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Abstract

We study disinflations under imperfect credibility of the central bank. Imper-
fect credibility is modeled as the extent to which agents rely on adaptive learning
to form expectations. Lower credibility increases the mean, variance, and skewness
of the distribution of sacrifice ratios. When credibility is low, disinflationary poli-
cies become very costly for adverse realizations of the shocks. Even if the impact
of an announcement decreases with lower credibility, pre-announcing a disinflation
reduces the sacrifice ratio. Additionally, disinflationary policies implemented af-
ter a period of below trend inflation lead to lower sacrifice ratios. Opportunistic
disinflations are desirable when credibility is low.
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1 Introduction

Advanced economies have succeeded in keeping inflation low after the high inflation
rates of the 1970’s, but other economies have not. In Argentina, for example, inflation
is once again the main macroeconomic concern. The case for price stability is by now
well-established and studies of disinflations, like Ascari and Ropele (2013) and Ireland
(1995), make clear that the long-term welfare gains from low inflation exceed the short-
term costs of reducing it. Argentina, therefore, must disinflate. But it must do so in a
context of imperfect credibility as official price statistics have been seriously questioned
for the past 8 years.! In addition, many central banks that have run up against the zero
lower bound have engaged in large monetary expansions. Critics of these policies warn
that outbreaks of high inflation are possible and that the cost of lowering inflation is
high, particularly if credibility is damaged due to missed targets.”

The empirical evidence suggests that the fear of costly disinflations is justified. Esti-
mates of the mean sacrifice ratio - the cumulative percentage of output growth lost for
decreasing the annual inflation rate by one percent - range between one and four. And
each mean estimate comes from a distribution with a high variance.® These estimates,
however, may be relatively uninformative for policy makers wishing to disinflate because
the empirical distribution of sacrifice ratios is unconditional in the sense that it includes
intended and unintended disinflations from countries with varying degrees of credibility.
Katayama et al. (2015) for example note that attempts to explain the determinants of the
sacrifice ratio in the data over the last three decades have yielded few robust predictors.

Recent theoretical studies of the cost of disinflation such as Ascari and Ropele (2012,b,

1Cavallo (2013) shows that inflation in Argentina is known to have accelerated while official statistics
of inflation have not reflected the change. The official inflation rate has stood at around 10% in annual
terms, while estimates from the Billion Prices Project at the MIT have put it closer to 40%.

2 A prominent example of critics of unconventional monetary policy is the open letter signed by a num-
ber of prominent economists in November 2010 asking Federal Chairman Ben Bernanke to reconsider the
use of quantitative easing (http://blogs.wsj.com/economics/2010/11/15/open-letter-to-ben-bernanke/).

3The range of sacrifice ratios we refer to are those estimated by Ball (1994b), Cecchetti and Rich
(2001), and Gongalves and Carvalho (2009).


http://blogs.wsj.com/economics/2010/11/15/open-letter-to-ben-bernanke/

2013) show that medium-scale monetary models of the kind proposed by Christiano et al.
(2005) yield perfect foresight predictions that are consistent with the estimated positive
mean of the unconditional distribution of sacrifice ratios. These studies conclude that
the models give reasonable estimates for the mean sacrifice ratio. But the sacrifice ratio
implied by a nonstochastic perfect foresight simulation represents a single point in a
distribution of stochastic sacrifice ratios. It corresponds to the realization for which all
other shocks are zero. In practice, for a policymaker wishing to implement a disinflation
program, the properties of the conditional distribution are important. The contribution
of this paper is to study how credibility, policy design, and luck act on the conditional
distribution of sacrifice ratios of disinflationary policies in estimated sticky price models.

To do so, we propose a framework to model imperfect credibility that links agents’
forecasting functions to past data. Our framework speaks to the view of policymakers
that the path of inflation over the medium term is an important determinant of the
extent to which long-term expectations of inflation are anchored.” Low credibility may
be thought of as an environment in which expectations are poorly anchored and as such
depend more on the path of data than what is captured by the textbook rational expec-
tations solution. To capture this data dependence, we define credibility as the degree to
which agents rely on adaptive learning expectations to form expectations. In particular,
we assume boundedly rational agents form expectations using as a linear combination
of the textbook rational expectations solution and adaptive learning expectations es-
timated on observed data. These expectations are akin to a combined forecast where
the textbook rational expectations solution represents the forecast under full credibility.
Combining expectations in this way allows us to introduce anticipated state-contingent
policy changes into the traditional adaptive learning framework of Evans and Honkapo-
hja (2001) in a parsimonious way. The combination of backward and forward-looking

information in expectations makes policy outcomes a function of the degree of credibility

4See the 2009 speech by Donald Kohn, former Vice Chairman of the Federal Reserve, available here.


http://www.federalreserve.gov/newsevents/speech/kohn20091009a.htm

as well as of the path of aggregate variables. As a result, shocks play a prominent role
in realized disinflation outcomes.”

Imperfect credibility, as the literature identifies, can go some way to explain a positive
sacrifice ratio. In the specifications of imperfect credibility of Ball (1995) and Huh and
Lansing (2000) the central bank may renege on a disinflation plan with some known
probability. In Goodfriend and King (2005) and Ascari and Ropele (2013) this probability
is either fixed or exogenously increasing as the disinflation program is implemented. In
our case, however, imperfect credibility is different because it is explicitly linked to agents’
reliance on realized data. The degree to which forecasting functions depend on data
increases the mean of the sacrifice ratio, like in the alternative specifications of imperfect
credibility, but it has implications which have not been noted in the literature for higher
moments of the distribution.

The design of a disinflation policy such as whether it is anticipated or unanticipated,
cold turkey or gradual, influences the distribution of sacrifice ratios. Pre-announcements
shift the distribution of sacrifice ratios to the left and reduce right skewness. Perhaps
surprisingly, these benefits exist at low levels of credibility. This is because even with low
credibility an announcement moves expectations and inflation towards the new inflation
target. This movement feeds back on expectations through adaptive learning, which
reduces the cost of disinflation. A gradual policy, where the inflation target is lowered
slowly, also shift the distribution to the left and reduces right skewness, but implies a
larger variance because a gradual disinflation lasts longer and is therefore exposed to

more shocks.°

SHuh and Lansing (2000) also study disinflation under imperfect credibility with adaptive learning.
However, they do not consider the distribution of sacrifice ratios or anticipated policies. Hommes and
Lustenhouwer (2015) consider the case of heterogeneous expectations where a continuum of agents select
between a fundamentals based forecasting rule and naive forecasting rule. The degree to which agents
rely on the fundamentals based rule is interpreted as a measure credibility, which corresponds closely
with our notion of credibility. Our work is also related to Erceg and Levin (2003) who model imperfect
credibility as an information problem.

6Qur findings are consistent with those of Ascari and Ropele (2013) who find that gradual and
anticipated disinflation also reduce the sacrifice ratio under perfect credibility.



When there is imperfect credibility, expectations depend more on data which opens
up the possibility of opportunistic disinflations, where policymakers take advantage of
periods of below trend inflation to announce a new inflation target. There is evidence to
suggest that many central banks followed this strategy in the early 1990’s when inflation
targeting regimes were first established.” We find that an opportunistic approach effec-
tively lowers the mean and variance of the sacrifice ratio. We quantify the gains from this
policy to be large enough that, for empirically plausible values, opportunism can trump
credibility.

The rest of the paper is structured as follows. Section 2 extends the sample of disinfla-
tion episodes of Ball (1994b) and characterizes the unconditional distribution of sacrifice
ratios. A regression analysis shows evidence which supports the quantitative findings of
Section 5. Section 3 discusses the general framework for expectations and how we model
imperfect credibility. Section 4 contains analytical results on the mechanics of disinfla-
tion with imperfect credibility. Section 5 studies the conditional distribution of sacrifice

ratios in estimated standard sticky-price models. Section 6 concludes.

2 Sacrifice ratios in the data

We begin by constructing an up-to-date empirical distribution of sacrifice ratios with the
objective to document two stylized facts that point to shocks playing an important role

in determining individual disinflation outcomes:

1. The empirical distribution of sacrifice ratios is large.

2. There is a weak relationship between the sacrifice ratio and observable character-

istics of disinflation episodes.®

"For example, the Reserve Bank of Australia formalized its inflation targeting framework after a
significant fall in inflation in the early 1990’s. Bomfim and Rudebusch (2000) note that opportunistic
policies where discussed in Federal Reserve FOMC meetings in the late 1980’s.

8The first point is implicit both in Ball (1994b) and Gongalves and Carvalho (2009) who note that



We use an unbalanced panel data set containing quarterly CPI and real GDP growth
from 1960 to 2014 for 42 countries. Our data set is assembled from data obtained
from the OECD, the World Bank and the Federal Reserve Economic Database. We use
annual GDP for countries with long histories of quarterly CPI data that did not have
corresponding quarterly GDP data. Places where this substitution is made are clearly
marked in our tables.’

Following Ball (1994b), a disinflation episode is defined as a two percentage point
or greater decrease in trend CPI inflation from peak to trough, where trend inflation is
calculated as a nine quarter moving average. Peaks and troughs are defined as points
where trend inflation is higher or lower than the previous and following four quarters
respectively. We identified 150 disinflation episodes, a considerably larger sample than
the 25 episodes of Ball (1994b) and the 58 episodes of Gongalves and Carvalho (2009).'°

The sacrifice ratio, SR, of each disinflation episode is defined as

| Trough Y, ¥,

sh-—3- 3 (5. 1)
where the denominator, Am, is the change in trend inflation, the difference between
inflation at a peak and at a trough. The numerator is the sum of output losses, measured
as the deviation between log output, Y;, and trend log output, Y;. Again following

Ball (1994b), trend log output is approximated by the line that connects log output

in the quarter that inflation peaks to the level of log output four quarters after the

the sacrifice ratio can vary from 1 to 4 and -3 to 21, respectively, depending on the countries and time
periods considered. The second point is made recently by Katayama et al. (2015) who note that there is
mixed evidence in the empirical literature over what determines the size sacrifice ratio. Taken together,
these two facts suggest that shocks play a large role in individual disinflation outcomes. Therefore, the
distribution of sacrifice ratios, and not just its mean, should be of interest to policymakers wishing to
disinflate.

90ur dataset is available upon request.

10Ball (1994b) and Gongalves and Carvalho (2009) do not consider disinflation episodes for which
trend inflation exceeds 20%. This restriction, however, omits intended disinflation episodes such as
Chile’s disinflation in the 1990’s. We not consider disinflation episodes for which trend inflation exceeds
50%.



trough.'’ Tables 5 and 6 in the appendix report the dates, duration, size, and sacrifice
ratio estimates for our sample.

Figure 1 shows the unconditional distribution of the sacrifice ratio. The mean sacrifice
ratio is 3.08, which accords well with the existing literature, with a standard deviation
of 9.04.2 The estimate is unconditional because it includes intended and unintended
disinflations.

Next, we regress the sacrifice ratio on observable characteristics of a disinflation
episode (the size of the disinflation, the peak level of trend inflation, and disinflation
duration) and on measures of central bank governance to explore conditional sacrifice
ratios.

Table 1 reports the regression results for the observable characteristics of the disinfla-
tion episodes. Consistent with recent findings in the literature (Katayama et al (2015)),
the observables characteristics of the disinflations explain only a small fraction (R-squared
= 0.129) of the observed variation in sacrifice ratios. As we show with simulations of
estimated models, this is not surprising given that shocks and imperfect credibility im-
ply large distributions of sacrifice ratios for any disinflation policy. Reading the point
estimates for economic significance, the size of the disinflation and the initial level of
inflation are negatively correlated with the sacrifice ratio. And longer disinflations have
an ambiguous relationship with the sacrifice ratio as the point estimates change signs
based on the inclusion of covariates.

Table 2 shows the results for OLS regressions of the sacrifice ratio on measures of
central bank credibility and intent to disinflate. The measures are constructed using
data from Dreher et al. (2008) and Dreher et al. (2010) on central bank governance. The
data contain information on appointment and tenure of central bank governors for all

central banks from 1972 to the present.

11With annual GDP data, we assume GDP grew equally in each quarter.
12Gongalves and Carvalho (2009) finds a mean sacrifice ratio of 5.6, Ball (1994b) finds 1.4, and for the
Volcker disinflation Blinder (1987) finds 4.2, and Sachs (1985) 2.9.



Our first indicator variable, ‘New CBG’, takes a value equal to one if a new central
bank governor is appointed in the year of, or the year preceding the start of a disinfla-
tion episode, and zero otherwise. This measure proxies both for credibility and intent
to disinflate because a change in leadership near a peak in trend inflation is likely corre-
lated with a desire to change policy. The second indicator, ‘Reappointed’, takes a value
equal to one if a central bank governor is reappointed to an additional term during the
course of a disinflation and zero otherwise. This measure proxies for credibility since
reappointment during a disinflation episode suggests that the policy environment was
deemed satisfactory. Finally, the third indicator, ‘Irregular appointment’, takes a value
equal to one if there is a new central bank governor appointed in the year preceding
the start of a disinflation episode and that appointment was irregular, i.e. not due to a
term limit, and zero otherwise. This variable proxies for intent and for anticipation of
the disinflation episode since an irregular appointment of a central bank governor may
be triggered by high inflation. For example, this variable takes a value of one for the
Volker-disinflation in the US.

The intent, credibility, and anticipation measures explain little of the observed vari-
ation in sacrifice ratios. The new appointment of a central bank governor and the reap-
pointment variables, which proxy for intent and credibility, have an ambiguous relation-
ship with the sacrifice ratio. Neither variable is statistically significant and the sign of
the point estimate changes based on the covariates included in the regression. The irreg-
ular appointment variable, which proxies for intent and anticipation of the disinflation
episode, is negatively correlated with the sacrifice ratio. This suggests that anticipated
intended disinflations are less costly.

The regressions demonstrate that key determinants of the sacrifice ratio identified in
the theoretical literature such as credibility or gradualism (Ascari and Ropele (2013))
are not based on strong correlations in the data. Luck plays a large role in observed

disinflation outcomes which implies, as we flagged in the introduction, that the distri-



bution (and not just its mean) matters. The framework we propose in the next section
allows us to study the distribution. It shows that, although different disinflation policies
impact the distribution of sacrifice ratios, these changes are not always enough to give
rise to statistically significant differences in mean sacrifice ratios, a fact consistent with

the econometric evidence.

3 A framework for modeling imperfect credibility

This section introduces our framework of imperfect credibility in the context of a lin-
earized structural model and discusses stability in relation to adaptive learning. The
basic idea is similar to the way in which others have incorporated imperfect credibility
in studies of disinflations. In these studies, imperfect credibility is introduced by mod-
ifying inflation expectations (Goodfriend and King (2005); Ascari and Ropele (2013))
so that expectations are partially linked to the old inflation target (7) and given by
]Emtﬂ = ANE;m1 + (1 — M), where the weight on the old target is the probability
agents assign to a policy reversal. We build on this idea but expand it to the full vector
of endogenous and exogenous variables.

Consider the class of linearized structural models of n equations of the form
vy =T 4 Ay + BEy,., + Dey, (2)

where 1, is a n X 1 vector of state and jump variables and ¢, is a [ x 1 vector of exogenous
variables. Without loss of generality, we take the latter to be white noise.'> We assume

[E;y;11 is a linear combination of the form

Etyt-H = AEwy1 + (1 - )\)Etytﬂ (3)

13 A1l matrices in Equation (2) conform to the specified dimensions. The method we develop here
may be further generalized as in Binder and Pesaran (1995) to allow additional lags of y; as well as
expectations at different horizons and from earlier dates.



where 0 < A < 1 and [E;y;1 is the forecasting function that is obtained under rational

expectations and IE,y..; is the forecasting function under adaptive learning.

Rational expectations

If A = 1, expectations coincide with the textbook rational expectations solution

(]EtytH = IE;y;+1). The solution to Equation (2) is a VAR of the form

v = C+ Qu1 + Gey, (4)

which we take to be the McCallum (1983) minimum state variable (MSV) solution.
We restrict attention to parameter values that yield uniquely bounded solutions as is
typically done in the literature. Given that IE;e;.; = 0, it follows from Equation (4) that

the forecasting function is IE;y;,1 = C 4+ Qu;.

Adaptive learning

If A = 0, we follow Evans and Honkapohja (2001) and solve the model given by
Equation (2) under adaptive learning by assuming that agents understand the reduced
form structure of the economy but do not know how it is parameterized. Without loss of
generality, agents are assumed to have a perceived law of motion (PLM) of the economy
given by

Yy = C+ Qyt—l + G&?t, (5)

consistent with the MSV solution.'*
Agents parameterize the model by recursively estimating a VAR of the form of Equa-
tion (5) using observed past data. In particular, agents estimate the parameters using

the recursive least squares algorithm with information up until time ¢ — 1. To coincide

14The form of the MSV may vary depending on information set assumptions and may exclude terms
to prevent multicollinearity in real time learning. See Evans and Honkapohja (2001) for a discussion of
these issues.

10



with the timing of the rational expectations solution, however, we assume agents use
information through time ¢ in their forecasts.

Agents estimate the parameters of the PLM, & = ( C,, Q. G, ) , recursively

& = &+ (g — §121) (6)

Q= Q1+ (2122 — Q1) (7)

where z; = ( 1y & ), (), is the variance covariance matrix of z;, and v is the gain
parameter. As is common in literature, we restrict our attention to the case where 7 is
a constant 0 < v < 1. A constant gain is similar to assuming rolling window regressions,
where more weight is placed on newer observations and older observations are down-
weighted or dropped from the sample.

The forecasting functions under adaptive learning are time-varying and given by
B = Ci 4+ Qu. Substituting this expression into Equation (2) and re-arranging

terms gives rise to the actual law of motion (ALM) for the economy

y, = (I -BQ,) (T +BC, + Ay,_, + Dg,). (8)

which implies a T-mapping given by

C, = (I-BQ) YT'+BGC)
Q = I-BQ)'A
G, = (I-BQ)'D,

which maps adaptively formed expectations into the structure of the economy. The
fixed point of this mapping is exactly the rational expectations equilibrium given by

& = ( C, Q G ) and is the limit of the recursive learning algorithm under well-

known regularity conditions.

11



The solution for 0 < A < 1

In the standard adaptive learning framework expectations are backward-looking in
the sense that forecasting functions respond only to past data. To add a forward-looking
component to learning, we propose to partially anchor expectations to the forecasting

function that would prevail under the textbook rational expectations solution. That is,

IEtytJrl = AEy1 + (1 - )‘)]EtytJrl

= MC+Qu) + (1~ )‘)(ét + Qtyt)

where 0 < A < 1. Since a fraction A of the forecasting function does not respond to
incoming data, A can be interpreted as the extent to which expectations are anchored.

The reduced form solution when expectations are given by Equation (3) is now
e = Ci + Q-1 + Gaey (9)
where

C, = I-BOAQ+(1-XQ)] YT+ ABC+ (1-\BC))
Q = I-BAQ+(1- A)Qt)]_lA
G, = I-BOAQ+(1-)Q) 'D.

The fixed point of the mapping is again £ = ( C, Q G )
The reduced-form solution nests rational expectations and adaptive learning expecta-
tions as special cases. If all weight is placed on rational expectations or if all the weight

is placed on adaptive learning, then the standard solutions are obtained.

Announcements under perfect credibility

12



Next, we incorporate announcements as in Cagliarini and Kulish (2013) using the
Kulish and Pagan (2012) VAR representation of this solution. Under perfect credibility
A is equal to 1. Assume at time 7 there is an announcement. Agents’ views of how the

structural equations will evolve are

vy = I'+ Ay, 1+ BIEywy, 1 +Deg for t=T*T"4+1,...,T"

yy = I+ A%y, 1 +B'IEy, 1 +D% for t=T"4+1,T"+2,...

Kulish and Pagan (2012) show that from the time of the announcement until the time
of implementation, the solution for y; evolves as a time varying coefficient VAR of the
form

yr = Cp + Quyr—1 + Guey. (10)

Because the announcement is taken to be certain and non-stochastic, it follows that

E,yi1 = Ciiq + Qui1yy which imply the equivalences

Ci = (I-BQu) (T +BCy) (11)
Q = (I_BQtH)ilA (12)
G, = (I-BQ,, 'D. (13)

To solve for the sequence of forecasting functions agents use to form expectations, we use
a backward recursion. One starts from the solution of the final structure Q11 = Q*,
and chooses the sequence {Qt}tT:*Ta that satisfies Equation (12). Equation (11) can be
written as

C,=A+F.Cy

where A, = (I - BQtH)f1 I'and F, = (I - BtQHl)*l B; . With the sequence for Q; in
hand it is possible to solve for the sequence for C; through a forward recursion, giving

C,=MAN+F A 1+FFi 1Ay o+. .., which provides the sequence of forecasting functions

13



that prevails under perfect credibility.

Announcements under imperfect credibility

Expectations in the presence of an announcement when 0 < A < 1 are given by

IEtytJrl = AMEw1 + (1 — )\)Etyt+1

= MCip1+ Quage) + (1= M) (Cr + Qup).
Substituting this expression into the Equation (2), the reduced form solution is
e = Ci + Qi1 + Gagy (14)
where

C, = I-BOAQu:+(1—XQ)] YT+ ABCyq + (1 - N)BCy)
Q = I-BOAQui+(1-0)Q) A

G, = [I-BO\Qu:+(1-2)Q)] 'D.

The reduced form now includes both backward (Q;) and forward-looking (Qq1) infor-
mation. The backward-looking information comes from the estimated coefficients from
learning expectations and the forward-looking information comes from the textbook ra-
tional expectations solution. In this context, A\ serves as a natural measure of credibility
because it governs the impact of an announcement. In the extreme when A = 0, an an-
nouncement would have no impact on the reduced-form and forecasting functions would
respond only to past data. As \ increases, forecasting functions respond more strongly
to an announcement.

The linear combination in Equation (3) effectively combines forecasting functions in

the same way a professional forecaster would. In econometrics, forecast combination is a

14



well-established approach to pooling multiple forecasts when confronted with uncertainty
over which forecast is best. Empirically, forecast combination is often the most robust
way to forecast.!” The combined forecasting approach has also been applied in recent
work in the adaptive learning literature by Evans et al. (2013) and Gibbs (2015) as a
method for modelling forecast uncertainty.'®

For the study of disinflations, we take A to be fixed. In reality, A is likely to evolve as
a function of the success of policymakers in achieving known objectives. The assumption
that A is fixed is no different from assuming that X is only updated following the comple-
tion of an announced policy. Because we are interested in how a given level of credibility
affects a single disinflation outcome, we do not attempt to formalize the process by which
credibility may evolve over time.!”

Evans et al. (2009) and Mitra et al. (2013) have also proposed ways to incorporate the
anticipated path of a policy variable into an adaptive learning framework. They propose
giving agents perfect foresight of the path of a policy instrument into the infinite future
while assuming that agents form adaptive forecasts of all other variable. Our approach

is more general because we allow announcements of not only a given path of a policy

variable but also of state-contingent policy rules.'®

15See Timmermann (2006) for a survey of the literature

16The use of best forecasting practices places the method in line with cognitive consistency principle
proposed by Evans and Honkapohja (2013). The cognitive consistency principle essentially states that a
way to judge the legitimacy of a bounded rationality assumption is to compare it to the actual forecasting
behavior of economists. If a reasonable economists would form expectations in the proposed way, then
the method is a disciplined departure from RE.

1Tt is a worthwhile task for future research to formalize the process by which A would evolve over
time. Endogenizing this process along lines considered by Marcet and Nicolini (2003) and Sargent et al.
(2009) for the gain parameter in adaptive learning may also prove useful for explaining hyperinflations.

18Evans, Honkapohja, and Mitra use the infinite horizon learning setup introduced by Preston (2005),
while we use the standard Euler equation learning framework. The principle advantage of this choice
is that it allows for imperfect credibility to be studied in the broad class of models already in use.
Extending our notion of credibility to the setup of Preston (2005) is a worthwhile avenue though for
future research.

15



3.1 E-stability under imperfect credibility

It is common in the learning literature to study the convergence properties of the proposed
learning algorithms. Our framework behaves as one would expect. Combining adaptive
learning with a fixed forecasting function is stabilizing. The more anchored expectation

are (i.e. the larger \ is) the more stable the MSV solution is under learning.

Proposition 1: There exists 0 < A < 1 such that the MSV solution given by & =
( C, Q G ) 18 E-stable.

The proof of Proposition 1 is in the Appendix. Proposition 1 states that our framework
of imperfectly anchored expectations allows any parameterization of the MSV solution to
be E-stable if X is significantly large. This is because as A approaches one, the learning
dynamics become less important for expectations and the forward-looking component
dominates. Therefore, any equilibrium that is E-stable in the standard adaptive learning

setup will also be E-stable in our framework.

4 The sacrifice ratio in the New Keynesian model

This section illustrates our expectations framework in a New Keynesian model simple
enough to allow for analytical results. We use this model to highlight the source of output
gains and losses in response to a disinflation and to show how our measure of imperfect
credibility changes outcomes relative to rational expectations. The model we consider is

described by an IS-curve, a Phillips curve, and a Taylor-type monetary policy rule:

16



ry = By — ('ft - Eﬂtﬂ)
m = PEm4 + Yy

re = 7?"’06(71'15—7?).

where z; is the output gap, 7, is inflation, 7, is the nominal interest rate, and 7 is the

inflation target. We set 5 to one so that in steady state 7y, = 7, ry = 7 and x; = 0.

4.1 Origins of the sacrifice ratio

A disinflation policy is a permanent change in the inflation target, 7. The output cost
depends on the path of inflation expectations. To see this, substitute the Phillips curve

and monetary policy rule into the IS-curve and iterate forward:

(0= 1) (14 ath) (7 — Eymps), (15)
j=1

where we have used the fact that in a stable equilibrium lim;_, . IEtxt+j = 0. Equation
(15) shows that the cost of disinflation depends on inflation expectations relative to the
central bank’s inflation target. To the extent that inflation expectations do not fall
when the inflation target falls, that is (7 — Etﬂt+j) < 0, there is an output cost. The
aggressiveness of monetary policy as captured by a and the degree of price stickiness as
captured by 1 act to scale the output cost. In particular, the more aggressive the central
bank is in fighting deviations from its current inflation target, the larger the output cost.

The cost of a credible cold turkey disinflation under rational expectations is zero
because IE;m:y; = 7 for all j. The only way to generate a non-zero sacrifice ratio under
rational expectations is for the policy to be anticipated. As noted by Ball (1994a), if

the policy is anticipated, then expectations move before the change in the target. This

17



causes either a boom or a slump in output depending on the aggressiveness of monetary
policy. Output responds to the anticipated change in the target because the central bank
temporarily defends its old target. The expectation of a decrease in the target causes
expectations to fall, and hence actual inflation to fall relative to the old target, which
causes monetary policy to reduce the nominal interest rate in response. The reduction
leads to a fall in real interest rates if & > 1, which stimulates aggregate demand and

increases output.

4.2 Disinflations with imperfect credibility

With imperfect credibility, a disinflation program generates output losses because expec-
tations do not immediately adjust to the new inflation target. The central bank, therefore,
must contract demand to move inflation and inflation expectations to the desired level.
With imperfect credibility, a disinflation has two components: an initial impact which
depends on the response of expectations to the announcement and a convergence towards

the new target once the policy is implemented.

4.2.1 Initial impacts

Consider first an unanticipated cold turkey disinflation. The central bank lowers the
inflation target from 7 to 7’. The inflation target is 7% until 7* when the central bank

L Because the announcement and implementation dates

announces and implements 7
coincide, the change is unanticipated.
Substituting the monetary policy rule into the output gap equation, the model can

be reduced to the following two equations

Ty a—1 ™ 1 I 1-a ]Et$t+1

= +
Us; 1+aw ¢ﬁ 1—|—a@/z w 1+¢ IEtWtH
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and written in the form of Equation (2) as
ye = T + By, 41, (16)
where A and D are zero. In this case, the MSV solution, Equation (4), reduces to
y = C

where C = (0, 7). Assuming the economy is at steady state prior to the disinflation, one
can show that expectations at T* are B,y 1 = ACE+(1-M)CH | where CL = (0, 7L)" and
CH = (0,7). The output gap and inflation in period T* are given by the expressions

below

(xh = 7Y@= 1)

xps = (1—=X\) 1+ av)
_ 1o 3tY) g (a-DyY+Ad+Y)
L A)(1+a¢) N (1+ awh)

When credibility is perfect, A = 1, then #; = 0 and 7, = 7*. The disinflation is achieved
at time 7™ with no loss in output. The sacrifice ratio is zero.
When A < 1, agents rely on past data to update their expectations and do not fully

adjust to the new target upon implementation. Inflation expectations at time 7™ are

]Etﬂt+1 = )\7TL + (1 - /\)ﬂ'H

The fact that inflation expectations remain somewhat anchored at the old target results
in an insufficient decrease of inflation relative to the new inflation target. If the Taylor
principle is satisfied, & > 1, monetary policy generates a demand-driven recession by

increasing the real interest rate to bring inflation towards its new lower target. The

19



expressions above show that with (o — 1) > 0 and 7% < 7, the disinflation leads to a
loss of output, x; < 0. The loss of output is larger the more aggressive is the response
of monetary policy to inflation because this determines the response of the real interest

9

rate.'” The loss of output decreases with credibility, consistent with the alternative

specifications of imperfect credibility proposed in the disinflation literature.?

An anticipated cold-turkey disinflation works much the same way. The central bank
announces the policy before it implements the new target. For this example let T* =
T* — 1, where T is the time the announcement is made, and 7™ now stands for the time
of implementation. Because this corresponds to an anticipated policy change we must
use the recursions given by Equations (11) to (13). Equation (12) implies Q; = 0 because
A = 0 and Equation (13) implies G; = 0 as D = 0 in this case. Solving Equation (11),

C, =T+ BC,,4, implies:

Cr. = I'+BCL,

and with imperfectly anchored expectations, IE;y1 = ACra + (1—-\)CH.
The output gap and inflation at the time of the announcement are given by the

expressions below:

(7" = 7)(a - 1)

1+ ay

Xra — A

(7" — ") (1 + )
14+ av

Tra = wH — )\

The anticipation effect depends on credibility, A\. In the extreme case in which A = 0,

90ne can verify that dx;/0a < 0 provided ¢ > —1, which is satisfied by model’s theoretical restric-
tions. Interestingly, if monetary policy responds one-for-one to inflation, then z; = 0 for all A.

20Tf the Taylor principle is not satisfied (o« < 1), the initial impact leads to a boom in output. Therefore,
on impact, passive monetary policy leads to lower output losses.
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the expressions above reveal that the announcement has no impact. If A > 0, the
announcement influences output and inflation. The change in the inflation target and
the aggressiveness of monetary policy matter. In particular, an anticipated disinflation
results in a boom (x; > 0) if the Taylor principle is satisfied (o > 1). The intuition is
this: the news of an impending disinflation causes expectations of inflation and actual
inflation to decrease. The fall in inflation, however, represents a deviation from the
current inflation target, 7%, so the central bank reduces the nominal interest rate. If the
Taylor Principle is satisfied, @ > 1, the decrease in the nominal interest rate causes a
decrease in the real interest rate and a corresponding boom in output. When the Taylor
Principle is not satisfied, output falls.

Perhaps surprisingly, even with imperfect credibility, a pre-announcement can be
beneficial. This is because, even with some credibility, inflation moves in the direction of
the new inflation target. This leads to a second round effect on the learning component
of expectations. Expectations are closer to the new target upon implementation resulting
in lower sacrifice ratios.

One may wonder if increasing the time between the announcement and the imple-
mentation always increases the boom in output. In general the answer is no. In fact,
the farther apart the announcement and implementation dates, the smaller is the impact
of the announcement on inflation and output. At a mechanical level this is because the
recursion is just a repeated iteration of the mapping from expectations to the structural
parameters and when the mapping is E-stable, beliefs converge to the old steady state
and initial impacts vanish.?! At an intuitive level, it is because announcements regard-
ing policy changes that will take place far into the future have little contemporaneous

impact. But a boom would still take place as the implementation date approaches.

21The mapping could be explosive when the final structure has a unique equilibrium but the current
structure is not E-stable. An example of this kind of explosive behaviour obtains in the case of forward
guidance regarding fixed interest rates. See del Negro et al. (2012).
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4.2.2 Convergence

Provided A < 1, inflation expectations and inflation would not be at the new inflation
target when the policy is implemented. Convergence to the new steady state hinges on
adaptive learning. The adaptive learning rule that corresponds to the MSV solution in

this case is a recursively estimated mean of the form
Ci=Ci1 + 71 — Cp1). (17)
Expectations are IEtyt+1 = AC + (1 — X\)C; and the actual law of motion is
g =T +B(AC+ (1 - \)C,). (18)
Substituting Equation (18) into Equation (17) results in
Ci=7(T+BAXC)+ ([ —7((1=\NB—1)Cp, (19)

which is a stationary VAR process around C if

a>¢—¢TA—A2.

If monetary policy is sufficiently aggressive, inflation will converge to C following im-
plementation. Notice that setting A = 0 recovers the familiar E-stability condition for
this model that a > 1.

Figure 2 shows the global convergence properties for an unanticipated disinflation.
The two large dots on the figure correspond to (0, 7), the high inflation steady state,
and to (0, 7%), the low inflation steady state. The solid line describes the paths of output
and inflation taking as initial condition the high inflation steady state. We compute

paths for A = 0 (left) or for A = 1/2 (right). With no credibility, inflation can only be

22



lowered through a demand contraction. The path to steady state is long and overshoots
once in the neighborhood of the new target. With some credibility, inflation and output
jump upon the simultaneous announcement and implementation of the policy. The path
is more direct because more credibility pulls expectations toward the new steady state.
With full credibility, there are no convergence dynamics; beliefs jump from the high
steady state to the low steady state without output moving.

Credibility has a significant effect on the dynamics of convergence. But the paths also
depends on the monetary policy response. The larger « is, the more severe the coun-
terclockwise swirl of Figure 2 and the higher the implied sacrifice ratio. As a decreases,
the swirl diminishes. If the Taylor principle is not satisfied, @ < 1, the swirl becomes
clockwise.

Figure 2 reveals how shocks affect the cost of disinflation and the time to disinflate.
When credibility is low, a shock that reduces inflation lowers the sacrifice ratio. Shocks
that increase inflation unambiguously place the economy on trajectories that imply longer
times to converge and larger output losses. As credibility increases, the cost of bad shocks
is reduced because paths to the low inflation steady state are more direct. The next

section makes this point in the context of a model with many shocks.

5 Quantitative results

To understand the conditional distribution of sacrifice ratios of intended disinflations, we
study a sticky price DSGE model estimated on recent aggregate data from the United
States and Argentina.?” The estimated parameters discipline the numerical analysis.
We use the United States parameter values to study disinflationary policies with small
shocks and use the parameter values implied by Argentinean data to study disinflationary

policies with large shocks.

22We use Billion Price Project data in place of official inflation statistics for Argentina.
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5.1 The model

We consider a version of the New Keynesian model of Ireland (2004). The linearize

approximation of the model is given by the equations below.*

= (z—Inp)— (r,— Eym) + B + (1 — w)(1 — pa)ay (20)
m o= (1-08)m+ BIAEtﬂ-t—&-l +Yxy — ey (21)
Te = T4 pr(ree1 — 7))+ pr (T — 7o) + pg (Ge — 2) + pats + g (22)

Ty = (1 - p;kr)ﬁ + Pjﬁt—l + Ha€at T Me€et + HUpEvt + 2E24 + Urrt (23)

Wy = my—my_1 — T+ 2 (24)
my = Y +a— gﬁﬁ—;l—l(rt — )+ (25)
Ty = Y — way (26)
g = G— U1+ 2 (27)
ar = Pai—1 + Eay (28)
e = pPeCi1+ ey (29)
V= PpUi—1 + Ept (30)
2z = (1—p.)z+ pze1 + €2ty (31)

where x; is the output gap, defined as the deviation of output from a socially efficient
level of output; 7, is the gross rate of inflation, that is In(p;/p;—1) and 7; is time-varying
target; r, is the log of the gross nominal interest rate; g; is the growth rate of output; ¢,
is the percentage deviation from steady state of the log of the stochastically de-trended

level of output, Y;/Z;; and Z; is labour augmenting productivity, whose growth rate,

23The appendix includes an overview of the micro foundations underpinning the model. In the model
the assumption of Rotemberg (1982) price adjustment costs holds. The linear approximation of the
model under this assumption does not depend on the level of steady state inflation. This is not the
case for models that assume Calvo-pricing as emphasized by Ascari (2004) and Ascari and Sbordone
(2014). The invariance of the linear model to the level of trend inflation means that there are no explicit
costs associated with one inflation rate compared to another. Disinflations are costly through transitions
between steady states.
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2z = In(Z;/Z;_) follows the autoregressive process in Equation (31); m; is the percent-
age deviation of stochastically de-trended real money balances and w; is the percentage
deviation of nominal money growth from steady state; a; is a demand shock, e; is a cost-
push shock, and v; is a money demand shock. The ¢;’s are identically and independently
distributed shocks with zero mean and standard deviation o;’s respectively. In steady
state, ; =7, =r,¢g=gand r=7+¢g—Inp.

Unlike the model of Ireland (2004), we assume that there is a short-run inflation
target, 7, that is time-varying around the long-run inflation target, 7, and accommodates
shocks as shown in Equation (23). A specification like this is required when taking the
model to the recent Argentinean data where inflation has been trending upwards. But
this specification is also useful because it provides a parsimonious way to model gradual
disinflations. For a given change in the long-run inflation target, Aw, the persistence
parameter p’ governs the speed with which the new unconditional mean of inflation is
implemented.?* All the disinflation simulation exercises we consider refer to changes of
the long-run inflation target, 7.

The model is estimated using Bayesian methods as is standard in the literature.
Details of the data and estimation are given in the appendix. We estimate the model
under rational expectations and use the estimated parameter values for the disinflation
simulation exercises.?” The estimated parameter values and shock variances that we use
for our quantitative exercise are in Table 3. There are two points to note. The first is that
the variances of the shocks are larger for Argentina. The standard deviation of inflation
in Argentina is more than four times that of the United States. This means that, for

Argentina, small disinflations are indistinguishable from other shocks. The second point

24p* set to zero corresponds to a cold turkey disinflation as the inflation target falls immediately to
its new intended value; monetary policy responds to deviations from the new long-run level of inflation
as soon as it is implemented.

25 Alternatively, one could think of estimating the model jointly with A\. We do not do this for two
reasons. First, we are interested in the distributions of sacrifice ratios as a function of \. We are
interested in changing A whatever its estimate may be. Second, once learning converges to rational
expectations the solutions are observational equivalent and A is not likely to be identified.
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is that monetary policy is more aggressive in the United States. The response to inflation
is twice as large in the United States. This implies, as we have seen in the analytical

section, different output costs for similar sized disinflations.

5.2 Measuring the sacrifice ratio in stochastic simulations

With knowledge of the data generating process at hand, the sacrifice ratio of interest is

N

1

SR= 1 D o (32)
t=T¢

H L

where the denominator 7" —7" corresponds to the disinflation intended by the authorities
and the output gap is the model measure, x;. T is the time the policy is announced,
and N corresponds to the end of the disinflation episode. We take the end to be the
first quarter in which inflation is close to its new target, that is |77 — m;| < 2%. In non-
stochastic simulations, a disinflation episode is defined as completed when the output gap
returns to zero. In a stochastic simulation, though, this definition is undesirable because

shocks may close the output gap before inflation reaches its new target. As we know the

disinflation objective, we select a cutoff based on inflation being close to its new target.

5.3 Conditional distributions of the sacrifice ratio

We study how the following four dimensions shape the distribution of sacrifice ratios: i)
credibility, ii) anticipation, the extent to which the policy is pre-announced, iii) grad-
ualism, the speed with which the disinflation is implemented and iv) the size of the
disinflation. We use Monte Carlo simulations of disinflations of 10 percentage points at

the parameter values of Table 3.
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5.3.1 Credibility

Figure 3 shows distributions of sacrifice ratios under rational expectations (A = 1),
imperfect credibility (A = 0.5), and adaptive learning (A = 0) for an unanticipated cold
turkey disinflation. Consistent with the findings in the literature, the mean sacrifice ratio
increases with lower credibility. Lower credibility though also increases the variance of
the distribution and causes significant right skewness. This is true for all disinflation
programs.

High credibility lowers the chance of costly disinflations. Low credibility does not
rule out costless disinflations but makes these very unlikely. Luck is important when
expectations are poorly anchored: even with no credibility some mass of the distribution
remains near zero.

These results support the regression estimates for proxies of credibility in Table 2.
Changes in credibility have larger effects on the variance of the distribution than on its
mean. Therefore, even with large sample sizes, empirical measures of credibility should

not be expected to account for much of the observed variation in the sacrifice ratio.

5.3.2 Anticipation

Figure 4 compares the distribution of sacrifice ratios for anticipated disinflations with
those of unanticipated disinflations. In the anticipated case, we assume that the change
in the inflation target is announced two quarters in advance. We set A to 0.5.
Consistent with the intuition from the analytical results, when the disinflation is an-
ticipated the distribution of sacrifice ratios shifts to the left. Anticipated disinflations
generally result in lower sacrifice ratios. This is because announcements generate in-
creases in output and result in faster convergence to the new target. The positive effect
of the announcement vanishes as \ approaches zero. But pre-announcing a disinflation
remains beneficial in shifting the distribution of the sacrifice ratio even for low levels of

credibility.
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Figure 4 makes an important point regarding the empirical determinants of the sacri-
fice ratio. Although the distribution of sacrifice ratios changes in a meaningful way with
the design of policy, the difference in the mean sacrifice ratios would be hard to detect in
data. With this in mind, the point estimates in Table 2 are consistent with our findings
in Figure 4. The ‘irregular appointment’ variable implies that anticipated disinflation
are less costly. The point estimate reported from the empirical investigation is negative

and large, but statistically insignificant.

5.3.3 Gradualism

Figure 5 compares the distribution of sacrifice ratios for gradual and cold turkey disin-
flations. We set A = 0.5. The gradual disinflation is implemented with p? = 0.8, which
implies the short-run inflation target transitions from 12% to 2% in just over 8 quarters.
A gradual disinflation is inherently less costly because the central bank responds less
aggressively. This is because the short-run inflation target is closer to actual inflation
when the policy is announced. The trade off, though, is that gradual disinflations last

longer.

5.3.4 Size of the disinflation

Figure 6 compares the distribution of sacrifice ratios for different sizes of disinflation for
full credibility and imperfect credibility (A = 0.25). With full credibility, the size of the
disinflation has a little impact on the distribution of sacrifice ratios.

With imperfect credibility, the larger disinflation is more costly and the variance of
the sacrifice ratio is larger. The increased cost is because the larger disinflation requires
a larger demand contraction to move the adaptive component of expectations to the new
target, while the increased variances reflects the increased duration of the disinflation.
The regression evidence in Table 1 found a negative relationship between the sacrifice

ratio and the size of disinflation. From the perspective of the simulations, the empirical
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relationship may reflect that larger disinflations are more credible.

5.4 The sacrifice ratio of opportunistic disinflations

The results show that shocks play a prominent role. We consider two experiments. The
first explores how the distribution of sacrifice ratios changes for a given disinflation pro-
gram as a function of the size of the shocks. The second studies the possibility that a
policymaker capitalizes on a series of good luck shocks by announcing the disinflation
when inflation is below trend. Bomfim and Rudebusch (2000) note that the Federal Re-
serve discussed opportunistic disinflation strategies in FOMC meetings in the late 1980’s
and it seems consistent with the approach of many central banks who took advantage of

the low inflation rates of the 1990’s to implement inflation targeting.?®

5.4.1 The size of shocks

Figure 7 shows the distribution of sacrifice ratios for a disinflation of 30% and A = 0.5
in the Argentinean calibration compared with the distribution of sacrifice ratios that
would have obtained if Argentina had experienced shocks of equivalent size to those
found in the US. The difference is between the size of the shocks relative to the size of
the disinflation. Large shocks significantly increase the variance of the distribution and
reduce right skewness. The distribution of sacrifice ratios generated with small shocks,
however, is right skewed and has no mass on benefit ratios. The size of shocks relative
to the size of the disinflation is not large enough to move expectations (by chance)
significantly towards the new inflation target. The bulk of the movement in inflation and
inflation expectations must come either through a demand contraction or through the
impact that the credibility of the policy has on expectations. The mean sacrifice ratio,
however, with small shocks is below that with large shocks. The small shocks eliminate

benefit ratios but also eliminate very costly disinflations.

26See Rasche and Williams (2007).
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5.4.2 Opportunistic disinflations

Periods where inflation is above or below target have persistent effects on expectations
when credibility is low. This fact opens up the possibility that disinflation policies im-
plemented after periods of below trend inflation may have lower sacrifice ratios. To
investigate if there are quantitative gains to an opportunistic disinflation, we simulate
5,000 disinflation episodes and compute sacrifice ratios for cases where average inflation
is either above or below target over the four quarters prior to the policy change.

Table 4 reports the mean, standard deviation, and skewness of the simulated dis-
tribution for disinflations of 10% and 30% for the US and Argentinean calibrations,
respectively. Column 1 reports the results for average inflation 1% below target, column
2 reports the results for average inflation 1% above target, and column 3 reports the
results from the 5,000 simulated disinflations. Columns 4, 5, and 6 report results with
the Argentinean calibration. Because shocks are larger in this case, we consider 5% below
or above the prevailing target.

Implementing a disinflation following a period of below target inflation lowers the
sacrifice ratio at all levels of credibility. There are, however, more significant gains to an
opportunistic policy when credibility is low. In particular, an opportunistic disinflation
unambiguously lowers the variance and skewness of the distribution of sacrifice ratios,
which significantly reduces the chance of a very costly disinflation. The reductions in
the mean sacrifice ratio are large enough that opportunism often trumps credibility. For
example, in the Argentinean calibration with A = 1/3, the mean sacrifice ratio of the
opportunistic disinflation is smaller than the mean sacrifice ratio obtained for the whole
distribution with perfect credibility (A = 1). These results provide a rationale for the
approach taken in practice by some central banks of implementing inflation targeting after
a period of below trend inflation, consistent with the evidence in Rasche and Williams

(2007).%" Therefore, a policymaker operating in an environment of low credibility should

2"The comparison above is done at the same value of the gain parameter for both calibrations. In
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take advantage of periods of below target inflation that occur by chance.

6 Conclusion

In this paper, we propose a model of imperfectly anchored expectations to study the
distribution of sacrifice ratios of intended disinflationary policies. Our framework departs
from the well-established rational expectations and adaptive learning frameworks but
nest these two as special cases. Our framework captures elements of the behavior of
expectations that policy makers consider relevant: the degree to which expectations are
anchored affects the impact of announcements and the extent to which past data influence
beliefs.

We show that linking expectations to the realization of data is particularly relevant
in a stochastic environment. Luck matters more when credibility is low in determining
the output cost of a disinflation and leads to distributions of sacrifice ratios with large
variances. Our simulations shed light on empirical findings of the sacrifice ratio. Disin-
flation episodes depend significantly on the interplay between shocks and credibility but
the distributions of different policies often overlap. Therefore, it is not surprising that
empirical studies that regress policy characteristics on sacrifice ratios often find that the
measures explain only a small amount of the variation and are found to be statistically
insignificant.

This is not to say that the design of disinflation policy does not matter for the
distribution of sacrifice ratios. Pre-announced disinflations and gradual disinflations shift
a significant mass towards lower sacrifice ratios. This is true even with low credibility.

One advantage of characterizing the distribution of sacrifice ratios is that it allows
us to quantify the benefits of an opportunistic approach to disinflation. As we show,

implementing a disinflation following a period of below trend inflation is particularly

reality, it is reasonable to expect a higher gain in countries like Argentina, which are exposed to more
frequent regime changes. Because a higher gain implies that the most recent observations carry more
weight, a higher gain makes the opportunistic approach to disinflation even more desirable.
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helpful when credibility is low. The mean sacrifice ratio in these cases is often smaller
than what is obtained for perfectly credible disinflations.

Finally, a methodological contribution of our paper is to propose a parsimonious way
of modeling imperfect credibility as the extent to which expectations are anchored. This
way of modeling expectations can prove useful in other applications, such as forward

guidance and fiscal consolidations.
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7 Appendix

Proposition 1 Proof: The proof follows Proposition 10.3 of EH. The T-map implied

by combining expectations is

C x HT'+BAC +B(1 - \)C)
T Q = X_lA ;
G x D

where x =TI —B(AQ + (1 — A\)Q). Stability is determined by evaluating the eigenvalues
of the mapping linearized around a fixed point of interest. The linearized mapping with

respect to C, Q, and G and evaluated at the REE can be computed as

DT¢(C,Q) = (I-BQ)'B(1-))

DTq(Q) = [I-BQ)"A(l-)\]'®[(I-BQ) 'B].

The requirement for E-stability is that the eigenvalues of the matrices DT (C, Q) and

DTq(Q) have real part less than one. Consider
(1 — M)Az = (1 — \)éx = €,

where A is equal to either (I—BQ) !B or [(I-BQ)A) @ [(I-BQ) B, £ is a vector
of eigenvalues associated with A, f, is the real part of an eigenvalue element of f , and x

is the corresponding right eigenvector. The requirement for stability is él < 1 for all 7.
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Let & be the real part of the eigenvalue of the T-map in the case where A = 0, which
corresponds to the standard adaptive learning case. Assume & > 1, then it must be the
case that & > & since & = (1 — A)&. Pick A such that A < 1 — &1 < 1. Now, since
& = 1—(1—=&M)E =1and 1 - &1 < 1 for all finite &, there always exists a A such

that éz < 1 for all i.

Micro foundations of the Ireland model: We consider a version of the sticky price
DSGE model proposed in Ireland (2004). The model consists of representative household

that maximize the following expected utility function

E i 8" [an(Cy) + In(M/P) — n~'h]] (33)

t=0

by choosing consumption, money holdings, labour supply, and by taking into account a

preference shock a;.*® The representative household is faced with the budget constraint

My + By + T, + Wihy + Dy > B.Cy + By /1, + M,, (34)

where M is nominal money balances, B is nominal bond, 7" is transfers, W is the nominal
wage, and D is nominal profits the household receives from ownership of firms.
Production in the economy is separated into two sectors: a perfectly competitive
finished goods sector and a monopolistically competitive intermediates goods sector. The
finished goods sector uses a continuum of intermediates goods of prices P(i) to construct
the finished good. The production function is the familiar CES constant returns to scale

technology described by

0:/(0:—1)

1
( / n<i><9f‘1>/9fdi) > Y, (35)
0

where 6, is stochastic process that functions as a markup or cost push shock.?” The

281t is assumed that 0 < 8 < 1, 7 > 1, and In(a;) = puln(a;—1) + €a -
21t is assumed that 6; = (1 — pg)In(0) + pgln(bs—1) + €0, ).

38



finished-good-producing firms maximize profits by choosing

Yi(i) = (P(i)/P) ™" Vs, (36)
which leads to the finished goods price of

1-6;)

P, = ( /0 1 Pt(z')l—etdz') v (37)

The intermediate-goods-producing firms hires h;(7) units of labour to manufacture

for all t.
Y;(4) units of outputs using the following production function

Ziha(1) = (1), (38)

where Z, is an aggregate technology shock.?’ Since the intermediate-goods-producing
firms’ products are imperfect substitutes, the firms have a degree of pricing power. To
introduce price stickyness it is assumed that firms face an explicit cost to adjust nominal

prices, measured in terms of finished goods

g (% _ 1)21@ (39)

The firm’s problem, therefore, is to pick a sequence of P;(i) to maximize

Dy(
B gt Dl 4
Zﬂct o (40)

where D, (i) is nominal profits. Finally, assuming that monetary policy follows a Taylor-
type rule, solving for the first order conditions of the household and firm decisions, and
allowing a slight abuse of notation, the model can be log-linearly approximated around

the m > 0 inflation steady state as presented in Section 5.

30Tt is assumed that In(Z;) = In(2) + In(Z;—1) + €. 4.
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Data and estimation: We do two estimations of the model. One with data from
Argentina and one with the data from the United States. The model is estimated on
output per capita growth, nominal money growth and inflation for Argentina for the
period 2003q3 to 2014ql using Bayesian methods. In preliminary attempts to estimate
the model we used a 3-month nominal interest rate. The estimation routine in this
case, however, consistently led to implausibly parameter values. The issue is that the
unconditional mean of the interest rate, inflation and output and money growth do not
satisfy the steady state relations. The model implies that the steady state level of the
nominal interest rate satisfies r = zm /8. But in our sample, the mean of the nominal
interest rate is 0.0198 and the sample means for inflation and output growth require
£ > 1. Because the mean growth rate of money growth, 0.0541, is closer to the sum of
mean inflation, 0.0361, and mean output growth, 0.0137, the estimation on those three
observables seem more reliable.

In the case of inflation we use the official series up until 2007q4 and then use the
series implied by Billion Price Project. We choose the post-default period as it entails a
period of relatively little structural change. During this period inflation accelerated, but
this can be captured with our structure as persistent changes in ;.

The results of the estimation are shown in the left panel of Table 3. For the numerical
analysis we set parameter values at the mode.

The US estimation uses PCE inflation, real GDP growth, and the effective federal
funds rates as observables from 1984Q1 through 2008Q1. Data is stopped at 2008Q1 to
avoid the financial crisis and issues with incorporating the zero lower bound of nominal
interest rates. Estimate results and priors are given in the right panel of Table 3. For

the numerical analysis we set parameter values at the mode.
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Figure 1: Empirical distribution of sacrifice ratios
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Figure 2: Global convergence
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Figure 3: Central bank credibility and the distribution of SRs
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Figure 4: Anticipation and the distribution of SRs
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the mean sacrifice ratio of anticipated disinflations.
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Figure 5: Gradual versus cold turkey disinflations
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turkey disinflations and SR is the mean sacrifice ratio of gradual disinflations. Ng is the mean duration in quarters of
cold turkey disinflations and N is the mean duration in quarters of gradual disinflations.
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Figure 6: Size of the disinflation
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Figure 7: The size of shocks and the distribution of the sacrifice ratio
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small shocks.
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Table 1: Determinants of the sacrifice ratio

(1) (2) (3) (4)

VARIABLES SR SR SR SR
Am -0.471F** -0.317
(0.122) (0.196)
[0.000] [0.108]
Peak Trend 7 -0.356%** -0.217*
(0.082) (0.119)
[0.000] [0.071]
Duration -0.024  0.088

(0.081)  (0.091)
[0.767]  [0.337]

Observations 150 150 150 150
R-squared 0.092 0.113 0.001 0.129

Notes: Hyperinflation episodes are excluded from the sample (7 >50%). Estimated standard errors are reported in
parentheses. *** significant at 1%; ** significant at 5%; * significant at 10% (with p-values in brackets).
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Table 2: Determinants of the sacrifice ratio

VARIABLES SR SR SR SR SR
New CBG -0.313 0.554 1.225
(1.698) (2.010) (1.893)
[0.854] [0.783] [0.519]
Reappointed 0.148 0.097  0.137
(1.902) (1.990) (1.973)
[0.938] [0.961] [0.945]
Irr. appointment -2.210  -2.584  -2.004

(2.478) (2.845) (2.681)
[0.374] [0.365] [0.456]

Observations 126 126 126 126 126
R-squared 0.000 0.000 0.006 0.007 0.147
Observables No No No No Yes

Notes: Hyperinflation episodes are excluded from the sample (7 > 50%). We only have data on central bank governance
dating back to 1975, which is why the number of observations decreases in these regressions. The fifth regression includes
the three observables of the disinflation episodes as controls. Estimated standard errors are reported in parentheses. ***
significant at 1%; ** significant at 5%; * significant at 10% (with p-values in brackets).
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Table 3: Estimation results

Argentinean Data US Data
Parameter Prior  Mode s.d. Prior Prior Parameter Prior Mode s.d. Prior Prior
Mean St. Dev Mean St. Dev
Pa 0.85 0.9179 0.0872 Beta 0.1 Pa 0.85 0.8592 0.0872 Beta 0.01
Pe 0.85  0.9606 0.0345 Beta 0.1 Pe 0.85 0.8620 0.0345 Beta 0.01
0z 0.5  0.3755 0.2183 Beta 0.2 P2 0.5  0.0715 0.2183 Beta 0.2
o 0.85 0.9178 0.0628 Beta 0.1 Do 0.97  0.9632 0.0628 Beta 0.01
Or 0.7 0.9674 0.0587 Beta 0.2 Dr 0.97 09736 0.0587 Beta 0.01
Pr 0.8  0.3749 0.0797 Normal 0.5 Pr 0.9 0.7901 0.0797 Normal 0.1
Py 0.2 0.3228  0.0558 Normal 0.1 Py 0.8 0.9662 0.0558 Normal 0.1
Pu 0.1  0.0075 0.0062 Normal 0.05 Pa 0.2  0.1846 0.0062 Normal 0.05
i 0.7  0.8044 0.0567 Beta 0.1 L 0.2 0.7299 0.0567 Beta 0.2
T 0.036  0.0454 0.0052 Normal 0.01 ™ 0.01  0.0081 0.0052 Normal 0.1
o -0.1  -0.1669 0.1642 Normal 0.2 o -0.3  -0.2999 0.1642 Normal 0.01
ILe -0.1  -0.0597 0.1969 Normal 0.2 Ihe 0.6 0.8573  0.1969 Normal 0.2
4z 0.1  0.1603 0.1918 Normal 0.2 1Ly 0.1  -0.0269 0.1918 Normal 0.2
oy 0.0 0.1776  0.0575 Normal 0.2 Iy 0.0  0.0372 0.0575 Normal 0.2
Standard deviation of shocks Standard deviation of shocks
Oq 0.02  0.0089 0.0034 Inv. Gamma [eS) T, 0.015 0.0089 0.0034 Inv. Gamma 00
o 0.01  0.0061 0.0008 Inv. Gamma o) e 0.001 0.0139 0.0008 Inv. Gamma o0
o, 0.012 0.0051 0.0018 Inv. Gamma 0 o, 0.020  0.0008 0.0018 Inv. Gamma 0
o, 0.02  0.0051 0.0009 Inv. Gamma o) o, 0.010 0.0090 0.0009 Inv. Gamma 00
o 0.01  0.0036 0.001 Inv. Gamma 5] o 0.010 0.0004 0.001 Inv. Gamma 00
oy 0.07 0.0354 0.0129 Inv. Gamma 00 Ty 0.070  0.0799 0.0129 Inv. Gamma o0

Notes: Parameters values used for the quantitative exercises. Values were obtained by estimating the model on US and
Argentinean aggregate data. Details of the estimation are given in the appendix. The gain in the recursive least squares
algorithm (7) is set to 0.2 for all simulations, which is close to the value estimated by Milani (2007) on US data. The
parameter pk is set to zero for cold turkey disinflations.
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Table 4: The sacrifice ratio

and luck

A=1/3
Mean

St. Deviation
Skewness

N

A=2/3
Mean

St. Deviation
Skewness

N

A=1
Mean
St. Deviation

Skewness
N

US Calibration: Small Shocks

Argentinean Calibration: Large Shocks

Inflation Inflation Full Inflation Inflation Full
Below Target Above Target Distribution | Below Target Above Target Distribution
0.92 2.59 2.35 0.10 7.54 3.59
0.97 2.07 2.02 5.04 9.16 7.05
1.21 1.61 1.67 0.51 2.85 2.62
1,200 1,211 5,000 1,123 1,110 5,000
0.23 0.61 0.54 -1.30 4.24 1.59
0.36 0.62 0.58 5.64 5.96 5.35
1.35 2.54 2.68 -0.72 3.40 0.89
1,194 1,189 5,000 1,120 1,097 5,000
0.12 0.37 0.34 -2.54 3.79 0.73
0.53 0.38 0.40 7.31 5.94 6.77
0.26 0.33 -0.05 -0.30 0.79 -0.83
1,178 1,173 5,000 1,108 1,094 5,000

Notes: The mean, standard deviation, and skewness refers to the distribution of sacrifice ratios for disinflation policies
implemented after periods for which average inflation is below or above target. We define average inflation as being ‘below
or above target’ if the deviation of 1/4 Zg;lf 47 is more than 1% with small shocks and more than 5% with the large

shock.
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Table 5: Disinflation episodes and sacrifice ratios

¥4

Country Date of DE Peak Trend Inflation A Inflation Duration (Q) Sacrifice Ratio ‘ Country Date of DE Peak Trend Inflation A Inflation Duration (Q) Sacrifice Ratio
Argentina* 1962q4 : 1964q2 75.0 14.3 [ 1.8 Denmark  1967q2 : 1969q4 8.9 4.1 10 -0.2
Argentina* 1965g4 : 19692 87.8 63.6 14 0.9 Denmark ~ 1974q3 : 1976q4 12.9 3.8 9 3.7
Argentina* 1972q2 : 1973q4 151.2 42.2 6 0.1 Denmark  1980qg4 : 1987ql 12.0 8.2 25 0.1
Argentina* 1976q2 : 1977q4 543.4 216.4 6 0.0 Denmark ~ 1988qg4 : 1994ql 4.6 3.0 21 7.4
Argentina* 1984q3 : 1986q4 820.1 581.5 9 0.1 Estonia 2001q2 : 2003q4 4.9 2.9 10 0.2
Argentina* 1989q2 : 1997q1 1987.2 1986.5 31 0.1 Estonia 20074 : 20102 8.0 6.1 10 9.0
Argentina 199793 : 2000q1 3.1 7.0 10 -4.2 Finland 1963q4 : 196693 7.5 3.1 11 -4.4
Argentina 2003q1 : 2004q1 54.2 38.7 4 -0.1 Finland 1967q4 : 1970¢2 7.0 4.3 10 4.6
Argentina 2006q1 : 2008q4 31.3 16.4 11 -3.1 Finland 1975q1 : 1979q2 17.3 9.5 17 6.2
Argentina 2011ql : 201292 19.2 2.2 5 -5.2 Finland 1981q2 : 1987ql 11.4 7.9 23 -0.1
Australia 1975q1 : 1979q1 15.1 6.4 16 -0.8 Finland 19894 : 1996q3 6.3 5.7 27 35.8
Australia 1982q3 : 1985q1 10.8 5.1 10 6.8 Finland 2001q1 : 2005q1 2.7 2.3 16 7.2
Australia 1989q2 : 1993q2 7.6 6.2 16 2.5 Finland 2007q4 : 20102 3.2 2.3 10 8.5
Australia 199593 : 199843 3.6 3.0 12 0.5 France 1963q1 : 196694 5.1 2.5 15 -3.4
Austria 1974q4 : 1979q1 8.8 5.1 17 5.3 France 1975q1 : 1978ql 12.3 2.9 12 2.6
Austria 1981q2 : 1987q3 6.6 5.0 25 -0.7 France 1981q2 : 1987q3 13.5 10.8 25 2.3
Austria 1993q1 : 1998q4 3.7 3.0 23 6.2 Germany 1973q4 : 1978¢3 6.9 3.8 19 9.9
Belgium 1975q2 : 1979q2 12.6 7.9 16 -0.1 Germany  1981ql : 1987q2 5.9 5.7 25 6.4
Belgium 1982¢3 : 1987q4 8.3 7.1 21 5.9 Germany  1992q3 : 199693 4.9 3.3 16 3.6
Belgium 1990q3 : 1999q1 3.4 24 34 29.0 Greece 1966q2 : 1968q4 4.2 3.3 10 4.9
Brazil* 198592 : 198643 214.2 35.6 5 -0.1 Greece 1974q4 : 1978ql 21.2 8.9 13 -8.1
Brazil* 1989q4 : 1992q2 2453.8 1735.3 10 0.0 Greece 1980q4 : 1984q4 24.4 5.8 16 -2.5
Brazil* 1993q4 : 1998q4 2160.7 2156.8 20 0.0 Greece 1985q4 : 1989q1 20.8 7.0 13 3.3
Brazil 2002q4 : 200792 11.1 7.1 18 5.1 Greece 1991q1 : 20002 19.7 16.8 37 11.2
Canada 1975q1 : 19773 10.7 2.8 10 1.2 Hungary*  1991ql : 19942 31.0 9.9 13 0.5
Canada 1981¢3 : 1985q4 11.7 7.7 17 8.7 Hungary 1995q4 : 2003¢2 25.3 20.2 30 3.1
Canada 1990q3 : 19942 5.3 4.3 15 13.2 Iceland 1964q1 : 1968q4 154 13.5 19 -10.7
Chile* 1974q4 : 1982q2 487.1 471.2 30 1.0 Iceland 1980q4 : 1981q4 55.6 45 4 -0.2
Chile* 1984q3 : 1988q4 25.7 9.2 17 20.7 Iceland 1983q1 : 1987q3 65.9 45.6 18 1.2
Chile 199043 : 2004q4 23.7 21.9 57 -24.6 Iceland 1988q4 : 1995q3 23.2 21.6 27 2.3
Chile 2008q1 : 20103 6.4 5.4 10 5.1 Iceland 2001¢2 : 2003q4 6.2 3.6 10 -0.3
China* 1988q3 : 1991q2 17.6 14.1 11 -1.8 Iceland 2009q1 : 2012q1 11.8 7.4 12 9.7
China* 1994q3 : 1999q2 20.8 21.8 19 -11.8 India* 1967q1 : 19693 11.6 10.3 10 -0.3
China* 2007q4 : 2010q1 5.0 3.5 9 -11.2 India* 197492 : 197694 22.6 23.8 10 0.0
Colombia* 197493 : 1975q4 24.7 3.1 5 0.3 India* 1981q1 : 1985q3 12.0 5.3 18 -0.7
Colombia* 1977q1 : 197992 26.6 5.0 9 -3.3 India* 1991q3 : 1994q1 12.9 4.6 10 2.0
Colombia* 1980q4 : 1984q2 27.0 8.7 14 -10.0 India 1997q4 : 20004 10.1 6.8 12 -2.0
Colombia* 1991q2 : 2006q2 29.5 24.8 60 -50.3 India 2009q4 : 2012q1 11.3 2.2 9 -8.5
Colombia 2008q1 : 2010q4 6.3 3.6 11 7.0 Indonesia® 1974ql : 1978q2 34.3 24.8 17 0.6
Czech Republic*  1992q4 : 1996q4 16.0 7.6 16 0.5 Indonesia*  1980q2 : 1982q4 17.7 7.5 10 -1.8
Czech Republic  1997q3 : 2000q2 9.7 6.5 11 4.2 Indonesia®* 1983q4 : 1986q2 11.0 5.3 10 -0.9
Czech Republic  2001q1 : 2003q3 4.3 3.3 10 2.6 Indonesia  1998¢3 : 2000q4 37.9 31.6 9 0.6
Czech Republic  2008q1 : 2010q3 4.4 3.1 10 5.3

Notes: Sacrifice ratios calculated using the methodology proposed by Ball (1994b). *Denotes that annual GDP growth was used to calculate output losses.



Table 6: Disinflation episodes and sacrifice ratios 11

Gg

Country Date of DE Peak Trend Inflation A Inflation Duration (Q) Sacrifice Ratio ‘ Country Date of DE Peak Trend Inflation A Inflation Duration (Q) Sacrifice Ratio
Indonesia 2001qg4 : 200493 114 4.8 11 0.5 Portugal 2007q1 : 2010q1 2.8 2.4 12 -2.7
Indonesia 2005q3 : 2010q4 11.3 6.5 21 0.7 Russia 1999¢3 : 2007q1 58.0 48.4 30 0.6
Ireland 19812 : 1988ql 19.8 17.1 27 3.0 Slovak Republic ~ 1994q1 : 1997q2 17.6 11.5 13 -0.7
Ireland 2001q2 : 2005q1 5.2 2.9 15 3.9 Slovak Republic 20003 : 2002q2 11.1 5.6 7 0.9
Ireland 2007q3 : 2010q2 4.7 6.8 11 1.1 Slovak Republic  2003q4 : 2006q4 7.5 4.0 12 4.8
Israel* 1974q4 : 19764 37.9 5.4 8 -1.5 Slovak Republic 20073 : 2010¢2 3.7 2.2 11 -7.9
Israel® 19844 : 1988q3 325.8 307.9 15 0.0 Slovenia 2001ql : 2006q2 8.6 6.1 21 7.7
Israel® 1990q1 : 1993q4 18.6 7.9 15 -1.0 Slovenia 2007qg4 : 201093 4.4 3.0 11 3.1
Israel® 1994q1 : 2001q1 11.8 10.6 28 -15.5 South Africa 1981q4 : 1984q1 15.0 2.8 9 7.7
Israel 2002q2 : 200493 3.7 4.0 9 3.2 South Africa 198642 : 1989q2 17.6 3.7 12 -0.6
Italy 1963q4 : 1969q1 6.6 44 21 14.4 South Africa 1991q3 : 19973 14.9 7.4 24 8.4
Italy 1975q4 : 1978q4 17.7 4.3 12 -2.1 South Africa 1997q4 : 2000g4 7.9 2.9 12 6.0
Italy 1980q4 : 1988ql 19.3 14.5 29 5.6 South Africa 2002q2 : 2005q1 8.1 7.6 11 1.4
Ttaly 1990q¢2 : 1994q2 6.4 2.1 16 4.1 South Africa 2008q3 : 2011ql 8.5 3.9 10 5.4
Ttaly 1995q2 : 1998q4 4.7 2.9 14 0.0 Spain 196593 : 19693 10.3 6.9 16 0.9
Japan 19743 : 1979q1 17.8 13.6 18 2.0 Spain 1977¢2 : 1988¢2 22.1 16.9 44 12.3
Japan 1980q4 : 1987q4 6.2 6.0 28 5.4 Spain 1990q1 : 1998¢3 6.7 4.8 34 12.8
Japan 1990q4 : 1995¢4 3.1 3.1 20 4.9 Spain 2007g3 : 2010q1 3.5 2.5 10 -3.9
Korea 197093 : 1973ql 15.0 7.1 10 2.6 Sweden 196643 : 1969q1 5.7 3.2 10 5.0
Korea 1975q1 : 1977q4 24.4 12.8 11 0.0 Sweden 1977q2 : 1979q1 11.1 2.1 7 2.3
Korea 1980q3 : 1984q4 24.7 22.3 17 1.2 Sweden 1980q4 : 1987q2 12.5 8.2 26 9.2
Korea 1991ql : 1996q4 8.8 4.2 23 -0.5 Sweden 19904 : 1998q1 9.5 9.4 29 13.2
Korea 1997q4 : 2000q2 5.9 4.1 10 14.7 Sweden 2007q4 : 2010q1 2.7 2.1 9 10.1
Latvia 2008q1 : 2010q4 12.4 11.3 11 6.2 Switzerland 1966¢3 : 1969q3 44 2.1 12 17.7
Luxembourg 1975¢3 : 1979q1 10.6 6.6 14 1.1 Switzerland 1974¢2 : 1978q1 9.2 8.0 15 8.3
Luxembourg 1982¢3 : 1987¢3 9.0 9.0 20 3.9 Switzerland 19821 : 1987¢2 5.9 4.8 21 9.4
Luxembourg 1992q3 : 1998q4 3.3 2.3 25 36.7 Switzerland 1991q1 : 1998q3 5.5 5.3 30 12.9
Mexico 1974q3 : 1975¢4 19.5 3.5 5 -0.5 Turkey 1962q4 : 1965q1 5.3 2.1 9 -12.9
Mexico 1977q4 : 1979q2 23.5 5.1 6 -0.1 Turkey 1967q1 : 1969q3 10.8 5.2 10 0.6
Mexico 19833 : 1985q2 85.9 23.5 7 -0.3 Turkey 1974q4 : 197693 22.2 4.0 7 0.0
Mexico 1987q3 : 1994q1 127.0 118.1 26 0.2 Turkey 1979q4 : 1982q4 7.2 47.0 12 0.7
Mexico 199642 : 2007q1l 34.6 30.9 43 -3.2 Turkey 1985q1 : 1986q4 45.8 8.9 7 1.3
Netherlands 1981q2 : 1987q3 6.7 7.0 25 8.9 Turkey 1989¢2 : 1990q2 65.4 3.6 4 0.9
Netherlands 2001q4 : 2006q1 3.6 2.2 17 17.2 Turkey 1995¢2 : 1996¢3 96.6 16.3 5 -0.1
New Zealand * 1980q4 : 1984q2 16.3 8.8 14 0.3 Turkey 1997q3 : 2005q2 85.8 7.5 31 3.0
New Zealand * 1986¢3 : 1993q1 15.4 14.2 26 4.8 Turkey 2007g4 : 201093 9.6 2.8 11 21.0
New Zealand 19954 : 1999q1 3.0 2.4 13 1.1 United Kingdom 1975¢q2 : 1978q4 20.7 9.7 14 3.4
Norway 19753 : 1979q2 10.6 4.0 15 -2.1 United Kingdom 1980q3 : 1984q2 15.7 10.8 15 3.2
Norway 1981q3 : 1985q3 12.6 6.7 16 8.6 United Kingdom 1991ql : 2001ql 7.2 6.2 40 15.1
Norway 1987q3 : 1994q1 8.1 6.2 26 15.5 United States 1974q4 : 1977q2 9.9 3.7 10 4.7
Portugal 1977q4 : 1980q4 26.5 8.8 12 -0.4 United States 1980q3 : 1984q2 12.3 8.5 15 4.6
Portugal 1984¢2 : 1988ql 26.2 16.1 15 2.6 United States 1990¢2 : 1995q1 5.1 2.4 19 14.1
Portugal 1990q¢2 : 1999¢2 13.2 10.8 36 7.3 United States 2007q3 : 2010q1 3.4 2.6 10 3.1

Notes: Sacrifice ratios calculated using the methodology proposed by Ball (1994b). *Denotes that annual GDP growth was used to calculate output losses.
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