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A B S T R A C T

In recent years, the relationship between wage growth and the unemployment gap, known as the wage Phillips

curve, has been puzzlingly weak: whereas the unemployment gap was low, wage growth was low as well. We

consider two possible explanations for this ‘low wage growth puzzle’: (i) a structural change in the relationship

between wage growth and labor market slack, and (ii) a failure of the unemployment gap to adequately capture

labor demand conditions. We propose a new measure for labor market slack based on a survey among firms asking

whether the shortage of labor is limiting production. This labor shortage indicator points to hidden slack not

captured by the unemployment gap, which resolves the low wage growth puzzle. Our estimates of the wage

Phillips curve for the five biggest euro area countries also suggest that the wage Phillips curve has changed over

time, but not uniformly across countries.

1. Introduction

The wage Phillips curve, which relates nominal wage growth to labor

market slack, has regained attention in recent years, especially within the

policy domain. This was triggered by the apparent disconnect in some

advanced economies between labor market conditions, which improved

markedly, and wage growth dynamics, which remained subdued despite

the sustained rebound in economic activity at the time. In fact, whereas

the unemployment rate in the euro area moved from 12% in 2013 to

10.3% in 2016, wage growth fell from 1.8% to 1.4%within the same time

period. Fig. 1 shows that wage growth has been stagnant after the 2008

crisis in the five major euro area countries as well. Moreover, a study by

the European Central Bank (ECB) shows that wage growth projections

were often too optimistic (ECB, 2016).1 In this paper, we aim to shed

light on the dwindling performance of the wage Phillips curve in the euro

area. We consider two possible (and not mutually exclusive) explana-

tions: (i) a change in the relationship between wage growth and labor

market slack, and (ii) a failure of commonly used measures for labor

market slack to adequately capture labor demand conditions.

The literature suggests several explanations for why the Phillips curve

relationship might change over time. Daly and Hobijn (2014), for

instance, show that wage pressures arising from labor market slack

weaken in times of persistently low inflation due to downward nominal

wage rigidity. The Phillips curve may also have become flatter in recent

years due to increased central bank credibility and more firmly anchored

inflation expectations (Ball and Mazumder, 2011; Blanchard, 2016), the

increasing role of globalization and external supply shocks (Stock, 2011;

Gordon, 2013; Albuquerque and Baumann, 2017), information frictions

(Coibion et al., 2018; Okuday et al., 2020) and changes in labor market

institutions (Thomas and Zanetti, 2009; Zanetti, 2011). However, some

recent studies suggest that the Philips curve has steepened. For instance,

Bulligan and Viviano (2017) report a steepening of the wage Phillips

curve in Italy, Spain and France where the sensitivity of hourly wage

changes to labor market slack is found to have increased after the global

financial crisis. Similarly, Skarica and Nobile (2016) report a steepening

of the Phillips curve in Italy and Spain after the crisis, which according to

☆ The views expressed do not necessarily reflect the official position of De Nederlandsche Bank, the Eurosystem and the European Commission. We like to thank

two reviewers for their helpful comments on a previous version of the paper.

* Corresponding author. De Nederlandsche Bank, Spaklerweg 4, 1096 BA, Amsterdam, the Netherlands.

E-mail address: d.a.r.bonam@dnb.nl (D. Bonam).
1 Similarly, inflation remained quite low, despite the marked closing of the output gap in the euro area, casting doubt on the stability and reliability of the price

Phillips curve (see, among others, Riggi and Venditti, 2015). This has led to a discussion about the usefulness of the inflation Phillips curve to forecast inflation; see

McKnight et al. (2020) and references cited therein.
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the authors might reflect the impact of structural reforms. Likewise,

Albuquerque and Baumann (2017) show that US inflation has become

more responsive to economic slack since 2013.2

Alternatively, some authors have questioned the appropriateness of

traditional measures for labor market slack in Phillips curve estimations.

The unemployment gap, for instance, might not adequately capture

changes in labor market conditions due to biased estimates of the natural

rate of unemployment. In addition, changes in the unemployment gap

reflect both supply and demand shocks which can be hard to disentangle.

Some studies therefore suggest using alternative slack measures (see e.g.

Brandolini et al., 2006). For instance, according to Ball and Mazumder

(2015), a significant Phillips curve relationship between inflation and

unemployment in the US is obtained if short-term unemployment, i.e.

those unemployed for less than 26 weeks, is used as a proxy for slack.

According to the authors, it is the short-term unemployed that put

downward pressure on wages rather than the long-term unemployed,

since the attachment of the latter to the labor force is relatively weak (see

also Krueger et al., 2014). Likewise, Hornstein et al. (2014) construct an

alternative labor market slack measure that accounts for differences in

labor market attachment among non-employed individuals. They report

that their non-employment index and broader measures of unemploy-

ment are moving closely together until the Great Recession, but after the

Great Recession there appears to be a break in the relationship between

unemployment and the broader measures of resource underutilization.3

Similarly, Blanchflower and Levin (2015) find that underemployment, i.e.

involuntary part-time employment, and hidden unemployment

(discouraged workers) appear crucial to understand the recent sluggish

growth in wages in the US. Also the IMF (2017) has proposed an indicator

of labor market slack which takes involuntary part-time employment into

account. Finally, Krause et al. (2008), Trigari (2009), Faccini et al. (2013)

and Zanetti (2014), among others, point out that the

vacancies-to-employment ratio, which captures the degree of labor

market tightness, is a key measure in the relationship between slack and

inflation in theoretical models based on search and matching frictions in

the labor market. In a similar vein as this literature, we propose a new

slack measure based on a survey among firms asking whether the

shortage of labor is limiting production. As we will argue below, this

measure does not suffer from the drawbacks of the unemployment gap as

indicator of labor market slack.

We re-examine the wage Phillips curve for the five biggest euro area

countries, i.e. Germany, France, Italy, Spain and the Netherlands, by

considering alternative measures for labor market slack. In particular, for

each country we estimate the wage Phillips curve, augmented by both

backward- and forward-looking explanatory variables. Our benchmark

Phillips curve specification features the unemployment gap as a proxy for

labor market slack. The results for this benchmark specification are

compared to an alternative specification in which the labor shortage in-

dicator from the European Commission (EC) is used to capture labor

market slack. This indicator is based on a survey conducted by the EC in

which firms are asked to what extent labor shortage is considered an

important factor hampering production. In contrast to the unemployment

gap, the labor shortage indicator is not prone to estimation bias and

might therefore better capture changes in labor market conditions.

Furthermore, it better captures changes in demand for labor than the

unemployment gap which is the equilibrium outcome of both demand

and supply shocks. However, even if our proposedmeasure better reflects

slack in the labor market than the unemployment gap, supply shocks (like

structural reforms) may change the relationship between our labor

shortage indicator and wage growth. We therefore explicitly take po-

tential time variation in the Phillips curve relationship into account,

using Bayesian methods. We deliberately focus on estimates at the

country level rather than at the aggregate euro area level, so as to account

for potential heterogeneity across countries in, for instance, labor market

institutions and regulations (Skarica and Nobile, 2016; IMF, 2017; Gross

and Semmler, 2019).4

We find that the wage Phillips curve flattened in Germany and

steepened in Spain in the years after the financial crisis, regardless of

which measure for labor market slack is used. A change in the Phillips

curve slope is also detected for France, Italy and the Netherlands, yet the

nature of this change differs across the benchmark and alternative Phil-

lips curve specifications. When using the unemployment gap as a proxy

for labor market slack, our results suggest that the wage Phillips curve

flattened in Italy, the Netherlands and, to a somewhat lesser extent,

France. In contrast, when using the labor shortage indicator, the results

indicate a steepening of the wage Phillips curve in Italy and France, and a

stable Phillips curve relationship in the Netherlands after the crisis.

By comparing both measures for slack to broader measures of un-

employment (i.e. underemployment), we conclude that the recent

dwindling performance of the benchmark wage Phillips curve is to a

significant degree due to ‘hidden slack’ that is not captured by the un-

employment gap and which continues to weigh on wage growth dy-

namics. Our results therefore suggest that policymakers ought to consider

broader indicators of labor market slack, such as the labor shortage in-

dicator, when assessing wage growth dynamics, especially following

severe economic crises.

The remainder of the paper is organized as follows. The following

section provides a simple theoretical model to explain that both demand

and supply shocks affect the Phillips curve relationship. The third section

describes our proposed labor shortage indicator in more detail. Section 4

discusses the empirical model and data used, while Section 5 presents the

Fig. 1. Wage growth in the euro area. Notes: The figure shows the year-on-year

growth rate of negotiated wages. Source: European Central Bank Statistical

Data Warehouse.

2 There is a related discussion about the question of whether the inflation

Phillips curve is time-varying. A good example is the recent study by Fu (2020)

who finds strong evidence in support of the time-varying slopes of the Phillips

curve in the US with different measures of inflation expectations.
3 As the authors point out, whether this implies that the standard unem-

ployment rate understates or overstates the true degree of resource underutili-

zation in the labor market after the Great Recession depends on the true

resource underutilization. If one believes that the alternative measures best

reflect the true state of the labor market, then the standard unemployment rate

understates how much labor is idle after 2007. If, however, one believes that the

non-employed should be weighted by their workforce attachment, then the

standard unemployment rate overstated true resource underutilization for most

of the post-2007 period.

4 The study by Bulligan and Viviano (2017) comes closest to our work, as it

also focuses on wage inflation in several euro area countries and examines

changes in the Phillips curve over time, using a different method than the one

employed here. The most important difference is that Bulligan and Viviano

(2017) use the unemployment rate as slack indicator.
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main estimation results and robustness checks. Finally, Section 6

concludes.

2. The Phillips curve and correlated shocks

Estimates of the slope of the Phillips curve hinge on the identification

of shocks to labor demand. When labor demand shocks are correlated

with labor supply shocks, slope estimates may be biased due to simul-

taneity issues. Indeed, shifts in labor market outcomes may be due to

changes in labor demand, labor supply or both. In the latter case, the

labor and demand curves shift outward or inward simultaneously,

resulting in an apparent insignificant relationship between labor market

conditions and wage dynamics.

This is illustrated in Fig. 2.5 The figure shows a simple model of the

labor market, with the horizontal axis representing the degree of labor

market slack and the vertical axis representing wage inflation. In the left-

hand side panel, the labor market faces only demand shocks, which cause

movements in the (red-colored) demand curve. The equilibrium out-

comes of wage inflation and labor market slack, indicated by the in-

tersections of the supply and demand curves, are observed by the

econometrician and suggest a significant and negative slope of the labor

supply curve and hence the Phillips curve. In the right-hand side panel,

the labor market faces positively correlated labor demand and labor

supply shocks, implying that the demand and supply curves move in the

same direction. In this case, the equilibrium outcome suggests an insig-

nificant relationship betweenwage inflation and labor market slack, even

though the actual shape of the labor supply curve is not flat. Hence, in

order to successfully infer the slope of the Phillips curve, one needs to be

able to isolate labor demand shocks from labor supply shocks.

We can also illustrate this point using a standard New Keynesian

model.6 The model consists of forward-looking, infinitely-lived house-

holds, who consume goods and services, supply labor and invest in

physical capital and one-period bonds with the aim of maximizing some

utility function. The markets for labor, goods and services are monopo-

listically competitive, which allows for a wedge between wages and the

marginal rate of substitution and between prices and marginal costs.

Following Galí (2011), we can gauge the level of unemployment by

taking the difference between the desired level of hours worked, which

equates the marginal rate of substitution to the real wage, and the actual

level of hours worked. Wage- and price adjustments are infrequent and

modeled according to a Calvo-type contract. An inflation- and

output-gap-targeting central bank that sets the nominal interest rate

closes the model. We focus on two shocks in the model: a labor demand

shock, which is modeled as a labor-augmenting productivity shock, and a

labor supply shock, that affects the disutility from labor.

We simulate the model twice, each time assuming the economy faces

shocks to labor demand. In the first simulation round, we assume that

labor demand shocks are uncorrelated with labor supply shocks. In the

second simulation round, instead, the two shocks are perfectly negatively

correlated.7 Fig. 3 plots the simulated series for unemployment and wage

inflation from both simulation rounds. The left-hand side panel shows the

series from the simulation with only labor demand shocks. The series

suggest a significant, downward-sloping wage Phillips curve. The series

plotted in the right-hand side panel, however, suggest a much weaker

Phillips curve relationship, even though the parameters that govern the

actual Phillips curve slope are the same in both simulations. As in Fig. 2,

this exercise makes clear that it is important to isolate demand shocks

from supply shocks in order to correctly infer the relationship between

labor market slack and wage inflation. Unfortunately, this is more easily

said than done. Our proposed way forward is to use a measure for labor

market slack that we feel better reflects demand for labor than the un-

employment gap, which, by definition, reflects changes in both labor

demand and supply.

3. An alternative measure for labor market slack

The traditional wage Phillips curve relates nominal wage growth, wt ,

to a measure for labor market slack, st , i.e.

Fig. 2. Shifts in labor demand and labor supply.

5 Here, we closely follow Hobijn (2018).
6 A full description of the model, and the benchmark calibration of its struc-

tural parameters, is provided in the Appendix.

7 Note that a positive shock to the disutility from labor causes labor supply to

fall. Hence, a negative correlation between labor demand and labor supply

shocks implies a shift of the labor demand and labor supply curves in the same

direction.
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wt ¼ωþ γst þ et; (1)

with ω a constant that can be interpreted as the long-run wage growth or

labor productivity, and et the error term. As long as workers are able to

bargain for a stable share of the economy’s value added, wage growth is

generally in line with trend labor productivity growth (IMF, 2017). The

parameter γ measures the slope of the wage Phillips curve. The sign of γ

depends on the measure used to capture labor market slack. The simple

representation of the wage Phillips curve in (1) predicts that additional

labor market slack, i.e. an increase in st , puts downward pressure on

wages as more workers compete for the same number of jobs.

A commonly used measure for st is the unemployment gap, i.e. the

difference between the unemployment rate, that is, the incidence of

active job-seekers who are out of work and available to start working

within two weeks, and the natural rate of unemployment. An increase in

the unemployment gap indicates greater labor market slack which, by the

wage Phillips curve, leads to a decline in wages. There are, however,

several reasons to suspect that the unemployment gap does not

adequately capture labor market slack, which would thereby leave the

econometrician with an incorrect representation of the Phillips curve

relationship. First, the unemployment rate does not take into account

measures of underemployment, causing the unemployment gap to

potentially underestimate labor market slack. Second, the natural rate of

unemployment, which is unobserved andmust therefore be inferred from

the data, might suffer from an estimation bias, causing the unemploy-

ment gap and estimates of the Phillips curve slope to be biased as well.

In response to the first issue, Blanchflower and Levin (2015) propose

to consider wider definitions of unemployment when assessing the

overall degree of labor market slack. Particularly, some people may not

currently seek work, despite being available, i.e. discouraged workers,

while others may be actively seeking work, yet are not immediately

available to start working. Moreover, some workers may be employed on

a part-time basis, but wish to work more hours. Part-time employment

has been rising across most euro area economies for over a decade,

mainly owing to structural factors such as the growth in the services

industry and the rise in female participation in the labor force. However,

a recent study by the ECB (2017) shows that a non-negligible share of

part-time workers would like to work more hours. The representation of

labor market slack by the unemployment rate might be especially biased

in times when the economy is hit by a large adverse shock, such as the

global financial crisis, during which more workers may become

discouraged in their job search or start working fewer hours than desired

(Cœr�e, 2017).

While it is difficult to properly measure the unemployment rate, it

may be even more challenging to obtain reliable estimates of the natural

rate of unemployment (see, for instance, Staiger et al., 1997). At the root

of the problem lies the uncertainty regarding the model specification

used to estimate the natural rate of unemployment. According to a study

by the European Commission (EC), models that are based on static or

adaptive expectations yield more pro-cyclical estimates of the natural

rate of unemployment than those based on rational expectations when

there are large labor market swings (EC, 2014). One reason is that stat-

ic/adaptive expectations models do not take full account of price rigid-

ities that have been shown to play an important role in the adjustment

process of the labor market. When based on static expectations, EC es-

timates of the natural rate of unemployment for Spain after the crisis are

much higher (26.4% in 2015) than those based on rational expectations

models (22%), thereby suggesting a much tighter labor market.

Finally, the unemployment gap measure reflects both labor supply

and demand shocks which may cause identification problems as outlined

in the previous section. Although we cannot be fully certain that our

proposed alternative slack measure only reflects demand for labor, we

argue that it comes closer to measuring labor demand than the unem-

ployment gap.

In our analysis of the wage Phillips curve, we employ two measures

for labor market slack. As a benchmark, and in line with traditional

specifications of the wage Phillips curve, we use the unemployment gap

taken from the EC. In view of the above mentioned concerns, we also

employ an alternative slack measure. In particular, we use the aggregated

response to a question regarding labor shortage in an EC survey among

firms.8 The EC survey asks firms on “factors limiting production” and

contains a question whether the “shortage of labor force” is a factor that

hampers production, to be answered by either “yes” or “no”. The re-

sponses are compiled into an index that measures the difference between

Fig. 3. Simulated series for unemployment and wage inflation. Note: Units are expressed as percentage deviations from steady state. The straight solid lines represent a

linear fitted curve.

8 In what follows, we refer to this measure as the “labor shortage indicator”.
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the number of “yes” and “no” answers as a percentage of total answers. A

rise (fall) of the index points towards more (fewer) problems in attracting

labor and thereby indicates less (more) labor market slack. A score of

zero indicates neutrality. The survey is conducted on a quarterly basis in

different sectors, e.g. industry and services, in all euro area countries, and

is available as early as 1985Q1 for some countries. In what follows, we

focus on the industry sector which covers 23,940 companies for the euro

area as a whole. As the data is quite volatile, we use four-quarter averages

of the labor shortage indicator.

Fig. 4 compares the evolution of the labor shortage indicator (left

axis) with the unemployment gap (right axis) between 1999Q1 and

2016Q2 in Germany, France, Italy, Spain and the Netherlands. To ease

comparison, we multiplied the unemployment gap by minus one, such

that higher (lower) values of both measures indicate less (more) labor

market slack. As shown in the figure, the two labor market slack mea-

sures behaved quite differently during this period, especially in Italy

where the labor shortage indicator showed signs of increased labor

market slack already in 2001, whereas the inverted unemployment gap

became negative only after the peak of the crisis. What is also apparent is

that in most countries, the unemployment gap indicates a decline in slack

at the end of our sample period, pointing towards an improvement in

labor market conditions. In contrast, the labor shortage indicator shows

no such improvement during this period, but suggests a strong persis-

tence in labor market slack inherited from the crisis. For instance, the

Spanish unemployment gap appears to be closing relatively rapidly since

2013 (partly due to a sharp increase in most estimates of the natural rate

of unemployment after the crisis), whereas the labor shortage indicator

shows a much more muted recovery of the labor market. The same is

observed in France, Italy and the Netherlands.

It thus seems that, at least in more recent years, the unemployment

gap and labor shortage indicator tell different stories regarding the labor

market, with the former suggesting a stronger improvement in labor

market conditions than the latter. In order to gauge which of these stories

is most plausible, we look at data on underemployment, which the EC

also provides. This data, which is referred to as “supplementary in-

dicators to unemployment”, quantifies the amount of (i) underemployed

part-time workers, (ii) persons seeking work, but not immediately, and

(iii) persons available to work, but not seeking. These indicators thereby

provide a broader measure of labor market slack. Unfortunately, these

data are available only from 2008 onward and therefore not suited for

our main empirical analysis.

Fig. 5 displays the number of underemployed (as a percentage of the

active population) for three periods: (i) the pre-crisis, (ii) the peak of the

crisis, and (iii) the end of our sample in 2016Q2.We approximate the pre-

crisis period by 2008Q1, as no earlier data are available. The peak of the

crisis refers to the period with the highest reported rate of underem-

ployment since 2008Q1. According to the figure, there has been a

marked increase in underemployment during the crisis, which persisted

well into the post-crisis period. With the exception of Germany, the latest

data in our sample shows that labor market slack has not dissipated or

reverted to pre-crisis levels. This observation seems at odds with the

recent development of the unemployment gap, which shows signs of

normalization. On the other hand, the behavior of the underemployment

rate is consistent with the labor shortage indicator, which also suggests a

strong persistence in labor market slack in recent years.

Although the labor shortage indicator seems to be a good measure for

labor market slack, as it captures changes in labor market conditions

Fig. 4. Labor market slack in the euro area. Notes: The labor shortage indicator (left axis) is the balance of answers to the question “Is labor a factor limiting pro-

duction?” in the European Commission Industry Survey. The unemployment gap (right axis) is multiplied by minus one, such that higher (lower) values of both

measures indicate less (more) labor market slack. Source: European Commission.

Fig. 5. Underemployment (% of active population). Notes: The level of under-

employment is calculated as the sum of underemployed part-time workers,

persons seeking work, but not immediately available, and persons available to

work, but not seeking. The crisis peak refers to 2008Q2 for Germany, 2015Q3

for France, 2013Q3 for the Netherlands, 2015Q1 for Italy and 2013Q2 for Spain.

Source: European Commission.
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across the business cycle quite well, it also has some limitations. Most

importantly, the indicator only covers the industry sector and therefore

does not contain information on labor market slack in other sectors.

However, for a shorter sample period data are also available for the

services sector. It turns out that the survey responses from the industry

sector correlate quite strongly with those from the services sector in

France (0.5), Germany (0.7), Italy (0.8) and the Netherlands (0.8), with

only Spain exhibiting a weak correlation between the two series (�0.05).

We therefore conclude that, for the majority of our sample, trends in the

industry survey are sufficiently correlated with trends in other sectors.9

4. Empirical strategy

4.1. The model

We estimate an augmented version of the traditional wage Phillips

curve, given by Equation (1), that is similar to the specification studied in

theoretical models (e.g. Galí, 2011) and recent empirical work (e.g.

Bulligan and Viviano, 2017). In particular, our main specification is a

hybrid Phillips curve that includes lagged nominal wage growth, wt�1,

and expected inflation, πet :

wt ¼ωþ ρwt�1 þ γst þ απe
t þ et: (2)

Whereas the lag in wage growth captures the observed persistence in

wage dynamics, inflation expectations are aimed to capture potential

forward-looking behavior of wage setters.10

In order to take into account potential changes in the relationship

between wage growth and labor market slack, we allow the coefficients

ω, ρ, γ and α in (2) to vary over time.11 In particular, we estimate the

following state-space model:

wt ¼ωt þ ρtwt�1 þ γtst þαtπ
e
t þ et ¼ xtβt

0

þ et ; eteN ð0;RÞ; (3)

βt ¼ βt�1
þ vt; vteN ð0;QÞ; (4)

with covðet ; vtÞ ¼ 0 and xt � ½1;wt�1; st ; π
e
t �

0

, and where βt �

½ωt ; ρt ; γt ; αt �
0

are the time-varying parameters to be estimated. We use

Bayesian estimation techniques (i.e. Gibbs sampling) to estimate the

model (3)–(4).12 The first T0 ¼ 10 quarters in our sample are used as a

training sample to initialize β0, R0 andQ0.
13 The prior distribution for the

variance R is an Inverse Gamma distribution, i.e. ReI G ðT0 =2;D0 =2Þ,

with the scaling parameter initialized at D0 ¼ 0:1. The prior for Q is an

Inverse Wishart distribution, i.e. QeI W ðQ0; T0Þ, where Q0 ¼

R0ðx0;t
0
x0;tÞ

�1 � T0 � τ is the scaling matrix and where we set τ ¼ 0:35.

The reason we choose a relatively high value for the scaling factor τ is

that several empirical studies suggest strong instability in Phillips curve

relationships in the euro area (e.g. Oinonen and Paloviita, 2014; Riggi

and Venditti, 2015; Bulligan and Viviano, 2017). In order to remain more

consistent with recent empirical observations and allow for plausible

behavior of the time-varying parameters, we opt for an informative prior

for Q0. A total of 12,000 draws were used for the Gibbs-sampling algo-

rithm, of which the first 10,000 draws were discarded.

4.2. Data description

As mentioned earlier, we use two measures for labor market slack, st .

As a benchmark, we use the unemployment gap taken from the European

Commission. Our alternative measure is the labor shortage indicator,

which we described in Section 3, obtained from the EC Industry Survey.

For nominal wage growth, wt , we use the year-on-year growth rate of

negotiated wages taken from the ECB and shown in Fig. 1.14 Finally, for

inflation expectations, πet , we use one-year-ahead inflation expectations

from Consensus Forecasts.15

Our data runs from 1999Q1 to 2016Q2 and estimations are per-

formed for the five biggest euro area countries, i.e. Germany, France,

Italy, Spain and the Netherlands, which together comprise about 80% of

euro area GDP. As it is likely that the policies of the ECB ushered in a new

monetary regime, we deliberately exclude observations prior to the

inception of the euro. According to Benati (2008), a change in the

monetary regime might significantly alter the statistical properties of the

inflation process. Insofar as such a change affects inflation expectations,

the Phillips curve relationship could change as well, making it more

difficult to interpret the potential time variation in the Phillips curve

parameters.

5. Estimation results

5.1. Constant parameter estimates

Before we discuss the results for the time-varying parameter model

(3)–(4), we first estimate a Phillips curve with constant parameters, i.e.

Equation (2), using ordinary least squares. Table 1 shows the results for

the benchmark specification in which the unemployment gap is used as

labor market slack measure, whereas Table 2 shows the results for the

alternative specification that uses the labor shortage indicator as slack

measure.

The results show that the Phillips curve slope has, for both specifi-

cations and for all countries, the expected sign and suggests a negative

relationship between wage growth and the unemployment gap, and a

positive relationship between wage growth and the labor shortage indi-

cator. There are, however, notable differences across countries with

regards the estimation results. The results for the benchmark specifica-

tion suggest that the Phillips curve is steepest in Germany, with an esti-

mated slope of around �0.4, and flattest in Spain, with a slope of around

�0.04. In contrast, according to the alternative specification, the stron-

gest wage/slack relationship is found in Spain, whereas the results for

France point to a relatively weak Phillips curve relationship. For Italy, no

significant Phillips curve slope is found, regardless of which measure for

slack is used.

9 In one of our robustness exercises, we replaced the industry survey with the

services survey indicator and found our results to remain intact. However, due

to a severe lack of available data for most of the countries that we consider, the

estimates are somewhat imprecise. These robustness checks are available upon

request.
10 See Galí (2011) for a derivation of the reduced-form Phillips curve from

micro principles. We also tested various alternative specifications in which we

replace either lagged wage growth or expected inflation with lagged HICP

inflation in (2), add lagged HICP inflation as an additional regressor, and

introduced the slack measure with a lag. Neither of these robustness checks,

which are available upon request, yield results that are qualitatively different

from our main results.
11 It is not the purpose of the present paper to identify the causes of changes in

the slope of the Phillips curve. However, as several papers (discussed in the

Introduction) have shown, this slope may have changed for several reasons, it is

important to check whether the relationship between wage growth and labor

market slack has changed over time, instead of presuming that such changes are

absent. Moreover, Mumtaz and Zanetti (2015) highlight that labor market

variables entail significant time variation in the response to shocks which

warrants the use of a time-varying parameter model.
12 See Primiceri (2005) and Blake and Mumtaz (2012) for further details on the

Bayesian estimation of time-varying parameter models.
13 Extending the training sample, e.g. by setting T0 ¼ 15 or T0 ¼ 20, does not

change our main results.

14 We consider negotiated wages rather than compensation per employees or

compensation per hour since the latter are subject to one-offs (e.g. bonuses),

changes in social contributions, fiscal policy shocks, wage drift and composi-

tional effects, and other idiosyncrasies not linked to collective bargaining.
15 Tables 3–7 in the Appendix provide descriptive statistics of the main vari-

ables considered.
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The estimated parameters for the remaining explanatory variables do

not vary much across the two specifications, and also the performance of

the two specifications in terms of explaining the variation in wage growth

is comparable, as confirmed by the small differences in the adjusted R2.

Lastly, the alternative specification points (at least for most countries) to

a somewhat stronger persistence in wage growth dynamics and a greater

contribution of inflation expectations than the benchmark specification.

Notes: Standard errors in parentheses; ***, **, and * indicate signifi-

cance levels of 1%, 5%, and 10%, respectively. Estimation performed

using OLS.

5.2. Time-varying estimates of the wage Phillips curve slope

The estimates for the time-varying parameter model are shown in

Fig. 6, which shows the estimated evolution of the slope parameter, γt ,

between 2001Q4 and 2016Q2 (solid blue lines).16 For comparison pur-

poses, we also added the estimation results of the Phillips curve with

constant parameters from Tables 1 and 2, as indicated by the horizontal

dashed lines.

For Germany, both the benchmark specification (left column) and

alternative specification (right column) point to an initial steepening of

the Phillips curve, followed by a flattening of the Phillips curve that

persists during the crisis period. Towards the end of the sample, the

wage/slack relationship in Germany becomes insignificant (in Bayesian

terms). As discussed in Section 3, and evidenced by data on underem-

ployment shown in Fig. 5, Germany exhibited a marked improvement in

labor market conditions after the crisis, with broad measures of unem-

ployment dipping below pre-crisis levels. However, wage growth has

remained subdued: whereas wages grew, on average, by about 3% in

2008, in 2016 wage growth was only 2%. Therefore, whereas the con-

stant parameter estimates point towards a strong and significant rela-

tionship between wages and labor market slack in Germany, the time-

varying parameter estimates suggest that this relationship has weak-

ened in recent years.

For Italy, we find strong time variation in the Phillips curve slope,

which seems to underlie the insignificance of the wage/slack relationship

inferred from the constant parameter estimates. Moreover, the results for

the benchmark specification are strikingly different from those for the

alternative specification. When using the unemployment gap to proxy

labor market slack, the results suggest that the wage Phillips curve in

Italy has flattened in more recent years of our sample. However, ac-

cording to the alternative specification, the Phillips curve has steepened

since around 2010. Recall from our discussion in Section 3 that, at least

for the most recent years, the labor shortage indicator seems to better

gauge labor market conditions than the unemployment rate, as its dy-

namics have been more consistent with broader measures of unem-

ployment. Therefore, together with the fact that wage growth in Italy has

remained stubbornly low (0.7% in 2016 compared to 3.5% in 2008, on

average), we consider the results from the alternative specification more

convincing and conclude that the Phillips curve in Italy has steepened in

the aftermath of the crisis.

Similar results are found for the Netherlands and France: whereas the

benchmark specification points to a flattening of the wage Phillips curve,

the alternative specification indicates a stable or even stronger wage/

slack relationship since 2010. In both countries, the labor shortage in-

dicator shows greater persistence in labor market slack after the crisis

than the unemployment gap, which is again more consistent with

broader measures of unemployment. Also, wage growth has been weak in

these countries compared to the period preceding the crisis. Together,

these observations favor the results from the alternative specification that

a significant wage Phillips curve emerged following the crisis.

In the case of Spain, both specifications find a strengthening of the

wage/slack relationship after 2008. This finding is in line with the

observed surge in unemployment during the crisis that was accompanied

by suppressed wage dynamics. The steepening of the Spanish wage

Phillips curve is most pronounced for the alternative specification. This

could be due to the fact that, after the crisis, estimates for the Spanish

natural rate of unemployment increased, causing the unemployment gap

to shrink, thereby suggesting a tightening of the labor market. In

contrast, the labor shortage indicator did not show signs of such tight-

ening, yet rather points towards greater persistence in labor market slack.

With Spanish wage growth still low (1.1% in 2016 compared to 3.5% in

2008, on average), a strong relationship between wage growth and the

labor shortage indicator ensues.

In sum, for those countries where the crisis led to a relatively strong

surge in unemployment (France, Italy, the Netherlands, and Spain), and

where the unemployment gap has been unable to fully capture the

Table 1

Constant parameter estimates of the wage Phillips curve, slack measure ( st) ¼ unemployment gap.

DE FR IT NL ES

Dependent variable:

nominal wage growth, wt

Constant, ω 1.152*** (0.414) 0.041 (0.113) 0.039 (0.306) �0.02 (0.17) 0.345 (0.215)

Lagged wage growth, wt�1 0.511*** (0.098) 0.818*** (0.044) 0.771*** (0.088) 0.808*** (0.044) 0.731*** (0.069)

Unemployment gap, st �0.421*** (0.118) �0.1*** (0.033) �0.06 (0.067) �0.134** (0.06) �0.044** (0.018)

Inflation expectations, πet �0.035 (0.179) 0.227*** (0.08) 0.259** (0.126) 0.253*** (0.073) 0.146 (0.107)

Adjusted R2 0.542 0.945 0.779 0.938 0.898

Number of observations 69 69 69 69 69

Table 2

Constant parameter estimates of the wage Phillips curve, slack measure ( st) ¼ labor shortage indicator.

DE FR IT NL ES

Dependent variable:

nominal wage growth, wt

Constant, ω 0.758* (0.384) �0.282*** (0.089) �0.152 (0.196) �0.224** (0.108) �0.055 (0.123)

Lagged wage growth, wt�1 0.566*** (0.096) 0.856*** (0.04) 0.821*** (0.066) 0.792*** (0.04) 0.749*** (0.069)

Labor shortage indicator, st 0.068*** (0.023) 0.014*** (0.004) 0.018 (0.021) 0.061*** (0.017) 0.115** (0.056)

Inflation expectations, πet �0.151 (0.199) 0.33*** (0.077) 0.27** (0.123) 0.204*** (0.071) 0.197* (0.101)

Adjusted R2 0.519 0.946 0.779 0.944 0.895

Number of observations 69 69 69 69 69

Notes: Standard errors in parentheses; ***, **, and * indicate significance levels of 1%, 5%, and 10%, respectively. Estimation by OLS.

16 Recall that we remove a training sample of 10 quarters and use 1 lag of the

dependent variable.
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persistence in labor market slack during the aftermath of the crisis, the

wage Phillips curve relationship is alive and well and can explain current

subdued wage growth, provided the labor shortage indicator is used as a

measure for labor market slack. It follows that a good understanding of

past and current wage dynamics, and forecasts of future wage pressures,

requires a broad assessment of labor market conditions, especially

following severe economic crises. Furthermore, imposing a time-

invariant Phillips curve slope may cause one to mistakenly conclude

that the wage/slack relationship is significant, even though it is not (as

we find for Germany), or the other way around (in the case of Italy).

Lastly, our results reveal important heterogeneities within the euro area,

with wage growth in some countries responding much stronger to labor

market improvements than in other countries.

5.3. Robustness checks

We test the robustness of our main results in two ways. First, we use

the unemployment rate rather than the unemployment gap as a measure

for labor market slack in the benchmark Phillips curve specification.

Second, for both specifications, we add labor productivity growth per

employee as an explanatory variable to the wage Phillips curve.17

One reason to use the unemployment rate as a measure for labor

market slack rather than the unemployment gap, is that the latter is an

unobserved variable, which must be estimated and therefore is prone to

estimation uncertainty. In our first robustness exercise, we replace the

unemployment gap in the benchmark specification with the

Fig. 6. Estimates of the wage Phillips curve slope, γt . Note: The figure shows estimates for γt in Equation (3). The blue solid (dotted) lines reflect the 50th (16th and

84th) percentiles from the posterior distribution. The red horizontal dashed and dashed-dotted lines are the estimates, and corresponding 95% interval, from a time-

invariant version of (3), estimated using OLS. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of

this article.)

17 We also considered other alternative specifications of the wage Phillips

curve, e.g. by including lagged HICP inflation as an explanatory variable, using

productivity growth per hour rather than per employee, and using different lag

structures. Also, we used different priors and training samples to initialize the

Gibbs-sampling algorithm. The results of these robustness checks, which are

available upon request, do not differ much from our main results. Moreover, we

performed the Bai-Perron test for the Phillips curve with constant parameters

and found that the identified breaks coincide with the movements in the time-

varying Phillips curve slope.
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unemployment rate. Data on the unemployment rate (in percentages of

the active population) is seasonally adjusted and taken from Eurostat.

Estimates for the time-varying Phillips curve slope are shown in Fig. 7

(left column). For comparison purposes, we also report the results for the

alternative specification in which the labor shortage indicator is used as

slack measure (right column). The results are in line with our main results

shown in the left column of Fig. 6. What is notable is that the flattening of

the German Phillips curve in more recent years of our sample period

seems more pronounced when the unemployment rate is used as slack

measure, with the results exhibiting much less uncertainty surrounding

the median estimates. Moreover, for France and Italy, a slight steepening

of the Phillips curve is now observed at the end of the sample, which is

more in line with the alternative Phillips curve specification.

Next, we add to both specifications of the wage Phillips curve labor

productivity growth as explanatory variable, such that Equation (3) is

replaced by

wt ¼ωt þ ρtwt�1 þ γtst þ αtπ
e
t þ μtAt þ et; (5)

with At denoting labor productivity growth per employee. According to

theory, an increase in labor productivity raises demand for labor, which

in turn puts upward pressure on wage growth, above and beyond the

effects of labor market tightness. As pointed out by the IMF (2017), as

long as workers are able to bargain for a stable share of the economy’s

value added, wage growth is generally in line with trend labor produc-

tivity growth.18 Data on productivity growth are collected from Eurostat.

The time-varying estimates of the Phillips curve slope based on this

augmented Phillips curve specification are shown in Fig. 8. Interestingly,

Fig. 7. Estimates of the wage Phillips curve slope, γt , when using the unemployment rate as slack measure in the benchmark specification. Note: The figure shows

estimates for γt in Equation (3). The blue solid (dotted) lines reflect the 50th (16th and 84th) percentiles from the posterior distribution. The red horizontal dashed and

dashed-dotted lines are the estimates, and corresponding 95% interval, from a time-invariant version of (3). (For interpretation of the references to color in this figure

legend, the reader is referred to the Web version of this article.)

18 However, the strength of this association may waver. For instance, when

workers’ bargaining power improves over the medium term, more trend pro-

ductivity growth increments are transmitted to wage growth. Workers’ bargai-

ning power, in turn, is a function of several drivers, including institutional

factors, such as union density, the coverage of collective bargaining agreements,

the degree of centralization of such agreements (for example, sectoral versus

firm-level), and labor laws and employment regulations.
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the results are strikingly similar to our main results shown in Fig. 6. In

fact, the same conclusions can be drawn from these results: the Phillips

curve has flattened in more recent years of our sample period in Ger-

many, yet steepened in Spain; for France, Italy and the Netherlands, we

find a flattening of the Phillips curve after 2010 when using the unem-

ployment gap as slack measure, and a steepening of the Phillips curve

when using the labor shortage indicator.

6. Conclusion

Before the COVID-19 pandemic, the unemployment gap in the euro

area fell markedly. However, wages remained low and increased less

than predicted by traditional Phillips curves. We have therefore re-

examined the wage Phillips curve for the five biggest euro area coun-

tries, i.e. Germany, France, Italy, Spain and the Netherlands, by explicitly

taking into account potential time variation in the Phillips curve rela-

tionship and by considering an alternative measure for labor market

slack. In particular, for each country we estimated the wage Phillips

curve, augmented by both backward- and forward-looking explanatory

variables, with time-varying parameters using Bayesian methods. As a

benchmark, we use the unemployment gap as a measure for labor market

slack. The results for the benchmark specification are compared to those

for an alternative specification using the survey-based labor shortage in-

dicator to capture labor market slack. We argue that this alternative

measure may better assess slack in the labor market than the unem-

ployment gap.

When using the unemployment gap as a proxy for labor market slack,

our results suggest that the wage Phillips curve flattened in Italy, the

Netherlands and, to a somewhat lesser extent, France. In contrast, when

using the labor shortage indicator as slack measure, the results suggest a

steepening of the wage Phillips curve in Italy and France, and a stable

Phillips curve relationship in the Netherlands after the financial crisis.

We relate these conflicting results to the observation that, unlike the

labor shortage indicator, the unemployment gap has been unable to

adequately capture the persistence in additional labormarket slack (based

onmeasures of underemployment). In fact, the unemployment gap points

Fig. 8. Estimates of the wage Phillips curve slope, γt , when controlling for labor productivity. Note: The figure shows estimates for γt in Equation (5). The blue solid

(dotted) lines reflect the 50th (16th and 84th) percentiles from the posterior distribution. The red horizontal dashed and dashed-dotted lines are the estimates, and

corresponding 95% interval, from a time-invariant version of (5). (For interpretation of the references to color in this figure legend, the reader is referred to the Web

version of this article.)
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to a much stronger improvement in labor market conditions in these

countries after the financial crisis than suggested by broader measures of

unemployment. Since wage growth has remained stagnant, its relation-

ship with the unemployment gap weakened, implying a flattening of the

Phillips curve. In contrast, changes in the labor shortage indicator have

been more consistent with broader measures of unemployment, sug-

gesting more labor market slack than the unemployment gap. Conse-

quently, the link between the labor shortage indicator and wage growth

remained strong or even strengthened after the crisis, resulting in a

steepening of the Phillips curve. Future research could examine whether

this finding also holds after the crisis caused by the COVID-19 pandemic.

Policymakers should be aware that the Phillips curve relationship can

vary both over time and across countries. This last result implies that it is

highly problematic to estimate Phillips curve models for the euro area as

a whole as is commonly done. Moreover, it is imperative to consider

broad indicators of labor market slack in order to properly assess wage

growth dynamics at the country level, especially following severe crises

when different slack measures point towards different speeds of eco-

nomic recovery. Our analysis shows that, at least in some countries, the

wage Phillips curve relationship has not weakened, implying that wage

and price pressures may re-emerge in the euro area once spare capacity is

sufficiently absorbed.
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A. Descriptive statistics

Table 3

Descriptive statistics: Germany.

Wage growth Unemployment gap Labor shortage indicator Inflation expectations

Mean 2.03 0.28 5.14 1.58

Standard deviation 0.71 0.59 3.12 0.34

Number of obs. 70 70 70 70

Maximum 3.77 1.88 10.58 2.38

Minimum 0.09 �0.58 0.83 0.89

Table 4

Descriptive statistics: France.

Wage growth Unemployment gap Labor shortage indicator Inflation expectations

Mean 2.16 �0.07 7.26 1.47

Standard deviation 0.53 0.66 3.50 0.27

Number of obs. 70 70 70 70

Maximum 3.10 1.53 18.93 2.10

Minimum 1.20 �1.74 1.70 0.62

Table 5

Descriptive statistics: Italy.

Wage growth Unemployment gap Labor shortage indicator Inflation expectations

Mean 2.16 0.27 2.84 1.76

Standard deviation 0.78 1.08 2.33 0.43

Number of obs. 70 70 70 70

Maximum 4.20 2.26 8.45 2.69

Minimum 0.59 �1.66 0.18 0.43

Table 6

Descriptive statistics: Spain.

Wage growth Unemployment gap Labor shortage indicator Inflation expectations

Mean 2.35 0.76 1.88 2.11

Standard deviation 1.00 3.96 1.05 0.72

Number of obs. 70 70 70 70

Maximum 3.54 8.02 4.18 3.20

Minimum 0.54 �5.46 0.23 0.38
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Table 7

Descriptive statistics: Netherlands.

Wage growth Unemployment gap Labor shortage indicator Inflation expectations

Mean 2.13 0.36 4.60 1.84

Standard deviation 1.10 0.87 2.80 0.58

Number of obs. 70 70 70 70

Maximum 4.53 1.91 10.95 3.54

Minimum 0.50 �0.99 1.23 0.77

B. Description of the New Keynesian model

B.1. Household consumption and savings

In every period t, a household of type i 2 ½0; 1� chooses consumption, ct , labor supply, ntðiÞ, investment it in physical capital kt that earns a nominal

rental rate Rk;t , and nominal holdings of one-period bonds, Bt , which earn a nominal gross risk-free interest rate of Rt , in order to maximize expected life-

time utility19

Et

X∞

t¼0

βt
�

c1�σ
t

1� σ
� zns;t

ntðiÞ
1þϕ

1þ ϕ

�
; (6)

subject to the period budget constraint:

Ptct þPtit þ Bt ¼ Rt�1Bt�1 þ Rk;tkt�1 þWtðiÞntðiÞ þ PtP t; (7)

whereWtðiÞ denotes the nominal wage rate, Pt the consumer price index (CPI), and P t firm profits. The variable zns;t is a shock to the disutility of labor

that affects labor supply and which evolves according to a stationary AR(1) process. The parameter σ > 0 determines the elasticity of intertemporal

substitution, whereas ϕ > 0 determines the inverse Frisch elasticity of labor supply. Capital evolves according to

kt ¼ð1� δÞkt�1 þ it ; (8)

with δ 2 ½0;1� the depreciation rate of capital.

The first-order conditions that pin down the household’s consumption and savings decisions are given by

c�σ
t ¼ βEt

�
c�σ
tþ1

Rt

πtþ1

�
; (9)

c�σ
t ¼ βEt

�
c�σ
tþ1

ðrk;tþ1 þ 1� δÞ
�
; (10)

with πt � Pt=Pt�1 and rk;t � Rk;t=Pt .

B.2. Labor supply and wage setting

Labor of household type i is bundled by a representative employment agency according to the following CES aggregator:

nt ¼

�Z
1

0

ntðiÞ
εw�1

εw di

� εw
εw�1

: (11)

The parameter εw > 0 measures the elasticity of substitution between differentiated labor inputs. Subject to an appropriate expenditure constraint,

wtnt ¼
R 1

0
wtðiÞntðiÞdi, the employment agency maximizes nt . This yields the following demand function for ntðiÞ:

ntðiÞ¼

�
wtðiÞ

wt

��εw

nt ; (12)

and aggregate wage index:

wt ¼

�Z
1

0

wtðiÞ
1�εwdi

� 1

1�εw

: (13)

Households face a wage-setting constraint that prohibits a fraction θw 2 ð0;1Þ of households from adjusting their wage in a given period. These

households keep wages fixed at the aggregate wage index from the previous period. Hence, the aggregate wage index can be written as

19 State-contingent securities ensure that household consumption is the same across all households of the same type.
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w1�εw
t ¼ð1� θwÞw

1�εw
t þ θww

1�εw
t�1

where wt denotes the optimal reset wage.

Households choose wt to maximize

Et

X∞

k¼0

ðβθwÞ
k

�
λtþkwtntþkðiÞ� zns;tþk

ntðiÞ
1þϕ

1þ ϕ

�

with λt the marginal utility of consumption, subject to the demand function for ntðiÞ. The first-order condition that determines the optimal reset wage is

given by

w1þεwϕ
t ¼

εw

εw � 1

Et

P
∞

k¼0
ðβθwÞ

k
zns;tþkðw

εw
tþkntþkÞ

1þϕ

Et

P
∞

k¼0
ðβθwÞ

k
λtþkw

εw
tþkntþk

: (14)

Unemployment, ut , is given by the difference between the desired number of hours worked, nd;t , and the actual number of hours worked, nt :

ut ¼ nd;t � nt; (15)

where the desired number of hours worked is determined by the condition that equates the wage rate with the marginal rate of substitution:

wt ¼
zns;tn

ϕ

d;t

λt
: (16)

B.3. Firms

B.3.1. Final goods firms

Differentiated intermediate goods ytðiÞ, with i 2 ½0; 1�, are assembled into the final good yt by final goods firms according to

yt �

�Z
1

0

ytðiÞ
ε�1

ε di

� ε
ε�1

where ε > 1 measures the elasticity of substitution between intermediate goods. Maximizing the final good, subject to an appropriate expenditure

constraint, yields the following demand schedule:

ytðiÞ¼

�
PtðiÞ

Pt

��ε

yt; (17)

and consumer price index:

Pt ¼

�Z
1

0

PtðiÞ
1�ε

di

� 1

1�ε

: (18)

B.3.2. Intermediate goods firms

Intermediate goods ytðiÞ are produced using the following constant returns to scale production function:

ytðiÞ¼ kt�1ðiÞ
φðznd;tntðiÞÞ

1�φ; (19)

with φ 2 ½0;1� and where znd;t is a labor-augmenting productivity shock, which evolves according to a stationary AR(1) process. Cost-minimization

implies the following demand conditions:

rk;t ¼mctφ
ytðiÞ

kt�1

; (20)

wt ¼mctð1�φÞ
ytðiÞ

ntðiÞ
: (21)

with mct real marginal costs, given by
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mct ¼ z
�ð1�φÞ
nd;t w1�φ

t r
φ

k;tΦ; (22)

with Φ � φ�φð1� φÞ�ð1�φÞ. Firms face a Calvo-type price-setting constraint and maximize profits while discounting future profits by the probability of

non-price adjustment, denoted by θ 2 ð0; 1Þ:

max
Pt

Et

X∞

k¼0

θkQ t;tþk

�
PtytþkðiÞ�PtþkmctþkytþkðiÞ

	

subject to the optimal demand schedule for ytðiÞ and the production technology, and where Q t;tþk satisfies Q t;tþk ¼ 1=Rt . The first-order condition that

determines the optimal reset price Pt is given by

Pt ¼
ε

ε� 1

Et

P
∞

k¼0
ðθβÞkc�σ

tþkytþkmctþkP
ε
tþk

Et

P
∞

k¼0
ðθβÞkc�σ

tþkytþkP
ε�1

tþk

: (23)

B.4. Public sector

The monetary authority (or ‘central bank’) conducts monetary policy according to the following Taylor-type rule:

Rt

R
¼

�
Rt�1

R

�ρR
��πt

π

	φπ

�
yt

ynt

�φy
�1�ρR

; (24)

where ynt denotes the level of output consistent with the flexible-price equilibrium.

B.5. Market clearing

Goods market clearing implies

yt ¼ ct þ it; (25)

while labor market clearing implies

yt ¼ k
φ
t�1

ðznd;tntÞ
1�φ

D
�1

t : (26)

where D t �
R 1

0 ðPtðiÞ=PtÞ
�ε measures price dispersion.

B.6. Benchmark calibration

The benchmark calibration of the model’s structural parameters is mostly based on estimates from Smets and Wouters (2003), and is given in

Table 8.

Table 8

Benchmark calibration.

Parameter Description Value

δ Depreciation rate of capital 0.025

φ Output elasticity w.r.t. capital 1/3

σ Risk aversion coefficient 1.6

β Discount factor 0.99

εw , ε Elasticity of substitution 11

ϕ Inverse Frisch elasticity 1.2

θw Non-wage adjustment probability 0.9

θ Non-price adjustment probability 0.75

ρR, φπ , φy Monetary policy parameters 0.93, 1.66, 0.14

ρns , ρnd Persistence of labor supply and demand shocks 0.9
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