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Abstract

We study whether the trade-off between inflation and unemployment still exists in the
euro area (EA). Using country-level data for member states of the EA, we estimate a refined
specification of the Phillips curve in the spirit of Hazell et al. (2022) deploying a non-tradable
price index to measure inflation. We find that the slope of the Phillips curve is small and hence
the Phillips curve is flat in the EA, similarly to the US. Moreover, reference estimates based on
aggregate data overstate the steepness of the Phillips curve considerably. Our findings imply
that the insensitivity of inflation with respect to unemployment over the last decade is a result

of firmly anchored inflation expectations.
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1 Introduction

The Phillips curve is the most important and widely-used workhorse model for inflation in economics
illustrating the trade-off between inflation and unemployment. It was originally proposed by Phillips
(1958) and further discussed by Samuelson and Solow (1960). Over the past decades, the Phillips
curve has constantly been subject to criticism and refinements. Nowadays, the New Keynesian
Phillips curve featuring inflation expectations has become its state-of-the-art specification. However,
in 2022, when we observed rapidly increasing inflation across the globe in response to the Covid-19
pandemic and the war in Ukraine while unemployment remained stable on low levels, the Phillips
curve is on trial again. Especially in case of the euro area (EA), where the rise of inflation has not
yet come to a halt with a view to the energy crisis, there is an urgent need for further research
on the Phillips curve. Against this backdrop, we ask in this paper whether the Phillips curve
trade-off between inflation and unemployment still exists in the EA. Moreover, we examine whether
country-level data can provide new insights into the Phillips curve and how these new results relate

to findings of the recent literature estimating the Phillips curve using aggregate data for the EA.

In order to answer these questions, we build on a new model of a regional Phillips curve developed
by Hazell et al. (2022) exploiting the variation in inflation and unemployment that we observed
in the EA over the last decades. In their spirit, we set up a non-tradable goods’ price index to
measure inflation and estimate the regional Phillips curve on country-level data for the EA member
states covering the period from 2001 to 2021. In addition, we compare our findings based on the
regional Phillips curve with results obtained from estimating the aggregate Phillips curve using
different measures of inflation expectations. Lastly, we discuss these findings with respect to the

recent related literature.

In the aftermath of the financial crisis, when unemployment rose strongly but disinflation did
not materialize as expected in most advanced countries, criticism around (the stability of) the
Phillips curve increased (Hall 2011, cp.). Since then, a large body of literature has emerged assessing
the trade-off in light of the Great Recession, mostly in case of the US (Ball and Mazumder 2011;
Blanchard 2016; Coibion and Gorodnichenko 2015, e.g.) but also for the EA (Mazumder 2012, e.g.
Riggi and Venditti 2015; Hindrayanto et al. 2019; Ball and Mazumder 2020) and advanced and
emerging economies across the globe (Blanchard et al. 2015; Forbes et al. 2021, e.g.). As mentioned
above, the Covid-19 pandemic and the subsequent severe supply chain shock leading to rapidly
increasing inflation at low levels of unemployment put the Phillips curve yet again to the test.
Overall, the literature finds very different results for the Phillips curve slope, that is the parameter
that measures how sensitive inflation is to unemployment or any other measure of economic slack,
such as the output gap. Most papers estimate the Phillips curve using aggregate data (both in case
of the US and the EA) and direct measures of inflation expectations. Early on after the financial
crisis, Mavroeidis et al. (2014) have pointed out that there are several caveats to this: first, there
is considerable heterogeneity and variation in inflation and unemployment especially in the EA

which might not be captured appropriately by aggregate data. Moreover, aggregate (survey) data



suffers from a problem of weak instruments. Therefore, they argue, new methodologies and data
are necessary to pin down the slope of the Phillips curve more clearly. Additionally, Hazell et al.
(2022) argue that simultaneity problems may arise because of the difficulty to disentangle demand
and supply shocks in aggregate data. We tackle these issues and estimate a new formulation of the
Phillips curve for the EA exploiting country-level panel data. In this way, we exploit variation in
inflation and unemployment across the EA and direct measures of inflation expectations become

obsolete.

Specifically, we estimate an empirical specification of the regional Phillips curve proposed by
Hazell et al. (2022) to infer about the sensitivity of inflation to unemployment in the EA. They derive
this modified version of the Phillips curve within a standard multi-region New Keynesian model of
a monetary union and relate it to the “traditional” aggregate Phillips curve. Importantly, they set
out how the problem of accounting for shifts in long-term inflation expectations when estimating
the Phillips curve, for example induced through changes in the long-run monetary policy regime,
can be overcome by the use of a panel data specification including time-fixed effects. Intuitively,
long-run inflation expectations are common across member states of a monetary union and therefore
“cancel out” in the estimation using cross-sectional data (Hazell et al. 2022, p. 5). Therefore, it is
not necessary to proxy for inflation expectations using for example survey data. Thus, measurement
errors and identification problems are substantially reduced. Another essential theoretical feature of
the regional Phillips curve is that it only relies on inflation in non-tradable goods. Prices of tradable
goods are set at the level of the monetary union and are therefore equal (up to transportation and
logistical costs). Hence, they do not contribute to inflation differentials across the member states of
the union and are therefore not informative of the slope of the regional Phillips curve. To account
for this feature, we construct a non-tradable goods price index using HICP-subcomponents on a
4-digit-level from Eurostat taking advantage of the harmonization of price index construction across
EA member states. We also use several different approaches for identification and follow Hazell
et al. (2022) in constructing a tradable-demand instrument. This instrument takes advantage of the
regional setting and exploits the idea that supply shocks in the tradable goods sector differently
affect demand in the non-tradable goods sector depending on the degree of exposition of a country to
the supply shock. We also estimate an empirical version of the regional Phillips curve as presented
in the recent related literature and compare our results with those reported in Hazell et al. (2022)
for the US. Finally, we contrast our results for the slope of the regional Phillips curve with estimates
of the aggregate Phillips curve using different measures of inflation expectations, and place our
results into the context of existing literature.

We evaluate the regional Phillips curve on quarterly data for EA member states over the period
2001-2021.1 We find that indeed the slope of the Phillips curve in the EA is small and thus the
Phillips curve itself comes across as flat but robust. In our preferred specification, the slope coefficient

K is only 0.0043, though statistically significant, which is substantially smaller compared to estimates

!Essentially, the data starts in 1998 but due to the construction of non-tradable goods price inflation we lose 3
years of observations



we obtain from aggregate data ranging between 0.0971 and 0.3812. However, our finding coincides
with the estimated slope parameter for the US reported by Hazell et al. (2022) who obtain a value
of 0.0062 in the preferred specification. Similar to Hazell et al. (2022), we conclude that the Phillips
curve is substantially flatter though stable judging from country-level data compared to aggregate
data. This finding is also robust across a number of different specifications regarding methodological
aspects of the regional Phillips curve. Our findings clarify why there has been no disinflation in the
years after the financial and sovereign debt crises and why inflation has remained below target in
the late 2010s when unemployment decreased to record-low levels: the Phillips curve is alive but

robustly flat in the EA and inflation has been stabilized by firmly anchored inflation expectations.

The paper proceeds as follows. In the remainder of the introduction, we place the paper in
a broader literature context. Section 2 introduces the model of the regional Phillips curve based
on Hazell et al. (2022). Afterwards, in Section 3, we describe the data and show some stylized
facts on the Phillips curve in the EA. Section 4 introduces the empirical specification of the model
illustrated in Section 2 and presents the empirical results of estimating the regional Phillips curve
on EA panel data. It also compares findings with estimates of an aggregate Phillips curve and the

recent literature. Section 5 concludes.

Related literature. This paper touches upon several strands of the literature on the Phillips
curve. After all, the Phillips curve is still an important tool for policymakers at central banks to
analyze inflation (Belz et al. 2020; Eser et al. 2020; Hasenzag] et al. 2022).

The literature on using regional or cross-sectional panel data to estimate the Phillips curve is
still scarce. To date, there has been no attempt to use EA country-level data to estimate a regional
Phillips curve specification, however, there are some papers that use US state- or city-level data
(Kiley 2015; Babb and Detmeister 2017).2 The paper most closely related to ours is Hazell et al.
(2022) since we use their newly developed regional Phillips curve model based on regional data to
infer about the slope of the Phillips curve in the euro area as described above. In their paper, they
develop a regional Phillips curve within a New Keynesian model and estimate this new version of
the Phillips curve using a newly-constructed dataset on state-level price indices for non-tradable
goods for the US. In their analysis they put special emphasis on the (seeming) difference between
the period of the Volcker disinflation and the period since 1990. Based on the new data and the new
specification of the Phillips curve, they find that its slope was and is still small which makes the
Phillips curve flat. Importantly, they do not use explicit measures of inflation expectations to arrive
at this conclusion. In a similar fashion, though with a focus on the optimal inflation target when
identifying the Phillips curve, McLeay and Tenreyro (2020) use cross-sectional regional variation in
US metropolitan unemployment and price data to infer about the slope of the Phillips curve. They
obtain larger estimates of the slope of the Phillips curve compared to estimates based on aggregate

data. Similarly, Fitzgerald et al. (2020) estimate the Phillips curve using US state-level data to

2To our best knowledge, the only paper using country-level data of EA member states to identify the slope of a
structural (aggregate) New Keynesian Phillips curve is Eser et al. (2020). However, they do not estimate a regional
Phillips curve in the spirit of Hazell et al. (2022).



identify the structural relationship between unemployment and inflation. They find a relatively
stable relation between unemployment and inflation since the 1970s. Hooper et al. (2020) estimate
a conventional expectations-augmented Phillips curve using panel data for US states and cities and

find a negative slope of the Phillips curve.

Several papers have recently investigated the aggregate Phillips curve for the euro area. They
focus on estimating the Phillips curve using aggregate data to explain the puzzling behavior of
inflation after the financial crisis (Moretti et al. 2019; Passamani et al. 2021).3 Ball and Mazumder
(2020), for example, estimate the Phillips curve for the EA focusing on core inflation and using
professional forecasters’ inflation expectations. They find that there was no missing disinflation after
the financial crisis. Oinonen and Vilmi (2021) use the New Keynesian Phillips Curve (NKPC) to
analyze the inflation outlook in the EA. Including both survey and professional inflation expectations,
they find that the Phillips curve explains recent inflation dynamics well. Other literature has studied
inflation on the level of EA member states individually, agreeing on a negative but stable slope of
the Phillips curve since the financial crisis (see Amberger and Fendel 2016, 2017; Hindrayanto et al.
2019). Still, there is considerable heterogeneity across EA member states (Ribba 2020, e.g.).

2 The regional Phillips curve

In this Section, we shortly summarize the set up of the New Keynesian model in Hazell et al. (2022)
in order to set the stage for presenting the regional and aggregate Phillips curve. We will state
the assumptions necessary to arrive at the regional Phillips curve and elaborate on the role of
cross-sectional data in estimating it. Finally, we present the regional Phillips curve and contrast it

to the related strand of the literature.

2.1 Model setup

Hazell et al. (2022) develop the regional Phillips curve in a two-region New Keynesian, open economy
model with a tradable and non-tradable goods’ sector. Both regions of the model form a monetary
and fiscal union. The population of Home (H) and Foreign (F) sum up to one and labor is perfectly
mobile within regions but not across regions. Each region features a single labor market. Financial

markets are complete across regions. Agents form full-information rational expectations.

Households have preferences according to Greenwood et al. (1988) (abbr. as GHH hereafter)
and consume a composite consumption good with consists both of tradable and non-tradable goods.
Assuming GHH preferences simplifies the derivation of a regional and aggregate Phillips curve, see
Section 2.2. These type of preferences imply that there are no wealth effects on labor supply, which

means that marginal costs are independent from consumption.* Importantly, non-tradable goods

3Equivalently, Coibion and Gorodnichenko (2015), Ball and Mazumder (2011, 2018), Del Negro et al. (2020) do so
for explaining US inflation behavior in the aftermath of the financial crisis.

4Conversely, assuming separable preferences would imply that the slope of the regional Phillips curve for non-
tradable inflation is different from the slope of the aggregate Phillips curve, see appendix of Hazell et al. (2022).



are consumed only within the region they are produced whereas the market for tradable goods is
fully integrated across regions. Therefore, the price index for non-tradable goods may differ across
regions but the price index for tradable goods does not. Households maximize utility subject to
a sequence of period budget constraints. Ponzi-schemes are ruled out such that household debt

cannot exceed the present value of future income.

There is a continuum of firms both in the tradable and non-tradable goods sector which are
specialized in the production of differentiated goods. Firms only use labor as input in the production
of these goods (hence the production is linear in labor with constant returns to labor). Firms’ price
setting in both sectors follows Calvo (1983). Thus, in each period a fraction of firms 1 — « can reset
their prices while the remaining fraction o cannot adjust their prices. Firms in the non-tradable
sector only produce for the region where they are located (i.e. either Home or Foreign), firms in the

tradable goods sector face demand from both regions forming the monetary union.

The government conducts a common monetary policy for both regions. Economy-wide inflation
and unemployment are both a population weighted average of inflation and unemployment, respec-
tively, of each region. Monetary policy is subject to a time-varying inflation target. Variation in
long-run inflation yields variation in long-run unemployment since the long-run Phillips curve is not
vertical. Moreover, the monetary authority targets an unemployment rate which is consistent with
its long-run inflation target. The interest rate rule follows the Taylor principle ensuring that there
exists a unique locally bounded equilibrium. There are no taxes, government spending nor issuance
of debt, hence there is no fiscal policy. The government issues a digital currency which is in zero
net supply meaning that monetary policy has no fiscal impact. The equilibrium in the two-region
economy satisfies household and firm optimization, the government interest rate rule and market

clearing.

2.2 The regional and aggregate Phillips curve derived from theory

Hazell et al. (2022) take a log-linear approximation of the model presented verbally in Section 2.1
around a zero-inflation steady state with balanced trade. This yields the following regional Phillips

curve for non-tradable goods inflation
The = 5Et77g,t+1 — Klie — DRy + Vi (1)
and the aggregate Phillips curve for overall inflation
T = BEim1 — Kl + 1 (2)

where Kk = Ap~! and \ = M wgt = p%t — p%tfl is non-tradable Home inflation, ﬁ%t is
the percentage deviation of the Home relative price of non-tradables from its steady state value
of one, Vﬁt is a non-tradable Home supply shock and v4 is an aggregate supply shock. 4gy is the
percentage deviation of Home unemployment w; from its steady state value uy. Unemployment in

Home is defined as ugy = 1 — Ny where Ny is total labor supply in Home. In turn, total labor



supply in Home is the sum of labor demanded by firms in the tradable (N},) and non-tradable
(N }{Vt) goods sector. Hence, in the model of the regional Phillips curve, unemployment comprises

both sectors while inflation only refers to the non-tradable goods sector.?

The slope of the Phillips curve x in (1) and (2) depends on two parameters: the degree of
nominal rigidity A and the Frisch elasticity of labor supply . A, in turn, depends negatively on the
fraction « of firms that keep their prices fixed in a given period. Hence, the larger the degree of
price stickiness, the smaller A. For the slope this means that a larger value of «, which reduces A,

ultimately leads to a smaller slope parameter.

From equation (1) and (2) follows that the slope both of the aggregate Phillips curve for overall
inflation and the regional Phillips curve for non-tradable inflation are equal to k. However, this
result does not carry over to the regional Phillips curve including tradable inflation.® The intuition
behind this result is that both regions consume tradable goods produced in Home and Foreign and
therefore these goods are priced on the level of the whole economy. Thus, prices of tradable goods
do not contribute to differences in inflation between regions. Conversely, the overall regional price
index is partly made up of goods which prices are insensitive to changes in regional unemployment.
Building on these theoretical results, we follow Hazell et al. (2022) and use non-tradable goods price

inflation when estimating the regional Phillips curve in the cross-section of euro area member states.

The essential difference between (1) and (2) is the relative price of non-tradables, that is Ap2,,
in the regional Phillips curve. It implies that inflation in the non-tradables sector will be lower the
higher is the relative price of non-tradables. Thus, the term pushes relative prices for tradables and
non-tradables to parity in the long run. Also, local booms will not result in unbounded inflation
of home non-tradables because the demand for these goods is also affected by the relative price of
non-tradables to tradable goods in the whole economy. From a model point of view, the reason why
this term is appearing in the equation is twofold: On one hand, non-tradable inflation is driven
by variation in the real wage deflated by prices of non-tradable goods. On the other hand, labor
supply is a function of the real wage deflated by the home consumer price index. Therefore, the real
marginal cost variable in the non-tradable Phillips curve gives rise both to an unemployment and a
relative price term (Hazell et al. 2022). Ultimately, the parameter A measures the degree of nominal
price rigidity in the economy.

To see the benefit from using cross-sectional data in estimating the regional Phillips curve, Hazell
et al. (2022) solve equation (1) forward assuming that the law of iterated expectations holds.”. They

obtain

[ee]
T = —Ey Z B (ki e+j + )‘ﬁ%,t—&-j) + BEtﬂ-g,t—i-oo + @gt (3)
j=0

5These model specifications hold analogously for Foreign (F).

In their appendix, Hazell et al. (2022) show that the slope of the regional Phillips curve for overall inflation is
smaller than the aggregate Phillips curve by the factor of the expenditure share on non-tradable goods.

"Hazell et al. (2022) elaborate on this assumption in their appendix A.10 relying on Adam and Padula (2011) and
Coibion et al. (2018).



where Uy = upy — Fiug 400 and o?gt = FE; Z?‘;O /BjV%tH.S Importantly, the term ﬁEm%Hoo,
that is long run inflation expectations, is constant across regions. This implies that variations in
these long run inflation expectations will be absorbed by region- and time-fixed effects. The intuition
is that long run inflation expectations are independent of the current business cycle and are solely
determined by beliefs about the long run monetary policy regime (essentially the inflation target).
These beliefs, in turn, are common across all regions (or countries, respectively) forming a monetary
union, because monetary policy is set by the common central bank, which is the ECB in case of the
euro area. Thus, beliefs formed by the private sector vary uniformly across regions, or countries,
respectively in the monetary union. Mechanically, when estimating the regional Phillips curve, these
expectations are then “differenced out” in a panel regression including time-fixed effects (Hazell
et al. 2022, cp). From the perspective of the theoretical model, Hazell et al. (2022) obtain this result
because productivity growth and other drivers of real costs, have a common trend across regions
in the long run. There may still be differences across regions (regarding for example TFP) but if
these differences are constant over time, they will be absorbed by region- or country-fixed effects,
respectively. Any other remaining variation in long run inflation expectations across regions will be
absorbed by the error term wﬁt. The main conclusion from this result is that long-run inflation
expectations can be substituted by time- and region-fixed effects in the estimation. This yields the

following regional Phillips curve specification

00

my =B B (s + M) +oi o+ @ (4)

§=0

where the subscript ¢ denotes a region, or country, respectively, in the panel. «; denotes region-fixed
effects which absorb constant differences in expected non-tradable goods inflation across regions. ;
denotes time-fixed effects which absorb time-variation in Emiioo that is common across all regions
in the monetary union. Note also that time-fixed effects do not only absorb common long-run
trends in inflation expectations but also time variation in long-run expected unemployment Fytis4oc.

Therefore, Hazell et al. (2022) suggest to replace u;¢+; by i ¢+;-.
The recent regional Phillips curve literature (Hooper et al. 2020; McLeay and Tenreyro 2020,

cp) has established an empirical specification of equation (3) which is empirically more tractable,

however, it also relies on the assumption that both ugy and ﬁ%t +; follow AR(1) processes, where
Y =r/(1—Ppy,) and § = A/(1 — Bppn):

T = —tui — 0Py + i+ i+ @) (5)
Obviously, the slope coefficients in equation (4) and (5) are not the same. While k represents the
structural slope coefficient in the regional Phillips curve for non-tradable goods inflation, v is a
reduced form slope coefficient as estimated in other recent literature. Hazell et al. (2022) argue
that since unemployment is quite persistent, ©» will be substantially larger than x in empirical

estimations. Therefore, the literature estimating regional Phillips curves by means of equation (5)

8 Again, these equations hold analogously for Foreign.



obtain significantly larger slope estimates compared to traditional estimates based on aggregate
data , since they estimate the slope coefficient in equation (5) instead of (4). The persistence of
unemployment then ultimately results in larger slope estimates in this Phillips curve framework
using regional data, since 1 does not only reflect the impact of current unemployment on current

inflation but also expected infinite future unemployment.

The regional and aggregate Phillips curves derived above are arguably based on strong assump-
tions which may not necessarily hold. Hazell et al. (2022) acknowledge this and include a discussion

on this in their paper.

3 Data and descriptive statistics

In this section, we present the country-level panel data we use to estimate the slope of the Phillips
curve in the EA. First, we discuss how we construct the non-tradable goods’ price index and
inflation, respectively, and compare it to other measures of inflation. Next, we summarize the data
on employment and unemployment that we use to measure labor market slack and to construct the
tradable demand instrument. We discuss data on inflation expectations that we use in the final part
of the paper to estimate the aggregate Phillips curve in order to compare it with the estimates for
the slope of the regional Phillips curve. Lastly, we present some descriptive evidence on the Phillips

curve in the EA to set the stage for the formal estimation.”

3.1 Construction of a non-tradable goods price index

In order to estimate the regional Phillips curve using non-tradable inflation as suggested by Hazell
et al. (2022), we set up a non-tradable price index on country-level for all members of the EA. In
selecting the HICP sub-components to construct the non-tradable goods price index, we follow
the classification of Hazell et al. (2022), see appendix A for details. We rely on Eurostat data for
individual HICP sub-components on the 4-digit-level of the so-called European classification of
individual consumption according to purpose (ECOICOP).10 This classification on the 4-digit-level
comprises 48 industries.!! The advantage of using Eurostat’s HICP and its sub-components is that
its definition is harmonized across European countries and thus comparability across countries is
ensured. This also makes aggregation of non-tradable sub-components easily possible. For the US,
an analogous publicly available constructed index featuring sub-components on non-tradable goods

on state-level does not exist. Hence, Hazell et al. (2022) build an index on their own based on

9An overview of all variables and data sources can be found in the appendix in Table A.1.

0Unfortunately, these data on sub-components are not seasonally adjusted. However, for estimation we compute
year-on-year inflation rates which eliminates seasonality (Hazell et al. 2022). Moreover, we compared headline and
core inflation for the euro area both using adjusted and unadjusted data and find that differences are negligible.

"Hazell et al. (2022) include 71 industries. However, in the Eurostat ECOICOP classification some individual
industries listed in Hazell et al. (2022) are summarized together in one category. For example, “painting entire
automobile”, “vehicle inspection” and “automotive brake work” are summarized as “Maintenance and repair of
personal transport equipment” in Eurostat’s ECOICOP classification. An entire list of categories is listed in Section A
of the appendix.



microdata on the state-level from the BLS which potentially involves measurement errors and reduces
reproducibility. Finally, to compute the index, we also draw on the weights of sub-components

available from Eurostat (used to set up the overall HICP).

The construction of the non-tradable price index makes use of the aggregation methodology
of Eurostat deployed to set up the overall HICP on the level of individual countries. We use this
aggregation method for consistency to establish the price index for non-tradables. This aggregation
method comprises several steps. First, the price indexes of the sub-components on 4-digit-level have
to be unchained dividing the value of each month by the value of the previous December multiplying
by 100. In the next step, we aggregate the components by computing the weighted arithmetical
average. Thereby, we multiply the unchained value of component 7 with its weight and take the
sum over all categories. Then, we divide this sum by the sum of weights of all components labelled
non-tradables. Finally, we again chain-link this newly computed price index to its value of the
past December times 100. Data for individual HICP non-tradable components on 4-digit-level is
available from 1998 onwards. However, due to the construction of the non-tradable goods price
index by means of aggregation and chain-linking, the time series for non-tradable inflation starts
only in 2001. For comparison and exposition in the descriptive statistics below, we also compute
analogously a tradable goods price index based on HICP sub-components of Furostat. This price
index also draws on the 4-digit-level ECOICOP categories and includes the remaining components
which were not classified as non-tradable goods before. The computation of the tradable goods

price index is analougous to the non-tradable goods price index.

Figure 1 shows 12-month headline, core, non-tradeable and tradeable inflation rates. Several
observations are in order. First, we observe that there is considerable heterogeneity among euro
area members regarding all four measures of inflation. Second, we observe that there is even more
heterogeneity in both non-tradable and tradable goods inflation across EA members compared to
overall headline and core inflation. While tradable inflation is more volatile across time also on
euro-area average (black solid line lower right panel), non-tradable inflation varies more strongly
across countries. This observation is in line with the notion that prices of tradable goods have
converged in the monetary union. In some instances, these goods are even priced on the level of the
currency union and hence there is less price divergence which implies smaller inflation differentials
across the EA (Estrada et al. 2013). Non-tradable goods, on the other hand, respond much more
to country-specific marginal costs.'> The evidence confirming the heterogeneity in non-tradable
inflation across the EA strengthens our intention to estimate a regional Phillips curve using country-
level data because regional variation is essential for identifying the slope parameter in this model.
Moreover, this type of variation helps to overcome caveats of estimating an aggregate Phillips curve

for a currency union.

12Consistently, Hazell et al. (2022) show that there is much more variation across US states in non-tradable inflation
compared to tradable inflation by means of a principal component analysis.



Figure 1: Different measures of inflation for EA member states
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inflation. Data sources: Eurostat and own calculations

3.2 Employment data

For estimating the regional Phillips curve for the euro area following the approach of Hazell et al.
(2022), we make use both of country-level unemployment and employment data. Specifically, we use
the unemployment rate as as measure of economic slack. Time-series data on unemployment rates
for EA members (seasonally but not working-day adjusted) on monthly frequency are available
from the ECB. For estimation, we collapse monthly unemployment rates to quarterly frequency by
computing the quarterly average. In the final part of the paper when estimating the Phillips curve

using aggregate data we use the aggregate unemployment rate for the EA obtained from the ECB.

Cross-country variation in unemployment among EA member states is essential for identifying

the slope of the regional Phillips curve in a panel data set up (Hazell et al. 2022). Figure 2 plots
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Figure 2: Unemployment rates in the EA
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Notes: Country-level unemployment rates at monthly frequency are measured in percent and seasonally adjusted.
Data source: ECB.

unemployment rates for all member states (colored lines) and the aggregate of the EA19 (black
solid line) between 2001M1 and 2022M1. Quite strikingly, unemployment rates in the EA vary
a great deal over the sample period, both across the members of the currency union and on the
level of individual countries. Still, we observe some co-movement over time, especially regarding
the hike in response to the financial crisis and the subsequent decline over the past few years.
These observations are in line with what Hazell et al. (2022) show for the US, indicating that their
approach of estimating the slope of the regional Phillips curve is suitable for the EA, too. In fact, it
seems to be even more applicable, as unemployment across the EA varies between roughly 5 percent
in core countries (cp. Luxembourg, Austria and Germany) and up to 30 percent for countries of the
periphery (cp. Greece and Spain). On the contrary, according to Hazell et al. (2022), unemployment
rates in the US vary only between 5 and roughly 12 percent. Hence, exploitable variation is much
larger in the EA compared to the US.

For estimating the regional Phillips curve, Hazell et al. (2022) construct a tradable demand
instrument based on tradable employment shares in the spirit of Bartik (1991), see Section 4.1 below.
We follow this practice and use country-specific sectoral employment data for all EA member states
extracted from Eurostat to construct the instrument. In the choice of sectors included, we rely again
on Hazell et al. (2022), following Mian and Sufi (2014). Specifically, Hazell et al. (2022) include
the following sectors to compute the tradable employment shares: “Agriculture, forestry, fishing
and hunting”, “Mining, quarrying and oil and gas extraction”, and manufacturing.!® For the EA,
sectoral employment data (not seasonally adjusted) is available on quarterly frequency on the level
of A10 sectors according to the European Classification of Economic Activities (NACE rev.2). Based

on this sectoral classification and aggregation level, we include the sectors “Agriculture, forestry,

13 According to the Standard Industrial Classification (SIC) and the North America Industry Classification System
(NAICS) for the US, these are SIC sectors A, B, and D, and NAICS sectors 11, 21, and 31 to 33.
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fishing” and “Industry (w/o construction)” when computing the tradable employment shares.
Since the sectoral employment data is not seasonally adjusted, the tradable demand instrument
based on employment shares needs to be seasonally adjusted. Again, we follow Hazell et al. (2022)
and exponentially smooth the time series based on a moving-average process. For details on the

construction of the instrument, see Section 4.1 below.

3.3 Inflation expectations data

In the last part of the paper, we compare estimates of the slope of the regional Phillips curve for the
EA with slope estimates based on aggregate data and different measures of inflation expectations.
Aggregate data on year-on-year headline and core inflation based on the HICP for the EA come

from the ECB. These time series are seasonally adjusted and on quarterly frequency.

Data on professional inflation expectations come from the Survey of Professional Forecasters
(SPF) conducted by the ECB on quarterly frequency.!® In this survey, professional economists are
asked, among other things, about their forecasts of inflation over various horizons. For example,
they are asked to provide a point estimate of the year-on-year change in inflation in the future based
on the HICP published by Eurostat. The survey question itself covers six different time horizons:
current calendar year, next calendar year, calendar year after next, 12-months ahead, 24-months
ahead and 60-months ahead. The survey is conducted quarterly in January, April, June and October.
Questionnaires are distributed just after the Furostat press release of the final estimate of last
month’s inflation rate. Hence, experts know the inflation rate with a lag of one month but have no
information on the estimated current inflation rate. Questionnaires completed have to be returned
to the ECB within one week. On average, sixty professionals participate each quarter in the survey.
However, the panel is unbalanced as forecasters drop out and are replaced by others each round the
survey is conducted (Lépez-Pérez 2017). In the estimation below, we draw on two distinct measures
of professional inflation expectations: short-term and longer-term forecasts. For the short term we
use the 12-month ahead forecasts and for the longer-term expectations we use the 60-month ahead
forecasts of the SPF.

Data on quantitative household (or consumer) inflation expectations come from the Business and
Consumer Survey (BCS) conducted by the Directorate-General for Economic and Financial Affairs
(DGECFIN) of the European Commission (EC). For an overview and evaluation of the data on the
country level, see Arioli et al. (2017). Since 1985, the survey is conducted nationally by partner

institutions such as ministries or research institutes in each member country of the European Union

14Based on the definition of NACE rev.2, these are sectors A and B-E. B-E, that are the sectors summarized as
“Industry w/o (construction)”, also include “Electricity etc. supply” (D) and “Water supply and sewage” (E) next to
“Mining” (B) and “Manufacturing” (C). These sectors are not included by Hazell et al. (2022) in their employment
data. However, the sectors B and C are not separately available from Eurostat, hence we use the composite. We
checked employment shares for D and E based on NACE rev.2 A64 classification and find that for sector D it was 0.45
percent and for sector E it was 0.72 percent in 2020 of total employment in the EA. We conclude that these sectors
are only of minor importance and will not bias results substantially.

5Information on the survey and the questionnaire can be retrieved from the website of the ECB SPF
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or respectively the EA. Each partner institution is responsible for the sampling frame and sampling
methods. The questionnaires, however, are harmonized across countries. For the EA as a whole,
the sample includes around 21,000 households. For each country, the individual sample size differs
according to its population size. The survey is conducted on a monthly base and interviews take
place in the second or third week of each month. By then, people surveyed know at most the last
month’s inflation rate. The survey question asks for a quantitative estimate of how consumer prices
will develop over the next twelve months. Eventually, the EA aggregate is computed as a weighted
average of country-aggregate responses. The time series of monthly quantitative consumer inflation

expectations is collapsed to quarterly frequency for estimation purposes.

Lastly, we also incorporate a measure of market-based inflation expectations in the analysis
below. Therefore, we use data on inflation-linked swaps from Refinitiv accessed through Datastream.
Daily data is aggregated to quarterly frequency by taking the end-of-quarter value to take all
relevant information of market participants in a given quarter into account. Inflation-linked swaps
are financial derivatives by which one contracting party (inflation receiver) is entitled to receive a
payment equal to the realized inflation rate times a nominal value in exchange for paying a fixed
rate (times a nominal value) to the other contracting party (inflation payer) over an agreed period
of time settled in the contract (Grothe and Meyler 2017). This fixed rate, also called fixed leg,
indicates the expected inflation rate over the duration of the contract. At maturity of the swap, the
difference in the fixed leg and the realized inflation rate are exchanged. Therefore, inflation-linked
swaps with different maturities reflect different horizons of inflation expectations. In the analysis
below, we use one-year (five-year) spot rates to measure one-year (five-year) ahead market-based
inflation expectations and one-year forward rates to measure inflation expectations two-years ahead.
Inflation-linked swaps are indexed to Eurostat’s HICP excluding tobacco (HICPxT). However, both
time series of inflation based on the HICP and HICPxT move very closely, see Grothe and Meyler
(2017), so we do not expect major distortions because of this indexation. Another caveat is the
timing of the inflation-linked swap contract, called the indexation lag. Swaps are written on HICPxT
inflation realized three months before the contract starts. This means that the fixed rate agreed upon
actually only reflects 9-months of ezpected inflation in addition to past 3-month realized inflation.
Thus, the forecast horizon differs slightly with respect to the other surveys described above. For
larger horizons, when drawing on forward inflation swap rates, this distortion diminishes (Miccoli
and Neri 2018). Another type of distortion in the fixed rate may also arise due to inflation risk which
drives risk premia up. Nevertheless, because of their nature as traded instruments, inflation-linked
swaps include expectations of a variety of market participants on a high-frequency level and thus

include much more information on an aggregated level compared to alternative measures.

3.4 Stylized facts on the Phillips curve in the EA

Before diving into the formal analysis of the Phillips curve in the EA, we want to present some

stylized facts about the trade-off. Figure 3 plots the accelerationist Phillips curve which results
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Figure 3: Phillips correlation - inflation gap vs unemployment gap
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Note: Inflation gap is the year-on-year change in the 12-month inflation rate in percent and the unemployment gap
is the difference between the unemployment rate and the NAIRU in percent. Right panel: observations have been
demeaned by country and over time. The sample ranges from 2001M1 to 2022M2. The red dashed lines indicate the
linear fit of the change in inflation on the unemployment gap. Data sources: ECB, Eurostat, OECD

when assuming backward-looking or adaptive inflation expectations. Stock and Watson (2020) refer
to this as the “Phillips correlation”. We plot the year-on-year change in the 12-month inflation rate
against the unemployment gap defined as the difference between the unemployment rate and the
NAIRU published by the OECD. Both variables are measured at monthly frequency on country-level.
Additionally, observations in the right panel have been demeaned by country and over time to
illustrate the impact of controlling for country- and time-fixed effects similarly to the estimation
of the regional Phillips curve below. The red dashed lines indicate the linear fit of a regression of
the change in inflation on the unemployment gap. A first glance at the scatter plots suggests that
inflation across the euro area is relatively insensitive to changes in unemployment. The systematic
relationship between inflation and unemployment seems to be only small in the EA similar to the
US as Hazell et al. (2022) point out. By means of pure eyeballing, we observe that the fitted line is
almost flat in both panels, even more so in the right one. The estimated slope coefficients which are
-0.1341 (p-value: 0.0000) in the left panel and even only -0.0775 (p-value: 0.0000) in the right panel
support this observation. Hence, this descriptive evidence suggests that the slope substantially
reduces when one accounts for common trends across countries and over time, which are nothing
more than long-run inflation expectations in the model of the regional Phillips curve according to
Hazell et al. (2022).

Figure 4 illustrates the 12-month core inflation rate based on the core HICP excluding food
and energy and the 5-year ahead expected inflation rate measured by the SPF. We clearly observe
that, since the introduction of the euro, longer-term inflation expectations of professional forecasters
have been stable at close to but below 2 percent, the inflation target of the ECB until mid-2021.

Combining the evidence of very stable long run inflation expectations and the forward-solved
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Figure 4: Core inflation and long run inflation expectations
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Note: Inflation is the year-on-year change in the core HICP (excluding food, energy, tobacco and alcohol) at monthly
frequency for the euro area aggregate expressed in percent. Expected inflation is the 5-year ahead mean forecast of
the SPF conducted by the ECB measured in percent.

formulation of the Phillips curve (as in Hazell et al. (2022)) suggests that there is only little room
for a steeper Phillips curve in the EA since long run inflation expectations feed strongly into current

inflation. Again, this is a similar observation compared to the US.

Figure 5 plots various measures of inflation and inflation expectations. The top left panel of
Figure 5 plots headline inflation and professional inflation expectations and the top right panel plots
headline inflation and consumer inflation expectations. The bottom left panel plots core inflation
and professional inflation expectations while the bottom right panel plots headline inflation (excl.
tobacco) and market-based inflation expectations based on the inflation-linked swap rate one-year
ahead. A number of observations stand out. Evidently, the size of the inflation gap, that is the
difference between inflation and expected inflation, depends on the measure of inflation expectations.
While the gap is relatively small for professional and market-based inflation expectations, it is quite
large when using household inflation expectations. This is in line with recent findings by D’Acunto
et al. (2022) who show that household inflation expectations are generally upward biased. The
gap only became larger also for professional inflation expectations in late 2021 when the supply
chain shock induced by the Covid-19 pandemic finally resulted in price increases. Still, professional
forecasters’ expectations were sluggish to adjust. This observation suggests that estimates of
the slope of the aggregate Phillips curve may strongly depend on the measure of expectations
used, ultimately leading to wrong conclusions also pointed out by Hazell et al. (2022) for the
US. We also observe that professional forecasters track core inflation more closely than headline
inflation while consumers rather focus on headline inflation including food and energy prices, that is
consumption goods of daily life. Moreover, households overstate inflation strongly. This may again

blur conclusions derived from the estimation of the aggregate Phillips curve. Finally, a key take

15



Figure 5: Inflation and different measures of expected inflation
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Note: Headline (core) inflation is the year-on-year change in overall HICP (excluding food and energy) at monthly
frequency expressed in percent. Top: Left panel shows expected inflation measured by one-year ahead mean forecast of
the SPF in percent. Right panel shows expected consumer inflation over the next year in percent. Bottom: Left panel
shows core inflation and one-year ahead professional inflation expectations. Right panel shows 12-month headline
inflation (excl. tobacco) and inflation-linked swap rate one-year ahead. All time series refer to the EA aggregate. Data
source: ECB, Eurostat, EC, Refinitiv via Datastream.

away from Figure 5 is that the inflation gap between realized and expected inflation is rather small
throughout the sample (except for consumer inflation expectations) although unemployment rates
in the euro area were high at times across some member states (cp. Figure 2). Again, this suggests
that the Phillips curve is rather flat.

4 The slope of the regional Phillips curve in the EA

We start out this section by presenting the empirical specifications that we estimate to determine
the slope of the regional Phillips curve. Next, we present our results and discuss robustness checks

with respect to the methodology on the fly. Finally, we estimate a specification of the aggregate
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Phillips curve using several direct measures of inflation expectations and compare our results.

4.1 The empirical specification of the regional Phillips curve

In Section 2 we have summarized the derivation of the regional and aggregate Phillips curve within
a basic New Keynesian model. Of course, equation (4) is not suitable for direct estimation using
country-level data. Hence, Hazell et al. (2022) propose to replace the expected infinite sums of
future employment and the relative price of non-tradeable goods with realized values truncated at

j =T. This results in the following equation:

T T
== BlRuies — A BIPl i v+ @ (6)

7=0 J=0
Again, «; and ;¢ denote country- and time-fixed effects, (Dl]\i denotes a sequence of discounted supply
shocks and 77% denotes an expectation and truncation error term. This empirical specification of
the model-derived regional Phillips curve can be estimated in principal using GMM methods by
instrumenting for the expected future sums. Hazell et al. (2022) assume 3 to be 0.99 in the baseline
specification. Furthermore, regarding the identification of supply shocks (:}%, Hazell et al. (2022)
argue that supply shocks in the tradable goods sector in one region are not systematically correlated
with supply shocks to the non-tradable sector in another region.'® Also, as indicated above, supply
shocks common to the monetary union are absorbed by time-fixed effects. Only region-specific

supply shocks to the non-tradeable sector are potential confounders.

Hazell et al. (2022) propose two identification strategies to estimate equation (6). First, they
suggest to instrument for each of the forward sums in equation (6) with the four-quarter lagged
values of unemployment wu;; and the relative price ﬁ% +;» itself. They argue that because of the
assumption of rational expectations, lagged variables are uncorrelated with the expectations error.
Regarding the practical implementation, this means that in the first stage we will truncate the
infinite sums at a value of T'= 20 quarters (following Hazell et al. (2022)) and then regress each
one of them on the four-quarter lagged value of unemployment and the relative price including

17 Importantly, due to the truncation of the forward sums at

time- and country-fixed effects.
T = 20 months, one looses 5 years of observations at the end of the sample.'® This means the
first stage is only estimated on a reduced sample.!® Standard errors are clustered at the country
level and corrected using the correction method of Chodorow-Reich and Wieland (2020) (because

of the two-sample 2SLS estimation). In the second stage, we regress four-quarter country-level

18 Consider, for example, an energy supply shock in Germany relative to Spain, which is not systematically correlated
with changes in hairdresser technology in Spain relative to Germany.

"For the matter of illustrating the impact and robustness of their theoretical results regarding the inclusion of
fixed effects, they include time- and region-fixed effects consecutively. We will follow this practice here.

18Hazell et al. (2022) verify their choice of the truncation length by estimating equation (6) on simulated data. In
addition to that, they do robustness tests using different values for T'. We follow this practice, see below.

19Conversely, for the second stage we follow Hazell et al. (2022) and use the whole sample to obtain estimates of x
and A.
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non-tradable inflation over the previous year on the predicted values for the two forward sums from
the first stage regression and country- and time-fixed effects. In this way, measurement errors and
seasonality are eliminated. Hazell et al. (2022) argue that using year-on-year inflation compared to
quarterly inflation, as defined in the theoretical derivation, implies that estimates of x have to be

divided by four in order to account for time aggregation.?’ We follow this practice here.

The second approach of Hazell et al. (2022) to identify the slope of the regional Phillips curve
is to construct an instrumental variable that captures differentiated labor demand in the tradable
and non-tradable goods sector across the monetary union.?! This “tradable-demand spillovers”

instrument Z;; is defined as

Zig =3 [Seix Agylog S_; 4 (7)
T

where S, i is the average employment share of industry « in country i over time and Asy log S_iat
is the three-year growth rate in union-wide employment of industry x at time ¢ excluding country <.
The identifying assumption is that there are no supply factors that are both correlated with the
shifts in Asy log S_; ;+ and the average employment share S’x,i in the cross-section.?? Practically, we
will proceed similar to the first approach outlined above: In the first stage regression, we instrument
the truncated forward sums with the four-quarter lagged tradable-demand instrument and the
four-quarter lagged relative price of non-tradables. Again, this can only be estimated on a reduced
sample because of the truncation of the forward sums at T' = 20 quarters. Then, in the second stage,
we regress year-on-year country-level non-tradable inflation on the predicted values from the first
stage including country- and time-fixed effects based on the whole sample.23. Standard errors are

again clustered at the country-level and corrected for sample-size adjustments as in Chodorow-Reich
and Wieland (2020).

In addition, Hazell et al. (2022) also provide an empirical specification of the recently developed

and more tractable definition of the regional Phillips curve, that is equation (5):

T =i+ — YUig—g — 6Py +Eit (8)
In estimating equation (8) we follow Hazell et al. (2022) and use OLS to regress year-on-year
non-tradable inflation on four-quarter lagged unemployment and the four-quarter lagged relative
price of non-tradable goods. Secondly, again, we use the tradeable demand instrument described in

equation (7) and instrument for lagged unemployment.

20Compare their appendix A.11.

2Tn setting up the instrument, Hazell et al. (2022) follow Bartik (1991).

22T give an example, when costs increase as a result of an increase in energy prices (which is the case across the
whole Euro area as a result of the war in the Ukraine) but these increases are on average the same in Spain compared
to Germany, then these cost increases will be uncorrelated with the instrument.

23 This procedure follows again the two-sample 2SLS estimation put forward by Chodorow-Reich and Wieland
(2020) and implemented by Hazell et al. (2022).

18



Table 1: The slope of the regional Phillips curve in the EA

Lagged Unemployment Tradable Demand IV
(1) (2) (3) (4)

Estimates of k from equation (6)

K 0.0024** 0.0072** 0.0031 0.0043**
(0.0009) (0.0031) (0.0019) (0.0018)
N 1346 1346 1346 842

Estimates of 1 from equation (8)

P 0.0782** 0.1208* 0.0927** —0.9939
(0.0334) (0.0450) (0.0397) (1.3264)
N 1526 1526 1526 1022
Country FE no yes yes yes
Time FE no no yes yes

Note: Table shows estimates of equation (6) and (8). The dependent variable is year-on-year non-tradable inflation
measured in percentage points. In column (1) to (3) of the top panel the regressors are the discounted future sum
of unemployment in percentage points and the relative price of nontradables in 100 x log points. In column (4) we
instrument the discounted sum of future unemployment by the tradable demand instrument according to equation (7).
In column (1) to (3) of the bottom panel the regressors are the fourth lag of unemployment and the relative price of
non-tradables. Country- and time-fixed effects are included according to the bottom two rows. Standard errors are
reported in parentheses and clustered at the country level. * p<0.10, ** p<0.05, *** p<0.01.

4.2 Baseline results

We estimate the empirical specifications (6) and (8) of the regional Phillips curve by two-sample
2SLS and apply the correction method of Chodorow-Reich and Wieland (2020) to the standard
errors clustered at the country-level to adjust for varying sample size. We include country- and
time-fixed effects consecutively in the estimation. The data is in quarterly frequency and the sample
runs from 2001Q to 2021Q4. We include all EA19 countries and follow the classification of Ilzetzki
et al. (2019) and Corsetti et al. (2021) when including observations for countries having joined the

EA after its initial formation.?*

Table 1 summarizes the baseline results from estimating the regional Phillips curve specifications
(6) and (8). We start by summarizing the results obtained for the structural slope coefficient £ shown
in the top panel. First, consistently across specifications, we observe that the slope coefficient has

the correct sign: when unemployment increases, inflation goes down.?®> Moreover, we consistently

24 Corsetti et al. (2021) provide an exchange rate classification based on the coding of Tlzetzki et al. (2019) for all
EA19 members. When setting up this classification, they argue that in fact new members already had a peg to the
euro before joining the currency union officially, see Table 1 in their paper and the online appendix. Consequently,
these countries’ monetary policy was not independent but rather guided by the ECB. We build on this argument and
include new members before their actual accession given the national currency was pegged to the euro.

Z5Recall that the sign of the structural parameter  in equation (4) is negative. For ease of interpretation of the
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observe that the slope of the regional Phillips curve is indeed very small but mostly significant.
However, we also notice that the size of the coefficient varies strongly across specifications regarding
the inclusion of fixed effects and the choice of the instrument. We start by considering the first
three columns. While the coefficient is significant when not including fixed effects and including
only country-fixed effects it is not significant when including both types of fixed effects. Moreover,
it halves in size and is closer to the estimated coefficient excluding fixed effects completely. This
result casts some doubts whether one of the main features of this new approach to estimate the
Phillips curve, namely the elimination of long-run inflation expectations by means of time-fixed
effects applies to the EA. Comparing only columns (2) and (3), it does not seem to be the case.
However, it might also be that using the truncated discounted future sum of unemployment as
instrument is not a good choice, as column (4) illustrates. When including the tradable demand
instrument, the estimated coefficient is significant and lies in the middle of the estimated coefficients
excluding time-fixed effects. Hence, while excluding fixed effects understates the slope of the Phillips
curve, only including country-fixed effects overstates it. Only when including both types of fixed
effects and relying on the tradable demand instrument we obtain a more accurate estimate of the
size of the slope. Overall, the small values for the estimated slope coefficients are consistent with the
notion that the response of inflation to movements was rather insensitive over the last two decades
although unemployment varied a lot for some member states, see Figure 2. Still, our results show

that the Phillips curve itself is flat but stable contrary to what many critics have argued.

To illustrate that our estimates do not suffer from weak instruments, we present results of the
first stage regressions for the discounted future sum of unemyployment and the relative price of
non-tradables in Table A.1. As we observe in the top panel, lagged unemployment and tradable
demand strongly predict the present value of unemployment while the lagged relative price does
not. For the present value of the relative price of non-tradables roughly the opposite holds true,
as expected. The lagged relative price has a strong predictive power while lagged unemployment
only weakly predicts the discounted future sum of the relative price of non-tradables. Moreover, the
tradable demand instrument does not significantly predict the relative price. From these observations

we conclude that all three variables are appropriate choices of instruments.

Table A.2 shows the estimates for A, that is the coefficient on the relative price of non-tradable
goods in equation (6). Here, we consistently observe that the coefficients are close to zero or even
zero depending on the choice of fixed effects. These result indicate that prices in the euro area are
very rigid, which has been documented before (Dhyne et al. 2006, e.g.) and is comparable to the
findings for the US, see Hazell et al. (2022). It also squares with the empirical finding that the slope
of the regional Phillips curve is very flat in the EA. Consistent with the theoretical model, a small

value of X\ indicates a high degree of price stickiness and thus leads to a small slope parameter x.

Regarding the methodology proposed in Section 2, there are two robustness checks in order.

First, we want to point to the choice of the value of the discount factor § which impacts the slope of

empirical result, we multiplied inflation by (-1) when estimating equation (6). In this way, we followed the practice of
Hazell et al. (2022).
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the Phillips curve through the instrumented forward sums of unemployment and the relative price
of non-tradables. Intuitively, the smaller the value for 5 the more emphasis firms put on the present
compared to the future when setting their price. We show results both for using the truncated sum
of future unemployment as well as tradable demand as instrument in Table A.3 in the appendix.
We find that the value of x increases as the value of 8 decreases. It even triples in size when we
move from § = 0.99 to § = 0.90. This effect is even larger compared to findings for the US were
the slope coefficient only doubles. This indicates that prices adjust even more sluggish in the EA
compared to the US (Dhyne et al. 2006, cp.). Still, in absolute terms the estimated slope coefficients

are still small and thus the Phillips curve appears flat.

In addition, we vary the choice of the truncation length 7" from 20 to 30 when computing the
discounted forward sums of unemployment and the relative price of non-tradables.?6 Again, we
show results for both choices of instruments in Table A.4 in the appendix. We find that in case
of using the tradable demand instrument the results are stable across the choice of the truncation
length. This is in line with results for the US. For lagged unemployment, the results are a bit mixed

but still not significant.

Let us now turn to estimates of ¢ based on equation (8), see bottom panel of Table 1. A robust
finding across the specifications in column (1) to (3) is that the slope parameter of the Phillips curve
is significantly negative and substantially larger in absolute terms compared to the estimates for .
This result is reasonable, as Hazell et al. (2022) argue, because unemployment is quite persistent over
time and since the variation in the future sum of unemployment is greater than in unemployment
itself, also the estimate of 1 should be larger than the estimate of k. Another consistent finding is
that the specification without fixed effects again underestimates the slope while the specification
including only country-fixed effects again overestimates the slope. The estimate including both types
of fixed effects reconciles the results. Overall, based on these estimates of ¢ one would conclude
that the Phillips curve is steeper than it actually is, as predicted by Hazell et al. (2022). In contrast
to the top panel, we observe that using the tradable demand instrument for identifying the slope in
this specification does not show consistent results. The coefficient has the opposite sign contrary
to what we expect and is not statistically significant. Hence, when estimating the reduced-form
specification of the Phillips curve, the tradable demand instrument seems not to be a good choice

for identification.

As we are heavily drawing on the methodology proposed originally by Hazell et al. (2022), we
want to compare their results to ours for the EA. Regarding the estimates of x, we find that overall
the results are in a very similar ballpark. Both in the US and the EA the slope coefficients of the
Phillips curve are significantly negative and rather small. Comparing their preferred specification
using the tradable demand instrument, they find a value for x of 0.0062 based on the whole sample
while we find a value of 0.0043. When they estimate the model on the post-1990 period only, which

makes the sample more comparable to ours, they find an even lower value, namely 0.0055. Hence, in

%6Tn contrast to Hazell et al. (2022) we did not extend T to 40 because the sample for the EA is considerably
shorter compared to the US sample.
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Table 2: The slope of the aggregate Phillips curve using different measures of inflation expectations

(1) (2) 3) (4) () (6) (7)

K 0.1925*** —0.0668 0.2096*** 0.3812*** 0.0971 0.1822*** 0.2213***
(0.0575) (0.0571) (0.0650) (0.0550) (0.0650) (0.0681) (0.0586)
N 88 72 89 78 54 54 33

Note: Table presents estimates of equation (9). Model (1) uses a moving average of past 4-quarter inflation to
proxy adaptive expectations. Model (2) uses one-year ahead consumer inflation expectations from the BCS. Models
(3) and (4) use 12-months and 60-months ahead professional inflation expectations from the SPF. Model (5) - (7)
use 12-months ahead, 60-months ahead and 1-year-1-year-forward market-based inflation expectations derived from
inflation-linked swaps. Standard errors are reported in parentheses and clustered at the country level. * p<0.10, **
p<0.05, *** p<0.01.

both currency unions the Phillips curve is flat but robustly stable over the last two to three decades.
Still, we want to mention that their results are invariant to the choice of the instrument (truncated
forward sum of unemployment versus tradable demand) while our results are more convincing based
on the tradable demand instrument. Regarding the estimates of the reduced-form coefficient 1,
they also obtain consistently larger estimates compared to x, even much larger compared to ours.
However, they do not find discrepancies across the choice of the instrument. Overall, it seems fair
to say that the results we obtain are in line with those of Hazell et al. (2022) for the US and the

relation between inflation and unemployment does not differ greatly across the monetary unions.

4.3 Comparison with aggregate Phillips curve estimates

As we mentioned in the introduction, the current literature on estimating the Phillips curve for the
EA relies on aggregate data and uses direct measures of inflation expectations to identify the slope
of the Phillips curve. Frequently applied measures of expected inflation are based on household or
professional forecaster surveys or even market-based using inflation-linked swaps. In the final part
of the paper we now want to compare our results for estimating the regional Phillips curve with
“traditional” estimates based on aggregate time series. Therefore, we present our own estimates
for a specification of the aggregate Phillips curve or rather the NKPC and compare them to our
results summarized in Section 4 as well as recent findings in the literature. Following Coibion and

Gorodnichenko (2015), we estimate the following equation:

T = BE}(Tn) + Kug + £t 9)

Here, m; measures year-on-year headline inflation at time ¢, u; is the unemployment rate at
time ¢ and &, is the error term. E!(my5) is expected inflation over the horizon h and i denotes the
type of direct measure of inflation expectations applied. Specifically, we rely on 4 different types of

measures. First, we use adaptive expectations which implies that the best proxy for next quarter’s
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inflation rate is a measure of past inflation. Formally, we use a moving average of past 4-quarter
inflation. Next, we use consumer inflation expectations of the BCS and professional forecasters’
inflation expectations as described in Section 3.3. More precisely, household expectations only
extend over the next 12 months, that is A = 1 year, while we have a short-term (h = 1) and a
longer-term (h = 5) measure available from the SPF. Lastly, we consider three different measures
of inflation expectations based on inflation-linked swaps. We include inflation expectations 1- and
5-years ahead based on spot swap rates and 2-years ahead based on a forward inflation-linked swap.

For details on the derivation, we refer to Section 3.3.

We present results for  in Table 2.2 Consistently across specifications, except for (2) where we
use consumer inflation expectations, the estimated slope coefficient has the expected sign and is
statistically significant. However, we observe that the absolute values of the estimated coefficients
are substantially larger compared to the results for x in Table 1. The estimated slope coeflicients
vary between 0.0971 and 0.3812 depending on the choice of inflation expectations. These values
square with the descriptive evidence presented in the left panel of Figure 3 where the slope coefficient
of the fitted line is 0.1341 in absolute terms. Hence, when using aggregate data, one can get
the impression that the slope of the Phillips curve is much steeper compared to estimates using
cross-sectional data. We also note that the further ahead inflation expectations reach into the
future the larger the estimated coefficient. It roughly doubles in size between one- and five-years
ahead into the future. Moreover, the slope is consistently larger across horizons for professional
forecasters’ expectations compared to market-based expectations. This fits evidence shown in
Figure 5: market-based expectations follow actual headline inflation most closely, even closer than
professional forecaster’ expectations, which leads to smaller inflation gaps. Finally, we observe that
estimates of k presented in Table 2 exceed estimates of ¢ shown in Table 1 at least by a factor of two
or even three. Altogether, these findings building on aggregate euro area data coincide with several
concerns raised in the literature. First, taking an isolated look at Table 2, aggregate estimates
are quite sensible to the choice of specification, especially with respect to the measure of inflation
expectations, a fact already pointed out by Mavroeidis et al. (2014). Depending on the choice of
inflation expectations, estimates may be up to three times larger. Hence, direct (survey) measures of
inflation expectations may not be as informative as one might assume when estimating the Phillips
curve. Hazell et al. (2022) raise a second concern referring to the use of longer-term aggregate
expectation measures. They argue that using longer-term expectations instead of one-year ahead
expectations (as is the case in our specifications (4), (6) and (7)) one may end up estimating 1
instead of x and therefore obtain larger estimates. This concern squares with our empirical findings
presented in Table 2. When we proxy for longer-term expectations, say two- or five-years ahead,
estimates become substantially larger. They even exceed estimated values of ). Only when one

translates estimates from 1 to x, for example using ¢ = 1—%;)” aggregate and regional estimates of

 are comparable (Hazell et al. 2022).

2TTo make results comparable with Table 1, again we multiplied the inflation rate by (-1) when we estimated
equation (9).
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Lastly, we compare our results shown in Table 1 and 2 with the most recent literature estimating
Phillips curves using mostly aggregate data for the euro area.?® Table 3 shows the estimated
coefficients in recently published studies. At first glance, we observe that the variation in the
reported coefficients is quite sizable, ranging from 0.07 to 0.63 which exceeds by far the results we
obtain when we estimate an aggregate Phillips curve using different measures of inflation expectations.
This finding is not surprising: after all, the slope of the estimated slope parameter depends strongly
on the model specification and thus large differences in estimates are likely (Mavroeidis et al. 2014,
c.p).

The slope coefficient estimated by Eser et al. (2020) is most close to our estimate of the regional
Phillips curve. Interestingly, they estimate an aggregate Phillips curve using a measure of adaptive
expectations and pooled country-level data for 18 euro area member states for identification. This
coherence shows that building on cross-sectional data to estimate a Phillips curve in a monetary
union can significantly change results and contributes to a better understanding of the relationship
between inflation and unemployment during a decade of low inflation. Seemingly, the Phillips curve
is not dead as people have argued (Hall 2013) but has rather become quite flat but stable over the

last years.

Bobeica and Sokol (2019) and Moretti et al. (2019) both find somewhat smaller estimates for the
aggregate Phillips curve. However, they both employ a thick-modelling estimation strategy by which
they estimate a large number of different specifications and then report the median value for the slope
coefficient. Thereby, they alleviate concerns of misspecification for example regarding the choice of
inflation expectations. In this way, estimates become closer to the regional Phillips curve which does
not rely on explicit measures of expected inflation.?? Kulikov and Reigl (2020) estimate amongst
other things also an aggregate Phillips curve including SPF inflation expectations one-year ahead.
Their coefficient of 0.1359 is comparable to our coefficient shown in column (3) of Table 2. Lastly,
Amberger and Fendel (2017) estimate a hybrid NKPC using professional inflation expectations
from Consensus Economics and find a slope coefficient of 0.1010. This value is again smaller than
ours, however, they only include the core EA members which leads to different conclusions. Overall,
the recent literature finds much larger estimates of the slope of the aggregate Phillips curve, like
us, and exceeds by far results based on the regional Phillips curve that we find for the EA using

country-level data.

Z8We focus our comparison here on the literature that also uses the unemployment rate or gap respectively as
measure of economic slack. However, there exists yet another related strand of the literature that use (estimates of)
the output gap in the empirical analysis of the Phillips curve (Ball and Mazumder 2020; Oinonen and Vilmi 2021;
Passamani et al. 2021, c.p.).

29Kulikov and Reigl (2020) come up with similar estimation results for their thick modelling approach which are
not reported here.
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Table 3: Estimates of the aggregate Phillips curve - a comparison w/ the literature

Source Estimated Coefficient
Amberger and Fendel (2017) 0.1010 (0.0445)
Bobeica and Sokol (2019) 0.075 (-)

Eser et al. (2020) 0.0100 (0.0000)
Hindrayanto et al. (2019) 0.6300 (0.2986)
Kulikov and Reigl (2020) 0.1359 (0.0591)
Moretti et al. (2019) 0.07 (-)

Note: absolute values of estimated coefficients are reported to ensure comparability with results reported in Table 2.
Standard errors reported in parenthesis (not for Bobeica and Sokol (2019) and Moretti et al. (2019) because they
provide the median of estimates of thick modelling approaches).)

5 Conclusion

In this paper we ask whether the Phillips curve trade-off between inflation and unemployment still
exists in the euro area. In this context, we analyze whether country-level data of EA member
states can provide new insights into the Phillips curve and how our new findings based on a refined
methodological approach relate to the recent literature estimating the Phillips curve using aggregate
data. To answer these questions, we rely on a new model of a regional Phillips curve developed by
Hazell et al. (2022). In their spirit, we set up a non-tradable goods price index to measure inflation
and estimate the regional Phillips curve on country-level data for the EA member states covering the
period from 2001 to 2021. In addition, we compare our findings for the regional Phillips curve with
results that we obtain from estimating the aggregate Phillips curve deploying different measures of

inflation expectations. Lastly, we discuss these findings with respect to the recent related literature.

We find that the Phillips curve is indeed flat but stable in the EA since the introduction of the
common currency. Estimates of the slope of the regional Phillips curve are much smaller compared to
estimates we obtain using aggregate data and several measures of inflation expectations. Our results
coincide with findings for the US reported by Hazell et al. (2022). Overall, these findings explain the
observed insensitivity of inflation to the increase in unemployment after the financial and sovereign
debt crisis in the EA and the subsequent missing inflation in the late 2010s when unemployment
came down to low levels across the monetary union. Hence, by drawing on country-level data and a
new methodological approach to estimate the Phillips curve we can confirm that it still exists but is

rather flat in the EA contrary to what aggregate estimates would suggest.

What are the policy implications of a stable but flat Phillips curve? In the face of rapidly
increasing inflation in the EA, an urgent question is how the ECB should act to bring down inflation
again. If one trusts our findings in this paper, and what Hazell et al. (2022) have found for the
US, the Phillips curve in the EA is by no means as steep as people have been thinking based on
estimates from aggregate data. Instead, it is flat. Hence, massively and rapidly increasing interest

rates will not do the job. On the contrary, its flatness implies that sharp changes in inflation can
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only arise from changes in expectations or cost-push shocks inducing shifts in the Phillips curve.
Hence, the management of long-term inflation expectations by the ECB, which rests strongly on its
credibility, is crucial. Only when the ECB signals decisiveness to bring down inflation, long-term
inflation expectations stay anchored. In this way, the Phillips curve stabilizes (or shifts back down)
with disinflation at no or only small costs of unemployment.?® However, the ECB has initially been
reluctant to undertake actions, not least because there are a number of obstacles the ECB is facing
in doing so0.3! It remains to be seen whether it has acted decisive enough just in time to ensure

stable inflation expectations bringing inflation back to target.

3%For a thorough discussion of this intuition in case of the US, see Steinsson (2022).
31For a discussion of these obstacles, see a recent commentary by Reis (2022).

26



References

Adam, Klaus and Mario Padula (2011). “Inflation dynamics and subjective expectations in the
United States”. Economic Inquiry 49 (1), 13-25.
Amberger, Johanna and Ralf Fendel (2016). “Understanding inflation dynamics in the euro area:

deviants and commonalities across member countries”. Empirica 44 (2), 261-293.

(2017). “The slope of the euro area Phillips curve: always and everywhere the same?” Applied
Economics and Finance 4 (3), 77-88.

Arioli, Rodolfo, Cole Bates, Heinz Dieden, Iona Duca, Robert Friz, Christian Gayer, Geoff Kenny,
Aidan Meyler, and Iskra Pavlova (2017). “EU consumers’ quantitative inflation perceptions and
expectations: an evaluation.” FCB Occasional Paper No. 186.

Babb, Nathan R. and Alan Detmeister (2017). “Nonlinearities in the Phillips curve for the United
States: evidence using metropolitan data”. Finance and Economics Discussion Series 2017-070.
Board of Governors of the Federal Reserve System (U.S.)

Ball, Laurence and Sandeep Mazumder (2011). “Inflation dynamics and the great recession”.

Brookings Papers on Economic Activity Spring 2011, 337-406.

(2018). “A Phillips curve with anchored expectations and short-term unemployment”. Journal

of Money, Credit and Banking 51 (1), 111-137.

(2020). “A Phillips curve for the euro area”. International Finance 24 (1), 2-17.

Bartik, Timothy J. (1991). Who benefits from state and local economic development policies? W.E.
Upjohn Institute.

Belz, Sage, David Wessel, and Janet Yellen (2020). “What’s (not) up with inflation?” Washington,
DC: The Brookings Institution.

Blanchard, Olivier (2016). “The Phillips curve: back to the '60s?” American Economic Review 106
(5), 31-34.

Blanchard, Olivier, Eugenio Cerutti, and Lawrence Summers (2015). “Inflation and activity —two

explorations and their monetary policy implications”. Peterson Institute for International
Economics Working Paper 15-19.

Bobeica, Elena and Andrej Sokol (2019). “Drivers of underlying inflation in the euro area over time:
a Phillips curve perspective”. ECB Economic Bulletin 4/2019.

Calvo, Guillermo A. (1983). “Staggered prices in a utility-maximizing framework”. Journal of
Monetary Economics 12 (3), 383-398.

Chodorow-Reich, Gabriel and Johannes Wieland (2020). “Secular labor reallocation and business
cycles”. Journal of Political Economy 128 (6), 2245-2287.

Coibion, Olivier and Yuriy Gorodnichenko (2015). “Is the Phillips curve alive and well after all? In-
flation expectations and the missing disinflation”. American Economic Journal: Macroeconomics
7 (1), 197-232.

Coibion, Olivier, Yuriy Gorodnichenko, and Rupal Kamdar (2018). “The formation of expectations,
inflation, and the Phillips curve”. Journal of Economic Literature 56 (4), 1447-91.

27



Corsetti, Giancarlo, Keith Kuester, Gernot J. Miiller, and Sebastian Schmidt (2021). “The exchange
rate insulation puzzle”. ECB Working Paper No. 2021/2630.

D’Acunto, Francesco, Ulrike Malmendier, and Michael Weber (2022). “What do the data tell us
about inflation expectations?” NBER Working Paper No. 29825.

Del Negro, Marco, Michele Lenza, Giorgio E Primiceri, and Andrea Tambalotti (2020). “What’s up
with the Phillips curve?” Working Paper 27003. National Bureau of Economic Research.

Dhyne, Emmanuel et al. (2006). “Price changes in the euro area and the United States: some facts
from individual consumer price data”. Journal of Economic Perspectives 20 (2), 171-192.

Eser, Fabian, Peter Karadi, Philip R. Lane, Laura Moretti, and Chiara Osbat (2020). “The Phillips
curve at the ECB”. The Manchester School 88 (S1), 50-85.

Estrada, Angel, Jordi Gali, and David Lépez-Salido (2013). “Patterns of convergence and divergence
in the euro area”. IMF Economic Review 61 (4), 601-630.

Fitzgerald, Terry J, Callum Jones, Mariano Kulish, and Juan Pablo Nicolini (2020). “Is there a
stable relationship between unemployment and future inflation?” Staff report no. 614.

Forbes, Kristin, Joseph Gagnon, and Christopher G Collins (2021). “Low inflation bends the Phillips
curve around the world”. NBER Working Paper No. 29323.

Greenwood, Jeremy, Zvi Hercowitz, and Gregory W. Huffman (1988). “Investment, capacity utiliza-
tion, and the real business cycle”. The American Economic Review 78 (3), 402-417.

Grothe, Magdalena and Aidan Meyler (2017). “Inflation forecasts: are market-based and survey-based
measures informative?” International Journal of Financial Research 9 (1), 171-188.

Hall, Robert E. (2011). “The long slump”. The American Economic Review 101 (2), 431-469.

(2013). “The routes into and out of the zero lower bound”. Federal reserve bank of kansas

city proceedings.

Hasenzagl, Thomas, Filippo Pellegrino, Lucrezia Reichlin, and Giovanni Ricco (2022). “A model of
the Fed’s view on inflation”. The Review of Economics and Statistics 104 (4), 686-704.

Hazell, Jonathon, Juan Herreno, Emi Nakamura, and Jon Steinsson (2022). “The slope of the Phillips
curve: evidence from U.S. states”. The Quarterly Journal of Economics 137 (3), 1299-1344.

Hindrayanto, Irma, Anna Samarina, and Irina M. Stanga (2019). “Is the Phillips curve still alive?
evidence from the euro area”. Economics Letters 174, 149-152.

Hooper, Peter, Frederic S. Mishkin, and Amir Sufi (2020). “Prospects for inflation in a high pressure
economy: is the Phillips curve dead or is it just hibernating?” Research in Economics 74 (1),
26—-62.

llzetzki, Ethan, Carmen M Reinhart, and Kenneth S Rogoff (2019). “Exchange arrangements
entering the twenty-first century: which anchor will hold?” The Quarterly Journal of Economics
134 (2), 599-646.

Kiley, Michael T. (2015). “Low inflation in the United States: a summary of recent research”. FEDS
Notes 2015-11-25.

Kulikov, Dmitry and Nicolas Reigl (2020). “Inflation expectations in Phillips curves models for the
euro area”. Bank of Estonia Working Papers No. 2019/8 8/2019. Bank of Estonia.

28



Lépez-Pérez, Victor (2017). “Do pofessional forecasters behave as if they believed in the New
Keynesian Phillips curve for the euro area?” Empirica 44 (1), 147-174.

Mavroeidis, Sophocles, Mikkel Plagborg-Miiller, and James H. Stock (2014). “Empirical evidence on
inflation expectations in the New Keynesian Phillips curve”. Journal of Economic Literature 52
(1), 124-88.

Mazumder, Sandeep (2012). “European inflation and the new keynesian phillips curve”. Southern
Economic Journal 79 (2), 322-349.

McLeay, Michael and Silvana Tenreyro (2020). “Optimal inflation and the identification of the
Phillips curve”. NBER Macroeconomics Annual 34, 199-255.

Mian, Atif and Amir Sufi (2014). “What explains the 2007-2009 drop in employment?” Econometrica
82 (6), 2197-2223.

Miccoli, Marcello and Stefano Neri (2018). “Inflation surprises and inflation expectations in the
euro area”. Applied Economics 51 (6), 651-662.

Moretti, Laura, Luca Onorante, and Shayan Zakipour-Saber (2019). “Phillips curves in the euro
area”. ECB Working Paper No. 2019/2295.

Oinonen, Sami and Lauri Vilmi (2021). “Analysing euro area inflation outlook with the Phillips
curve”. BoF Economics Review 5/2021.

Passamani, Giuliana, Alessandro Sardone, and Roberto Tamborini (2021). “Inflation puzzles, the
Phillips curve and output expectations: new perspectives from the euro zone”. Empirica 49 (1),
123-153.

Phillips, A. W. (1958). “The relation between unemployment and the rate of change of money wage
rates in the United Kingdom, 1861-1957”. Economica 25 (100), 283-299.

Reis, Ricardo (2022). “What can keep euro area inflation high?” Mimeo.

Ribba, Antonio (2020). “Is the unemployment-inflation trade-off still alive in the euro area and its
member countries? It seems so”. The World Economy 43 (9), 2393-2410.

Riggi, Marianna and Fabrizio Venditti (2015). “Failing to forecast low inflation and phillips curve
instability: a euro-area perspective.” International Finance 18 (1), 47-68.

Samuelson, Paul A. and Robert M. Solow (1960). “Analytical aspects of anti-inflation policy”. The
American Economic Review 50 (2), 177-194.

Steinsson, Jon (2022). Jon Steinsson believes that a painless disinflation is no longer plausible. In:
The Economist, accessed: 2022-10-14.

Stock, James H. and Mark W. Watson (2020). “Slack and cyclically sensitive inflation”. Journal of
Money, Credit and Banking 52, 393-428.

29


https://www.economist.com/by-invitation/2022/05/13/jon-steinsson-believes-that-a-painless-disinflation-is-no-longer-plausible

A Data appendix

Here, we list the 4-digit-level ECOICOP subcomponents of the HICP from Eurostat that we include
in constructing the non-tradable price index. Thereby, we closely follow Hazell et al. (2022) to make
results presented in Section 4.2 comparable to results for the US.32. Additionally, Table A.1 lists all

variables and data sources used in the empirical analysis.

o Education services

Pre-primary and primary education

— Secondary education

Post-secondary non tertiary education

Tertiary education

— Education not definable by level
e Telephone services

— Postal services

— Telephone and telefax services
e Food away from home

— Restaurants, cafés and the like

— Canteens

e Other personal services

Hair dressing salons and personal grooming establishments
— Cleaning repairing and hire of clothing

— Repair and hire of footware

Repair of jewellery, clocks and watches
— Other financial services

Other services n.e.c.

o Housing services

— Accommodation services
— Insurance connected with dwelling

— Electricity

32A detailed mapping of the classification of Hazell et al. (2022) into the classification for the EA and the 4-digit
ECOICOP codes are available upon request.
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Water supply

— Refuse collection

Sewage collection
— Other services relating to the dwelling

— Repair of household appliances

Repair of furnitures, furnishing and floor coverings

— Services for the maintenance and repair of the dwelling

e Medical services

Medical services
— Dental services

— Paramedical services

Hospital services

— Social protection
e Recreational services

Cultural services

— Recording media

— Repair of audiovisual, photographic and information processing equipment

Veterinary and other services for pets

— Recreational and sporting services

Maintenance and repair of other major durables for recreation and culture
o Transportation services

— Passenger transport by road

— Passenger transport by railway

Passenger transport by sea and inland waterway

— Other purchased transport service

Insurance connected with transport

Maintenance and repair of personal transport service

— Other services in respect of personal transport equipment
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Table A.1: Variables and data sources

Variable Description Source
pé\f Non-tradable goods price index, own calculations. Eurostat
For details, see Section 3.1
pt Tradable goods price index, own calculations. Eurostat
For details, see Section 3.1
D Headline harmonized index of consumer prices (HICP) Eurostat
oAl Inflation in non-tradable goods, own calculations
e Headline inflation, own calculations
Uy Unemployment rate, for details see Section 3.2 ECB
St Employment shares in NACE rev.2 sectors A Eurostat
and B-E, own calculations see Section 3.2
NAIRU Non-accelerating inflation rate of unemployment OECD
Eﬂ'tS PE Professional inflation expectations from SPF one-, two-, ECB SPF
and five years ahead, for details see Section 3.3
EthCS Consumer inflation expectations from BCS European Commission
one year ahead, for details see Section 3.3 BCS
ErxM Market-based inflation expectations based on Refinitiv Eikon

inflation-linked swap rates, for details see Section 3.3

Datastream
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B Additional tables

Table A.1: First stage regression results for estimates of x in equation (6)

B 2) 3) (4)
Future sum of unemployment
Lagged unemployment 11.9588*** 5.1568** 5.9934***
(1.8388) (1.3361) (1.9190)
Lagged relative price 0.0531 —0.0278 —0.0947 0.0048
(0.0455) (0.0644) (0.1695) (0.1059)
Lagged tradeable demand 0.0237**
(0.0087)
N 1123 1123 1123 619
Future sum of relative price of non-tradeables
Lagged unemployment 25.2500 110.5610** 40.5619*
(25.3892) (39.0243) (18.8976)
Lagged relative price 18.1915"** 20.5452%** 3.2838** —1.7811%**
(1.5160) (1.9777) (1.4140) (0.5814)
Lagged tradeable demand —0.0323
(0.1207)
N 822 822 822 335
Country FE no yes yes yes
Time FE no no yes yes

Note: Table presents estimates of the first stage regression in equation (6). For details, see notes of Table 1. Country-
and time-fixed effects are included according to the bottom two rows. Standard errors are reported in parentheses and
clustered at the country level. * p<0.10, ** p<0.05, *** p<0.01.

Table A.2: Estimates of \ from equation (6)

Lagged Unemployment Tradable Demand 1V

(1) (2) (3) (4)
A 0.0000* 0.0000** 0.0006*** —0.0004**
(0.0000) (0.0000) (0.0002) (0.0002)
N 1346 1346 1346 842
Country FE no yes yes yes
Time FE no no yes yes

Note: Table presents estimates of A from regression (6). For details, see notes of Table 1. Country- and time-fixed
effects are included according to the bottom two rows. Standard errors are reported in parentheses and clustered at
the country level. * p<0.10, ** p<0.05, *** p<0.01.
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Table A.3: Estimates of k as [ varies

Lagged Unemployment Tradable Demand IV
B =0.99 B =0.95 8 =0.90 £ =10.99 B =0.95 B =0.90
K 0.0031 0.0061** 0.0097** 0.0043** 0.0025 0.0148**
(0.0019) (0.0027) (0.0036) (0.0018) (0.0034) (0.0066)
N 1346 1346 1346 842 842 842

Note: Table presents estimates of regression specifications (6) for varying values of 3. For details, see notes of Table
1. Country- and time-fixed effects are included in all regressions. Standard errors are reported in parentheses and
clustered at the country level. * p<0.10, ** p<0.05, *** p<0.01.

Table A.4: Estimates of x as the truncation length 7" varies

Lagged Unemployment Tradable Demand IV
T=20 T=25 T =230 T =20 T =25 T =30
K 0.0031 0.0014 —0.0017 0.0043** 0.0061** 0.0053***
(0.0019) (0.0015) (0.0013) (0.0018) (0.0022) (0.0016)
N 1346 1346 1346 842 842 842

Note: Table presents estimates of regression specifications (6) for varying truncation lengths T'. For details, see notes
of Table 1. Country- and time-fixed effects are included in all regressions. Standard errors are reported in parentheses
and clustered at the country level. * p<0.10, ** p<0.05, *** p<0.01.
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