Inflation Expectations and Inflation Uncertainty
in the Furozone: Evidence from Survey Data

IvoJ.M. Arnold and Jan J.G. Lemmen

Universiteit Nyenrode and Erasmus Universiteit Rotterdam;
CPB Netherlands Bureau for Economic Policy Analysis

Abstract: This paper uses the European Commission’s Consumer Survey to assess
whether inflation expectations have converged and whether inflation uncertainty
has diminished following the introduction of the euro in Europe. Consumers’
responses to the survey suggest that inflation expectations depend more on past
national inflation rates than on the ECB’s anchor for price stability. Inflation
expectations do not converge significantly faster than actual inflation rates. Re-
garding inflation uncertainty, the data indicate a relationship with country size
following the introduction of the euro. This suggests that within EMU, inflation
uncertainty may increase in countries that have a smaller influence on ECB policy.
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1 Introduction

Why should the European Central Bank (ECB) care about regional differ-
ences in inflation rates across the eurozone? In general, the ECB focuses
on average economic conditions in the eurozone and attempts to ignore
national idiosyncrasies as much as possible. This focus seems to fall within
the parameters of its mandate to maintain price stability in the Eurozone
as a whole. It is also in line with the absence of instruments to fine-tune
monetary policy to cyclical circumstances in individual countries of the
Economic and Monetary Union (EMU). However, in a recent paper the
ECB (2003) acknowledges that its monetary policy must consider the size,
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persistence and determinants of differences in inflation rates.! The ECB
targets a European-wide consumer price index, yet nobody in the monetary
union consumes according to this price index. The recent inflation experi-
ence in the eurozone underpins the ECB’s concern. After the introduction
of the euro, the cross-country variation in the inflation rates of member
states has not fallen quickly. In the run-up to EMU all countries with the
exception of Greece fulfilled the inflation criterion of the Maastricht Treaty.
However, in each year since 1999, three or more countries have failed to
fulfil the Maastricht criterion.

In an integrated market such as the eurozone, inflation differentials
across countries arise as an integral part of catching up and adjustment
mechanisms to shocks. Policy makers’ main concern is that inflation differ-
entials are more than just temporary deviations from the eurozone average.
Cross-country inflation differentials have real economic effects because they
affect regional real interest rates which in turn influence aggregate spending
decisions. With a uniform nominal interest rate, the domestic real interest
rates will be lower in high inflation regions, discouraging savings and stim-
ulating consumption and investment. In comparison to a monetary policy
that is conducted nationally via a Taylor-type interest rate rule, within
a monetary union the real interest rate channel no longer acts as a brake on
the cycle but instead may accelerate regional economic developments. This
effect may be further amplified by wealth effects, as low real interest rates
may inflate share and real estate prices. The sole remaining countervailing
force is the appreciation of the real exchange rate. However, the elimination
of nominal exchange rates within the union reduces the speed with which
this variable adjusts. Adjustment mechanisms through real appreciation or
depreciation likely operate only at a slow pace.

Empirical evidence on the size and persistence of inflation differentials is
provided by Cecchetti et al. (2002) for US cities, by Rogers (2001), Berk and
Swank (2002) and Ortega (2003) for European countries and by Alberola
and Marqués (1999) for Spanish provinces. Overviews are provided by An-
geloni and Ehrmann (2004) and Gadzinski and Orlandi (2004). Most em-
pirical studies conclude that relative price levels between regions converge
at a surprisingly slow rate; in case of US cities the half-life of convergence
is approximately nine years. Persistent inflation differences may influence

1 The ECB (2003: 6) writes “[...] the ECB’s monetary policy strategy attributes a sec-
ondary role to inflation differentials when calibrating the safety margin for admissible in-
flation in the Euro Area”.
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inflationary expectations and can amplify regional business cycles. The vul-
nerability of the adjustment mechanism to self-reinforcing effects within
a monetary union is discussed in Honohan and Lane (2003), Arnold and
Kool (2004), Deroose et al. (2004) and Hofmann and Remsperger (2005).

The literature on cross-country inflation dispersion in the eurozone and
their effects on macroeconomic adjustment has focused on actual inflation
rates. This has evoked strong criticism from among others the ECB (2004).
According to the ECB (2004), the use of actual instead of expected infla-
tion rates will exaggerate cross-country differences. The ECB argues that
economic agents should be able to foresee the consequences of regional
inflation differentials for a region’s competitive position and understand
the implications of the ECB’s price stability objective. Economic agents
should therefore conclude that, in the medium to long run, inflation diver-
gences cannot last. In theory, they will adjust their inflation expectations
accordingly. For macroeconomic adjustment the relevant interest rates are
the ex ante real rates, not the ex post real rates. Using Consensus infla-
tion forecasts, the ECB (2004) shows that the dispersion in ex ante real
rates is lower than the dispersion in ex post real rates. Table 1 reproduces
the main ECB findings. The dispersion of ex ante rates is 30-35 per cent
lower for short-term rates and almost 60 per cent lower for long-term
rates.

This paper adds the following contributions to the debate. Using data
from the European Commission’s Consumer Survey we attempt to corrob-
orate the ECB findings that cross-country differences in expected inflation
rates (used to calculate ex ante real rates) are smaller than cross-country
differences in actual inflation rates (used to calculate ex post real rates).
An advantage of the use of the Consumer Survey is that it provides a direct

Table 1: Dispersion in Real Interest Rates

Short-term real interest rates Long-term real interest rates
Standard Ex ante Ex post Ex ante Ex post
deviation (using 1-year (using current  (using 6-10 years  (using current
1999.01/ ahead Consensus ~ annual HICP  ahead Consensus ~ annual HICP
2004.07 inflation forecasts) inflation rates) inflation forecasts) inflation rates)
unweighted 0.53 0.80 0.26 0.62
weighted 0.45 0.70 0.23 0.57

Source: ECB (2004: 34).
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measure of consumers’ inflation expectations. A limitation is that it confines
the analysis to short-term (one-year ahead) inflation expectations. Never-
theless, this allows a comparison with the short-term Consensus inflation
forecasts in Table 1. In contrast to the Consensus Forecasts that summarize
the views of a limited number of professional economists, the Consumer
Survey is based on a large-scale survey among consumers. We hypothesize
that professional economists may be better placed to deduct the theoret-
ical implications of monetary union for the convergence in inflation rates
than ordinary consumers. The Consensus data might therefore demonstrate
more convergence in inflationary expectations than actually exists among
the public (according to the Consumer Survey data). A low convergence of
inflation expectations among the public might subsequently reinforce in-
flation persistence through its effect on the wage- and price-setting process.
After deriving quantitative estimates of expected inflation from the qual-
itative survey data using the so-called probability approach, we estimate
a model to test for beta-convergence in consumers’ inflation expectations.
In addition to our analysis of inflation expectations, we document and ana-
lyse the development in inflation uncertainty in EMU member states before
and after the introduction of the euro.

The outline of this paper is as follows. In Section 2, we discuss the
Consumer Survey data and the methodology used to extract quantitative
inflation expectations from these data. Section 3 reports the empirical find-
ings. Using the Consumer Survey data, we are unable to detect a significantly
stronger convergence in inflation expectations than the convergence in ac-
tual inflation rates. Drawing from the empirical findings there thus seems
to be no substantial evidence that consumers use EMU to anchor their
inflation expectations to the price stability objective of the ECB. Instead,
the formation of inflation expectations seems to depend mainly on past na-
tional inflation rates. We also confirm the generally accepted link between
the inflation rate and inflation uncertainty. Moreover, following the intro-
duction of the euro an interesting new link has arisen between country size
and inflation uncertainty. Section 4 summarizes and concludes our findings
on inflation expectations and inflation uncertainty.

2 Data and Methodology

Our data on inflation expectations consists of the European Commission’s
Consumer Survey. The Consumer Survey asks people in the eurozone about
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their expectations regarding developments in the consumer price level over
the following year. The data are collected monthly. The survey is conducted
nationally. Each country’s sample consists of at least 1,500 consumers. For
the larger countries (France, Italy, Spain and the United Kingdom) the sam-
ple size was increased to 2,000, and for Germany to 2,500. The results from
these surveys are available since 1985 except for Luxemburg and for member
countries which entered the European Union later (Spain, Portugal, Austria,
Finland). Across all countries, consumers are asked the following identical
question on future price developments (Question 6): “By comparison with
the past 12 months, how do you expect consumer prices will develop in the
next 12 months? They will ...

1. ...increase more rapidly,

2. ...increase at the same rate,
3. ...increase at a slower rate,

4. ... stay about the same,
5
6

... fall,
...don’t know.”

Consumers are also asked about past price developments (Question 5):
“How do you think that consumer prices have developed over the last
12 months? They have ...

1....risen alot,

2....risen moderately,

3. ... risen slightly,

4. ... stayed about the same,
5.... fallen,

6.

...don’t know.”

The survey response to Question 6 provides only qualitative informa-
tion on the expected direction of the change in inflation in the next 12
months. Usually the responses are summarized in the form of a “balance
statistic”, computed as a difference among the proportion of consumers
opting for the different response categories. For Question 6, the balance is
calculated as follows:

Balance, = (S; + 187) — (3S: + 57) (1)

where S refers to the sample proportion for the corresponding response
category.
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A sizable amount of literature has developed on the extraction of quan-
titative estimates of expected inflation from qualitative survey data using
the so-called probability approach. Early contributions are by Carlson and
Parkin (1975) and Batchelor and Orr (1988). More recent contributions
are by Reckwerth (1997), Berk (1999, 2000), Gerberding (2001), Forsells
and Kenny (2004) and Paloviita (2004). The main idea is to interpret the
share of responses to each category as estimates of areas under the den-
sity function of aggregate inflation expectations (i.e. as probabilities). This
approach requires the specification of the distribution function. Following
Gerberding (2001), we use the logistic distribution.? The solutions for the

mean expected inflation 12 months ahead (7¢, |, ) and its standard deviation
(Uf +12) are in (2) and (3), see also Forsells and Kenny (2004):

T2 = —ﬂf|: (Zf il Z;l) ] (2)
i+ -z -z
i =7 gz zr) ©
where the Zs are defined as follows:
2= N[1-8].
Z;=N[1-5 -5]. @

Z2=N"[1-s -5 5],
Zi=N"[s]].

and where the S’s are again the sample proportions for the correspond-
ing response category and N~! is the inverse of the cumulative logistic
distribution function.

As the wording of Question 6 indicates, the consumers are assumed
to condition their inflation expectations on their perceptions of past in-
flation. This is also reflected in (3) and (4), which include perceived past
inflation (nf ). Earlier papers (e.g. Gerberding 2001) use the actual growth
rate in the national consumer price index over the past twelve months,
as monthly inflation data are published on a timely basis in all eurozone
countries. However, the ECB (2007) and Berk and Hebbink (2006) show

2 Because of the Central Limit Theorem, the aggregate density function is usually assumed
to follow a normal or logistic distribution. According to Gerberding (2001), both alterna-
tives lead to very similar results.
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that, although the link between inflation perceptions from the Consumer
Survey and actual inflation has been quite strong before 2002, it collapsed
following the euro cash changeover in January 2002. Actual inflation re-
mained low, but perceived inflation based on Question 5 of the Consumer
Survey increased markedly following the changeover. ECB (2007) discusses
a host of possible psychological factors influencing this surge in perceived
inflation, including an increased awareness of and sensitivity to inflation
and a strong influence of price increases of frequently purchased items
(food, petrol, etc.) on inflations perceptions. ECB (2007) concludes that
the introduction of euro notes and coins played an important role in the
divergence between actual inflation and inflation perceptions, although the
precise role of the various factors which have been advanced is not yet fully
understood.

The present paper tackles this complication by constructing two sets
of 7. ,, and of, ,. For the first set, 7/ is measured using actual infla-
tion. Below we label these expectations as “based on actual inflation”
For the second set, the balance statistics for Question 5 are transformed
into a quantified measure for perceived inflation by means of a standard-
ization. The standardization procedure uses means and standard devia-
tions of both the balance statistics and the actual inflation rates during
a period in which the relationship between the two has been stable (in casu
1996.01-2001.12). This procedure is described in more detail in Aucre-
manne et al. (2007). Below we label this second set of expectations as “based
on perceptions’.

All empirical work below is done for both sets of inflations expectations,
which allows us to assess the sensitivity of our results to the divergence
between actual and perceived inflation during the euro cash changeover. As
will be shown below, the main tenet of the paper, that inflation expectations
haven’t converged faster than actual inflation, holds for both sets of inflation
expectations.

3 Empirical Findings

This section reports our empirical findings. In subsection 3.1 we examine
the convergence in expected inflation in the eurozone and its consequences
for ex ante real interest rates. Subsection 3.2 provides evidence of infla-
tion uncertainty within members of the eurozone and its relationship with
inflation and country size.
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3.1 Convergence in Inflation Expectations

Prior to reviewing the evidence from constructed quantitative estimates of
inflationary expectations, Figure 1 shows some evidence on cross-country
differences using the raw qualitative survey data. The graph plots the cross-
sectional dispersion of the balance of the responses to Question 6 of the
Consumer Survey (see (1) in Section 2). The dispersion is measured as
the standard deviation across 9 (11 from 1995) EMU member states. Two
striking features emerge from Figure 1. First, our balance measure shows
a minimal sign of convergence (that is a decline in the dispersion). Second,
since the introduction of the euro the cross-sectional standard deviation in
the balance of responses has reached an all-time high in 2003.

The balance data by themselves, however, do not provide sufficient ev-
idence of lack of convergence. It is possible that countries with low past
inflation rates have high balance scores (indicating a higher expected infla-
tion) and conversely, resulting in a convergence of inflation expectations,
although the data would still show a high level of dispersion across the
balance scores. We therefore need to look at the quantitative estimates of
expected inflation derived using the methodology outlined in the previous
section.

Figure 1: Cross-Section Standard Deviations on Balance of Question 6,
Consumer Survey
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Figure 2 shows the cross-country dispersion of expected and actual
inflation in the eurozone, excluding Greece. Apart from having a more recent
experience of high inflation, Greece also joined EMU at a later stage (in 2001)
than the other European countries. In the empirical analysis below, we will
report results both including and excluding Greek data in order to assess the
effects of this extreme pattern in Greek expected inflation on our findings.
Three observations stand out from Figure 2. First, in general the dispersion
in inflation expectations and actual inflation rates is very similar. Second,
the cash changeover effect is visible between 2002 and 2006, when the
dispersion in perceptions-based expected inflation is much higher than the
dispersion in expected inflation based on actual inflation and the dispersion
in actual inflation itself. Third, irrespective of the measure used, there has
not been a quick convergence in inflation expectations since 1999. Inflation
expectations therefore do not seem to have been more strongly anchored
by the ECB’s objective to hold inflation below, but close to 2 per cent.

To analyze the progress towards convergence of inflation expectations
and compare it to inflation convergence itself, we need indicators that can
summarize the convergence over time of financial variables. We use the

Figure 2: Cross-Sectional Standard Deviations, Inflation Expectations
and Actual Inflation (Excluding Greece)

0.0 L s e s e e e
1996.01  1997.01 1998.01 1999.01 2000.01 2001.01 2002.01 2003.01 2004.01 2005.01 2006.01 2007.01

—— Standard deviation expected inflation (based on actual inflation)
= Standard deviation actual inflation

Standard deviation expected inflation (based on perceptions)
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concept of beta-convergence borrowed from the growth literature and ap-
plied to the convergence of eurozone interest rates by Adam et al. (2002)
and Baele et al. (2004) to estimate the speed of convergence. Typical con-
vergence studies in the growth literature regress the average growth rate of
real per capita GDP on its initial level for a cross-section of (regions within)
countries and interprete a negative beta as sign of convergence (Barro and
Sala-I-Martin 1995, Chapters 11 and 12). Applied to inflation expectations,
this involves running a panel regression of the following type:

L
AET[t,i =+ ,BET[t—l,i + 12: AETL’t—l,i + &, (5)
=1
where Em; ; denotes expected inflation at time ¢ in country 7, A is the first-
difference operator and «; is a country dummy. The more negative beta
in (5), the faster the convergence of the country will be towards the other
European countries. So the concept of beta-convergence investigates how
the dispersion of a cross-section of countries develops in terms of levels.
A different concept of convergence investigates how the cross-sectional
dispersion develops in terms of standard deviations or variances. When
this dispersion decreases over time, we say there is sigma-convergence. The
concept of beta-convergence is more appropriate for our purpose than the
concept of sigma-convergence since the ECB aims at keeping the level of
inflation for the euro area as a whole below, but close to 2 per cent in the
medium term.

Table 2 reports econometric evidence on the speed of the convergence of
expected and actual inflation. The specification in Table 2 deviates in four
respects from (5). First, the lagged changes in expected inflation were in-
significant and therefore have been eliminated from the regression. Second,
our regression includes the lagged log of OECD comparative price levels
(log(cpl;—1 7). This variable is included to account for possible catching-
up effects: inflation expectations may be higher in those countries where
the price level is still low compared with other eurozone countries (and
vice versa). Third, our regressions include not only cross-sectional fixed
effects but also period fixed effects. The use of period fixed effects has
the same effect as taking all variables in deviation from the cross-sectional
average for each month. The interpretation of (5) is then as follows: a nega-
tive beta implies that members with above-average inflation expectations
will witness an stronger-than-average reduction or smaller-than-average in-
crease in inflation expectations in the next period. Finally, we use a dummy
variable (Dgyp) to identify the EMU period and apply this to the beta-
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Table 2: Convergence in Inflation Expectations and Inflation, 1996.01-2007.06

Inflation expectations

EMU EMU excl. Greece
AE?T[J‘ AE?T[J‘ AE?T[YI' AE?T[YI'
(based on (based on (based on (based on
actual inflation)  perceptions)  actual inflation)  perceptions)
Intercept —2.43 —2.57 —0.63 0.50
(2.31) (0.70) 0.72) (0.34)
Em_1; —0.047 —0.086 —0.120 —0.108
(5.38) (9.50) (8.11) (6.14)
Emi_1.; % Demu —0.045 0.028 0.050 0.03
(1.55) (3.72) (3.41) (1.33)
log(cpli—1,i) 0.570 0.808 0.168 —0.068
(2.40) (0.75) (0.88) (0.21)
No. of observ. 1,518 1,518 1,380 1,380
Adj. R? 0.22 0.12 0.24 0.15
Wald test 0.290 2.234 0.594 1.955
p-value 0.590 0.135 0.441 0.162
Inflation
EMU EMU excl. Greece
A]Tt’i A]Tt’i
Intercept 0.051 1.06
(0.05) (0.67)
M1 —0.049 ~0.109
(2.81) (8.09)
1,1 X DEmu —0.019 0.050
(0.70) (3.44)
log(cply_1.i) 0.020 —0.201
(0.08) (0.58)
No. of observ. 1,518 1,380
Adj. R? 0.25 0.26

Note: Panel estimates with cross-sectional fixed effects and period fixed effects; t-statistics in
parentheses, calculated with White’s period standard errors. The Wald test is used to test the
equality of the convergence coefficients for inflation expectations and inflation.
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coefficient. The resulting interaction term allows us to assess whether the
convergence of inflation expectations has changed since the start of EMU.
While the measures taken to ensure inflation convergence in the run-up to-
wards EMU (such as the Maastricht convergence criteria and the establish-
ment of independent central banks) may have had their impact on inflation
expectations prior to EMU, it is also possible that the establishment of a new
central bank with a clear mandate and the irrevocable fixing of exchange
rates have lead to faster convergence. This should result in a significantly
negative coefficient for the interaction term.

The regression model is estimated for a sample running from January
1996 to June 2007. Table 2 reports results including and excluding the
Greek outlier. The panel regressions are estimated by OLS. Standard errors
have been calculated using the White period methodology to account for
serial correlation due to the use of overlapping monthly data for 12-month
(expected) inflation.

The main findings are as follows. All regressions report significant con-
vergence; the estimated beta-coefficient on lagged expected inflation is sta-
tistically significant in all three specifications. Our catching-up variable
(log(cpli—1.;)) is mostly insignificant. For the purpose of comparison, Table 2
reports estimates for actual inflation convergence. The coefficients on lagged
inflation are also close to those on lagged expected inflation, especially for
expected inflation based on actual inflation. The Wald test statistics show
that the null hypothesis that the convergence coefficients for expected and
actual inflation are equal cannot be rejected. Thus, the regressions do not
support the notion of stronger convergence in inflation expectations as
compared with actual inflation rates.

In none of the regressions is the coefficient on the EMU interaction term
significantly negative even at a 10 per cent level, implying that EMU has not
led to faster convergence in inflation expectations. Some regressions report
a significant positive coefficient, implying that the convergence in inflation
expectations has become weaker since the start of EMU.

To account for possible heterogeneity in beta convergence between large
and small EMU countries, we also ran regressions using a small country
dummy variable. This dummy variable is set to zero for Germany, France,
Italy and Spain and to one for all other countries. Excluding Greece, the co-
efficients on the interaction terms including the small country dummy are
insignificantly different from zero at a 5 per cent level. Including Greece, the
interaction term becomes significantly positive, implying lower beta con-
vergence among small countries. Apparently the lower beta convergence



Arnold/Lemmen: Inflation Expectations and Inflation Uncertainty 337

among small countries is driven by Greece, illustrating the special nature
of the Greek inflation convergence during this period. We also checked
for but didn’t find any asymmetries in beta convergence between coun-
tries with downwards and upwards inflation expectations. These results go
unreported.

In order to check the robustness of our results to the quantification
of the survey data, we finally tested for convergence using the qualitative
balance scores, see (1). Table 3 shows the beta coefficients to be negative
and significantly different from zero. This estimate of the beta coefficient
implies that an above-average balance score in the previous period leads to
a below-average increase in the balance score in the next period. The EMU-
interaction term is insignificant in the two specifications, implying that
EMU has not led to stronger convergence in balance scores to the eurozone
average.

We can now summarize the conclusions on convergence as follows.
The data show that significant beta-convergence has occurred in inflation
rates, balance scores and constructed inflation expectations. Yet our es-
timates do not support the hypothesis that the convergence in inflation
expectations is more pronounced than the convergence in actual infla-
tion rates. Applied to the distinction between ex ante and ex post real
interest rates, we are unable to corroborate the ECB’s finding that, using

Table 3: Convergence in Balance Scores, 1996.01-2007.06

EMU EMU excluding Greece
ABalance; ; ABalance; ;
Intercept 12.24 12.50
(0.46) (0.41)
Balance;_1 ; —0.110 —0.128
(4.65) (3.46)
Balance;—1,1 X Dgmu —0.023 0.011
(0.54) (0.24)
log(cply_1.) —2.157 —2.273
(0.36) (0.34)
No. of observ. 1,529 1,390
Adj. R? 0.18 0.16

Note: Panel estimates with cross-sectional fixed effects and period fixed effects; t-statistics in
parentheses, calculated with White’s period standard errors.
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Consensus data, the dispersion in ex ante real rates is much lower than
the dispersion in ex post rates. In contrast, the Consumer Survey data sug-
gest a similar dispersion of ex ante and ex post real interest rates. A likely
explanation for this result is that consumers’ inflation expectations rather
than professional economists’ inflation expectations depend more on past
experience instead of on an understanding of the implications of monetary
union.

There is also no evidence that EMU has accelerated the process of con-
vergence. If anything, the data suggest that after strong convergence in the
run-up to EMU, convergence has become weaker since.

3.2 Inflation Uncertainty

The probability approach explained above also allows for the estimation of
the standard deviation of the distribution of inflation expectations, see (3).
Below, this estimate will be used as our indication of inflation uncertainty.
Before turning to the empirical findings, we first need, however, to clarify
the concept of inflation uncertainty.

The empirical literature identifies two very different approaches in mea-
suring inflation uncertainty or inflation volatility. The time-series approach
utilizes (G)ARCH models to estimate the time-varying conditional volatility
of inflation (see e.g. Engle (1982)). Basically, this approach tries to econo-
metrically identify clusters of large or small inflation shocks in order to
estimate the variance of inflation in the next period. In contrast, the cross-
sectional approach uses information on (dis)agreement about the inflation
outlook among different forecasters at one point in time to assess inflation
uncertainty. Our measure of inflation uncertainty belongs to the latter ap-
proach. In general, the two approaches do not yield comparable results (see
e.g. Giordani and Soderlind (2003)).

Apart from the distinction between the time-series and cross-sectional
approaches, a further complication concerns the proper interpretation of
inflation uncertainty in the eurozone. In the Consumer Survey, the Eu-
ropean Commission calculates aggregate replies to the questionnaires as
weighted averages of the country-aggregate replies. It is not clear, however,
whether the resulting eurozone aggregate has a straightforward interpreta-
tion. It would assume that economic agents (consumers or investors) care
about the inflation uncertainty regarding a European consumer price index,
which is calculated as a weighted average of national price developments. If
we maintain the more plausible assumption that economic agents consume
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locally, then the national consumer price indices may be better proxies for
the price increase in their consumption basket. This perspective questions
the relevance of analyzing inflation uncertainty at the eurozone level using
an aggregate consumer price index for the eurozone. If investors and con-
sumers still consume a local basket of goods, which is presumably better
represented by the national consumer price index than by a European one,
inflation uncertainty is still a national experience.

It therefore makes sense to look at the cross-sectional estimates of na-
tional inflation uncertainty, based on the probability approach outlined in
Section 2. Again we measure oy, |, in two ways, one based on actual inflation
and one based on perceived inflation. Figure 3 plots the average standard
deviations for a group of large (Germany, France, Spain and Italy) and
a group of small EMU countries (all other countries except Greece). The
graph suggests that small countries have born the brunt of the increase in
inflation uncertainty following the introduction of the euro. For the uncer-
tainty measure based on actual inflation, the gap between small and large
countries disappears after 2003. For the perceptions-based measure, infla-
tion uncertainty remains at an elevated level after the euro cash changeover

Figure 3: Cross-Sectional Within-Country Inflation Uncertainty Based
on Constructed Expected Inflation Rates: Large vs Small EMU Countries
(Excluding Greece)
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and a difference between small and large countries remains visible until the
end of the sample period.

Again, we check for the robustness of our results by using an uncertainty
measure that does not depend on the quantitative estimates of expected
inflation. In Figure 4, we plot the proportions of extreme responses (in
categories 1 and 5) averaged for the groups of small and large EMU countries.
A higher proportion of extreme responses implies that consumers expect
more change in the development of prices, either upwards or downwards.
Although this is more a measure of price instability rather than inflation
uncertainty, it still offers some interesting insights.

Figure 4 shows that in the early days of EMU, consumers in small
member states were expecting much more change in the direction of price
developments than consumers in the four largest member states. Consumers
in the larger countries were apparently more confident in the ability of
the ECB to keep prices stable in their country than consumers in smaller
countries. The different sample sizes might have affected this outcome. Yet
given that ECB interest rate setting is based on aggregate eurozone data, the
result also makes economic sense. Inflation shocks in small EMU countries
have a smaller effect on EMU inflation than those in large member states

Figure 4: Proportion of Extreme Survey Responses (Categories 1 and 5):
Large vs Small EMU Countries (Including Greece)
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because of their smaller weight in the aggregate data. As a result, the ECB
interest rates will react more strongly in setting interest rates to stabilize
inflation in large countries compared to small countries.

The probability estimates of inflation uncertainty are next used to in-
vestigate the link between national inflation (77;) and national inflation
uncertainty (o, ; ;). This relationship has been the subject of much empir-
ical research (see e.g. Grier and Perry (1998)). The macroeconomic policy
game literature has provided much of the theoretical background on the
link between inflation and inflation uncertainty. Cukierman and Meltzer
(1986), for example, argue that more uncertainty about money growth and
inflation provides monetary authorities with the opportunity to create un-
expected inflation with the aim of stimulating economic growth, thereby
increasing the average inflation rate. More appealing perhaps is Ball’s (1992)
theory, which assumes a reverse causal relationship. When inflation is low,
it will require minimal costs to keep it low. This results in a low and stable
inflation. In contrast, when inflation is high, uncertainty will grow about
whether policy makers will adopt costly disinflationary policies and about
their time and impact.

Monetary policy making can no longer explain the link between inflation
and inflation uncertainty within a monetary union. But maybe the lack of
monetary policy can. For economic agents in small regions which are hit
by positive inflation shocks, it will be uncertain how and when the increase
in inflation will be reversed. This results from imperfect information on
the macroeconomic adjustment mechanism combined with the absence of
a central bank dedicated to stabilizing their regional inflation rate. This does
not hold true for the larger regions in the union, who have a larger weight in
aggregate inflation and may therefore count on the price stability objective
of the union’s central bank.

Table 4 shows that the relationship between inflation and inflation un-
certainty is maintained within the eurozone. Table 4 reports positive and
significant regression coefficients for all three specifications. The interac-
tion term (7r; X Dgyy) shows that EMU has had little influence on this
relationship. Table 4 also reports the results of our robustness check. Using
the proportions of extreme responses as a measure of price instability, the
two regressions show a significant and positive link between inflation and
the proportion of extreme responses.

We additionally provide some more evidence on the link between coun-
try size and inflation uncertainty. As explained above, it is straightforward
to deduct this link within a monetary union. Before EMU, national central
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Table 4: Inflation and Inflation Uncertainty, 1996.01-2007.06

EMU EMU excluding EL
Ox.tii Ox.tii Extremesy ¢ i Ox.tii Or.tii Extremesy ¢ i
(perceptions) (perceptions)
Intercept —0.023 0.632 0.105 0.010 0.513 0.109
(1.46) (10.68) (13.67) (0.28) (9.71) (19.38)
Tt 0.424 0.187 0.027 0.304 0.220 0.015
(12.70) (7.88) (4.66) (6.46) (3.88) (2.65)
7t,i X Depmu —0.144 —0.046 0.000 —0.027 —0.088 0.008
(3.64) (1.99) (0.06) (0.65) (2.00) (1.54)
No of observ. 1,518 1,518 1,518 1,380 1,380 1,380
Adj. R? 0.90 0.75 0.43 0.86 0.75 0.31

Note: Panel estimates with cross-sectional fixed effects and period fixed effects; t-statistics in
parentheses, calculated with White’s period standard errors.

banks could still use the interest rate instrument to manage national inflation
expectations and national inflation uncertainty. Since EMU, this manage-
ment is no longer possible. Table 5 shows that the relationship between
country size and national inflation uncertainty, measured by both the mean
and standard deviation of oy ;;, is quite weak prior to EMU. In contrast,
for the years immediately following the start of EMU (1999-2002) the rank
correlations are much higher and more significant. In recent years, the link
between country size and inflation uncertainty has weakened again. Table 5
also shows that the evidence supporting a link between country size and in-
flation uncertainty is weaker for the perceptions-based uncertainty measure.

3.3 Short-Term versus Long-Term Inflation Expectations

The findings reported above show that short-term inflation expectations
based on the Consumer Survey data lack the convergence which is present
in the short-term inflation expectations of Consensus Forecasts used by the
ECB. Whereas the cross-sectional dispersion in ex ante real interest rates
using the Consensus data is 30-35 per cent lower than the dispersion using
actual inflation rates (see Table 1), dispersion measured using the inflation
expectations from the Consumer Survey roughly equals actual dispersion.
As hypothesized above, this suggests that the professional economists of
the Consensus Forecasts are more inclined to incorporate the implications
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Table 5: Country Size and Inflation Uncertainty

1996.01-1998.12 1999.01-2002.12 2003.01-2007.06

Size  Mean oy ;; Stdev oy :; Mean oy ; Stdevor;; Mean ox;; Stdev oy ;i

Inflation uncertainty based on actual inflation

AT 3% 0.54 0.23 0.64 0.33 0.53 0.15
BE 4% 0.41 0.14 0.63 0.30 0.56 0.19
DE 34% 0.36 0.11 0.35 0.15 0.40 0.11
EL 2% 2.67 0.56 1.18 0.34 0.87 0.15
ES 9% 0.54 0.21 0.60 0.15 0.71 0.13
FI 2% 0.36 0.17 0.74 0.36 0.31 0.23
FR 21% 0.42 0.19 0.43 0.19 0.46 0.11
IE 1% 0.49 0.17 1.10 0.48 0.90 0.32
IT 16% 1.09 0.43 0.84 0.16 0.60 0.11
NL 5% 0.70 0.09 1.11 0.43 0.53 0.18
PT 2% 0.57 0.22 0.77 0.24 0.66 0.14

Rank correlation
with country size
t-statistic —0,20 —0.49 —2.26™* —3.33" —1.44 —4.12**

—0,07 —0.16 —0.60 —0.74 —0.43 —0.81

Inflation uncertainty based on inflation perceptions

AT 3% 0.41 0.23 0.82 0.30 1.14 0,08
BE 4% 0.37 0.09 0.75 0.26 0.95 0,10
DE 34% 0.30 0.05 0.55 0.33 0.51 0,15
EL 2% 2.62 0.39 1.40 0.73 3.29 0,63
ES 9% 0.53 0.19 0.70 0.24 122 0,09
FI 2% 0.33 0.39 0.84 0.16 0.83 0,07
FR 21% 0.35 0.12 0.56 0.25 0.83 0,07
IE 1% 0.41 0.22 121 0.40 130 0,20
IT 16% 0.89 0.35 1.06 0.29 1.09 0,25
NL 5% 0.70 0.11 132 0.58 1.42 0,54
PT 2% 0.54 0.23 0.86 0.25 112 0,16

Rank correlation ;4 ~0.53 ~0.60 ~0.04 —0.43 —0.18
with country size

t-statistic 054 —186*  —226"  —0.11 —1.44 —0.54

Note: * and ** indicate significance at the 10 and 5 per cent level respectively.

of monetary union for the convergence in inflation rates than ordinary
consumers responding to the Consumer Survey. Given the limited nature of
the Consumer Survey;, it is impossible to test whether the same conclusion
holds for longer time horizons.
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4 Conclusions

This paper has used the European Commission’s Consumer Survey to ex-
amine first, the dispersion in expected inflation rates across EMU member
states, second, the convergence in expected inflation over time, and third,
the developments in inflation uncertainty in EMU member states. We find
that significant beta-convergence has occurred in inflation rates, balance
scores and constructed inflation expectations. We also conclude that the
convergence in inflation expectations is not more pronounced that the con-
vergence in actual inflation rates. This contradicts the ECB’s (2004) findings
that dispersion in ex ante real interest rates is lower than that in ex post real
interest rates. In addition, we find no evidence that EMU has speeded up
the process of convergence in inflation expectations. In contrast, the data
suggest that after strong convergence in the run-up to EMU, convergence
in expected inflation has become weaker since.

Finally, our analysis of inflation uncertainty demonstrates that the widely
accepted link between the level of inflation and the extent of inflation
uncertainty still holds within EMU. In addition, we show that since the
introduction of the euro a new relationship has arisen between inflation
uncertainty and country size. The latter finding is of special interest to in-
vestors residing in small EMU member states. While these investors have
witnessed an increase in inflation uncertainty since EMU, their ability to
hedge this risk has been reduced. For fixed income instruments denomi-
nated in euro, the inflation risk which is priced in reflects the inflation risk
of investors across the eurozone, including investors in large EMU countries
that have not witnessed a similar increase in inflation risk. Inflation uncer-
tainty in small EMU countries seems higher than what might be socially
desirable. This suggests that there may be a demand for inflation-protected
securities aimed specifically at investors in small EMU countries. Although
index-linked bonds indexed to French and eurozone inflation are available,
similar instruments indexed to national inflation rates in many small EMU
countries are still lacking.
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