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We compare inflation uncertainty in distinguished groups of economies. Results indicate
that during the recent financial crisis the global inflation climate has become markedly
more uncertain than previously. We document that in comparison to other economies,
member states of the European Monetary Union are less exposed to inflation uncertainty.
Three European Union members that are not part of the monetary union and five other
OECD member economies serve as control groups. With regard to the quantification of
inflation uncertainty, results are robust over a set of alternative estimates of the latent
inflation risk processes.
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1. INTRODUCTION

In addition to the costs of excess inflation, uncertainty about inflation is commonly
believed to have several negative effects on economic activity ([(1993), Vitek
(2002), inter alia]. Examples of the disadvantages of inflation uncertainty (IU)
are shifts in wealth allocation among creditors and debtors [Fama (1976), Barnea
etal. (1979), Grauer and Litzenberger (1980)] or reduced output growth [Friedman
(1977)]. Higher inflation risk premia on long-term bonds may lead to welfare losses
especially in countries with high government debt [Blanchard (2004)]. Moreover,
excess U likely increases renegotiation frequencies for wage contracts, because
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such agreements are typically not indexed to inflation rates [Vroman (1989)].
Fischer and Modigliani (1978) discuss how IU reduces aggregate investment
because of increasing demand for inflation hedges like real estate or gold. It is
the aim of this study to investigate whether being part of the European Monetary
Union (EMU) reduces inflation risks among its member states. To this end, IU in
the monetary union is compared with inflation risk in economies that do not take
part in the EMU. We investigate the level of IU in episodes before and initially after
the Euro introduction and during the recent recession. The selection of control
groups serves as a means to approximate a counterfactual situation where no
common monetary policy is in effect. The systemic background can be seen both
as an independent determinant of IU and as a channel that transmits, for example,
the effects of output fluctuations. This is reflected in theoretical discussions on
the emergence of IU. For example, Devereux (1989) and Ball (1992) regard IU
as uncertainty among individuals about the future steps taken by the central bank.
An ongoing debate centers on the question of which institutional background
may provide viable insurance against upcoming inflation risks. In particular, it
is controversial whether the formation of a monetary union is a sensible way to
protect its member states from excess IU. Mundell (1961), Cukierman (2000), and
Alesina et al. (2003) investigate such issues when characterizing optimal currency
areas. They argue that countries participating in monetary unions may benefit
from higher credibility of a central bank’s aim to stabilize inflation or from the
nonsynchronous timing of elections in the participating states.

It is also possible that the formation of a monetary union increases overall U.
Feldstein (2005) points out that the formation of a monetary union may give rise to
a free-rider problem if member countries retain their fiscal authority. Large budget
deficits in particular member states may put the central bank under pressure to
allow higher inflation rates. As argued by Davig et al. (2011), inflation risks arise
in such situations, as it is unclear to which extent these pressures can be repelled.
A further potential trigger of IU is persistent inflation differentials among member
states. Divergent inflation rates cannot be accommodated by a central bank that is
in charge for the entire monetary union [Arnold and Lemmen (2008)].

In an empirical study, Caporale and Kontonikas (2009) compare the effects of
currency union participation on IU among several EMU member states. In our
study, however, IU in the union is not only evaluated over time periods before and
after the monetary unification but also compared with that in non-EMU economies.
Moreover, to offer a robust assessment of the monetary unification effect on IU,
we consider three alternative IU measures. In this way we acknowledge that there
exist complementary model perspectives on IU.

In general, IU may refer to either current or future states of inflation. Fama
(1976) approximates IU by means of the standard deviation of inflation rates over
past time instances. Ball and Cecchetti (1990) argue that it is rather the volatility
of inflation surprises that is associated with IU. This view is also reflected in many
empirical investigations. Moreover, forecasting-based IU measures are likely most
relevant from a practitioner’s perspective. For example, policymakers or investors
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have to make decisions based on their perceived risks of loss from future inflation.
For this reason, we propose three measures, two of which quantify IU from the
viewpoint of forecasting inflation at distinguished anticipation horizons covering
short to medium time spans. To preview some of the results, it is first documented
that IU has been on the uprise across industrialized economies during the recent
decade. Second, we find that after the introduction of the euro, EMU members are
characterized by a significantly lower IU than other economies. These results are
robust across IU measures and the horizon of anticipation.

The remainder of the paper begins with a description of the employed
data series. Section 3 initially introduces three approaches to determining IU.
Subsequently, the regression design to investigate the constitutional impact on
IU is described. In Section 4, we first examine a graphical impression of TU
quantifications for distinct groups of economies. Second, the impact of the Euro
on IU is isolated and discussed. Section 5 summarizes the main findings and
concludes.

2. DATA

The data set comprises monthly observations for the period from 1977M1 to
2012M1 and 18 economies, namely Austria, Belgium, Canada, Denmark, Finland,
France, Germany, Ireland, Italy, Japan, the Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland, the United Kingdom, and the United States. Collected time
series include the consumer price index (CPI), industrial production as a measure
of output, foreign exchange (FX) rates, the Dow Jones Industrials Average Index
(Dow), and price quotes of crude Brent oil (Oil) in terms of domestic currencies.
FX rates are determined with respect to the U.S. dollar for all economies except
the United States, for which the price of the euro in U.S. dollars is used. We focus
on the CPI because broader indices such as the GDP deflator, or the Harmonised
Index of Consumer Prices as the primary target variable of the ECB, are not
available at the monthly frequency in most countries. Inflation is defined as the
annual rate 7, = Ajp In(P,) = In(P,) — In(P,_12), where P, is the CPI in month
t. Annual differences yield a rather smooth series, which can be approximated in
subsequent analysis by relatively parsimonious dynamic models. An alternative
definition such as annualized monthly inflation 7, = 12 x A In(P,) may feature
more complicated dependence patterns and thus command model specifications
with a less intuitive economic interpretation. Moreover, price fluctuations with a
periodicity of about one month or less' may be only weakly related to business
cycle dynamics with period lengths of about 2 to 6 years, say [Canova (1998)].
Hence, measuring inflation in terms of annual rates appears to be a sensible way to
separate noisy fluctuations from economically meaningful innovations. Estimates
of the output gap, ¥, are calculated by means of the Hodrick—Prescott (HP)
filter [Hodrick and Prescott (1997)] with smoothing parameter 129,600 [Ravn and
Uhlig (2002)]. To obtain out-of-sample inflation forecasts in the most realistic
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way, trend estimates are computed at each prediction step conditional on available
data that are used to form the current prediction. Preliminary predictions of y,
are obtained to alleviate the weak precision of HP trend estimates at the end of
an estimation window. All series are obtained from Datastream. The CPI and
industrial production series are seasonally adjusted by means of the Census X12
method.

3. THE MEASUREMENT AND DETERMINANTS OF INFLATION
UNCERTAINTY

There is no consensus on how to define or measure the unobservable IU. Empirical
approaches of IU measurement may draw upon a model for the conditional mean
of inflation, such as the widely cited new Keynesian Phillips curve [NKPC; Gali
et al. (2005)]. However, the dynamics of inflation rates is presumably affected
by recurring structural changes [Evans and Wachtel (1993)]. Hence, it seems
recommendable to focus on the most recent data if one aims at the formulation of
anticipatory policy recommendations. As a result, nonlinear specifications such
as the NKPC are less likely to provide efficient inflation forecasts.> Therefore,
we employ an autoregressive (AR) scheme as a parsimonious first-order approx-
imation to nonlinear specifications such as the forecasting representation of the
NKPC. It should be noted that IU approximations based on inflation forecasts
are likely affected by the specific setup (and potential misspecification) of the
model for the conditional mean. However, for the purpose of policy-oriented
IU anticipation, forecast accuracy may be a more informative model-evaluation
criterion than in-sample fit. The NKPC and alternative linear specifications are
often found to deliver less accurate inflation forecasts than AR schemes. The
distinctive performance of the AR is particularly apparent for low to intermediate
anticipation horizons of up to one year, say Canova (2007), Stock and Watson
(2008), or Rumler and Valderrama (2010).> Hence, two uncertainty measures are
based on an AR specification, which is formulated as

Tipe = R+ 07T + -+ -+ ApT_p + €14y, (¢))

where €, Y (O, 03) and p denotes a constant term. Owing to linearity of (1),
the determination of ex ante forecasts, denoted as 7;¢|;, by means of parameter
estimates and time series information available in time 7 is straightforward. In
the following, we provide more details on how inflation forecasts are obtained. A
discussion of distinct IU measures follows.

3.1. Implementation

Estimation of the model in (1) is conducted within rolling sample windows of
fixed size A = 96 for all forecast horizons ¢ such that the time index ¢ in (1) takes
valuest = t—A+1, ..., 7. Let T indicate the most recent observation (2012M1).
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We determine out-of-sample predictions 7,4, for the rolling forecast origin(s)
t=1—4, 19—L+1,..., T —L. Counterfeiting a real-time forecasting situation,
we obtain a total of T — 1ty + 1 = 277 forecasts for the ex ante determination
of IU. From the set of potential covariates, effective predictors are selected by
means of a specific-to-general predictor selection proposed in Herwartz (2009).
An admittedly highly restrictive baseline model is successively augmented by
additional autoregressive terms. The model is extended until LM tests indicate

that no further lag term carries explanatory content with 5% significance [Godfrey
(1988)].

3.2. Ex ante and ex post Measures of Inflation Uncertainty

Conclusions regarding the impact of the monetary policy framework on IU might
be affected by the IU quantification employed. Three distinct measures of IU are
considered in this work and briefly described in turn. First, according to (1), the
estimated forecast error standard deviation is

Geree = \/63(1 X (X X) M Xey), T=T9— .., T =L (2)

In (2), 662 is the usual in-sample error variance estimator, X, is a rolling (sub-
set) autoregression design matrix, and X, , collects a constant and the AR lags
selected to have predictive content. Second, an estimate of local IU in the spirit of
RiskMetrics [Zangari (1996)] is

hesipe = \/)\(Anr)2 + (1 =) (Am)?, 3

where (Am)? = (1/(B — 1)) ZI;T'_BH (A7m;)? and B = 24. In (3), the parameter
2 determines the degree of news response.* The estimator /i, |- 1s regarded as an
ex ante alternative to (G)ARCH type evaluations [Engle (1982), Bollerslev (1986),
Baillie et al. (1996)]. Note that although the approximation of IU by means of
GARCH models in small rolling windows is most likely infeasible, full sample
model estimates would leave the framework of ex ante IU determination. Finally,
complementing the ex ante quantities fzﬂ_”, and 6 4¢|., a realized measure of IU
is the absolute forecast error

Arqp = |ﬁr+Z|r — Toqel )

Itis worthwhile to point out that the quantities 6,4 and l:\l-[+1 |-, on one hand, and
d.+¢, on the other, assess IU conditional on distinct information sets. The former
may describe the (public’s) perception of future inflation risks, whereas the latter
quantifies IU from an ex post perspective.
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3.3. Inflation Uncertainty and the Euro Introduction

Apart from institutional conditions such as participation in a monetary union, the
dynamics in financial, FX, or energy markets is also likely to have an impact on
IU. Kontonikas et al. (2005) argue that stock returns, being streams of nominal
income, should reflect uncertainty about inflation. Gosh et al. (1995) and Gagnon
and Thrig (2001) find that the dynamics of FX rates affects both the level and the
volatility of inflation. Evans and Wachtel (1993) and Barsky and Kilian (2002)
describe relations between oil price shocks and inflation, IU, and real economic
activity. To incorporate measures of such aggregate financial and commodity risks,
we consider realized standard deviations [Schwert (1989), Andersen et al. (2004)]
as explanatory variables in our analysis. Such quantities are determined as

RS, (u) = | (Alnu,)?, (5)

where an observation at day m is denoted as u,, and u represents daily
quotes of either FX rates or oil or stock prices, i.e., u € {FX, Oil, Dow}.
Distinct influences on IU are related by means of an analysis of vari-
ance (ANOVA) regression, where an extra index, i = 1,...,18, indi-
cates country-specific quantities. The set of explanatory variables is z; ,_; =
(7Ti —15 Fije—1, RS; 1 (FX), RS; ;_; (Oil), RS;_; (Dow))’, where J;._; denotes
the output gap. Three ANOVA regressions are considered, namely

Sie =p+ Vi +2, 0+€, T=1—CT1—C+]1,....T—¢,

A

with s;r € {6i c+epe, ir+1)c}, and (6)
Gir =p+vie +2,_ 0 +e€., T=1,70+1,...,T. @)

In (6) and (7), constitutional determinants of IU are expressed by means of a
function of dummy variables,

vir = y1DB" +1,DBE +y3DAIM 4+, DAY +ysDRE™ +6DRE™. (8)
Dummy variables in (8) serve as a means to distinguish the level of IU in the
referential O5 group from economies subjected to monetary unification (EMU)
and EU members outside the monetary union (EU3). The association of economies
with the latter groups before the advent of the euro (AE) is controlled by DB{"™"”

and DB;?B), respectively, where

DB® — 1 ifi belongsto e and 7 < AE
it 710 otherwise.

The AE date is chosen as 1999M1, when the common currency was introduced
in the 11 initial EMU economies. Further, we emphasize the period covering the
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advent of the common currency in 1999M1 and ending before the recent financial
crisis. Respective dummy variables DAf:) , o« = EMU, EU3 are defined as follows:

1 ifi belongsto e and AE < t < 2007M12

(o) __
DA = {0 otherwise.

The large-scale stimulus packages put forth during the recent economic crisis may
have increased IU [Feldstein (2005), Davig et al. (2011)]. Hence, we distinguish
the relative capability of the EMU and the EU3 to accommodate inflation risks
during the NBER recession period from 2007M12 to 2009M6 by means of dummy
variables given by

DR® — 1 if i belongs to e and T € NBER recession period
v 0 otherwise,

where ¢ = EMU, EU3. As a robustness check, an alternative break date
AE = 1997M1 is used for the determination of DBE;) and DAE:), because some
euro effects might have been anticipated before the official date of monetary
unification [Caporale and Kontonikas (2009)].

4. EMPIRICAL EVALUATION OF THE EURO IMPACT ON INFLATION
UNCERTAINTY

In this section, we discuss average trajectories of [U for the three considered groups
of economies and subsequently interpret the outcomes of the ANOVA regression
in (6) and (7).

4.1. Inflation Uncertainty Dynamics in Distinct Groups of Economies

Figure 1 displays time series of alternative IU approximations 6ry¢jr, hetijr,
and a.4¢, denoting the cross-sectional means (for the EMU, EU3, and O5) of
the IU measures in (2), (3), and (4). The 6,4, quantification allows a more
pronounced distinction among the three groups of economies than /1, 4 |z and d;4¢.
The latter metrics deliver slightly more volatile approximations of IU. However,
the overall impression of IU dynamics is broadly similar across IU measures.’
At the beginning of the sample period, all processes indicate decreasing IU until a
minimum level is attained around the year 2000. With the emergence of the global
recession around 2007, IU appears to increase rapidly. This uprise coincides with
the implementation of monetary and fiscal stimulus packages in many advanced
economies.

4.2. Marginal Impacts on Inflation Uncertainty

Before the impact of EMU participation on IU is analyzed, we discuss several
potential macroeconomic determinants. Because IU likely depends on the specific
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FIGURE 1. Inflation uncertainty as expressed by the specifications (2)—(4) for distinct groups
of economies and the forecasting horizon £ = 1. Trajectories of IU for higher anticipation
horizons are qualitatively similar and available from the authors upon request.

planning horizon of a decision taker, we particularly emphasize the distinction of
the effect of macroeconomic variables on IU for anticipation horizons £ from 1 up
to 12 months. In the upper panel of Table 1, respective coefficient estimates are re-
ported. The estimates are largely in line with theoretically asserted relations. First,
the way IU is related to inflation and the output gap corresponds with the widely
cited proposition of Friedman (1977). He argues that accelerating inflation gives
rise to IU, whereas IU and output are negatively associated because of distortions
in the price mechanism. The empirical validity of the Friedman (1977) conjecture
is empirically confirmed by Grier and Perry (2000) and Hartmann and Herwartz
(2012), among others. Moreover, the impact of FX rate volatility RS; ;_; (FX) on
IU is particularly significant. The impact of oil and stock price volatility is less
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TABLE 1. ANOVA regression estimates with #-ratios in parentheses

(=1 =3 =6 =12

Gicrtr  hizrie Gicee Gizirge Qicee Gicgor Gicne Gicgee Qicge

ANOVA estimates (x 10~3) based on alternative IU quantifications and distinct anticipation horizons £.

Tiz-i 2112 16634 82480 3797 71659  62.65 53643  139.84  211.10
(7.36) (43.22) (59.31) (8.03) (34.66) (8.52) (16.47) (10.61) (4.26)
Fie-1 —0.00  —000 —0.00 —0.00 —0.01 —0.00 —001 000  —0.01
(=0.71) (=1.28) (—1.47) (—=0.60) (=2.70) (—=0.36) (=2.93) (0.30) (=2.21)
RSi—1(FX)  8.02 1381 2339 1587 8426 1523 12511 1616  83.13
(3.15) (3.94) (1.68) (3.78) (4.02) (2.33) (3.96) (1.38) (1.93)
RS;.—1(Oi)  0.28 170 1437  —0.06 3176 006 2970  2.08 19.63
(0.34) (1.45) (3.04) (=0.04) (4.33) (0.03) (2.66) (0.54) (1.26)
RS, i(Dow)  —1.72 144 1788  —194 906  —425 3164 1235 —88.88
(—1.40) (0.84) (2.58) (—0.96) (0.83) (=1.35) (—1.96) (=2.18) (=3.92)
DB{"™MV -0.19  —0.16 169 027 246 0.41 4.28 1.50 10.11
(=1.26) (=0.78) (2.40) (=1.09) (2.37) (1.08) (2.61) (2.20) (4.00)
DB 0.81 0.57 2.05 1.56 3.74 3.03 6.16 3.91 14.53
(3.80) (1.99) (2.02) (4.43) (2.50) (5.51) (2.60) (3.98) (3.98)
DAIMY -099 102 -156 -175 -239 217 338 267 —561
(—6.20) (—4.82) (=2.07) (—6.64) (=2.15) (=5.30) (—1.93) (—3.66) (=2.07)
DAY -066 —095 151 -133 -215 -152 316 —136  —523
(=2.73) (—2.96) (=1.32) (=3.34) (=1.27) (=2.47) (=1.19) (=1.23) (=1.27)
pREMY) —-0.69 —0.15 —095 -157 —0.16 -3.04 145 538 839
(=2.52) (—0.40) (=0.70) (=3.48) (—=0.08) (—4.33) (0.46) (—4.27) (=1.75)
DREVY -156  —079 —138 -298 —1.08 -524 191  -738 —12.73
(=3.17) (=1.18) (=0.57) (—3.66) (=0.30) (—4.14) (0.33) (=3.25) (—1.48)
ANOVA estimates with alternative AE date (x1073)
DAEMY -0.89 -105 -152 -157 -211 -18 -275 -215 -3.70
(=5.76) (=5.31) (=2.14) (—6.18) (=2.01) (—4.76) (—1.65) (=3.03) (—1.43)
DAY -036 —092 125 —081 —174 —048 —250 048  —3.86
(=1.61) (=3.16) (=1.19) (=2.16) (=1.12) (—0.82) (=1.02) (0.46) (=1.01)
ANOVA estimates (x 1073) with alternative definition of inflation: ;; = 12 x In(P,/P,_;)
DAEMV -685 849 587 -714 813 710 876 732 7.2
(=5.33) (—4.35) (—=2.40) (=5.50) (—=3.09) (=5.32) (=3.24) (—4.96) (=2.34)
DAEY -565 889 728 603 947 58 1224 603 887
(=2.90) (=3.00) (=1.97) (=3.06) (=2.37) (—2.88) (=2.99) (=2.70) (=1.95)

Notes: The t statistics are based on robust covariance matrix estimates [Newey and West (1987)]. Estimates that
are significant at the 5% nominal level appear in bold face. The IU measure 6; ;¢ is the predictive standard
deviation from the AR model in (1). From this model, we also obtain the realized absolute forecast error d; ;¢ =
|7 e+ — iz +e2|. The IU metric fz,-_H.H, as defined in (3) expresses IU by means of a fixed tradeoff between past
inflation volatility and news response similarly to GARCH models. The bottom panel shows coefficient estimates of
interaction variables for an earlier euro introduction date in 1997M1 and an alternative definition of inflation as a
robustness check.

pronounced. This pattern of significant, respectively insignificant coefficient esti-
mates for the distinct volatility measures may result from the practice of monetary
policy as currently adopted in advanced economies. Central banks accommodate
oil price uncertainty and risks from international capital flows, but at the same time,
they face constraints in keeping FX rate fluctuations under control [Obstfeld et al.
(2005)]. The positive coefficients of RS; ;1 (Oil) might indicate some (remaining)
impact of oil price shocks on IU after potential policy interventions. Similarly, the
modest evidence for a negative influence of RS;_; (Dow) may reflect that equities
are often considered as a hedge against inflation risks [Fischer and Modigliani
(1978), Schotman and Schweitzer (2000)].
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4.3. The Benefits of EMU Participation in Terms of Inflation Uncertainty

In this section, the euro effect on IU is evaluated over time and across economies
with distinct institutional settings. Parameter estimates for constitutional deter-
minants of IU as expressed in (8) are displayed in the middle and bottom parts
of Table 1. The parameter estimates associated with DB™" and DB\""” indicate
that prior to the advent of the euro, the EU3 economies exhibit a slightly higher
level of IU than the EMU and the O5 group. After the monetary unification, IU
in the EMU and to a slightly smaller degree in the EU3 economies is reduced
relative to that in the O5. This can be seen from the coefficient estimates of
the DA™ and DA™ dummy variables. Distinct reactions of IU over groups of
economies during the recent global recession are indicated by DRSMU) and DR?;:U}) .
The estimates indicate that during this period, both the EMU and the EU3 group
experienced further reductions in IU relative to the O5 group. As a robustness
check, the ANOVA regression is also implemented for an earlier break date,
AE = 1997M1, and for an alternative definition of inflation as an annualized
monthly rate. The resulting coefficient estimates for DA®™” and DA™ are given
in the lower panels of Table 1. The outcomes are in almost all cases qualitatively
similar to the results discussed previously.

5. CONCLUSIONS

This study evaluates the effect of the introduction of the euro on inflation un-
certainty. A monetary union may at the same time offer chances to avoid overly
large uncertainty levels and enforce risks of unfortunate surprises on inflation
[Alesina et al. (2003), Feldstein (2005), Davig et al. (2011)]. We investigate the
effect of the formation of the European Monetary Union on inflation uncertainty
over distinct time episodes during the last two decades. A graphical display of
alternative uncertainty measures suggests that inflation uncertainty has been in-
creasing across industrialized economies since its minimum level around the year
2000. The relative success in repelling emergent inflation risks in the euro area
is compared to that for European economies not participating in the European
Monetary Union and also to that for other OECD economies. Results show that
in the years after its formation in 1999, the European Monetary Union has led on
average to a reduction in inflation uncertainty as compared to other economies.
Moreover, we do not find evidence for the assertion that the large-scale monetary
and fiscal expansions have led to a higher inflation risk exposure of the mon-
etary union in comparison to other economies. To summarize, participation in
the European Monetary Union has been a relatively successful safeguard against
overly high inflation risks. These findings are robust with regard to the changing
macroeconomic conditions industrialized economies have encountered during the
recent two decades. Distinct ways of anticipating the latent inflation uncertainty
process indicate a largely similar impression of the benefits of participation in
the European Monetary Union after its formation. Since the year 2007, inflation
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uncertainty has been globally on the uprise. Reliable protection against infla-
tion risks is therefore a concern of the utmost importance for current economic
policy.

NOTES

1. Such price adjustments may reflect, e.g., temporary sales and are usually not associated with
inflation or business cycle fluctuations [Rotemberg (2005)]. Moreover, such events are typically well
anticipated by customers and should, therefore, not add to IU.

2. In addition, the NKPC is typically estimated by means of the generalized method of moments
[GMM, Hansen (1982)]. This gives rise to specification problems because it is not warranted that a
predefined set of instruments is suitable at each step of the forecast recursion [Gali et al. (2005)].

3. IU approximations obtained by augmenting the AR model with additional explanatory variables
deliver qualitatively equivalent results, which are available from the authors upon request.

4. Distinct implementations A € {0.05, 0.1, 0.2} span a range of plausible values for this sort of
data. Qualitative features of implied IU measurements have been found to be very similar with regard
to such alternative choices. Hence we only report results obtained for & = 0.05 in the remainder of the
paper. Results regarding other parameterizations are available from the authors upon request.

5. In addition to the graphical display of IU measures, we investigated the accord of distinct IU
measures by means of correlation coefficients. These results are available from the authors upon
request.
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