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Abstract

To determine whether the sensitivity of inflation to changes in the business cycle varies over time, hybrid new
Keynesian Phillips curves are formulated in state space form and estimated via the Kalman filter. Analyses cover the
Euro Area aggregate and eleven Euro Area countries. Results confirm the increasingly important role of inflation
expectations. While the Phillips curve flattens until 2007, slope coefficients increase considerably with the financial
crisis in 2007/08 on the basis of output gaps. Nonetheless, stable or decreasing slope coefficients are observed on the
basis of unemployment gaps, indicating strong dependence on the driving variable used in estimations. Overall,
differences in cross-country Phillips curve parameters are decreasing, indicating a convergence of Euro Area countries'
inflation dynamics since 1990.
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1. Introduction

Recent inflation developments have led to two puzzling observations in the Euro Area (EA): During the sovereign debt
crisis, inflation has remained fairly stable despite rising disinflationary cyclical pressure, but disinflation has been
significant in periods thereafter. Both, the ‘missing disinflation’ between 2009 and 2011 and the ‘excessive disinflation’
after 2012 have not been foreseen by professional forecasters leading to a respective under- and overshooting of
inflation expectations in recent years. Understanding current inflation dynamics on the basis of the Phillips curve is thus
fundamental for the European Central Bank's (ECB’s) primary goal of price stability as part of the two pillar strategy.
Our analyses model inflation dynamics in 11 EA countries as well as the EA aggregate on the basis of time-varying
hybrid New Keynesian Phillips curves (NKPCs) in order to identify possible changes in the transmission mechanism. At
the same time, comparing inflation dynamics across EA member countries allows to determine converging effects in the
degree of forward- and backward-looking price setting as well the slope of the Phillips curve over time. In the past 17
years of the EA, single monetary policy and increasing interdependencies are hypothesized to have a harmonizing effect
on inflation dynamics in member states.

Three important findings emerge: First, inflation is increasingly driven by inflation expectations almost uniformly
across all EA countries. Second, a flattening of the Phillips curve is observed only until 2007. Output gap coefficients
have risen considerably in the course of the financial and sovereign debt crisis and have levelled off in 2012. In contrast,
unemployment gaps indicate no uniform trend and remain largely stable. Third, EA countries’ inflation dynamics are
indeed assimilating as forward-looking price setting and output gap effects are converging since 1990.

Results of time-varying Phillips curves allow a better understanding of current inflation developments and confirm the
effectiveness of monetary policy actions. The analyses contribute to current research by confirming rising slope
coefficients based on output but not on unemployment gap specifications. This differentiation has not been emphasized
before in comparative time-sensitive estimations and suggests a careful choice of real marginal cost measure used.
Despite a common monetary policy, understanding inflation formation at the EA country level is necessary and
beneficial for the control of EA aggregate inflation. Here, analyses across 11 EA countries indicate converging Phillips
curve parameters. This novel finding validates research at the country level, but at the same time confirms and
facilitates common monetary policy at the supranational level.
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The rest of the paper is structured as follows: Section 2 provides an overview on the related literature. Section 3 outlines
relevant data, while Section 4 describes the estimation model and analyses’ results. Section 5 presents alternative
estimations and a discussion of results. Finally, Section 6 concludes.

2. Literature Review

The hybrid NKPC introduced by Galtand Gertler (1999) and extended by Gal¥et al. (2001) is explicitly based on
microfoundations and models inflation dynamics as the result of both, back- and forward-looking price setting. While
one share of economic agents sets prices according to future expected prices, the other share sets prices according to a
backward-looking rule of thumb (Gal Tand Gertler, 1999) or indexation of lagged inflation (Christiano et al., 2005). As
expected future prices in t + 1 are not directly observable in period t, expected inflation is often replaced by ex post
observed inflation in t, assuming rational expectation formation in the previous period ¢ — 1. With respect to limited
model performance (compare Rudd and Whelan (2005)) and in order to circumvent the potentially weak assumption of
rational expectation formation, survey measures of inflation expectations are increasingly included in hybrid NKPC
estimations (e.g Paloviita (2008) and Montoya and Doehring (2011) include Consensus Economics survey measures
and Koop and Onorante (2012) use results of the ECB’s Survey of Professional Forecasters).

While estimating fixed-coefficient Phillips curves is important to generally map inflation formation, estimating
time-varying coefficients is essential for the conduct of adequate and time-sensitive monetary policy. Inflation dynamics
are not static, but vary according to underlying drivers such as nominal rigidities to the frequency of price adjustments
(Riggi and Venditti, 2014), microeconomic volatility and resulting uncertainty (Vavra, 2014, Baley and Blanco, 2013),
the level of inflation (Ball and Mazumder, 2011), temporary factors such as indirect taxes and commaodity prices
(European Commission, 2014), central bank credibility (IMF, 2013), and globalisation (Stevens, 2013).

In this context, a separate field of research on time-varying Phillips curves has emerged. Kichian (2001) is among the
first to estimate the Phillips curve in state space form to assess the stability of Canadian inflation dynamics. A flattening
of the Phillips curve is reported for countries of the EA (e.g. Oinonen et al. (2013), IMF (2013)) as well as the US (e.g.
Ball and Mazumder (2011) and Matheson and Stavrev (2013)) for the time periods 1990s and early 2000s. Nonetheless,
a reverse of this trend is found for the recent past. Based on EA aggregate data until Q2 2014, Oinonen and Paloviita
(2014) find a sharp increase in the slope coefficient since 2012. Similarly, Alvarez and Urtasun (2013) report increased
importance of the cyclical position in the recent past for Spain, which is confirmed by Riggi and Venditti (2014) for the
EA, Italy, and France, but not for Germany. In line with these findings, the European Commission (2014) finds stronger
output gap coefficients for the recent periods than before the crisis, especially in ‘vulnerable’ EA countries, i.e. Ireland,
Greece, Spain, Cyprus, Portugal, and Slovenia. Further, Riggi and Venditti (2015) investigate the recent 2013/14
overshooting of Consensus Economics inflation forecasts and conclude either confirmed increases in slope coefficients
in the respective period or imprecise measurement of current output gaps to be the reason.

Apart from changes in inflation’s sensitivity to the business cycle, the degree of backward- and forward-looking price
setting has shifted substantially. Forward-looking price setting has become increasingly important, as credible central
bank policies result in better-anchored inflation expectations in the US (Stella and Stock, 2012) as well as the EA
(Oinonen and Paloviita, 2014, European Commission, 2014, Stevens, 2013).

While increasing slope coefficients support Phillips curve models in targeting inflation and confirm the efficacy of the
monetary transmission mechanism, their resurgence seems to partly depend on the measure of marginal cost used. In
above discussed findings on increasing slope coefficients in the recent past, economic slack is largely represented by the
output gap. In contrast, analyses including unemployment-related measures of real marginal cost confirm a flattening of
the Phillips curve before and in the 1990s, but note remarkably stable slope coefficients thereafter (compare IMF (2013),
Blanchard et al. (2015)). Nonetheless, Stella and Stock (2012) report a steeping of the Phillips curve in the US since
2008 based on multivariate unobserved component model. Possibly diverging slope coefficient evolution, depending on
measures used, mark an important aspect in Phillips curve specification choice and are thus emphasized in our
following analyses.

From a methodical point of view, different estimation methods have been suggested to estimate time-varying Phillips
curves: Rolling regressions allow estimations on the basis of rolling time windows and are computationally simple.
Even though the choice of window length corresponds to average business cycle length, it is chosen ad hoc and thus not
necessarily ideal for all time series. While results are relatively independent of window length choices, e.g. 32 quarters
(Oinonen et al., 2013), 30 quarters (Larkin, 2014), and 20 quarters (Alvarez and Urtasun, 2013), rolling regressions do
not allow maximum coefficient flexibility. Further, extracting precise trends (of different driving variables) for EA
countries (Amberger and Fendel, 2016) remains difficult. Estimating Phillips curves in state space form by means of the
Kalman filter has emerged as a powerful alternative, allowing an optimal and flexible use of available data. Further,
Riggi and Venditti (2014) include non-parametric estimators, Matheson and Stavrev (2013) base estimations on the
non-linear Kalman filter, and Stella and Stock (2012) employ multivariate unobserved components stochastic volatility
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models estimated by Markov Chain Monte Carlo. Given the great flexibility of estimating Phillips curves in state space
form, this method is also applied in the following analyses.

3. Data

Based on quarterly data from Q1 1990 to Q4 2015, hybrid NKPCs are estimated for eleven countries of the EA. The
country set comprises the founding members, excluding Luxembourg and including Greece, which is not a founding
member, but entered the EA slightly later in 2001. EA aggregate data corresponds to the weighted average of the eleven
individual EA countries (EA11) (Note 1) in terms of quarterly changing Gross Domestic Product (GDP) weights. Only
EA GDP is included as the sum of EA11 GDP.

Expected inflation is measured by private inflation forecasts from Consensus Economics (Note 2). Quarterly inflation
expectations correspond to the weighted average of this and the coming year's inflation expectation in the first month of
each quarter. The availability of Consensus forecasts limits the time series to the starting point in Q1 1990 and is the
reason for excluding Luxembourg from analyses. Consensus Economics collects forecasts from a panel of different
institutions in each country and publishes these under the name of the forecasting institution on a monthly basis. In
order to account for changing panel size and composition, potential outliers as well as missing values, the mean of all
forecasts for one country is included here. Despite the critique of formulating strategic forecasts, Consensus forecasts
are generally reported to be unbiased and efficient forecasts (Dovern and Weisser, 2011) and widely used in related
studies on inflation dynamics.

In line with the ECB's target of headline inflation and Consensus inflation forecasts, inflation is denoted as the
annualized year-over-year change in the harmonized index of consumer prices (HICP). Figure 1 illustratively plots
HICP inflation and survey measures of expected inflation from Consensus Economics for the EA. As reported by
Constancio (2015), inflation forecasts indeed underestimate inflation in 2010-12, but overestimate it since 2013 (also
compare Riggi and Venditti (2015)) (Note 3).

With reference to potentially harmonizing effects of common monetary policy, Figure 1 also depicts the spread of
minimum and maximum HICP inflation across EA11 over time. Indeed, inflation rate spreads decrease in anticipation
of the Euro adoption. Despite a peak in the sovereign debt crisis in 2010, spreads remain relatively stable below 5%.
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Figure 1. EA inflation, inflation expectations, and EA11 inflation spreads

Real marginal cost are represented by the output gap, derived as the percentage deviation of GDP from its potential.
Potential GDP is determined on the basis of trend GDP as derived by the Hodrick-Prescott (HP) filter (Hodrick and
Prescott, 1997) (Note 4). The unemployment gap, used as an alternative measure of real marginal cost in Section 5, is
derived as the difference between countries’ harmonized unemployment rates and respective non-accelerating inflation
rates of unemployment (NAIRU) as estimated by the Organisation for Economic Co-operation and Development
(OECD). The development of output and unemployment gaps is illustrated for the EA in Figure 2.
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Figure 2. EA output and unemployment gap

Data is taken from Eurostat and complemented with information from the AMECO database and the European
Commission where necessary (Note 5).

4. Estimation Model and Results

Analyses are based on the restricted hybrid NKPC denoted in equation (1). Restricting the coefficients of forward- and
backward-looking price setting to one ensures a vertical Phillips curve in the long run and allows a direct comparison of
price setting dynamics across EA countries. Further, it facilitates the evaluation of possibly converging price setting
dynamics over time. In order to estimate time-invariant coefficients, (1) is estimated via General Method of Moments
(GMM) to account for coefficient endogeneity. To allow for comparison with time-varying estimations, instrument sets
are limited to lags of exogenous variables, i.e. inflation and the output gap. Newey-West (Newey and West, 1987)
corrected standard errors with Bartlett (Newey-West) kernel of lag length four are reported to ensure robustness to
heteroscedasticity and autocorrelation of unknown form.

e = ¥Sp(mear) + (L —ylmey + Agap: + & (D

Here, inflation 7, is estimated to be the result of expected inflation §;{m,4,) and past inflation 7r,_,, a measure of the
state of the business cycle, here the output gap gap;, as well as the error term &,. In order to estimate time-varying
coefficients of Phillips curve parameters, (1) is written in state space form:

my = ¥pS; (Mpe0) + (1 — podm—y + Aigape + & )
Yt = ¥e-1t M1 (3)
A = A1 + 4z “4)

Observation equation (2) models inflation on the basis of the restricted hybrid NKPC, while state equations (3) and (4)
describe respective parameters ¥ and A to follow a random walk. Error terms &; and g, for all i =12 are
assumed to be uncorrelated at all lags and leads and normally distributed. Based on Kalman filtering techniques,
time-varying parameters are estimated and updated each period (Note 6).

Estimation results of the hybrid NKPC with fixed coefficients serve as a benchmark for estimations of time-varying
coefficient hybrid NKPCs. Table 1 summarizes results of estimating equation (1) via GMM.
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Table 1. Hybrid NKPC incl. output gap - GMM estimation

HICP inflation

Country n Y A J-statistic F-Statistic Instrument Set
EA1l 101 0.2477**,(0.0848) 0.0940**,(0.0303) 10.2013,p=0.1164 84.4700,Tau<5% L2-L4.HICP,L1-L4.GAP
Austria 101 0.4418***(0.1199)  0.1435*** (0.0382)  6.4651, p=0.3732  30.5560, Tau<10% L2-L4.HICP, L1-L4.GAP
Belgium 101 0.2773**,(0.1062) 0.1725*, (0.0881) 9.2956, p=0.1576  10.4700, Tau<30%  L2-L4.HICP, L1-L4.GAP
Finland 101 0.2497**, (0.0835) 0.0985***, (0.0214)  4.0602, p=0.6685  12.6840, Tau<20% L2-L4.HICP, L1-L4.GAP
France 101 0.2310, (0.1195) 0.1377*, (0.0556) 6.8276, p=0.3371  11.1810, Tau<30% L2-L4.HICP, L1-L4.GAP
Germany 101 0.1843*, (0.0824) 0.0658**, (0.0230) 8.4517, p=0.2068 39.3400, Tau<5%  L2-L4.HICP, L1-L4.GAP

Greece 90  0.2454, (0.2110) 0.4821, (0.2867) 0.0011, p=0.9994  146.8890, Tau<5% L2-L4.HICP

Ireland 101 0.1363*, (0.0641) 0.0346, (0.0249) 5.2617, p=0.5107  18.7030, Tau<10% L2-L4.HICP, L1-L4.GAP
Italy 101 0.1418, (0.1021) 0.1400***, (0.0337)  11.4185, p=0.0763  77.4030, Tau<5%  L2-L4.HICP, L1-L4.GAP
The Netherlands 101  0.1483*, (0.0657) 0.0996**, (0.0387)  9.5963, p=0.1427  15.7070, Tau<20%  L2-L4.HICP, L1-L4.GAP
Portugal 101 0.3619*** (0.0748) 0.1690***, (0.0412)  5.6785, p=0.4602  299.2160, Tau<5% L2-L4.HICP, L1-L4.GAP
Spain 101  0.2517**, (0.0864) 0.0568, (0.0390) 3.9014, p=0.6900 37.4170, Tau<5%  L2-L4.HICP, L1-L4.GAP

GMM coefficient estimates with Newey-West HAC corrected standard errors in italic. Stars indicate significance at the
* p<0.05, ** p<0.01, and *** p<0.001 level. J-statistic corresponds to Hansen J-test of overidentifying restrictions.
Results of the Montiel-Pflueger weak instrument test are reported as F-statistic. Tau represents the % of worst case bias.

Instrument sets based on individual countries’ correlation statistics with the endogenous variable. L1 - L4 indicate first
to fourth lag of respective variables. Sample sizes vary slightly due to data availability.

Forward-looking price setting is still weak in the EA with ¥ = 0.25 as well as the 11 EA countries with ¥ ranging
from 0.14 to 0.44. While Austria and Portugal are characterized by comparably strong forward-looking coefficients,
Ireland, Italy, and the Netherlands are among the most backward-looking countries. Output gap coefficients are positive
and significant in nine out of twelve cases, ranging from 0.07 to 0.17. Largely backward-looking price setting and
positive gap coefficients are in line with results reported in similar studies on EA inflation dynamics (e.g. Henzel and
Wollmershaeuser (2008), Montoya and Doehring (2011)). Testing for overidentifying restrictions on the basis of the
Hansen J-test (Hansen, 1982) indicates them to be valid. Similarly, instrument sets can by and large be considered
strong on the basis of Montiel & Pflueger weak instrument tests (Montiel Olea and Pflueger, 2013). Here, the
hypothesis of weak instruments cannot be rejected at the 10% confidence level only in Belgium, Finland, France, and
the Netherlands.

Estimating the hybrid NKPC in state space form by means of the Kalman filter exhibits parameters y and A to vary
considerably over time. Figure 3 displays their variation over time. Coefficient ¥ has increased during the crisis
especially between 2008 and 2010 from relatively stable levels in the early 2000s. While forward-looking price setting
increases in the majority of EA countries during the crisis, it remains stable in the Netherlands and, surprisingly,
decreases in Greece and Portugal. In comparison to fixed-coefficient results, Ireland, Italy, and Spain are among the
countries with highest shares of forward-looking prices setters and Finland the one with predominantly
backward-looking price setting. In the recent past, coefficients ¥y have increased by +5% (the Netherlands) to +189%
(Ireland) from Q1 2007 to Q4 2015. Here, Austria, Finland, and Ireland all indicate coefficient increases by more than
100%.

Central to this paper is the development of the slope coefficient over time. While the gap coefficient A decreases
uniformly in all EA countries in the early 2000s, sometimes starting even earlier, it experiences a sharp increase with the
onset of the financial crisis in 2007/08. Starting in 2009/10, this increase fades out and A stays at a new and higher
level. Rising slope coefficients are observed for the EA area as a whole and for all EA11 countries individually except
the Netherlands. Here, the flattening of Phillips curve during the 2000s fades out in 2007/08 and A remains stable at
this level. Spain's gap coefficient, in contrast, indicates a reverse trend thereafter and decreases again slightly since
2012.
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Figure 3. Hybrid NKPC including output gap - Kalman filter estimates

Compared to Q1 2007, gap coefficients A have increased in all countries except the Netherlands by +33% (Austria) to
+432% (France) until Q4 2015. Slope coefficients of Finland, France, Ireland, Italy, and Spain more than doubled
during this period, indicating considerable increases in the inflation-output tradeoff. Results thus partly confirm findings
of the European Commission (2014) of strongest gap coefficient increases in ‘vulnerable’ countries of the EA. Fixed-
and time-varying coefficient estimates of y and A are generally of similar size. Nonetheless, fixed-coefficient
estimates do not fully reflect recent increases in the role of inflation expectations and output gaps and thus remain

slightly lower in the majority of EA countries for 2015.

As a result of a shared monetary policy since 1999 as well as increasing interdependencies across the EA, inflation
dynamics are hypothesized to assimilate over time. While Figure 1 indicates decreasing spreads in inflation rates across
the EA, Figure 4 plots the spread between minimum and maximum Phillips curve coefficients of EA and EAll

estimations over time.
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Figure 4. Hybrid NKPC incl. output gap - EA11 spreads (difference between min and max) of time-varying coefficients

Taking the spread of Phillips curve coefficients as an indicator for heterogeneity indeed proves inflation dynamics to be
converging over time. While the spread of the forward-looking term coefficient decreases y from around 0.60 in the
early 1990s to 0.34 in 2014/15, the difference between maximum and minimum output gap coefficients A decreases
from 0.50 to 0.17. Despite small increases in both spreads in the course of 2008/09, Phillips curve coefficients point at
harmonized developments across EA countries since the 1990s.

5. Alternative Tests and Discussion

Several alternative specifications of the hybrid NKPC are estimated to test the robustness of results. These include tests
on both, fixed- as well as time-varying coefficient analyses.

First, Ordinary Least Square (OLS) and unrestricted estimations represent viable benchmarks to GMM results. Results
of alternative estimations are summarized, but not illustrated in detail given broad conformance with findings reported
in Section 4. Due to assumed coefficient endogeneity, estimations are based on GMM estimators, which in turn
correspond to OLS estimators in the absence thereof. OLS estimation results are indeed similar, albeit slightly larger
and more significant coefficients. To test the viability of results in the absence of coefficient sum constraints,
unrestricted hybrid NKPCs are estimated via GMM and in state space form as well. Unrestricted coefficients are
generally in line with fixed- and time-varying coefficient results reported above. In time-varying estimations, smaller
discrepancies only change the level of coefficients slightly. Most importantly, the increasing role of forward-looking
price setting is confirmed by a simultaneously decreasing unrestricted coefficient of the backward-looking term in the
vast majority of countries (Note 7).

Second, unemployment gaps are included as an alternative measure of real marginal cost. With respect to above
described differences in the literature concerning the development of the slope coefficient, the unemployment gap
specification, denoted in equation (5) serves as a direct comparison to the output gap specification.

e = ¥ Sp (Mear) + (1 — podm—g + Lugap: + & 5)

Estimating (5) via GMM yields fixed-coefficient estimates summarized in Table 2. Results confirm EA countries to be
primarily backward-looking with the majority of ¥ coefficients close to the above-described gap estimation results.

Coecfficients of the unemployment gap are generally negative as expected and significant in only five out of twelve
cases ranging from -0.03 (Greece) to -0.13 (Finland). In comparison to gap estimations, unemployment gaps are
concluded to be slightly less informative for EA countries inflation dynamics, both in terms of magnitude and
significance.
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Table 2. Hybrid NKPC incl. unemployment gap-GMM estimation

HICP inflation
Country n Y Mugep J-statistic F-Statistic Instrument Set

EAlLl 101 0.1973*,(0.0864) -0.1010*,(0.0445) 4.0797, p=0.1300 91.6870,Tau<5% L2-L4.HICP
Austria 100  0.3347***,(0.0998) -0.1243, (0.0645) 5.6813, p=0.4598  23.9650, Tau<10% L2-L4.HICP, L1-L4.UGAP
Belgium 100  0.3053**, (0.1122) -0.1333, (0.0796) 8.7185,p=0.1900  7.7890, Tau>30%  L2-L4.HICP, L1-L4.UGAP
Finland 100  0.2440%, (0.1032) -0.1342***,(0.0332)  3.4225,p=0.7543  10.2980, Tau<30%  L2-L4.HICP, L1-L4.UGAP

France 101  0.1856, (0.1033) -0.0236, (0.0368) 6.1161, p=0.0470  15.0670, Tau<20% L2-L4.HICP
Germany 96  0.2272**, (0.0827) -0.0408, (0.0518) 9.0340, p=0.1717  30.6210, Tau<10% L2-L4.HICP, L1-L4.UGAP
Greece 80  0.4741*** (0.1098)  -0.0331**,(0.0125)  4.1999, p=0.6497  20.1080, Tau<10% L2-L4.HICP, L1-L4.UGAP
Ireland 100  0.1517*, (0.0599) -0.0261, (0.0224) 7.2910, p=0.2948  16.4240, Tau<20%  L2-L4.HICP, L1-L4.UGAP
Italy 100 0.1748, (0.0962) -0.0283, (0.0307) 10.8806, p=0.0921  55.7570, Tau<5%  L2-L4.HICP, L1-L4UGAP
The Netherlands 100  0.2964***, (0.0764) -0.1052*, (0.0530) 10.2541, p=0.1144  11.9580, Tau<20% L2-L4.HICP, L1-L4.UGAP
Portugal 100  0.4251***,(0.0905)  -0.0925**, (0.0301) 5.6803, p=0.4599  171.6260, Tau<5%  L2-L4.HICP, L1-L4.UGAP

Spain 101 0.2544**, (0.0976) -0.0274, (0.0399) 3.2380, p=0.1981  84.0590, Tau<5% L2-L4.HICP

GMM coefficient estimates with Newey-West HAC corrected standard errors in italic. Stars indicate significance at the
* p<0.05, ** p<0.01, and *** p<0.001 level. J-statistic corresponds to Hansen J-test of overidentifying restrictions.
Results of the Montiel-Pflueger weak instrument test are reported as F-statistic. Tau represents the % of worst case bias.

Instrument sets based on individual countries’ correlation statistics with the endogenous variable. L1-L4 indicate first to
fourth lag of respective variables. Sample sizes vary slightly due to data availability.

To estimate (5) in state space form, (2) and (3) in Section 4 are modified to include A;ugap; instead of A.gap,
(Note 8). Time-varying estimations including unemployment gaps provide partly differing results as depicted in Figure
5. Increasingly forward-looking price setting is roughly confirmed in seven out of twelve countries. Coefficients y
often exhibit a dip during the financial crisis in 2007/08 and post-2010 levels are very similar to levels in the 2000s.
Further, no uniform trend can be observed for 4,4,, across EA countries. While coefficients remain surprisingly stable
in the EA, France, Italy, the Netherlands, and Spain, a flattening of the unemployment gap coefficient is observed
Austria, Germany, Ireland, and Portugal. Slope coefficients have increased only in Belgium, Finland, and Greece. In
contrast to increases of gap coefficients, increases in the slope coefficient take place gradually over time and do not
seem to be directly related to periods of the crisis.

Overall, alternative estimations confirm the robustness of results, but also present interesting deviations. Analyses
suggest the role of inflation expectations to have strengthened significantly over the past ~20 years to y roughly
between 0.20 and 0.40, nearly independent of the real marginal cost measure used. This finding is in line with the wide
consensus of well-anchored inflation expectations. Interestingly, results support the hypothesis of differing slope
coefficient developments depending on the measure of real marginal cost used. This hypothesis stems from directly
contrasting different findings in the literature. While output gap coefficients increase considerably since 2007/08,
unemployment gap coefficients remain stable or decrease in the majority of EA countries. This differentiation
corresponds to various findings in the literature that report increasing inflation-output gap trade-offs in the recent past
(among them Riggi and Venditti (2014), European Commission (2014), Const&acio (2015), Stevens (2015)), but rather
stable inflation-unemployment trade-offs during the same periods (e.g. IMF (2013), Blanchard et al. (2015)) (Note 9).
Consequently, the dependence of slope coefficients' evolution on the measure of real marginal cost used suggests
caution in the Phillips curve specification choice. With reference to output gaps indicating broader significance, stronger
inflation expectation terms, and greater consent with related studies, it may currently reflect the state of the business
cycle in the EA more comprehensively than its unemployment gap counterpart.
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Figure 5. Hybrid NKPC including unemployment gap-Kalman filter estimates
6. Conclusion

Estimations indicate the Phillips curve relation to change considerably over time, which requires a continuous
modification of the inflation expectation formation process as well as the conduct of monetary policy. To conclude,
three important results are highlighted. First, inflation expectations play an increasingly important role in EA inflation
dynamics, thereby proving them to be well-anchored. Second, while the relation between inflation and the output gap
has strengthened during the recent financial crisis, the relation between inflation and the unemployment gap remains
ambiguous across EA countries. With respect to the quality of estimations, output gaps are considered to be a valid
choice of current business cycle state measure. Third, comparing the evolution of Phillips curve across EA countries
indicates converging inflation dynamics since the 1990s.

Several factors may account for increased Phillips curve slope coefficients in the recent past. Apart from difficulties
related to the precise measurement of potential output and consequently current output gaps potentially underestimating
“true' output gaps, fundamental changes are likely to play an important role. As the slope coefficient is a function of the
frequency of price adjustments, enhanced wage flexibility and higher aggregate price flexibility due to higher
uncertainty or microeconomic volatility potentially result in higher slope coefficients. Further, non-linearities in the
inflation-output gap relation lead to increased sensitivities only in the case of persistently large output gaps.

The strengthened link between inflation and real activity reaffirms the Phillips curve and thus the effectiveness of
monetary policy actions. Given the strong role of inflation expectations, particular emphasis is on the containment of
stable inflation expectations to complement the traditional transmission mechanism. On a more general note,
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synchronizing inflation dynamics suggest favorable effects of a uniform monetary policy, which counters ‘one size fits
all’ critiques and facilitates common monetary policy in the future. While results indicate converging trends, precise
measurement of convergence and its determinants present an interesting field for further research.
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Notes

Note 1: EA1l thus comprises Austria, Belgium, Finland, France, Germany, Greece, Ireland, Italy, the Netherlands,
Portugal, and Spain.

Note 2: Instead of relying on inflation expectations of professional forecasters, Coibion and Gorodnichenko (2015)
suggest household inflation expectations to better approximate firms’ inflation expectations. Estimation results based on
households’ inflation expectations from the Michigan Survey of Consumers support this hypothesis for US inflation and
represent an alternative to professional forecasts.

Note 3: While Figure 1 is limited to the EA aggregate, the observation of uniform under- and subsequent overestimation
is true for all individual EA11 countries alike.

Note 4: To account for HP filters’ sensitivity to start and end points, trend GDP is derived from a longer time series of
Q1 1980-Q4 2015. While sensitivity to the start point is thereby reduced, sensitivity to the end point potentially
remains.

Note 5: Detailed variable descriptions and data sources are listed in the appendix.

Note 6: Error terms &; and n; with i = 1,2 are constrained to allow convergence. Variations of these constraints are
performed to avoid dependence on particular specifications. No dependence is observed, as variations do not change
results in a noteworthy manner.

Note 7: Detailed estimation results of OLS as well as unrestricted hybrid NKPC estimations for the EA and EA11 are
available upon request.

Note 8: Constraints of error terms described in Section 4 remain unchanged.

Note 9: On a minor note, coefficients ¥ and A of EA and EA11 estimates are slightly smaller than median coefficients
reported in listed related studies.

Appendix: Variables and data sources
Variable description

Sources & comments

HICP: Year-over-year change in HICP in % Eurostat

Q1 1990 - Q4 2015 OECD
HICP data complemented with CPI inflation from OECD in early
1990s

IFC: Survey measure of expected inflation for the
coming four quarters ahead in %
Q11990 - Q4 2015

Consensus Economics
Weighted average of current and coming year’s expected
inflation in the first month of the respective quarter

GAP: Output gap, deviation of GDP from HP-filtered
GDP in % of HP-filtered GDP

Q1 1980 - Q4 2015

OECD

AMECO

Real GDP in €m, expenditure approach, seasonally and calendar
date adjusted

Extended to cover Q1 1980 - Q4 2015 to alleviate starting point
dependency

OECD data complemented with AMECO data

UGAP: Unemployment gap, deviation of harmonized
unemployment rate from NAIRU estimates
Q11990 - Q4 2015

Annual NAIRU estimates are applied for the four quarters of the
respective year
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