
Monetary Policy and the Wage
Inflation-Unemployment Tradeoff

Ricardo Duque Gabriel∗

University of Bonn and NBER

July 2023

Abstract

Using newly assembled data for 18 advanced economies between 1870 and 2019, I
study how monetary policy affects wage inflation and unemployment and document
two key findings regarding their tradeoff. First, the wage Phillips curve displays a
time-varying slope. Second, the tradeoff becomes weaker in low price inflation envi-
ronments due to a stronger unemployment rate and a muted wage inflation response
to monetary policy. These findings lend support to the idea that monetary policy has
state-dependent effects with the central banks’ ability in exploring the tradeoff being
impaired by a low price inflation environment.
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The relationship between the slack in the economy or unemployment and inflation was
a strong one 50 years ago … and has gone away. (…) At the end of the day, there has to
be a connection because low unemployment will drive wages up. Powell (2019)

1 Introduction

The wage inflation-unemployment tradeoff claims that changes in monetary policy push wage
inflation and unemployment in opposite directions (Mankiw 2001). Such relation is traditionally
thought of in the form of a Phillips curve and is at the core of monetary policy (Barnichon and
Mesters 2021; Eser et al. 2020). Over the last decade, many have questioned the importance of
the Phillips curve, arguing that it had flattened out of favor. A flatter Phillips curve suggests that
economic activity has a smaller effect on inflation. Under this scenario, central bankers’ ability to
steer inflation with policy-induced changes becomes weaker. Nevertheless, is this weaker wage
inflation-unemployment tradeoff unique to the last two decades? Does the strength of the tradeoff
vary over time and differ across states of the economy?

In this study, I revisit the historical relationship between wage inflation and unemployment,
which is the focus of Phillips’ (1958) original work, to answer these two questions. My analysis
proceeds in four steps. First, I assemble annual historical data on nominal wages and unemploy-
ment rates since 1870 for 18 advanced economies. Second, I uncover considerable variation in
the wage Phillips curve slope over time and find that its recent flattening is not a unique feature
of the last 150 years. Third, I show that monetary interventions have large and significant effects
on wage inflation and unemployment rates. To do so, I take an instrumental variable approach
based on the trilemma of international finance, taking advantage of the fact that economies with
fixed exchange rates and under perfect capital mobility are unable to implement independent
monetary policies and thus, need to mimic the interest rate changes in the pegged country.

Finally, I show that the price inflation environment possibly shapes the wage inflation-unemployment
tradeoff. Data suggest that the tradeoff is weaker in times of low price inflation, which is con-
sistent with a standard New Keynesian model’s predictions where higher trend inflation leads to
a higher frequency of price adjustment and therefore strong movements in prices (inflation) for
little movements in quantities (unemployment), and thus a larger tradeoff (Benati 2007).

I start by reporting time-varying estimates of a micro-founded panel wage Phillips curve, in
the spirit of Galı́ (2011). I provide evidence that the wage Phillips curve has always been “alive and
well” and that the recent weakening of the wage inflation-unemployment tradeoff is not a unique
feature of the last 20 years and can be observed during the Gold Standard periods. Therefore, it is
essential to use historical data to better understand what shapes the relationship between these
two macroeconomic variables. Furthermore, I find that there is a correlation between periods
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characterized by a low price inflation environment and a flatter slope.
These results carry on in a setting without the straitjacket of any assumed functional relation

between wage inflation and unemployment. To be precise, I estimate a Phillips multiplier in the
spirit of Barnichon and Mesters (2021), which is related to the impulse response-based statistic
presented in Galı́ and Gambetti (2020). The main idea is to trace the evolution over time of the dy-
namic wage inflation-unemployment multiplier by comparing their impulse response functions
to a monetary policy shock. While on impact the multiplier is undetermined, at longer horizons
the statistic becomes negative and statistically significant. Such a large negative tradeoff implies
that a transitory policy-induced change in unemployment has a persistent effect on wage infla-
tion and therefore, that central banks have sufficient ability to steer inflation with conventional
monetary policy tools.

Finally, I test the hypotheses that the wage inflation-unemployment tradeoff is different across
sub-samples using a state-dependent local projection instrumental variable approach. Results
support the hypothesis that, at longer horizons, the tradeoff is smaller during periods of low
price inflation. Thus, reinforcing the idea that policymakers’ ability to explore such a tradeoff is
impaired in a low price inflation environment.

By revisiting the historical relationship between wage inflation and unemployment, this paper
aims at contributing to three strands of literature. First, this study adds to the classical literature
of the Phillips curve (Phillips 1958). Using long-run data for a panel of 18 countries, I expand the
findings of a Phillips curve which is “alive and well” documented not only for the United States
(Coibion and Gorodnichenko 2015; Blanchard 2016; Höynck 2020; Del Negro et al. 2020; Ascari
and Haber 2022; Hazell et al. 2021; Bergholt et al. 2023) but also in Europe (Levy 2019; Onorante
et al. 2019; Bonam et al. 2021) and even worldwide (Coibion et al. 2019).1

In the current empirical literature, there is a large amount of sampling uncertainty with differ-
ent researchers using different data vintages to compute Phillips curves (Mavroeidis et al. 2014).
This work introduces two newly assembled historical data series on unemployment rates and
wages for a set of 18 countries and an identification strategy based on an instrumental variable
approach in the hope of taking one step further to an empirical consensus. The use of such a long-
run panel is important because it allows for uncovering the time-varying nature of the tradeoff
and that the inflation environment is a historical driver of the wage inflation-unemployment
tradeoff. Moreover, it also allows exploring more variation in wage inflation, thereby reducing
the results’ sensitivity to the data vintage that arises when using recent data. Such an approach
keeps up with the recent trend of using long-run and cross-country perspectives to inform cen-
tral debates in monetary and financial policy as in Reinhart and Rogoff (2009) and Schularick

1A good summary of the literature since the inception of the Phillips curve can be found in Gordon (2011), while
more recent discussions can be found in Mavroeidis et al. (2014) and Coibion et al. (2018).
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and Taylor (2012) while bringing a historical perspective to the debate on the wage inflation-
unemployment tradeoff.

This work also contributes to the literature about the effects of monetary policy using long-
run panel data (Jordà et al. 2020; Alpanda et al. 2021). By using the trilemma instrumental variable
(IV) to identify the effect of monetary policy, I build not only on the seminal work of Di Giovanni
et al. (2009) but also on recent studies by Jordà et al. (2020) and Schularick et al. (2021). Moreover,
this paper applies the Phillips multiplier statistic which was first presented in the study of Bar-
nichon and Mesters (2021) who estimated it for the US and the UK. This paper’s novelty lies in
applying the state-of-art methodology to a historical setting with long-run data series that allows
testing the response of wage inflation and unemployment rates to a monetary policy surprise, and
whether these responses are state-dependent.

Finally, this paper’s empirical findings resonate with recent theoretical developments that
link the wage inflation-unemployment tradeoff to the level of price inflation. According to a
standard New Keynesian model, an increase (decrease) in trend inflation should cause an increase
(decrease) in the frequency of price adjustment, leading to a decrease (increase) in the steepness
of the wage Phillips curve (Benati 2007). This rationale that low price inflation weakens the wage
inflation-unemployment tradeoff is consistent with two other strands of the literature, namely the
state-dependent pricing (Alvarez et al. 2019; Costain et al. 2022) and the nominal price rigidities
literatures (Tobin 1972; Benigno and Ricci 2011; Daly and Hobijn 2014). Moreover, this rationale
is also consistent with the recent view that post-Covid, as the frequency of price changes has
increased, we are moving from a flatter to a steeper Phillips curve (Waller 2023).

Since Ball et al. (1988), the empirical literature has not paid enough attention to this low price
inflation mechanism. Some notable exceptions are Benati (2007), who documented a positive
correlation between the time-varying average gain of real activity and inflation; Vavra (2014),
who rejected a New Keynesian Phillips curve with constant inflation output tradeoff in favor of
a slope that increases with microeconomic volatility; Gertler and Hofmann (2018), who found a
weak money-inflation link in regimes characterized by low inflation; and Ascari and Haber (2022);
Ascari et al. (2022) who provide evidence supporting non-linear effects in the response of the price
level depending on the trend inflation regime. I complement these findings by showing a negative
and strong historical correlation between a time-varying Phillips curve and price inflation, and
also by estimating a weaker wage inflation-unemployment tradeoff in times of low price inflation
due to a weaker response of wage inflation to monetary policy.

The remainder of this paper is structured as follows. Section 2 introduces the data and presents
the descriptive statistics. Section 3 describes the empirical strategy. The results are presented in
Section 4, and Section 5 concludes.
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2 Data and Descriptive Statistics

2.1 Data

I construct a new historical dataset composed of wage inflation and unemployment rates se-
ries that go as far as the nineteenth century in order to uncover the historical tradeoff between
wage inflation and unemployment. The newly assembled yearly data include a wage index mea-
sure and the unemployment rate for 18 advanced economies — Australia, Belgium, Canada, Den-
mark, Finland, France, Germany, Ireland, Italy, Japan, the Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland, the United Kingdom, and the United States. The sample spans from 1870 to
2019 and draws on more than 60 different sources.2 Before the Bretton Woods epoch, available
data is mostly at an annual frequency for both variables, so using panel data to study the wage
inflation-unemployment tradeoff is of paramount importance. With the exception of wage infla-
tion and unemployment, the macroeconomic data series used in this paper, such as price inflation,
come from the Macrohistory Database (Jordà et al. 2017).

When possible, the unemployment rate is defined as the percentage of unemployed in the total
labor force. According to Rasmussen and Pontusson (2018), most countries had no unemployment
insurance system until after the World Wars. Hence, citizens without a job had little incentive to
enroll in a labor bureau since there was no compulsory unemployment insurance.

The earlier data, which comes mainly from Mitchell (2013), Tabin and Togni (2013), Maddison
(1982), and Galenson and Zellner (1957), build upon the previous caveat and present unemploy-
ment rates within smaller subsets of the active population such as trade unions or within people
insured against unemployment. The underlying assumption is that the unemployment growth
rates within smaller subsets of the active population are the same (or at least, highly correlated)
as the national unemployment growth rate.

The most recent data follows the preferred definition and is based on either the Current Pop-
ulation Survey or the EU Labour Force survey from the International Labour Organization (ILO-
STAT). As a complement, data from the National Statistics agencies ensure the robustness of the
series.

When possible, the wage series are an index of the average earnings of all employees. How-
ever, the earlier data may build upon a series of specific sectors according to their availability. I
construct this nominal index using old publications of statistical offices, financial history books,
and articles. The most recent data is based on the International Monetary Fund (IMF) wage index
series and the Organization for Economic Cooperation and Development (OECD).

2Table A.1 in the online Appendix summarizes the data coverage by country. All data sources and further
descriptions of their construction are provided in the online Data Appendix.
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2.2 Descriptive Statistics

Table 1 lists selected summary statistics of the dataset for the entire sample and five separate
periods. Both wage and price inflation series are computed as growth rates of nominal indices.
The average wage inflation rate for the entire sample is 5.05%, almost two percentage points above
the average price inflation. On average, the unemployment rate throughout the sample is 5.65%.

Table 1: Descriptive statistics

count p50 mean sd min max
1870-1913
Unemployment rate 223 3.43 4.08 2.75 0.20 18.40
Wage inflation 223 1.68 1.68 2.63 -6.71 10.26
Price inflation 223 0.22 0.39 3.21 -10.94 11.56
1920-1938
Unemployment rate 268 5.85 7.17 4.99 0.60 24.90
Wage inflation 268 0.53 1.26 8.63 -27.72 43.97
Price inflation 268 0.00 -0.29 7.23 -18.45 30.43
1946-1971
Unemployment rate 428 2.07 2.60 1.83 0.04 9.92
Wage inflation 428 7.07 7.77 5.10 -10.78 35.29
Price inflation 428 3.23 4.08 3.76 -6.87 20.38
1972-1999
Unemployment rate 504 6.63 7.07 4.30 0.04 24.21
Wage inflation 504 6.68 8.30 6.27 -1.42 32.28
Price inflation 504 5.03 6.56 5.51 -0.71 37.88
2000-2020
Unemployment rate 360 6.36 7.06 3.54 2.00 26.09
Wage inflation 360 2.52 2.41 1.72 -3.49 7.50
Price inflation 360 1.73 1.69 1.28 -4.48 5.57
Total
Unemployment rate 1783 4.74 5.64 4.13 0.04 26.09
Wage inflation 1783 3.81 5.10 6.30 -27.72 43.97
Price inflation 1783 2.33 3.18 5.30 -18.45 37.88

Notes: All statistics are expressed in percent. The war periods (1914-1919 and 1939-1945) and the German hyperin-
flation episode (1920-1925) are not included. This table only uses weighted by population country-year observations
for which there is data for the unemployment rate, and price and wage inflation. Table A.2 presents descriptive
statistics for the unrestricted sample.

In the wake of the Great Recession, it was surprising to observe how stable and low the
inflation rates were (Miles et al. 2017). In fact, to observe such a pattern, one has to go back more
than 100 years when most of the studied countries were part of the Gold Standard agreement.
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Moreover, although only 8 out of the 18 countries in the sample are explicit inflation targeters
(Svensson 2010), Table 1 indicates that using price inflation as the nominal target instead of the
price of gold makes the volatility of price and wage inflation smaller albeit the higher means.3

Hence, the inflation targeting regime successfully keeps inflation under control with the lowest
volatility ever observed.

In addition, Figure 1 summarizes the data cross-country trends by plotting a time-varying
estimate of the mean wage inflation and the mean unemployment rate for the 18 countries using
a 10-year rolling window. We observe stable wage inflation and unemployment series during
the Gold Standard epoch, until 1913. That picture dramatically changes once we enter the war
period with a large swing in the inflation series. The period from 1946 to 1971 corresponds to the
Bretton Woods epoch and shows persistently low unemployment and high wage inflation rates.
Then, after 1972, we can observe a peak in the inflation series, partly driven by the two oil price
shocks in 1973 and 1979. This peak is followed by a general decrease in inflation and an increase
in unemployment stemming from the Great Moderation period.

Figure 1: Mean wage inflation and unemployment rate
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Notes: This figure plots a time-varying estimate of the mean wage inflation (solid line) and mean unemployment
rate (dashed line) using a 20-year rolling window and the fully matched sample.

Summing up, Figure 1 points to a strong negative co-movement between the two variables,
which is also corroborated at the country level (see Table A.4 in the Appendix). Nevertheless,
during the Gold Standard and the last twenty years, wage inflation and unemployment series were
more stable, suggesting a weaker co-movement and thus, unveiling a potentially time-varying

3The higher means should come without surprise given that targeting the price of gold implicitly yields a zero
inflation expectation, contrary to a 2% inflation target.
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wage inflation-unemployment tradeoff.
In the Appendix, Figure A.1 presents the same exercise for each country using the full sam-

ple. Despite the level differences, evidence that motivates the use of country-fixed effects in my
regression analysis, the pattern does not uncover a specific country driving the statistics and sup-
ports the evidence provided in Figure 1 of a negative co-movement between wage inflation and
unemployment, even at the country level.

2.3 Historical Wage Phillips Curves

To give more structure to the previous exploratory analysis, I turn my attention to the wage
Phillips curve across historical periods. I depart from the wage Phillips curve derived from the
micro-founded New Keynesian model presented in Galı́ (2011), which I extend to a panel dimen-
sion in Appendix C, and estimate the following Equation:

πw
c,t = µc + φuc,t + γπp

c,t−1 + ϵc,t (1)

where πw
c,t denotes the annual wage inflation in the country c at time t; α is a constant; uc,t

denotes the unemployment rate in the country c at time t; πp
c,t−1 is the lagged price inflation,

the measure by which wages are indexed; and ϵc,t is an error term proxying for time-varying
cost-push shocks to wages.4 The twist of exploring the Phillips curve using a panel approach has
been recently explored by Coibion et al. (2019), Levy (2019), De Schryder et al. (2020), and Hazell
et al. (2021) at both national and regional levels. Following the empirical literature, I include
time-invariant country fixed effects µc.

Here, I implicitly assume that, when there is no reoptimization, wages are indexed to (πp
c,t−1),

where γ represents the degree of indexation on past price inflation.5 Given an increase in the
price level in t− 1, workers bargain for a higher wage in t due to an increase in the cost of living
in t− 1.6

Figure 2 shows the time-varying estimates of its slope (φ) based on the Panel-OLS regres-
sion of Equation (1) using a 20-year rolling window. I must note that this slope should not be
interpreted as a causal effect of unemployment rates on wage inflation, but rather a correlation
between these variables as presented in the seminal paper of Phillips (1958) but also in more

4The majority of the literature argues for the use of the unemployment gap instead of its level. However, that
approach ignores the problem of measurement error arising from the computation of a natural unemployment rate.
In my setting, due to the use of historical data, I believe that the latter poses a bigger threat because it is not possible
to use detailed data to get the best estimates of the natural unemployment rate.

5Another possible interpretation is that firms look at the previous period’s price inflation as a good measure of
inflation expectations, which then affects their decision in changing both their products’ prices and workers’ wages.

6Table A.3 in the online Appendix corroborates this idea by displaying a correlation between price inflation in
t− 1 and wage inflation in t of more than 0.5 for almost every country.
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recent papers such as Galı́ (2011). The estimates support the low inflation hypothesis which pro-
poses that the slope of the wage Phillips curve is significantly flatter following periods of low
price inflation.

Figure 2: Panel-OLS 20-year Rolling Window
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Notes: This figure plots a time-varying estimate of the slope of the wage Phillips curve (parameter φ, in Equation (1)),
using OLS and annual data from 1870 to 2019 for all 18 countries. It is computed based on a rolling OLS regression
using a 20-year window and displays a 90% confidence band. In the Appendix, Figure A.2 shows the estimate for the
persistence coefficient (γ); Figure A.3 presents the same regression when adding year fixed effects; and Figure A.4
presents a population-weighted version of this same graph.

There are three key features from Figure 2 which deserve to be highlighted. First, it dis-
plays the consecutive steepening and flattening of the wage Phillips curve after the end of the
Bretton Woods agreement. This pattern is already well documented, especially for the US (Ball
and Mazumder 2011; Blanchard et al. 2015; Blanchard 2016; Galı́ and Gambetti 2020) and Europe
(Bonam et al. 2021). However, the fact that I am using a panel of 18 advanced economies to per-
form this analysis might indicate that this flattening could be considered a global phenomenon.

Second, the wage Phillips curve was also flatter during the Gold Standard period and the
beginning of the Bretton Woods epoch. This novel finding suggests that the recent weakening of
the wage inflation-unemployment tradeoff is not a unique feature of the last 20 years.

Third, it seems that during periods of low price inflation, the slope of the wage Phillips curve
becomes flatter. One potential explanation for this correlation is the low inflation hypothesis
which will be tested in Section 4. During the majority of the three periods shaded in gray, in-
flation was being targeted either to the price of gold or to a composite price measure (CPI), and
thus, countries experienced a persistent low price inflation environment (as we saw in Table 1).
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Consequently, firms adjusted prices and wages less often (Gagnon 2009; Nakamura et al. 2018;
Alvarez et al. 2019) and promoted a disconnect between wage inflation and movements in the
labor market.7

A major element of modern Phillips curve estimations is inflation expectations. Hazell et al.
(2021) show that not accounting for the decline in long-run inflation expectations during the
Volcker disinflation may introduce an upward bias in estimates of the slope of the United States
(price) Phillips curve during that period. Taking this into account might question the use of Galı́
(2011) framework that may be overly restrictive on the nonexistent role of inflation expectations.
Moreover, even though this work focuses only on the relationship between wage inflation and
unemployment, it is still important to acknowledge that there is a strong correlation between
price and wage inflation (Table A.4) and therefore it might be important to have this issue into
account. While the absence of historical data on inflation expectations makes it impossible to
add it as a control variable, I collect OECD data on inflation forecasts starting in the 1990s for the
European countries and starting in the 1960s for the remaining ones to 2019 and run the same
analysis for this sub-sample.

Empirically, Ciccarelli and Mojon (2010) have estimated a common factor in countries’ price
inflation that accounts for nearly 70% of their variance. They include 22 OECD countries in their
sample - the 18 countries in my sample plus Austria, Greece, Luxembourg, and New Zealand
- from 1960 to 2008. With this in mind, it seems worthwhile to include time fixed effects as a
way to control not only for the dynamics of global inflation but also to control for the common
component (across countries) of inflation expectations.

Figure A.3 in the Appendix thus presents the estimates when including year fixed effects or
inflation forecast from OECD. It is important to emphasize the difference in the slope estimates
from 1990 to 2000 might be due to differences in the sample as most European countries only
have expectations data starting in 1991. Not surprisingly, the confidence bands become wider.
Notwithstanding, the three key features highlighted before are shown to be robust.

This Section thus provides sufficient and robust motivation to explore the time-varying trade-
off between wage inflation and unemployment in more detail while using a more appropriate
econometric method.

3 Empirical Strategy

The literature has extensively documented the empirical challenges in estimating both the
price and wage Phillips curves (Galı́ 2011; Mavroeidis et al. 2014; McLeay and Tenreyro 2020) and,
more generally, the wage inflation-unemployment tradeoff which is at the center of this work

7For a more detailed and analytical explanation, check Appendix C.1.
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(Barnichon and Mesters 2021; Galı́ and Gambetti 2020). The main concern is the simultaneity
bias arising from the correlation between the measures of economic slack and inflation with the
error term. Departing from an AS-AD model framework, cost-push shocks might affect both
the dependent and independent variables. These might be either shocks to input prices such as
imported goods, oil, and other important commodities, or input quantities such as a freeze in raw
materials production or even wars that drain the labor force.

McLeay and Tenreyro (2020) made the case that the empirical disconnect between inflation
and economic slack is expected to be emphasized when monetary policy is set optimally. Even
absent supply shocks, a pure inflation-targeting central bank would neutralize any aggregate
demand fluctuations to achieve constant inflation at its target. Hence, inducing a negative cor-
relation between price inflation and economic slack and making it harder to uncover the true
relationship between them. It is worth noting, however, that the wage inflation-unemployment
tradeoff is less prone to this later criticism because many central banks do not explicitly target
the unemployment rate. This observation is undeniably true for the majority of the sample in
this study in which only two central banks (the United States and Australia) started targeting
unemployment in recent decades.

Acknowledging these issues, I use monetary policy shocks to identify the wage inflation-
unemployment tradeoff in the same spirit as Jordà and Nechio (2020). To be precise, I apply the
trilemma IV, a strategy pioneered by Di Giovanni et al. (2009) and recently applied by Jordà et al.
(2020) and Schularick et al. (2021). This allows taking advantage of the fact that economies with
fixed exchange rates and under perfect capital mobility are unable to implement independent
monetary policies.

When a country pegs its exchange rate, its interest rate from then on has to closely follow
that of the base country; otherwise, there will be unsustainable capital outflows. Moreover, since
changes in the base country’s interest rate are mainly determined by the base country’s eco-
nomic conditions, their variation is exogenous to the economic conditions in the pegged coun-
tries. Notwithstanding, in order to isolate unpredictable movements in the base country’s interest
rates ∆rb, I also subtract the predicted changes in the base country’s interest rate ∆r̂b.8

The trilemma IV, zc,t, for local policy rate changes, ∆rc,t, can only be computed when a coun-
try’s exchange rate is fixed (Pegc,t = 1) with respect to a base country b and is thus defined as
follows:

zc,t ≡ (∆rb(c,t),t −∆r̂b(c,t),t)× kc,t × Pegc,t (2)
8To predict ∆r̂b, I follow Jordà et al. (2020) and use the first lags of the growth rates of GDP, consumption,

investment, stock prices, and credit (all CPI deflated), as well as changes in nominal long-term interest rates, nominal
short-term interest rates, the CPI inflation rate, and the current account-to-GDP ratio.
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where c and t are the country and year indices, respectively; b(c, t) denotes country c’s base
country in year t; ∆rb(c,t),t −∆r̂b(c,t),t can be interpreted as a Taylor residual of the base country
b(c, t); Pegc,t takes thew value of 1 if the country is in a fixed exchange rate regime against base
country b; and kc,t is the degree of capital openness from Quinn et al. (2011), this index ranges
from 0 to 1, with 0 indicating a low degree and 1 a high degree of capital mobility. Both studies by
Jordà et al. (2020) and Schularick et al. (2021) show that the trilemma IV is relevant due to its strong
relation with changes in pegs’ domestic short-term interest rates. In my sample, the instrument
exhibits a statistically significant coefficient of 0.65 over the full sample (SE = 0.08) and for both
the pre and post-World War II periods, with the slope coefficients being approximately 0.64 (SE
= 0.15) and 0.65 (SE= 0.09), respectively (see Table A.5 in the Appendix for more details).

Another main challenge that persists even after correcting for endogeneity is specification
uncertainty. One can think of estimating a non-parametric version of the Phillips curve without
the straitjacket of any ad-hoc functional relation between inflation and economic slack (Galı́ and
Gambetti 2020). Inspired by the fiscal multiplier literature (Ramey and Zubairy 2018), Barnichon
and Mesters (2021) proposed estimating a Phillips multiplier defined as the expected cumulative
change in inflation caused by a demand shock that affects expected cumulative unemployment.
This statistic directly captures the central bank’s inflation-unemployment tradeoff across different
horizons, which is consistent with the definition of Mankiw (2001).

In the following section, I start by tracing the effect of a one percentage point surprise increase
in policy rates on average wage inflation and average unemployment rate. To be precise, I esti-
mate impulse response functions (IRFs) by making use of a panel local projections instrumental
variable (Panel LP-IV) approach (Jordà 2005; Stock and Watson 2018) as follows:

X̄c,t:t+h = αX
c,h + βX

h zc,t + ζXh Wc,t + eXc,t+h (3)

where X̄c,t:t+h ≡ 1
h

∑h
j=0 Xc,t+j is either the average value of wage inflation or the unemploy-

ment rate over [t, t + h], αX
c,h denotes country fixed effects, zc,t is the trilemma IV as introduced

in Equation (2), and Wc,t is a vector of controls including the world GDP growth and two lags of
wage inflation and unemployment.9 To remove potential extreme values, throughout the analy-
sis, I remove the war periods and observations for which yearly wage inflation is above 50%.10

Building on these IRFs, I estimate the Phillips multiplier as in Barnichon and Mesters (2021).
The Phillips multiplier (Ph) can be estimated using a Panel LP-IV approach from the following
cumulative regression:

9Please note for later reference that I include a global real GDP growth variable to parsimoniously remove global
business cycle effects as including time-fixed effects would require over a hundred additional parameter estimates.

10Alternatively, I trimmed the first and last percentiles of wage inflation and the results go through.
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h∑
j=0

πw
c,t+j = αc,h + Ph

h∑
j=0

ûc,t+j + ζhWc,t + ϵc,t+h (4)

where αc,h denotes country fixed effects; Wc,t is the same vector of control variables as in
Equation (3); and

∑h
j=0 ûc,t+j is instrumented by the trilemma IV, zc,t, the exogenous changes in

the short-term interest rate in country c. These monetary shocks are orthogonal to supply shocks
and to the natural unemployment rate under the common assumption that monetary policy is
neutral under flexible prices (Galı́ 2015). Through this IV approach, the Phillips multiplier allows
estimating the tradeoff without bias from confounding supply shocks and without the need to
measure the natural unemployment rate.

Intuitively, the Phillips multiplier, Ph, measures the impact of a policy that induces a 1 per-
centage point increase in unemployment on cumulative wage inflation. A negative multiplier
(Ph < 0) indicates that a transitory increase in unemployment yields a persistent wage inflation
decrease. In other words, central banks can trigger a persistent change in wage inflation at a finite
unemployment cost through a transitory increase in their policy interest rates, which is exactly
the type of tradeoff monetary policymakers want to explore.

The impulse response functions from Equation (3) are estimated in such a way that we can

obtain the Phillips multiplier directly from Ph ≡ βπw

h

βu
h

. The advantage of doing the one-step

estimation of the Phillips multiplier in Equation (4) is to directly obtain the correct confidence
bands. Nevertheless, the two-step estimation is consistent once the samples are matched (Ramey
and Zubairy 2018).

4 Results

Can central banks “transform” unemployment into inflation (and vice-versa) through their
policy interest rates? And, if so, is this tradeoff time-varying and undermined by a low price
inflation environment? This section presents the answers provided by the empirical results. I
begin by reporting that the central bank’s ability to control inflation depends on the unemploy-
ment cost of reducing inflation and that its ability is high when considering the full sample. In a
second step, I uncover that this ability is impaired when the economy is in a low price inflation
environment displaying a different multiplier for two different sub-samples when using long-run
annual data and even when zooming in the 1995-2020 period with quarterly data.
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4.1 Phillips multiplier

Figure 3 displays my estimate for the Phillips multiplier over a 10-year horizon (Figure 3a), its
F-statistic (Figure 3b), and the underlying impulse responses for the average unemployment rate
and average wage inflation (Figure 3c). The statistic is initially undetermined, decreasing over the
horizon, and becomes significantly negative after 5 years, diverging further on. A 1 percentage
point (p.p.) policy-induced increase in cumulative unemployment leads to a 1.4 p.p. decrease in
cumulative wage inflation 10 years after the shock.11

Figure 3: Phillips multiplier and IRFs
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Notes: Phillips multiplier estimations using the trilemma IV as an instrument, using a matched sample of approx-
imately 800 observations, and controlling for two lags of unemployment and wage inflation, country fixed effects,
and world GDP growth as explained in Equation (4). For the multiplier (upper-left), the shaded area corresponds
to the 90% confidence interval implied by the normal limiting distribution of the 2SLS estimator, while the dashed
lines correspond to the two-sided 90% Anderson-Rubin confidence sets robust to weak instruments. The F-statistics
(upper-right) are computed using the method presented in Olea and Pflueger (2013). The impulse responses (bottom
panels) for average wage inflation and average unemployment are obtained from the OLS regressions (3) and dis-
play 90% confidence sets. Impulse responses for non-averaged cumulative unemployment and wage inflation can be
found in Figure A.5.

As Barnichon and Mesters (2021) noted, a large tradeoff in the long run implies that a tran-
sitory policy-induced change in unemployment has a persistent effect on wage inflation. Hence,

11In the short-term, the multiplier cannot be interpreted because the value of one of the impulse responses is
very close to zero. The uncertainty in the estimation is in line with what Barnichon and Mesters (2021) also report.
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Figure 3a suggests that, over the last 170 years, central banks had a substantial ability to steer
inflation.

Figure 3b reports the Olea and Pflueger (2013) F-statistics from the first-stage regression of
Equation (4) and documents that monetary policy shocks are correlated with cumulative unem-
ployment. Since the F-statistic estimates are not above the threshold of Olea and Pflueger (2013)
but are still above 5 for most periods, I rely on weak instrument robust methods to compute the
confidence bands of the Phillips multiplier. I compute 90% Anderson and Rubin (1949) confidence
bands that are robust to weak instruments and display them in dashed lines in Figure 3a.12

Figure 3c decomposes the Phillips multiplier into the response of both the average wage in-
flation and the average unemployment rate to a monetary policy surprise. While the average
unemployment response starts mean-reverting after horizon t = 5, the average wage inflation
cumulative response decreases persistently. This implies that after the shock, the Phillips multi-
plier keeps decreasing over time and there is an exploitable tradeoff between unemployment and
wage inflation.

These long-run cumulative effects here documented, corroborate the work by Jordà et al.
(2020) and Barnichon and Mesters (2021). One potential reason why the impact of contractionary
monetary policy can persist is related to the central banks’ credibility that plays a crucial role in
influencing wage and price-setting behavior in the economy. If contractionary policy is perceived
as credible and persistent, workers and businesses are more likely to adjust their wage demands
and offers accordingly, expecting lower inflation in the future. This, in turn, can contribute to the
prolonged effects of contractionary monetary policy on both price and wage inflation (Melosi
2017).

4.2 Smaller Phillips multiplier in low price inflation environments

Building on the previous Phillips multiplier analysis, I can test whether the wage inflation-
unemployment tradeoff is different across sub-samples and, in particular, weaker in times of low
price inflation. The baseline specification is thus augmented to include an interaction term. I this
estimate a state-dependent Phillips multiplier as follows:

h∑
j=0

πw
c,t+j =Ic,t

[
α
(I)
c,h + P(I)

h

h∑
j=0

ûc,t+j + ζ
(I)
h Wc,t

]

+ (1− Ic,t)

[
α
(1−I)
c,h + P(1−I)

h

h∑
j=0

ûc,t+j + ζ
(1−I)
h Wc,t

]
+ ϵc,t+h

(5)

12While the asymptotic distribution of the AR statistic does not depend on the strength of the instrument, the
confidence bands of the Phillips multiplier will be larger when the instrument is weaker.
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where Ic,t is the indicator variable. This exercise allows comparing the evolution of the
Phillips multiplier in each sub-sample and directly test whether P(I)

h = P(1−I)
h .

Research on the wage inflation-unemployment tradeoff, traditionally inferred from a Phillips
curve, pointed to the hypothesis that higher trend inflation leads to a higher frequency of price
adjustment and therefore strong movements in prices (inflation) for little movements in quantities
(unemployment), and thus a larger tradeoff (Benati 2007).

In this exercise, I test whether the wage inflation-unemployment tradeoff is shaped by a low
price inflation environment. Therefore, I estimate Equation (5) where Ic,t is an indicator of low
price inflation defined as a dummy variable, which is equal to one for periods when countries
experienced lagged price inflation below the threshold of 2% and above -2% (Ic,t = 1 if − 2% <

πp
c,t−1 < 2%) and equal to 0 when countries experienced high price inflation (Ic,t = 0 if 2% ≤

πp
c,t−1 < 40%). This exercise allows comparing the evolution of the Phillips multiplier in times of

low versus high price inflation and directly test whether P(I)
h = P(1−I)

h .
The choice of the 2% threshold can be rationalized by the inflation target strategy of many

of the central banks present in the analyzed sample. Over the last 20 years of the sample, most
central banks were targeting inflation either implicitly or explicitly (Table B.1). Most of them
disclaimed that their goal was to achieve inflation close to or below 2%. With such a sample
division, I am assigning 75% of the sample to the high-inflation state and 25% to the low price
inflation state as summarized in Figure A.7.

Figure 4 displays the estimates of both the baseline and state-dependent Phillips multipliers
over a 10-year horizon (Figure 4a), their F-statistics (Figure 4b), and their underlying average
impulse responses (Figure 4c) in periods of high and low price inflation.

Figure 4a displays a smaller Phillips multiplier in times of low inflation and a higher multiplier
in times of high inflation. Its difference becomes statistically significant from horizon t = 8

onward with the weak instrument robust Anderson-Rubin p-values being 0.070, 0.076, and 0.056
for horizons 8, 9, and 10 respectively. This result is in line with recent work by, among others,
Forbes et al. (2022) who show that the Phillips curve becomes non-linear and flatter when inflation
is low. Table A.7 in the Appendix presents a detailed description of this result displaying the
point estimates, their standard errors, and the weak instrument robust Anderson-Rubin p-values
for testing the difference in multipliers across states.

Figure 4c indicates that the wage inflation response is the main driver of the weaker tradeoff
in low inflation periods. Although the average unemployment rate response is virtually identical
in both the baseline and the state dependencies for longer horizons, the average wage inflation
response is much flatter during low inflation periods.

As a robustness check, I also used an unmatched sample and a longer horizon (see Figure A.8
and Table A.8 in the Appendix). Regardless of the chosen sample trimming process or horizon,
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Figure 4: State-Dependent Phillips multiplier and IRFs
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Notes: Phillips multiplier estimated using the trilemma IV as instrument according to Equation (4). For each state-
multiplier (upper-left), the shaded areas correspond to the 90% confidence interval implied by the normal limiting
distribution of the 2SLS estimator. The F-statistics (upper-right) are computed as discussed in Olea and Pflueger
(2013). The impulse responses (bottom panels) for average wage inflation and unemployment are obtained from the
OLS regressions (3) and display 90% confidence sets for the baseline estimate. Across all figures, one can distinguish
the state by its color and line pattern: orange and short-dashed for low inflation; green and long-dashed for high
inflation.

the wage inflation-unemployment tradeoff is weaker in a low price inflation environment.
These two exercises together lend empirical substance to the concern that monetary policy

effects are time-variant and state-dependent. In particular, during periods of low price inflation,
the long-run tradeoff between wage inflation and unemployment is less exploitable. In other
words, given the weaker tradeoff, central banks are less able to steer wage inflation when facing
a low price inflation environment.

4.3 Low price inflation or monetary policy regime?

The previous exercise presents evidence consistent with the key message of this paper: the
Phillips multiplier is smaller when monetary policy is implemented following periods of low
inflation (Figure 4).

Notwithstanding, this exercise does not allow us to distinguish whether the state-dependent
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effects of monetary policy for different inflation environments (low or high) are driven by dif-
ferent sample periods. That is because different sample periods could capture different monetary
policy regimes and hence different multipliers.

To be more precise on the low inflation mechanism I put forward, I first run a robustness check
where I account for different monetary policy regimes. I then conduct a thorough analysis using
quarterly frequency data since 1995 for 17 out of 18 countries in the baseline sample, evaluating
whether within the same monetary policy regime the low inflation motive is still present.

The first exercise has the goal of capturing structural differences that are common across
countries in the same monetary policy regimes. I start by identifying different monetary policy
regimes as described in Appendix B and summarized in Table B.1. I then add different mone-
tary policy regime dummies when estimating Equations (4) and (5) which differ across countries
according to Table B.1. I do so for the following regimes: Gold Standard; Interwar and Bretton
Woods; and Implicit Inflation Targeting. When doing so, the number of estimated coefficients
increases and thus, the uncertainty around the estimates also increases. Nevertheless, Table A.9
qualitatively corroborates the key finding of the paper: when monetary policy is implemented in
periods of low inflation, the tradeoff between wage inflation and unemployment is weaker.

Addressing external validity by focusing on one monetary policy regime and using
higher frequency data. For the second exercise, I compiled information for 17 out of 18 coun-
tries, excluding Switzerland, from the Federal Reserve Economic Data (FRED) at the quarter level
since 1995. Then, I estimated Equation (4), using the non-residualized version of the instrument
defined by Equation (2), keeping the same horizon of 10 years (40 quarters) and using a matched
sample.

In many ways, this exercise is a replication of Barnichon and Mesters (2021) based on their
Proposition 1 (Equation 4) and differing in three dimensions. First, I am analyzing a panel of
countries in a fixed exchange rate regime instead of the United States and the United Kingdom
separately. Second, I based my identification on the trilemma of international finance instead of
narrative identification to characterize monetary policy shocks. Finally, my sample is based on
the period between 1995q1 and 2019q4, incorporating the Great Recession Period but excluding
the Covid pandemic. Like Barnichon and Mesters (2021), I use quarterly data, include four lags of
inflation and unemployment as control variables, and rely on weak instrument robust methods
for computing the confidence sets for the Phillips multiplier (Anderson and Rubin 1949).

In Appendix, Figure A.9 replicates Figure 3 using this quarterly data. Compared to the base-
line, Figure A.9 displays a smaller multiplier and a much weaker average wage inflation response.
This latter finding is in accordance with the exercise where Barnichon and Mesters (2021) split
their sample and focus on the post-1990 sample period (Figures 4 and 6).
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To go one step further, I then test whether the Phillips multiplier is weaker in periods of low
inflation using this quarterly sample. I thus estimate Equation (5). Figure 5 presents the results.

Figure 5: Phillips multiplier and IRFs
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Notes: Phillips multiplier estimations using the trilemma IV as an instrument, using a matched sample of 465 quar-
terly observations between 1995q1 and 2019q4, and controlling for two lags of unemployment and wage inflation,
country fixed effects, and world GDP growth as explained in Equation (4) but now at the quarterly frequency. 230
(235) observations are assigned to high (low) inflation environments following the proposed classification. For each
state-multiplier (upper-left), the shaded areas correspond to the 90% confidence interval implied by the normal lim-
iting distribution of the 2SLS estimator which overlap. The F-statistics (upper-right) are computed using the method
presented in Olea and Pflueger (2013). The impulse responses (bottom panels) for average wage inflation and average
unemployment are obtained from the OLS regressions (3) and display 90% confidence sets for the linear estimate.

The weak instrument robust Anderson-Rubin p-values for the difference in the high versus
low price inflation multipliers are presented in Table A.10 together with the point estimates of
Figure 5b and their standard errors. Even using such a limited sample, focusing on the period
between 1995q1 and 2019q4, and with quarterly level data, we are still able to find that the wage
inflation-unemployment tradeoff is weaker during periods of low price inflation.

I still find a statistically significantly weaker multiplier during a low price inflation episode
and for some horizons. But, interestingly enough, for a different reason. While Figure 4 tells us
that it is the muted wage inflation response driving the weaker multiplier, Figure 5 tells us that
since 1995 the stronger unemployment response is actually driving the weaker multiplier.
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5 Conclusion

The wage inflation-unemployment tradeoff is a key building block for monetary policy. This
paper introduces newly assembled data on wages and unemployment rates for a set of 18 ad-
vanced economies starting in 1870, in order to revisit the historical relationship between wage
inflation and unemployment, the focus of Phillips’ (1958) original work. The empirical analy-
sis starts by uncovering a historical time-varying Phillips correlation. This paper documents a
weaker correlation between wage inflation and unemployment in a low price inflation environ-
ment.

I capitalize on the assembled historical data to study a factor that is possibly driving this time-
varying pattern. First, in order to account for the possible endogeneity and model misspecification
issues arising from the Phillips curve framework, I make use of monetary policy shocks and the
Phillips multiplier framework to identify the historical wage inflation-unemployment tradeoff.
The results provide evidence in favor of the hypothesis that the tradeoff is weaker in periods
of low price inflation which is consistent with a mechanism where higher trend inflation leads
to a higher frequency of price adjustment and therefore we have strong movements in prices
(inflation) for little movements in quantities (unemployment), and thus a larger tradeoff.

These results add a new perspective to the current debate about the existence of the wage
inflation-unemployment tradeoff and its state dependency. In particular, this paper’s empirical
evidence points to an impaired ability in exploring the tradeoff in times of low inflation driven
by a stronger unemployment rate and a muted wage inflation response to a monetary policy
surprise.
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Appendix A Supporting tables and figures

Table A.1: Data Coverage

Country Wages Unemployment Inflation Forecast CB Foundation
Australia 1870-2019 1901-2019 1961-2019 1911
Belgium 1870-2019 1921-2019 1992-2019 1850
Canada 1870-2019 1916-2019 1993-2019 1934
Denmark 1870-2019 1874-2019 1968-2019 1818
Finland 1870-2019 1920-2019 1991-2019 1811
France 1870-2019 1895-2019 1991-2019 1800
Germany 1870-2019 1887-2019 1996-2019 1876
Ireland 1943-2019 1960-2019 1996-2019 1943
Italy 1871-2019 1919-2019 1991-2019 1893
Japan 1870-2019 1930-2019 1961-2019 1882
Netherlands 1870-2019 1870-2019 1991-2019 1814
Norway 1870-2019 1904-2019 1961-2019 1816
Portugal 1870-2019 1953-2019 1991-2019 1846
Spain 1870-2019 1933-2019 1993-2019 1874
Sweden 1870-2019 1911-2019 1963-2019 1668
Switzerland 1870-2019 1913-2019 1963-2019 1907
United Kingdom 1870-2019 1870-2019 1991-2019 1694
United States 1870-2019 1890-2019 1961-2019 1913

Notes: This Table shows the earliest and the latest data point for each country’s series used in this paper: the wages
nominal index and the unemployment rate. The updated data series are available on my website. There are gaps in
the unemployment rate data which mostly correspond to the war periods, for more information on the gaps and the
sources please consult the Data Appendix. Data from the inflation forecast comes from the OECD. All central bank
foundations dates came from the central banks’ websites. The updated data on wages and unemployment can be
found on the author’s website.
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Table A.2: Descriptive statistics - full sample

count p50 mean sd min max
1870-1913
Unemployment rate 225 3.44 4.08 2.73 0.20 18.40
Wage inflation 730 1.39 1.81 4.23 -24.64 23.80
Price inflation 731 0.11 0.46 4.76 -26.91 33.31
1920-1938
Unemployment rate 270 5.80 7.12 5.00 0.60 24.90
Wage inflation 314 0.86 3.13 13.16 -27.72 86.48
Price inflation 333 0.00 0.67 9.84 -19.42 73.13
1946-1971
Unemployment rate 436 2.02 2.60 1.84 0.04 9.92
Wage inflation 465 7.20 10.11 19.44 -55.42 225.19
Price inflation 468 3.32 5.38 10.37 -17.60 125.33
1972-1999
Unemployment rate 504 6.63 7.07 4.30 0.04 24.21
Wage inflation 504 6.68 8.30 6.27 -1.42 32.28
Price inflation 504 5.03 6.56 5.51 -0.71 37.88
2000-2020
Unemployment rate 360 6.36 7.06 3.54 2.00 26.09
Wage inflation 360 2.52 2.41 1.72 -3.49 7.50
Price inflation 360 1.73 1.69 1.28 -4.48 5.57
World Wars
Unemployment rate 130 2.91 3.63 2.97 0.40 17.20
Wage inflation 213 7.32 14.85 32.90 -19.94 412.23
Price inflation 228 10.31 20.29 71.10 -37.68 975.64
Total
Unemployment rate 1925 4.59 5.48 4.09 0.04 26.09
Wage inflation 2586 3.50 5.88 14.45 -55.42 412.23
Price inflation 2624 2.21 4.43 22.61 -37.68 975.64

Notes: All statistics are expressed in percent. The hyperinflation period in Germany (1920-1925) is not included. All
remaining observations available in the dataset are used in this Table.
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Table A.3: Descriptive statistics - weighted sample

count p50 mean sd min max
1870-1913
Unemployment rate 223 4.00 4.97 3.42 0.20 18.40
Wage inflation 223 1.41 1.56 2.14 -6.71 10.26
Price inflation 223 0.20 0.51 2.15 -10.94 11.56
1920-1938
Unemployment rate 268 6.30 8.34 6.14 0.60 24.90
Wage inflation 268 0.18 1.46 8.40 -27.72 43.97
Price inflation 268 0.30 0.04 6.97 -18.45 30.43
1946-1971
Unemployment rate 428 2.73 3.25 2.03 0.04 9.92
Wage inflation 428 6.07 7.36 4.92 -10.78 35.29
Price inflation 428 3.19 3.91 3.69 -6.87 20.38
1972-1999
Unemployment rate 504 6.20 6.76 3.76 0.04 24.21
Wage inflation 504 4.94 7.02 5.87 -1.42 32.28
Price inflation 504 4.16 5.57 4.77 -0.71 37.88
2000-2020
Unemployment rate 360 5.78 6.73 3.39 2.00 26.09
Wage inflation 360 2.57 2.17 1.72 -3.49 7.50
Price inflation 360 1.75 1.67 1.23 -4.48 5.57
Total
Unemployment rate 1783 5.30 5.99 4.02 0.04 26.09
Wage inflation 1783 3.29 4.69 5.65 -27.72 43.97
Price inflation 1783 2.28 3.10 4.52 -18.45 37.88

Notes: All statistics are expressed in percent. The war periods (1914-1919 and 1939-1945) and the German hyperin-
flation episode (1920-1925) are not included. This table only uses weighted by population country-year observations
for which there is data for the unemployment rate, and price and wage inflation. Table A.2 presents descriptive
statistics for the unrestricted sample.
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Table A.4: Wage Inflation Correlations Table

πp
t πp

t−1 ut

Australia 0.699 0.693 -0.459
Belgium 0.406 0.595 -0.193
Canada 0.807 0.497 -0.423
Denmark 0.657 0.673 -0.091
Finland 0.372 0.475 -0.353
France 0.835 0.726 -0.514
Germany 0.691 0.625 -0.534
Italy 0.635 0.772 -0.101
Japan 0.286 0.382 -0.749
Netherlands 0.628 0.581 -0.321
Norway 0.814 0.729 -0.626
Portugal 0.585 0.620 -0.234
Spain 0.546 0.466 -0.268
Sweden 0.806 0.775 -0.497
Switzerland 0.626 0.715 -0.482
UK 0.762 0.574 -0.266
USA 0.858 0.574 -0.287
Ireland 0.830 0.650 -0.196

Notes: Correlation between wage inflation and price inflation, lagged price inflation, and unemployment by country
in the main sample excluding outliers as defined in the text.
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Table A.5: First-Stage of trilemma IV

Dependent No controls With controls
variable: ∆rit All years Pre-WW2 Post-WW2 All years Pre-WW2 Post-WW2
trilemma zi,t 0.60∗∗∗ 0.41∗∗∗ 0.68∗∗∗ 0.65∗∗∗ 0.64∗∗∗ 0.64∗∗∗

( 0.08 ) ( 0.09 ) ( 0.09 ) ( 0.08 ) ( 0.15 ) ( 0.09 )
t-statistic [7.65] [4.42] [7.98] [8.36] [4.29] [7.24]
# Obs 1,307 505 802 1,002 215 787

Notes: This table presents the first-stage estimates of the trilemma IV on the country’s interest rate. The standard
errors are in parentheses and the T-statistics are in square brackets. The full sample covers 1870–2019, excluding the
World Wars and the German hyperinflation episode. The pre-WW2 sample covers 1870–1938, excluding 1914–1919,
while the post-WW2 sample covers 1948–2019. The estimates in the last three columns (with controls) include
country fixed effects and two lags of wage inflation and unemployment rate. In addition, I include world GDP
growth to capture global cycles.

Table A.6: First-Stage of trilemma IV - Quarterly Data

Dependent No controls With controls
variable: ∆rit

trilemma zi,t 0.89∗∗∗ 0.67∗∗∗
( 0.03 ) ( 0.03 )

t-statistic [30.36] [20.97]
# Obs 917 852

Notes: This table presents the first-stage estimates of the trilemma IV on the country’s interest rate for quarterly
data. The standard errors are in parentheses and the T-statistics are in square brackets. The full sample covers
1995q1–2019q4. The estimates in the last column (with controls) include country-fixed effects and two lags of wage
inflation and unemployment rate. In addition, I include world GDP growth to capture global cycles.
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Table A.7: Estimates of multipliers across states of inflation

Horizon Linear High Low AR
Model Inflation Inflation p-value

3 0.112 0.242 -0.735 0.135
(0.452) (0.523) (1.098)

4 -0.373 -0.336 -0.563 0.451
(0.256) (0.285) (0.668)

5 -0.565 -0.593 -0.402 0.775
(0.199) (0.229) (0.482)

6 -0.664 -0.726 -0.327 0.327
(0.173) (0.213) (0.402)

7 -0.769 -0.863 -0.315 0.137
(0.171) (0.223) (0.369)

8 -0.878 -1.003 -0.296 0.070
(0.184) (0.251) (0.356)

9 -1.038 -1.165 -0.472 0.076
(0.200) (0.286) (0.322)

10 -1.244 -1.398 -0.618 0.056
(0.230) (0.346) (0.299)

Notes: This table presents the multiplier estimates corresponding to the ones in Figure 4a. The values in parentheses
under the multipliers indicate the corresponding standard errors. The last column indicates the weak instrument
robust Anderson-Rubin p-values for the difference in multipliers across states.
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Table A.8: Estimates of multipliers across states of inflation - unmatched sample

Horizon Linear High Low AR
Model Inflation Inflation p-value

3 -0.057 0.294 -0.727 0.122
(0.354) (0.653) (0.362)

4 -0.466 -0.384 -0.707 0.393
(0.200) (0.310) (0.257)

5 -0.655 -0.689 -0.686 0.982
(0.164) (0.241) (0.252)

6 -0.734 -0.808 -0.662 0.650
(0.147) (0.220) (0.244)

7 -0.797 -0.941 -0.579 0.155
(0.144) (0.226) (0.207)

8 -0.868 -1.006 -0.604 0.089
(0.164) (0.241) (0.246)

9 -0.988 -1.165 -0.528 0.048
(0.174) (0.274) (0.176)

10 -1.244 -1.398 -0.618 0.056
(0.230) (0.346) (0.299)

11 -1.364 -1.542 -0.540 0.038
(0.258) (0.387) (0.345)

12 -1.492 -1.702 -0.593 0.052
(0.280) (0.452) (0.343)

13 -1.675 -1.895 -0.688 0.083
(0.328) (0.539) (0.343)

14 -1.747 -1.936 -0.647 0.108
(0.371) (0.580) (0.357)

15 -1.903 -2.054 -0.684 0.129
(0.434) (0.641) (0.405)

Notes: This table presents the multiplier estimates corresponding to the ones in Figure A.8a. The values in paren-
theses under the multipliers indicate the standard errors. The last column indicates the weak instrument robust
Anderson-Rubin p-values for the difference in multipliers across states.
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Table A.9: Estimates of multipliers across states of inflation - Monetary Policy Regimes

Horizon Linear High Low AR
Model Inflation Inflation p-value

3 0.294 0.297 0.239 0.355
(0.897) (0.897) (3.060)

4 -0.227 -0.228 0.072 0.810
(0.432) (0.486) (1.154)

5 -0.370 -0.418 0.078 0.675
(0.320) (0.403) (0.746)

6 -0.403 -0.462 0.113 0.452
(0.267) (0.378) (0.574)

7 -0.468 -0.555 0.134 0.250
(0.252) (0.379) (0.520)

8 -0.569 -0.716 0.148 0.129
(0.267) (0.431) (0.489)

9 -0.799 -1.010 -0.058 0.108
(0.326) (0.578) (0.407)

10 -1.144 -1.586 -0.211 0.048
(0.472) (0.992) (0.345)

Notes: This table presents the multiplier estimates when adding monetary policy regime dummies to Equation (5).
The values in parentheses under the multipliers indicate the corresponding standard errors. The last column indicates
the weak instrument robust Anderson-Rubin p-values for the difference in multipliers across states.
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Table A.10: Estimates of multipliers across states of inflation - quarterly data

Horizon Linear High Low AR
Model Inflation Inflation p-value

13 -0.071 -0.079 0.049 0.353
(0.032) (0.031) (0.166)

14 -0.072 -0.081 0.036 0.217
(0.028) (0.025) (0.131)

15 -0.081 -0.086 0.016 0.181
(0.024) (0.023) (0.106)

16 -0.075 -0.080 0.029 0.053
(0.023) (0.023) (0.115)

17 -0.074 -0.075 -0.005 0.152
(0.020) (0.021) (0.097)

18 -0.078 -0.078 -0.015 0.183
(0.020) (0.020) (0.094)

19 -0.081 -0.081 -0.054 0.342
(0.018) (0.018) (0.078)

20 -0.082 -0.083 -0.051 0.289
(0.017) (0.015) (0.077)

21 -0.083 -0.083 -0.047 0.155
(0.016) (0.013) (0.076)

22 -0.087 -0.085 -0.067 0.159
(0.015) (0.012) (0.064)

23 -0.085 -0.083 -0.046 0.032
(0.014) (0.011) (0.066)

24 -0.091 -0.087 -0.066 0.049
(0.015) (0.011) (0.058)

25 -0.092 -0.090 -0.046 0.030
(0.015) (0.010) (0.062)

26 -0.091 -0.087 -0.051 0.043
(0.014) (0.010) (0.057)

27 -0.091 -0.089 -0.053 0.067
(0.014) (0.009) (0.055)

28 -0.092 -0.089 -0.069 0.177
(0.014) (0.009) (0.050)

29 -0.090 -0.088 -0.059 0.129
(0.013) (0.009) (0.042)
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30 -0.089 -0.089 -0.049 0.130
(0.013) (0.009) (0.047)

31 -0.092 -0.091 -0.059 0.187
(0.013) (0.009) (0.042)

32 -0.093 -0.092 -0.063 0.178
(0.013) (0.010) (0.042)

33 -0.094 -0.092 -0.068 0.236
(0.013) (0.010) (0.039)

34 -0.099 -0.096 -0.080 0.403
(0.014) (0.010) (0.037)

35 -0.107 -0.100 -0.100 0.708
(0.016) (0.011) (0.036)

36 -0.114 -0.106 -0.105 0.815
(0.018) (0.012) (0.034)

37 -0.117 -0.108 -0.109 0.848
(0.018) (0.012) (0.036)

38 -0.120 -0.110 -0.115 0.941
(0.019) (0.013) (0.035)

39 -0.122 -0.110 -0.120 0.847
(0.019) (0.012) (0.035)

40 -0.125 -0.112 -0.128 0.672
(0.019) (0.013) (0.035)

Notes: This table presents the multiplier estimates when estimating Equation (5) using quarterly data. The values in
parentheses under the multipliers indicate the corresponding standard errors. The last column indicates the weak
instrument robust Anderson-Rubin p-values for the difference in multipliers across states. Similarly to the yearly
exercise, the Table only reports information from year 3 onwards.
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Figure A.1: Wage inflation (solid) and unemployment rate (dash) across countries
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Notes: These figures plot a time-varying estimate of the mean wage inflation (solid line) and mean unemployment
rate (dashed line) using a 20-year rolling window for each country.
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Figure A.2: Panel-OLS 20-year Rolling Window
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Notes: This figure plots a time-varying estimate of the persistence coefficient of the wage Phillips curve (parameter
γ, in Equation (1)), using OLS and annual data from 1870 to 2019 for all 18 countries. In blue, I estimate the parameter
γ also controling for inflation expectations by estimating: πw

c,t = µc + πe
t+1 +φuc,t + γπp

c,t−1 + ϵc,t. It is computed
based on a rolling OLS regression using a 20-year window and displays a 90% confidence band.

Figure A.3: Panel-OLS 20-year Rolling Window with year fixed effects
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Notes: This figure plots a time-varying estimate of the slope of the wage Phillips curve for two different specifications
of Equation (1). In brown, I estimate the parameter φ by estimating: πw

c,t = µc + δt + φuc,t + γπp
c,t−1 + ϵc,t. In

blue, I estimate the parameter φ by estimating: πw
c,t = µc + πe

t+1 + φuc,t + γπp
c,t−1 + ϵc,t. In both specifications I

am using Panel-OLS and annual data from 1870 to 2019 for all 18 countries. It is computed based on a rolling OLS
regression using a 20-year window with year fixed effects (δt) and displays a 90% confidence band.
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Figure A.4: Panel-OLS 20-year weighted Rolling Window
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Notes: This figure plots a time-varying estimate of the slope of the wage Phillips curve for a weighted version of
Equation (1). I am using Panel-OLS and annual data from 1870 to 2019 for all 18 countries. It is computed based on
a rolling OLS regression using a 20-year window weighted by population size. It displays a 90% confidence band.

Figure A.5: Impulse Responses of Cumulative Changes in Unemployment and Wage Inflation
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Notes: These impulse responses for cumulative unemployment and cumulative wage inflation are obtained from
the OLS regressions (3) by changing the dependent variable from the average 1

h

∑h
j=0 yc,t+j to the difference

yc,t+j − yc,t−1. They display 90% confidence sets and show the temporary effect of the monetary policy shock
to unemployment and the persistent effect to the wage inflation (in line with the persistent effect to price inflation
in Jordà et al. (2020)).
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Figure A.6: Sample composition for Phillips multiplier estimation
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Notes: This figure displays which year-country observations are being used when estimating the Phillips multiplier
for the matched sample.

Figure A.7: Sample composition for state-dependent Phillips multiplier estimation
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Notes: This figure displays which year-country observations are being used when estimating the state-dependent
Phillips multiplier in periods of high (blue) versus low (red) inflation. Differences to the main sample used (Figure
A.6) represent the periods with inflation smaller than -2% or above 40% as per definition.
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Figure A.8: State-Dependent Phillips multiplier and IRFs
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Notes: This figure presents a robustness exercise with a higher horizon (15 years) and an unmatched sample, that is,
using all available information and abstracting from eventual sample changes across each horizon as the number of
observations decreases from 1000 to approximately 650. Here, I also control for two lags of unemployment and wage
inflation, country fixed effects, and world GDP growth. The Olea and Pflueger (2013) effective F-statistic of the IRFs
are around 30 and 50, for unemployment and wage inflation respectively, and always above the 10% TSLS threshold.
Figures display 90% confidence bands for the baseline scenario. The state-dependent multipliers are significantly
different for horizons between years 9 and 12 as one can confirm in Table A.8. Across all figures, one can distinguish
the state by its color and shape, short-dashed orange shape for low inflation and long-dashed green shape for high
inflation.
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Figure A.9: Quarterly Data Phillips multiplier and IRFs
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Notes: Phillips multiplier estimations using the trilemma IV as an instrument, using a matched sample of 465 quar-
terly observations between 1995q1 and 2019q4, and controlling for two lags of unemployment and wage inflation,
country fixed effects, and world GDP growth as explained in Equation (4). For the multiplier (upper-left), the shaded
area corresponds to the 90% confidence interval implied by the normal limiting distribution of the 2SLS estimator,
while the dashed lines correspond to the two-sided 90% Anderson-Rubin confidence sets robust to weak instru-
ments. The F-statistics (upper-right) are computed using the method presented in Olea and Pflueger (2013). The
impulse responses (bottom panels) for average wage inflation and average unemployment are obtained from the OLS
regressions (3) and display 90% confidence sets.
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Figure A.10: Sample composition for state-dependent quarterly Phillips multiplier estimation
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Notes: This figure displays which year-country observations are being used when estimating the state-dependent
Phillips multiplier in periods of high (blue) versus low (red) inflation.
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Appendix B Historical periods

It is important to have clearly and coherently identified historical periods as we proceed to a
deeper investigation of the research question. Table B.1 underlies this analysis. It summarizes the
allocation of countries to historical periods and their sources. Given that the main channel being
analyzed is the low inflation environment, it is crucial to know when countries were targeting
either the price of gold or some type of consumer price index.

Identifying the periods of the Gold Standard, the Bretton Woods and the Explicit Inflation Tar-
geting is straightforward. It is based on documented evidence on which countries were partici-
pating in one of the above mentioned regimes by either keeping their exchange rate fixed to the
price of gold or by targeting inflation.13

Dates for the Gold Standard come from Reinhart and Rogoff (2009) and can be confirmed
using different sources such as Bordo and Rockoff (1996) and Diebold et al. (1991). Dates for
the Bretton Woods and the Explicit Inflation Targeting come from Central Banks’ websites and
were complemented by data from Ilzetzki et al. (2019). Even though the countries present in the
Bretton Woods system agreement (1944) started to progressively adopt a fixed exchange rate, I
define the start of the Bretton Woods era in 1946 after the creation of the International Monetary
Fund (IMF) in December, 1945.14 The Bretton Woods system broke down on 15 August, 1971 thus,
I decided to classify 1971 as the last effective year of this epoch.

The first World War went from July 1914 to November 1918 while the second World War
started on September, 1939 and ended on September, 1945. Consequently, it was easy to define
the Interwar Period with the caveat of choosing 1922 as the beginning of this period to remove
the effects of the post-war recession mostly felt in Europe, a common practice in the literature.

Finally, one needs to argue on the exact year when countries started implicitly targeting infla-
tion. While explicit inflation targeting, in the sense of it being announced by the national Central
Banks, started only in the nineties, there is a long literature arguing that some countries were
implicitly doing it before that.

According to Von Hagen (1999), “the Bundesbank began to announce inflation targets together
with adopting monetary targeting, first a series of ‘unavoidable’ inflation rates and, from 1986 on, a
fixed rate of 2%”.15 The German Mark accounted for roughly one-third of the weight of the Eu-
ropean Currency Unit (ECU) value from 1984 until 1999. Given both Germany’s importance to
the ECU and its adoption of an inflation target, I am considering that countries who already be-

13One can be wary about whether some countries during the Bretton Woods era were indeed acting accordingly
to the agreement (e.g. France as in Bordo et al. (1995)) nonetheless, I am only looking at the participation.

14The starting dates for most countries coincide with the effective date of IMF membership available online here.
Nevertheless, I acknowledge that if a country had its currency pegged to a major currency such as the US dollar, it
is expected that they were implicitly “part of” the Bretton Woods system.

15Some others would agree on a date even before 1986 (Mishkin 2001).
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long to the European Exchange Rate Mechanism (EERM) such as Denmark, France, Ireland, Italy,
Netherlands and then countries who later join the EERM as Belgium, Finland, Portugal, Spain
and the UK or pegged their currencies to the ECU such as Norway and Sweden, are implicitly
adopting a behavior of targeting price inflation. For Japan, this definition is based on the work
of Jinushi et al. (2000) who thoroughly explains why Japan was implicitly targeting inflation by
1987.

Ungerer (1997), page 183, tells us that Norway and Sweden pegged their currency to the ECU
and in 1990 and 1991 respectively. Even though they abandoned such a peg later on, both of them
became explicit inflation targeters - Norway in 2001 and Sweden in 1993.

UK was a member of the ERM from October 1990 to September 1992. Shortly after, it became
the first explicit inflation targeter in Europe. Finally, and even though only in 2012 did the FED
announce its explicit target to inflation, Goodfriend (2004) argues that “monetary policy as con-
ducted in the Greenspan era can be characterized as implicit inflation targeting”, hence, I consider
that in 1988 the USA was an implicit targeter.

According to Berg and Jonung (1999), Sweden had an experience similar to inflation targeting
between 1931-1937 thus undergoing into an attempt to mimic the price stabilization features of
the gold standard while eliminating the volatility produced by shocks to the gold market.
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Table B.1: Allocation of countries to historical periods

Gold Standard Bretton Woods Implicit Inflation Target Explicit Inflation Target CB Foundation
Australia 1870-1915 1949-1971 1993-2020 1993-2020 1911

Reinhart and Rogoff (2009) Reserve Bank of Australia Reserve Bank of Australia Reserve Bank of Australia
Belgium 1878-1914 1946-1971 1990-2020 no 1850

RR 2009 National Bank of Belgium National Bank of Belgium
Canada 1870-1914 1946-1950 / 1962-1971 1991-2020 1991-2020 1934

RR 2009 Bordo et al. 2010 Bank of Canada Bank of Canada
Denmark 1876-1917 1946-1971 1986-2018 no 1818

RR 2009 Danmarks Nationalbank Danmarks Nationalbank
Finland 1877-1914 1948-1971 1995-2020 no 1811

RR 2009 Suomen Pankki Suomen Pankki
France 1878-1914 1946-1971 1986-2020 no 1800

RR 2009 Banque de France Banque de France
Germany 1871-1914 1952-1971 1986-2020 no 1876

RR 2009 Bundesbank Von Hagen (1999)
Ireland 1880-1914 1957-1971 1986-2020 no 1943

RR 2009 Banc Ceannais na hÉireann Banc Ceannais na hÉireann
Italy 1884-1917 1947-1971 1986-2020 no 1893

RR 2009 Banca D’Italia Banca D’Italia
Japan 1897-1917 1952-1971 1987-2020 2012-2020 1882

RR 2009 Shizume (2018) Jinushi et al. 2000 Bank of Japan
Netherlands 1875-1914 1946-1971 1986-2020 no 1814

RR 2009 De Nederlandsche Bank De Nederlandsche Bank
Norway 1875-1914 1946-1971 1990-2020 2001-2020 1816

RR 2009 Norges Bank Norges Bank Norges Bank
Portugal 1870-1891 1961-1971 1992-2020 no 1846

RR 2009 Bordo and dos Santos (1995) Banco de Portugal
Spain — 1958-1971 1990-2020 no 1874

RR 2009 Banco de España Banco de España
Sweden 1873-1914 1951-1971 1991-2020 1993-2020 1668

RR 2009 Sveriges Riksbank Sveriges Riksbank Sveriges Riksbank
Switzerland 1878-1914 1946-1971 1986-2020 no 1907

RR 2009 Baltensperger and Kugler (2017) Swiss National Bank
UK 1870-1914 1946-1971 1991-2020 1992-2020 1694

RR 2009 Bordo and Schwartz (1999) Bank of England Bank of England
USA 1880-1917 1946-1971 1988-2020 2012-2020 1913

RR 2009 Bordo and Schwartz (1999) Goodfriend (2004) FED

Notes: This Table presents the allocation of countries to historical periods. Further discussion on this follows. All
Central Bank Foundations dates were collected from the Central Banks’ websites.
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Appendix C TheNewKeynesianwagePhillips curve: a panel
framework

In this Appendix section, I derive a panel version of the New Keynesian wage Phillips curve
following closely the work from Galı́ (2011) and Erceg et al. (2000) on staggered wage contracts.
Then, I explore the mechanisms which might lead to changes in the Phillips curve slope across
time.

As in Galı́ (2011), the variant of the staggered wage setting model from Erceg et al. (2000)
presented here assumes that labor is indivisible. Furthermore, I assume that there areC countries,
indexed by c, in order to add a panel component.

In each country, there is a (large) representative household with a continuum of members
represented by the unit square and indexed by a pair (i, j) ∈ [0, 1] × [0, 1]. Where the first
dimension represents the type of labor service in which a given household member is specialized
and the second one determines the member’s disutility from work. The latter is given by:{

χc,t j
ϕ if employed

0 if unemployed

where ϕ ≥ 0 determines the elasticity of the marginal disutility of work and χc,t > 0 is a country-
specific and exogenous labor supply shock which may shift the marginal rate of substitution
between consumption and leisure over time.

The utility is logarithmic in consumption and there is full risk sharing among household mem-
bers. The household period utility is described as:

U(Cc,t, {Nc,t(i)}, χc,t) ≡ log(Cc,t) − χc,t

∫ 1

0

∫ Nc,t(i)

0
jϕdjdi = log(Cc,t) −

χc,t

∫ 1

0

Nc,t(i)
1+ϕ

1 + ϕ
di where Cc,t denotes the household consumption, and Nc,t(i) ∈ [0, 1] is the

fraction of members specialized in type i labor who are employed in period t in country c. In
each country, the representative household maximizes:

E0

∑∞
t=0 β

tU(Cc,t, {Nc,t(i)}, χc,t) subject to a sequence of budget constraints Pc,tCc,t+Qc,tBc,t ≤
Bc,t−1+

∫ 1

0
Wc,t(i)Nc,t(i)di+Πt where Pc,t is the price of the consumption bundle. Wc,t(i) is the

nominal wage for labor of type i, Bc,t represents purchases of a nominally risk-free one-period
bond (at the national price Qc,t), and Πc,t is a lump-sum component of income.16

As in Erceg et al. (2000) and following the formalism of Calvo (1983), workers supplying a
labor service of a given type get to reset their (nominal) wage with probability (1 − θ) each
period. For now, I assume that this probability is constant over time and across countries just like

16As in Galı́ (2011) the sequence of period budget constraints is supplemented with a solvency condition which
prevents the household from engaging in Ponzi schemes.
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the two other parameters β and ϕ. In the next section, I delve further into this issue.
Once the wage has been set, the quantity of workers employed is determined unilaterally by

firms, with households willingly meeting that demand (given that the wage remains above the
disutility of work for the marginal worker). When workers reoptimize their wage in period t,
they do so by choosing a wage W ∗

c,t such that the following first order condition holds:17∑∞
k=0(βθ)

kEt

[
Nc,t+k|t
Cc,t+k

(
W c∗

t

Pc,t+k

−McMRSc,t+k|t

)]
= 0 where Nc,t+k|t denotes the quantity

demanded in period t + k of a labor type whose wage is being reset in period t, MRSc,t+k|t ≡
χc,t+kCc,t+k(Nc,t+k|t)

ϕ is the relevant marginal rate of substitution between consumption and
employment in period t+k, and Mc ≡

ϵc
(ϵc − 1)

is the desired (or flexible wage) markup, with ϵc

denoting the wage elasticity of demand for the services of each labor type assumed to be constant
over time.18

Log-linearizing the above optimality condition around a perfect foresight zero inflation steady
state, using lower case letters to denote the logs of the corresponding variable and letting µc ≡
log(Mc), we obtain the approximate wage setting rule:

w∗
c,t = µc + (1− βθ)

∞∑
k=0

(βθ)kEt[mrsc,t+k|t + pc,t+k] (6)

When nominal wage rigidities are present (θ > 0), new wages are set as a constant markup
over a weighted average of current and expected future price-adjusted marginal rates of substi-
tution. Furthermore, log-linearizing the expression for the aggregate wage index around a zero
inflation steady state we obtain:

wc,t = (1− θ)w∗
c,t + θwc,t−1 (7)

Moreover, letting mrsc,t ≡ cc,t+ϕnc,t+ ξc,t denote the economy’s average (log) marginal rate of
substitution, with ξc,t = log(χc,t), we can write:

mrsc,t+k|t = mrsc,t+k − ϵcϕ(w
∗
c,t − wc,t+k) (8)

I proceed to combine Equations (1) through (3) in order to derive the baseline wage Equation in
each country c:

πw
c,t = βEt[π

w
c,t+1] + λc(µc,t − µc) (9)

17For details of the optimal wage setting condition derivation see Erceg et al. (2000).
18See Galı́ et al. (2012) for an application of a one-country framework allowing for time variations in the desired

wage markup.
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where πw
c,t ≡ wc,t − wc,t−1 is wage inflation, µc,t ≡ wc,t − pc,t − mrsc,t denotes the (average)

wage markup in country c and µc,t − µc is the natural wage markup, the gap between the aver-
age real wage and the marginal rate of substitution that would prevail under flexible prices. By

assumption, we then have λc ≡ −(1− θ)(1− βθ)

θ(1 + ϵcϕ)
< 0.

Even though this relation holds irrespective of the wage setting process, I further assume
partial indexation of wages to a measure of lagged price inflation (πp

t−1) when there is no reop-
timization of wages, with probability θ each period. Such assumption is reasonable when we
consider that there exists a strong positive correlation between wage inflation (πw

t ) and lagged
price inflation (πp

t−1) at the country level as showed in Table A.4. Following Galı́ and Gambetti
(2020), this changes Equation (9) to:

w
c,t = βEt[π̃

w
c,t+1] + λc(µc,t − µc)

where π̃w
c,t ≡ πw

c,t − [γπp
t−1 + (1 − γ)π] and γ is the degree of indexation. Further assuming

that the natural wage markup follows an AR(1) with persistence ρw one can re-write the previous
Equation as:

π̃w
c,t =

λc

1− βρw
(µc,t − µc) (10)

Next, I introduce unemployment explicitly in the model. Following Galı́ (2011), an household
member (i, j) uses a household welfare criterion to decide whether she finds it optimal to partic-
ipate in the labor market. She does so whenever the real wage prevailing in her trade is above her

disutility from working, that is, if and only if: Wc,t(i)

Pc,t

≥ χc,tCc,tj
ϕ Thus, the marginal supplier

of type i labor (employed or unemployed) in country c, which I denote by Lc,t(i), is implicitly

given by: Wc,t(i)

Pc,t

= χc,tCc,tLc,t(i)
ϕ Log-linearizing and aggregating yields:

wc,t − pc,t = cc,t + ϕlc,t + ξc,t (11)

where lc,t ≡
∫ 1

0
lc,t(i)di can be interpreted as the model’s implied labor force, andwc,t ≡

∫ 1

0
wc,t(i)di

is the average wage, both expressed in logs. Naturally, the unemployment rate can be defined as:

uc,t ≡ lc,t − nc,t (12)

Combining Equations (11) and (12) with the expression for the average wage markup µc,t yields
the following linear relation between the wage markup and the unemployment rate:

uc,t = µc,tϕ
−1 (13)
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Let us define the natural rate of unemployment, un
c,t, as the rate of unemployment that would

prevail in the absence of nominal wage rigidities. It follows from the assumption of a constant
desired wage markup that un

c,t is constant and given by:

un
c = µcϕ

−1 (14)

Thus, in the framework above unemployment is a consequence of workers’ market power (that
is, of the wage being above their perfectly competitive level), while unemployment fluctuations
result from the slow adjustment of wages.

Finally, combining Equations (10), (13) and (14) and defining φc ≡ ϕλc

1− βρw
we obtain the

following panel version of a New Keynesian wage Phillips curve (henceforth, NKWPC):

πw
c,t = (1− γ)π + γπp

t−1 + φc(uc,t − un
c ) (15)

C.1 A time-varying New Keynesian wage Phillips curve

A classical assumption across existing studies on the Phillips curve is to have time-invariant
parameters (β, θ, ϵ, ϕ). Notwithstanding, one should be wary of it when estimating a Phillips
curve using such long samples as this current work. An economy arguably changes within 150
years.

Romer (1990) argued that the frequency of price (wage) adjustments was likely to vary in
response to the volatility of the economic environment. In particular, he claimed that the fre-
quency would be lower in an environment of low inflation with lower volatility. This belief is
corroborated by the recent empirical works of Gagnon (2009) and Nakamura et al. (2018).

Some literature followed this assumption either by modeling time-varying parameters as ran-
dom variables (Romer 1990; Primiceri 2005) or by allowing for different parameters in different
sub-sample periods (Galı́ and Gertler 1999; Smets and Wouters 2007).

In this work, given its historical perspective, I assumed that the model parameters might vary
across time and make use of a rolling window estimation to motivate the main finding of the
paper. From Equation (15), one can see how the slope responds to the parameters by looking at

its definition: φ ≡ − ϕ(1− θ)(1− βθ)

(1− βρw)θ(1 + ϵϕ)
< 0

The slope of the NKWPC is negative by assumption. The relation between the slope and
the remaining parameters can be found in Figure C.1. Given the support of its fundamental
parameters, it depends positively and strongly on θ.

If firms adjust prices more frequently, the NKWPC slope decreases in absolute value. There-
fore, one expects that in periods of lower inflation, firms adjust prices and wages less often thus
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Figure C.1: Slope of the NKWPC
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Notes: Calibration. The discount factor, β is set to 0.99 and the persistence of the natural wage markup gap ρw is set
to 0.5. The Calvo wage stickiness parameter, θ, imply an average duration of individual wages of one year, in a way
consistent with much of the micro evidence Nakamura and Steinsson (2008). The curvature of labor disutility, ϕ, is
set to be 5, a value consistent with a Frisch labor elasticity of 0.2. Galı́ (2011) shows that ϕ, ϵ, and the steady-state
unemployment rate u have the following relationship: ϕu = log(ϵ/(ϵ− 1)). Given that ϕ is set to 5, the value of ϵ is
set to 2.15. This is consistent with a steady-state unemployment rate of 5.4 percent, the average unemployment rate
in the full sample (Table 1).

flattening the slope of the Phillips curve (Benati 2007). This rationale is in line with two strands
of the literature.19

The theoretical state dependent pricing literature states that, at low inflation levels, the fre-
quency of wage (price) adjustment decreases. Since workers and firms respond less to shocks at
low inflation, the overall price level also becomes less reactive, leading to a substantially flatter
Phillips curve (Costain et al. 2022).

An alternative argument hinges on the theory of nominal price rigidities (Tobin (1972), Ak-
erlof et al. (1996), Benigno and Ricci (2011), Daly and Hobijn (2014), Gagnon and Collins (2019),
Lindé and Trabandt (2019)). It claims that during periods of low inflation, nominal wages (prices)
tend to be more rigid downwards than upwards and thus, they will react less to changes in the
unemployment rate.

19It is not the focus of this paper to test which theory is more suitable but rather test whether in periods of low
inflation we see a weaker wage inflation-unemployment tradeoff.
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