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This paper presents an empirical framework and analysis of
the interactions among inflation, wages, employment, and out-
put in the euro area. Results identify price shocks and demand
shocks as the primary exogenous factors explaining historical
variance. The wage gap emerges as a key determinant of wage
dynamics in the aftermath of a price shock. In contrast, the
output gap becomes dominant following demand shocks. The
real wage gap acts as a corrective mechanism, ensuring that
prices and wages in particular align with the broader economic
landscape. Forecasts for the period starting 2023:Q4 emphasize
the enduring significance of the real wage gap, projecting its
ongoing impact on nominal wages in tight labor markets. As
for inflation expectations, the estimates emphasize their stick-
iness. In this context, the significant and persistent price shock
that has occurred suggests a gradual decline in expectations,
potentially leading to an extended period of elevated inflation.
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1. Introduction

The resurgence of inflation in 2022, following a prolonged period of
subdued price dynamics, represents one of the most critical macro-
economic developments of the post-pandemic era. The euro area, in
particular, witnessed an annualized price growth of 10.6 percent in
October 2022, a significant jump from near-zero levels recorded just
two years prior. These pressures erode purchasing power, heighten
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economic uncertainty, and threaten overall macroeconomic stabil-
ity. Given the considerable costs of high inflation, understanding
its underlying dynamics through empirical analyses becomes imper-
ative. This paper contributes to the ongoing debate on inflation
dynamics by analyzing the drivers of inflation and wage growth in
the euro area.

Drawing on New Keynesian theory, this paper develops an empir-
ical framework that models demand and supply in both the goods
and labor markets. The primary focus is on medium-run cyclical
dynamics; however, capturing these requires accounting for both
short-term fluctuations and long-term trends. For simplicity, the
empirical framework adopts the specification set out in Gali (2015),
which comprises four equations. The first equation links inflation to
inflation expectations, the deviation of medium-run output from its
long-run trend, and a term representing error correction through the
real wage gap. The second describes nominal wage growth as a func-
tion of inflation expectations, labor market slack, and the real wage
gap. The third equation describes aggregate demand as a function
of both current and expected inflation. The fourth is a version of
Okun’s law. This structure combines theoretical rigor with empir-
ical flexibility, making it well-suited for analyzing macroeconomic
interactions and consistent with established modeling approaches

This approach shares conceptual similarities with the dynamic
empirical model of U.S. inflation developed by Bernanke and Blan-
chard (2023), which links prices, wages, and inflation expecta-
tions using a partial equilibrium framework. They use the vacancy-
to-unemployment ratio as a measure of economic slack to assess
the effects of both product market and labor market shocks dur-
ing the pandemic, attributing the 2021 inflation spike primarily
to commodity-driven price shocks However, the approach taken
in this paper differs from their methodology in several important
respects. In particular, instead of survey-based expectations, infla-
tion expectations are modeled using only past data. Galstyan (2021)

!The model builds on the New Keynesian Phillips curve (Woodford 2003),
with related frameworks by Calvo (1983), Mankiw and Reis (2002), Gertler and
Leahy (2008), and Gabaix (2020). See Eser et al. (2020) on the role of the Phillips
curve in monetary policy at the ECB.

2Refer to the appendix for details on Bernanke and Blanchard (2023).
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provides empirical support for this backward-looking specification,
showing that lagged headline inflation explains a large share of
variation in short-term expectations. While this modeling approach
may reduce forecasting accuracy during periods of high inflation,
it remains a pragmatic choice given the relatively stable inflation
environment over much of the sample period.

Furthermore, this paper treats domestic economic slack (both
the output and employment gaps) as endogenous, allowing feedback
effects between macroeconomic conditions and inflation. By explic-
itly distinguishing the output gap from the employment gap (linked
via a modified version of Okun’s law), the model clarifies distinct
channels: labor market tightness directly influences wage dynamics,
whereas aggregate demand affects labor demand. This distinction
enables a more detailed analysis of how shocks originating in goods
and labor markets influence inflation dynamics. Additionally, to pre-
serve tractability, the model adopts a parsimonious lag structure
that prioritizes richer interactions over extended historical depen-
dencies. Finally, although it uses equation structures similar to those
in the work of Bernanke and Blanchard, it further filters out volatil-
ity from latent medium-run and long-run variables. This temporal
separation helps isolate the “underlying” inflation trend and sheds
light on the persistent drivers of inflation.

These modeling choices also position the paper well within sev-
eral strands in the inflation literature. For instance, Lorenzoni and
Werning (2023) develop a model in which inflationary spiral can
emerge from disagreements between workers and firms over real wage
levels, with the disagreements tied to the magnitude of the output
gap. Their analysis shows that even if real wages move in response to
shocks, this does not necessarily confirm the presence of a wage-price
spiral. The current paper contributes to this literature by explicitly
modeling the real wage gap as a key adjustment mechanism. This
gap serves as an error-correction term, allowing the model to capture
delayed wage responses following relative price shocks—an especially
relevant feature in the euro-area context.

Looking at the role of inflation expectations in shaping inflation,
Werning (2022) argues that the influence of expectations depends
on their time horizon: near-term expectations have a much stronger
effect on inflation than longer-term ones. He also shows that the
pass-through varies across pricing models and is not necessarily close



48 International Journal of Central Banking October 2026

to one. These insights are reflected in the empirical findings of this
paper, which suggest that medium-run expectations play an impor-
tant but moderated role, with estimated pass-through coefficients
well below one.

Another area of research examines nonlinearities in the relation-
ship between labor market tightness and wage or price dynamics.
Benigno and Eggertsson (2023) model nonlinear effects of labor mar-
ket conditions on inflation, and attribute much of the 2020s U.S.
inflation to labor market tightness. Hahn (2020) and Harding, Lindé,
and Trabandt (2023) similarly highlight asymmetric Phillips curve
responses, especially in periods of low slack or high inflation. De San-
tis and Tornese (2023) show that energy shocks can transmit more
forcefully to consumer prices under high inflation regimes, suggest-
ing further state dependence. In contrast, Bernanke and Blanchard
(2023) find that a linear model provides a good approximation of
U.S. inflation dynamics. Similarly, recent evidence by Lo Bello and
Viviano (2024) finds little support for pronounced nonlinearities in
the Phillips curve for the euro area, providing justification for a
linear empirical specification adopted in this paper.

Finally, a set of studies focuses specifically on the structural
determinants of inflation in the euro area. Lane (2022) delves into
the challenges of predicting medium-run inflation trajectories, espe-
cially against the backdrop of rising inflation combined with con-
tinual external shocks. He singles out the mid-2021 relative price
disturbances as major influencers of the inflationary surge, further
exacerbated by wage and price rigidities which led to a noticeable
uptick in the inflation rate. Based on Shapiro (2022), Gongalves
and Koester (2022) decompose inflation into demand-driven and
supply-driven components, showing that inflation during the early
stages of the pandemic recovery was dominated by supply shocks,
including energy prices and labor shortages, but gradually shifted
toward demand factors, especially in services. Bobeica, Ciccarelli,
and Vansteenkiste (2019) examine the price-wage relationship in the
euro area, finding that the strength of pass-through depends on the
nature of the shock and the inflation regime. Hansen, Toscani, and
Zhou (2023) highlight the role of import prices and profit margins
in explaining recent euro-area inflation.

Summarizing the findings, the shock decomposition reveals that
price shocks and shocks to aggregate demand are the principal
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exogenous factors explaining historical variance. This is further
enriched by the factor decomposition. Between 2019:Q1 and mid-
2021, the euro area experienced shifts in inflation dynamics, with
the COVID-19 pandemic creating significant disruptions in 2020.
While the labor market was robust pre-pandemic, supporting wage
growth, the onset of COVID-19 suppressed wages and output. By
2023:Q3, a synergy of price shocks, rising inflation expectations, a
rebounding output gap, and labor market recovery pushed inflation
and wage growth beyond their pre-pandemic levels.

The impulse response analysis shows that a price shock causes
an immediate increase in inflation, which in turn creates a negative
real wage gap and stimulates employment. However, elevated
inflation contracts aggregate demand. As the effects of the initial
shock diminish, inflation remains persistent due to the rise in
inflation expectations. On the other hand, a demand shock prompts
a positive output gap, subsequently raising inflation and labor
demand. Both shocks exhibit a gradual return of variables to their
steady-state values, with distinct pathways of adjustment and vary-
ing factor contributions. Importantly, the findings emphasize the
role of the wage gap in shaping wage dynamics after a price shock,
while the output gap is dominant in reactions to a demand shock.

Using the empirical framework for projections of key economic
variables from 2023:Q3 onward, the output gap at the beginning of
the forecast is approximately 2.2 percent, signaling overheating. The
employment gap starts at around 2.0 percent, indicating a tightness
in the labor market. This is largely attributed to the positive output
gap and the negative real wage gap. The real wage gap is projected
to gradually revert to its steady-state value, starting from negative
0.3 percent at the beginning of the forecast horizon.

In relation to inflation and wages, the 2023 year-on-year average
inflation rate (GDP deflator) is expected to be 5.2 percent. It is influ-
enced primarily by inflation expectations, followed by the persistence
of the price shock and a positive output gap. The estimates empha-
size the significant stickiness of inflation expectations. Given the
pronounced and enduring price shock observed, this suggests a grad-
ual decline in expectations, potentially leading to an extended period
of elevated inflation, with mean predictions for 2024, 2025, and 2026
at 3.8, 2.9, and 2.5 percent, respectively. Meanwhile, wage growth
for 2023 is projected to be 5.3 percent. For 2024, 2025, and 2026,
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forecasts are 4.3, 3.5, and 3.0 percent, respectively. The dynamics
of adjustment are driven largely by the corrective effects of the real
wage gap and labor market tightness, with inflationary expectations
also playing a role.

The paper is organized as follows. Section 2 introduces the data.
Section 3 provides details on the empirical specification. Section 4
discusses the selection of priors. Section 5 presents the results for
estimated parameters and extracted medium-run trends. Section 6
delves into a discussion on various decompositions. Section 7 cov-
ers the analysis of impulse responses. Section 8 offers out-of-sample
projections for the main variables, and Section 9 concludes.

2. Data

The empirical analysis requires quarterly data on inflation, and
growth rates of wages, output, and employment. All these variables
are derived from data sourced from Eurostat

Both the CPI and the GDP deflator present unique advantages.
The CPI tracks the prices consumers pay for a specific basket of
goods and services, while the GDP deflator offers a broader per-
spective, capturing a wide range of domestically produced goods.
Due to this expansive view, the GDP deflator is adept at reflecting
the overall price movements of domestic goods. Notable studies, such
as those by Ireland (2004) and Smets and Wouters (2007), used the
GDP deflator to explore inflation dynamics over business cycles. As
a result, the series for the GDP deflator index is used to construct
the measure of inflation ]

Wages are measured using per-employee compensation, calcu-
lated from the ratio of employee compensation to the number of
employees Data for total employment are used to calculate the
growth rate of employmentﬁ Chain-linked GDP in constant 2015
prices is used to measure the growth rate of outputEI

3The data were downloaded on 03/07/2024.

4Series code: PD15_EUR,SCA,B1GQ,EA19.

5Series codes: CP_.MEUR,SCA,D1,EA19 and THS_PER,SCA,SAL_DC,EA19.
5Series code: THS_PER,SCA,EMP_DC,EA19.

"Series code: CLV15_MEUR,SCA,B1GQ,EA19.
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Table 1. Summary Statistics

(1) (2) (3) (4)

n? i Any Ay,
Sample Mean 0.461 0.561 0.214 0.362
Sample St. Dev. (0.364) (0.388) (0.319) (0.730)
OLS St. Err. (0.034)*F* | (0.036)*** | (0.030)*** | (0.068)***
Observations 114 114 114 114

Note: The first two rows of the table provide in-sample means and standard devi-
ations for the four observable macroeconomic variables. The third row presents the
OLS standard error from a regression of the variable in question on a constant. Robust
standard errors are shown in parentheses. *** ** and * denote significance at the 1

percent, 5 percent, and 10 percent levels, respectively.

The data set, in terms of levels of the variables, spans from the
first quarter of 1995 to the third quarter of 2023. This time frame
encompasses the COVID-19 era. In order to maintain this time-
line while minimizing the impact of extreme fluctuations during this
period on the outcomes, a smoothing technique is applied to the
variables. Specifically, for all variables measured in logarithmic dif-
ferences, the Hodrick-Prescott filter with a smoothing parameter
of one is applied between 2020:Q1 and 2020:Q3J§ These smoothed
growth rates are then used to adjust the level observations, ensuring
that the smoothing process does not alter the levels of the variables
after the smoothing period. The differences in the logarithmic series
form the final data covering the period from 1995:Q2 to 2023:Q3.

Table 1 presents summary statistics for the four key variables:
inflation (7!’), nominal wage growth (7“), employment growth
(Ang), and real output growth (Ay;). The sample means of these
variables stand at 0.46, 0.56, 0.21, and 0.36, respectively, paired
with corresponding sample standard deviations of 0.36, 0.39, 0.32,
and 0.73. The high standard deviations in growth rates of output and

8Using a smoothing parameter equal to one results in the least possible
smoothing. In this scenario, the fluctuations observed during the COVID period
are reduced to a magnitude somewhat similar to those of the Global Finan-
cial Crisis. Thus, while the series is smoothed, it is not smoothed sufficiently to
entirely eliminate the effects of the COVID period.
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Figure 1. Time Horizon

Tt ef = x4 — Tt
Medium-Run Trend Short-Run Fluctuations
ft i‘f = jt - Et
Long-Run Trend Medium-Run Fluctuations
z T — T
Steady State Long-Run Fluctuations

Note: The figure provides a diagrammatic representation of the time horizon
for a generic variable x;. This horizon categorizes economic time frames into the
steady state, long run, medium run, and short run.

employment are predominantly attributable to the substantial con-
tractions during the Global Financial Crisis and the euro-area debt
crisis. Toward the end of the sample period, all variables display
pronounced volatility, largely due to the impact of the COVID-19
pandemic.

3. An Empirical Framework

3.1  On Temporal Dimension

The system comprises both observable and unobservable variables.
Each variable exists across various time dimensions. Figure 1 offers
a diagrammatic representation of the time horizon for a generic vari-
able x;. This horizon categorizes economic time frames into steady
state, long run, medium run, and short run.

From the bottom of the figure, the steady state can be consid-
ered a specific subset of the long run, but devoid of perturbations. In
such a setting, growth rates for all variables remain constant. The
value of a variable in steady state is denoted with a bar over the
variable and lacks a time subscript. With inflation being a policy
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variable, and in alignment with the European Central Bank (ECB)
objective, its value in steady state is set at 0.5 percent (2 percent
annualized). Furthermore, in line with the neoclassical growth the-
ory, the methodology presumes that, in steady state, both real wages
and output per employee grow at an identical rate: Ay — An = Aw@.

In the long run, nominal frictions are absent, and macroeconomic
variables remain unaffected by shocks from the short and medium
run. This is consistent with the classical dichotomy, suggesting that
monetary policy does not exert its impact on real economic factors
in this time frame. Here, the long-run value of z; is denoted by Z;. In
the long run, it is assumed that output, employment, and real wages
follow a random walk with drift, where the drift terms across these
three variables are constrained in a manner that, in the absence
of shocks, the growth rates of these variables revert back to their
steady-state levels. Furthermore, it is assumed that a long-run rela-
tionship exists between output, employment, and real wages, which
can deviate from linear trends. In particular, for Z; € (g, @y, ny) it is
assumed that Az, = p” + k" x;, where x; = pyXxt—1+e;. In the long
run, inflation remains fixed at 77 = #” = 0.5. Long-run inflation
expectations also align with the 0.5 benchmark, underscoring the
directive role of monetary policy. The growth rate of nominal wages
at this frequency is pinned down by the long-run inflation rate and
the long-run growth rate of real wages: 7}’ = Aw; + 7P.

Central to this paper is the medium run, where nominal fric-
tions come into play and the classical dichotomy breaks. In the
medium run, nominal shocks exert an impact on both nominal
and real variables. As medium-run shocks exclude high-frequency
disturbances, the medium-run trend provides a clearer represen-
tation of the dynamic trajectory of variables. Specifically, when
discussing inflation, the concept of “underlying inflation” emerges
as a medium-run phenomenon, stripping away short-run volatility
to uncover foundational, persistent price movements. Consequently,
for monetary policy, the future interest rate path is shaped by the
medium-run trajectory of inflation. For the purpose of modeling,
the medium-run trend of variable x; is denoted by Z;. In this time
frame, variables fluctuate around their long-run trend. For out-
put, employment, and real wages, these fluctuations are denoted
by a hat, and are referred to as the output gap, employment gap,
and real wage gap. Mathematically, these gaps are defined by the
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fOHOWiIlg identities: gt — yt—l = Agt — Agt, ﬁ,t — ﬁt—l = Ath — A’Flt,
and @, — w1 = T — 7 — A@y. The rest of the system in the
medium run is described in the following subsection.

In the short run, shocks can create significant volatility without
affecting the medium-run trend of the variables. Given the limited
relevance of this time frame to the current paper, short-run fluctua-
tions are modeled as statistical noise and represented by ¥ = x;—2;.
Thus, fluctuations of the variable x; around its steady state are
additively decomposed as

T —T = (Tt —Z) + (Tt — T¢) + (21 — Ty), (1)

where the first bracket captures long-run fluctuations around the
steady state, the second bracket captures medium-run fluctuations
around the long-run trend, and the third bracket captures short-
run fluctuations around the medium-run trend. Importantly, €7 also
captures the mismeasurement of variables present in the data, in
addition to proxying short-run fluctuations.

3.2 Ezpectations

It is assumed that expectations are backward-looking (E;_17}), and
these are modeled with exponential smoothingﬁ In particular, for
a generic random variable x;, the corresponding smoothed vari-
able #; is defined as the weighted average of #;_; and x;_1, with
Ty = (1 — 0) Ty_1 + 6x;_1, where 0 € (0, 1)

Backward substitution shows that the exponentially smoothed
variable is a weighted average of past realizations of the random
variable x;, with @, = 6372, (1 —0)’ ~!2,_,. Additionally, expec-
tations are adaptive, as past overshoot of z; above expectations leads
to an upward revision of expectations. In the case of price inflation
in the medium run, the exponential smoothing implies the following
relation:

Et_l’ﬁ'f = (1 — 9) Et_27~T£11 + 97}?71. (2)

9For a link between exponential smoothing and state-space representation, see
Hyndman et al. (2008).
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Thus, expectations are modeled as a function of past data and do
not incorporate survey-based measures, as for example in Bernanke

and Blanchard (2023).

3.8 Goods Market

The analysis adopts the standard New Keynesian logic, positing
that medium-run inflation is determined by the output gap, the real
wage gap, and expected inflation. Hence, the following empirical
specification is adopted:

ﬁf — ﬁp = ﬂp (Etflﬁ'f — ﬁp) + apAyAg)t

+ apyli—1 + apm i1 + Uf- (3)

The equation is mostly standard but allows for a lag structure, as
expanding the difference allows for the output gap to enter the equa-
tion both contemporaneously and with a lagi® The difference serves
a purpose: the output gap is a very low-frequency variable, and
adding the difference brings it to a scale similar to inflation. Fur-
thermore, the real wage gap is introduced with a lag as well. As
the inflation Phillips curve effectively represents the supply curve
for goods and services, v} in this context can be interpreted as sup-
ply shocks that account for the residual variation of inflation. These
shocks are assumed to follow a first-order autoregressive process.

Consistent with the rationale of the New Keynesian Phillips
curve, higher demand results in the average markup falling short of
its desired level, prompting firms to adjust prices upward. Similarly,
a larger real wage gap leads to a below-desired average markup, caus-
ing firms to increase prices. In addition to the economic logic of the
New Keynesian model, from a statistical standpoint, the lagged real
wage gap acts as an error-correction term, exerting upward pressure
on inflation when the gap is positive.

Next, the demand for goods and services is modeled as follows:

Ut = pylt—1 — ayp (ﬁf —7P) + QAye (Etflﬁf —7P) + ”gl' (4)

10 A5 a theoretical reference, in the canonical New Keynesian model outlined by
Galf (2015) in Chapter 7, the inflation Phillips curve adopts the following form:
Ty = ﬂEt7T§7+1 + ApyJt + Apwot.
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The equation assumes that the output gap is a negative function of
current inflation and a positive function of expected inflation. This
specification contrasts with Bernanke and Blanchard (2023), who do
not model domestic slack endogenously. This distinction is crucial
because, in the medium run, output is highly susceptible to changes
in inflationary pressures, either directly through demand as mod-
eled in this paper, or indirectly via the monetary policy stance. The
demand equation above stems from rewriting the real interest rate
gap, using the Fisher identity and the following interest rate rulef]

=P AP+ R (P 7P) 4 el
Qye

With the assumed policy rule, the natural rate does not affect the
output gap, conditional on the interest rate rule. A key advantage of
this approach is that it avoids the need to model the nominal interest
rate explicitly, which is empirically challenging given its persistent
downward trend in the euro area over the sample period. This trend
renders the nominal rate similar to a non-stationary series, compli-
cating estimation. However, a potential drawback is that the model
may understate the role of natural rate movements in the business
cycle. Rules of other forms that do not neutralize the natural rate
require the explicit modeling of the nominal interest rate[3 In the
present specification, residual variation in aggregate demand reflects
both exogenous monetary policy shifts and other demand distur-
bances, which cannot be separately identified. Finally, the composite
error v/ follows a first-order autoregressive process.

3.4 Labor Market

Moving on to wages, the growth rate of nominal wages is determined
by expectations, as well as the employment gap. The use of employ-
ment instead of unemployment allows for accommodating features

1 As a theoretical reference, in the canonical New Keynesian model described
by Gali (2015) in Chapter 7, the corresponding equation takes the form g =
Etgt+1 - )\yr (’lt - Etﬂ'f+1 - ft)

12Regarding interest rate smoothing, the nominal interest rate can be expressed
as a function of medium-run inflation, noted for its stickiness. Given a rule of the
form i: = pit—1+ (1 — p)m:, where m; represents current headline inflation, solving
for i; implies that interest rates depend on both current and past inflation rates.
This is encapsulated by the concept of medium-run inflation.
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such as trends that are present in the data™ Thus the wage Phillips
curve is specified as follows:

~w —w __ Qw ~ P = ~ ~
7 =7 = Y (B — 7F) 4+ awan Al + Gun i1

- aww@tfl + Utw) (5)

where 7" = A, + 7P and n; measures the employment gap Sim-
ilar to the logic presented for Equation (3), both the change in the
employment gap and the lag of the employment gap are present in
the equation. Additionally, the lag of the real wage gap is introduced
to provide greater empirical ﬂexibility It is important to note that
in this specification, it is the expectation of price inflation that influ-
ences wage setting, diverging from the approach of using expecta-
tions of wage growth as presented by Gali (2015). This approach
aligns with the empirical methodology adopted by Bernanke and
Blanchard (2023). As before, v;* explains the residual variation of
the wage inflation, and follows a first-order autoregressive process.

The wage equation effectively captures the labor supply curve.
The relation states that a decline in labor demand, for a given level
of labor supply, reduces employment. The resulting excess supply of
labor causes wages to fall. Similarly, an increase in labor supply for
a given level of labor demand results in higher unemployment and
lower wages. From a statistical perspective, the lagged real wage gap
functions as an error-correction term, exerting upward pressure on
wages when the gap is negative.

The next key equation links the employment gap to the output
gap and the real wage gap, as well as its own lag:

g = Prfle—1 + Any s — Ane@s + V)" (6)

13Using the definition of the unemployment rate combined with the labor force,
the employment level can be expressed as Ny = (1 — u¢)L;. This indicates a
negative correlation between the unemployment rate and the employment gap.

1For a theoretical reference, in the canonical New Keynesian model described
by Gali (2015) in Chapter 7, the counterpart equation takes the form 7" =
BEmit1 — Awult. The deviation from the canonical model involves using the
employment gap instead of the unemployment rate gap, leading to a reversal of
the sign on the relevant variables.

5For example, in the New Keynesian model described by Galf (2015) in Chap-
ter 7, the real wage gap influences wages through labor demand only.
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As the variables on the right-hand side are primarily slow-moving,
in the current specification all factors on the right-hand side enter
contemporaneously The equation suggests that a higher demand
for goods and services results in a greater demand for labor, which,
given a constant level of labor supply, increases the employment
gap. Conversely, a larger real wage gap is positively associated with
a higher labor supply. For a constant level of labor demand, this
reduces the employment gap. As before, v* explains the residual
variation of the employment gap, and is modeled as a first-order
autoregressive process.

Equations (2)—(6) together with the equations for variables in
the long run and steady-state constraints form the system.

4. Selection of Priors

The system comprises 30 parameters that need to be estimated.
It also includes 17 unobservable endogenous variables. Each of
the four observable variables has 114 observations. Except for the
steady-state inflation, which is fixed at 0.5, all other parameters are
estimated. Given the structure of the empirical model, Bayesian
estimation methods complemented by Kalman filtering techniques
are essential. The approach adopted is primarily data driven due to
limited prior knowledge about the magnitudes of the parameters,
except for their signs.

4.1 Shocks

To gain insights into the temporal dimension, &; is defined as the
four-quarter moving average for x; € (7}, 7", Any, Ay,), serving as
the initial proxy for the medium-run trend['7 It is important to
emphasize that these are used solely for the initial estimation of
the standard deviations of the short-run and medium-run shocks.
They are not incorporated into system estimation as a medium-run

16For a theoretical reference, in the canonical New Keynesian model described
by Gali (2015) in Chapter 7, the counterpart equation takes the form 4; =
—AuyPt + Auw@i. The deviation from the canonical model involves using the
employment gap instead of the unemployment rate gap, leading to a reversal of
the sign on the relevant variables.

"Note that, at an annual frequency, this is equivalent to seven quarterly
observations.
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Table 2. Priors for Shocks

(1) (2) (3) (4)
w? P Any Ay,
SD(e}) 0.217 0.277 0.200 0.562
(0.018)%%* | (0.030)*** | (0.029)* | (0.077)***
SD(e?) 0.081 0.105 0.072 0.211
(0.007)%%% | (0.008)*** | (0.010)*** | (0.027)***
gt 2.669 2.632 2.778 2.660
' (0.235)%% | (0.264)%* | (0.365)* | (0.290)***
Observations 110 110 110 110
Note: The table provides the results from a state-space estimation, as explained in
Subsection 4.1. These are then used as priors in the Bayesian estimation. Robust
standard errors are shown in parentheses. *** ** and * denote significance at the 1
percent, 5 percent, and 10 percent levels, respectively.

trend. Next, within the framework of a state-space representation,
an observation equation is defined as follows:

Ty = it + 5?, (7)

where €7 is unobservable and captures short-run fluctuations, and
Z; serves as a proxy for the medium-run trend. To obtain an ini-
tial estimate of the standard deviation for medium-run shocks, it is
further assumed that

By =n"E_1 +TE, (8)

where 7% is unobservable and follows a first-order autoregressive
process with a disturbance denoted by eff These two equations
are estimated for each ;. The results of the estimates of .. and
Oex With their corresponding standard errors are shown in rows 1
and 2 of Table 2. A normal distribution with mean and standard
deviation taken from the first row of the table serves as the priors
for standard deviation of short-run shocks denoted by o.=.

18The two equations can be estimated individually without the state-space rep-
resentation. However, with the state-space representation, it is relatively easy to
estimate the standard deviation of e} and ef.
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The final row of the table presents the ratio o.« /o.. along with
its associated standard error. Although there is no theoretical basis
for this pattern, the ratio seems to remain relatively stable across
the variables. Hence, the standard deviation of medium-run shocks
are defined by gee = Aoez, where A = > (0e= /0ex) /4. The prior for
the A\ parameter is also set to a normal distribution with a mean
of 2.7 (the arithmetic average of 0.« /0= across the four variables).
Similarly, the prior value for the standard deviation of this distrib-
ution is derived from the arithmetic average of the standard errors
across the four variables (0.3 in this case). This approach narrows
the parameter space, facilitating the estimation of 30 parameters
instead of 33.

4.2 FElasticities

Turning to sensitivities, they are more likely to fall within the inter-
val of zero to one. Using uniform priors is strongly discouraged, so
curved priors are adopted instead (Gelman and Yao 2021). Addi-
tionally, in modal estimation, it is crucial to eliminate the boundary
problem. A gamma prior appears suitable for this purpose. To deter-
mine the optimal generic parameterization for the gamma distribu-
tion, 100 million draws from a truncated N ~ (0.5,0.5) distribution
are initially generated. Parameters of the gamma distribution are
then estimated based on this sample. The resulting estimates for the
shape and scale parameters are 1.885 and 0.341, respectively. These
parameters infer that the mean, standard deviation, and mode of the
gamma distribution are 0.644, 0.469, and 0.576, respectively. These
values are set as priors across all elasticities that are not bounded
between zero and one. Panel A of Figure 2 displays the shape of this
distribution [

For parameters bounded between zero and one, a similar
approach is undertaken. Drawing from 100 million samples of a
truncated N ~ (0.5,0.5) distribution, the parameters of a beta dis-
tribution are then estimated to achieve the best representation. The
resulting alpha and beta parameters for the beta distribution are
both estimated at 1.173. This yields a mean of 0.5 and a standard

19While the gamma distribution is not constrained on the right, only the
zero-to-one interval is plotted for clarity.
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deviation of 0.273. These values are subsequently used as priors for
this set of parameters. Panel B of Figure 2 displays the shape of this
distribution.

4.8 Long-Run Growth

Finally, the long-run properties of the growth rate are extracted by
using several low-frequency trigonometric weighted averages (Miiller
and Watson 2015). In particular, the cosine projections are con-
structed as the fitted values obtained by regressing Ay; onto a con-
stant term and v/2cos (j (t — 0.5) /T) for j = 1,...,12. Next, using
the resulting series, a simple ARIMA(1,0,0) is estimated to deter-
mine the standard deviation of the long-run growth rate of output,
the persistence parameter of the process, and the associated stan-
dard errors. The point estimate for the standard deviation of the
long-run growth rate of output stands at 0.057, with an associated
standard error of 0.013 (statistically significant at 1 percent). These
estimates serve as priors for o, with N ~ (0.057,0.013). The esti-
mated persistence parameter is 0.988 with a corresponding stan-
dard error of 0.005. These estimates are used as priors for p, with
N ~ (0.988,0.005).

Throughout the estimation, all normal priors are truncated on
the left. The estimation begins by finding the mode of the posterior
distribution and then implementing the Metropolis-Hastings algo-
rithm. A single chain is generated, consisting of 50 million draws,
with an acceptance rate of 33 percent. After discarding the first
25 million draws, the convergence diagnostics signal convergence
of the chain. The estimation procedure is executed using Dynare
(Adjemian et al. 2022).

5. Estimation Results

The Dynare identification toolbox is utilized to verify the identi-
fication of parameters in the model calibrated at the mode. The
three built-in tests reveal that all parameters are identified in
the Jacobian of the (i) steady-state and reduced-form solution
matrices; (ii) mean and spectrum (Qu and Tkachenko 2012); and
(iii) first two moments (Iskrev 2010). However, the data sample
used for estimation is notably short, especially considering the
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Figure 3. Posterior Distributions
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Note: The figure illustrates the prior and posterior distributions. The prior dis-
tribution is presented by the solid black line, while the posterior distribution is
presented by the dotted blue line.

number of parameters and unobservable variables that require
estimation. Consequently, in certain instances, some parameters are
weakly identified (see Figure 3). Further investigation is necessary
to address these limitations. Nonetheless, the impulse response
functions and the historical shock decomposition appear reasonable,
suggesting that the estimated parameters are largely plausible.
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5.1 Parameters

Before examining the parameters of the medium-run system, it is
instructive to consider the implications of the estimated parameters
in the steady state2d The estimates imply the following steady-state
patterns on an annual basis. The rate of economic expansion, mea-
sured by the growth rate of GDP, stands at Ay = 1.34 percent,
while the growth rate of employment is approximately An = 0.86
percent. From these estimates, per capita output growth rate in the
steady state is deduced to be around Ay — An = 0.47 percent.
Consequently, the growth rate of real wages is A = 0.47 percent.
Inflation, gauged by the logarithmic change in the GDP deflator, is
fixed at 7 = 2 percent in the steady state. Based on these esti-
mates, the steady-state growth rate of nominal wages is deduced to
be ™ = 2.47 percent.

Table 3 displays the estimation results for the primary param-
eters of interest, grouped by equation. Interpreting the raw coeffi-
cients of dynamic models directly can be misleading (e.g., coefficients
of a VAR model). This is because these models involve complex inter-
relationships between variables over time, and the coefficients simply
capture a snapshot of those relationships at one point in time. In
such models, the interpretation of coefficients as marginal effects (as
in linear regression) does not hold. Instead, a more intuitive way to
understand the dynamics of the model is through impulse response
functions. Nevertheless, the text below provides an overview of esti-
mated parameters, focusing on the values at mode and corresponding
standard deviations.

The parameter 6 quantifies the extent to which inflation expecta-
tions are revised. A value closer to one suggests a quicker adjustment
of expectations. This parameter has an estimated value of roughly
0.47, accompanied by a standard deviation of 0.31. Such a coeffi-
cient highlights a significant role historical inflation plays in shaping
expectations. For example, if past inflation exceeds prior expecta-
tions by a percentage point, inflationary expectations typically rise
by approximately 47 basis points. The estimated parameter also

29For conciseness, these estimates are not presented but are available upon
request.
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suggests that contributions of past inflation to expectations become
negligible after the first four quarters.

Regarding the inflation Phillips curve, coeflicient 5P captures the
responsiveness of inflation to its expectations. The estimated value
is about 0.40, with a standard deviation of 0.36. The extent to which
inflation correlates with the output gap is represented by the apa,
and a,, parameters. The former shows how inflation reacts to imme-
diate changes in the output gap, given a constant demand. With an
estimate of 0.15 and a standard deviation of 0.08, this suggests that
fluctuations in the output gap can notably influence inflation. On the
other hand, a,,, which indicates how past output gaps affect current
inflation, has an estimated value of 0.07 and a standard deviation of
0.05. This effect appears more muted, possibly due to inflation and
the output gap having different amplitudes of movement.

Parameter a, shows the impact of the lagged real wage gap
on inflation. In the current empirical framework, it can be used to
interpret the correction of inflation toward its long-run value. For
example, when the real wage gap is positive, the correction requires
an increase in prices. The estimated value for this parameter is 0.14,
coupled with a standard deviation of 0.13. Finally, the persistence
of price shocks is estimated at 0.81 with a 0.14 standard deviation.

In the wage equation, coefficient G reflects wage sensitivity to
expected inflation, estimated at 0.12 with a standard deviation of
0.26. The a,aAn, parameter measures immediate wage response to
changes in the employment gap, conditional of keeping the other
factors fixed. Estimated at 1.42, with a standard deviation of 0.24,
it suggests that employment gap variations can strongly affect wage
growth. On the other hand, the a,,, parameter denoting the impact
of past employment gaps on current wage growth has an estimate
of 0.14 and a standard deviation of 0.10. The two estimates suggest
that fluctuations of medium-run employment around its long-run
trend are more tightly linked to movements in wages, compared to
the relationship between inflation and the output gap.

Similar to inflation, the a., parameter measures error correc-
tion and indicates the required wage adjustment in light of devi-
ations from long-run equilibrium. Its estimated value is 0.95 with
a standard deviation of 0.12. The estimate is considerably higher
than the one for inflation, and the standard deviation at the mode
is smaller, suggesting that error correction significantly influences
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euro-area wage dynamics. Finally, the estimated persistence for wage
shocks is quite significant at 0.93, with a standard deviation of 0.11,
primarily reflecting developments toward the end of the sample.

Turning to labor demand, the employment gap demonstrates
moderate persistence, with an estimated parameter of 0.23 and a
standard deviation of 0.20. The sensitivity of the employment gap
to the output gap, represented by the coefficient a,,,, is estimated
at 0.62 with a standard deviation of 0.15. Meanwhile, the sensitivity
to the real wage gap, captured by the coefficient a,,, is estimated
at 0.38, accompanied by a standard deviation of 0.26. Additionally,
the persistence of labor demand shocks is estimated at 0.47 with a
standard deviation of 0.59.

Lastly, aggregate demand demonstrates a high level of persis-
tence, with a value of 0.80 and a standard deviation of 0.13. The
persistence in demand is likely indicative of habit formation among
consumers. The sensitivity of demand to current inflation, repre-
sented by a,,, is estimated at 0.16 with a standard deviation of 0.17.
Sensitivity to expected inflation, indicated by ay., stands at 0.20
with a standard deviation of 0.21. Demand shocks are also notably
persistent, having a coefficient of 0.80 and a standard deviation of
0.12.

Table 4 summarizes the results for the estimated standard devia-
tions of short-run and medium-run shocks. The estimated standard
deviations for short-run fluctuations in inflation, wages, employ-
ment, and output are, respectively, 0.21 (0.01), 0.22 (0.02), 0.11
(0.01), and 0.52 (0.04)—with standard errors in parentheses. The
implied standard deviations for medium-run shocks for these vari-
ables can be determined by dividing the short-run standard devi-
ation by the parameter A. In the same order, these are 0.11, 0.12,
0.06, and 0.29.

5.2 Signal and Noise

The blue line in Figure 4 represents the actual quarterly series, while
the red line depicts the extracted medium-run trend for the four
observed variables. Panel A presents the results for inflation. The
derived medium-run trend is noticeably smoother, effectively reduc-
ing pronounced volatility. Panel B displays the results for wages.
The medium-run trend for wages exhibits a slightly higher degree of



October 2026

International Journal of Central Banking

68

‘ur-uing juedrad g © pue ‘quedrad ¢g jo ajer souridesor ur ‘SmeIP UOI[[IW ()G JO SUISISUOD UTRYD S[UTS ©
91M oIeuk (] ul pouriojred oIe SUOI)RUIIISS 9 T, "WYILIOF[e sSullse ] -s[[odOI1a]Al 9} SuIsn paurelqo s UoINqLIIsIp I0t193sod oy T, :830N

650 0470 8€0°0 1650 81¢°0 LLO0 2950 [eULION Az
GeT'0 800 F10°0 0110 0110 6200 0020 [eULION el
29g°0 G610 0200 6550 &l 0£0°0 LLT0 [BULION Ke
1€2°0 161°0 100 ¢1e0 L02°0 8100 L12°0 [RULION e
176G €er'1 650 988°T €181 00€°0 002G [BULION] ¥
‘10d 26 ‘1d ¢ ‘A9 IS ueoA opoIN ‘a9 18 wed N[ 1981
I01I991S0J IOLIJ

oouURIIBA 3O0YS JO uoljewi)sy JIoLi1sod ‘§ o[qel,




Vol. 22 No. 4

Figure 4. Signal and Noise
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Table 5. Variance Decomposition

et ey’ et ey e
ﬁf 54.5 3.4 42.1 0.1 0.0
e 43.6 6.9 44.0 4.6 1.0
By 7 52.5 3.7 43.8 0.0 0.0
Ut 0.1 0.0 99.9 0.0 0.0
Ty 0.7 1.0 98.1 0.2 0.0
A 23.0 40.2 34.8 2.0 0.0
Note: The table presents the variance decomposition of key macroeconomic vari-
ables, with parameters calibrated to the estimated mode.

volatility compared to inflation. This difference primarily arises from
the modeling assumptions, where long-run nominal wage growth
is determined by a mix of equilibrium long-run real wages and a
steady-state level of inflation.

Both inflation and the growth rate of nominal wages display con-
sistent patterns, with values nearing the steady-state levels before
the Global Financial Crisis. After the crisis, both measures declined
below their steady-state values, recovering gradually up to the onset
of the COVID-19 shock. Following this event, both indicators regis-
ter values that significantly surpass the steady state.

A somewhat similar pattern emerges for the growth rates of out-
put and employment. The medium-run trend effectively filters out
short-run fluctuations. Both series witnessed declines following the
Global Financial Crisis and the COVID-19 shocks, with subsequent
recoveries. The medium-run trends for both output and employment
growth then display renewed momentum.

6. Decompositions

6.1 Variance Decomposition

Table 5 provides the variance decomposition that sheds light on
the contribution of different shocks to fluctuations in key economic
variables. For inflation, the price shock is the predominant contribu-
tor, accounting for 54.5 percent of the variations. Following closely,
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the demand shock explains 42.1 percent, underscoring that exoge-
nous shifts in aggregate demand significantly influence inflation-
ary dynamics. Other shocks make a minor impact. Unsurprisingly,
expected inflation is explained by the same shocks with somewhat
similar contributions. Wage growth is also influenced significantly by
the price shock at 43.6 percent, while the demand shock accounts for
44.0 percent. The wage shock and labor demand shock play smaller
roles, contributing 6.9 and 4.6 percent, respectively.

When examining the output gap and employment gap, both vari-
ables are almost entirely shaped by exogenous shifts in aggregate
demand, with large contributions of 99.9 and 98.1 percent, respec-
tively. The influences of other shocks on these variables are minimal.
The real wage gap sees a wider influence from the exogenous factors.
In particular, the wage shock accounts for 40.2 percent in wage vari-
ation, while the demand shock and price shock contribute around
34.8 and 23.0 percent, respectively. This underscores the pivotal roles
these shocks play in determining fluctuations in real wages.

Overall, the demand shock significantly influences the key eco-
nomic variables. Conversely, the price shock emerges as the primary
force behind inflation, wage growth, and the real wage gap, while
wage shocks explain more recent variation in the wage gap. Other
shocks provide supplementary insights.

6.2 Shock Decomposition

Figure 5 presents the results of the historical shock decomposition
over the sample period. The subsequent text focuses on the more
recent period from 2019:Q1 to 2023:Q3.

Panel A presents the decomposition for medium-run inflation.
From 2019:Q1 to 2019:Q3, inflation hovered just below the ECB tar-
get, and was on target on 2019:Q4. This period was marked by posi-
tive demand shocks counteracted by negative price shocks. Between
2020:Q1 and 2020:Q3, negative demand shocks pushed medium-run
inflation well below its steady state. Starting in 2020:QQ4, price shocks
took hold and, combined with positive demand shocks, propelled
medium-run inflation above the steady-state by 2021:Q2. Subse-
quent to this, both price and demand shocks have been driving
inflation upward.
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Figure 5. Shock Decomposition
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Note: The figure illustrates the historical shock decomposition of key economic
variables. The last in-sample observation is for 2023:Q3. The variables are mea-
sured relative to the steady state. All gaps have a steady-state value of zero.
The quarterly steady-state value for inflation relative to the previous quarter is
7P = 0.5. For wage growth, the quarterly steady-state value relative to the pre-
vious quarter is 7 = 0.62. Finally, the quarterly steady-state value for output
growth compared to the previous quarter is Ag = 0.33, while the corresponding
value for employment growth is 7 = 0.22.

Panel B details the decomposition for the medium-run growth
rate of nominal wages. Starting in 2019:Q1, there was a declining
trend in the wage growth, primarily attributed to price shocks. In
2020:Q1, a sharp decline in wage growth occurred, largely influ-
enced by demand shocks. From 2021:Q2, a mix of positive price
and demand shocks drove the growth rate of nominal wages notably
above its steady state.
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Panels C and D outline the decomposition for the output gap
and the employment gap, respectively. These gaps display highly
similar patterns, mainly because the employment gap is substan-
tially explained by the output gap. Both gaps are majorly influenced
by shocks to aggregate demand. Between 2019:Q1 and 2019:QQ4,
demand shocks kept the gaps positive. However, the stretch from
2020:Q1 to 2021:Q1 was dominated by negative shocks, keeping both
gaps negative. From 2021:Q3 onward, positive demand shocks have
elevated both gaps above their pre-pandemic levels. Interestingly,
while price shocks have slightly mitigated the output gap, they have
contributed positively to the employment gap. This latter effect has
been mediated by the real wage gap.

Panel E shows the decomposition for the real wage gap. Prior
to the pandemic, the gap was predominantly positive, spurred
by positive price and demand shocks. From 2019:Q4 to 2020:Q3,
negative demand shocks shifted the gap to negative territory.
Between 2021:Q1 and 2022:Q1, positive output shocks moved the
gap back into positive territory. However, even though demand
shocks remained positive thereafter, dynamics of the wage gap were
predominantly influenced by significant price shocks, plunging the
real wage gap into negative territory.

Finally, although the cyclical variation in GDP growth rate is
primarily driven by medium-run shocks, the growth rate has consis-
tently remained below the steady state since the Global Financial
Crisis. This is mainly due to the below-steady-state growth rate of
the long-run output (panel F).

While this analysis is informative, it does not provide deep
insights into factor contributions. For example, the price shock
affects inflation, inflation expectations, and the wage gap. The cur-
rent decomposition does not explain how each variable is associated
with the dynamics of the primary variables under consideration.
Consequently, a more detailed factor decomposition is presented
below.

6.3 Factor Decomposition

Figure 6 presents the results of the factor decomposition over the
sample period. While the factor decomposition is informative, it is
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Figure 6. Factor Decomposition
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Note: The figure illustrates the factor decomposition of key economic variables.
The last in-sample observation is for 2023:Q3. The variables are measured rela-
tive to the steady state. All gaps have a steady-state value of zero. The quarterly
steady-state value for inflation relative to the previous quarter is 7 = 0.5. For
wage growth, the quarterly steady-state value relative to the previous quarter
is 7 = 0.62. Finally, the quarterly steady-state value for output growth com-
pared to the previous quarter is Ay = 0.33, while the corresponding value for
employment growth is n = 0.22.

important to recognize that all factors are interrelated. The sub-
sequent text focuses on the more recent period from 2019:Q1 to
2023:Q3.

Panel A shows the results of the decomposition for medium-
run inflation. The period spanning from 2019:Q1 to 2019:Q4 was
largely characterized by a positive output gap, positive real wage
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gap, and the recovery of inflation expectations toward their steady-
state value. These factors were somewhat counterbalanced by neg-
ative price shocks. As a result, inflation hovered slightly below its
steady-state value, with annualized medium-run inflation reaching
close to 2 percent in 2019:Q4. The outbreak of the pandemic in 2020
brought about significant changes. In 2020:Q1 and 2020:QQ2, a sharp
contraction in aggregate demand and falling inflation expectations
led inflation to dive below its steady-state value. From 2020:Q4,
notable price shocks arose. Along with rising inflation expectations
and a positive output gap, inflation has moved well above its steady
state.

Panel B shows the results of the decomposition for medium-
run growth rate of nominal wages. During 2019, the labor market
was tight, characterized by a positive employment gap. This had
a favorable effect on wage growth, although the effect gradually
diminished. When combined with the correction exerted on wages by
the positive real wage gap, the trajectory of nominal wages trended
downward from its steady-state value. The pandemic then induced
a sharp employment drop, which in turn suppressed wage growth.
From 2021:Q2 onward, labor markets displayed signs of tightness and
inflation expectations began to climb, both of which contributed to
increasing wage growth. This upward trend was partially counter-
acted by the positive real wage gap that persisted from 2021:Q2 to
2022:Q1. From 2022:Q2 onward, the upward corrective pressure from
the negative real wage gap, labor market tightness, and mounting
inflation expectations have driven wage growth significantly above
its steady-state level.

Panel C displays the decomposition of the output gap. In 2019,
the economy was overheating, evidenced by a positive output gap of
approximately 1.5 percent. The periods 2020:Q1 and 2021:Q2 expe-
rienced a significant shock due to the COVID-19 pandemic. This
led to a decline in the output gap, pushing it into negative terri-
tory, where it lingered from 2020:Q2 through to 2021:Q1. As the
economy began to recover from the pandemic, a series of positive
demand shocks propelled the output gap back into positive territory
from 2021:Q3 onward. Coupled with the significant own persistence,
the output gap has now surpassed its pre-pandemic level, reaching
a value of 2.3 percent in 2023:Q3.
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Panel D displays the results of the decomposition for the employ-
ment gap. The dynamics of the labor market, characterized by
the employment gap, are intrinsically linked with those of aggre-
gate demand, as represented by the output gap. From 2019:Q1 to
2019:Q4, a positive output gap applied upward pressure on labor
demand. Yet, when the output gap contracted in 2020:Q1, it resulted
in diminished labor demand. This negative employment gap per-
sisted throughout the 2020:Q2-2021:Q2 period. Starting in 2021:Q3,
labor demand began its recovery, and by 2023:Q3, the labor market
had become tighter than before the onset of the pandemic.

Panel E illustrates the decomposition of the real wage gap. By
its design, inflation exerts downward pressure on the real wage gap,
whereas growth in nominal wages tends to elevate it relative to the
long-run trend. The year 2019 was characterized by a positive gap,
signifying that real wages exceeded their long-run trend. Neverthe-
less, there was an overarching downward trend during this time.
Between 2020:Q1 and 2020:Q3, the real wage gap declined into neg-
ative territory. It then remained close to its long-run equilibrium
from 2020:Q4 to 2021:Q1 before climbing back into positive terri-
tory, peaking in 2021:Q3. Since then, the trend of the real wage gap
has been on a downward trajectory, turning negative in 2022:Q2 and
declining further. This negative wage gap is likely to necessitate an
adjustment in both nominal wages and prices.

Panel F displays the results for the medium-run growth rate of
the output. Since this decomposition stems from the output gap
identity, the growth rate essentially represents the slope of the out-
put gap in panel C, conditional on the growth rate of long-run out-
put. As mentioned earlier, beyond cyclical fluctuations, the medium-
run growth rate has been below the steady-state level, primarily due
to the subpar long-term growth rate of the output.

7. Dynamic Analysis

The variance decomposition suggests that most of variation comes
from price and demand shocks. Consequently, impulse response func-
tions for only these two shocks are discussed in the paper

21The remaining responses are available from the author upon request.
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Figure 7. Response to a Shock ef of Magnitude 7P
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Note: The figure illustrates the impulse response function of key economic vari-
ables to a shock e} of magnitude 7 = 0.50. The bars display the factor decom-
position for each response variable. The dynamics are presented relative to the
steady state. All gaps have a steady-state value of zero. The quarterly steady-state
value for inflation relative to the previous quarter is 7 = 0.5. For wage growth,
the quarterly steady-state value relative to the previous quarter is 7 = 0.62.
Finally, the quarterly steady-state value for output growth compared to the pre-
vious quarter is Ay = 0.33, while the corresponding value for employment growth
is n = 0.22.

7.1 A Price Shock

Figure 7 illustrates the response of the main variables after a shock
to e}’ with a magnitude of 7” = 0.5. As the shock enters the inflation
equation, it instantly elevates inflation by approximately 0.5 percent-
age points, resulting in a nearly identical negative real wage gap.
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This negative real wage gap, in turn, boosts employment through
the labor demand equation, as it enters the equation contemporane-
ously. Increased labor demand puts upward pressure on wages. At
the same time, aggregate demand contracts due to the heightened
inflation, which also enters the demand equation contemporaneously.
These patterns are clearly observed in the first bar of each panel in
the figure.

Following the initial shock, the variables begin a gradual adjust-
ment back to their steady-state values. In panel A, the persistence
of the shock maintains inflation above its steady-state value for an
extended duration. Even as the influence of the shock wanes, infla-
tion expectations rise, sustaining inflationary momentum. Mean-
while, the negative real wage gap exerts a corrective pressure on
these inflationary forces in the opposite direction. Contributions
from the output gap are negligible.

Panel B displays the breakdown of the wage response. Following
the initial shock, the corrective force stemming from the real wage
gap accelerates the growth rate of nominal wages. An increase in
inflation expectations also contributes to wage growth.

Panel C offers the breakdown for the output gap. After its initial
dip, the persistent nature of the gap depresses aggregate demand.
Elevated inflation tends to dampen demand, while inflation expec-
tations have the opposite effect. After the initial shock, pressure on
aggregate demand arising from contemporaneous inflation dominate
pressure from expected inflation. Over time, however, these factors
largely neutralize each other.

Panel D depicts the employment response. The dynamics here
are chiefly governed by the real wage gap. Since a negative real
wage gap corresponds to diminished labor supply for a given labor
demand, it raises the employment gap. Meanwhile, a decline in
aggregate demand, and the associated reduction in labor demand,
works to narrow the employment gap. Nevertheless, this latter effect
is insufficient to counterbalance the forces arising from the real wage
gap.

Panel E presents findings related to the real wage gap. This
decomposition hinges on the real wage gap identity. After its initial
decline, the decomposition reveals that the initial dominance of infla-
tion recedes after the first few quarters. The subsequent dynamics
are driven by the persistent narrowing of the gap towards its steady
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Figure 8. Response to a Shock e} of Magnitude Ay
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Note: The figure illustrates the impulse response function of key economic vari-
ables to a shock €Y of magnitude § = 0.33. The bars display the factor decom-
position for each response variable. The dynamics are presented relative to the
steady state. All gaps have a steady-state value of zero. The quarterly steady-state
value for inflation relative to the previous quarter is 7 = 0.5. For wage growth,
the quarterly steady-state value relative to the previous quarter is 7 = 0.62.
Finally, the quarterly steady-state value for output growth compared to the pre-
vious quarter is Ay = 0.33, while the corresponding value for employment growth
is n = 0.22.

state. Lastly, the dynamics of the medium-run growth rate are solely
influenced by the cyclical behavior of the output gap (panel F).

7.2 A Demand Shock

Figure 8 shows the response of the main variables resulting from a
shock to e/ with a magnitude of Ay = 0.33. As the shock enters
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the demand equation, the output gap immediately rises by about
0.3 percentage points. This causes an instantaneous increase in both
inflation and labor demand since the output gap affects inflation
and labor demand contemporaneously. The rise in labor demand
subsequently drives up wages. Since the initial wage increase sur-
passes that of prices, the real wage gap becomes positive. These
patterns are distinctly noticeable in the first bar of each panel in the
figure.

After this initial shock, the variables start a slow return to their
steady-state values. Panel A provides a factor breakdown of the out-
put gap. The early demand response is dominated by the positive
shock but is soon surpassed by intrinsic dynamics of the demand
itself. The persistent nature of the output gap continues to sustain
its level considerably above the steady state for an extended period.
Contributions from other factors are negligible.

Panel B depicts the employment response. In contrast to the price
shock, the dynamics here are mainly determined by the evolution
of the output gap. Higher demand for goods and services elevates
labor demand, though to a lesser extent than the increase in the out-
put gap itself. The response also reveals a slight persistence in labor
demand influencing the employment gap. The corrective action from
the real wage gap is negligible.

Panel C reveals the breakdown of the impulse response for infla-
tion. The positive output gap remains the prevailing factor guiding
the response. As inflation expectations pick up, they offset the damp-
ening arising from convergence of the output gap to its steady state.
Additionally, early in the response, the positive real wage gap exerts
upward pressure on inflation. This turns negative toward the end of
the response period, as the gap itself turns negative.

Panel D displays the breakdown of the wage response. Follow-
ing the initial shock, the dynamics are dominated by tight labor
markets, as indicated by the combined influence of current and past
employment gaps. In the initial stages of the response, the corrective
pressure stemming from the real wage gap tends to suppress wage
growth. Toward the end of the horizon, as the wage gap turns neg-
ative, the correction stemming from the negative wage gap tends to
sustain wage growth, while the tightness in the labor market effec-
tively disappears. Finally, inflation expectations play a negligible
role in wage dynamics following a demand shock.
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Panel E presents findings related to the real wage gap. Like
before, this breakdown relies on the real wage gap identity. After
its initial surge, the factor decomposition shows that the initial
dominance of wage growth diminishes after the first two quarters.
The subsequent dynamics highlight a gradual reduction of the gap
towards its steady state. Lastly, the cyclical behavior of the output
gap solely determines the dynamics of the medium-run growth rate
(panel F).

8. Forecasting Out of Sample

8.1 Forecast Decomposition

Figure 9 presents forecasts of key variables derived from the model
calibrated with parameters set at the mode. The last in-sample
observation is for 2023:QQ3. Besides the forecast trajectory, the figure
offers a decomposition of the forecasted variables by contributing fac-
tors. This exercise does not integrate any expert opinions. Forecasts
rely on estimated parameters, current state estimates, and implicitly
assume the absence of subsequent shocks. Thus, due to the station-
arity of the system, forecasted outcomes tend to converge toward the
steady state, irrespective of potential exogenous shocks that could
arise, whether they are favorable or unfavorable.

Panel A portrays the forecast decomposition for inflation from
2023:QQ4 to 2027:Q3. Variables shown are relative to the steady state,
so a steady-state value of 0.5 must be added to inflation to obtain
the point forecast estimate. The forecast for inflation is relative to
the previous quarter. The point estimate for 2023:Q4 is 1.0 per-
cent. Combining this with medium-run values for inflation at the
start of 2023, and converting it into year-on-year average inflation,
results in the annual inflation forecast for 2023 of 5.2 percent. Mean
predictions for 2024, 2025, and 2026 are 3.8, 2.9, and 2.5 percent,
respectively. Inflation expectations, followed by a positive output
gap, are the primary drivers of this forecast. Although the correc-
tive force of the real wage gap dampens inflation, its impact is small.
Meanwhile, the projections for each quarter relative to the same
quarter in the previous year are 4.8, 3.4, 2.7, and 2.3 percent for the
years 2023 to 2026, respectively.
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Figure 9. Out-of-Sample Forecasts
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Note: The figure illustrates the out-of-sample forecast for key economic vari-
ables. The last in-sample observation is for 2023:Q3. The bars display the factor
decomposition for each forecast variable. The dynamics are presented relative
to the steady state. All gaps have a steady-state value of zero. The quarterly
steady-state value for inflation relative to the previous quarter is 77 = 0.5. For
wage growth, the quarterly steady-state value relative to the previous quarter
is 7 = 0.62. Finally, the quarterly steady-state value for output growth com-
pared to the previous quarter is Ag = 0.33, while the corresponding value for
employment growth is n = 0.22.

Panel B provides the forecast decomposition for wage growth
between 2023:Q4 and 2027:Q3. Given that the depicted variables are
relative to the steady state, a value of around 0.6 should be added
to obtain the point forecast estimate. The wage growth forecast is
also relative to the previous quarter. The point estimate for 2023:Q4
is 1.1 percent. Combining this with medium-run wage growth val-
ues from the beginning of 2023, the year-on-year average forecast
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for wage growth in 2023 is 5.3 percent. For 2024, 2025, and 2026,
forecasts are 4.3, 3.5, and 3.0 percent, respectively. The forecast
dynamics mainly stem from the corrective force of the real wage
gap, with labor market tightness also playing a key role in the ini-
tial few quarters. Inflation expectations rank third. Meanwhile, the
projections for each quarter, when compared to the same quarter
of the previous year, are 5.1, 3.9, 3.3, and 2.9 percent for the years
2023 through 2026, respectively.

Panel C depicts the forecast decomposition for the output gap
from 2023:Q4 to 2027:Q3. The output gap at the beginning of the
forecast period is approximately 2.2 percent. Persistent aggregate
demand chiefly drives the forecast dynamics. Current and expected
inflation essentially balance each other in shaping demand dynam-
ics, with a modest contribution from exogenous demand shocks.
Panel D presents the forecast decomposition for the employment
gap, which starts at 2.0 percent at the beginning of the period,
underlining labor market tightness. The tightness is mainly attrib-
uted to the positive output gap. In addition, the negative real wage
gap exerts minor upward pressure on the employment gap. Panel
E displays the forecast for the real wage gap. Starting at approxi-
mately negative 0.3 percent at the beginning of the forecast horizon,
it progressively returns to its steady-state value over the subsequent
years.

Panel F illustrates the forecast for the quarter-on-quarter
medium-run growth rate of output. At the start of the forecast hori-
zon, a decline of around 13 basis points is projected relative to the
steady-state growth rate of 0.33 percent. The trajectory is indica-
tive of a substantial contraction and a subsequent gradual recovery.
Finally, while the cyclical component of the growth rate shows signs
of recovery, the medium-run growth rate is still constrained by the
subpar long-run growth rate of output.

Focusing on the medium run provides a clearer understanding
of the underlying trend in the data. However, this approach comes
with drawbacks. By overlooking short-run fluctuations, important
high-frequency events or shocks might be missed. Moreover, forecasts
based solely on the medium run can be difficult to align with actual
data. This might result in perceived inaccuracies in the forecast,
even if the medium-run trend is captured relatively well. Neverthe-
less, Figure 10 provides a glance at the out-of-sample performance of
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the forecasts. While the estimations are based on sample data from
1995:Q2 to 2023:Q3, data for 2023:Q4-2024:Q2 are also available 22

Panels A for inflation and B for wage growth show that the three-
quarter out-of-sample performance of the forecast is quite satisfac-
tory, even though the comparison is between the medium-run trend
and the reported headline values. For the growth rate of output,
the discrepancy is larger, as can be seen in panel C. In particu-
lar, the projected medium-run growth rate of output is higher than
the reported value of output growth rate. Interestingly, the reported
value seems to be increasing while the medium-run value of the out-
put growth rate shows a bit of decline, stabilizing around a somewhat
similar value as the realized value of the output growth rate. Finally,
panel D shows that the medium-run growth rate of employment is
relatively stable, though some decline is visible. A somewhat similar
pattern can be observed for the realized growth rate of employment,
yet the discrepancy between the medium-run trend and the realized
value is somewhat large. This, however, is not surprising, as Figure
6 shows that the medium-run trend is much smoother than the cor-
responding headline number, with clear patterns of misalignment in
certain cases.

8.2 Discussion
8.2.1 On Projections

The ECB and Eurosystem staff continuously produce macroeco-
nomic forecasts. Panel A of Figure 11 provides these projections
for inflation together with the forecasts generated by this frame-
work. ECB December 2023 projections reveal that inflation in the
euro area, measured using the GDP deflator, is anticipated to aver-
age 5.6 percent in 2023129 This rate is expected to decline to 2.9
percent in 2024, further receding to 2.5 percent by 2025, and is at
1.9 percent in 2026. Panel B displays projections for wage growth.

22 At the time of writing, data for the deflator and compensation per employee
are available until 2024:Q1. However, it is possible to construct synthetic series
and expand them for an additional quarter using other highly correlated variables
for which the data are available.

23The ECB December 2023 projections were selected to ensure maximum com-
parability with the data used in this analysis.
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Figure 11. Comparison
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Note: In panel A, ECB projections for inflation are presented alongside fore-
casts produced by the current framework. Panel B provides ECB projections
for wage growth, again paired with forecasts from the current framework. Panel
C illustrates annualized inflation expectations at a quarterly frequency. Panel
D offers annualized projections of model-generated inflation expectations, com-
plemented by the annual inflation forecast. Panel E displays the annual output
gap series generated by the model, alongside the annual output gap series from
the IMF World Economic Outlook data set. Panel F shows the negative of the
averaged quarterly model-generated employment gap over four quarters for a
given year and the demeaned annual unemployment rate, sourced from the World
Development Indicators data set.

For 2023, 2024, 2025, and 2026 the growth rate of nominal wages
is expected to be 5.3, 4.6, 3.8, and 3.3. In contrast to these projec-
tions, the above forecast paints a somewhat grimmer picture for the
medium-run inflation path.
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As previously discussed, the projection for inflation from the
model is primarily influenced by inflation expectations. Panel C
displays annualized expectations at a quarterly frequency for model-
generated inflation expectations. Given that model-generated expec-
tations are based largely on the previous four lags of the underlying
inflation, it is not surprising to see that these series are smooth and
reflect the underlying trend. Running a simple ARIMA(1,0,0) on the
series yields a persistence coefficient of 0.97 for the model-generated
expectations. These estimates underscore the previously mentioned
stickiness of expectations. Consequently, the sizable and enduring
shock that occurred suggests a gradual decrease in expectations,
leading to prolonged high inflation, as shown in panel D.

8.2.2 On Shortcomings

In general, differences in forecast outcomes often arise from vari-
ations in the methodologies used. Regarding the shortcomings of
the current approach, the framework does not directly account for
the prices of global intermediaries. Instead, it attributes these to
the residual variation of the Phillips curve. Improved forecast accu-
racy might come from modeling this residual variation by analyzing
exogenous factors directly. Adopting statistically robust values for
these external processes, especially ones that resonate with expert
assessments, could reinforce forecasting accuracy.

Another notable omission is the neglect of fiscal policy within
the current empirical framework. It is either relegated to the resid-
ual variation of the output gap or implicitly incorporated into the
gap itself. Given the significant impact of fiscal policy on aggregate
demand, its modeling could provide a more nuanced understand-
ing of inflationary trends and their underlying causes. For instance,
while fiscal stimulus has been substantial in both the euro area and
the U.S., it has arguably been stronger in the latter. This sug-
gests that, compared to studies such as Bernanke and Blanchard
(2023), the role of fiscal policy as a driver of inflation may be some-
what smaller in the euro-area context. Nonetheless, integrating fis-
cal policy could help improve forecasts. Prior work suggests that
fiscal shocks can have non-negligible effects on inflation. For exam-
ple, Cevik and Miryugin (2023) find that a one-standard-deviation
decline in the budget balance-to-GDP ratio is associated with a
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cumulative increase in headline inflation of around 0.7 percentage
points over the medium run. Additionally, due to the significant
number of parameters to be estimated, the external sector has been
left out. The latter, however, can be tightly linked with medium-run
inflationary developments (Galstyan 2019).

In addition, the recent wave of interest rate hikes has not yet
been fully absorbed by aggregate demand. This suggests that the full
implications of the ECB policy actions may not be entirely captured
in the present data, which could skew estimates. It is worth noting
that the recent surge in inflation is unparalleled in the euro-area
history. Moreover, even with the aforementioned model enhance-
ments, there is an underlying assumption that there have been no
significant structural shifts in parameters. To account for potential
shifts, continuous model reestimation is essential, possibly employing
a rolling window to prioritize recent data. However, given the nature
of macroeconomic data, this approach would result in a reduced data
sample, necessitating stronger priors.

The insights derived from the dynamic responses and factor
decomposition offer coherent results. Model-generated annual out-
put gap series are somewhat similar to the output gap estimated by
the International Monetary Fund, as shown in panel E of Figure 11.
The employment gap series resemble the demeaned unemployment
rate, as shown in panel F of Figure 11. Combined, these lend cre-
dence to the plausibility of the results. Nevertheless, it is essential
to recognize that there is always room for potential pitfalls, whether
arising from the choice of Bayesian priors or specific nuances in the
specification of the model itself?4

9. Conclusions

Understanding the dynamics of economic systems requires a mul-
tifaceted approach, encompassing the key variables across various
time frames. By leveraging the logic of the New Keynesian model,
this paper provides an empirical framework and analysis of the inter-
relations among inflation, wages, employment, and output, with a
focus on the euro area.

24For a discussion on the estimation of dynamic stochastic general equilibrium
(DSGE) models, see Blanchard (2016).



Vol. 22 No. 4 Understanding the Joint Dynamics of Inflation 89

After estimating the model using Bayesian techniques coupled
with data-informed priors, the endogenous variables are decomposed
into contributions from relevant factors, and dynamic analysis is con-
ducted. The primary exogenous shocks that explain historical vari-
ance are price shocks and shocks to aggregate demand. The results
highlight the significance of the wage gap in driving wage dynamics
following a price shock, while the output gap appears to be more
important in response to demand shocks. In the current inflation-
ary environment, of particular interest are the real wage gap and
inflation expectations.

Adjustments in the real wage gap offer a valuable perspective for
understanding wage dynamics in the euro area. Statistically, the real
wage gap functions as a corrective mechanism, ensuring alignment
of wages and prices with the broader economic landscape. The fore-
casting exercise suggests the persistent significance of the real wage
gap in the coming years. By 2023, given a declining real wage gap,
there are inherent implications for necessary adjustments in both
wages and prices. The corrective force of the gap will likely continue
to influence nominal wages in the presence of tight labor markets.

Regarding inflation expectations, the estimates underscore their
stickiness. Against this backdrop, the significant and persistent
shock initially pointed to a gradual decline in expectations, raising
concerns about a prolonged period of elevated inflation. However,
the monetary policy response has been notably sharp, and infla-
tion now appears to be gradually returning to target. This under-
scores the importance of timely and decisive monetary interventions
in managing inflation expectations.

Further extensions of the framework are warranted in at least two
dimensions. Firstly, recognizing that fiscal policy plays pivotal role
in shifting aggregate demand, its analysis would provide a clearer
understanding of inflation trends and their determinants. Secondly,
the current framework does not directly incorporate global interme-
diary prices into the system, relegating them to the residual varia-
tion of the Phillips curve. Accounting for these two elements could
enhance the accuracy of inflation forecasts.
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Appendix. Comparison to Bernanke and Blanchard (2023)

The 2023 Bernanke-Blanchard paper has drawn significant attention
in policymaking circles. Given its prominence, a comparison of the
approach in this paper with theirs is merited. Their model incor-
porates three primary equations. The first key equation is the wage
equation and is given b

Wy —Wg—1 = Ept—Ptfl—a(EPtfl—Pt71)+5($t—axt—1)+2'? (A-l)

Using the notation of the current paper, this equation can be rewrit-
ten as

7 = En) —a(Ent_ — 7t 1)+ Az + B(1 — a)xe—1 + 27, (A.2)

The second key equation is the price equation, which, in differ-
ences, is expressed as

Pt —Pe—1 = (wp —wi—1) + (zf - zf—l)? (A.3)

where 2} is captured by commodity prices, proxies for supply chains,
and trends in productivity. The equation can be rewritten using the
notation of the current paper as follows:

=m0 + Az (A.4)

Finally, there are two types of inflation expectations. The short-
run inflation expectations are given by

Eps —pi—1 =07} + (1 = 6)(ps—1 — pt—2), (A.5)

while the long-run expectations are expressed through

T =m_1 + (1 =) (Pe-1 — pr—2). (A.6)

25The equation is derived by assuming that the level of wages is determined
according to wy = Ep;+ ] + Bx¢, where w represents the real aspirational wage,
intended to capture a “catch-up” of wages to its desired level, and z: denotes
the slack in the labor market. The real aspirational wage is, in turn, given by
wft = aw, + (1 — a)(wi—1 — pi_1) + 27, with 2¥ accounting for additional
factors that influence the real aspirational wage.
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The system presented in Subsections 3.1 to 3.4 differs from the
framework of Bernanke and Blanchard (2023) along several key
dimensions. In terms of time frame, the paper primarily concentrates
on medium-run cyclical patterns. However, achieving this requires
modeling both short-run and long-run fluctuations.

In the long run, nominal frictions are absent, and macroeconomic
variables remain unaffected by shocks from the short and medium
run. This is consistent with the classical dichotomy, which suggests
that monetary policy does not influence real economic factors in
this time frame. In the context of the long run, it is assumed that,
in a steady state, real wages and output per employee grow at the
same rate. Additionally, an equilibrium relationship between output,
employment, and real wages is permitted in the long run, which can
deviate from linear trends. Essentially, these variables each follow a
unit-root process with a drift.

Central to this paper is the medium run, where nominal frictions
come into play and the classical dichotomy breaks down. In the
medium run, nominal shocks have an impact on both nominal and
real variables. Since medium-run shocks exclude high-frequency
disturbances, the medium-run trend offers a clearer representation
of the dynamic trajectory of variables. Specifically, when discussing
inflation, the concept of “underlying inflation” emerges as a
medium-run phenomenon, stripping away short-run volatility to
reveal foundational, persistent price movements. Importantly, for
monetary policy, the future interest rate path is shaped by the
medium-run trajectory of inflation. Lastly, short-run fluctuations
are modeled as white noise.

Similar to Bernanke and Blanchard (2023), exponential smooth-
ing is employed to model expectations. In the current framework,
it captures medium-run inflation expectations. Long-run expecta-
tions are anchored to a policy rate of 0.5 percent, measured at a
quarterly frequency. Bernanke and Blanchard (2023) consider both
long-run and short-run expectations. While they also revert to the
exponential smoothing equation, they directly incorporate forward-
looking expectations using measures of expectation taken from the
Federal Reserve. In contrast, inflation expectations in the current
paper are modeled as a function of past data only. In a high-inflation
environment, this approach might have its shortcomings.

Contrary to the Bernanke-Blanchard approach, nominal wages
are decoupled from direct price determination in the price Phillips
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curve. Meanwhile, inflation expectations directly influence price
setting beyond their manifestation through the wage equation. To
further allow for price and wage corrections toward their long-run
values, the wage gap is incorporated into both the wage and
price equations. The wage gap represents the deviation of the real
wage from its long-run trend. In contrast, the “catch-up” effect
in Bernanke and Blanchard (2023) is modeled as the four-quarter
average of CPI inflation minus the one-year inflation expectation
from four quarters earlier.

Given the general equilibrium nature of the empirical system
in this paper, both the output and employment gaps are endoge-
nous. This contrasts with the Bernanke-Blanchard approach, where
domestic slack is treated as exogenous. This distinction is crucial
because, in the medium run, output is highly susceptible to changes
in inflationary pressures, either directly through demand as mod-
eled in this paper, or indirectly via the monetary policy stance. As
a result, the system presented in this paper offers a richer set of
dynamics. Lastly, an explicit distinction is made between the out-
put gap and the employment gap, linking them through a modified
Okun’s law (see Gali 2015).

In terms of empirical implementation, the current system com-
prises four observable variables, each with 113 observations. It also
includes 18 unobservable endogenous variables and 30 parameters
that are estimated. Except for the steady-state inflation, which is
fixed at 0.5, all other parameters are estimated. All parameters of the
empirical framework are determined using Bayesian methods, and
latent variables are extracted with the Kalman filter. In contrast,
Bernanke and Blanchard (2023) directly control for all variables;
therefore, there are no priors that could influence the estimates and
dynamics of the system. Additionally, they allow for a much broader
lag structure when estimating their equations.
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