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Abstract

Sacrifice ratios (the cumulative effect on output divided by the cumulative effect on
inflation in response to monetary policy) are key summary statistics for central banks
aiming to reduce inflation with minimal impact on the real economy. We show that
sacrifice ratios associated with announcements of the most likely course of monetary
policy are lower when the implementation date is further out into the future in a
class of New Keynesian models. This is not due to forward guidance puzzle effects
and holds even when agents’ expectations feature cognitive discounting or when
policy announcements are imperfectly credible, so that the forward guidance puzzle
is resolved. We also show that the benefits are concentrated at short horizons: more
than one third (half) of the maximum reduction in sacrifice ratios is achieved if
policy is announced one (two) period(s) in advance. Finally, we provide some

empirical evidence supporting the predictions of the theory.
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1 Introduction

“While higher interest rates. . . will bring down inflation, they will also bring
some pain to households and businesses. These are the unfortunate costs of

reducing inflation.” - Jerome Powell (Jackson Hole, Aug. 26, 2022)

“Setting the right ‘level’ and ‘length’ will be critical for our monetary policy
as we continue our tightening cycle.” - Christine Lagarde (Sintra, Jun. 27,

2023)

The resurgence of inflation in many parts of the world in the post Covid-19 pandemic
period has brought about a renewed interest in how central banks can efficiently bring
inflation back down to target. As highlighted in the above quote from Federal Reserve
Chairman Jerome Powell, stabilizing inflation can sometimes be painful to households
and firms and minimizing the pain brought about by monetary policy may be considered
an important metric regarding efficiency. In this regard, sacrifice ratios (the ratio of
cumulative changes in output relative to inflation) tend to be quite useful as a summary
statistic. In these situations, particularly when inflation pressures are expected to arise
from the supply side, the central bank typically wants to disinflate the economy without
generating additional downward pressure on economic activity and output. Hence, a
policy path which generates a low sacrifice ratio would be preferable.

As indicated in the above quote from European Central Bank President Christine
Lagarde, two elements to crafting policy paths may be considered corresponding to two
approaches to disinflation - a level approach favoring immediate and forceful action
or a length approach which entails a more gradual but prolonged tightening. Both
approaches could feasibly generate the required disinflation over a given horizon but

could have different effects on output. The key difference is the timing of when monetary
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tightening is relatively strongest. As we show both theoretically in a simple New
Keynesian framework and through simulations of a model with additional nominal and
real rigidities, it may be efficient to communicate planned policy actions in advance.
Specifically, our results suggest that the length approach to disinflation delivers lower
sacrifice ratios.

The intuition behind our finding is quite simple. In a class of New Keynesian
models, inflation is more “forward-looking” than output. Therefore, announcing a
policy change that will take place further out into the future will have stronger effects
on inflation relative to output. This class of models includes the canonical (or textbook)
New Keynesian model, versions of the New Keynesian model that feature additional
“discounting” in the Euler equation or Phillips curve (Gabaix 2020, Angeletos and Lian
2018, Woodford 2019), the analytical heterogeneous agent New Keynesian (THANK)
model (Bilbiie 2025), and the New Keynesian model with endogenous growth through
R&D (Elfsbacka-Schmoller and McClung 2025).

Further, we show that our results are not due to the well-known forward guidance
puzzle, whereby policy changes far out into the future deliver implausibly large effects
today (Del Negro et al. 2023). Instead, our results hold even when the forward guidance
puzzle is resolved by introducing i) cognitive discounting (Gabaix 2020) or finite plan-
ning horizons (Woodford 2019), ii) lack of common knowledge about future economic
conditions (Angeletos and Lian 2018), iii) a heterogeneous agent structure together with
procyclical inequality (Bilbiie 2025), or iv) by assuming that the monetary policy an-
nouncements are imperfectly credible. (The results also hold when the model features
forward guidance puzzled effects.)

In the class of log-linearized models we consider, the effects of a policy rate path

announcement can be decomposed into the sum of the effects of a sequence of news



shocks about the policy rate at each date in the future. In turn, the effect of each
news shock component can be obtained in a setting where the policy rate is treated as
exogenous over the evaluation period while following the Taylor rule thereafter (Laséen
and Svensson 2011, Barnichon and Mesters 2023, McKay and Wolf 2023). This allows
us to focus our attention to simple examples of policy paths - an announcement today
that the interest rate will be raised in H periods where a low H (potentially zero or one) is
representative of the level approach, and a large H represents the length approach.! Using
these simple policy examples, we show that the sacrifice ratio associated with a policy
announcement that the interest rate will be raised H periods ahead is decreasing in H.
This holds even with additional “discounting” in the Euler equation or Phillips curve, or
when policy announcements are imperfectly credible, although the rate at which sacrifice
ratios fall is attenuated by the intensity of (cognitive) discounting and by imperfect
credibility of announcements. On the other hand, when households discount the future
much more than firms (this can be the case for example in analytical heterogeneous agent
models with procyclical inequality), the result is amplified as it makes output even less
“forward-looking” relative to inflation.

Another important feature of our results is that sacrifice ratios are convex over the
horizon H which means that most of the reduction in sacrifice ratios is achieved when
increasing the horizon at low initial levels (e.g., from 1 to 2-periods ahead). We derive
limits on how low the sacrifice ratio can get as the implementation horizon tends to
infinity. We then establish lower bounds on the proportion that the sacrifice ratio is
reduced when moving from an unannounced policy rate change to a one and two period-

ahead implementation horizon. Specifically, more than one third of the reduction in

1A full-fledged scenario with a full path for policy rates can then be reconstructed from weighted sums
of these simple policy paths.



sacrifice ratios is achieved by shifting the implementation horizon from zero to one and
more than one half of the reduction is achieved when moving to an implementation
horizon of two instead. Again, these results hold with and without forward guidance
puzzle effects. These findings suggest that, even in situations where longer-term forward
guidance is not a desirable option (e.g. since the central bank wants to react to new
information), near-term signaling (i.e. making announcements about the most likely
course of monetary policy in the near future) could be an attractive strategy, substantially
improving the inflation-output trade-off.

We also show that our results mainly go through in models with additional real
and nominal rigidities.2 We add habit persistence in consumption as well as backward
indexation in prices to the New Keynesian framework with cognitive discounting, fol-
lowing Afsar et al. (2024). Consistent with the intuitive interpretation of our results,
we find that adding habit persistence tends to raise sacrifice ratios for low values of the
implementation horizon H. On the other hand, adding backward-indexation in prices
tend to lower sacrifice ratios at all horizons as well as the long-run limit as H tends to
infinity.

Finally, we provide some empirical evidence from the US in support of our theory.
We estimate sacrifice ratios using i) monetary policy surprises in short rates as proxies
for short horizons H and ii) monetary policy surprises in long rates as proxies for longer
horizons H. Consistent with the theory predictions, we find that the sacrifice ratio
estimates with long rates are lower than the estimates with short rates.

Our results can be interpreted in the context of advanced communication of the most

likely course of action that a central bank is going to take. Central bank communication

2We restrict our attention to parametrizations of the model where the effect on output and inflation do
not change sign over the simulation horizon.



plays a central role in the conduct of monetary policy and in this respect two extreme
views are to play coy and perhaps deliberately obfuscate planned changes to policy or to
be completely transparent, telegraphing the most likely course of action in the near to
medium-term.3 Recent research tend to favor the latter. For instance, Acosta (2023) find
that greater Federal Reserve transparency leads to stronger effects of monetary policy
shocks on nominal and real rates. In this paper we show that the latter option is also more
efficient according to at least one important metric - minimizing the effect of monetary
policy on output, relative to inflation. The result provides a rationale for the desirability
of early central bank communication about the most likely path of policy rates.

Even if a central bank were to strictly follow a data-driven and rules-based approach
in the conduct of monetary policy, communicating ahead of time (changes in) the most
likely course of action for monetary policy, or equivalently, correcting private sector
misconceptions of the path of policy rates are important concerns in practice. This is
because data regarding private sector expectations do not correspond well to what is
typically assumed in full information rational expectation models.# The empirical evi-
dence on monetary policy surprises also indicate that communication or news regarding
the future path of policy rates is growing in importance and is present also outside of
effective lower bound episodes (see e.g., Swanson and Jayawickrema 2023 for the United
States and Altavila et al. 2019 for the euro area).

Our use of sacrifice ratios to evaluate alternative central bank communication strate-
gies is related to the literature on large disinflations, e.g., Ascari and Ropele (2012b) and
Gibbs and Kulish (2017). While this strand of the literature focuses on the output cost

of permanently lowering inflation, we study the output implications of advanced central

3See, e.g., the reviews in Blinder et al. (2008), Binder (2017), and de Haan and Hoogduin (2024).
4See e.g., Coibion et al. (2022), Sheen and Wang (2023) for evidence from US households as well as
Kryvtsov and Petersen (2021) for evidence from lab experiments.



bank communication. As Ascari and Ropele (2012a) note, there is no direct mapping
between sacrifice ratios and welfare gains or losses. Nevertheless, our results potentially
relate to welfare under several conditions, (i) the planned policy change is ex-ante opti-
mal, and (ii) minimizing the impact on output from the period of announcement to the
period of implementation is at least not welfare-reducing. For example, this could be the
case when the source of inflation is an (expected) external cost-push shock in which case
the central bank may want to raise the policy rate while minimizing the contractionary
effects on output.

Our comparison of level and length strategies for policy paths mirrors an earlier
debate in the literature with regard to cold turkey and gradualist approaches to disinflation
(see, e.g., Sargent 1986, Gordon 1983, Taylor 1983). In the pioneering work of Ball
(1994), sacrifice ratios were found to be smaller when (permanent) disinflation episodes
were relatively quick. Others have suggested that the speed of disinflation should
depend on the desired size of disinflation (Ireland 1997, Nicolae and Nolan 2006).
Another relevant finding in the literature with respect to our results is that central bank
credibility, and therefore the strength of the expectations channel to monetary policy
transmission, lowers sacrifice ratios (Nicolae and Nolan 2006, Gibbs and Kulish 2017).

Our analysis also abstracts from some issues that are potentially relevant for welfare.
In particular, we assume that there are no delphic effects from the policy announcement.
That is, the policy announcement only updates the private sector’s information set
regarding the path of policy rates and that the central bank acts accordingly as well. As
such, we abstract from any efficiency gains or losses that could potentially arise if this
were not the case.

The remainder of the paper is structured as follows. The next section provides

analytical results regarding monetary policy implementation horizons and sacrifice ratios



using the basic New Keynesian model. It also covers how sacrifice ratios from these
policy announcements change when cognitive discounting and imperfect credibility are
introduced. Section 3 extends our results to a model with additional real and nominal
rigidities. Section 4 presents some empirical evidence. Finally, Section 5 concludes

with some remarks.

2 The Basic New Keynesian Framework

2.1 Inflation is more forward-looking than output

To study the effects of announcements of paths for policy rates, we take a simple
linearized New Keynesian framework and introduce news shocks regarding monetary
policy. Linearity of the model allows us to abstract from a baseline representing private
sector ex ante expectations of the path of policy rates prior to the announcement and we
assume that the economy would be in the steady state in the absence of policy actions
(and announcements). Following Laséen and Svensson (2011), Barnichon and Mesters
(2023), and McKay and Wolf (2023), these news shocks (or combinations thereof) can
be used to capture the effects of a policy path generated endogenously from some rule.>
We consider the case where the policy rate is temporarily exogenous in the interim period
under evaluation and follows a Taylor-type rule thereafter.

We consider a simple New Keynesian framework, which nests the canonical (rational
expectations representative agent) New Keynesian model, versions of the New Keynesian

model that feature additional “discounting” in the Euler equation or Phillips curve

5Again, linearity of the model allows us to abstract from the potential sources of the endogenous
response of monetary policy. Essentially, only the expected future path of the policy instrument matters
(Barnichon and Mesters 2023, McKay and Wolf 2023).



(Gabaix 2020, Angeletos and Lian 2018, Woodford 2019), the analytical THANK model
(Bilbiie 2025), and the New Keynesian model with endogenous growth through R&D
(Elfsbacka-Schmoller and McClung 2025) among other models. The (log-linearized)

dynamic IS and New Keynesian Phillips Curve (NKPC) are given by:

Vi = MpE¢[yr1] — o (i; - MhEz [7r41]) (D)

ny = MyBE[mi41] + Ky, (2)

where y; is output, 7, is inflation, o is the intertemporal elasticity of substitution, S is the
discount factor, and « is the slope of the NKPC. Setting the parameters M}, M}, M to one
recovers the benchmark rational expectations representative agent New Keynesian model,
while assuming that My, Mj,, M ¢ € (0, 1] captures cognitive discounting (Gabaix 2020)
or finite planning horizons (Woodford 2019) by households and/or firms.¢ Alternatively,
a constellation with M, M n, My € (0, 1] can arise in a New Keynesian model without
common knowledge about future economic conditions (Angeletos and Lian 2018), or in
a heterogeneous agent (THANK) model with procyclical inequality (Bilbiie 2025). We
allow for (cognitive) discounting since we want to show that our results do not hinge on
forward guidance puzzle effects. However, we also allow for compounding, in the sense
that (some of) the parameters My, My, M r can be greater than one. This is the case
in the analytical THANK model with countercyclical inequality (Bilbiie 2025) and in

the New Keynesian model with endogenous growth through R&D (Elfsbacka-Schmoller

6In Gabaix (2020), M, = 1 and M =My [0 +(1-6) % < M), where 6 is the Calvo parameter.

We abstract from these conditions and assume that the cognitive discounting parameters can be set
independently of each other, which also affords us the flexibility to consider other potential sources of
“discounting” (e.g., Angeletos and Lian 2018, Bilbiie 2025, McKay et al. 2016b, and Woodford and Xie
2022). See also (Dupraz et al. 2024) for a model where the effective discounting on various terms in the
dynamic IS curve can differ.



and McClung 2025).

Let us now consider why, and in what sense, inflation is more forward-looking
than output in the New Keynesian framework. The IS curve (1) shows that output is
forward-looking since households care about their expected future consumption and
the real interest rate. According to the NKPC (2), current inflation 7, depends on
current demand, or current output y,, which is forward-looking, due to the IS curve.
However, firms also care about their future profits in their pricing decisions since prices
are sticky. In turn, these depend on their future production costs and the future prices set
by their competitors. This brings in an additional source of forward-lookingness, which
is captured by the term M BE;[n;41].

Slightly rearranging equation (1) and plugging it into equation (2) allows us to see
how current output and inflation depend on current monetary policy and on future output

and inflation which in turn depend on future monetary policies {it+}. ,:

M n
ye=0 {FhEt [Vie1] + MpE; [7i41] — it} (3)
7 = KU{%Ez[)’m] ; (Mh+ M8 )Ez[ﬂm] —it}. @)
g KO

The relative weight on current monetary policy is (normalized to) unity in both equations,
and also the relative weight of future output is the same (M} /o). However, the relative
weight on future inflation is larger in equation (4) than in equation (3), M), + M B/ ko as
opposed to Mj,. Hence, as long as M B > 0 (i.e. unless firms are completely myopic)
inflation is more forward-looking than output. In subsequent sections, we formally derive
the implications of this property of the New Keynesian framework for the sacrifice ratios
that result from policy announcements.

The relative forward-lookingness of inflation is distinct from the well-known forward



guidance puzzle. In a setting where the policy rate is treated as exogenous over a given
period, (while following the Taylor rule in the long run), the two-equation system (3)

and (4) can be iterated to yield

Xt =— Z AhBit+h, (5
h=0
where x; = [y;, m;]’, while
M, MhO' o
A= X and B = . (6)
Mpk Mpko + M¢p KO

The effect today of a policy announcement of a unit policy shock H periods ahead is given
by: x;(H) = —A"B. As shown in Gibbs and McClung (2023) who provide conditions
for a very broad class of models, the presence or absence of the forward guidance puzzle
in this setting can be easily checked. To rule out the puzzle, it is sufficient that both
of the eigenvalues associated with the matrix A, given by the characteristic equation
0 =A% —tr(A)A + det(A), are less than one.” Specifically, there is no forward guidance

puzzle if the following conditions are met:

(- M) - M)

MyM¢B <1 and
B ,

(7)

which clearly does not hold in the standard rational expectations representative agent
New Keynesian model (M}, = M, = My =1).

Finally, note that inflation is more forward-looking than output both when the model

"We have 1r(A) = My, + Mpko + My and det(A) = MMysB. We interpret the forward guidance
puzzle as ||x,(H)|| > ||x,(H — 1)|| and limg . ||x;(H)|| = co. Equations (7) are explicitly derived in
Appendix A.1.
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features the forward guidance puzzle and when the puzzle is resolved. This is the key
reason why our results regarding the sacrifice ratio will hold with and without forward-

guidance puzzle effects.

2.2 Simplified policy announcements

We simplify the analysis by considering announcements of a one-time policy news shock,
such that the lag between the announcement and the implementation of the policy is H
periods. As a metric for efficiency, we calculate and compare sacrifice ratios over a
given window resulting from announcing the policy shock ahead of time. In a purely
forward-looking model, it is sufficient to evaluate the paths of output and inflation from
the announcement today to the period of monetary policy implementation, i.e. from
period ¢ to period ¢ + H. This is because before ¢ and after r + H the impulse responses
are zero. Denote by y; and g the cumulative impulse responses of output and inflation
to a monetary policy news shock of size unity. The sacrifice ratio associated to the news
shock (SRy) is given by

SRy = 22 (8)

TH

Notably, an announcement of a full path for policy rates (possibly consistent with
some rule and a sequence of other shocks) can be constructed by some weighted combi-
nation of these one-time policy news shocks. To establish the link between a full-fledged
policy path scenario and our simple policy path examples, we next define the sacrifice
ratio SR associated with an announced policy path {i;+y}},_, as the cumulative sum
of output deviations from the steady state over the horizon ¢ to ¢ + 7 divided by the

cumulative sum of deviations in inflation over the same horizon. For a linear model, the
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change in output and inflation in each period can also be written down as the sum of the

effects due to the deviations of the policy rate in each horizon H € [0, 7]:

ZTH:() Z;-:o Vies (H)
Z}Tq:() Z::() s (H) ’

SR({ir+h}Yp—o) = 9)

where y;.s(H) and m;,;(H) denote the deviations of output and inflation in period ¢ + s
attributed to the policy rate deviation in period # + H. The expression (9) can be rewritten

in the form

~

Dipj—o L+ HYH
SR l i _ = _—~ =
({ t+H}H_()) ZTHZO i iR

i HTH_ ] SR, (10)

-
H=0 ZJ:O lt+J7TJ

which clearly indicates that the sacrifice ratio associated to the policy path {i;+x}},_ is
a weighted average of the sacrifice ratios SRy associated to the news shocks. The key
difference between level and length strategies is that weights are either relatively front-
loaded (larger weights on low H) for level strategies or relatively back-loaded (larger

weights on high H) for length strategies.

2.3 Sacrifice ratios from policy announcements

In the following analysis, we will focus our attention on simple policy rate paths such
that a one-time unit policy rate deviation is announced H periods before the policy is
implemented. We then study the corresponding sacrifice ratios SRy (defined in (8)),
and characterize how these sacrifice ratios change as the horizon H increases.

From now on, we find it useful to consider a setting in which the policy rate will
be implemented in period 7 and is announced in period 7 — H, where H = 0, 1,2, ...

Note that we could equally well assume that the policy is announced in period ¢ and
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implemented in period ¢ + H. Only the time lag between the announcement and the
implementation — the horizon H — matters for the results. However, the timing
convention we adopt here leads to somewhat simpler analysis (as we can work backward
from a constant implementation date 7', while changing H).

Next, we turn to the sacrifice ratios associated with policy announcements. First, we
use the NKPC to develop some intuition. For any period 7'—/ between the announcement

and implementation dates where 4 = 0, .., H, the NKPC (equation (2)) implies that

1
Y- = (77—h — MyBrr—ps1) - (11)

First, if the policy is implemented with no delay, i.e. H = 0, then (since 7741 = 0) the

sacrifice ratio is simply the reciprocal of the slope of the NKPC

1
SRy=20=2T_2 (12)
K

o 7T

If the policy is announced one period in advance, the sacrifice ratio is

y + yr— 1 _
SRy = 24 = 2LT0L y“:-[l_Mfﬁ(l——”“ )] (13)
m T + Tr—q K T + Tr-1

More generally, the sacrifice ratio associated with a unit policy shock announced H

periods in advance can be expressed as follows,

i Shoyr-n 1
SRH:~—:H—:—[1—Mfﬁ(1—WH)], (14)
TH - Yo 7T-h K
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where

wy = _TT-H (15)

= H .
tho TTT—h

Equation (14), derived in Appendix A.2, immediately reveals that, as long as M ¢ > 0
(i.e. unless firms are completely myopic), SRy < SRy for any H > 0. That is, an
anticipated policy change delivers lower sacrifice ratios than an unanticipated policy
change.

To get a more complete characterization of how the sacrifice ratio SRy evolves as
the horizon H increases, we need to study the system (3)-(4). Using the definition of the
sacrifice ratio, we can re-express it in terms of sums of the ratios of output to inflation

in every period (for derivation see Appendix A.4)

H
SRy = )" WhnSh (16)
h=0

where s, = yr_,/nr—p is the ratio of the effect of the policy announcement on output
relative to inflation in period T — h, and wjy, g = mr_p,/ Zﬁlzo nr—; are weights which sum
to one. Dividing equation (3) by equation (4), the ratios s, can be recursively defined:

so=1/k, while for h = 1,2, ...H

1 Spo1+ %a
sp=|- " = f(sp-1), (17)
K M, My
Sh—1 + mO' + MK

which is decreasing and convex in & whenever M ¢f3 > 0, i.e. unless firms are completely
myopic. Hence, the sacrifice ratio SRy is a convex combination of the decreasing and

convex (in h) series of ratios sj.
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Next, it is useful to again re-express the sacrifice ratio recursively as follows,
SRy =wnsy+ (1 —wpy) SRy-1, (18)

where SRy is the sacrifice ratio associated with a monetary policy announcement
H - 1 periods ahead, wy is the weight defined in equation (15), and sy = yr—g/nr-g
satisfies the recursion sy = f(sy-1) defined in equation (17). A step-by-step derivation

is provided in Appendices A.3 and A.4. Now we are ready to state our main result.

Proposition 1. The sacrifice ratio associated with a monetary policy announcement of
a change in the policy rate H periods ahead is a) decreasing and b) convex in H.

Proof. a) Proof by induction. Equation (17) gives sy = f(sy_1) € (0, x~!) for all
sg-1 > 0 since MyB > 0. Thus, we have 51 = f(s9) < k' =s50. If sy < sy_; then,
since f’(sy—1) > 0, we also have that sy.; = f(sg) < f(sy—1) = sy. Therefore,
sy is a decreasing sequence in H. Finally, since by equation (16) SRy_; is a convex
combination of the sequence {sh}fz_ol then SRy_1 > sy which means by equation (18)
that SRy is also a decreasing sequence in H. b) Proof in Appendix A.5. O

The intuition behind this result is that inflation is more forward-looking than output
as we describe in Section 2.1. Therefore, announcements of future policies have a
stronger effect on inflation than on output. The second part of the intuition behind
Proposition 1 is the fact that the relative forward-lookingness of inflation is compounded
when the announcement horizon increases. This intuition is captured by the recursion
in equation (17) which illustrates that the ratio of the effect of the announced period-T
policy shock on output relative to inflation is smaller in period T — & than in the next
period T — (h — 1) (i.e., s < sp—1). This explains why the sacrifice ratio SRy is
decreasing in H. The convexity of the sequence SRy means that a significant fraction

of the decrease in sacrifice ratios is achieved in short horizons, i.e. at small values of H.
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This property will be explored further in Section 2.4.

Importantly, Proposition 1 does not hinge on the forward guidance puzzle (or the ab-
sence of it). The result holds in the canonical New Keynesian model (M}, = M,=M =
1) and New Keynesian models with extra compounding (with some of the parameters
My, My, M r greater than one), featuring the forward guidance puzzle, as well as in models
with extra discounting in the Euler equation and the Phillips curve (M}, My, M r€(0,1)),
so that the puzzle is resolved. However, the rate at which the sacrifice ratio falls depends
on the rate of extra (cognitive) discounting (or compounding) by households and firms,
as our next result shows.?

Proposition 2. When an announced policy change takes place at least one period ahead,
stronger cognitive discounting for households lowers the sacrifice ratio, while stronger

cognitive discounting for firms raises the sacrifice ratio. Furthermore, the sacrifice ratio
rises with stronger uniform cognitive discounting. That is, for all H=1,2,...

dSRy dSRy dSRy dSRy
>0, (b _ 0, 0, and (d = 0,
(a) i, (b) i, >0, (c) o, S V.an (d) FI7, <

where My = My, = My, = M for (d).

Proof in Appendix A.6.

Intuitively, cognitive discounting by households makes output even less forward-
looking compared to inflation while cognitive discounting by firms makes inflation less
forward-looking (items a, b and c¢).® Take the case when M), = M), and recall the
recursion in equation (17). In this simplified case, one can easily see how the relative
cognitive discounting of firms vis-a-vis households (My/M}) affects the rate at which

sacrifice ratios decrease as the associated policy announcement horizon increases.

8To simplify exposition, for now on we will refer to the parameters Mj,, My, M £ as “cognitive dis-
counting”, with smaller values marking stronger discounting by households or firms. However, one should
keep in mind the other possible interpretations and theoretical motivations of these parameters.

9However, inflation is always more forward-looking than output, as long as firms are not completely
myopic, i.e., as long as Mg > 0.
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Figure 1: Sacrifice ratios, output, and inflation to an announced future policy rate change

The figure plots the dynamics of output (top panel) and inflation (middle panel) to a unit increase
in the policy rate in period T under cognitive discounting (left axes) and rational expectations
(right axes). The bottom panel plots the sacrifice ratios if the policy change in period T were
to be announced in the period indicated on the horizontal axis (from 10 periods ahead to an
unannounced policy shock). The black lines denote the paths of the variables under rational
expectations (RE). The dashed blue lines are for when there is cognitive discounting (CD) such
that the forward guidance puzzle is resolved (M, = My, = M r = 0.6). The dotted red lines
denote paths when households have stronger cognitive discounting relative to firms (HD where
My = My, =02, My =0.9). In all cases, the discount factor is set to 0.99, the coefficient of
relative risk aversion is set to one and the slope of the New Keynesian Phillips Curve is set to 0.1.
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The overall degree of cognitive discounting also matters (item d). Sacrifice ratios
fall with the horizon H because announced future policies have a larger relative impact
on inflation than on output. This mechanism is weaker if announced future policies
have a more limited effect on the current dynamics of the economy, which is the case
when all agents feature (strong) cognitive discounting. This can be seen by studying the
special case where all cognitive discounting parameters take the same value (M), = M}, =
My = M) corresponding to item (d) of Proposition 2. In this special case, equation (17)
implies that the per-period ratio of output and inflation (sj) is independent of cognitive
discounting. However, the weights wj i appearing in equation (16) depend on M.
Intuitively, forward guidance puzzle effects mean that the response of inflation in a given
period is increasing in the implementation horizon therefore putting a relatively larger
weight on the effects closer to the announcement date (e.g., sz) and relatively smaller
weights on the effects closer to the implementation date (e.g., so and s1). Consequently,
the level of the sacrifice ratio, fixing the horizon H, will tend to increase as cognitive
discounting is introduced.

Our main results, summarized in Propositions 1 and 2, are illustrated in Figure 1.
The top two panels in the figure plot the dynamics of output and inflation in response
to an announced unit increase in the policy rate in period 7. The bottom panel reports
the resulting sacrifice ratios over the period 7 — 10 to 7, T — 9 to T, and so on which
would be equivalent to the resulting sacrifice ratios if the announcement where to
be made 10 periods ahead, 9 periods ahead, and so on (i.e., H = 0,1, ...,10). The
solid black lines indicate the paths of output, inflation, and resulting sacrifice ratios
under rational expectations. The dashed blue lines report the corresponding paths
under uniform cognitive discounting such that the forward guidance puzzle is resolved

(My, =M, = My). The dotted red lines are for the case when households have stronger
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cognitive discounting relative to firms (M), = M, <M 1)

The top two panels show forward guidance puzzle effects in the benchmark repre-
sentative agent New Keynesian model under rational expectations (solid black line, right
vertical axes) which can be resolved by introducing cognitive discounting (dashed blue
and dotted red lines, left vertical axes). The bottom panel shows that sacrifice ratios fall
with the horizon H under both rational expectations and cognitive discounting (Propo-
sition 1). In all cases, the ratio peaks on impact and is equal to the inverse of the slope
of the New Keynesian Phillips Curve. Further, cognitive discounting attenuates the rate
at which the sacrifice ratio falls such that for any given horizon other than on impact,
sacrifice ratios are higher under cognitive discounting than under rational expectations
(Proposition 2, item d) . However, the opposite is true when households’ expectations
feature stronger cognitive discounting relative to firms (Proposition 2, items a,b,c). See

Appendix A.11 for further analysis and some illustrations.

2.4 Gains from increasing the implementation horizon

Next we assess the gains from increasing the implementation horizon. To do so, we
first derive the minimum value of the sacrifice ratio, which is attained as a limit when
the implementation horizon goes to infinity. It is useful to start with the representation
in equation (14). Without forward guidance puzzle effects, the announcement effect on
inflation goes to zero as the implementation date is set further out into the future and
so limy o wy = limy 0o T7—p/ ZZIZO nir—p = 0. Then in this case where there are no
forward guidance puzzle effects, we have

lim SRy =

H—o0

(1-BM;). (19)

x| =
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We know that the maximum value of the sacrifice ratio (at SRy) is pinned down by the
slope of the NKPC. Interestingly, without forward guidance puzzle effects, the minimum
value of the sacrifice ratio also only depends on the parameters of the NKPC.

On the other hand, with forward guidance puzzle effects, the weight wy tends
to a constant, and the limit of the sacrifice ratio tends to the limit value of the per-
period ratio sy (see equation (18)). In this case, the limit is characterized by the
recursion sy = f(sg—1) in equation (17) which depends on the parameters from both the
dynamic IS curve and the NKPC. Further, recall that under uniform cognitive discounting
(M), = M), = My = M) the recursion (17) does not depend on M.

We evaluate the limit value of the sacrifice ratio and its properties with and without

forward guidance puzzle effects which we summarize in the following proposition.

Proposition 3. The sacrifice ratio associated with an announcement of a unit change in
the policy rate H periods ahead tends to a constant as H tends to infinity,

. (1 MpB
gim st = (1) |1 ot =

where A; is the larger eigenvalue of the matrix A defined in (6). Moreover,

(A) Suppose there is uniform cognitive discounting, so that M, = M, = M r= M.
Then,

lim SRy > lim SRRE, (21)
H— H—oo

where limg_,q SRZE denotes the limit of the sacrifice ratio under rational expec-

tations, and the inequality above is strict when 1, = M /lgE < 1, i.e., when there

are no forward guidance puzzle effects.

(B) The sacrifice ratio at the limit is decreasing in household cognitive discounting
and increasing in firm cognitive discounting as well as under uniform cognitive
discounting,

0 hmH_)oo SRH 0 limH—wo SRH
a) >0, b = >0,
( oM, (D) o,
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O 1limpy_.o SR 9 1limp—e SR
(¢) A H 0, and (d) ZHox O
aM; oM

<0, (22)

where the inequalities in (a) and (b) above are strict when 1, > 1, i.e., when there
are forward guidance puzzle effects while the inequality in (d) above is strict when
Ay < 1, i.e., when there are no forward guidance puzzle effects.

Proof in Appendix A.8.

These results echo Proposition 2, which applies to finite announcement horizons,
but with a twist. The infinite horizon limit of the sacrifice ratio tends to be lower
when households’ expectations feature stronger cognitive discounting, and higher when
firms’ expectations feature stronger cognitive discounting or under uniform cognitive
discounting. However, if there are no forward guidance puzzle effects, the limit is
independent of household cognitive discounting (since M}, and M), enter the IS curve,
but not the NKPC), while if there are forward guidance puzzle effects, the limit is
independent of uniform cognitive discounting (since the per-period ratio sy does not
depend on uniform cognitive discounting).

Proposition 3 describes the minimum value of the sacrifice ratio, attainable with
infinitely long implementation horizons H. However, not only are sacrifice ratios de-
creasing in the implementation horizon, they are also convex (Proposition 1, item b).
That is, a significant fraction of the fall in sacrifice ratios is achieved at small values for
H. Define the fraction of the reduction in the sacrifice ratio achieved by announcing a
policy change in period H relative to the limit as H tends to infinity with the ratio of

operators AgSRy/AySRw,

AoSR SRy — SR
00 NH = 0 H' (23)
ApSR SRy — SR

We use this fraction as a metric for the gains from increasing the horizon H. This gives
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us the following proposition.

Proposition 4. More than one third and one half of the reduction in sacrifice ratios
is achieved when increasing the implementation horizon from zero to one and two
respectively:

A()SR1 _ max{l,/lz} 1

= > (24)
AoSR 1+ + A, 3
A()SRZ _ max{l,/lz} N l (25)
A()SROO 1-ids +/11 +/12 2

where {11, A2} are the eigenvalues of the matrix A defined in (6) and A, > A1 without
loss of generality.

Proof in Appendix A.9.

Note that the proposition holds both with and without forward guidance puzzle ef-
fects. The proposition states that, with any parametrization of the New Keynesian frame-
work, the gains from advanced communication of the most likely course for monetary
policy are concentrated in the shorter horizons. Simply moving from an unannounced to
a one-period-ahead anticipated monetary policy rate change already reaps more than a
third of the benefits in terms of reducing the sacrifice ratio and making the announcement

another period earlier will already bring with it more than half of the benefits.

2.5 Imperfectly credible policy announcements

Our results extend to a situation where monetary policy announcements are imperfectly
credible. Assume that the private sector believes that a change in monetary policy,
announced 4 periods in advance, is implemented with probability g,. We postulate that
the credibility of an announcement is decreasing in the horizon, such that go = 1, and
gne1 < gp forall h =0,1,.... We further assume that the change in monetary policy, to

be implemented in period 7', is (re)announced in each period 7 — h, where h = 0, 1, ..., H.
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Then forall h =0, 1, ..., H we get
xXj_y = —qnA"B = qpxr_p (26)

where x5, = [y;_,,7;_,]" are the reactions of output and inflation to an imperfectly
credible monetary policy announcement, xy—; = [y7—p, 77—p]” are the corresponding
reactions to a perfectly credible announcement, and the matrices A and B are defined in
(6).

A particularly simple and intuitive special case is such that g, = p”", with p € (0, 1).

Then the equation (26) takes the form!°
* _ hp _ Ah
xp_, =—(pA)'B=-A"B 27)

where

~ pM h pM ho
A= : (28)
pMyk pMyko + pM¢f
Hence, this form of imperfectly credible policy announcements is equivalent to perfectly

credible announcements, but stronger cognitive discounting (with each of the parameters

My, My and M, multiplied by p). Specifically, there is no forward guidance puzzle if

WFollowing an approach similar to Gibbs and McClung (2023) and Haberis et al. (2019), one could
alternatively assume that the policymaker promises an exogenous nominal rate path at time 7 — A. In each
period between T — h and T, the policymaker can stick to its commitment, or renege and go back to its
normal policy. Let the ‘renege’ state be an absorbing state (i.e., the policymaker is expected to abandon
the commitment in all future periods if it deviates in any single period). Let p denote the probability that a
policymaker sticks to the plan in the following period conditional on sticking to the plan today. It follows
that the probability of sticking to the plan & periods in the future is p”. Also these assumptions give rise
to equation (27).
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the following conditions (corresponding to conditions (7)) are satisfied:

(1 —pMy)(1 - pMspB) o o

2
pMyM¢B <1 and n
pMy

(29)

Clearly, if p is low enough, the conditions (29) may hold not only under cognitive
discounting, but also in the rational expectations representative agent model (i.e. when
My=M,=M r = 1), and even with compounding (i.e. when some of the parameters
My, My, M ¢ are greater than one). Indeed, there is no forward guidance puzzle, if
o < 1/4,, where A is the larger eigenvalue of the matrix A given in (6)." Also in the
more general case where g, # p”, it easy to show that there is no forward guidance
puzzle if (sufficient condition) gp+1/gn < 1/A; forall h =0, 1, ...

Given the equivalence between imperfectly credible announcements and cognitive
discounting in the special case with g, = p”, it is immediately clear that the results
stated in Propositions 1 — 4 continue to hold with this form of imperfectly credible
policy announcements. In addition, one can show that dSRy/dp < Oforall H = 1,2, ..
— this is essentially a corollary of Proposition 2 d), see Appendix A.6.

The main insights of the paper also extend to the more general form of imperfect
credibility, where g, # p". Sacrifice ratios associated with announcements of the most
likely course of monetary policy are lower when the implementation date is further out
into the future. Nevertheless, the rate at which sacrifice ratios fall with the implemen-
tation horizon is attenuated by imperfect credibility of announcements, as our next, and

final, proposition shows.

Proposition 5. Assume that the private sector believes that a change in monetary pol-
icy, announced h periods in advance, is implemented with probability q,, where qj

UEvidently, if A, < 1, forward guidance puzzle effects are ruled out for all values of p € (0, 1).
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is decreasing in h. Denote the sacrifice ratios associated with imperfectly credible
monetary policy announcements by SRy,. a) The sacrifice ratio is decreasing in the
horizon H even when monetary policy announcements are imperfectly credible. That is,

SRy, < SRy, forall H = 0,1, ... b) When an announced policy change takes place

at least one period ahead, the imperfect credibility of policy announcements raises the
sacrifice ratio, compared to the case of fully credible announcements. That is, for all
H=1,2,... SR}, > SRy, where SRy is the corresponding sacrifice ratio, when the policy
announcements are fully credible.

Proof in Appendix A.10.

The key intuition behind Proposition 5 is that inflation is more forward-looking than

output and therefore reacts more strongly to policy announcements (compared to output),

even when the announcements are imperfectly credible.

3 A Model with Additional Rigidities

The key insights from the simple New Keynesian framework carry over to a model
with additional real and nominal rigidities. We extend the basic New Keynesian model
with habit persistence as an additional real rigidity and backward-indexation in prices
as an additional nominal rigidity.'> We use the model to simulate the effects of one-
time monetary tightening news shocks, which is announced H € {0, 1, ..., 10} periods
ahead of implementation, and calculate sacrifice ratios over 40 periods to account for
persistent deviations from the steady state induced by the additional rigidities. In these
simulations, we assume that monetary policy is temporarily exogenous for 100 periods
before switching to a regime with a Taylor rule thereafter.

Briefly, the two additional rigidities are introduced as follows. First, household pref-

erences can now feature external habits. Specifically, households choose consumption

2The extended model is based on Afsar et al. (2024).
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and labor to maximize the following expected lifetime utility specification,

1+
- Ci,—bCi_)'"Y" N,
Zﬁz ( It —1]) Jot (30)

Eo -
- 1-1/o 1+

where E is the behavioral expectations operator following Gabaix (2020), S is the
conventional discount factor, o is the intertemporal elasticity of substitution, ¢ is the
inverse Frisch elasticity, b is the external habits parameter, C;; is the consumption of
household j, C;_; is the average past consumption in the economy, and N, is hours
worked for household ;.

Second, we assume that firms who are unable to reoptimize prices have their prices
partially indexed to past inflation, P;; = P; ;- IH,‘"_p where P;; is the price set by (non-
optimizing) firm i, I1;_; is the gross inflation rate between periods f — 1 and ¢, and w is the
price indexation parameter which could also be interpreted as the fraction of backward
looking firms.

Together, these two additional rigidities imply the following log-linearized dynamic

IS and New Keynesian Phillips curves,

M R
Y= Tl Ty g~ g (i MaBimia) G1)
w My
Ty = Ty
Tl MpBo T T TE MBw
K K b
+ _ _ 32
1+Mfﬁwyt T+ M, fo 1+G¢,(1_b)]yt 1 (32)

where k = [(1-0)(1-6B)/0][¥ + 1/o(1 — b)] is the slope of the conventional NKPC
with external habits under rational expectations, 6 is the Calvo price rigidity parameter,

and My, M, and M ¢ are cognitive discounting parameters. Following Gabaix (2020)

26



and Afsar et al. (2024), we set My = M[6 + (1 = 6)(1 = 6B)/(1 — 68M};,)].

We calibrate the model as follows. We assume a sufficiently high degree of cognitive
discounting (M), = M}, = 0.5) to eliminate forward guidance puzzle effects. The slope
of the NKPC under rational expectations and without the additional rigidities is about
0.1, habit persistence is set to 0.8, and the backward-indexation parameter in the hybrid
NKPC is set to 0.5.13 The full set of calibration values for the model parameters are

reported in Table 1.

Table 1: Extended model parameter calibration

Parameter Value Description

B 0.99 Discount factor

o 1.00 Intertemporal elasticity of substitution

v 1.00 Inverse Frisch elasticity

b {0.00,0.80} Habit persistence

w {0.00,0.50} Price backward indexation

0 0.80 Calvo price rigidity
My, 0.50 Household output cognitive discounting
M, 0.50 Household inflation cognitive discounting

BThe reported simulations do not feature the apparently implausible inflation “reversals” discussed
at length by Carlstrom et al. (2015), which can emerge in models with temporary interest rate pegs and
lagged endogenous variables.
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Figure 2: Sacrifice Ratios with Additional Rigidities

The figure plots the sacrifice ratio of announcements of a one-time unit policy rate increase at
horizons zero to 10 (horizontal axis). The blue line is for the benchmark model (with no habit
persistence or price indexation). The orange line is for the model with habits in consumption.
The yellow line is for the model with price indexation. The purple line is for the model with both

habits and indexation.

Figure 2 illustrates the resulting sacrifice ratios from simulations of the model where
the horizontal axis reports the policy implementation horizon. Similar to what we have
shown analytically in the basic New Keynesian model, we find that sacrifice ratios tend
to fall the further out the horizon for the policy shock in all the cases shown in the figure.
These results also do not hinge on the particular calibration we chose. We find similar
patterns from simulations using alternative calibrations which are reported in Appendix
A.12.

As in the basic New Keynesian model, the feature that sacrifice ratios are convex over

the horizon H remains in the simulation results which means that most of the reduction in
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sacrifice ratios is still achieved when increasing the horizon at low initial levels. Also, it
is notable that additional nominal frictions in the form of backward-indexation in prices
which render inflation dynamics less forward-looking than in the basic model, tend to
lower the level of the sacrifice ratio at all horizons and flatten the profile of sacrifice

ratios over the policy implementation horizon.

4 Some Empirical Evidence

We provide some empirical evidence to validate the predictions of the theory. In
particular, we want to investigate the main theory result (Proposition 1) which states that
longer monetary policy announcement horizons H give rise to lower sacrifice ratios.
The sacrifice ratio is calculated as the cumulative impulse response of output divided
by the cumulative impulse response of inflation. This suggests a two-step estimation
strategy, whereby we first estimate the cumulative impulse responses to unanticipated
and anticipated monetary policy shocks, and then compute the ratios. However, recent
macroeconometric literature recommends a more efficient way to estimate ratios and
dynamic multipliers. Following the advice of Ramey and Zubairy (2018) and Stock and
Watson (2018), we estimate the sacrifice ratios in a single step. We regress cumulative
output (growth) on cumulative inflation, using monetary policy surprises as (external)

instruments

J J
Zij :CL’+5ZJTH.]'+M;. (33)
j=0 j=0
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Note that

IV estimate of &

variation of output explained by monetary policy surprises

~ variation of inflation explained by monetary policy surprises

= sacrifice ratio.

We study the US, and our sample period spans from 1991Q1 to 2024Q3. As the
output measure we use quarterly GDP growth, and as the inflation measure the quarterly
change in CPI excluding food and energy. As instruments we apply 1) surprises in short
rates and ii) surprises in long rates. These high-frequency-identified monetary policy
surprises are taken from Bauer and Swanson (2023), and measure the responses of
interest rates over 30-minute windows around FOMC announcements. The short rate
surprises are the responses of the current-quarter Eurodollar (ED) futures contract, next-
quarter ED futures contract, and the two- and three-quarter-ahead ED futures contracts.
The long rate surprises are 2-year, 5-year, 10-year, and 30-year Treasury yield responses,
as measured from Treasury note and Treasury bond futures.

We take the short rate surprises as proxies for short horizons H and the long rate
surprises as proxies for longer horizons H. We compute the sacrifice ratios over the

periods of 4 quarters, 8 quarters, 12 quarters, 16 quarters and 20 quarters (J in equation

(33)).
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Table 2: Estimated sacrifice ratios

Instruments
Surprises in short rates | Surprises in long rates
Sacrifice ratio over 4Q 6.78** (3.05) 5.06*%* (2.12)
Sacrifice ratio over 8Q 7.13%%%* (2.40) 3.23%%% (1.07)
Sacrifice ratio over 12Q 7.82%%% (2.51) 3.03%* (1.20)
Sacrifice ratio over 16Q 7.71%*% (3.41) 3.36%*%* (1.16)
Sacrifice ratio over 20Q 8.85%** (3,00) 4.03** (1.67)

Notes: Standard deviations (HAC) in parentheses. *, ** and *** refer to
statistical significance at the 10%, 5% and 1% level, respectively.

Empirical estimates of sacrifice ratios
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Figure 3: Empirical estimates of sacrifice ratios. The x-axis denotes the period over which the
sacrifice ratio is computed (J in equation (33)).

Our theory (see Proposition 1) suggests that estimates of sacrifice ratios using sur-
prises in long rates as instruments should be lower than estimates using surprises in short

rates. The results reported in Table 2 and Figure 3 are consistent with this prediction.
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Table 3: Estimated sacrifice ratios with positive monetary policy surprises

Instruments
Positive surprises Positive surprises
in short rates in long rates
Sacrifice ratio over 4Q 6.30 (3.92) 1.92 (1.94)
Sacrifice ratio over 8Q | 7.43%*%* (2.48) 229  (1.93)
Sacrifice ratio over 12Q | 7.10%%*% (2.99) 3.36%* (1.46)
Sacrifice ratio over 16Q | 7.20%** (1.86) 4.63*** (1.50)
Sacrifice ratio over 20Q | 8.27**%* (1.44) 6.48*** (1.28)

Notes: Standard deviations (HAC) in parentheses. *, ** and *** refer to
statistical significance at the 10%, 5% and 1% level, respectively.

Our paper is about monetary policy strategies that lower inflation with a minimum
impact on the real economy. Hence, one could argue that sacrifice ratios associated
with restrictive monetary policy shocks should be of essence. Recognizing this point,
we repeat the empirical analysis, applying positive (i.e. restrictive) monetary policy
surprises as instruments. The results reported in Table 3 are qualitatively similar to
those shown in Table 2. The estimates of the sacrifice ratios using surprises in long rates
as instruments are lower than the estimates using surprises in short rates, consistent with
the predictions of the theory. (For completeness, the corresponding results with negative

surprises as instruments are shown in Table A.2 in Appendix A.13.)

5 Concluding Remarks

We show that sacrifice ratios tend to fall as an announced monetary policy action is
implemented further out into the future. We prove this analytically in a simple New
Keynesian framework and also show that the analytical results generally carry over in a
model with additional real and nominal rigidities. Finally, we present some empirical

evidence that supports this prediction of the theory.
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It is important to note that our findings relate to the efficient conduct of monetary pol-
icy with respect to minimizing the response of output vis-a-vis inflation. Sacrifice ratios
are imperfect metrics of the desirability of monetary policy actions but are nevertheless
informative regarding the key concerns that central bankers have in mind when fighting
inflation. As such, our analysis abstracts from several related issues such as uncertainty
regarding gaps that need to be closed in the future (and therefore the optimality of a given
announced policy path) as well as the trade-off between conditionality and commitment
from early announcements of future monetary policy actions.

Notably, our results suggest that the benefits in terms of lower sacrifice ratios are
concentrated in short announcement horizons. Hence, for a central bank aiming to
curb inflation, near-term signaling (i.e. making announcements about the most likely
course of monetary policy in the near future) could be a viable strategy, improving the

inflation-output trade-off, while retaining the flexibility to react to new information.
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Derivations and Proofs Appendix

A.1 Derivation of Equations (7)

The conditions are obtained by restricting the eigenvalues of the matrix A in equation
(6) to both be less than one. Let A; and A, denote the smaller and larger eigenvalue,

respectively. The characteristic equation of A is
x() = 2% —1r(A)A + det(A) = 0. (A.1)

Since tr(A) > 0 and det(A) > 0, it is clear that both roots are positive, i.e. 11,4, > 0.
Moreover, if det(A) = MMy < 1, we know that at least one of the roots is smaller
than one, i.e. A1 < 1 (whereas if det(A) = MMy > 1, at least one of the roots is
greater than one). Now, if y(1) > 0, also A, < 1. Evaluating the characteristic equation

at A = 1 yields

1 —tr(A) +det(A) > 0 (A.2)
1 — (My, + Myka + M) + MyM B > 0 (A.3)
(1= Mp)(1 = MB) — Myko > 0 (A4)
U= M)A =MB) (A.5)
M,

A.2 Derivation of Equation (14)

To obtain this formulation of the sacrifice ratio, we note that for an announcement in
period T — H of a unit increase in the policy rate in period 7, .1 = 0. Moreover, we

can re-express output solely as a function of inflation by inverting the New Keynesian
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Phillips Curve (NKPC),

1
YT-h =~ [7r-n — M¢Brreia] - (A.6)

This allows us to express the sacrifice ratio as,

SRy = Zgzo yr-n _ (1 2720 (ﬂT—Z_ M ¢Brrii-p) (A7)
tho TTT—h K | tho TTT—h

1| S 1=

= (=) |1 = m gz tTh (A.8)
K1l ! ZI;;I:() T—h ]
1 TT-H

=\-||1-MpB|l - ——— (A.9)
K | / ( ZZI:() ﬂT—h)]
1

== [1-MB(1-wh)] (A.10)

A.3 Derivation of Equation (17)

To arrive at the impact effect of an announced policy which will occur H periods ahead
in period T, it is useful to first define x7_;, where h € [0, H] and x € {y, 7} as the value
that variable x takes in time 7 — & when the interest rate is equal to 1 in period T and is

zero otherwise. As nothing else occurs after period 7', the terminal values are given by:

yr = -0 (A.11)

T = —KOo (A.12)

which results in an impact sacrifice ratio of s7 = 59 = k!, the inverse of the slope of the

NKPC. Further, the dynamics of output and inflation in between period 7 — H and T is
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given by

Y1r-h = Mpyr-pn+1 + Muorr_pe1 (A.13)

Ar—n = KMpYr—pe1 + (M7B + Myko ) nr—pet (A.14)

dividing the left-hand and right-hand sides of the first equation above with the respective

left-hand and right-hand sides of the second equation yields,

_ Myyr_pe + M _
Sp_p = YT-h _ hYT—h+1 hO TT—h+1] (A.15)

Tr-h  KMpyr—pe1 + (M7 + Muko ) nr—pat

MyST—p+1 + Mo

- _ (A.16)
KMpst_peq + Mfﬁ + Myko
_ [l] Myst_p1 + Myo (A.17)
K1 Myst—pa + Myo + @
To arrive at equation (17) in the main text, we define s, = s7—_p,
1 Mpysy_1 + MhO'
Sp = [;] - T (A.18)
Mpysy_1 + Mo + T

which yields equation (17) in the main text after dividing both the numerator and the
denominator with M.
In the case where the central bank were to announce a unit policy rate increase in H

periods but maintain a Taylor-type rule in between period f and t+H, i; = ¢y, +¢ 7 +€,
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then equation (5) for the same period becomes:

1 My, Myo — MyB¢ro 1 o

Xy = E[xi41] =
1+0—(¢y+K¢”) KM, MhKO'+Mf,8(1+O'¢y) 1+0—(¢y+K¢”) KO
(A.19)

where ¢ is a monetary innovation (e = 1 and zero everywhere else). Note that, unlike
the baseline scenario, the dynamics of inflation and output represented above capture
the full path of interest rates from period T — H to T. Specifically, these dynamics take
into account both the exogenous monetary policy innovation at the end of the period and
the endogenous response of monetary policy starting from the beginning of the period

onwards. In turn, equation (17) becomes

(A.20)

. [ 1 ] [ Mysi-1+ 0 (M ~ MyBox)
Mhsh—l + O'(M — Mfﬁqﬁ,r MI{'B (1 + 0-(¢y + K([),r))

which would still be decreasing in H for as long as M ¢ > 0 and that the eigenvalues of
the first matrix in equation (A.19) have real roots (the second condition rules out cyclical

dynamics wherein s;, would oscillate between positive and negative values).

A.4 Derivation of Equations (16) and (18)

Following the definition of the sacrifice ratio SRy we have,

SRy = Z Ml (A21)
— _() r— -Jj
_ Z TT-h  YT-h (A.22)

]Oﬂ'T —j TT=h
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H
= whnush (A.23)
h=0

where wy g = nr_p/ (251: o tr-;). This is equation (16) of the main text. We can split

the sum into the first element and the sum of the remaining elements to get,

H-1
SRy =W nsH+ ) WS (A.24)
h=0
H-1 -
=WhsH+ )| < (A.25)
h=0 Zj—o r—j
H-1 H-1
=0 T-j Tr—h
=WhsH + | = | Y < (A26)
Zj:o T=j | h=0 Z; 0TT-j
ZH_—I nr_ 1 H-1
=wpsy + | =2 Y T, (A.27)
Z,—O”T—J h=0 Z] =0 TT-j
JT A=l T
= wysy + |1 — ——2 ) (A.28)
ZJO”TJ hozjo”TJ
H-1
=wasy+[1=wul ) win-1sy (A29)
h=0
= WHSH + [1 - WH] SRH_1 (A30)

which yields equation (18) in the main text.

A.5 Proof of Proposition 1 b

We prove that the sacrifice ratio SRy is a convex sequence. To do so, we first need to

prove that the sequence sy is convex. Let us denote Asy = sy — sy—1 for H = 1,2, ...
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Then Asy = g(sy—1), where

g(s)=f(s)—s (A.31)
and
My,
1 S + VO-
f(s)= [— . (A.32)
s+ %—ZO’ + %Z’f

(see equation (17)).
We know (by item a of this Proposition) that si < sy—; forall H = 1,2, .... Now we
need to show that Asg.; = g(sgy) > g(sy—1) = Asy forall H = 1,2, .... To do so, first

note that

M¢p
£(s) = H Mk >0 (A.33)
e

S+m0-+MhK

and

174 —_ _ 1
Fis)= [K] ( M, Mfﬁ)3 <0 (A.34)
while

g'(s)=f'(s)-1 (A.35)
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and

g"(s) = f"(s) <0.

(A.36)

Next, let us denote by s* a fixed point such that f(s*) = s*, or equivalently g(s*) = 0.

Since f(s) is an increasing and concave function, with f(0) > 0 and lim;_, f(s) =

1/k, it is clear that the equation f(s*) = s* has exactly one solution over the interval

s € (0, 00). Furthermore, since f(s) is an increasing function, it is clear that f(s) > s*

for all s > s*. Next, we use proof by induction to show that sy > s* forall H =0, 1, ....

First step. Since f(s) < 1/« for all s > 0, it is clear that s* = f(s%) < 1/k = s0.

Induction step. Assume that sy_; > s*. But then since f(s) is an increasing function,

sg = f(sg-1) > f(s*) =s*. Hence, sy > s* forall H =0, 1, ...

Next, evaluating the derivative g’(s) at s = s* gives

M¢pB
My

. [ 1
g'(s") = ;} 7 )2
i * h S
(S +m0’+ th)
Mfﬁ *
Mk S
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But then g’(s*) < 0 together with (A.36) implies that g’(s) < O for all s > s*.

Finally, since s* < sy < sg— forall H = 1, 2, ..., we have shown that

Asg1r = g(su) > g(su-1) = Asy (A.41)

forall H = 1,2, .... This completes the first part of the proof.

In the second part of the proof we need to show that the sequence SRy is convex.
Let us define ASRy = SRy — SRy_; for H = 1,2, .... We know that ASRy < 0 for all
H. To prove convexity, we need to show that ASRy,; > ASRy for all H.

Using the recursion (18), we get

ASRp1 = whs1 (SHe1 — SRy) (A.42)
=Wh+1 (Asgy1 — ASRy + sy — SRy 1) (A.43)
ASR
= w1 | Asga — ASRy + —-2 (A.44)
WH
= DH L Asga + (1 = wi)ASRy] (A.45)
H
_ W (A.46)
WH
where
ZH = wyAsg + (1 - WH)ASRH (A47)
for H=1,2, ..., while
z0 = Asj. (A.48)

44



Clearly zy < O for all H. Next, combining (14) and (18) gives

SRy [1 = BMs(1 = wpa1)]| = waaisaer + (1 = wpe1)SRo [1 = BM (1 — wy) |

and solving for wg, yields

SRoBM ywy
WH+1 =
SRo,BMf + ASRy — Asgs1 + SRy—1 — sy
~ SRoBM swy
SRoBM + ASRy — Aspyy — 225
SRoBM rw?,
~ SRoBMwy — [wrAsper + (1 — wy)ASRy]
2
_ SRoBM ywy,
SRoBM wy — 25
Then plugging (A.53) into (A.46) yields
SRoBM rw
ASRp1 = ! = q(zu, wn)

z
" SRoBMwr = zu

Clearly

ASRp+1 > zZH,

(A.49)

(A.50)

(A.51)

(A.52)

(A.53)

(A.54)

(A.55)

since zy < 0, and the term between the square brackets in (A.54) is between O and 1.

Also note that

0q(zy,wh) SRoBMswy
Ozn SRoBMfwH — zu
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and

q(zx, SRoSM ;7>
qGHwn) oMy =<0, (A.57)
own (SRoBMywh — zn)
Next,
SRoBM i)V wrywr_1(zy — 2i-1) — SRoBM f AW ZHZH -
ASRH+1—ASRH:( 0BM ) Wrwr-1 (20 — ZH-1) oBMy HIHTH-L
(SRoBMywy — zy) (SRoBM ywy-1 — ZH-1)
(A.58)
where
SRy — SRy_;
A = - qg=—— <0, A.59
WH =WH — WH_| SRoBM; < ( )

where the second form follows from equation (14), and the sign follows since SRy <
SRy_1, by Proposition 1 item (a). Then it is clear from (A.58) that ASRy+1 —ASRy > 0
if (sufficient condition) zg > zy_1.

We use proof by induction to show that zy is an increasing sequence. First step.

Given (A.41), (A.47), (A.48) and (A.55), it is clear that

z1 = wiAsy + (1 = w)ASR,; (A.60)
> wiAsy + (1 —wq)zo (A.61)
=wiAsy + (1 —wp)Asy (A.62)
> As| = 0. (A.63)

Induction step. Assume that zy > zy—1. In this final step of the proof, we need to

consider two cases. 1) First, suppose that ASRy+1 < Asgi2. Then (A.47) and (A.55)

46



imply that

ZH+1 = WH1ASg2 + (1 = Wy 1) ASRE 4 (A.64)

> ASRH+1 > ZH. (A65)

ii) Second, suppose that ASRy 41 > Asyyo. Then

ZH+1 = WHi1ASH + (1 = whi1)ASRy 4 (A.66)
= Awpi1 (Aspgsr — ASRp+1) + waAspo + (1 — wy)ASRp4 (A.67)
> wyAsgs + (1 = wy)ASRpg4 (A.68)
> wyAsgs1 + (1 = wy)ASRy =z (A.69)

where the first inequality follows from (A.59) and the assumption that ASRy 41 > Asgy2,
while the second inequality follows from (A.41), (A.54), (A.56) and (A.57), together
with zyz > zg-1 (by the induction assumption). Hence, we have shown that zz is an
increasing sequence and, by implication (recall equation (A.58)), ASRy is an increasing

sequence and SRy 1s a convex sequence. This completes the proof.

A.6 Proof of Proposition 2

In this Appendix we prove Proposition 2. Furthermore, we show that in the special
case where imperfect credibility of policy announcements (see Section 2.5) takes the
form g, = p”, we get dSRy/dp < O for all H = 1,2, .. Here we exploit the fact that
a model with this form of imperfectly credible policy announcements is (technically)
equivalent to a model with perfectly credible announcements, but stronger cognitive

discounting. With slight abuse of notation, we capture this relationship by setting

47



My = pmys, M, = pmy, and M, = privy, where m g, mp, iy, € (0,1]. This is item e) of
the proof.

The proof consists of two parts. In the first part we show that for all H = 1,2, ...
we have a) dsy/dMy < 0, b) dsy/dM), > 0, ¢) dsy/dMy > 0, d) dsy/dM = 0 if
My =M, =M, =M,ande)dsy/dp =0if My = pmys, My = pmp, M, = priy,.

Let us denote

1 Mysg_1+M .
SH = [—] [ niH] & = f(su-1; My, My, My,). (A.70)

~ M
K MhSH—l + MhO' + _/{,B

Then for H = 1, 2...

dsy _ Of (su_1: My, My, My) N Of (sH-1; Mys, My, My) dsp_

ATl
de (9Mj GSH_l de ( )

for M; € {M 1> My, M, s M }. Next, it is straightforward to show that

Of(su-1; My, My, M) -0 Of (su-1; My, My, M) >0 Of(sp-1; My, My, M) -

, = 0.
8Mh 6Mh 8Mf

(A.72)

Proof by induction. First step. Since so = k! it is clear that dso/dM 7 =0. Then it

follows from (A.71) and (A.72) that

d d d
10, 8L B (A.73)

Induction step. Assume that for H =2, 3, ...

dsp-1 dsp-1 dsp-1
> 0, — > (), <0 (A.74)
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Then it follows from (A.71) and (A.72) that

dsy dsy dsy
>0,— >0, <0 A.75

Furthermore, it is immediately clear from (A.70) that

dSH _ dSH

2 -0, -2=0 A.76
dM dp ( )

forall H =0, 1, ... This completes the first part of the proof.
In the second part of the proof, we characterize and sign the derivatives of the

sacrifice ratio SRy. Plugging (14) into (18) and differentiating yields

dMy
awy (1= wi) S+ wy G+ B(1 = wir)SRo gy -
dM; BM SRy + SRy_1 — su (A.77)
where
1 if Mj € {Mf, M}
dM ¢ ‘ )
d_Mj =10 if M; € {My, M)} (A.78)
my ifM;=p
(A.79)
Note that
SRH_1 > SH (ASO)
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(see the proof of Proposition 1). Then differentiating (14) and using (A.77) yields

dSRH [ dWH de
=BX SRy [My—— — (1 — wy)——=
a; PSR\ My~ i) g
[ am 5
(1= wr) |Mp SRt — (SRy-y = sm) g | +warM s g3
=B x SRy (A.81)

ﬁMfSR() + SRH_1 —SH

Proof by induction. First step. Since SRy = «7!, it is clear that dSRo/dM; = 0.

Then it follows from (A.73), (A.76), (A.79), (A.80) and (A.81) that

dSR; dSR; dSRy dSR; <0 dSR,

>0, —— >0, <0, ,
dMy, dm,, dM ¢ dM dp

<0. (A.82)

Induction step. Assume that for H = 2,3, ..

dSRp_1 >0, dSRp_1 20 dSRp_ <0 dSRp_ <0 dSRp_

= : , — 1 : <0. A.83
dM, dM,, dM ¢ dmM dp (A83)
Then (A.75), (A.76), (A.79), (A.80), (A.81) and (A.83) imply that
dSR dSR dSR dSR dSR
a) —2 50, p) =2E 50, 0) =2 <c0,d) 2 <0, e) —E <0, (A84)
M, dM,, dM dM

This completes the proof.

A.7 The sacrifice ratio as a function of eigenvalues of the matrix A

The sacrifice ratio can also be expressed in terms of the eigenvalues of the matrix A,

1 Zg:o /13 - Z21:0 /1?
SRH:(;) [I—Mf,B s (A.85)
2o A5 2p=o Ay
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where A; and A, are the eigenvalues of the matrix A and, without loss of generality,
A1 < Ay. The sacrifice ratio can again be recursively defined as in equation (18) where

the ratio of output to inflation sy as well as the weight wg are given by,

1 dy
=(=||1-m A.86
o (K)[ fﬁdml] (A.86)
wpy = dps1 (A.87)
Dpy

where dy = A% — A while Dy = Zg:o dy.
These expressions are derived as follows. Applying an eigenvalue decomposition to

matrix A = QAQ~! where,

A 0
A= (A.88)
0 A
MhO' MhO'
0= (A.89)
(M), — ) —(Mj, - )

we can re-express equation (5) where a unit policy increase which will take place in

period T is announced in period T — H as,

xr-n = -QOA"Q7'B (A.90)
=
o n
YI-h = [AL = At — Mgl - aT] (A91)
KO
O N [Ahh - ] (A.92)

The above expressions also illustrate what we mean when we say that inflation is more
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“forward-looking” than output. Taking sums over i € [0, H] and dividing the cumulative
change in output over inflation yields the sacrifice ratio as a function of the eigenvalues

of the matrix A:

H H
SRy = Zico YT _ (1) Zieo 43" — A"~ My 2y A3~ A (A.93)
22{:0 T K ZZI 0/13+1 /1h+1
1 Sheo s =4
=|-]|1-M A.94
H [ (ST ﬂ?” o
Similarly, equation (A.86) is obtained by dividing output with inflation:
H H
_yr-u |1 -4
SH = Ty - (;) |: fﬁ/lH+1 /1H+1 (A.95)
1 dy
=|-]|l1-M (A.96)
(K) [ ledH+1

where dy = /lg’ - /l{l . Finally, the weight on the announcement impact effect is obtained

by dividing the response of inflation on announcement over its cumulative effect:

/lH+1 _ /lH+1
Wi = —o (A.97)
Zh 0/134-1 /lil+l
d
_ D’:ll (A.98)
+

where Dy = Ztho dy.

A.8 Proof of Proposition 3

We first re-express the sacrifice ratio or the weights in terms of the eigenvalues of the
matrix A as described in Appendix A.7. The limit result is obtained by evaluating the

expression D g/ D g1 and noting that the sum of powers of the eigenvalues is a geometric
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series,

dy = A8 (1= 40) + 24871 (1 - a0)

lim = lim A.99
H—oco Dyyp Hooo d) —/léﬂz(l —/11)4‘/1{#2(1 - A2) ( :
1 if, <1
_ (A.100)
%2 if A, > 1
= min{1,;'} (A.101)

The limit of SRy is just the appropriate transformation of the limit shown above. Note

that wy = dyy1/Dgyr suchthat 1 —wy = Dy /Dyy.

D

SRy = k™! [1 - Mp=E (A.102)
" Dy

Jlim SRy = kU [1 = Mypmin{1,25"}] (A.103)

Mg

-1 f

= 1-—7 A.104
“ [ max{l,/lz}] (A109

Hence, the result in equation (20).
To prove the result under uniform cognitive discounting, we first note that under uni-
form cognitive discounting the trace and determinant of the matrix A and the eigenvalues

are given by,

tr(A) = M(1 + ko + fB) (A.105)

det(A) = M*B (A.106)
5 1

1= 1+/<20-+,Bi( 1+/<20+,8 —,3) (A.107)
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Under rational expectations M = 1 such that the last equation also means that 1 = MARE

when keeping all the other model parameters constant and where A%F

are the eigenvalues
of the matrix A under rational expectations. Evaluating equation (20) under uniform
cognitive discounting (M}, = M), = My = M), noting that /151 = A1 /det(A), and letting

A = MARE yields

Jim SRy = «~ 1 [1 = MBmin{1,2;'}] (A.108)
-1 A1,
=k |1 = —=min{l, A5} (A.109)
M
= &' [1 = 28 min{1, MASF}] (A.110)

Noting that limpy_.. SRRE = k1 (1 — AKF), we get equation (21). Moreover, since
ARE do not depend on M, the derivative of the limit with respect to uniform cognitive
discounting is negative when A, = MA§E < 1 and zero otherwise. This yields item (d)
in equation (22).

Finally, to obtain the rest of the derivatives in equation (22), we first note that when
Ap < 1 then the limit of the sacrifice ratio only depends (negatively) on the parameters
Kk, B, and My (see equation (20)). Therefore, in this case the derivatives in parts (a) and
(b) are equal to zero and the derivative in part (c) is negative.

For the other case we have 1, > 1 and that the limit value of the sacrifice ratio
also depends on A;. Therefore we first obtain derivatives of the larger eigenvalue
with respect to the cognitive discounting parameters. To do so we make use of the

characteristic equation,

x =2 = Atr(M;) +det(M;) =0 (A.111)
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=

Ox oA oA otr(M;) Odet(M;)
=2 M, ) L A112
o, = o, Mg T T am, (&.112)
=
/lat}’(Mj) _ (9d€l‘(Mj)
04 _ " am; oM (A.113)
8Mj 24 — tr(Mj)

where M; € {M,, My, M ¢}. Evaluating the last equation for the larger eigenvalue and

each of the cognitive discounting parameters yield,

0y A= Mygp _/lz—Mfﬁ>
M, 21— - -2

2
0 _ K9S (A.115)
oM, 2—-A1—-A12
0y  p-MpB (- My)p S

0 (A.114)

- - 0 A.116
aMf 2/7.2—/11—/7.2 Ay — A4 ( )
Therefore, we get that,
impy_,e SR M:B\ [ 1, ]
0 limyy n_ (MsB 2150 (A.117)
oM, kA3 | |OMp |
limp_oo SR MB\ [ 045 ]
Olimy oo SRH _ (MsB) 1 042 | (A.118)
oM, kA3 | LOM) |
0limpg_, SRy B MiB\ [ 04, | B
oM A\ k2 [aMy ] ks

B\ [MsB(A2 = Mp) }
kAz) | A2(d2 = A1)
B\ | MBl2— MM B — 25+ 2,12,

= £ A.119
k2] | (A2 = A1) ( )
B\ [MiBA2— s - 3+ i,
KkA> i A2(A2 — A1)
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_ (ﬁ) [M] <0
kAz ) | (A2 = A1)

where the last inequality is due to A > 1 > MB. Thus the stronger the households
cognitive discounting (lower values for My and M), the lower the sacrifice ratio at the
limit when there are forward guidance puzzle effects. The opposite is true for cognitive

discounting among firms.

A.9 Proof of Proposition 4

From Proposition 3, we get the following values for sacrifice ratios,

1 1
lim SRy = - |1 -Mi{f——— A.120
oo 1 K[ fﬁmax{l,/lz}] ( )
1
=SRy [l - Mp————
’ [ fﬁmax{l,ﬂz}}
=
. M 1

ApSRo = SRp— lim SRy = A.121
0 07 gDt K [max{l,/lz}] ( )

This gives us the maximum attainable reduction in the sacrifice ratio. In turn, we use

the sacrifice ratio defined in terms of eigenvalues in equation (A.85) to get,

1 1
SRi=-|1-Mf———— A.122
! K[ fﬁ1+/11+/12 ( )
=
MB 1
AoSR; = A.123
0= 144+, ( )

which yields the numerator in the left-hand side of equation (24). The expression in

equation (24) is bigger than one third since 1 + 41 + A is less than 3 when 4] < 4, < 1
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and 1 + A1/A + 1/4; is also less than 3 when 4; < 1 < 5.

For the next equation we have that,

1 1+ +1,
SRy==|1-M A.124
2 K[ f’g(1+/11+/12)(/11+/12)+1—/11/12 ( )
=
M; 1
AoSR, = 2P — (A.125)
K /11 +/12+T:'/122
Here, it is first worth noting that 1; < 1 and 4; < A, implies the following:
B <l (A.126)
T+ + A3 <1+ + 2, (A.127)
/11(1+/11+/12)+1—/11/12< 1+ +4 (A.128)
=
1-21
L+ | —2 < (A.129)
1+A;+A,

Therefore, if 1, < 1 then the denominator inside the square brackets for AgSR; is less
than two while the denominator inside the square brackets of AgSR. is one. Hence the
ratio in equation (25) is larger than one half for the case when 1, < 1.

On the other hand, if 4, > 1, then the denominator inside the square brackets of

AoSRs 1s A2. In turn, dividing the denominator in ApSR, by A, yields,

1
A2

1 -4

A+ —2
! 1+/11+/12

1 1 -4
e R 122 =1+ (A.130)

2 1+/11+/12

which is again less than two since we have shown that term inside the square brackets
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above is less than one and 1/1; is also less than one. Consequently, the ratio in equation

(25) is also larger than one half for the case when 4, > 1.

A.10 Proof of Proposition 5

a) Denote by 77 , and y;_, inflation and output in period 7' — h when monetary
policy announcements are imperfectly credible. It is easy to see that 7._, = gup7r—p
and y;._, = qnyr-n Where n7_; and yr-j are the corresponding values with perfectly

credible policy announcements. Then
st = 2Tk Ik _ (A.131)

and the per-period ratio s, = s, is decreasing in &, by the proof of Proposition 1 a).
Next, let us denote by SR}, the sacrifice ratio associated with an imperfectly credible
policy, announced H periods in advance. Using exactly the same steps as in Appendix

A.4 one can show that

H
SRy = > Wh i (A.132)
h=0
and
SRy, =wysg+ (1 —wyy) SRu-1, (A.133)

where w;;, g =7,/ Z?I: 0 ﬂ;_j are weights which sumtoone, and wj, = 77,/ Zfz 0 ﬂ;_j.
But then it follows from the proof of Proposition 1 a) that SR}, is a decreasing sequence.

b) Note that SRy and SR}, are givenby SRy = Zg:o whgspand SRy, = ZZIZO W) Shs
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respectively. Let H = 1,2,.... Now, we can interpret {Wh,H}leo and {w} H}leo
as two probability distributions. Next, we show that the distribution {Wh,H}fzo first
order stochastically dominates the distribution {w} H}I/;I:O in the sense that, for all

J=0,1,..H -1,

J J
> wiy> > win. (A.134)
=0 =0
To show this, first note that

sk
Tr-j  _ 47T

= ) (A.135)
Ztho ﬂ;_h Ztho qhTtT—h

*
Wj,H

Then

J ) [ 3/ . H
j=0Wj.H ijo ”T—J] [tho C]hﬂT—h]

J H J
Zj:() W;,H | Zh:() TTT—h Zj:() q;nr-j

J
Zj:O T—j 21};1:() qhTTT—h
- | = =t (A.136)
220 4TT—j | | Xh=o TT—h
B S o WhHh
SicoW)ad;

where w; ; = nr_;/ Zi:o nr—n, with J < H, are weights than sum to one. Next,

H

H .
> whnan = T RNDY VK [ (A.137)
h=0 h=0 TT~h ST

J H
=Qn Z wigq;+ (1= Qyn) Z Wk.Jqk
7=0 k=T+1
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_ H A H
where Q; g = ZLO -] Xpeo 7r-n € (0,1), and Wy j = w7k /2,1 77— Then

J H R
= w .,H _ w
S 0+ (1- Q) Zicyet W4k (A.138)
ZFO WiH ijo WiJdj

where the inequality follows since g; is a decreasing sequence. Hence, we have
proved that the distribution {w, H}fzo first order stochastically dominates the distribution
{WZ, H}fzo in the sense given in expression (A.134). But given this stochastic dominance,

and given that sy, is a decreasing sequence, we can conclude that for H = 1,2, ...

H H
SRy = > WhuSh > ) Whnsh = SRu. (A.139)
h=0 h=0

A.11 Sacrifice ratios under rational expectations and cognitive dis-

counting

In this appendix, we examine the conditions under which the sacrifice ratios under
cognitive discounting (SRy) can be lower than under rational expectations (SRf]E ).
Throughout, for expositional simplicity, we assume that M), = Mj,.

The main findings are illustrated in Figures A.1 and A.2. For each horizon H,
SRy < SRRE if the parameter pair {M;, My} lies above the curve Cy. In Figure
A.1 we show the curves Cy for four horizons H € {1,2,10,00}. The curves Cy are
computed using the equations from appendices A.7 and A.8. In particular, there are
simple closed-form characterizations for H = 1 and H = co: When H = 1, C| is given
by

1+ (1 +ok) My
B 2+ 0k

(A.140)
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while when H = oo, C,, is given by

1
My = max {Mh,/lzﬁ}’ (A.141)

where /1§E is the larger eigenvalue of the matrix A (defined in (??)) under rational
expectations. Figure A.1 also shows the parameter ranges with and without the forward
guidance puzzle (in gray and white, respectively), characterized by equation (7).

Figure A.2 shows the upper envelope of the curves {Cp}y;_,, denoted by C, and the
lower envelope of the curves {Cy}};_,, denoted by C. If the parameter pair {Mj, My} is
above the curve C, SRy < SRII_QIE for all H > 0, while if { M}, Mf} is below the curve C,
SRy > SRgE for all H > 0. Notably, the parameter combination corresponding to the
case “Households discount more” shown in Figure 2 (M}, = M, = 0.2, M r=0.9) lies
in the region above the curve C.

Figure A.2 suggests that modeling approaches which impose My < M}, such as
Gabaix (2020) (which imposes My = M (6+(1-6) 1—15—5131,1) < Mj) or Woodford (2019)
and Dupraz et al. (2024) (which restrict My = M},) will lead to relatively large sacrifice
ratios compared to the benchmark rational expectations case. However, the opposite
prediction may obtain if M;, < My (e.g., McKay et al. (2016a) impose M), = 0.97 and

Mp=1).

A.12 Extended model simulations under alternative calibrations

We also simulate the sacrifice ratios that would result from alternative calibrations
of the model. Specifically, we consider three values for cognitive discount (M) =
M, = {1,0.75,0.5}) and for each of these cases we also consider four calibrations: the

benchmark model (b = 0, w = 0), habit persistence only (b = 0.25, w = 0), price
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Figure A.1: Sacrifice ratios under cognitive discounting and rational expectations. If {M, My}
is above the curve Cy, SRy < SREF. The figure shows the results for the horizons H €
{1,2, 10, co}. The figure also shows the parameter ranges with and without the forward guidance
puzzle (in gray and white, respectively).
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Figure A.2: Sacrifice ratios under cognitive discounting and rational expectations. If {M,, My}
is above the curve C, SRy < SRRF for all H > 0, while if {Mj, M¢} is below the curve C,
SRy > SRZE for all H > 0. The figure also shows the parameter ranges with and without the
forward guidance puzzle (in gray and white, respectively).
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indexation only (b = 0, w = 0.25), and the model with both habit persistence and price

indexation (b = 0.25, w = 0.25). To these we add a final specification taken from the

estimates in Afsar et al. (2024)." The various parameter calibrations are reported in

Table A.1
Table A.1: Extended model alternative parameter calibration

Parameter Values Afsar et al. (2024) Description
B 0.99 0.99 Discount factor
o 1.00 0.78 Intertemporal elasticity of substitution
v 1.00 1.44 Inverse Frisch elasticity
b {0,0.25} 0.65 Habit persistence
w {0,0.25} 0.78 Price backward indexation
0 0.80 0.91 Calvo price rigidity

M, =M, {1,0.75,0.50} 0.46 Household output cognitive discounting

The resulting sacrifice ratios (calculated over 50 periods) for announcements of a

unit policy rate increase in H periods (horizontal axes) are reported in Figure A.3.15

“See the last column of Table 1 in Afsar et al. (2024). We only take the relevant parameters in this
table, i.e., we do not take the monetary policy rule parameters or the persistence and variance parameters

that are also estimated in Afsar et al. (2024).

5As with our other simulations, we assume that monetary policy is temporarily exogenous for 100
periods before switching to a regime with a Taylor rule thereafter.
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Figure A.3: Sacrifice Ratios with Additional Rigidities

The figures plot the sacrifice ratio from announcements of a one-time unit policy rate increase
at horizons one to 10 periods ahead (horizontal axes). The top left panel plots simulation
results under rational expectations. The top right panel plots simulation results under moderate
cognitive discounting. The bottom right panel plots simulation results under strong cognitive
discounting. For the first three panels, the blue line is for the benchmark model. The orange
line is for the model with habits in consumption. The yellow line is for the model with price
indexation. The purple line is for the model with both habits and indexation. The bottom right
panel reports simulation results using the estimated parameters in Afsar et al. (2024).
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Figure A.4: Sacrifice ratios, output, and inflation using parameters from Afsar et al. (2024)

The figure plots the dynamics of output (top patﬁ@) and inflation (middle panel) to a unit increase
in the policy rate in period T announced H=0 (red) to H=10 (blue) periods ahead. The bottom
panel plots the sacrifice ratios if the policy change in period T were to be announced in the period
indicated on the horizontal axis (from 10 periods ahead to an unannounced policy shock). The
simulation results are from the extended model using the estimated parameters in Afsar et al.
(2024).



A.13 Some additional estimation results

In Table 3 we report sacrifice ratio estimates with positive (i.e. restrictive) monetary
policy surprises as instruments. For the sake of completeness, we report here corre-
sponding estimates with negative (i.e. accommodative) monetary policy surprises as
instruments.

Table A.2: Estimated sacrifice ratios with negative monetary policy surprises

Instruments
Negative surprises Negative surprises
in short rates in long rates
Sacrifice ratio over 4Q 339  4.03) 1.22  (1.85)
Sacrifice ratio over 8Q 2.82  (3.15) 1.46 (2.23)
Sacrifice ratio over 12Q 9.77*** (4.08) 1.63 (1.44)
Sacrifice ratio over 16Q 8.06 (4.90) 2.70%*%  (1.37)
Sacrifice ratio over 20Q 8.55*%*% (4.11) 3.31%%  (1.64)

Notes: Standard deviations (HAC) in parentheses. *, ** and *** refer to
statistical significance at the 10%, 5% and 1% level, respectively.
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