
21Note however that as we discussed in the previous section, the reaction of financial markets to that

language was quite different from that reported for other QE episodes, suggesting that forward guidance also

played an important role.
22This response is – at least qualitatively – consistent with the one implied by DSGE models of the

kind presented below. For instance, this pattern could be generated with change in the policy rule that

would increase the response coefficient on the output gap. The announced change in the reaction function

increases inflationary expectations more than nominal interest rates increase, thereby reducing the real rate

and stimulating the economy. The increase in nominal rates is then simply the equilibrium response to a

much improved state of the economy. However, as discussed below, such rational expectations DSGE models

tend to exaggerate the impact of the change in the policy, as the expectational channel is very strong.
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to do this, we make more rigorous use of the language in the entire set of FOMC statements.

We do this by imposing more structure on the error term and use that to decompose the

overall statement effect into its various components. While this method relies on additional

assumptions and therefore does not provide fully satisfactory estimates, it suggests that there

are not large offsetting effects, and that we should expect the effect of purely stimulative

forward guidance to have positive, yet not very large, effects on the economy.

Rather than comparing calendar dates in which there was a forward guidance announce-

ment (De
t ), we instead include a set of dummies that control for different aspects of the

FOMC statement that have the potential to move expectations. Specifically, similar to

equation (1), we estimate the following panel regression:

∆f (k, h)i,t = γ(k, h)0 + γ(k, h)
′
1 ∆Mt + γ(k, h)

′
2 ∆APt + γ(k, h)

′
3 Z(k, h)t,i

+ β(k, h)
e POLICY e

t + ε(k, h)i,t, for t = 1, .., T, i = 1, .., n, (3)

where POLICYt includes the following series of dummies: a dummy for the announcement

of a forward guidance episode, a dummy for a quantitative easing announcement, a dummy

for an announced continuation of quantitative easing, a measure of the language for output

conditions, and a measure of the language for inflation conditions.23 By utilizing other FOMC

statements in which similar language was used or policies were announced, we can separately

estimate the effect of the components of the statements and decompose the heterogeneity in

the forward guidance episodes studied in Section 2.1. In addition to the necessary modeling

assumptions discussed in section 2.1.2, this will accurately characterize the effect of Odyssean

forward guidance as long as 1) the constructed statement dummies capture all other relevant

aspects of the statement and 2) the statement effects of the statements are additive. We can

attempt to check the validity of the first assumption by exploring alternate specifications.

The second assumption is more heroic – if it is the case that quantitative easing is seen as

a commitment device for forward guidance, then forward guidance that is announced with

quantitative easing may be more effective than when it is announced alone. Similarly, if

forward guidance that is announced with bad news is discounted more than forward guidance

that is announced with better news, then this equation would be misspecified. However, we

do not have sufficient data to explore these interactions empirically, and the benchmark

estimate for a homogenous effect is still informative.

23See the appendix for the details on how we constructed these variables. In the future, we can improve

this by using machine learning techniques that may better quantify these categories.
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Figure 3: Decomposing FOMC Statements: The Effect of Forward Guidance, QE Announce-

ments and Bad GDP Language
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Notes: The panels in Figure 3 show the estimates of β(k, h)e for three different elements of the FOMC statement – forward
guidance announcements, QE announcements and bad GDP language – and four different variables, GDP growth, CPI infla-
tion, the 3-month TBill, and the 10-year Treasury rate. Variables and events correspond to rows and columns in the panel,
respectively, while the horizon h is in the horizontal axis of each plot.For each triplet (e, k, h) we report the OLS estimate
of β(k, h)e (solid black) and the 68 and 90 percent bands (dash-and-dotted and dotted lines, respectively) computed using
heteroskedasticity-robust standard errors. The sample for each regression is t = 2008.06, .., 2015.02.
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Figure 3 shows the impulse response functions implied by the β coefficients on the forward

guidance dummy, the quantitative easing announcement dummy and the negative news

about GDP dummy.24 We see here that while the estimates are noisy, the coefficient relating

both forward guidance and quantitative easing to GDP growth are slightly positive, though

statistically insignificant, while the coefficient for bad news about GDP is negative.25 We also

find that the coefficient relating both forward guidance and quantitative easing to inflation

growth are slightly positive while the coefficient for bad news about GDP is almost zero,

which is perhaps not surprising given that news about inflation enters separately. Perhaps

unsettlingly, we also see that forward guidance and QE announcements have little effect on

either the short or long rate, while bad GDP language has a negative and persistent effect

on the 3-month and 10-year Treasury rate. This perhaps suggests that forecasters anticipate

policy action when the statements are negative, leaving little room for further movements in

expectations when policies are actually announced.

This analysis lends additional support for the “Delphic” and “Odyssean” interpretation

of the heterogeneity in the effect of forward guidance across episodes as discussed in Campbell

et al. (2012a). We find that the news about the economy does matter, and negative news does

have a negative effect on forecasters’ expectations. However, the results also suggest that the

effect of news, while important, is modest and unlikely to be masking large stimulative effects

of purely Odyssean forward guidance. Indeed, even taking our point estimates seriously

and translating market expectations to economic outcomes, we can only reasonably expect

forward guidance to produce small positive effects on output and inflation. Indeed, we can

rule out output and inflation responses that are above 1 percentage point.

3 The macroeconomic implications of interest rate an-

nouncements

We now proceed with an evaluation of the effects of extending the forward guidance focusing

on the stimulative effects of policy, and abstracting from the possible effects of information

24See the Appendix Table B1 for the estimated coefficents on all policy dummies.
25Note that the forward guidance dummy here can be interpreted as the average residual change in the

forecase in the 3 forward guidance episodes explored in Section 2.1 after controlling for the other aspects of

the statement.
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conveyed by the FOMC regarding the assessment the state of the economy. In this section,

we first briefly describe the DSGE model, its estimation, and the baseline forecasts. In

particular we discuss the modification of the standard feedback rule describing monetary

policy to allow for anticipated policy shocks, and how we incorporate current FFR market

expectations into the forecast. Next, we show that when we condition the forecast on a

specific interest-rate path the model produces results that are hardly credible, and explain

why this is the case.

3.1 Model and baseline forecasts

The FRBNY DSGE model is a medium-scale, one-sector, dynamic stochastic general equi-

librium model. It builds on the neoclassical growth model by adding nominal wage and price

rigidities, variable capital utilization, costs of adjusting investment, and habit formation in

consumption. The model follows the work of Christiano et al. (2005) and Smets and Wouters

(2007), but also includes credit frictions, as in the financial accelerator model developed by

Bernanke et al. (1999). The actual implementation of the credit frictions closely follows

Christiano et al. (2009). Detailed information about the equilibrium, the data, and the pri-

ors used in the Bayesian estimation of this model are contained in Del Negro et al. (2013).

The appendix to this paper also includes the list of log linearized equilibrium conditions, as

well as the priors and posteriors for the estimated parameters. In this section we focus on

the features of the model that are needed to properly describe this exercise. In particular,

we discuss: i) the state-space representation of the linearized DSGE model, ii) anticipated

policy shocks, iii) incorporating market’s FFR expectations into the baseline forecast.

The solution to the log-linear approximation of the model’s equilibrium conditions around

the deterministic steady state (obtained using the method in Sims (2002)) yields the following

transition equation:

st = Φ1(θ)st−1 + Φε(θ)εt (4)

where st is the model’s vector of “state” variables, the matrices Φ1 and Φε are functions of

the vector of all model parameters θ, and εt is the vector of structural shocks. The vector

of observables yt described below is in turn related to the states according to the system of

measurement equations:

yt = Ψ1(θ) + Ψ2(θ)st. (5)
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The variables included in yt are: 1) annualized real GDP per capita growth, where the real

gross domestic product is computed as the ratio of nominal GDP (SAAR) to the chain-type

price index from the BEA;26 2) the log of labor hours, measured as per capita hours in non-

farm payroll; 3) the log of labor share, computed as the ratio of compensation of employees

to nominal GDP, from the BEA; 4) the annualized rate of change of the core PCE deflator

(PCE excluding food and energy, but including purchased meals and beverages), seasonally

adjusted; 5) the effective federal funds rate, percent annualized, computed from daily data;

and 6) the spread between the Baa rate and the rate on 10 year Treasuries. We estimate the

vector of model parameters θ using data from 1984Q1 to 2012Q3 using Bayesian methods

as described in Del Negro and Schorfheide (2010), applied to the state-space representation

of the linearized DSGE model provided by equations (4) and (5).

Starting in 2008Q3 (one period before the implementation of the zero lower bound) we

incorporate FFR market expectations, as measured by OIS rates, into our outlook following

the approach described in Section 5.4 of Del Negro and Schorfheide (2013). 27 These data

contain valuable information for the estimation of the state of the economy, as the market

expectations of continued low interest rates reflect both a relatively weak economy as well

as an accommodative monetary policy.

These market expectations are assumed to be driven by the policy rule that the Cental

Bank is expected to follow as well as on the deviations from that rule that the Central Bank

has already communicated in its forward guidance. Specifically, we assume that the Central

Bank sets the short-term interest rate according to the following feedback rule

R̂t = ρRR̂t−1 + (1− ρR)

(
ψπ

3∑
j=0

π̂t−j + ψy

3∑
j=0

(ŷt−j − ŷt−j−1 + ẑt−j)

)
+ εRt +

K∑
k=1

εRk,t−k, (6)

where
3∑
j=0

π̂t−j is 4-quarter inflation expressed in deviation from the Central Bank’s objective

π∗ (which corresponds to steady state inflation),
3∑
j=0

(ŷt−j− ŷt−j−1 + ẑt−j) is 4-quarter growth

26Per capita variables are obtained by dividing through the civilian non-institutionalized population over

16. We HP-filter the population series in order to smooth out the impact of Census revisions.
27Specifically, we take FFR expectations up to K quarters ahead into account by augmenting the mea-

surement equation (5) with the expectations for the policy rate: FFRet,t+k = 400
(
IEtR̂t+k + lnR∗

)
, where

FFRet,t+k denotes data on market’s expectations for the FFR k quarters ahead.
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rate in real GDP expressed in deviation from steady state growth, and εR,t is the standard

contemporaneous policy shock, where εRt ∼ N(0, σ2
r), i.i.d..

28 The last term captures forward

guidance following Laseen and Svensson (2011), where εRk,t−k is a policy shock that is known

to agents at time t − k, but affects the policy rule k periods later, that is, at time t. We

assume that εRk,t−k ∼ N(0, σ2
k,r), i.i.d. Note that we make the – arguably counterfactual –

assumption that the anticipated shocks are independent from one another. Campbell et

al. (2012b) argue, based on their own findings as well as Gürkaynak et al. (2005b)’s, that

anticipated shocks follow a factor structure. It would be important to relax the independence

assumption if we were to estimate the model with forward guidance shocks. However, this

assumption bears no implications in the policy exercise described in sections 3.2 and 3.3.29

Table 3: The model-implied consequences of forward guidance

2012 

(Q4/Q4)

2013 

(Q4/Q4)

2014 

(Q4/Q4)

2015 

(Q4/Q4)

GDP growth

Baseline 1.9 2.2 1.7 1.3

Forward guidance  3.5 4.9 1.5 0.3

Core PCE inflation

Baseline 1.6 1.2 1.5 1.6

Forward guidance  1.8 1.9 1.8 1.7

Federal funds rate

Baseline 0.10 0.20 0.40 1.32

Forward guidance  0.25 0.25 0.25 1.09

Notes: The table reports the model’s predictions conditional on alternative assumptions regarding the federal funds rate: the

baseline forecast, and a counterfactual policy experiment in which the federal funds rate is maintained at 25 basis points until

2015Q2.

For simplicity we estimate the model parameters assuming no forward guidance – that

is setting the last term in (6) to zero –, and without data on expected future policy rates.

28The economy displays a stochastic trend, so if ŷt−j is output in deviation from this trend and ẑt corre-

sponds to the growth rate of technology in deviations from steady state, then the growth rate of output in

period t is ŷt − ŷt−1 + ẑt.
29 In this log-linearized model the variance-covariance matrix of the shocks does not affect the equilibrium

conditions.
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Figure 4: The model-implied consequences of forward guidance
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Notes: The figure shows the model’s predictions conditional on alternative assumptions regarding the federal funds rate. The

black solid lines show the historical data. The dashed red lines show the FRBNY DSGE model’s baseline forecast. The solid

blue lines show in turn the model’s predictions in a counterfactual policy experiment in which the federal funds rate is set to

0.25 percent until 2015Q2. The solid red lines show the model’s predictions in a counterfactual policy experiment in which

more forward guidance is provided about the federal funds rate such that the 10-year bond yield falls by 10 basis points.

Implicitly we are assuming that forward guidance has little impact on the estimated model

parameters. We are however recognizing that it has a potentially large impact on our in-

ference about the state of the economy st in the 2008Q3-2012Q3 period (conditional on the
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estimated parameters), and hence on the model’s forecasts. We are therefore re-estimating

the state st in that period using expectations of future federal funds rates.30 Our baseline

forecast, which is described in Table 3 and Figure 4, is therefore obtained using data released

through 2012Q2 augmented for 2012Q3 with observations on the federal funds rate and the

Baa corporate bond spread, and with market’s FFR expectations through mid-2015 (hence

K = 11 in equation (6)) as measured by OIS rates on August 28, 2012.31

Figure 4 shows the model’s predictions for real GDP growth, core PCE inflation and

the federal funds rate, conditional on alternative assumptions regarding the federal funds

rate. These forecasts are obtained using the mode of the posterior distribution for θ and st,

although these modal forecasts in the baseline case essentially coincide with the mean of the

forecast distribution obtained by drawing from the full posterior of θ and st. The black solid

lines show the historical data. The dashed red lines show the FRBNY DSGE model’s baseline

forecast. In this forecast, GDP growth is 1.9 percent in 2012 (Q4/Q4), rises to 2.2 percent

in 2013 but remains mostly below 2 percent throughout the rest of the forecast horizon (see

the first row in each of the three panels of Table 3). Core PCE inflation is predicted to be at

1.6 percent in 2012 and is also expected to remain below 2 percent throughout the forecast

horizon.

3.2 Using anticipated shocks to condition on an interest-rate path

We now proceed with our counterfactual policy experiment in which the federal funds rate

is set to 25 basis points (the current rate paid on excess reserves held at the central bank,

or IOR) until 2015Q2, and that it follows the historical policy rule after that.32 We first

30The only extra parameters introduced by the forward guidance are the standard deviations σk,r of the

anticipated shocks. Since we do not have estimates for these parameters, we assume that these shocks

have the same standard deviation as the contemporaneous shock: σk,r = σr. Importantly, note that the

parameters σk,r do not enter any of the policy experiments described below.
31As 2012Q3 observations for the the FFR and the Baa corporate bond spread we are using the average

of daily rates during the quarter up to this date.
32At the time we wrote the paper, this was one policy option discussed by market commen-

tary for the upcoming FOMC meeting, see the September 10, 2012 WSJ “MarketBeat” Blog

at blogs.wsj.com/marketbeat//qe3-what-everybody-that-matters-on-wall-street-expects/. We

chose 25 basis points for simplicity as it coincides with the IOR, but of course choosing any lower rate

would make the results even stronger as the policy would be even more accommodative.
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summarize the procedure used to condition the model’s predictions on a given interest-rate

path, which is taken from section 6.3 of Del Negro and Schorfheide (2013), and then describe

the outcome of the experiment.

Suppose that at the end of period T , after time T shocks are realized, the central bank

announces its intention to commit to a given interest-rate path: R̄T+1, . . . , R̄T+H̄ . For the

agents, the announcement is a one-time surprise in period T + 1. This corresponds to the

realization of a single unanticipated monetary policy shock εRT+1 and a sequence of anticipated

shocks {εR1,T+1, ε
R
2,T+1, . . . , ε

R
K,T+1} where K = H̄ − 1. Notice that all policy shocks that

are used to implement the interest rate path are dated T + 1. The Appendix describes an

algorithm that determines the time T + 1 monetary policy shocks needed to to generate

predictions conditional on a given interest rate path, so that the announced interest rate

path will be attained in expectation.

The solid blue lines in Figures 4 show in turn the model’s predictions in our counterfactual

policy experiment. Such a policy change would imply a reduction in the expected federal

funds rate of 15 basis points at the end of 2014 compared to the baseline forecast. According

to the model, this alternative policy assumption generates a massive stimulus in 2012 and

2013. Indeed, in this alternative scenario, real GDP growth is forecast to jump to 3.5 percent

in 2012 (Q4/Q4), and to 4.9 percent in 2013. GDP growth is however lower than under the

baseline scenario in 2014 and 2015, as the effects of the policy stimulus fade over time and

the GDP level returns to the level it would have had without the stimulus (see the second row

in each of the three panels of Table 3). The stimulative effect of policy also raises inflation

in 2012 and 2013 to respectively 1.8 percent (Q4/Q4) and 1.9 percent, but inflation is also

forecast to remain below 2 percent in 2014 and 2015. The model seems to be generating an

implausibly large response of real GDP growth and inflation to an apparently small change

in the federal funds rate.

3.3 What is the excessive response due to?

To understand this, consider a simplified version of the FRBNY DSGE model in which there

is no habit persistence and no shocks other than monetary policy shocks. In this case, the

consumption Euler equation reduces to the conventional expression

ĉt = IEt[ĉt+1]− (R̂t − IEt[π̂t+1]), (7)
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where ĉt denotes consumption deviations from steady state. Iterating this equation forward

to eliminate expected future consumption, we obtain

ĉt = −
∞∑
j=0

IEt[R̂t+j − π̂t+1+j], (8)

so that contemporaneous consumption is directly negatively related to the long-term real

interest rate (at infinite maturity), which is given by r̂Lt =
∞∑
j=0

IEt[R̂t+j − π̂t+1+j]. It follows

that anticipated changes in the short-term real rate in the future affect consumption both

today and in the future. To see this, suppose for now that prices are fixed so that the

nominal and real interest rates move by the same amount, and suppose that the short-term

rates declines by R̂t = −∆ contemporaneously but reverts to steady state R̂t+j = 0 after

that. In this case, the long run real rate would also decline by ∆ in period t and revert to

steady state after that, so that consumption would increase temporarily by ∆ in period t.

Consider now an the announcement of a temporary decline in the short-term rate at date

t+ j of R̂t+j = −∆ . In that case, the long-term real rate r̂Lt would decline from periods t to

t+ j, before reverting to steady state from t+ j + 1 onward. This implies that consumption

would increase by ∆ in period t and remain at that level until t + j, before reverting to

steady state.

Now letting prices adjust, a New Keynesian Phillips curve, would imply that inflation

also increases on impact as demand for goods and services is expected to surpass the potential

output of the economy from periods t to t + j. The persistent increase in inflation induces

the real interest to fall by more than the nominal interest rate, which reinforces the effect

of the initial policy shock. Countervailing this force however is the effect of monetary policy

which tends to raise the real rate as inflation increases. All these effects are playing out in

the medium scale model.

While we have focused here on the response of consumption, real investment is also

related to the long-term real interest rate in the medium scale model. A natural question is

then whether the strong response of economic activity in the model to changes in the near-

term path of the short-term interest rate is due to too strong a response of consumption

and inflation to given changes in the long-term interest rate, or alternatively to too strong a

response of the long-term interest rate.

Looking at the model’s interest-rate projections farther into the future provides valuable
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insights. Figure 5 shows the paths of short-term interest rates under the baseline projection

(red dashed lines), and the counterfactual policy (blue solid line) until 2027Q4. This figure

reveals that while the expected short-term rate is only 15 basis points lower in the counter-

factual than in the baseline at the end of 2014, the difference between the two interest-rate

paths is expected to be much larger farther in the future, in particular between 5 and 10

years following the current policy announcement. These large drop far in the future of the

expected future short-term rate compared to the baseline path is in turn resulting in a large

drop of the long-term interest rate.

To see this more clearly, we compute the long-run interest rate response, proceeding

as follows. At the end of period T , after the realization of all period-T shocks, the pre-

intervention interest rate with maturity L at date T +1 is computed as the average of future

short-term rate over the relevant horizon, and is given by the following expression:

RL
T+1 =

1

L

L∑
j=1

IET [RT+j] (9)

The post-intervention long-term rate RL∗
T , i.e., the rate obtained after the announcement of

period-T + 1 policy shocks (ε̄RT+1, ε̄
R ′

1:K,T+1) is given by:

RL,∗
T+1 =

1

L

L∑
j=1

IET [RT+j|ε̄RT+1, ε̄
R ′

1:K,T+1] (10)

In the counterfactual experiment, the 5-year yield falls by 16 basis points upon the

announcement, compared to the baseline scenario, and the 10-year yield falls by as much as

25 basis points. The fact that the 10-year yields falls by more than the 5-year yield is simply

a reflection, again, that the short-term interest rate is expected to deviate more from the

baseline at long horizons than in the near term, as shown in Figure 5.

The model-implied responses for the long-term rate do not seem to match the 5 and

10-year yield responses observed in the data, however. While the movement in the long

rates was similarly large in September 2011, as we discussed in Section 2, this episode likely

contained bad news beyond the announcement of forward guidance, and therefore is not the

relevant benchmark for forward guidance as we have modeled it here. Rather, it is more

accurate to compare this to the estimated effect that forward guidance had on forecasters
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Figure 5: Interest-rate projections farther into the future
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expectations of long rates. In Section 2.2, where we controlled for other element of the

statements, we found that forward guidance had a much smaller effect on the long rate.33

Figure 6 shows the impulse response functions to contemporaneous and anticipated policy

shocks in order to provide some more intuition for what is happening. Specifically, the figure

shows the response of the short term interest rate, the 10-year nominal rate, the level of

33As mentioned in the introduction, Carlstrom et al. (2012) assess the impact of pegging the policy rate

in three variants of the New Keynesian model. They start from the steady-state equilibrium and analyze the

effect of lowering the policy rate to the ZLB for K quarters. In their calibration, this amounts to lowering

the policy rate by 4 percentage points for K quarters. In the simple version of the New Keynesian model, it

can be shown that the response of inflation or output is directly proportional the distance between the steady

state interest rate and the level at the ZLB, and the response of inflation and output grows exponentially

with the number of periods that the policy rate is expected to be maintained at the ZLB. Since the short-

term rate is assumed to return back to steady state K + 1 periods after the announcement, the 10-year

long-run nominal rate is assumed to fall by 400K/40 = 10K basis points in their experiment. Concretely,

their experiment assumes that a forward guidance of 8 quarters would imply a drop of 80 basis points in the

10-year bond yield.
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output, and inflation to expansionary 50 basis points shocks. The difference between the

three columns in Figure 6 is that this 50 basis points shock is either contemporaneous (left

column) or anticipated 4 and 8 periods ahead (middle and right columns, respectively). We

want to highlight four features of Figure 6: i) Since the anticipated expansionary shock leads

to higher inflation and output before the shock takes place, and since the policy authorities

are bound to follow the rule before that date, the interest rate follows a zig-zag pattern,

where it first rises and then falls. If this pattern of interest rates appears awkward, bear in

mind that we are unlikely to see an eight periods-ahead shock in isolation (e.g., Campbell

et al. (2012b)). ii) The response of the 10-year rate, quite understandably, reaches its lowest

point at the time the shock takes place, and the trough decreases monotonically with the

anticipation horizon. iii) The peaks in the response of output roughly coincide (with a slight

delay) with the peaks in the response of the 10-year rate, in agreement with equation (8).

In addition, the effect on output increases monotonically with the horizon. The delay is due

to features like habit persistence. iv) The impact on inflation also increases monotonically

with the horizon – not a surprising finding given the output responses.

The responses in Figure 6 provide some economic intuition behind the finding of Carl-

strom et al. (2012) that the response of macroeconomic variables to an interest rate peg

is a convex function of the horizon of the peg. Imagine the policymakers want to lower

interest rates by 50 basis points for 7 periods. This can be implemented with a sequence of

contemporaneous and anticipated shocks up to 7 periods ahead. Now imagine they decide

to extend the peg one extra period. Because of the zig-zag feature of the 8th period impulse

response, that decision will tend to lift the short-term rate in quarters 0 to 7 and so requires

a cascade of shocks over that period to push the interest rate back down. In light of these

impulse responses (and the related impact on the long rate) it is not surprising that even a

modest amount of forward guidance produces large effects, as long as it extends far enough

into the future.

4 A Proposed Resolution

We propose here a potential resolution to the “forward guidance puzzle” described above,

by introducing an overlapping generations structure. More specifically, we adopt Blanchard

(1985)’s and Yaari (1965)’s perpetual youth model, which has been incorporated recently in
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Figure 6: Impulse response functions to contemporaneous and anticipated policy shocks
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simple New Keynesian models by Nisticò (2012) and Piergallini (2006). We assume, as in

these papers, that the economy is populated by an indefinite number of cohorts that each

period face a constant probability of dying and being replaced before the next period begins.

While each individual agent satisfies their Euler equation, the cohort structure implies that

the aggregate economy discounts future consumption more heavily. Compared to standard

models, a positive death probability also induces higher discounting of future expected divi-

dends in a linearized asset pricing condition, and leads price setters to discount more future

marginal costs, in setting their prices. An implication of this is that announcements of policy

changes far in the future tend to generate smaller effects on current aggregate variables than

is the case in models with infinitely lived agents.34

In order to explore the effect that this additional feature has on the implied effect of

forward guidance, we first present a simple model in which we can clearly discuss the intu-

ition. Then, in order to quantify the empirical relevance of this mechanism, we calibrate a

DSGE model and show that for reasonable calibrations, the perpetual-youth modification

yields more reasonable estimates for the effect of forward guidance.

4.1 Intuition

We begin with a simple description of the demand side, which is intended to clearly illustrate

the effect that a perpetual youth structure has on forward guidance. We assume that in every

34While our explanation of the forward guidance puzzle retains a rational expectations framework, other

authors have recently proposed a resolution to this puzzle by assuming boundedly rational agents. In Gabaix

(2015), agents use a simplified model of the world as a default and consider parsimonious enrichments to

this model paying attention only to those enrichments that matter enough for their decisions. In making

consumption and saving decisions, these agents pay limited attention to the interest rate and income. This

yields a more muted response of agents’ consumption and hence of inflation to announcements about fu-

ture interest rate changes. Gabaix’s application to a simple New Keynesian model implies a discounted

Euler equation similar to the one presented here, where the rate of discounting depends on the degree of

attention that households give to movements in interest rates and income, instead of the death probability.

Garćıa-Schmidt and Woodford (2015) also propose a resolution to the forward guidance puzzle by consid-

ering deviations from rational expectations. They assume an explicit cognitive process for the formation

of expectations according to which agents beliefs are adjusted in the direction of the discrepancy between

the model prediction and the conjectured beliefs. They show that in the simple New Keynesian model,

a commitment to keep interest rates low should raise inflation and output but by less than under perfect

foresight as long as agents’ expectations havent fully adjusted to the perfect foresight expectations.
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period j, a new cohort is born with mass p, and each cohort has a constant probability p of

dying which does not depend on j. Hence, in period t, the mass of survivors from cohort j

is p (1− p)t−j.35

Household’s utility is given by:

∞∑
s=0

(β(1− p))s log(Cj,t+s) (11)

as the future is discounted at the rate β(1 − p) to take into account the probability of

dying. Since death is random, households will generally die with positive wealth. We follow

Blanchard (1985) and assume that households buy fair annuities, which they will want to do

because there is no bequest motive. Under this contract, agents receive a fraction p of their

current wealth in each period in which they are alive in exchange from paying their entire

wealth upon their death. Therefore, the budget constraint for cohort j is:

Sj,t+1 ≤
Rt

1− p
(Sj,t + Yt − Cj,t), (12)

where Sj,t is the period t wealth for cohort j, Cj,t is consumption, Yt is income (which is the

same across cohorts), and importantly, Rt/(1 − p) is the rate of return for the household,

where the 1/(1− p) term comes from the annuity contract.36

As usual, the individual maximizes her utility subject to her budget constraint. The first

order condition yields the familiar consumption Euler equation:

β
Cj,t
Cj,t+1

Rt = 1. (13)

Note that this is the same Euler equation from a standard representative agent model. The

probability p does not show up directly in this equation, as the increased discounting at the

individual level is cancelled out by the increased wealth from the annuity contract.

35Note that the total population is normalized to one, since

t∑
j=−∞

p (1− p)t−j = p

∞∑
k=0

(1− p)k = 1, where

k = t− j.
36To understand why, note that 1/(1−p) = 1+p/(1−p) where for any unit of wealth carried over from the

previous period, agent j receives in addition p/(1− p) units from the life insurance which collects a fraction

p of the financial wealth each cohort (as a fraction p of the agents in each cohort dies) and divides it up

among the (1− p) remaining agents.
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Importantly, the aggregate counterpart of the individual budget constraint (12) is

St+1 = Rt(St + Yt − Ct). (14)

Aggregate wealth accumulates at the rate Rt, as opposed to Rt/(1− p), because the annuity

is just a cross-cohort transfer, which nets out for the aggregate economy.

Assume that we are in a small open economy where Rt = R = β−1, and where income

is constant over time and across cohorts and equal to Y . In this economy – unlike in the

representative agent version – wealth has to be zero and Cj,t = Y (as opposed to Cj,t =

Y + (R− 1)S for some indeterminate level of wealth as in the representative agent model).37

Imagine that in this economy, the path for Rt is altered so that RT is reduced to R∆,

where ∆ < 1, at date T and otherwise Rt = R at all other dates. Figure 7 shows the

simulated impulse responses to this future change in the interest rate for both the individual

and for the aggregate economy, when T = 10. The blue line shows the impulse responses for

p = 0.15 and the red for p = 0.0001. As the bottom-left panel of the figure illustrates, the

individual Euler equation (13) implies that each cohort’s consumption level rises immediately,

is constant until T and decreases to a constant lower level after T . When interest rates are

anticipated to be lowered in the future, agents who want to smooth their consumption

over time, want to start enjoying higher consumption immediately, and reduce their wealth

accordingly. However, a lower future interest rate tends to increase the household’s present

discounted value of future labor earnings, as shown in the top-left panels of Figure 7. In

the following period, the effect on consumption of the lower wealth cancels out with the fact

that the present discounted value of labor earnings is larger. Together, this implies that

consumption stays the same until T . After period T , when the interest rate rises back to R,

the effect on labor income disappears, and the lower wealth leads to lower consumption.

Comparing the blue and the red lines, we see clearly that the change in consumption

today is a decreasing function of p. When p is higher, the payout from the annuity contract

is higher providing greater incentives to save. Similarly, with a higher p, households discount

future income at a higher rate so that the effect on the present value of income is smaller the

farther into the future is the change in R. Households thus tend to raise their consumption

by less, the higher p.

37Intuitively, new cohorts are born with no wealth but a steady stream of income, and if they are to keep

consumption constant over time, they have to consume Y in each period.
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Figure 7: Forward Guidance in Blanchard-Yaari Models: Individual vs. Aggregate Response
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The red lines in the right panel of Figure 7 shows that with positive p, the aggregate re-

sponse in consumption differs from the individual response. Intuitively, while each individual

increases their consumption, a fraction p dies and is replaced by a new cohort, who was not

able to increase their consumption by reducing their wealth in the first period. Therefore,

they feel only the effect of the higher present discounted value of labor income, due to the

lower discounting, but not the reduction in wealth. Their consumption is thus higher than

that of the older cohorts. This generational effect continues growing until T , leading to a

progressively large aggregate consumption response as time approaches T .

This simple model illustrates the mechanisms behind this perpetual youth structure

that help mediate the forward guidance puzzle. The mechanism is not driven only by the

increased discounting at the individual level, but rather the compositional effect plays a

major role. While each existing cohort is on the standard Euler equation, some of the total

wealth increase stemming from the future increase in the interest rate accrues to cohorts who

are not yet born, and therefore who cannot drop their current consumption as they would
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have wanted. This leads to a dampening of the initial consumption response.

4.2 New Keynesian Model with Perpetual Youth: Description

We now turn to a slightly more complicated version of the model just described by allowing

for endogenous labor supply and a production side of the economy.

4.2.1 Demand side

As in Nisticò (2012), we assume that the representative agent born at date j ≤ 0 chooses

consumption, Cj,t, and hours worked, Nj,t, to maximize the discounted sum of utility flows

E0

∞∑
t=0

βt (1− p)t evt [logCj,t + ϕ log (1−Nj,t)] , β ∈ (0, 1) , ϕ > 0

subject to its budget constraint. The discounting involves in addition to the rate of time

preference β the probability of survival from one period to the next, 1 − p. We allow the

period utility to be perturbed by aggregate, exogenous and mean-zero preference shocks vt.

Agents may hold two types of financial assets: one-period state-contingent nominal bonds,

which pay off Bj,t+1 in t+1, and equity shares issued by each monopolistic competitive firm,

Zt+1 (i), and whose real price is Qt in period t. In addition, as in Blanchard (1985), we

assume that there exist life-insurance companies which offer a contract paying each period

and to each agent a fraction p of its wealth as long as it lives, in exchange for receiving

the agent’s entire wealth when it dies. Free entry implies zero profits for these insurance

companies. Agent j’s budget constraint is

PtCj,t + Et (Ft,t+1Bj,t+1) + Pt

∫ 1

0

Qt (i)Zj,t+1 (i) di = WtNj,t + Ωj,t (15)

where Pt is the price level, Ft,t+1 is the stochastic discount factor, Wt is the nominal wage,

and Ωj,t refers to agent j’s nominal financial wealth at the beginning of period t:

Ωj,t ≡
1

1− p

[
Bj,t + Pt

∫ 1

0

(Qt (i) +Dt (i))Zj,t (i) di

]
. (16)

As mentioned above, the wealth carried over from the previous period is multiplied by
1

1− p
due to the life insurance contract. This implies that individuals do not receive any life-

insurance transfer when they are born, since they start life with zero financial wealth.
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The first-order conditions involve the intra-temporal condition with respect to consump-

tion and leisure

ϕ
Cj,t

1−Nj,t

=
Wt

Pt
, (17)

and the two inter-temporal optimality conditions with respect to both financial assets

Ft,t+1 = β
PtCj,t

Pt+1Cj,t+1

evt+1−vt (18)

PtQt (i) = Et {Ft,t+1Pt+1 [Qt+1 (i) +Dt+1 (i)]} . (19)

The gross nominal riskless return Rt relates to the stochastic discount factor according to

Et (Ft,t+1) = (Rt)
−1 . (20)

Combining with (18), we obtain the standard consumption Euler equation

1

Cj,t
= Et

[
β (Rt)

Pt
Pt+1

1

Cj,t+1

evt+1−vt
]

(21)

for each cohort j. This equation indicates that in each cohort, agents are choosing the

intertemporal allocation of consumption by equating their marginal utility of consumption

in period t with their discounted expected future marginal utility of consumption.

Combining (21), (19), and the definition of wealth (16) with the budget constraint (15),

we obtain an expression for the evolution of financial wealth

PtCj,t + Et [Ft,t+1 (1− p) Ωj,t+1] = WtNj,t + Ωj,t. (22)

We furthermore define human wealth for cohort j as the discounted sum of expected future

labor incomes:

hj,t ≡ Et

[
∞∑
k=0

Ft,t+k (1− p)kWt+kNj,t+k

]
(23)

Solving (22) forward for Ωj,t, and using (18), (23) and a no-Ponzi game condition allows us

to obtain the consumption function

PtCj,t =
1

Σt

(Ωj,t + hj,t) (24)

where Σt ≡ Et

[
∞∑
k=0

βk (1− p)k evt+1−vt

]
is the inverse of the marginal propensity to consume
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out of financial and human wealth.38 Since the generation born in period t starts with no

financial wealth (Ωt,t = 0), it consumes only out of its human wealth, i.e., PtCt,t =
1

Σt

hj,t.

4.2.1.1 Aggregation Aggregating across cohorts, with weights given by cohort sizes, we

have Xt ≡
t∑

j=−∞

p (1− p)t−j Xj,t for each variable X = C,N,B, h, Z(i). The initial size of

each cohort is assumed to be p. The resulting aggregate conditions are given by (17) and (23),

where we drop the index j. In addition, the aggregate budget constraint can be expressed as

PtCt + Et [Ft,t+1Ωt+1] = WtNt + Ωt. (25)

where we define aggregate (nominal) financial wealth as

Ωt ≡
[
Bt + Pt

∫ 1

0

(Qt (i) +Dt (i))Zt (i) di

]
.

The aggregate consumption function (24) is thus given by

PtCt =
1

Σt

(
1

1− p
Ωt + ht

)
. (26)

Combining the aggregate budget constraint (25) and the aggregate consumption function

(26), and using the aggregate version of (23), we obtain the dynamic equation for consump-

tion

(Σt − 1)Ct = pEt [Ft,t+1Ωt+1Pt+1/Pt] + (1− p)Et [Ft,t+1Σt+1Ct+1Pt+1/Pt] .

This shows that aggregate consumption depends not only on discounted future consumption,

weighted by the survival probability (1− p) , but also on aggregate financial wealth. Another

way to get some intuition for this is by aggregating equation (18) and using (20), so as to

obtain the aggregate consumption Euler equation

1

Ct
= Et

[
β (Rt)

Pt
Pt+1

(1− p)
Ct+1 − pCt+1,t+1

evt+1−vt
]
. (27)

This equation reveals that the optimal allocation of consumption involves equating the

marginal utility of aggregate consumption at date t with the discounted marginal utility

38In steady state, the marginal propensity to consume out of wealth is given by Σ−1 ≡[ ∞∑
k=0

βk (1− p)k
]−1

= 1− β (1− p) .
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of next period’s consumption of the currently living agents, i.e., aggregate consumption mi-

nus the consumption of the agents born next period, Ct+1,t+1. Since aggregate consumption

depends on financial and human wealth, whereas the consumption of those born next period

will depend on their human wealth only, by subtracting the consumption of the agents born

next period, which depends on their human wealth, we reinforce the weight attributed to

financial wealth in today’s consumption decision.

4.2.2 Supply side

The supply side is standard. A perfectly competitive retail sector produces a final consump-

tion good Yt =

[∫ 1

0

Yt (i)
1

1+µ di

]1+µ

, µ > 0, using a continuum of differentiated intermediate

goods Yt (i) . The demand for each intermediate good is given by Yt (i) = (Pt (i) /Pt)
−(1+µ)/µ Yt,

where the price index satisfies Pt =

[∫ 1

0

Pt (i)−1/µ di

]−µ
.The latter goods are produced using

labor Nt (i) hired on a competitive labor market, and exogenous productivity At, according

to the production function Yt (i) = AtNt (i) . As in Calvo’s (1983) model, the intermediate

producers may reset their prices with a probability 1−ζp. Whenever they get to change their

price, firms maximize the expected stream of future dividends, and hence the value of their

outstanding shares, realizing that they won’t be able to re-optimize their price until period

t+ k with probability ζkp . Specifically, a firm i which resets its price at date t solves:

max
P ∗t (i)

Et

{
∞∑
k=0

ζkpFt,t+kYt+k (i) [P ∗t (i)− Pt+kmct+k]

}

subject to the demand for its good, where mct = Wt/(AtPt) denotes real marginal costs,

which are the same for all firms. The first-order condition to this problem can be written as

Et

{
∞∑
k=0

ζkpFt,t+kYt+kP
(1+µ)/µ
t+k [P ∗t − (1 + µ)Pt+kmct+k]

}
= 0. (28)

This condition determines the optimal reset price P ∗t chosen by all firms which get to reop-

timize their price at date t. Given the definition of the aggregate price index, the evolution

of the aggregate price level is given by

Pt =
[
ζpP

−1/µ
t−1 + (1− ζp) (P ∗t )−1/µ

]−µ
. (29)
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4.2.3 Equilibrium

In equilibrium, the state contingent bonds are in zero net supply so that Bt = 0.We normalize

the total amount of issued shares to one for all intermediate firms, Zt (i) = 1, so that the

discounted value of future financial nominal wealth satisfies

Et (Ft,t+1Ωt+1) = PtQt

where Qt ≡
∫ 1

0

Qt (i) di is the aggregate real stock price index.

We then have the resource constraints

Yt = Ct

PtYt = WtNt + PtDt,

where Dt ≡
∫ 1

0

Dt (i) di denotes total real dividend payments. The labor supply is given by

ϕ
Ct

1−Nt

=
Wt

Pt
,

The aggregate consumption Euler equation is defined as

(Σt − 1)Ct = pQt + (1− p)Et [Ft,t+1Σt+1Ct+1Pt+1/Pt] ,

The asset price condition is

Qt = Et [Ft,t+1 (Qt+1 +Dt+1)Pt+1/Pt] .

The evolution of goods prices is then given by (28) and (29).

We close the model with (20) and an equation characterizing the behavior of monetary

policy. We do so by assuming a policy rule of the form described below.

4.2.4 Linearized equilibrium conditions

We consider a deterministic steady state with zero inflation and constant output. In this

steady state, we have

(1 + r)−1 = βη
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where r is the steady-state (net) real interest rate,

η ≡ 1

1 + Ω
PC
p
(

1
1−p − β

) ,
and

Ω

PC
is the steady-state wealth to consumption ratio. In the conventional case that

p = 0, we have η = 1. When p > 0, and household net wealth is positive in steady state

(
Ω

PC
> 0), we have η < 1, so that the gross real rate of interest is higher than β−1.

Log-linearizing the equilibrium conditions around this steady state, and combining the

conditions, we obtain:

yt = ηEtyt+1 + (1− η) qt − η
(
R̂t − Etπt+1

)
+ ν̃t (30)

qt = ηβEtqt+1 + (1− ηβ) (λEtat+1 − (λ− 1)Etyt+1)−
(
R̂t − Etπt+1

)
(31)

πt = ηβEtπt+1 + κ (yt − at) (32)

where xt = log (Xt/X) for X = Y,Q,A, and πt = log (Pt/Pt−1) , R̂t = Rt−R. The exogenous

shock ν̃t summarizes the preference shocks Et∆νt+1. The parameter λ ≡ 1 + ϕ−1

µ
> 1

depends on the degree of monopoly power in the intermediate goods sector, µ, and the

Frisch elasticity of labor supply ϕ = (1−N) /N, and κ ≡ (1− ζp) (1− ζpηβ)

ζp

(
1 + ϕ−1

)
.

Equation (30) is the log-linearized output Euler equation or intertemporal IS equation.

It reveals that because of intertemporal consumption smoothing by agents, output depends

positively on expected future output and negatively on the real interest rate, with weight

η. Demand for output depends also positively on the real value of stock prices, qt, as well

as on preference shocks ν̃t, which are proportional to Et∆νt+1. Equation (31) shows that

real stock prices depend positively on expected future stock prices and on expected future

productivity Etat+1, but vary inversely with real interest rates and expected future output.

Equation (32) is the New Keynesian Phillips curve which states that inflation depends on

the gap between output and potential output, here summarized by total factor productivity

at, and on discounted expectation of future inflation, where the discounting involves the time

preference parameter β as well as η, which summarizes the survival probability (1− p) and

the financial wealth to consumption ratio.

We assume that monetary policy is set according to a simple interest rate rule

R̂t = ρRR̂t−1 + (1− ρi) [ψππt + ψy (yt − at)] + ε0,t +
H∑
h=1

εh,t−h
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where ε0,t denotes unanticipated monetary policy shocks, and where εh,t−h represent antici-

pated shocks announced at date t−h and which affect the interest rate at date t. We assume

that all monetary policy shocks are iid. Finally, we assume that the exogenous variables at

and νt are driven by some stochastic processes.

4.3 New Keynesian Model with Perpetual Youth: Analysis

In the case of infinite life – p = 0 – we have η = 1, so that the model reduces to the

conventional output Euler equation yt = Etyt+1−
(
R̂t − Etπt+1

)
+Et∆νt+1 and the standard

New Keynesian Phillips curve πt = βEtπt+1 +κ (yt − at). In the case of a positive probability

of death, p > 0 (and hence η < 1), the output Euler equation reveals that current output

depends less than one for one on expected future output and the real interest rate. It also

depends, however, directly on the real value of the stock market. To understand this, it is

useful to integrate forward equations (30)–(32), to obtain:

yt = Et

∞∑
j=0

ηj
[
(1− η) qt+j − η

(
R̂t+j − πt+1+j

)
+ ν̃t+j

]
(33)

qt = Et

∞∑
j=0

(ηβ)j
[
(1− ηβ) (λat+j+1 − (λ− 1) yt+j+1)−

(
R̂t+j − πt+j+1

)]
(34)

πt = Et

∞∑
j=0

(ηβ)j κ (yt+j − at+j) . (35)

The integrated Euler equation (33) shows that output depends negatively on all future

real interest rates
(
R̂t+j − πt+1+j

)
, however with weights ηj that are declining with the

horizon. This will be the key mechanism to address the forward guidance puzzle. In the

infinite horizon case, i.e., when p = 0, these weights are constant at η = 1, so that current

output depends on the sum of all future deviations of the short-term real interest rate(
R̂t+j − πt+1+j

)
from its steady state. In the hypothetical case that the real interest rate

would be brought permanently below its steady state, output would jump to +∞. When

p > 0 instead, the response of output to a similar permanent drop in the real interest rate is

finite. It is given by
dy

d
(
R̂− π

) = − 1− βη2

(1− η) (1− βη)
λ < 0



40

While we have focused on the output response, we note that wealth effects matter too.

Expected interest rate declines tend to boost equities as shown in (34). However, as output

surpasses its efficient level (given here by total factor productivity at), profits tend to decline,

which reduces stock prices and hence mitigates the stimulus to consumption and output.

Stock prices also depend less on expected future stock prices when the death probability is

positive; in effect, agents discount the future cash flows more rapidly in this case. Indeed

the weights (ηβ)j in (34) decline faster with the horizon, when η < 1.

Turning to the Phillips curve, expression (35) shows that inflation is proportional to

the discounted sum of expected future output gaps (yt+j − at+j) . Again, when the death

probability is positive, η < 1 which results is a more rapid discounting of future output gaps,

and thus to less inflation reaction to shocks that affect that output gap far in the future.

4.3.1 Calibration

To get a sense of the quantitative implications of the mechanism proposed here, we calibrate

the model parameters as follows. We set the time preference parameter to the conventional

value β = 0.99. To calibrate the ratio of financial wealth to consumption, we compute the

ratio of household net worth (including nonprofit organizations) to final (quarterly) con-

sumption expenditures, from the Integrated Macroeconomic Accounts (Table S.3.a). Over

the period 1960-2013, this ratio has fluctuated between 22 and 28; we set Ω/C to its sample

average of 24.4.

To calibrate our death probability p, we use the actuarial life table from the Social

Security Administration and construct the death probability for individuals of ages 20 and

above, weighting by the population at each age. This yields an average probability of dying

before the next quarter of p = 0.0042. These calculations treat the wealth to consumption

ratio and the probability of death as independent from each other. In the data, however,

both the probability of death and wealth are rising with age. As an alternative calibration,

we weight the probability of death at each age by both the fraction of population at each age

and by the share of wealth in each age category.39 The resulting weighted average probability

of dying before the next quarter is p = 0.0076.

39For wealth, we use data from the Federal Reserve’s Survey of Consumer Finances for 2010, and use

median wealth by age category.
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While our model refers formally to the probability of dying, such an event amounts to

re-setting the initial wealth of the household to zero. In this light, one can think of death

in the model as representing also default on the part of households. Based on the Quarterly

Report on Household Debt and Credit from the Federal Reserve Bank of New York, the

fraction of consumers with new bankruptcies in a given quarter has been on average 0.2

percent from 2003 to 2014. Focusing on mortgage owners, the probability of transitioning

from being current on mortgage payments to being 90+ days late on that payment within

a quarter has been on average 0.0034.40 Taking into account both the probability of a new

bankruptcy and the probability of being 90+ days late on a mortgage payment, and noting

that the two events can be correlated, we set the probability of defaulting in a given quarter

to at least 0.005. Adding this to the probability of dying mentioned above, suggests that

our calibrated value for p should be at least 0.0126.

As an alternative case, we raise the value of p to 0.03 to include other forms of ”re-setting”

the agent’s initial wealth that we might have omitted. Based on a Bayesian estimation using

macroeconomic data, Castelnuovo and Nistico (2010) find a substantially higher posterior

mean of p = 0.1292.

The calibration of the Frisch elasticity of labor supply is still controversial with microe-

conomic studies suggesting that ϕ should be close to 0.5 while macroeconomic studies find

values larger than 1. We set ϕ = 1. Regarding the degree of monopoly power, we set the

net markup µ = 0.1, as is common in the literature. For the degree of price rigidities, we set

ζp = 0.74, the value estimated by Castelnuovo and Nistico (2010). This value implies that

prices are re-optimized on average every 1/ (1− 0.74) = 3.84 quarters. Finally, to clarify the

effects of the model features, we keep the monetary policy rule as simple as possible, setting

the interest rate response to inflation at ψπ = 1.5, and leaving the other policy coefficients

equal to 0. Later on, we will also discuss how the response to anticipated policy shocks vary

with alternative policy coefficients. These parameters are summarized in Table 1.

40In addition, the probability of transitioning from being current to being 30-60 days late on the mortgage

payment in substantially larger, averaging 1.7 percent per quarter. This provides a signal of incoming default

as the probability of transitioning form this category to being 90+ days late on a mortgage payment is 24

percent. It follows that the probability in any given quarter of being 90+ days late on the mortgage payment

within the next 6 months is 0.0034 + 0.017 ∗ 0.24 = 0.00748.
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Table 1. Model Calibration

Time preference β 0.99

Wealth to consumption ratio Ω/C 24.4

Death probability p {0.0126, 0.03, 0.1292}
Frisch elasticity of labor supply ϕ 1

Net markup µ 0.1

Degree of price rigidities ζp 0.74

Monetary policy rule:

Response to inflation ψπ 1.5

Response to output gap ψy 0

Response to lagged interest rate ρR 0

4.3.2 Results

Table 2 shows how different assumptions about the death probability p affect some of the key

parameters. The implied value for the discounting coefficient entering equations (30)–(32)

varies significantly with changes in p. Our lower bound on p (= 0.0126) implies a discounting

coefficient of η = 0.99. This coefficient is lowered to 0.667 when p is set at our high value.

The slope of the Phillips curve κ is also affected, rising with the death probability p. Finally,

while output would surge to +∞ in response to a permanent drop in the real interest rate

when p = 0, the output response to such a change in the interest rate would be considerably

smaller with positive death probabilities.

Table 2. Implied Coefficients for Alternative Death Probabilities

Death probability p 0 0.0126 0.03 0.1292

Implied coefficients

Discounting η 1 0.993 0.971 0.667

Slope of Phillips Curve κ 0.188 0.192 0.203 0.359

Output response to permanent
change in real interest rate

dy

d
(
R̂− π

) −∞ −200.9λ −59.2λ −4.9λ
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To understand how the dynamic response of key economic variables is affected by the

death probability, we show in the following figures the response of the short-term nominal and

real interest rates, inflation and output to the announcement of a 25 basis points (annualized)

drop in the short-term interest rate, H quarters ahead, for H varying from 1 quarter to 8

quarters.

4.3.2.1 Completely sticky prices We start by assuming that prices are completely

fixed (ζp = 1) so that the Phillips curve is flat (κ = 0). It follows that the responses of the

nominal and real interest rates are identical. Figure 8 shows the standard case, when the

death probability p = 0. In response to the announcement, the (annualized) long-term real

interest rates falls by 25 basis points until period H, at which point it returns to steady

state. As a result, output jumps on impact and stays at that level until period H, when it

returns to the initial steady state.

Figure 8: Anticipated monetary policy shocks when p = 0
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Notes: The figure shows impulse response functions to anticipated monetary shocks at horizons H = 1...8, for p = 0, when

prices are assumed to be completely fixed (ζp = 1.)

With a death probability at p = 0.0126, and hence with a discount factor η < 1, the

output response is somewhat mitigated as show in Figure 9. Indeed, as discussed above,

we see from (33) that the announcement of an interest rate change at some horizon H is

discounted by ηH .
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Figure 9: Anticipated monetary policy shocks when p = 0.0126
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Notes: The figure shows impulse response functions to anticipated monetary shocks at horizons H = 1...8, for p = 0.0126, when

prices are assumed to be completely fixed (ζp = 1.)

With a death probability p = 0.03, the output response is much more mitigated, as

shown in Figure 10.

Figure 10: Anticipated monetary policy shocks when p = 0.03
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Notes: The figure shows impulse response functions to anticipated monetary shocks at horizons H = 1...8, for p = 0.03, when

prices are assumed to be completely fixed (ζp = 1.)

Figure 11 shows the output response on impact as a function of the horizon H, for all

three cases just discussed. Clearly, the output response on impact gets smaller as the horizon
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grows, so that discounting due to death probability mitigates any effect of forward guidance

on output.

Figure 11: Impact response of output to anticipated monetary shocks at horizons H = 1, ...8,

for various values of p.
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Notes: The figure shows the impact response of output to anticipated monetary shocks at horizons H = 1...8, for various values

of p, when prices are assumed to be completely fixed (ζp = 1.)

4.3.2.2 Moderate price stickiness When we impose a more realistic degree of price

rigidities (ζp = 0.74), inflation adjusts according to the Phillips curve, so that the responses

of the real and nominal interest rates differ. Figures 12–10 reproduce the responses to

anticipated shocks with this moderate degree of price rigidities, for different values of p.

Again the impact response of output tends to be less sensitive to anticipated shocks the

higher the death probability. However, in this case more effects contribute to the overall

response.

On the one hand, as inflation responds positively to the stimulus, the real interest rate is

actually declining more than the nominal rate. So, for the announcement of a given change

in the nominal rate, the real interest rate responds more when prices can adjust. On the

other hand, as inflation increases in response to the announcement, the policy rule requires

that the interest rate be raised as well. The real rate is increasing in turn since the policy

rule coefficient ψπ > 1. This tends to slow down the economy. In all, for our calibration,
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Figure 12: Anticipated monetary policy shocks when p = 0
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Notes: The figure shows impulse response functions to anticipated monetary shocks at horizons H = 1...8, for p = 0, when

prices are moderately flexible (ζp = 0.74.)

Figure 13: Anticipated monetary policy shocks when p = 0.0126

0 5 10 15
−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

0.15
Interest rate (γ = 0.0126)

0 5 10 15
−0.1

−0.05

0

0.05

0.1
Inflation

0 5 10 15
−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

0.15
Real interest rate (annualized, in %)

0 5 10 15
−0.02

−0.01

0

0.01

0.02

0.03

0.04

0.05
Output (in %)

Notes: The figure shows impulse response functions to anticipated monetary shocks at horizons H = 1...8, for p = 0.0126, when

prices are moderately flexible (ζp = 0.74.)

output contracts on impact as the latter effect dominates, before rising several quarters later.

Inflation increases on impact given expectations of future increases in output.

The inflation response tends to be more muted with higher values of p, as price-setters

discount future changes in output more heavily, as shown in Figure 15 . This occurs despite

the fact that the slope of the Phillips curve κ steepens with higher values of p. Figure 15
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Figure 14: Anticipated monetary policy shocks when p = 0.03
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Notes: The figure shows impulse response functions to anticipated monetary shocks at horizons H = 1...8, for p = 0.03, when

prices are moderately flexible (ζp = 0.74.)

indicates that the inflation response to the announcement of a short-term interest rate drop

8 quarters ahead falls by half when the death probability is raised from p = 0 to p =

0.03. Accounting for a positive death probability has therefore the potential to mitigate the

excessively strong inflation and output responses to forward guidance obtained in standard

monetary DSGE models.

4.4 Quantitative Assessment in an Estimated DSGE Model

To assess the quantitative relevance of the mechanism just discussed, we finally turn to an

estimated medium-scale DSGE model that allows for a positive death probability p. The

model considered has been developed in Castelnuovo and Nistico (2010). It corresponds to

the simple model described in section 4.2 above, but augmented with other frictions such as

habit formation in consumption, wage stickiness, and indexation of price and wage inflation

to past inflation. (In a future version of this paper, we intend to perform this analysis in an

estimated version of the FRBNY DSGE model described in Section 3, generalized to allow

for a positive death probability.) The model has been estimated via Bayesian methods using

US quarterly data from 1954Q3 to 2007Q2. We use Castelnuovo and Nistico’s posterior

mean estimates for the model parameters except for those that determine η and thus that

govern the extent to which agents discount the future. To determine the effect that positive
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Figure 15: Impact response of inflation to anticipated monetary shocks at horizons H =

1, ...8, for various values of p
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Notes: The figure shows the impact response of inflation to anticipated monetary shocks at horizons H = 1...8, for various

values of p, when prices are moderately flexible (ζp = 0.74.)

death probabilities exert on the model dynamics, we set as above β to 0.99 and Ω/(PC) to

24.4, and consider different values for the death probability p ranging from 0 to Castelnuovo

and Nistico’s estimate 0.1292.

Figure 16 shows the effect of an unanticipated announcement at date 0 that the FFR

we be lowered by 25 basis points for the following 8 quarters. When p = 0 (shown in blue),

inflation surges on impact by about 0.8 percentage point and then gradually returns to steady

state. The sharp rise in inflation results in a decline in the real interest rate by more than a

percentage point, which stimulates aggregate demand and thus output growth. With a death

probability p raised to 0.03, as indicated by the red lines, the responses of these variables

are cut in half. This confirms that with realistic values for p, the model implies much

more reasonable responses of inflation, output and real interest rates to forward guidance

announcements. Finally, when p is raised to the 0.1292 (green lines), the economy barely

responds to forward guidance announcements.
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Figure 16: Announcement of an unanticipated FFR drop for 8 quarters
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Notes: The figure shows the effect of an unanticipated announcement at date 0 that the FFR we be lowered by 25 basis points

for the following 8 quarters, for various values of p.

5 Conclusion

Forward guidance has become an essential tool for monetary policy in many industrial

economies confronted with the effective lower bound on interest rates. Yet, little is know

about the quantitative effects of forward guidance announcements on the economy. In this

paper, we document the impact of forward guidance announcements on broad cross section

of financial markets data, and on forecasts of key economic variables reported in the panel

of Blue Chip forecasts. We find that these impacts have been very heterogenous and depend

in very subtle ways on the type forward guidance announcements.

The paper analyzes the effect of forward guidance announcements in the context of a

fairly standard medium scale DSGE model, and shows that this model tends to grossly over-

estimate the impact of forward guidance on the macroeconomy, a phenomenon we call the

”forward guidance puzzle.” We argue that the model’s excess response to announcements
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about future policy changes is likely due to the lack of discounting of future economic out-

comes. We propose a tentative resolution to this puzzle based on the fact that life is finite.

We show that incorporating a perpetual youth structure into a DSGE model leads to an ag-

gregate economy that discounts the future more heavily. This implies that announcements

of policy changes far in the future generate smaller effects on current aggregate variables

than is the case in models with infinitely lived agents.

While the paper has focused on effects of forward guidance announcements, it illustrates

the fact that conventional DSGE models tend to generate more generally excessively strong

responses of key macroeconomic variables to news about conditions far in the future. We

have argued that incorporating a Blanchard-Yaari perpetual youth structure in medium-scale

DSGE models is desirable, as it is feasible – given its tractability – and likely to generate

more realistic model dynamics.
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A Appendix

A.1 Additional Empirical Results

A.1.1 Description of Policy Decompositions in 2.2

In order to assign numerical values to the FOMC language, we used the followings rules.

In the future, we hope to use better machine learning techniques to improve on this albeit

rough codification:

• If the the statement said that inflation was expected to be “at or below target”, we

coded it as have neutral inflation language. Otherwise, the statement was said to have

“concerned inflation language”

• If the statement used the word “moderate” to describe output growth, then the state-

ment was coded to neutral GDP language. If the words “slowed”, “contracted” or

“paused” was used, it received a 1 for “Bad GDP language” and conversely, if the

words “picked up” or “rebounded” were used, then it received a 1 for “Good GDP

language”

• If calendar based forward guidance was newly announced on that date, it received a 1

for “Forward Guidance”.

• If the statement contained the first announcement of an asset purchase program, the

date received a 1 for ”QE announcement”

• If the statement contained an announcement that it was going to continue its previously

announced asset purchases, it received a 1 for ”QE continuation.” Note that we did

not separately code the announcements for the tapering of QE. This choice would be

something to check the robustness of in future specifications.

• If the statement announced that it would continue “reinvesting principal payments from

its holdings of agency debt and agency mortgage-backed securities in agency mortgage-

backed securities and of rolling over maturing Treasury securities at auction,” it also

received a 1 for the “maturity” dummy.
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A.1.2 Additional Tables and Figures

Table B1: Forward Guidance FOMC Statements Language – Economic Conditions

August 2011:
Information received ... indicates that economic growth so far this year has been considerably slower

than the Committee had expected. ... Inflation picked up earlier in the year, .... More recently,

inflation has moderated as prices of energy and some commodities have declined from their earlier

peaks. The Committee now expects a somewhat slower pace of recovery over coming quarters than

it did at the time of the previous meeting ... Moreover, downside risks to the economic outlook

have increased...

January 2012:
Information received ... suggests that the economy has been expanding moderately, notwithstanding

some slowing in global growth ...The Committee expects economic growth over coming quarters to

be modest ...The Committee also anticipates that over coming quarters, inflation will run at levels

at or below those consistent with the Committee’s dual mandate.

September 2012:
Information received ... suggests that economic activity has continued to expand at a moderate

pace in recent months. ... Inflation has been subdued, although the prices of some key commodities

have increased recently.
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Table B2: Forward Guidance FOMC Statements Language – Policy

August 2011:
...The Committee currently anticipates that economic conditions–including low rates of resource

utilization and a subdued outlook for inflation over the medium run–are likely to warrant excep-

tionally low levels for the federal funds rate at least through mid-2013. ...

January 2012:
...the Committee expects to maintain a highly accommodative stance for monetary policy. In par-

ticular, the Committee decided today to keep the target range for the federal funds rate at 0 to 1/4

percent and currently anticipates that economic conditions–including low rates of resource utiliza-

tion and a subdued outlook for inflation over the medium run–are likely to warrant exceptionally

low levels for the federal funds rate at least through late 2014. ... The Committee also decided to

continue its program to extend the average maturity of its holdings of securities as announced in

September.

September 2012:
The Committee is concerned that, without further policy accommodation, economic growth might

not be strong enough to generate sustained improvement in labor market conditions. ... the Com-

mittee agreed today to increase policy accommodation by purchasing additional agency mortgage-

backed securities at a pace of $40 billion per month... The Committee also will continue through

the end of the year its program to extend the average maturity of its holdings of securities ...

These actions ... will increase the ... holdings of longer-term securities by about $85 billion each

month through the end of the year, should put downward pressure on longer-term interest rates,

... and help to make broader financial conditions more accommodative ... If the outlook for the

labor market does not improve substantially, the Committee will continue its purchases of agency

mortgage-backed securities, undertake additional asset purchases, and employ its other policy tools

as appropriate until such improvement is achieved in a context of price stability ...

To support continued progress toward maximum employment and price stability, the Committee

expects that a highly accommodative stance of monetary policy will remain appropriate for a con-

siderable time after the economic recovery strengthens. In particular, the Committee also decided

today to keep the target range for the federal funds rate at 0 to 1/4 percent and currently antic-

ipates that exceptionally low levels for the federal funds rate are likely to be warranted at least

through mid-2015.



Appendix not intended for publication iv

Table B3: List of Economic News and Asset Prices Regressors in Equation (1)

Name Description Unit

Economic News (∆M)

GDP real GDP QoQ: Advanced, Preliminary, Final % change

NAPMPMI ISM Manufacturing PMI SA level

NFP US Employees on Nonfarm Payrolls Total MoM Net Change SA level

USURTOT U-3 US Unemployment Rate

Total in Labor Force Seasonally Adjusted level

RSTAMOM Adjusted Retail & Food Services Sales SA Total Monthly % Change % change

CPI US CPI Urban Consumers MoM SA % change

CPTI US Capacity Utilization % of Total Capacity SA level

INJCJC US Initial Jobless Claims SA level

CONCCONF Conference Board Consumer Confidence SA 1985=100 level

LEI Conference Board US Leading Index MoM % change

NHSLTOT US New One Family Houses Sold Annual Total SAAR level

Asset Prices (∆AP )

BBOX Barclays Swaption Volatility log change

MBS30 Average of Mortgage Backed Securities

(GNMA, FMNMA, GOLD), 30 Year Constant Maturity bp difference

SP500 S&P 500 Index log change

FXEDUS EURUSD Spot Exchange Rate - Price of 1 EUR in USD log change

DGS10 US Treasury Yield Curve Rate

T Note Constant Maturity 10 Year bp difference

TIPS10 S&P 10 Year US TIPS Index Average Yield bp difference
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Table B4: Robustnes Checks for Figure 2

GDP CPI 3-Month TBill 10 Treasury

Grouped Dummies

August 2011 -0.426 0.170 0.023 -0.350

Baseline s.e. (0.40) (0.52) (0.09) (0.19)

Heteroskedastic s.e. (0.12) (0.16) (0.02) (0.04)

Factor s.e. (0.36) (0.44) (0.07) (0.175)

January 2012 0.182 0.1662 0.025 -0.035

Baseline s.e. (0.34) (0.45) (0.08) (0.17)

Heteroskedastic s.e. (0.10) (0.14) (0.02) (0.04)

Factor s.e. (0.31) (0.40) (0.06) (0.15)

September 2012 1.013 0.857 0.1651 0.296

Baseline s.e. (0.39) (0.51) (0.09) (0.19)

Heteroskedastic s.e. (0.11) (0.15) (0.02) (0.042)

Factor s.e. (0.34) (0.45) (0.07) (0.17)

Not-Excluding 2-Day Window of Asset Prices

August 2011 -0.581 0.116 0.026 -0.120

(0.40) (0.52) (0.06) (0.14)

January 2012 0.185 0.264 -0.018 0.050

(0.36) (0.47) (0.06) (0.13)

September 2012 0.773 0.864 0.024 0.062

(0.45) (0.60) (0.08) (0.17)

Notes: The coefficient reported in the table is the βe(k,1) coefficient from Equation 1 for GDP, inflation, 3-Month TBill and the

10-year TBill.
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Figure B1: Decomposing FOMC Statements: The Effect of QE Continuation, Good Output

Language and Concerned Inflation Language

QE Continuation Good Output Language Concerned Inflation Language
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Notes: The panel in Figure ?? shows the estimates of β(k, h)e for three different elements of the FOMC statement – forward
guidance announcements, QE announcements and bad GDP language – and four different variables, GDP growth, CPI infla-
tion, the 3-month TBill, and the 10-year Treasury rate. Variables and events correspond to rows and columns in the panel,
respectively, while the horizon h is in the horizontal axis of each plot.For each triplet (e, k, h) we report the OLS estimate
of β(k, h)e (solid black) and the 68 and 90 percent bands (dash-and-dotted and dotted lines, respectively) computed using
heteroskedasticity-robust standard errors. The sample for each regression is t = 2008.06, .., 2015.02.
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A.2 Model Description

In this Appendix, we summarize the log-linear equations that characterize the FRBNY DSGE

model. The microeconomic foundations of the model are described in Del Negro et al. (2013).

Because the model has a source of non-stationarity in the process for technology Zt, to solve

the model we first rewrite its equilibrium conditions in terms of stationary variables, and then

solve for the non-stochastic steady state of the transformed model. Finally we take a log-

linear approximation of the transformed model around its steady state. This approximation

generates a set of log-linear equations, which we solve to obtain the model’s state-space

representation, using the method of Sims (2002). We then use the state-space representation

in the estimation procedure.

Below we list the log-linear equations of the model. We follow the usual convention of

denoting log-deviations from steady state with hatted variables: for any stationary variable

xt, x̂t ≡ log(xt/x∗), where x∗ denotes its steady state value. The steady state itself is a

function of the model’s parameters. Equations describing the mapping between parameters

and steady state variables are available upon request.

The Consumption Euler Equation that characterizes the optimal allocation of consump-

tion over time is given by

ξ̂t = R̂t + IEt[ξ̂t+1]− IEt[ẑt+1]− IEt[π̂t+1], (36)

where R̂t is the gross nominal interest rate on government bonds, and ξ̂t is the marginal

utility of consumption.

The Marginal Utility of Consumption ξt evolves according to

(eγ − hβ)(eγ − h)ξ̂t = − (e2γ + βh2)ĉt + heγ ĉt−1 − heγ ẑt

+ βheγIEt[ĉt+1] + βheγIEt[ẑt+1],

where ĉt is consumption, eγ is the steady-state (gross) growth rate of the economy and h

captures habit persistence in consumption.

The Capital Stock follows

ˆ̄kt = −(1− i∗
k∗

)ẑt + (1− i∗
k∗

)ˆ̄kt−1 +
i∗
k∗
µ̂t +

i∗
k∗
ı̂t, (37)
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where ˆ̄kt is installed capital, ẑt is the growth rate of productivity, i∗ and k∗ are steady state

investment and the level of capital, respectively, and µ̂t is the exogenous process that affects

the efficiency by which a foregone unit of consumption contributes to capital utilization.

The Effective Capital k̂t is in turn given by

k̂t = ût − ẑt + ˆ̄kt−1, (38)

where ût is the level of capital utilization.

Capital Utilization is given by

rk∗ r̂
k
t = a′′ (u) ût, (39)

where rk∗ is the steady state rental rate of capital and the function a (u) captures the utiliza-

tion cost.

The Optimal Investment decision satisfies the Euler equation

ît =
1

1 + β
IEt [̂ıt−1 − ẑt] +

β

1 + β
IEt [̂ıt+1 + ẑt+1] +

1

(1 + β)S ′′e2γ
q̂kt +

1

(1 + β)S ′′e2γ
µ̂t, (40)

where ît is investment, S (.) is the cost of adjusting capital, with S ′ and S ′′ > 0, and q̂kt is

the price of capital.

The Realized Return on Capital is given by:

̂̃Rk

t − π̂t =
rk∗

rk∗ + (1− δ)
r̂kt +

(1− δ)
rk∗ + (1− δ)

q̂kt − q̂kt−1, (41)

where δ is the rate of capital depreciation, πt is the inflation rate, whose evolution is described

below, r̂kt is the capital rental rate and q̂kt is the price of capital.

The Expected Excess Return on Capital (or ‘spread’)

IEt

[̂̃Rk

t+1 − R̂t

]
= ζsp,b

(
q̂kt + ̂̄kt − n̂t)+ σ̃ω,t (42)

can be expressed as a function of the entrepreneurs’ leverage (i.e., the ratio of the value

of capital to nominal net worth) and exogenous fluctuations in the volatility of the en-

trepreneurs’ idiosyncratic productivity, σ̃ω,t ≡ ζsp,σω σ̂ω,t. The parameter ζsp,b is the elasticity

of the spread with respect to leverage, and ζsp,σω is the elasticity of the spread with respect

to the volatility of the spread shock.
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The Entrepreneurs’ Net Worth, n̂t, evolves according to

n̂t = ζn,R̃k

(̂̃Rk

t − π̂t
)
− ζn,R

(
R̂t−1 − π̂t

)
+ ζn,qK

(
q̂kt−1 + ̂̄kt−1

)
+ ζn,nn̂t−1 − γe

v∗
n∗
ẑt −

ζn,σω
ζsp,σω

σ̃ω,t−1, (43)

where ζn,R̃k , ζn,R, ζn,qK , ζn,n, and ζn,σω are the elasticities of net worth to the return on

capital, the nominal interest rate, the cost of capital, net worth itself and the volatility σω,

respectively, and γe is the fraction of entrepreneurs who survive each period.

The evolution of the Aggregate Nominal Wage is then given by

ŵt = ŵt−1 − π̂t +
1− ζw
ζw

ˆ̃wt, (44)

where ζw is the fraction of workers who cannot adjust their wages in a given period and ˆ̃wt

is the optimal wage chosen by workers that can freely set it, or optimal reset wage.

The Optimal Reset Wage follows

(1 + νl
1 + λw
λw

) ˆ̃wt + (1 + ζwβνl(
1 + λw
λw

))ŵt =

ζwβ(1 + νl
1 + λw
λw

)IEt[ ˆ̃wt+1 + ŵt+1] + ϕ̂t + (1− ζwβ)(νlL̂t − ξ̂t)

+ ζwβ(1 + νl
1 + λw
λw

)IEt[π̂t+1 + ẑt+1],

where ϕ̂t is a stochastic preference shifter affecting the marginal utility of leisure and λw

is the parameter that determines the elasticity of substitution between differentiated labor

services.

The optimal price-setting decision yields a Phillips Curve equation

π̂t = βIEt[π̂t+1] +
(1− ζpβ)(1− ζp)

ζp
m̂ct +

1

ζp
λ̃f,t, (45)

where π̂t is inflation, m̂ct is nominal marginal cost, β is the discount factor, and ζp is the

Calvo parameter, representing the fraction of firms that cannot adjust their prices each

period. λ̃f,t is the following re-parametrization of the cost-push shock λf,t : λ̃f,t = [(1 −
ζpβ)(1− ζp)λf/(1 + λf )]λf,t, where λf is the steady state value of the markup shock.

The Marginal Cost (or labor share) satisfies

m̂ct = (1− α)ŵt + αr̂kt , (46)
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where α is the output elasticity to capital and r̂kt is the capital rental rate.

The Production Function is given by

ŷt = αk̂t + (1− α)L̂t, (47)

where the Capital-Labor Ratio satisfies

k̂t = ŵt − r̂kt + L̂t. (48)

The Resource Constraint is

ŷt = ĝt +
c∗

c∗ + i∗
ĉt +

i∗
c∗ + i∗

ı̂t +
rk∗k∗
c∗ + i∗

ût, (49)

where ŷt is output and ĝt is government spending.

Finally, the Policy Rule is

R̂t = ρRR̂t−1 + (1− ρR)

(
ψπ

3∑
j=0

π̂t−j + ψy

3∑
j=0

(ŷt−j − ŷt−j−1 + ẑt−j)

)
+ εRt +

K∑
k=1

εRk,t−k, (50)

where
3∑
j=0

π̂t−j is 4-quarter inflation expressed in deviation from the Central Bank’s objective

π∗ (which corresponds to steady state inflation),
3∑
j=0

(ŷt−j − ŷt−j−1 + ẑt−j) is the 4-quarter

growth rate of real GDP expressed in deviation from steady state growth, εRt is the standard

contemporaneous policy shock, and the terms εRk,t−k are anticipated policy shocks, known to

agents at time t− k.

A.3 The Exogenous Processes

The exogenous processes ẑt, ϕ̂t, λ̃f,t, µ̂t, σ̃ω,t and ĝt are assumed to follow AR(1) processes

with autocorrelation parameters denoted by ρz, ρϕ, ρλf , ρµ, ρσω , and ρg, respectively. The

innovations to these processes are structural shocks driving the model dynamics. They are

assumed to be normally distributed with mean zero and a standard deviation denoted by

σz, σϕ, σλf , σµ, σσω , and σg, respectively. The remaining structural shocks are the monetary

policy shocks, both unanticipated, εRt , and anticipated, εRk,t−k, all assumed i.i.d.
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A.4 Measurement Equations

Real output growth (%, annualized) 400(lnYt − lnYt−1) = 400(ŷt − ŷt−1 + zt)

Hours (%) 100 lnLt = 100(Lt + lnLadj)

Labor Share (%) 100 lnLSt = 100(L̂t + ŵt − ŷt + lnLS∗)

Inflation (%,annualized) πCoret = 400(π̂t + ln π∗)

Interest Rate (%,annualized) FFRt = 400(R̂t + lnR∗),

Spread (%,annualized) SPt = 400(IEt

[̂̃Rk

t+1 − R̂t

]
+ SP∗),

where the parameter Ladj captures the units of measured hours.
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A.5 Prior and Posterior

Parameters Prior Mean Prior Stdd Post Mean 90% Lower Band 90% Upper Band

Policy Parameters
ψ1 2.000 0.250 2.016 1.782 2.257

ψ2 0.200 0.100 0.273 0.175 0.369

ρr 0.500 0.200 0.762 0.721 0.804

σr 0.200 4.000 0.152 0.132 0.170

Nominal Rigidities Parameters
ζp 0.750 0.100 0.879 0.852 0.908

ζw 0.750 0.100 0.904 0.872 0.938

Other “Endogenous Propagation and Steady State” Parameters
α 0.330 0.020 0.350 0.345 0.355

a′′ 0.200 0.100 0.294 0.129 0.444

h 0.700 0.050 0.704 0.636 0.770

S′′ 4.000 1.500 3.121 2.247 3.994

νl 2.000 0.750 1.273 0.465 2.017

r∗ 1.500 1.000 0.288 0.038 0.525

π∗ 2.000 0.250 2.382 2.115 2.655

γ 2.750 0.500 1.687 1.307 2.063

g∗ 0.300 0.100 0.195 0.090 0.300

ζsp 0.050 0.020 0.070 0.041 0.100

spr∗ 2.000 0.500 1.163 0.750 1.556

ρs and σs
ρz 0.400 0.250 0.487 0.369 0.605

ρφ 0.750 0.150 0.284 0.165 0.397

ρλf
0.750 0.150 0.470 0.364 0.572

ρµ 0.750 0.150 0.991 0.982 1.000

ρg 0.750 0.150 0.927 0.847 0.999

ρsigw 0.750 0.150 0.965 0.938 0.995

σz 0.300 4.000 0.788 0.695 0.877

σφ 3.000 4.000 29.403 12.878 45.636

σλf
0.200 4.000 0.087 0.072 0.101

σµ 0.750 4.000 0.358 0.271 0.450

σg 0.500 4.000 0.224 0.180 0.266

σsigw 0.050 4.000 0.085 0.076 0.095

Note: The following parameters are fixed: δ = 0.025, νm = 2, λw = 0.3, χ = 0.1, λf = 0.15, F (ω) =

0.15, γ∗ = 0.99. Ladj has a prior mean of 253.500, with standard deviation at 5.
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A.6 Anticipated Shocks to Condition on Interest-Rate Path

The following algorithm determines the time T + 1 monetary policy shocks as a function

of the desired interest rate sequence R̄T+1, . . . , R̄T+H̄ to generate predictions conditional

on an announced interest rate path. The announced interest rate path will be attained in

expectation. We denote by εt the vector that collects the innovations of the unanticipated

shocks (both policy and non policy shocks), and by εR1:K,t the vector of anticipated policy

shocks.

Algorithm 1. Drawing Counterfactual Forecasts via Anticipated Shocks.41

1. Use the Kalman filter to compute the mean sT |T of the distribution p(sT |θ, Y1:T ).

2. Consider the following system of equations, omitting the θ argument of the system

matrices:

R̄T+1 = ΨR,1 + ΨR,2Φ1sT + ΨR,2Φε[ε̄
R
T+1, 0, . . . , 0, ε̄

R ′

1:K,T+1]′

R̄T+2 = ΨR,1 + ΨR,2(Φ1)2sT + ΨR,2Φ1Φε[ε̄
R
T+1, 0, . . . , 0, ε̄

R ′

1:K,T+1]′

...

R̄T+H̄ = ΨR,1 + ΨR,2(Φ1)H̄sT + ΨR,2(Φ1)H̄−1Φε[ε̄
R
T+1, 0, . . . , 0, ε̄

R ′

1:K,T+1]′

(51)

This linear system of H̄ equations with H̄ unknowns can be solved for for the vector

of policy shocks ε̄R = [ε̄RT+1, ε̄
R′

1:K,T+1]′. Specifically, rewrite the system (51) as

b = MH̄ ε̄
R, (52)

where

b = [R̄T+1, ..., R̄T+H̄ ]′ − [ΨR,1 + ΨR,2Φ1sT , ...,ΨR,1 + ΨR,2(Φ1)H̄sT ]′,

MH̄ = [ΨR,2,ΨR,2Φ1, ...,ΨR,2(Φ1)H̄−1]Φε,R,
(53)

and Φε,R collects the columns of the matrix Φε corresponding to the vector of policy

shocks ε̄R. The solution of (51) is then

ε̄R = M−1
H̄
b. (54)

41The algorithm in Del Negro and Schorfheide (2013) describes how to draw from the entire counterfactual

predictive distribution, conditional on draws of θ from the posterior density. Here we focus on the mode of

the posterior density for θ.
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3. Starting from sT |T , iterate the state transition equation (4) forward to obtain a sequence

sT+1:T+H|T :

st|T = Φ1(θ(j))st−1|T + Φε(θ
(j))[εRt , 0, . . . , 0, ε

R ′

1:K,t]
′, t = T + 1, . . . , T +H,

where (i) εRT+1 = ε̄RT+1 and εRt = 0 for t = T + 2, . . . , T + H̄; (ii) εR1:K,T+1 = ε̄R1:K,T+1

and εR1:K,t = 0 for t = T + 2, . . . , T + H̄ (that is, in both cases use solved-for values in

period T + 1 and zeros thereafter).

4. Use the measurement equation (5) to compute yT+1:T+H based on sT+1:T+H|T . �
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