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SUMMARY: This paper analyses the anchoring, i.e. stability, of long-term infla-
tion expectations, as well as further moments of the distribution, as perceived by the
professional forecasters in the euro area and the US. Evaluation is initially performed
on the basis of sensitivity to innovations to observed inflation, short- and medium-
term individual forecast news. News are defined in a subjective sense and derived
from revisions to shorter-term fixed-target forecasts. The assessment tests for presence
of non-linear effects, including regime changes during disinflation in the US in the 90s
and the recent financial crisis. Secondly, anchoring is evaluated in terms of level evo-
lution, based on structural non-linear and non-gaussian learning models, used to un-
cover the presence of common trend, underlying the long-term dynamics of inflation,
individual expectations and uncertainty. The findings suggest relatively well-anchored
expectations. As regards sensitivity, point expectations in the euro area are perfectly
anchored. Although there is presence of non-stationary common process underly-
ing individual expectations and inflation realisations, most forecasters project the ex-
ante long-term considerably below trend inflation, a phenomenon documented and
named here collective stabilisation bias. Long-term uncertainty proved unrelated to
both level and changes in the inflation process. In the US there is higher sensitivity to
the shorter term, which has diminished significantly after 1999, possibly contributing
to stationarity in the underlying inflationary process and absence of collective bias.
Both currency areas demonstrate remarkable resilience to shocks during the financial
markets crisis.

JEL classification: E52, E31, C52
Keywords: monetary policy; uncertainty and risk; heterogeneity; imperfect knowl-
edge; collective bias; subjective expectations and forecast news; beliefs.
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1. Introduction

Long-term inflation expectations are the equilibrium level towards which
inflation would converge, after the effects of short-term shocks and initial
conditions have disappeared, and monetary policy directed towards the me-
dium-term has become fully effective. Thus, long-term inflation expectations
are determined by the declared monetary policy inflation objective and its
credibility. If not declared, they are determined by the perceived monetary
policy inflation objective and its attainability. As such, their anchoring, i.e.
stability, is critical for both monetary policy evaluation and modelling of the
inflation process.

This paper analyses the anchoring, stability, of long-term inflation expec-
tations, as well as further moments of the distribution, as perceived and re-
ported by the professional forecasters in the euro area and the United States.
This way, this investigation examines private sector’s subjective beliefs on
the state and prospects of the only two reserve currencies in the world. Both
are subject to similar monetary policy strategies with strong focus on infla-
tion stabilisation. Communication strategies, however, differ, with a formally
announced upper bound of 2 per cent on euro area’s inflation objective,
and no such for the US. The experience during the financial markets crisis
coupled with severe recession has accentuated on the parallels, while at
the same time shifting the debate towards the ability of monetary policy
to deliver desired results under a disrupted monetary transmission mecha-
nism. Three years into the crisis, professional economists and wider public
still seem to differ as to the future long-term implications of monetary accom-
modation, which has been implemented through non-standard or unconven-
tional measures. Polar views range from monetarists motivated by Friedman
(1968) predicting higher long-term inflation spurred by high money growth,
as well as a deflationary spiral motivated by Minsky’s (1986) liquidity trap.

In order to address the subject of anchoring, the analysis presented in
the paper departs from some of the constraints imposed by the rational ex-
pectations framework, where the presence of full information presumes per-
fectly anchored inflation expectations at all times, meaning that the inflation
objective is perfectly known, fixed, attainable and fully credible. Moreover,
there is no judgement and heterogeneity, with all individuals holding the same
opinion.

The analysis finds theoretical motivation in the literature on learning un-
der imperfect knowledge, such as Orphanides and Williams (2005). Under
imperfect knowledge the inflation objective is imperfectly known or credible,
and the private sector would need to learn it from historical and incoming
data, or apply judgement as regards the effectiveness of monetary policy
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actions. Then long-term inflation expectations can be well-anchored or alter-
natively poorly anchored. Moreover, the state of long-term expectations can
evolve through time.

Orphanides and Williams (2005), define well-anchored expectations in
terms of levels, i. e. private sector’s shorter-term projections could be time-
varying, as the structure of the underlying econometric model, but should
not be drifting away from the inflation objective or underlying inflation mean
for considerable periods of time. Bernanke (2007) formulates a definition in
terms of sensitivity irrespective of the level, i. e. long-term being relatively
insensitive to incoming data on inflation.

The paper translates this theoretical guidance into empirical sensitivity
tests on anchoring, followed by evaluation of inflation dynamics on the basis
of alternative structural non-gaussian learning models. More specifically, the
stability of long-term expectations is initially tested with respect to changes in
inflation realisations, short- and medium-term individual forecast news. The
latter are defined in a subjective sense and derived from revisions to shorter-
term fixed target forecasts. Subjective forecast news capture the impact of all
individually perceived new information, deemed relevant for expected infla-
tion dynamics at corresponding horizons. The applied non-structural robust
panel regression method is chosen due to its minimal reliance on a priori
assumptions on the distribution of news and innovations. The assessment
also tests for presence of non-linear effects, including seasonality and regime
changes during disinflation in the US in the 90s and the recent financial crisis.

Anchoring is further evaluated in terms of structural models of the level
of individual long-term inflation expectations and further moments, and their
potential role for the dynamics of the inflation process. This is performed
by applying a recently extended recursive maximum-likelihood methodol-
ogy by Chang, Miller and Park (2009) to uncover and evaluate the potential
presence of a common unobserved trend between ex-post realisations and
ex-ante individual expectations in the long-term. The paper, however, differs
from other studies in the inflation dynamics literature, such as Kim and Nel-
son (1999) and Tetlow (2008), by anchoring the underlying process of infla-
tion dynamics to survey expectations, as well as from empirical literature on
imperfect knowledge, e.g. Orphanides and Williams (2005), by incorporating
in the model the full set of individual survey forecasts and their evolution.

In addition to analysing point expectations, for the euro area the paper
offers comparative assessment based on own estimates of expectations and
uncertainty derived from individual probability forecast reports. This is ac-
complished by non-linear least squares fitting methods developed and ap-
plied also in other contexts by Zarnowitz and Lambros (1987), Giordani and



Soderlind (2003) and D’Amico and Orphanides (2006), Boero, Smith and
Wallis (2008), Rich and Tracy (2010).

The findings suggest relatively well-anchored expectations. In terms of
sensitivity to innovations and news, point expectations in the euro area are
perfectly anchored. Although there is presence of non-stationary common
process underlying individual ex-ante expectations and ex-post inflation re-
alisations, most forecasters project the ex-ante long-term considerably below
trend inflation, a phenomenon documented and named here collective sta-
bilisation bias. Long-term uncertainty proved unrelated to both level and
changes in the inflation process. No evidence was found for a regime change
after the onset of the financial markets crisis. All this provides monetary poli-
cy makers in the euro area with a safety margin inspiring less activism during
periods of stronger inflationary pressures and high inflation uncertainty in
the long-term.

In the US there is higher sensitivity to the shorter term, which has dimin-
ished significantly after 1999, and probably led to the observed stationarity
in the underlying inflationary process and absence of collective bias. No sig-
nificant change is found in the structurally modelled inflationary process or
sensitivity to short-term transitory shocks during the financial markets crisis,
demonstrating remarkable resilience.

Looking forward, there is strong case for further monitoring the state of
long-term inflation expectations and further moments, as monetary policy
makers start unwinding their non-standard and non-conventional monetary
stimulus measures. In the case of the euro area, where some non-stationarity
is observed, measures of long-term expectations derived from the probabil-
ity forecasts can be used to give earlier warning to policy makers, due to
their revealed property of showing more sensitivity and alignment with un-
observed trend inflation.

2. Moments of the distribution of long-term inflation:
identification, estimation, aggregation

| use quarterly reports on individual inflation forecasts form the surveys of
professional forecasters in the euro area and the US. The sample period ends
at 2009Q4, spanning over the challenging period of the financial markets
turmoil. In the case of the euro area, the survey starts with the introduction
of the euro 1999Q)1. The forecasts target HICP inflation, the harmonized in-
dex of consumer prices, which quantifies the upper bound on ECB’s inflation
objective (close, but below 2 per cent). The panel of respondents consists
of 100, more recently 107, individuals and institutions with about 60 partici-
pants per round. For the US, only long-term inflation forecast on CPI (Con-
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sumer Price Index) cover a comparable period, starting from 1991Q4. The
CPl is not that closely linked to monetary policy, because judging by official
reports, the Fed’s preferred measure on inflation for monetary policy pur-
poses would be the Core PCE (Personal Consumer Expenditure Price Index).

Each forecast i for target year n produced at time tis described by a direct
expectation measure - the point estimate 7," t, most likely outcome, and a
probabilistic forecast - discrete probability distribution, reflecting the respon-
dent’s beliefs that the outcome would fall within each of the predetermined
intervals. In the case of US, only point expectations data on long-term fore-
casts of CPI are available.

| derive individual measures of expectations and uncertainty from report-
ed probability distribution. | assume that reported probabilities are distrib-
uted uniformly within each interval, and that the distribution underlying the
forecast is normal.' | estimate the mean ,u,t and standard deviation &' . by
matching, as close as possible, the empirical probabilities reported in the
histogram with the theoretical ones generated from a normal distribution. |
implement this by fitting though a least squares procedure the empirical and
theoretical normal cumulative probability distributions (CDFs) rather than
the probability distributions (PDFs), as motivated by Wallis (2003) and ap-
plied by D’Amico and Orphanides (2006) in the case of the US.

Each of the moments of the individual forecasts form cross-sectional
probability distributions. Percentiles of the distribution reflect the value be-
low which certain percent of observations fall. The median represents the
observation at the 50th percentile of the data, i.e. the value below which 50
per cent of the data falls, while the interquantile range signifies the difference
between the observations at the 75th and 25th percentiles.

The central tendency reflects the consensus amongst forecasters while
their dispersion - the disagreement. Here those are represented by corre-
spondingly the median and the interquantile range (level difference between
the 75th and 25th percentiles of the distribution) as measures robust to outliers
and imperfect knowledge of the shape of the cross-sectional distribution.
Consensus measures are denoted as point expectations n_ derived ex-
pectations ,unt and uncertainty Gnt, while their correspondents in terms
ofdisagreement - by ¢nt,¢nt and Gy .

! To perform robustness checks, I also estimate measures of expectations and uncertainty under
two non-parametric alternatives: the uniform assumption, according to which reported probability
mass is spread uniformly within each interval and between interval borders (as in Zarnowitz and
Lambros, 1987), and the mid-point assumption, under which the probability mass is concentrated
in the center of each interval. Since their use in the statistical analysis produced very similar results,
those are not reported.



Figure 1 shows the evolution of the cross-sectional distribution of expect-
ed long-term inflation in the euro area. It is relatively fixed, with little and
declining dispersion in beliefs amongst forecasters. Up to 2003Q1, there is
considerable convergence in the center of the distribution leading to lower
dispersion in terms of interquantile range. This must have had an impact on
monetary policy communication since in March 2003, i.e. after the 2003Q]1
survey round, conducted in mid-January, the ECB redefined its price stabil-
ity objective from ‘below 2 per cent’ to ‘below 2 per cent, but close’. The
observed convergence, however, seems to be due to lower-forecast levels in-
creasing, with 75th percentile remaining fixed throughout the period. While
the convergence occurs in the center of the distribution, outer percentiles
are more persistently spread out. Consensus expectations are stable, with
only small deviations from 1.9 per cent. Those deviations are positive dur-
ing the last five quarters of the sample period, while zero or negative be-
fore, which provides an impression of a slight upward creep. Thus, only after
2007Q3, the survey conducted just a few weeks before the financial markets
turmoil in August 2007, consensus expectations approach levels not entirely
consistent with the ECB’s numerical definition of price stability.

In comparison, the long-term inflation expectations in the US depicted on
Figure 2 show considerable convergence up to 1998, followed by a period
of relative stability both in terms of consensus and disagreement. There is a
slight rise in disagreement during the financial markets turmoil. The hetero-
geneity in the center of the distribution is relatively large compared to the
euro area.

From this preliminary look at the data, it seems that long-term inflation
expectations are heterogeneous both in terms level and dynamics, which
evolve through time. It would be useful to identify the main shared tendency
driving the cross sectional developments. Methods should incorporate the
possibility of a common trend, which might be particularly important for the
euro area and possibly the US in the 90s.
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Figure 1

LONG-TERM INFLATION EXPECTATIONS IN THE EURO AREA:
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3. Methodology

The anchoring (stability) of long-term inflation expectations is evaluated
in terms of sensitivity - responsiveness to shocks, and in terms of level evolu-
tion. To address the first issue | employ non-structural tests based on robust
panel estimations, while for the second | employ structural non-linear identi-
fication of unobserved common trend dynamics.

3.1. Sensitivity tests

The key to testing the anchoring of long-term inflation expectations is
their sensitivity to current information. Since the paper analyses subjective
beliefs and imperfect knowledge, | use for identification non-structural panel
regressions, which impose minimum a priori assumptions on the distribu-
tions of innovations and news.

Revisions to the fixed target forecast show the impact of the arrival of
new information on expected inflation developments. For example, revisions
to the moments of long-term forecasts Am, elons Leveal changes in beliefs on
the equilibrium state of inflation, after |n|t|al condltlons and short-term shocks
have disappeared. It is possible that those changes are linked to observed
shocks to the inflation process. Under imperfect knowledge, those can be
partly due to permanent shocks to the sample mean and transitory shocks.
For example, at time t the inflation rate ©,, becomes available, changes in
the current inflation rate would contain permanent, Anelong and transitory
innovations Av,

Am,, = AnS "8 + Av,,.

| utilise the fixed target shorter-term forecasts to compose consistent prox-
ies for forecast news, subjective to the information, model and judgement of
each individual forecaster. The current and next year forecasts | use to derive
proxies for the moments of short-term news Ar, eNewsS forecast innovations
4 to 1 quarters forward, which capture currently observed shocks and one-
step-ahead revision to the path of all other predictable variables considered
by the individual forecaster. The next and year after forecasts | use to derive
medium-term news Ar, ™" innovations 8 to 5 quarters forward, which
contain the impact of expected monetary policy actions, as well as one-step-
ahead revisions to the path of all other predictable variables, which might be
considered by the individual forecaster.

| estimate separately the sensitivity of long term inflation expectations
and further moments of the distribution 7, ", to the corresponding mo-
ments of these three proxies for incoming data WhICh leads to the following
sets of regressions:
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An,-/te long _ BAnAnt + ASI,IAT[ (1)
Anme long — B7[e News S ni’te News S + Agl,tne News S (2)
Ani’te long — Bne News M n[/te News M + Agl,tne News M (3)

When perfectly anchored, the moments of long-term expectations should
be insensitive to all proxies of incoming data and the slope coefficients of
Equations 1, 2 and 3 should be insignificant. If well-anchored, they should be
insensitive to shorter-term incoming data with slope coefficients of Equations
1 and 2 being insignificant. Alternatively, they would be poorly anchored.
Significance of slope coefficients on Equation 3 would provide evidence of
learning by the forecasters from monetary policy actions, since those target
medium-term developments. In interpreting the evidence on expectations,
priority is given to point estimates relative to derived expectations from the
probability distributions, since the latter are subject to inevitable measure-
ment error.

The main analysis is modified in order to check the robustness of the re-
sults in the presence of non-linearities due the seasonal dependence of the
coefficients, as well as regime changes.

3.2. Non-linear modelling

I model the non-linear process underlying the evolution of individual long-
term inflation expectations, uncertainty and inflation, allowing for the possi-
bility of a common unobserved trend. | use a novel approach developed
by Chang, Miller and Park (2009) which extends the Kalman filtering and
smoothing maximum likelihood methodology to provide structural modelling
and estimation with co-integrated time-series. That is particularly suitable in
the case of long-term inflation expectations, where the common tendency is
very important to uncover, and which could be non-stationary. At the same
time, the reclusive nature of the estimation involves real-time prediction and
updating of the parameter estimates. It is based on direct maximum likeli-
hood estimation and therefore associated with less estimation uncertainty in
comparison with other techniques, such as the Bayesian methods. As shown
by Chang, Miller and Park (2009), this method is more successful in identi-
fying underlying unit root trends compared to non-structural co-integration
models.

The estimated non-linear models have the following structure:
Vi = Box tu,
X, =X_
I
where y,, e {r, "} for Model 1

1tV



ory, € {n, m° "8} for Model 2
y,, 1 a vector of observable time-series consisting of the moments of the distri-

bution of long-term inflation - " and inflation; ., €18 Consists ofn point

expectations, y - means of the probablllty forecast dlstrlbutlons o’ - standard
deviation of the probability forecast distribution; ©_, observed inflation rate
at time ¢ B, is a vector of estimated individual level parameters; x, estimated
unobserved stochastic unit root trend; u,, assumed to be identically normally
distributed (iid) errors; v, - normally dlstrlbuted iid errors with variance 1.

| assess the anchorlng of long-term inflation moments by evaluating the
stationarity of the uncovered dynamics, heterogeneity and bias with respect
of underlying inflation dynamics.

4. Sensitivity of long-term inflation expectations and further
moments of the distribution to corresponding measures of
news

| test the sensitivity of long-term expectations and uncertainty to inflation
observations, short and medium-term news. The main focus of the analysis is
the period 1999Q1 - 2009Q4, in order to compare the Euro area with the
US. Earlier data is also used when analysing regime change in the US. While
forecasts of inflation for the Euro area are reported both in terms of point and
probability forecasts, due to data availability, the analysis of the US concerns
only point estimates.

| test the sensitivity of the moments of long-term inflation, as assessed
by the professional forecasters at each point of time, to new inflation reali-
sations and corresponding moments of individual forecast news. | use first
difference estimation since it is a powerful and robust method in evaluating
the sensitivity of the relationships, measured by the slope coefficients. The
estimation results of a series of unbalanced panel regressions over the whole
sample period, 1999Q1 — 2009Q4, are reported in Table 1.

In the euro area long-term expectations from point estimates, 1, prove to
be very well-anchored. They are insensitive to all three considered proxies of
individual forecast news (columns 2-4). However, derived measures of long-
term expectations, i. e. mean of probability forecasts p, show responsiveness
to changes in observed inflation, short-term news at 1 per cent significance
level and medium-term news at 5 per cent significance. The magnitude of
the relationship seems rather small, with slope coefficients at 0.1 and below
(columns 5-7). Estimates based on long-term inflation uncertainty send some
mixed signals. Uncertainty in the long-term does not respond to observed infla-
tion, indicating that shocks to the inflation process are not linked to uncertain-
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ty innovations in the long term. However, they are sensitive to both short and
medium-term uncertainty innovations (columns 8-10). The magnitude of the
link is higher, with slope coefficients at 0.3 and 0.5 per cent correspondingly.
In the US long-term point expectations are anchored to a lesser extent.
There is evidence of sensitivity with respect to inflation and short-term news
at 1 per cent significance level, and with respect to medium term forecast
news at 5 per cent significance (columns 11 to 13). Even though the size of
the response reflected in the coefficients is comparable to that of the euro
area, there is little dispersion in the relationship resulting in small standard
errors of the coefficients, individually clustered for robustness. This indicates
that the private sector in the US is vigilantly observing shocks to the infla-
tion process, including possible shocks to its mean, and adjusting their views
on its long-term convergence. Large current shocks could potentially induce
substantial revisions to the long-term.
Table 1
CHANGES IN INDIVIDUAL LONG-TERM EXPECTATIONS AND
UNCERTAINTY AND THEIR RESPONSE TO CHANGES IN CURRENT

INFLATION, CORRESPONDING MEASURES OF INDIVIDUAL SHORT-
AND MEDIUM-TERM NEWS, 1999Q1 - 2009Q4

Estimated panel regressions:

I X Xit
A Clm8 = B X+ Ag"
It It

2 2 2
n’e Furo  Points Euro Means y  Euro Uncert. o US  Points 7
X e An nveNewS T['eNewlvl An ‘eNeWS TC‘eNewM An veNewS TC‘eNewM An ‘eNeWSTLeNewM
It t It It t It It t It It t It It

(M @ @ @4 6 (6 (7 (8 9 (o) (1 (12) (13
B' 002 003 006 0047 0077 0.10% 001 028 051 003%* 005%* 006

(002) (002) (005 (001) (002) (004) (001) (007)  (009)  (001) (001) (0.02)
N 1205 1205 119 1071 1071 1067 1071 1071 1067 1181 1105 780
i on 72 69 69 69 69 69 69 69 69 69

014 014 0.14 016 016 016 011 0.10 009 025 025 026

Fooy 227187 159 268171262 602 129  1718™ 3391"* 1022"* 1089 5.70*

Note: 7, ° "8 denotes moments of the distribution of long-term inflation; X consists of proxies for
individually perceived new information: chan%es in latest observations of inflation Ar, moments of
the distribution of short-term forecast news " °*** and medium-term forecast news n"****: consid-
ered moments of the distribution: expectations, 1 - point estimates and # - estimated mean of
probability forecasts, and standard deviation of probability forecasts O . Standard errors, reported
in parenthesis, are clustered by forecaster ID to correct for possible heteroscedasticity. *** denotes
1 per cent or less significance level, ** 5 per cent or less significance, * 10 per cent or less signifi-
cance level. Panel consists of all forecasters providing point and probability forecasts in the sample
period. N - number of observations in each panel; i number of individual in each panel; F - F test
statistics.



| further test for the presence of non-linearity in the panels, due to pos-
sible seasonal variation in the coefficients. Revisions to the fixed target fore-
casts reflect current and future innovations to the inflation process, but pos-
sibly in a recursive fashion. As the end of the forecast target period nears,
there is more information on the event, and innovations should be surround-
ed by less uncertainty. Therefore | assess the possibility of quarterly time
variation, which is reported in Table 2.

The results on anchoring continue to hold. For both the euro area and the
US, there is no evidence of non-linearities due to seasonal variation in the
relationship between long-term inflation expectations and short-term news
(columns 2, 4 and 8). There is also no evidence of seasonal variations in the
sensitivity of long-term inflation uncertainty to both short and medium term
uncertainty news (columns 6 and 7).

In the US, some evidence is found in support of non-linearities due to
seasonal variation with respect to medium-term news at 5 per cent level (col-
umn 9). Quarters incorporating information about monetary policy actions
in the first quarter of the year, show higher response.

In the euro area point expectations are still altogether insensitive to point
medium-term developments, but the first and second quarter coefficients
start being significant (column 3). Derived expectations show evidence of
seasonality with respect to medium term news at 5 per cent level (column 5).
However, the response pattern is not as predicted, since the the first and
forth quarters matter most, instead of smoothly declining coefficients from
first to fourth quarter.
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Table 2

NON-LINEARITIES DUE TO SEASONAL VARIATION: SENSITIVITY OF
LONG-TERM INFLATION EXPECTATIONS AND UNCERTAINTY TO
FORECAST NEWS, 1999Q1 - 2009Q4
Estimated equations:

Am =B 7, B L, B 2, B2, A

where Z, =X, for t =1999Q1..2009Q1, and 0 otherwise;
Z,,, =X, for t = 1999Q2..2009Q2, and 0 otherwise;
Z,, =X, for t=1999Q3.2009Q3, and 0 otherwise.
Z,: =X, for t = 1999Q4..2009Q4, and 0 otherwise.

ne  Euro 7 Euro y Euro c us n

eNewS_ e NewM eNewS _eNewM e New S e New M e New S e New M
Xi < Ttt it Tct 7Tt Tc[ Tc[ Ttt 7Tt

M @ G (4) (5) (6) (7) (8) 9)

BT 0.06 022 0.08%F% 0.26%F  0.31%*  0.45%FF (.11 0.24%**
(0.03) (0.10) (0.03) (0.06) (0.09)  (0.10)  (0.03)  (0.07)
B 0.01 0.12* 0.01  0.03 0.39***  0.44*** 0,03  0.07*
(0.03) (0.07) (0.03) (0.04) (0.11)  (0.12)  (0.02)  (0.04)
B," 0.00 -0.05 0.12***  0.02 0.18*** 0.46***  0.03  0.07**
(0.03) (0.06) (0.04) (0.08) (0.07)  (0.10)  (0.02)  (0.03)

qu4 0.01 0.03 0.12*  0.11** 0.25**  0.66*** 0.03 0.00
(0.05) (0.04) (0.07)  (0.04) (0.13) (0.19) (0.02)  (0.03)

N 1205 1196 1071 1067 1071 1067 1105 780

i 72 72 69 69 69 69 82 74
0.14 0.14 0.16  0.16 0.10 0.09 0.25 0.26

Faiy 090 1.52 4.06™* 6.07*** 7197 11.04™* 351" 480"

HO:ql=qg2=

=q3 = q4

F 098 1.73 123 3.72* 0.77 0.45 1.74 3.81*

(3,-1)

Note: ©° " denotes moments of the distribution of long-term inflation; X consists of proxies for
individually perceived new information: changes in latest observations of inflation At, moments of
the distribution of short-term forecast news " °*** and medium-term forecast news M. consid-
ered moments of the distribution: expectations, n - point estimates /4 and - estimated mean of
probability forecasts, and standard deviation of probability forecasts & . Standard errors, reported
in parenthesis, are clustered by forecaster ID to correct for possible heteroscedasticity. *** denotes
1 per cent or less significance level, ** 5 per cent or less significance, * 10 per cent or less signifi-
cance level. Panel consists of all forecasters providing point and probability forecasts in the sample
period. N - number of observations in each panel; i - number of individual in each panel; F - F test
statistics.



Table 3

NON-LINEARITIES DUE TO REGIME CHANGES: SENSITIVITY OF
LONG-TERM INFLATION EXPECTATIONS AND UNCERTAINTY TO
FORECAST NEWS

Estimated panel regressions:
Ani,te 16 = BIXZU,{ + Bzx Lyt B;(ZSM + ASX:‘,r
where Z, =X, for t=1991Q1..1998Q4, and 0 otherwise;
Z,, =X, fort=1999Q1.2007Q2, and 0 otherwise;

Z,,, = Xit for t = 2007Q3..2009Q4, and 0 otherwise.

ne Furo Points 7 Euro Means p  Euro  Uncert. US  Points 7
eNewS _ eNewM eNew S e New M e New S e New M eNewS e New

Xi,t € Am. m, T Am m, T Am, m, T An. m, hi

M @ @ @ 6 ® @ 6 (@ (0 @y (12 13

B 0,045 0,32%%* 0,21%+

(005 (0.06) (0.05)

B, 000 001 0097 0.05** 010 020°* 000 020°* 047** 003" 0.06**0.10***
(002) (0.03) (0.04) (002) (0.06) (0.06) (0.01) (0.06) (0.09) (001) (0.02) (0.02)
B, 003" 005" 005 0.0470.06%* 005 -0.01 043 056" 0.04* 0.04* 0.03
(0.02) (0.03) (0.07) (0.01) (0.02) (0.05) (001) (0.15) (0.15) (0.01) (0.02) (0.04)

N 1205 1205 1196 1071 1071 1067 1071 1071 1067 1926 1802 1242

i 72 72 72 69 69 69 69 09 09 126 124 116
014 014 014 016 016 016 011 010 009 030 030 030

Foo 131 132 263 1373824 580" 132 10.03™ 19.88™ 5.92*** 12.14™*10.93**

(1/2#)

HO -

B, =B,

F 156 188 029 048 031 3.10° 0.15 2.22 029 012 039 229

(1)

HO

B =P,

Fuun 466" 21,59 416"
HO -

B =B,

F 3.78* 22.54%%*9 55%**

(1)

Note: 7" denotes moments of the distribution of long-term inflation; X consists of proxies for
individually perceived new information: charbges in latest observations of inflation A, moments of
the distribution of short-term forecast news ©"°*“* and medium-term forecast news VM. conside-
red moments of the distribution: expectations, 1 - point estimates and £ - estimated mean of
probability forecasts, and standard deviation of probability forecasts & . Standard errors, reported
in parenthesis, are clustered by forecaster ID to correct for possible heteroscedasticity. *** denotes
1 per cent or less significance level, ** 5 per cent or less significance, * 10 per cent or less significance
level, ' significance at 11 per cent. Panel consists of all forecasters providing point and probability
forecasts in the sample period. N - number of observations in each panel; i - number of individual in
each panel; F - F test statistics.
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Further, | test for the presence of panel non-linearities due to regime
changes. The anchoring (stability) of long-term inflation expectations is a
matter of degree which can change over time (Bernanke, 2007). Monetary
policy and confidence in its ability to control inflation could impact the be-
liefs of the private sector as to which of the observed innovations to the
inflation process are transitory and which of them are likely to carry over into
the future. Periods characterised with relatively large external shocks, such
as the recent financial markets turmoil, might undermine the confidence in
the transmission mechanism and the abilities of monetary policy. Therefore,
| test the anchoring of long-term expectations allowing for non-linearities in
the relationship.

The periods considered are: before 1998 for the US, a relatively calm pe-
riod of moderate shocks and confidence in the monetary transmission from
1999Q1 to 2007Q2, and the financial markets turmoil period after 2007Q3.
Table 3 reports on the results.

Point expectations in the euro area remain well-anchored with respect
to observed shocks to inflation and short-term forecast news. This is evident
from the joint insignificance of the panel response coefficients before and
during the financial markets turmoil. During the latter period, there is slightly
higher sensitivity to the short-term, but only at 11 per cent significance lev-
el. The non-linear panel uncovers some sensitivity to medium-term forecast
news at 10 per cent significance. This shows learning on the side of the pri-
vate sector from monetary policy actions and other forecastable transmission
factors. The learning is significant at 5 per cent level only before the financial
turmoil, while it becomes insignificant afterwards. The F — test statistics shows
no evidence for significant difference between the anchoring in the two re-
gimes (columns 3-4).

Derived measures of long-term expectations in the euro area continue to
show sensitivity with respect to all proxies of news (columns 5-7). However,
during the financial markets turmoil the response declines. While before the
turmoil the long-term was significantly affected by medium-term forecast
news, i.e. revisions to expected monetary transmission, during the turmoil
that response becomes insignificant. In this case, the hypothesis of equal
response before and after the turmoil can be rejected at 10 per cent confi-
dence level.

Long-term inflation uncertainty remains insensitive to observed inflation
but influenced by forecast news on uncertainty at shorter horizons (columns
8-10). The financial markets turmoil increases the magnitude of that sensitiv-
ity, but not significantly. There is slight negative response to observed infla-
tion during the turmoil, significant at only 11 per cent level. This might be



due to mostly negative innovations to observed inflation during the turmoil,
lack of deflationary episodes in the history of the euro area before, and gen-
eral increase in uncertainty at all horizons.

In the case of the US, there is a longer-track record during which to fol-
low the stability of long-term expectations (columns 11 to 13). During the
90s, a significantly high proportion of shocks to the current-, short- and me-
dium-term were carried over to the long-term. Judging by the response coef-
ficients, forecast revisions to the short-term mattered most. This was followed
by a moderate period, during which long-term inflation expectations were
sensitive to the three measures of news, but at significantly lower rate. The fi-
nancial markets turmoil marked a slight reduction in response coefficients to
short- and medium-term news, with the long-term almost being unaffected by
the latter. This could be caused by disagreement about the likely future trans-
mission of large shocks observed during the turmoil, as well as undermined
confidence in the ability of monetary policy to offset them. The degrees of
anchoring during the turmoil and the preceding period significantly differ
from that in the 90s, but not from each other.”

5. Non-linearities in the common evolution of individual long-
term inflation expectations, uncertainty and inflation

In the estimation | utilise information from the most regular respondents,
who have supplied reports on their long-term inflation forecasts in more that
80 per cent of the survey rounds during the period 1999Q1 - 2009Q4. This
is necessary in order to minimise the noise from including missing observa-
tions. This results in a panel of 15 individuals for euro area’s point expecta-
tions, 12 for euro areas’s probability forecasts and 12 for the US.

The estimation results on the underlying trends at individual level are re-
ported in Table 4. | estimate two types of models: one which identifies com-
mon non-linear trend dynamics underlying the individual long-term moments
of the distribution, and one which additionally includes currently observed
inflation.

In the case of euro area expectations, both points and means of the
probability forecasts, | manage to identify common trend, shared not only
amongst individual forecasts, but also by actual inflation observations (col-
umns 2-9). All parameters are significant, and rather close by, under both
types of models.

The results in this section are robust to other possible periodic divisions as well as the inclusion
of additional variables, such as output growth gaps.
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There is marked heterogeneity in the level of trend dynamics, which is
comparable to the outer bounds of the cross-sectional distribution, from 5th
to 95th percentiles, rather than its inner center, mostly monitored by policy
makers. Figure 3 illustrates the case of point expectations.

Most forecasters’ beliefs in the euro area possess stabilisation bias, in the
sense that their individual trend levels lie below that of inflation. This means
that at each point of time, large proportion of forecasters believe that infla-
tion is bound to converge to lower level than its time-varying sample mean
indicates, which points towards high confidence in monetary policy.

Figure 3
UNDERLYING TRENDS IN INDIVIDUAL LONG-TERM INFLATION
EXPECTATIONS, MEDIAN EXPECTATIONS AND INFLATION IN THE
EURO AREA
(Trend inflation represented by red line. lllustrates the case of point expectations.)
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Within the model, level heterogeneity is quantified by the individual pa-
rameters f.. In the case of point expectations, only one of the 15 regular
forecasters exceeds the level of trend inflation and only 3 coincide with it.
The stabilisation bias is time-variant and increases with the trend level. Simi-
larly, for expectations estimated as means of the probability forecast distri-
bution, with 13 regular forecasters only 2 exceed the trend inflation level
and only one coincides with it. Each individual bias is also time-varying and
increases with the inflation trend.



Table 4

PARAMETER ESTIMATES OF MODELS OF UNOBSERVED STOCHASTIC
TREND UNDERLYING THE COMMON DYNAMICS OF INFLATION,
AND INDIVIDUAL LONG-TERM EXPECTATIONS AND UNCERTAINTY
IN THE EURO AREA AND THE US, 1999Q1 - 2009Q4
Estimated structural model:

Yie = ﬁo,ixt + ui,t
Xt = Xl—1 + Vl
y,. € {m, "} for Model 1 (columns 2-3, 6-7 10-11 and 12-13)
ory,, € {m m 'O”g} for Model 2 (columns 4-5 and 8-9)

n° eEuro  m Euro p Euro o usS n
i By By By By, By

) @ @) @ 6 6 ) 8 (9 (10 (@) (12 (13

1

T 0.128 (0.010) 0.127 (0.010) 0.141 (0.012) 0.140 (0.012) 0.109 (0.011) 0.234 (0.019)
20135 (0.011) 0.135 (0.011) 0.161 (0.013) 0.160 (0.013) 0.230 (0.023) 0.277 (0.022)
30163 (0.014) 0.162 (0.014) 0.168 (0.014) 0.168 (0.014) 0.112 (0.012) 0.182 (0.015)
4 0158 (0.013) 0.157 (0.013) 0.152 (0.013) 0.152 (0.013) 0.135 (0.014) 0.199 (0.016)
5 0.147 (0.012) 0.147 (0.012) 0.185 (0.016) 0.184 (0.016) 0.087 (0.009) 0.189 (0.015)
6 0.178 (0.015) 0.178 (0.015) 0.173 (0.014) 0.172 (0.014) 0.072 (0.008) 0.192 (0.015)
7 0.167 (0.014) 0.167 (0.014) 0.139 (0.011) 0.138 (0.011) 0.065 (0.007) 0.196 (0.016)
8 0.144 (0.012) 0.143 (0.012) 0.143 (0.012) 0.143 (0.012) 0.103 (0.011) 0.211 (0.017)
9 0.130 (0.010) 0.130 (0.010) 0.169 (0.014) 0.169 (0.014) 0.134 (0.014) 0.143 (0.012)
10 0.139 (0.011) 0.138 (0.011) 0.169 (0.014) 0.169 (0.014) 0.074 (0.009) 0.210 (0.017)
11 0148 (0.012) 0.147 (0.012) 0.172 (0.014) 0.171 (0.014) 0.082 (0.010) 0.197 (0.016)
12 0155 (0.013) 0.154 (0.013) 0.165 (0.014) 0.165 (0.014) 0.131 (0.014) 0.223 (0.018)
130159 (0.013) 0.159 (0.013) 0.142 (0.012) 0.142 (0.012) 0.167 (0.017)

14 0162 (0.014) 0.162 (0.014)

15 0137 (0.011) 0137 (0.011)

0.162 (0.016) 0.171_(0.017)

yl,l y\,\ ’Yl,l Y\,\ Y\,\

0.085 (0.010) 0.084 (0.010) 0.107 (0.013) 0.106 (0.013) 0.185 (0.022) (0.035)
0.129 (0.015) 0.130 0.159 (0.019) 0.158 (0.019) 0.394 (0.049) (0.039)
0303 (0.033) 0.304 0.261 (0.029) 0.263 (0.029) 0.290 (0.033) (0.016)
0289 (0.032) 0.290 0.126 (0.015) 0.124 (0.015) 0.453 (0.050) (0.020)
0.113 (0.014) 0.114 0292 (0.032) 0293 (0.032) 0342 (0.037) 0.244 (0.028)
0329 (0.036) 0.330 0.125 (0.016) 0.128 (0.017) 0233 (0.026) 0.191 (0.023)
0206 (0.023) 0207 (0.023) 0.104 (0.013) 0.105 (0.013) 0.077 (0.011) 0.229 (0.027)
0205 (0.022) 0205 (0.022) 0.145 (0.017) 0.145 (0.017) 0.231 (0.026) 0.206 (0.024)
(0.009) 0.148 (0.018) (0.018) (0.027) (0.020)
(0.012) 0.233 (0.026) (0.026) (0.045) (0.023)
( ) 0. ( ) ( ) ( ) ( )
(0.022) 0339 (0.037) (0.037) (0.039) (0.035)
(0.024) 0.103 (0.013) (0.013) (0.043)
( )
(0.010)

(0.010) 0317
(0.015)
(0.033)
(0.032)
(0.014)
(0.036)
022
0.071 0.070 (0.009) 0.148 0.146 0219 0.174 (0.020
(0.012)
(0.010)
(0.022)
(0.024)
(0.036)
(0.010)
(0.081)

0.356
0.052

0.035
0.039
0.016
0.173 (0.020

261
0.032) 0.126
0.014

0.036

0.103 0.103 (0.012) 0.233 0.233 0.414 0.191 (0.023
0.067 0.066 0.204 0.507 0.231 (0.026
0.196 0.197 0.338 0.342 0.307 (0.035
0.217 0.217 0.103 0.370
0.327 0.327
0.077 0.076

0.755 0.752  (0.081)

339

0.024) 0.103

A SarE oS owENO U AW = (A

LL 19.106 18.886 15.718 15.5 9.2709 11.803

Note: y, is a vector of observable timeseries consisting of the moments of the distribution of long-term
inflation -t 7 °" and inflation; n stands for point expectations, u - for means of the probability forecast
dlstnbutlons o - for standard deviation of the probability forecast distribution; 7, , observed inflation
rate at time t; 3, . is a vector of estimated parameters; x estimated unobserved stochastlc unit root trend;
u,, assumed to be identically normally distributed (iid) errors; v, - normally distributed iid errors with vari-
ance 1; v, estimates of the variances of the shocks to the observed series; LL - model log-likelihood; pa-
rameters are estimated through a Kalman Filter maximin likelihood procedure by the inverse of the com-
puted Hessian. Standard errors are reported in parenthesis. Time-series dimension - 44 observations.
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Table 5

PARAMETER ESTIMATES OF MODELS OF UNOBSERVED STOCHASTIC
TREND UNDERLYING THE COMMON DYNAMICS OF INFLATION,
AND MEDIAN LONG-TERM EXPECTATIONS AND UNCERTAINTY IN

THE EURO AREA AND THE US, 1999Q1 - 2009Q4

Estimated structural model:

yt = BO,iXt + ut

XI=X[*I7+Vt

Yi € {ni,tongnt—1 y
ni’tlo”g € Euro n Euro u Euro c us n
(1) (2) (3) (4) (5) (6) (7) (8) (9)
] 0.239 (0.025) 0.164 (0.015) 0.168 (0.016) 0.206 (0.022)
Bl 0.218 (0.021) 0.151 (0.012) 0.127 (0.010) 0.201 (0.015)
Ton 0.115 (0.053) 0.025 (0.036) 0.104 (0.031) 0.000 (0.048)
¥ 0.659  (0.090) -0.717 (0.086) -0.672 (0.081) -1.266 (0.157)
nlong,
¥ 0.000 (0.300) 0.000 (0.426) 0.000 (0.322) 0.023 (2.981)
nlong, mlong
LL 0.931 1.496 1.400 0.687

Note: y, is a vector of observable time-series consisting of the moments of the aggregate distribu-
tion of long-term inflation - ni["’”g and inflation; 1 stands for point expectations, p - for means of the
probability forecast distributions, o* - for standard deviation of the probability forecast distribution;
., observed inflation rate at time t; B, is a vector of estimated parameters; x estimated unobserved
stochastic unit root process; y variances and covariances of the shocks to the observed series;
LL - model log-likelihood; parameters are estimated through a Kalman Filter maximin likelihood
procedure by the inverse of the computed Hessian. Standard errors are reported in parenthesis.

The median of the non-parametric cross-sectional distribution of long-
term expectations is quite rigid in following underlying developments. On
one hand, this confirms the good anchoring results from the sensitivity analy-
sis, but at the same time warrants caution in its usefulness for monitoring
purposes. The means of the distribution show more flexibility and alignment
with underlying trends.

The results at individual level are further confirmed at aggregate level. |
estimate the trend, underlying the joint dynamics of inflation and median
expectations, often used by researchers to represent aggregate expectations
(see Table 5, columns 2-5). The estimated trend expectations follow the dy-
namics of median expectations but more flexibly. There is almost a half per-
centage point stabilisation bias in long-term trend expectations compared
to trend inflation (see Figure 4). The bias is time-variant, but at times almost
nears half a percentage point.

For the euro area | also uncover the joint non-linear model underlying
individual uncertainty, the second moment of long-term inflation distribution



(see columns 10-11 of Table ). The individual dynamics is more heteroge-
neous in terms of level, compared to that of the first moments. It is also rather
closely matched with the percentiles of the non-parametric cross-sectional dis-
tribution, which prove to be relatively good in indicating underlying develop-
ments. There is a pronounced increase in trend uncertainty ever since the first
signs of the start of the financial markets turmoil in 2007Q2. The model failed
to uncover a common trend between individual long-term uncertainty and in-
flation, which confirms results from sensitivity analysis in the previous section.

During the same period, the US individual long-term inflation expectations
are characterised by a non-linear dynamics underlined by only a barely notice-
able trend, which is not shared by observed inflation (see Table 4, columns
12-13 ). The dispersion in the level of the trend is more substantial than in
the euro area, more than one percent (see Figure 5). That could be due to a
higher range of inflation realisations in the US during the period, or monetary
policy communication. The latter could be due to unwillingness of the Fed to
quantify and communicate its inflation objective, or a mistrust in the accuracy
of this particular measure of inflation, the CPI, as opposed to the PCE. Similarly
to euro area’s expectations, here too, the outer percentiles of the distribution
most correctly indicate the level heterogeneity in individual trends.

Figure 4
COMMON UNDERLYING TRENDS IN INFLATION AND MEDIAN
LONG-TERM EXPECTATIONS OF INFLATION IN THE EURO AREA

(Illustrates the case of point expectations.)
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Figure 5
UNDERLYING TRENDS IN INFLATION AND MEDIAN LONG-TERM
EXPECTATIONS OF INFLATION IN THE US, 1999Q1 - 2009Q4
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At aggregate level, estimations again fail to find common underlying trend
between inflation and median long-term inflation expectations. It seems that
in the studied period, the mean of inflation process is stationary, it almost
perfectly coincides with median long-term inflation expectations and there
is no stabilisation bias. Apparently due to previous convergence and active
learning on the side of the private sector, long-term expectations are fully
aligned with shocks to the inflation process. The underlying process is sta-
tionary. Although there might be persistent individual biases with respect
to the mean of the inflation process, on aggregate they balance each other.

6. Conclusion

This paper analyses direct evidence on long-term inflation beliefs from the
professional forecasters in the euro area and the US, with a view to assessing
the anchoring of long-term inflation expectations, as well as further moments
of the distribution.

The findings suggest relatively well-anchored expectations. In terms of
sensitivity to innovations and news, point expectations in the Euro area are
perfectly anchored. Although there is presence of non-stationary common pro-
cess underlying individual ex-ante expectations and ex-post inflation realisa-
tions, most forecasters project the ex-ante long-term considerably below trend



inflation, a phenomenon documented and named here as collective stabilisa-
tion bias. Long-term uncertainty proved unrelated to both level and changes
in the inflation process. No evidence was found for a regime change after the
onset of the financial markets crisis. All this provides monetary policy makers
in the euro area with a safety margin inspiring less activism during periods of
stronger inflationary pressures and high inflation uncertainty in the long-term.

In the US there is higher sensitivity to the shorter term, which has dimin-
ished significantly after 1999, and probably lead to the observed stationarity
in the underlying inflationary process and absence of collective bias. No sig-
nificant change is found in the structurally modelled inflationary process or
sensitivity to short-term transitory shocks during the financial markets crisis,
demonstrating remarkable resilience.

Looking forward, there is a strong case for further monitoring the state
of long-term expectations and further moments, as monetary policy makers
start unwinding their non-standard and non-conventional monetary stimu-
lus measures. In the case of the euro area, where some non-stationarity is
observed, measures of long-term expectations derived from the probability
forecasts can and should be used to give earlier warning to policy makers,
due to their revealed property of showing more sensitivity and alignment
with unobserved trend inflation.
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