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We exploit micro data from professional forecasters to
examine the stability of the distribution of long-term infla-
tion expectations in the euro area following the Great Reces-
sion. Although mean expectations declined somewhat, we find
no evidence that the central tendency of the long-run distri-
bution became unanchored. Also, the degree of co-movement
of expectations with other variables did not increase notice-
ably. In contrast, long-term inflation uncertainty increased and
expectations became negatively skewed. Such findings are in
line with the predictions of theoretical models emphasizing
the impact of the lower bound on policy rates and uncertainty
about the transmission of unconventional monetary policies.
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1. Introduction

A tight anchoring of medium- to long-term inflation expectations
around the central bank’s target is commonly seen as crucial for
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steering inflation toward this target without suffering substantial
economic costs. However, during recent years, large macroeconomic
and financial shocks associated with the Great Recession and the
fact that policy rates reached their effective lower bound (ELB) have
led to concerns about a possible de-anchoring of long-term inflation
expectations in the major currency areas. In the case of the euro
area, concerns have focused on persistently too-low inflation or even
deflationary risks and an associated departure of inflation expec-
tations from levels consistent with the objective of the European
Central Bank (ECB). For example, Draghi (2014) highlights “the
risk that a too prolonged period of low inflation becomes embedded
in inflation expectations.” Indeed, recent unconventional monetary
policies are often motivated as addressing such risks.

In this paper we examine empirically this central policy ques-
tion: How well anchored did euro-area inflation expectations remain
in the wake of the Great Recession and euro-area sovereign debt cri-
sis? By the anchoring of long-term inflation expectations, we refer
to their stability over time and their consistency with the objec-
tives of a central bank. In principle, a necessary and sufficient con-
dition for long-term expectations to be perfectly anchored is that
they are constant and equal to the central bank’s target. However,
a direct test of these conditions is complicated by uncertainty about
what constitutes “well” in practice and also about the precise tar-
get and/or the horizon over which the central bank aims to achieve
itl] A situation in which expectations become unanchored would
imply a significant and substantial movement in the level of long-
term inflation expectations away from the level implied by the cen-
tral bank’s objective. Clearly, the concept of anchoring is also a
matter of degree in the sense that it is insightful to consider how
tightly or firmly expectations may be anchored at a given level. For
example, even in a situation where the level of inflation expectations
remains aligned with the central bank’s objective, economic agents
may become less confident about this outcome and may therefore
attach a lower probability or likelihood that this objective will be

'For example, in the case of the euro area, while price stability is clearly
defined to be an increase in the Harmonised Index of Consumer Prices that is
below, but close to, 2.0 percent, the ECB indicates that it aims to achieve this
“over the medium term,” which retains some degree of vagueness.
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achieved and, at the same time, may attach higher probabilities to
more extreme inflation outcomes. Such an analysis of changes in
the degree to which expectations are anchored requires information
extracted from the probability distribution surrounding long-term
inflation expectations

Much of the recent economic literature attempting to quantify
the evidence and risks of such a de-anchoring—both in the euro
area and elsewhere—has focused only on the mean or first moment
of the distribution of long-term inflation expectations (Demertzis,
Marcellino, and Viegi 2009, 2012; Giirkaynak, Levin, and Swanson
2010; Beechey, Johannsen, and Levin 2011; van der Cruijsen and
Demertzis 2011; Drager and Lamla 2013; Mehrotra and Yetman
2014)@ In this paper, we provide new micro evidence about the
anchoring of inflation expectations in the euro area considering the
full subjective forecast distribution. Strong theoretical arguments jus-
tify the need to study the properties of the full distribution and not
simply focus on mean expectations. In particular, shifts in the vari-
ance of this distribution, its skewness, or tail risk can offer additional
evidence of change in agents’ beliefs about future inflation over the
longer term and the factors that may be shaping them. For example,
the model of imperfect credibility in Bodenstein, Hebden, and Nunes
(2012) suggests that achieving the central bank’s inflation objective
may become more challenging following a period such as the Great

2Mehrotra and Yetman (2014) highlight the importance of the full probability
distribution, noting that “there are at least two dimensions to anchoring: both
the level at which expectations are anchored . ..and how tightly expectations are
anchored at that level.”

3In particular, such studies have focused on possible changes in the mean or
in the strength of its co-movement with other economic variables. Most evidence
emerging from this literature suggests that long-term inflation expectations were
affected by the Great Recession. For the U.S. economy, Galati, Poelhekke, and
Zhou (2011), Autrup and Grothe (2014), Ciccarelli and Garcia (2015), and Nautz
and Strohsal (2015) all suggest that inflation expectations in the United States
started to react more strongly to macroeconomic news. Ehrmann (2015) also
reports evidence of a similar increased sensitivity during periods of low infla-
tion. For the euro area, Galati, Poelhekke, and Zhou (2011) identify a structural
break in the responsiveness of European inflation expectations to macroeconomic
news and Lyziac and Paloviita (2017) conclude that there are “some signs of
de-anchoring.” However, Autrup and Grothe (2014), Strohsal and Winkelmann
(2015), and Speck (2016) have argued that the degree of anchoring did not change
around that time.
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Recession, as central bank credibility becomes more relevant than
in “normal” times. In a similar vein, Beechey, Johannsen, and Levin
(2011) demonstrate how imperfect information and potential time
variation in the central bank’s objective can be associated with a siz-
able increase in long-term inflation uncertainty as measured by the
variance of the distribution for long-term expected inflation d How-
ever, it is the incidence of the ELB that makes the strongest case
for studying the full distribution. Under the ELB, models of the
business cycle exhibit multiple equilibriums, implying that the dis-
tribution of long-term inflation expectations may change and attach
non-negligible probabilities to quite distinctive outcomesf Clearly,
the risks of such bad equilibriums will tend to first show up in
increased long-term inflation uncertainty or tail risks, i.e., in the
second and fourth moments of the distribution. In addition, models
which take into account the ELB also emphasize that limitations
in the central bank’s ability to respond to deflationary shocks lead
to a negatively skewed distribution for long-term expectations (see,
for example, Coenen and Warne 2014; Hills, Nakata, and Schmidt
2016).

To address our central question, we proceed in three steps. In
a first, we test for possible structural change in the distribution of
the long-term subjective forecast distribution, exploiting the meth-
ods of Andrews and Ploberger (1994), Bai and Perron (1998, 2003),

1Regarding possible changes in the central bank’s objective, there has been
considerable discussion in the wake of the financial crisis about the need for cen-
tral banks to consider adjusting upward their inflation objectives, and the euro
area has not been immune to these discussions. For example, Ball et al. (2016)
recently make this recommendation as a means to avoid the incidence, severity,
and costs of hitting the ELB constraint. This discussion is conceptually dis-
tinct from other recommendations which have emphasized increasing short-run
inflation expectations as a demand-management device at the ELB.

SFor instance, Benhabib, Schmitt-Grohé, and Uribe (2001) highlight the exis-
tence of a deflationary equilibrium where the ELB is binding and inflation is
stuck below target. More recently, Aruoba and Schorfheide (2015) construct a
two-regime stochastic general equilibrium model in which the economy may alter-
nate between a “targeted inflation regime” and a “deflation regime.” Busetti et
al. (2014) also study the risks of such a regime in a model with learning and
show that it may imply considerable risks of a de-anchoring of long-term infla-
tion expectations and may give rise to a period of sustained low real output
growth.
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and Inoue (2001) to shed light on possible shifts, their magnitude,
and timing. This provides direct evidence about whether or not the
Great Recession and its aftermath resulted in any significant changes
in key features of that distribution.

In a second step, we exploit the available micro data in a panel
setting and explain changes in long-term inflation expectations by
studying their co-movement with other macroeconomic variables.
Our use of micro data contrasts with most other recent studies men-
tioned above which have focused on average measures of expecta-
tions or representative proxies extracted from asset prices. Although
we do not claim a causal interpretation, the analysis of such co-
movements sheds light on possible changes in the degree to which
the distribution is anchored. For example, allowing for uncertainty
about the central bank’s objective, and learning on the part of pri-
vate agents about its ability to hit that objective, we can expect some
positive co-movement between short-term macroeconomic news and
long-term inflation expectations (e.g., as in Beechey, Johannsen, and
Levin 2011). In the spirit of Levin, Natalucci, and Piger (2004),
we also consider the co-movement of long-term expectations with
an ex post measure of central bank performance to assess whether
agents partly update their future long-term expectations by tak-
ing into account the rate of inflation that the central bank has
actually delivered. In line with recent discussions about secular
stagnation and deflationary equilibriums with simultaneously weak
trend growth and excessively low inflation expectations, e.g., as dis-
cussed in Eggertson and Mehrotra (2014) and Summers (2014), we
also examine the co-movement between long-term inflation expecta-
tions and corresponding long-term expectations about the real econ-
omy. Using matched individual-level expectations, our panel data
allow us to study these interrelationships while also controlling for
other sources of variation that are common to all forecasters, such
as observed inflation rates. In addition, we provide direct tests of
whether these interrelationships have changed following the Great
Recession and during the more recent period when the ELB has been
binding and the ECB has employed nonstandard monetary policy.

In a third and final step, using a similar set of appropriately
transformed covariates, we extend the above micro-level analysis to
shed light on the factors which co-move with changes in long-term
inflation uncertainty which we measure by the individual variance of
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the subjective forecast distributions[d Again, such an analysis speaks
directly to the question of anchoring because higher uncertainty
about long-term inflation prospects implies that the distribution
is less tightly anchored even if overall mean expectations remain
unchanged.

The layout of the remainder of the paper is as follows. In
section 2, we briefly describe our data set and the manner in which
we estimate key moments of the subjective long-term forecast distri-
butions. Section 3 presents the empirical evidence for changes in the
distribution. In section 4, we turn to the analysis of the variables
which co-move with changes in long-term mean expectations and
uncertainty and analyze whether the strength of this co-movement
has changed following the Great Recession. Section 5 concludes by
discussing the economic significance of our findings and their impli-
cations for monetary policy.

2. Data and Estimation of Moments

We base our analysis on the individual density forecasts provided by
the ECB’s Survey of Professional Forecasters (SPF), which has been
conducted and published by the ECB at a quarterly frequency since
the beginning of 1999. Since we are interested in long-term inflation
expectations, we primarily focus on those forecasts that have a fore-
cast horizon of roughly five years (i.e., 20 quarters or h = 20). Our
sample period ranges from 1999:Q1 to 2017:Q1E] Online appendix
A (available at http://www.ijcb.org) provides detailed information
about the SPF histograms and other data sources used in the study.
Reflecting its survey origins, the SPF data set is heavily unbalanced
because forecasters leave the panel or enter later and because they

5In the remainder of this paper we will use the two terms “variance” and
“uncertainty” interchangeably. For an overview of other definitions and measures
of uncertainty see, for instance, Rossi, Sekhposyan, and Soupre (2016).

"Note that during the first two years of the SPF long-term forecasts were only
surveyed on an annual basis in 1999:QQ1 and 2000:Q1. We make use of these obser-
vations whenever possible. However, we have to drop them from our econometric
estimation whenever we relate long-term expectations to lagged information from
the SPF.
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are not required to report their forecasts in every survey round.
The number of individual respondents therefore varies from one
quarter to the next. We focus on the analysis of this unbalanced
panel and, in particular, do not attempt to interpolate any missing
observations. The number of respondents providing the histograms
depicting the probabilities they assign to a range of future infla-
tion outcomes averages 39.1 in our sample. Although this is slightly
lower than the number of respondents who report point forecasts
for inflation (44.6 on average), it nonetheless provides a rich cross-
sectional basis for econometric analysis. Moreover, when consider-
ing co-movement with other variables, we are able to match the
estimated moments for inflation at the individual level with corre-
sponding individual moments estimated from equivalent histograms
for gross domestic product (GDP) growth and the unemployment
rate.

Before attempting to study the properties of the full distribu-
tion, it is necessary to estimate the key moments summarizing its
location, spread, symmetry, and tail risks. The density forecasts are
provided as histograms for which every forecaster reports proba-
bility forecasts that reflect their assessment of the likelihood that
future inflation will fall within certain intervals. Formally, denote
with pg’tJrh‘t the probability that forecasteri (i = 1,..., N) in survey
period t attaches to the event that the inflation rate in period ¢t + h
falls into a particular interval j (j = 1,...,J )E‘ To compute mean
long-term expectations, the corresponding inflation uncertainty, and
higher moments of the density forecasts, we adopt the most common
approach as our baseline estimates and we then consider robustness
with respect to alternative approaches. The baseline approach is non-
parametric and assumes that all the probability mass in a particular
interval j is compressed at the midpoint of this interval, which we
denote by p;. We assume that the open intervals at both ends of the
distribution have the same width as all other intervals and accord-
ingly compute the midpoints of these intervals in the same way. The

8Note that J, which represents the total number of surveyed intervals, changes
over time, as the survey design was changed at several points in time (see online
appendix A). As the probabilities must sum to 100 percent, it can be reasonably
assumed that a probability of 0 is assigned by agents to intervals that were not
included in a particular survey round.
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mean 7; ;4 p|¢ 18, for instance, computed as the probability-weighted
sum of each midpoint (equation (1)). The first four moments are
computed as follows:

J
' _ j
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As highlighted in Engelberg, Manski, and Williams (2009), it
must be acknowledged that our moment estimates are subject to
measurement and estimation error. In our case, the assumptions we
make regarding the allocation of probability mass to the midpoints of
the surveyed intervals may be a particularly important source of such
error, and it is therefore of interest to test the overall robustness of
our conclusions with respect to the above nonparametric approach.
Therefore, we present alternative results based on different assump-
tions and parametric methods below and, in more detail, in online
appendix B. These are based on (i) the assumption that the prob-
ability mass is distributed uniformly within bins, (ii) the assump-
tion that the true underlying distribution is normal, and (iii) the
approach of Engelberg, Manski, and Williams (2009) that assumes
a beta distribution for cases with more than two used bins and a tri-
angular distribution for cases with fewer used binsH Furthermore,

9For the standard deviation, we find very close correspondence across all meth-
ods considered (see online appendix B for further details). For the skewness and
the kurtosis, also both discrete approximations are highly correlated, while the
correlations with the moment estimates produced by the beta function tend to
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rounding on the part of respondentﬂ may be an important source
of measurement error and, as highlighted in online appendix C, it
may be associated with bias in particular affecting the estimation of
the second and fourth moments.

To summarize the common pattern across individual SPF respon-
dents, from the individual moments computed according to equa-
tions (1) to (4), we can construct the cross-sectional averages by
summing each of the individual moments and dividing by the num-
ber of density forecast available at each point in time. One reason to
focus on the average moments rather than the individual moments
when testing for structural breaks in the next session is that mea-
surement error is likely to affect more strongly the estimation of
moments at the individual level. When averaging across individuals,
idiosyncratic individual-specific approximation errors tend to offset
each other, resulting in an overall smaller measurement error (see
online appendix C for further details on this).

Note that an estimate of the central tendency of expectations
is also available directly from the reported point forecasts that are
collected in the SPF. We refrain from using this information in the
computation of moments for two main reasons. First, it is not clear
whether panelists report their expected mean, mode, or median
as their point forecasts and whether density forecasts and point

be lower. These lower correlations suggest that a key possible source of mea-
surement error may link to the assumption of a discrete versus a continuous
distribution function. We have opted for the discrete approach because it is in
line with the discrete nature of the survey design (i.e., the discrete bins used in
the survey questionnaire) and does not attribute a specific continuous functional
form to the respondents’ subjective densities. Nonetheless, the analysis points to
a potentially important role for measurement error in influencing the third and
fourth moment estimates.

0T here is empirical evidence that a large fraction of reported interval prob-
abilities are integers or multiples of 5 or even 10 (Manski and Molinari 2010;
Glas and Hartmann 2018; online appendix C) which, on the one hand, suggests
that forecasters tend to round the raw probabilities derived from a model for the
density of the continuous random variable to be forecast. On the other hand,
many forecasters state that they use judgment (instead of formal models) when
producing the density forecasts (ECB 2014). This could imply that the reported
probabilities are the (raw) outcome of a more intuitive heuristic process rather
than representing the rounding of an underlying continuous distribution. This
latter view suggests that rounding per se may not be a source of measurement
error in the reported probabilities.
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Figure 1. Different Measures of Central Tendency of
Long-Term Inflation Expectations
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forecasts are consistent[] Second, a focus on mean expectations
from equation (1) is also justified because it draws on all the prob-
abilities collected from respondents. As such, it may contain more
information than the long-term point forecasts. Figure 1 plots the
mean estimated according to equation (1) together with two other
measures of central tendency taken from the survey. The first is the

" The SPF survey itself does not offer any information concerning what part
of the distribution the point forecasts capture, e.g., whether panelists report a
most likely or modal outcome or a conditional expectation (e.g., based on specific
assumptions about policy or other exogenous variables) or whether density fore-
casts and point forecasts are even consistent. Engelberg, Manski, and Williams
(2009) study the consistency between density and point forecasts and Garcia
and Manzanares (2007) provide evidence that the density forecasts from the SPF
are more reliable than the point forecasts. In a separate (unreported) robustness
analysis we also compute our moment estimates under the assumption that the
point forecasts equate with the mean of the distribution. As expected, we do find
that this assumption can change significantly our moment estimates, especially
the estimated skewness.
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mode computed as the midpoint of the interval which is assigned the
maximum probability, again averaged across the responding fore-
casters in a given round. The second alternative measure is simply
the average point forecast. Overall, one observes a very clear co-
movement and similarity between these three measures of central
tendency. In particular, the average point forecast and the estimated
mode are very closely related, suggesting that when they give their
point forecasts survey respondents may be giving a modal prediction
rather than an estimate of their mean expectations. In the period
since the financial crisis mean expectations dropped slightly below
both the estimated average mode and the reported point forecasts.
Given this divergent pattern, we also include the estimated mode of
the probability distributions in our empirical analysis of potential
shifts in the distribution’s location.

3. Evidence of Change in the Distribution of Long-Term
Inflation Expectations

In this section we report our empirical analysis of possible structural
breaks in the distribution of long-term inflation expectations. We
first discuss the result of a general test for distributional change due
to Inoue (2001). This test provides nonparametric prima facie evi-
dence about possible structural change in the whole distribution. We
then present the methods used to estimate the timing and magnitude
of possible breaks in the first four moments of the distribution before
reporting the main findings. Also, to complement the proposed tests
of stability in the estimated moments, we apply these breakpoint
tests to selected interval probabilities taken directly from the sur-
veyed histograms. The advantage of this complementary approach
is that it offers more direct evidence for change in the distribution
that does not require the assumptions needed for the estimation of
distributional moments.

3.1 Testing for Distributional Change

Before proceeding to tests for change in the moments, it is of interest
to examine the prima facie evidence for changes in the distribution
as a whole. To do this, Inoue (2001) suggests a nonparametric test
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which is particularly useful in situations where the correct specifica-
tion of the underlying datagenerating process is unknown Inoue
(2001) proposes a test of change in the distribution function of a time
series x; that is observed over a total sample of n periods. The test
is based on the difference, (T'(s, 7)), between the empirical distrib-
ution functions for two subsamples defined by a candidate change
date s < n:

T(s,7) = %ZI(%ST)— LS twm<n)|. )

n—s
t=s+1

In equation (5), the measured distance between the two distribution
functions is based on an observed time series and uses the indica-
tor function, I(-), to estimate the relevant probabilities from the
time-series observations.

Our data, however, contain a sequence of reported distribu-
tion functions in the form of the SPF histograms. We construct a
modified test statistic by replacing the empirical distribution func-
tions with subsample averages of the observed distribution functions.
Denoting the probability that inflation will be below 7 in the long
run as reported in period t by C DFFF (1), we obtain the modified
expression

S n

1
T(s,7) = ‘S > CDFPF(r)— —— %  CDFF"(r)
t=1 t=s+1

1

. (6)

Note that in the case of the application to the SPF, the grid for 7 is
determined by the bins defined in the survey questionnaire. Using the
distance measure in equation (6), a weighted Kolmogorov-Smirnov
test statistic can be computed as

Ty = sup sup 2 (1 - f) n/? x T(s,7)|. (7)
1<s<nT€R M n

To determine critical values for this modified test, we use the boot-
strap that Inoue (2001) proposes We obtain a test statistic of

2We would like to thank the editor Barbara Rossi for pointing us to this test,
which is very useful in our context.

3For the bootstrap we set the number of iterations to 1,000 and use a window
size of nine, following the rule of thumb suggested in Inoue (2001).
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T1 = 0.174, which is marginally larger than the 10 percent criti-
cal value of 0.173 (the 5 percent and 1 percent critical values are
0.192 and 0.225, respectively) This means that we can reject the
null hypothesis that there is no structural break at the 10 per-
cent level. The test statistic is maximized for s = 2009:Q4, indi-
cating that the distribution of long-term inflation expectations most
likely changed during the Great Recession. Although certainly not
definitive, this result motivates a further investigation of how the
distribution may have changed following the Great Recession. Moti-
vated by this result, we explore the data for further evidence of
distributional change by testing for evidence of structural breaks.
Below we first describe the implementation of these structural break
tests in general and then apply them to the specific interval prob-
abilities collected in the SPF survey and also to the distributional
moments.

3.2 Testing for Structural Breaks

One condition for long-term inflation expectations to be well
anchored is that their distribution is relatively stable around the
central bank’s inflation target. To examine this, we test for evi-
dence of any breaks in the probabilities assigned to certain inter-
vals and, subsequently, in the first four moments. Since a priori we
know neither the number of breaks nor their timing, we employ the
method of Bai and Perron (1998, 2003), who consider the linear
regression model with a finite number of possible regimes defined by
unknown breaks in the model parameters. Their method yields esti-
mates of the unknown regression coeflicients associated with each
regime together with estimates of the unknown breakpoints. To
select the number of significant breaks and to date their occurrence,
we apply these methods by regressing a given interval probability
or moment on its first lag and an intercept term. The inclusion of
the former term is intended to account for the strong persistence in
such long-horizon moments and probability forecasts which would

14All data used in this paper and codes for replicating all results can be
downloaded from |https://www.dropbox.com/s/ue9pyq0cv03mflq/Replication_
Files_Dovern_Kenny_2019.zip?dl=0.
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otherwise cause substantial residual autocorrelation in our regres-
sions[13 Formally, the considered model is

— — m
Mty nft = Qmyr + B Matn)t + €44 (8)

where o, , and [, are regime-specific parameters (with r =
1,...,R), 5;3_,1' , 1s an iid error term, and 1, ; represents the cross-
sectional average of individual interval probabilities or moments.
For the case of mean long-term expectations (m = 7), for instance,
arr/(1 = Brr) yields an estimate of the average expected rate of
long-term inflation in a given regime. Under the assumption that
forecasters believe that, in general, the central bank is able to achieve
its inflation target in the absence of further shocks, such an estimate
provides a regime-specific measure of the perceived inflation objec-
tive. In the absence of any structural breaks, we have o, , = a, and
Brr = Br, which implies that the long-term expectation for infla-
tion is constant. In a similar way, for each of the three higher-order
moments and the interval probabilities, @, /(1 — Bm,») provides
an estimate for the average perceived future variance, skewness,
tail risk, or interval probability embodied in the distribution in any
given regime. Breaks of these moments and probabilities may signal
changes in the degree to which the distribution of long-term inflation
expectations is anchored.

In implementing the Bai-Perron (BP) procedure, it is necessary
to specify a minimum required distance between any two potential
break dates. We set this minimum distance between breaks at a
relatively conservative level of eight quarters in order to avoid over-
fitting and possibly finding an implausibly large number of spurious
breaks for each moment. In Bai and Perron’s jargon, given our sam-
ple size, this implies a “trimming parameter” of 8/72 ~ 0.11. We
determine the number of structural breaks by looking at a modified
Schwarz criterion (LWZ) which is suggested for the case of models

5 According to the Ljung-Box test, we cannot reject the null hypothesis of no
residual autocorrelation at the 5 percent level for both the specification without
structural breaks and the one with breaks for all moments with one exception: In
the case of inflation uncertainty, the large structural break causes mild negative
autocorrelation in the residuals of the specification that does not allow for this
break.
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that include a lagged dependent variable and the sequential SupF-
test which is the overall preferred test according to Bai and Perron
(2003) Because it turns out that we find evidence for at most one
break in all the moments that we consider, we run robustness checks
using the test proposed by Andrews and Ploberger (1994). This tests
the null hypothesis of no break against the alternative of exactly one
break (at an unknown point in time) and is more powerful as well
as robust to heteroskedasticity and residual autocorrelation.

Clearly, an important practical consideration for all of the tests
discussed above is whether they are sufficiently powerful to identify
actual breaks in the data, particularly in the presence of measure-
ment error. To investigate this issue, online appendix C reports the
results of two simulation exercises which analyze how the size and
power of the breakpoint tests we employ might be affected by mea-
surement error. Overall, the results of these simulations suggest that
the tests have reasonable power in samples of the size we are using
even in the presence of measurement error. At the same time, the
simulations indicate that the power for detecting breaks in higher
moments may be lower the more rounding is applied when forming
the interval probabilities. Thus, any results on the number of breaks
reported below should be considered a “lower bound.”[1]

3.3 Breaks in Selected Interval Probabilities

In this section, we apply the above breakpoint analysis to test for
breaks in selected interval probabilities over time. In particular,
we consider the average probabilities attributed by forecasters to
the following five long-term inflation scenarios: (i) outright defla-
tion (long-term inflation outcome below 0 percent), (ii) relatively
low inflation of between 0 percent and 1.5 percent (i.e., low com-
pared with the ECB mandate of below but close to 2.0 percent),

16The sequential test is based on the idea of sequentially testing the null
hypothesis of no | breaks versus [ 4+ 1 breaks until the null hypothesis can no
longer be rejected. In each step of this sequence and given a set of [ breakpoints,
Bai and Perron (1998) suggest applying [ + 1 tests of the null hypothesis of no
structural break against the alternative hypothesis of a single structural break to
the [ + 1 segments of a time series defined by the I breaks.

"However, given that only a fraction of probability statements in the SPF is
rounded while in our simulations we assume all of the probabilities are rounded,
the issue should certainly not be overrated.
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Figure 2. Breakpoints for Selected Interval Probabilities

Pi<0% 0%<Pi<1.5% 1.5%<Pi<2%

T T T T T T T T T T T T T T T T T T T T T
1999 2002 2005 2008 2011 2014 2017 1999 2002 2005 2008 2011 2014 2017 1999 2002 2005 2008 2011 2014 2017

2%<Pi<3% Pi>3%

N w a2 o @ N @ ®
P S T

gy
AR

T T T T T T T T T T T T T T
1999 2002 2005 2008 2011 2014 2017 1999 2002 2005 2008 2011 2014 2017

Notes: Selection of breakpoints based on Bai and Perron (2003). The solid black
lines refer to the average probability (across forecasters) assigned to the intervals.
The dotted lines show the implied unconditional means for different subperi-
ods, with breaks in AR(1) models for the average moments selected using the
LWZ statistic. The minimum distance between two breakpoints was set to eight
quarters.

(iii) inflation broadly consistent with the ECB’s mandate (between
1.5 percent and 2.0 percent), (iv) inflation moderately above target
(between 2 percent and 3 percent), and (v) relatively high long-term
inflation (above 3 percent). These selected intervals provide an eco-
nomic narrative relative to the ECB’s definition of price stability.
For example, a reduced probability mass assigned to the interval
between 1.5 percent and 2.0 percent may signal a deterioration in
the degree to which long-term expectations are anchored at a level
that is below but close to 2.0 percent. In selecting these intervals,
we also avoided having to interpolate probabilities within intervals,
as this would require the use of auxiliary assumptions that would be
hard to justify.

Figure 2 shows the evolution of these probabilities across survey
rounds together with their estimated means for which we select sig-
nificant breaks based on Bai and Perron (1998, 2003) using the LWZ
statistic. Overall we find evidence for significant breaks in three of
the five intervals examined. On the one hand, we find no significant
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breaks in the probabilities assigned to the low inflation outcomes
(0.0 percent to 1.5 percent) and outcomes moderately above the
target (2.0 percent to 3.0 percent). Despite the lack of evidence of a
break in these interval probabilities, on the other hand, the sizable
movements in the probabilities of these two events are certainly of
interest from a policy perspective. In particular, following the Great
Recession, there was a large rise in the probability of low inflation,
from less than 15 percent to more than 30 percent. Also, the chances
of moderately higher inflation dropped from a peak of over 50 per-
cent to below 30 percent toward the end of the sample period. These
relative shifts in probabilities are also suggestive of a possible shift
toward a more negatively skewed distribution. In contrast, the tests
do indicate one downward break for the probability associated with
inflation being broadly in line with the target (1.5 percent to 2.0
percent) and two breaks for each of the two outer intervals (defla-
tion and relatively high inflation above 3.0 percent). The direction
of the breaks indicate that following the Great Recession forecast-
ers have reduced their assessment of the likelihood that long-term
inflation falls between 1.5 percent and 2.0 percent from above 37.5
percent before the Great Recession to below 32.5 percent in the
second half of the sample. The lower probability assigned to this
outcome range, which is the most consistent with the ECB defini-
tion of price stability of below but close to 2.0 percent, can be taken
to imply a reduction of the degree to which long-term inflation expec-
tations were anchored following the Great Recession. Such a result
is suggestive of a more spread-out long-run distribution that has
a lower concentration of probability mass in the area surrounding
mean expectations and the central bank’s target. It may therefore
also imply higher long-run inflation uncertainty. There also seem to
be (ongoing) shifts toward lower and more negative inflation out-
comes, as indicated by the persistent increase in the probabilities
associated with negative inflation. In this case, however, it is impor-
tant to note the considerably smaller shift in the probabilities from
below 0.5 percent in the first part of the sample to around 1.75 per-
cent in the more recent period. Overall, therefore, these direct tests
of stability in the reported interval probabilities tend to provide
empirical support for possible changes in the long-run distribution.
In the following sections, we offer further evidence on the nature of
these changes based on the estimated moments.
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Figure 3. Breakpoints for Moments of Density Forecasts
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Notes: Selection of breakpoints based on Bai and Perron (2003). The solid black
lines refer to the average moments of the density forecasts of the individual SPF
participants. The dotted lines show the implied unconditional means for different
subperiods, with breaks in AR(1) models for the average moments selected using
the LWZ statistic. The minimum distance between two breakpoints was set to
eight quarters.

3.4 Breaks in the Mean

We now turn to the analysis of breaks in the estimated moments to
provide more formal evidence about which features of the predictive
densities may have changed over time. Figure 3 shows the evolu-
tion of the modal expectation discussed above together with the
first four moments given by equations (1) to (4). In each panel, the
regime-specific moment estimates ¢, /(1 — Bmw) are also plotted
(as identified by the LWZ statistic). The breakpoint analysis of den-
sity moments is further detailed in table 1. In particular, we report a
list of the estimated break dates and the corresponding F-statistics
indicating the significance of each break as well as complementary
results based on the sequential SupF-test.

For mean expectations, we find one significant break in 2013:Q2
according to both the LWZ statistic and the Andrews and Ploberger
(AP) test reported in table 1. The break is downward and occurs in
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the wake of the Great Recession and euro-area sovereign debt crisis.
Although quantitatively modest, the break is noteworthy, with the
regime-specific mean falling to 1.69 percent from 1.90 percent prior
to the break, and points to growing beliefs that long-term inflation
outcomes could be “below” but “not so close to” 2.0 percent. The
drop in mean expectations is found to be statistically significant
given the low overall volatility of the time series. Importantly, this
break in the mean is detected across three of the four moment esti-
mation methods presented in online appendix B. However, when one
fits a beta distribution to the survey histograms, a break in the mean
is not detected by both the LWZ-based BP test and the AP test. The
case for a significant downward shift of long-term inflation expecta-
tions is also weakened by two additional results reported in table 1.
First, the sequential SupF-test does not identify any breaks in the
dynamics of mean expectations and, as a result, the estimate for
the average over the full sample is constant at 1.83 percent. Second,
none of the tests identifies any breaks in the case of modal expecta-
tions, which average 1.89 percent over the full sample. A finding of
a downward break in the mean combined with a stable modal value
is consistent with a shift toward a more negatively skewed distribu-
tion, and we examine this hypothesis directly below by applying the
same test to the estimated third moment.

Overall, our results for mean expectations provide at most only
weak evidence for a quantitatively modest decline in long-term infla-
tion expectations toward the end of our sample. Mean inflation
expectations also remain in a range that can be considered con-
sistent with price stability as defined by the ECB’s price stability
objective of “below but close to 2.0 percent.” Hence, our analysis
provides no grounds to think that the central tendency of euro-area
long-term inflation expectations became unanchored. This finding
is in line with other recent studies that use market-based inflation
expectations, as, for instance, Autrup and Grothe (2014), Strohsal
and Winkelmann (2015), and Speck (2016).

3.5 Breaks in the Variance

Figure 3 and table 1 report equivalent results for higher moments. In
the case of long-term inflation uncertainty, all three reported tests
identify a break in 2009:Q3 that is associated with an increase in
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uncertainty about long-term inflation. In relative terms, this shift is
quantitatively more noticeable than the shift in mean expectations.
After the break, i.e., in the immediate wake of the Great Recession,
average uncertainty about the long-term inflation at 0.66 percent-
age points (pp) had increased by about 25 percent compared with its
level in the pre-crisis regime (0.53 pp). Following this increase, long-
term inflation uncertainty has been quite stable at the new level and
has shown no tendency to decline. This pronounced and persistent
increase in the variance of the distribution signals that forecasters
perceive the long-term inflation outlook to be more uncertain now
than before the Great Recession['d As a result, the distribution has
become less concentrated around levels that are consistent with the
definition of price stability. Interestingly, the increase correlates well
with an increase of the historical variance of annual inflation rates
in the euro area when computed recursively based on an expanding
sample starting in 1997; the latter increases from about 0.2 in 2007
to a little below 0.6 in 2014. Thus, it seems as if forecasters antic-
ipate that the increase in inflation volatility which emerged after
the Great Recession will be highly persistent—or even permanent—
rather than being relevant only to recent years or the short-term
outlook for inflation[ As a caveat, it should be mentioned that
the estimated level of long-term inflation uncertainty could be sub-
ject to bias reflecting the rounding behavior of forecasters when
they respond to the survey (see online appendix C for further
details).

Overall, the identified upward shift in the variance could be taken
to imply that the degree to which long-term inflation expectations
are anchored has diminished. The shift in the variance is consistent
with macroeconomic theories highlighting the implications of uncer-
tainty surrounding the central bank’s objective (Beechey, Johannsen,
and Levin 2011) and, in particular, the potential effects of the lower

181t is noteworthy that the upward adjustment came quite soon after the Great
Recession and the sovereign debt crisis was not associated with any further rise
in long-term inflation uncertainty.

9The above-identified upward break in the variance appears to be relatively
robust with respect to measurement error. For example, in online appendix B
we show how, across four different ways to estimate the variance, we identify the
same break in 2009:Q3 using both the LWZ test and the AP test.
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bound on nominal interest rates (Benhabib, Schmitt-Grohé, and
Uribe 2001). However, the higher variance is also consistent with
the view that forecasters believe it may take longer for the central
bank to achieve its price stability objective, e.g., as a result of more
persistent and volatile shocks in the future or a perceived change in
the transmission of monetary policy. It does not necessarily imply
that they have reduced their belief in the ECB’s ability to ultimately
achieve that objective over a longer horizon than the five years to
which the survey data relate. Nonetheless, our findings highlight
an important challenge for monetary policy and its communication;
namely to limit any further the rise in the uncertainty surrounding
long-term inflation prospects.

3.6 Breaks in Symmetry and Tail Risk

Figure 3 and table 1 also report the results of the break analy-
sis for the skewness and tail risk in the distribution of long-term
expected inflation in the euro area. The time path of the average
skewness provides insight on possible changes in the symmetry of
the distribution and may thus signal concerns among forecasters
about long-term inflation risks either to the upside or the downside.
The analysis reveals that, since 2010:Q1, the forecast densities are
negatively skewed, on average, whereas prior to this date they were
broadly symmetric. This means that since the Great Recession fore-
casters have assigned a greater share of the overall probability mass
to relatively low as opposed to relatively high inflation outcomes.
This finding of a negatively skewed distribution is in line with our
previous result of a possible downward break in mean expectations
with a higher and more stable mode. It is also precisely what is pre-
dicted by macroeconomic models which incorporate a lower bound
constraint on nominal interest rates (e.g., Coenen and Warne 2014;
Hills, Nakata, and Schmidt 2016). Interestingly, according to both
the LWZ and AP test results reported in table 1, the break in skew-
ness occurred relatively soon after the Great Recession and prior to
the break in mean expectations. The tendency toward a negatively
skewed distribution has also been highly persistent and has lasted
up to the end of our sample in 2017:Q1. At the same time, these
results have to be taken with some caution because the alternative
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SupF-test identifies no break in skewness 2 For the kurtosis, only
the AP test identifies a small increase in tail risk. However, the long-
term inflation density is platykurtic, which means that forecasters
believe that, relative to a normal distribution, less of the inflation
uncertainty is associated with infrequent tail events. Overall, there-
fore, the survey data tend to give relatively small weight to tail risks
for inflation“]] Importantly, as we show in online appendix C, esti-
mates of kurtosis appear to be the most uncertain and the most
sensitive to approximation error, in particular linked to rounding
behavior on the part of respondents. Using other moment estima-
tion techniques, we find no clear evidence of a break in kurtosis (see
online appendix B).

4. Co-movement of Moments with other Variables

The previous section provided evidence that the distribution of long-
term inflation expectations in the euro area changed in the period
since the Great Recession. In particular, our analysis shows that the
distribution experienced a modest downward shift in its mean, a
more sizable and significant increase in its dispersion, and a persis-
tent negative skewness. As discussed in the introduction, a second
way to shed light on how well-anchored long-term inflation expec-
tations have been is to examine the strength of their co-movement
with other economic variables. In a perfect world with no uncertainty
about monetary policy effectiveness, we might expect to observe no
correlation between moments of the distribution of expectations and
other macroeconomic developments. However, in a world with uncer-
tainty and learning on the part of private agents, some co-movement
even with short-term macroeconomic developments at business cycle
frequencies can be expected. In such circumstances, an increased
sensitivity of long-term inflation expectations to such factors would

20Tn online appendix B we provide further information on the robustness of this
break in skewness. We find that most moment estimation methods that allow for
asymmetry do identify a break in the first half of 2010, in line with our baseline
results.

21This is a well-known finding in the literature exploiting such data. It is a
direct consequence of the fact that many participants in the SPF attach posi-
tive probability weights to only a very limited number of the bins in the survey
questionnaire (see Kenny, Kostka, and Masera 2015).
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be indicative of a change in the degree to which expectations are
anchored.

In this section, we use panel regressions to examine the co-
movement between the first two moments of the distribution of
expected long-term inflation with other economic variablesP2 The
proposed panel analysis offers a way to exploit the individual-level
replies in order to assess the extent of average co-movement of
mean long-term expectations and long-term inflation uncertainty
with other variables. In particular, the regression coefficients repre-
sent the average co-movement that is derived from the micro data.
Hence, these coefficients, and the co-movements that they identify,
match very well the macroeconomic focus of the study. In particular,
we exploit the individual expectations in a panel setting to address
the following questions: Are there factors that co-move strongly with
long-term inflation expectations and uncertainty? Did the role of
such factors change after 2007, the year in which the financial crisis
began to unfold? Can we identify any coincidences between recent
monetary policy events—such as the hitting of the ELB on nominal
interest rates or the introduction of nonstandard monetary policies—
and changes in the first two moments of the distribution? We first
present the results for the mean and then turn to the analysis of the
variance.

4.1 Long-Term Mean Inflation Fxpectations

To examine the co-movement between mean expectations and other
macroeconomic developments, we consider the following set of vari-
ables: First, we consider the change in forecaster-specific short-
term (one-year-ahead) and medium-term (two-year-ahead) infla-
tion expectations (dE;[m(1ly)]: and dE;[7(2y)];). In addition, we
look at the reaction of long-term expectations to past short- and
medium-term forecast errors for inflation, again at the individual
level (7 — E;[r(1y)]t—4 and m — E;[7(2y)]:—s). To capture perceived

22We focus on the first two moments because these are the ones for which we
can readily identify a set of appropriate covariates. However, given the results
of the break test analysis in section 3 above, the examination of co-movement
with other higher moments or with the interval probabilities discussed in section
3 represents an interesting avenue for future empirical research.
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structural changes linked to possible concerns about secular stagna-
tion and deflationary equilibriums, we include the change in long-
term expectations for GDP growth (dE;|[GDP(5y)]:) and the unem-
ployment rate (dF;[U(5y)]:) from the SPF. In the spirit of Levin,
Natalucci, and Piger (2004), who show that long-term inflation
expectations in the United States and the euro area were highly
correlated with a slow moving average of inflation over the period
1994 to 2003, we also consider an inflation “performance gap” as
the difference between recent long-term expectations and a (five-
year) moving average of past inflation (MA(7);—1 — E;[7(5y)]t—1)-
In addition to these forecaster-specific variables, we consider the
possible co-movement with factors that are common across fore-
casters, such as shocks to the inflation process itself, as reflected
in the recently observed change in the inflation rate (dm;—1). Also,
we consider the change in the volume of the ECB’s balance sheet
(dCBBS;_1) as a monetary policy indicator that is associated with
recent unconventional monetary policies and quantitative easing,
with the expectation that an expansion of the balance sheet might
potentially lead agents to change their expectation of the long-term
inflation rate upward. To control for important monetary policy
changes, we additionally include a dummy variable for quarters fol-
lowing the announcement of important nonstandard monetary poli-
cies (M PAt and a dummy capturing the hitting of the effective
lower bound (ELBt)

Z3The events are the introduction of enhanced credit support on May 7, 2009;
the introduction of the Security Market Program (SMP) on May 10, 2010; the
introduction of the Outright Monetary Transaction (OMT) program on August
2, 2012; the introduction of forward guidance on July 4, 2013; the introduction
of the enhanced asset purchase program (APP) on January 22, 2015; and the
extension of the APP on March 10, 2016.

Z4There is some uncertainty concerning the precise date on which the effec-
tive lower bound became binding in the euro area. Our empirical analysis
reflects this uncertainty, with the ELB dummy taking a value of one for the
two survey rounds after July 11, 2012 and June 5, 2014, and zero otherwise.
These dates correspond, respectively, to the policy meetings when the ECB
deposit rate was cut to zero and the rate on the ECB’s main financing oper-
ations was cut by 10 basis points to 0.15 percent. Our focus on the June
meeting reflects the ECB communication at that time. In particular, when
asked at the monetary policy press conference about future interest rate reduc-
tions, the president of the ECB stated, “I would say that for all the practi-
cal purposes, we have reached the lower bound. However, this doesn’t exclude
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We use an unbalanced panel regression with fixed effects to
look at the co-movement discussed above and to test whether the
correlation structure has changed since the Great Recession. Let
Aﬂ-i,t—&-ZO\t = 7ri,t+20|t — 7Ti,t—1+20\t—1 denote the Change in the 10Hg—
term inflation expectation of an individual forecaster. We regress
this change on forecaster-specific fixed effects and the set of proposed
covariates. Collecting the forecaster-specific variables in a vector X ;
and the common covariates in Y, the linear panel regression is given
by

AT 44001t = 0 + MPABypa + ELBBerp + XiiBx + YiBy + i,
9)

where €;; is an error term that we allow to exhibit both spatial
and temporal correlation (Driscoll and Kraay 1998) The parame-
ters Oy pa and Brrp and parameter vectors Ox and (y measure
the extent to which long-term expectations co-move with the other
variables. For perfectly anchored inflation expectations, we would
expect the effect of the two dummy variables to be insignificant and
also both Sx = 0 and By = 0.

Table 2 lists the results of estimations of equation (9). The first
column reports the coefficient estimates over the full sample and
without allowing for any break in the parameter values. The sec-
ond specification allows all parameters in the equation (except for
the fixed effects and the constant) to break after 2007:Q3, which we
chose because it represents the start of the Great Recession and the

some little technical adjustments and which could lead to some lower interest
rates in one or the other or both parts of the corridor. But from all prac-
tical purposes, I would consider having reached the lower bound today.” See
the “Introductory Statement to the Press Conference (with Q&A)” available at
https://www.ecb.europa.eu/press/pressconf/2014/html/is140605.en.html.

#Driscoll and Kraay (1998) suggest a nonparametric way for estimating stan-
dard errors that are heteroskedasticity- and autocorrelation-consistent and robust
to general forms of temporal and cross-sectional dependence. Their approach uses
cross-section averages of regressors and residuals to compute a heteroskedasticity-
and autocorrelation-consistent (HAC) estimator. Given that forecasters form
their predictions simultaneously and that professional forecasts are usually found
to be subject to information rigidities (Coibion and Gorodnichenko 2012; Dovern
et al. 2015), which cause forecast revisions to be autocorrelated, both features are
important. Ignoring them and assuming independently distributed error terms is
likely to results in an underestimation of the true long-term covariance.
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Table 2. Co-movement of Long-Term Inflation
Expectations with Other Variables

Without Break With Break
Full-Sample Pre-2007:Q4 | Change after
Coefficients Coefficients 2007:Q4
dE;[7(1y)] 0.011 0.006 0.010
(0.02) (0.04) (0.04)
dE;[7(2y)]: 0.177*** 0.205™** —0.052
(0.02) (0.05) (0.06)
(MA(7) — Ei[7(59)])t-1 0.155*** 0.187*** —0.026
(0.02) (0.04) (0.05)
7 — Ei[m(1ly)]t—a —0.006 0.003 —0.010
(0.01) (0.02) (0.03)
T — E;[m(2y)]i—s 0.007 0.017 —0.013
(0.01) (0.03) (0.03)
dE;|[GDP(5y)]: 0.007 0.019 —0.017
(0.03) (0.03) (0.06)
dE;[U (5y)]: —0.013 0.000 —0.019
(0.01) (0.02) (0.02)
dmi—1q 0.031** 0.032 0.001
(0.01) (0.02) (0.03)
dCBBS:-1 —0.160™" —0.882"** 0.764™*
(0.06) (0.34) (0.34)
MPA Dummy 0.018 — 0.016
(0.02) — (0.02)
ELB Dummy 0.011 — 0.012
(0.01) — (0.01)
Constant —0.000 —0.004 —
(0.01) (0.01) —
Observations 1,180 1,180
R? 0.195 0.204

Notes: Dependent variable is the change in long-term inflation expectations. Both
models include fixed effects for each forecaster. The constant is identified by restrict-
ing the average of the fixed effects to equal 0. We report the within R2. Standard
errors are computed using the method of Driscoll and Kraay (1998) and are robust
against general forms of spatial and temporal dependence. *, ** and *** denote
significance at the 10 percent, 5 percent, and 1 percent level, respectively.

launch of monetary policy measures aimed at mitigating turbulences
in financial markets. The table reports the coefficients for the sample
period prior to the Great Recession (second column) as well as the
estimated change in the coefficients after the Great Recession, i.e.,
from 2007:Q4 onward (third column).
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Looking first at the full-sample results, we observe that only a
few of the marginal correlations are significantly different from zero.
In particular, those are the correlations with the change in two-
year inflation expectations and with the inflation performance gap.
For example, long-term inflation expectations are revised by roughly
0.18 pp, on average, when two-year-ahead expectations move by
1 pp. Thus, the co-movement is relatively strong, supporting evi-
dence from U.S. household expectations provided by Dréger and
Lambla (2013). Also, according to the estimated parameter values
on the inflation performance gap indicator, a 1 pp deviation of the
past inflation trend above the announced price stability objective is
associated with an upward revision in long-term inflation expecta-
tions of just above 0.15 pp. This co-movement potentially highlights
the importance of the central bank actually hitting the inflation tar-
get in the medium run if long-term inflation expectations are to be
stabilized. The observed co-movement is in line with macroeconomic
theories which allow for uncertainty about the central bank objec-
tive. For example, if private agents are uncertain about the true
inflation objective held by the central bank, they may adjust their
long-term inflation expectations upward in response to past inflation
trends (see, for example, Beechey, Johannsen, and Levin 2011).

In our panel regression results, we also find some quantitatively
less important but significant co-movement with the change in actual
inflationPd The only other significant parameter estimate corre-
sponds to the change in the size of the ECB’s balance sheet. The
negative sign appears counterintuitive at first and demonstrates that
the estimates should not be interpreted causally. A valid interpreta-
tion is not that expanding the balance sheet causes inflation expec-
tations to decline. Instead, reverse causality is the most plausible
explanation and, also, possible omitted-variable bias. For example,
a plausible explanation of the negative co-movement is that the ECB
anticipated a decline in inflation expectations and responded with
expansionary measures that were associated with an expansion of the
balance sheet. On the other hand, both the ECB and the forecasters

26This is in contrast to Beechey, Johannsen, and Levin (2011), who find a
response of long-term inflation expectations to inflation news for the United
States but not for the euro area. However, the sample period used in their study
did not cover the period associated with the aftermath of the Great Recession.
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included in our panel could simply respond to other macroeconomic
news that we do not capture with our variable selection.
Concerning the two monetary policy dummies, we find no evi-
dence for any co-movement with our measure of mean long-term
expectations. This implies that the hitting of the ELB and the
announcement of nonstandard measures were not immediately fol-
lowed by a change in inflation expectations. This result is not so
surprising given the other controls and co-movement that we have
captured in the regressions. For example, it is entirely plausible that
the effects of the ELB and the announcement of nonstandard meas-
ures are captured via the co-movement with two-year-ahead expec-
tations. The result may also be due to the low frequency of the SPF
data, which makes it harder to connect changes in expectations to
specific events. Based on higher-frequency data, Karadi (2017) finds
that nonstandard measures helped to prevent long-term inflation
expectations in the euro area from becoming unanchored after 2013.
The reported changes in the coefficients after 2007:Q4 suggest
that the estimated co-movement did not change much after the
Great Recession. An F-test of the joint hypothesis that none of
the model’s coefficients exhibits a structural break in 2007 does not
reject this hypothesis. The only coefficient that changes significantly
is the one corresponding to the ECB’s balance sheet variableP] The
pre-2007:Q4 estimate is strongly negative and highly significant,
suggesting that this period also drives the full-sample results. In
contrast, the overall estimate for the sample since 2007:Q4 is much
smaller in absolute value and only significant at the 10 percent level.
In summary, the panel regressions suggest that the process gov-
erning the means of the subjective forecast distributions is far away
from a simple stylized case where the inflation objective is a universal
constant and where there is “blind faith” in the ability of the central
bank to achieve this objective. Instead, this process is more in line
with theories emphasizing uncertainty about the monetary policy
transmission mechanism in which agents update their beliefs about
long-term inflation in response to relevant shocks. However, there is

2TThese results are clearly a reflection of the major structural break in the bal-
ance sheet data after the onset of the financial crisis. Changes in the balance sheet
size were very small and regular before 2007 and larger and also more volatile
afterward.
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no evidence of a substantially higher sensitivity to the main covari-
ates following the Great Recession. This result is also in line with
previous results in section 3, where we identified at most only weak
evidence that mean inflation expectations had declined following the
Great Recession. At the same time, the co-movement that we have
identified highlights that the anchoring of the mean of this distribu-
tion can in no way be taken for granted. Online appendix B provides
more detail on our empirical results and highlights how, although the
values of some of the estimates can change slightly, they are gener-
ally very robust across different moment estimation strategies. In
particular, the strong co-movement of both the medium-term infla-
tion expectations and the central bank performance gap measure
with long-term mean expectations as well as the relative stability of
coefficients across both subsamples are confirmed for several different
moment estimation techniques.

4.2 Long-Term Inflation Uncertainty

We now turn to the co-movement of long-term inflation uncertainty
with other variables. We follow the same analytic approach but
adjust the set of covariates to correspond to the change in the depen-
dent variable. In particular, we now look into the co-movement with
the change in short- and medium-term inflation uncertainty (instead
of expectations), and with the absolute values of lagged forecast
errors and the difference between recently held long-term expecta-
tions and the five-year moving average of past inflation. We also
consider the co-movement with long-term uncertainty about growth
and the unemployment rate (instead of expectations), and with the
absolute values of changes in the inflation rate and the size of the
ECB balance sheet size.

Table 3 reports the results of the panel estimation for long-term
inflation uncertainty. Compared with mean expectations, the results
suggest that a higher share of variation of long-term inflation uncer-
tainty can be explained by movements in the covariates considered
(R? of 0.39 for the full sample). The main findings are as follows:
First, long-term inflation uncertainty co-moves strongly with infla-
tion uncertainty at a two-year horizon. Second, absolute changes in
the current inflation rate are positively correlated with long-term
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Table 3. Co-movement of Long-Term Inflation
Uncertainty with Other Variables

339

Without Break With Break
Full-Sample Pre-2007:Q4 | Change after
Coefficients Coefficients 2007:Q4
dV;[m(ly)]: 0.067 —0.012 0.134
(0.05) (0.08) (0.09)
dV;[m(2y)]:e 0.265™** 0.417*** —0.231*"
(0.05) (0.08) (0.09)
|(MA(7) — E;[m(5y)])t—1] 0.005 —0.014 0.026
(0.01) (0.02) (0.02)
|7 — Ei[r(1y)])¢—al 0.003 0.004 0.001
(0.01) (0.02) (0.02)
|7 — Ei[m(2y)]e—s] —0.003 —0.005 0.004
(0.01) (0.01) (0.02)
dV;|[GDP(5y)]: 0.250"** 0.282"** —0.077
(0.04) (0.05) (0.07)
dV;[U (5y)]¢ 0.1017** 0.074** 0.048
(0.02) (0.03) (0.04)
|dme—1] 0.021"** 0.032** —0.015
(0.01) (0.01) (0.01)
|dCBBS;—1| —0.082" —0.323** 0.296"
(0.04) (0.16) (0.17)
MPA Dummy 0.020*** — 0.021***
(0.01) — (0.01)
ELB Dummy —0.004 — —0.001
(0.01) — (0.01)
Constant —0.000 —0.003 —
(0.00) (0.00) —
Observations 1,180 1,180
R? 0.388 0.402
Notes: Dependent variable is the change in long-term inflation uncertainty. Both
models include fixed effects for each forecaster. The constant is identified by restrict-
ing the average of the fixed effects to equal 0. We report the within R2. Standard
errors are computed using the method of Driscoll and Kraay (1998) and are robust
against general forms of spatial and temporal dependence. *, ** and *** denote
significance at the 10 percent, 5 percent, and 1 percent level, respectively.

inflation uncertainty. Thirdly, we find a strong and highly signif-
icant positive co-movement with the perceived uncertainty about
long-term growth rates and the long-term unemployment outlook.
The panel regressions for uncertainty also reveal some important
co-movement with the indicators linked to monetary policy. In the
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full-sample estimation, a higher absolute change in the volume of
the assets held by the ECB tends to be associated with, on average,
a reduction in long-term inflation uncertainty. However, when one
considers the persistent rise in long-term uncertainty highlighted
in section 3, the changes in ECB balance sheet in absolute terms
did not fully insulate long-term inflation uncertainty from the other
factors discussed above. Looking at the coefficients corresponding
to the monetary policy dummies, we find that the announcement
dates for nonstandard measures were generally associated with an
increase in inflation uncertainty in the subsequent survey round,
although this correlation is quantitatively less important than the
above-mentioned downward effects3 On the one hand, this might
indicate that the announcement of these monetary policy measures,
as a side effect, led to a slight increase in long-term inflation uncer-
tainty because forecasters had no historical experience on which to
assess their transmission and the long-term implications for infla-
tion. However, the co-movement may also reflect factors that the
regression fails to control for and which simultaneously led to an
increase in uncertainty and to the monetary policy announcements.

Looking at the second and third columns of table 3, we observe
that many of the estimated coefficients do not change significantly
after 2007:Q4. Apart from the coefficient on nonstandard monetary
policy announcements, which is zero by definition in the pre-2007:Q4
sample, there are only two other individual parameters that exhibit
a statistically significant change. First, the correlation with medium-
term inflation uncertainty drops significantly after 2007. Second, the
negative correlation with the absolute change in the balance sheet
volume increases and is no longer significantly different from zero at
a 5 percent significance level after 2007. Thus, similar to our results
for mean expectations, we do not find evidence of a de-anchoring
of the distribution that would be associated with an increase in the
co-movement of long-term inflation uncertainty with other variables
after the Great Recession. Nonetheless, the co-movement that we

28Coenen et al. (2017) have also recently studied the effectiveness of ECB
communication during the period of unconventional policies. They show in par-
ticular how stock market uncertainty declined following several unconventional
policy announcements but also that it rose following other announcements. These
authors report evidence that the clarity and detail of the communication was an
important factor for those occasions when it reduced uncertainty.
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do identify highlights a number of potentially important forces that
may be behind the rise in long-term inflation uncertainty that was
highlighted in section 3.

Online appendix B analyzes in more detail how the chosen
moment estimation technique may affect the inflation uncertainty
regressions. It shows again that, with one or two exceptions, much
of the significant co-movement is not dependent on a particular mea-
sure of the variance, although the value of estimates changes con-
siderably in some cases (perhaps not surprisingly, given that many
of the insignificant coefficients exhibit very large standard error).
Across all moment estimation strategies considered, we observe
significant co-movement with short-term inflation uncertainty and
volatility in actual inflation, as well as with long-term growth uncer-
tainty. Also, for all measures, we observe the positive effect on
long-term inflation uncertainty associated with nonstandard policy
announcements

5. Discussion and Conclusions

In this paper we have studied the key properties of the distribu-
tion of long-term inflation expectations in the euro area and the co-
movement of key moments of this distribution with other variables.
Our primary purpose has been to assess the extent to which the
Great Recession and its aftermath, including the onset of a period
in which the effective lower bound on nominal interest rates started
to bind, led to any perceptible changes in this distribution. A word
of caution is warranted, however, due to the fact that (i) our post—
Great Recession sample is small and (ii) the reported probabilistic
forecasts are often rounded, which raises the possibility of distortions
linked to measurement error. Both factors make it difficult to detect
structural breaks and to determine, particularly toward the end of
the sample, whether breaks are temporary or permanent. However,
our results appear robust across a number of different testing pro-
cedures and moment estimation methods. Our main findings add to
the recent evidence provided in Autrup and Grothe (2014), Strohsal

9 There are, however, some differences linked to the changes in the coefficients
in the second half of the sample that are discussed further in online appendix B.
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and Winkelmann (2015), and Speck (2016) and fall into three broad
categories, which we discuss below.

First, and in contrast to most existing studies which have focused
only on mean expectations or representative indicators extracted
from financial markets, our analysis targets the entire subjective
forecast distributions for long-term inflation by looking for breaks
in the entire distribution, in interval probabilities, and in the first
four moments. Hence, we can provide additional information about
how long-term inflation uncertainty, the balance of long-term infla-
tion risks, and the risk of extreme inflation events may have changed
since the Great Recession. We find evidence for a change in the distri-
bution around the time of the Great Recession as well as complemen-
tary evidence for significant breaks in each of the first three moments
of the distribution. All of the latter evidence points toward a height-
ened risk of lower inflation outcomes. Importantly, we document a
small downward shift in the mean long-term inflation expectations
around 2013 soon after the intensification of the euro-area sover-
eign debt crisis. However, the most likely inflation outcome as rep-
resented by the mode of the distribution has been much more stable.
Also, both the mean and the mode remain broadly aligned with the
ECB’s definition of its price stability objective of “below but close to
2.0 percent.” In addition, however, our analysis of higher moments
of the distribution points to a reduction in how tightly expecta-
tions are anchored at this level. For example, we document a sub-
stantial increase in uncertainty about long-term inflation prospects
compared with the period prior to the Great Recession and also a
tendency toward a negatively skewed long-term distribution with
a higher probability mass attached to relatively low inflation out-
comes. The finding of a negatively skewed distribution is precisely
what is predicted by macroeconomic models which incorporate a
lower bound constraint on nominal interest rates (see, for example,
Coenen and Warne 2014 or Hills, Nakata, and Schmitt 2016).

Second, our study has uncovered substantial co-movement
between the first two moments of the distribution of long-term infla-
tion expectations and various macroeconomic indicators, including
other expectations and indicators capturing the effects of monetary
policy. Such co-movement implies that the process governing the dis-
tribution is far away from a simple stylized case where the inflation
objective is a universal constant and where there is “blind faith” in
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the ability of the central bank to achieve this objective. Instead, the
co-movement that we identify is in line with theories in which agents
update their beliefs about long-term inflation in response to certain
shocks (Orphanides and Williams 2004, 2007). For example, we find
that persistent periods of lower-than-expected inflation are associ-
ated with a downward revision in long-term inflation expectations.
In this sense, our results suggest that long-term inflation expecta-
tions are not completely forward looking. Ultimately, they tend to be
influenced by the ex post historical track record of the central bank
relative to its announced objective. Such results provide strong sup-
port for recent concerns about inflation remaining “too low for too
long” (e.g., Draghi 2014) and the motivation behind unconventional
monetary policies aimed at avoiding a persistent undershooting of
the price stability objective. Regarding our central question, how-
ever, these empirical relationships existed also prior to the Great
Recession and, overall, they do not appear to have strengthened in
its aftermath.

Third, our analysis sheds light on how forecasters update their
assessment of long-term inflation uncertainty in response to macro-
economic developments. Factors which influence this assessment
include the volatility in recent inflation rates and perceptions of
increased inflation uncertainty at shorter horizons. Also, calling to
mind the correlated long-term risks associated with the prospect of
secular stagnation discussed in Eggertson and Mehrotra (2014) and
Summers (2014), our results suggest that longer-term uncertainty
about growth and unemployment can spill over into increased uncer-
tainty about long-term inflation. This empirical relationship may
help explain the large upward shift in long-term inflation uncer-
tainty in the euro area following the Great Recession. Concerning
the role of recent nonstandard monetary policies, our sample is such
that we must limit ourselves to an assessment of how inflation uncer-
tainty changed after key monetary policy announcements. Once we
control for other factors, we find that the announcement dates for
nonstandard measures were generally followed by a modest increase
in inflation uncertainty. Although this result must be interpreted
with caution, it may highlight how such measures led to a slight
increase in long-term inflation uncertainty because forecasters had
no historical experience on which to assess their transmission and
the long-term implications for inflation.
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In conclusion, by focusing on the full distribution and by exploit-
ing individual-level data, we have been able to make an innovative
contribution to the empirical literature trying to understand the
process governing the formation of long-term inflation expectations.
Many of our findings are well predicted by macroeconomic theory
stressing the effects of uncertainty about monetary policy and the
implications of constraints such as the lower bound on nominal inter-
est rates. However, a number of open questions remain for future
research. These include an analysis of whether expectations of other
agents such as private households or financial market participants
show similar tendencies to the ones that we have identified. Also,
further work is needed to jointly model monetary policy, the busi-
ness cycle, and the formation of inflation expectations in ways which
can help identify the causal mechanisms that may be behind our
empirical results.
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