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Abstract

We propose a nonlinear "Inverse-L" (Inv-L) New Keynesian (NK) Phillips curve to explain the infla-
tion surge of the 2020s. We measure labor market tightness as the ratio of job vacancies to unem-
ployed workers and introduce the "Beveridge threshold"—a critical level above which both demand
and supply shocks have amplified effects on inflation. After presenting robust statistical evidence
for the Inv-L NK Phillips curve, we develop an NK model with search-and-matching frictions that
provides a theoretical foundation for our empirical findings. Our analysis suggests that it is possi-
ble to reduce high inflation when labor market tightness exceeds the Beveridge threshold without
triggering a severe recession, provided that inflation expectations remain stable. The necessary ad-
justment occurs primarily through declining vacancies.
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Figure 1: Inflation and Labor Market Tightness in the United States, 1960-2024. The y-axis represents
the annualized inflation rate (CPI inflation), while the x-axis represents In (%), the natural logarithm
of the vacancy-to-unemployment ratio.

1 Introduction

We propose replacing the canonical New Keynesian Phillips curve with an inverse-L (Inv-L) New
Keynesian (NK) Phillips curve[| The distinctive shape of the Inv-L curve, a slanted backward L,
explains the sharp rise in U.S. inflation following the COVID-19 pandemic in early 2021 and its mod-
eration by late 2024. Neither policymakers nor market participants anticipated the force or duration
of the surgeE| This forecast failure exposed a blind spot in modern macroeconomics. We argue that
the Inv-L NK Phillips curve accounts for this failure and the observed inflation dynamics, and has
significant policy implications.

The conventional NK Phillips curve struggles to explain the surge of the 2020s for three reasons. First,
pre-surge estimates indicate a flat, linear curve where economic slack or tightness has little effect on
inflation. Second, variations in traditional supply-shock measures predict a negligible impact on core
inflation. Third, while conventional wisdom suggests that unanchored inflation expectations played
a central role in generating the Great Inflation of the 1970s, expectations remained remarkably stable
in the 2020s. This leaves the standard model lacking the usual suspects for the surge.

1See Woodford (2003) and Gali (2016) for textbook treatments.
2See Figuresandin the Appendix



By contrast, our Inv-L NK Phillips curve accounts for the entire surge in inflation — both its onset
and moderation in 2024 — by introducing a nonlinearity that amplifies the effects of both supply and
demand shocks during unusually tight labor markets. The proposed curve also sheds light on the six
inflationary surges observed over the past 115 years in U.S. history as discussed in Section 2.

Our analysis can be motivated by Figure [I} It draws inspiration from the seminal work of Phillips
(1958), who plotted a curve in a scatter diagram relating nominal wage growth to the unemployment
rate in the United Kingdom (see Section 2). Our figure, in contrast, shows annualized quarterly
inflation along with the vacancy-unemployment ratio (v/u) in the United States from 1960 to 2024,
split into four subperiods. One can hardly fail to notice an inverse L shape in the upper left and
lower right corners whenever labor market conditions exceed a certain threshold close to v/u =1
(log(v/u) = 0). Purple squares, present only in the samples from 1960-1969 and 2008-2024, mark
periods of labor shortage when v/u crosses this threshold, while blue circles represent normal labor
conditions below it.

The threshold defining the kink in the Inv-L Phillips curve has an interesting interpretation. Bev-
eridge (1941) defines v/u = 1 as the focal point where the labor market is neither slack nor tight—
that is, the number of unemployed workers equals the number of vacant jobs. We label the inflection
point the Beveridge threshold.

Our first contribution is empirical and aligns closely with the established literature estimating Phillips
curves and reflects recent developments showing that the vacancy-unemployment ratio is a better
measure of economic activity than the unemployment rate alone Our contribution is to identify a
piecewise-linear specification that approximates an inverse L with a single threshold. The threshold
is determined by maximizing the likelihood estimation resulting in a kink point of approximately 1EI

Our empirical results show that crossing the threshold amplifies the impact of supply shocks and v/u
itself on inflation. This shift is not only statistically significant but also economically important. For
example, the slope of the Phillips curve with respect to v/u increases by a factor of six in our baseline
estimation, past the threshold. Once the threshold is crossed, supply shocks significantly spill into
core inflation. In contrast, below the threshold, supply shocks are estimated to have a trivial effect on
core inflation.

Despite using data from 1960 to 2024, a linear Phillips curve fails to explain the inflation surge in the
sample, attributing most of it to residual error terms. In contrast, the empirical estimation of the Inv-L
Phillips curve captures the surge effectively, fully explaining the 2022Q1 peak with one-third driven
by supply shocks and two-thirds by labor-market tightness.

Our second and primary contribution is a theoretical framework: we develop a new model that in-
corporates (v/u) into a standard New Keynesian setting, drawing inspiration from the search-and-
matching literatureE] An important implication of this integration is that the resulting Phillips curve

3See discussion in Subsectionand Section

“Recently, Michaillat and Saez (2022) present a model in which this threshold corresponds to the optimal allocation of
labor.

5See, e.g., Pissarides (2003) for an overview.



deviates from the traditional formulation by replacing the output gap or unemployment with v/u as
the relevant measure of economic activity. Additionally, it incorporates non-linearity through wage

setting.

The framework delivers two major theoretical results. First, the INV-L NK Phillips curve remains
relatively flat with respect to economic activity until it crosses the Beveridge threshold. After this
point, its slope steepens, generating two important effects. Beyond the threshold, supply shocks
have a significantly larger impact on inflation. Additionally, inflation becomes more sensitive to
v/u; that is, the Phillips curve transitions from flat to steep. The empirical results suggest that the
aggregate U.S. time-series data are consistent with our proposed theoretical framework. Another
important theoretical result is the formalization of the Beveridge threshold, derived from the model’s
parameters. We demonstrate that a value of one is just one theoretical possibility; moreover, the

Beveridge threshold may vary endogenously over time.

The remainder of this paper is organized as follows. The second part of the introduction clarifies how
our work extends and differs from existing contributions, outlining key theoretical assumptions in
the process. Section 2 provides historical background on the Phillips curve, situating our proposal
within the broader literature and historical data. Readers uninterested in these details can skip this
section without disrupting the flow of the paper. Section 3 presents our empirical results. Section
4 outlines our model and defines the Inv-L NK Phillips curve. Section 5 derives a piecewise-linear
approximation, identifies the theoretical Beveridge threshold, and demonstrates the role of shocks.
Section 6 applies the complete model to policy analysis, examining various historical episodes, in-
cluding the Great Inflation of the 1970s, the inflation surge of the 2020s, and the "missing deflation"
of 2008.

1.1 Additional discussion and related literature

Rather than surveying the extensive Phillips curve literature, we focus on the work most directly
related to ours, including several additional details and references in the main textﬁ

Consider first our estimation results. We build on recent research showing 7’s superiority in forecast-

ing inflation over traditional metrics of slack (Furman and Powell (2021), Barnichon, Oliveira, and

Shapiro (2021), Domash and Summers (2022), Ball, Leigh, and Mishra (2022), Barnichon and Shapiro

(2024)). While these studies use linear specifications — except for Ball, Leigh, and Mishra’s (2022)

flexible polynomial — we propose a simple nonlinearity captured by a piecewise linear function that
(%

becomes steeper once § crosses a single thresholdﬂ More importantly, the estimation strategy is
based on a novel theoretical approach, representing proof of Conceptﬂ

6For overview articles on estimation, see Mavroeidis, Plagborg-Moller, and Stock (2014) and Coibion, Gorodnichenko, and
Kamdar (2018). While McLeay and Tenreyro (2019) present several novel results, they also provide a lucid overview of the
literature and challenges in identification.

"We have a more detailed comparison to Ball et al. (2022) in the main text.

80ther papers that consider nonlinearities include Gagnon and Collins (2019). Others have stressed time variation in the
slope, such as Benati (2010), Blanchard et al. (2015), Blanchard (2016), and Matheson and Stavrev (2013).



Prior to the 2020s surge, a consensus emerged that the Phillips curve was "flat"—inflation varied little
with slack/tightness measures. This view is embedded in key policy models, including the Federal
Reserve Board’s FRBUS model, which is a critical input for FOMC meetings. Hazell, Herrefio, Naka-
mura, and Steinsson (2022) reinforced this consensus using cross-state U.S. data to show minimal
inflation response to unemployment changesﬂ Their finding of a flat Phillips curve aligns with ours,
as their 1978-2018 sample never crosses the Beveridge threshold (see also McLeay and Tenreyro (2019)
who also use cross-state data). Recent work using similar methods confirms our conclusion that the
Phillips curve remains flat until this threshold is breached (Cerrato and Gitti (2023) and Gitti (2023))@]
Figure 24/in Appendix B, borrowed from Gitti (2023), provides visual support for this pattern: data
from 21 U.S. Metropolitan Statistical Areas since 2000 display similar relationship as displayed in

Figure[T]

Our theoretical framework is most closely related to the growing literature that integrates NK mone-
tary policy with labor market search and matching, in the spirit of Mortensen and Pissarides (1994).
We benchmark our assumptions against Blanchard and Gali (2010a), an influential paper in this large
and growing fieldE]

Our key contribution is to demonstrate why the Phillips curve steepens sharply beyond the Bev-
eridge threshold, explaining recent inflation dynamics through a nonlinear relationship with ¥ as the
measure of slack. This inverse-L (Inv-L) Phillips curve is generated through three key innovations.

First, by distinguishing between new and existing workers, we show that marginal cost reflects new-
hire wages rather than average wages. Our framework incorporates unemployment-to-employment
transitions, job-to-job moves, and changes in labor-force participation—features often missing from
NK search-and-matching models— even if, admittedly, we do so in a relatively reduced form to pre-

serve parsimony.

Second, we address the common problem of wage indeterminacy in search-and-matching models
(see Hall (2005)) by introducing an employment agency that helps pin down wages. This tractable
mechanism determines wages — if completely flexible — as a function of labor market tightness &.

Third, following Phillips (1958), we incorporate asymmetric wage-setting dynamics. Existing wages
adjust sluggishly but are gradually pulled toward the flexible wage, which serves as an anchor. New-
hire wages cannot fall below existing wages—a constraint that binds during slack labor markets. In
tight markets, however, new hires can command higher wages than existing workers and track the
flexible wage once the labor market crosses the Beveridge threshold

9Their headline result is that a 1 percent decrease in unemployment increases inflation by 0.34 percent.

10Cerrato and Gitti (2023) use similar empirical methods to Hazell et al. (2022) but extend the data to include part of the
surge. Consistent with our findings, they find that the slope of the Phillips curve increases substantially during the surge. See
also Smith, Timmermann, and Wright (2023), who analyze U.S. and E.U. cross-sectional data and detect a kink when the labor
market is running hot. Adrjan and Lydon (2023) document a particularly hot labor market for lower-paid workers.

"For other examples of this integration, see Walsh (2005), Krause and Lubik (2007), Ravenna and Walsh (2008, 2011),
Gertler, Sala, and Trigari (2008), Krause, Lopez-Salido, and Lubik (2008), Gali (2009), Barnichon (2010a), Michaillat (2012,
2014), and Christiano, Eichenbaum, and Trabandt (2016).

12See also Benigno and Ricci (2011), Eggertsson, Mehrotra and Robbins (2019), Schmitt-Grohé and Uribe (2016), for alterna-
tive models of downward wage rigidities.



These three innovations are key to obtaining the Inv-L NK Phillips curve, highlighting the role of &
and departing from the NK model that focuses primarily on unemployment or the output gap. Our
approach clarifies the theoretical conditions under which 7 provides a more informative measure of
inflationary pressures than unemployment alone. Recent studies, including those by Abo-Zeid and
Sheng (2024) and Michaillat and Saez (2024a), similarly emphasize the centrality of  in understand-
ing inflation dynamicsm

Our framework resolves an apparent puzzle: while average wages (e.g., the Employment Cost Index)
and the labor share declined during the surge, labor market tightness intensified alongside rising in-
flationary pressures. This divergence is explained by the fact that marginal costs depend on new
rather than average wages in our model. Beyond the Beveridge threshold, new wages rise substan-
tially above existing wages, which adjust only gradually. This accounts for lower average wages, a
declining labor share, and inflationary pressures due to higher marginal costs reflected in surging
new-hire wages. Evidence supports this pattern: new wages increased markedly relative to existing
ones during the surge, consistent with reported labor shortages and hiring difficulties discussed in
Section

Our focus on new wages as the measure of marginal cost reconciles our results with Bernanke and
Blanchard (2024), but via a different mechanism. While they attribute inflation early in the surge
primarily to supply shocks—using average wages as a proxy for marginal costs, consistent with the
standard NK model—and emphasize labor market tightness only later, our model suggests that the
substantial rise in new wages at the surge’s onset indicates labor market pressure was significant
throughout, as new wages determine marginal costEf]

The pre-surge consensus maintained that oil and commodity shocks had limited, temporary effects
on core inflation. Our framework reconciles this view with recent literature emphasizing that once the
Beveridge threshold is crossed, both supply and demand shocks become amplified. This mechanism
aligns with accounts such as Gagliardone and Gertler (2023), who highlight the interaction between
commodity shocks and monetary policy during the surge.

Beaudry, Huo, and Portier (2024, 2025) attribute inflation primarily to rising inflation expectations
and supply shocks, arguing that the Phillips curve slope remains unchanged. While their analysis has
some empirical support, it largely relies on the University of Michigan Surveys of Consumers’ one-
year inflation expectations (UMich Inflation Expectations) over special subsamples. We argue that
our narrative has stronger backing based on robustness checks across seven alternative expectation
measures to our baseline, totaling eight alternative time series estimates of expectations. For our
short sample, results are robust across all eight metrics, including UMich Inflation Expectations. For
the long sample, results hold for seven of the eight measures The exception is the UMich Inflation

13 Another study highlighting nonlinearities in the Phillips curve is Harding, Linde and Trabandt (2023). A major difference
from our work is that instead of generating nonlinearities through labor shortage, they trace them to quasi-kinked demand for
goods, as in Kimball (1995).

4This reconciles our narrative with theirs: what appears to be a supply shock in standard NK models manifests as labor
market pressure when focusing on new wages.

15The authors experiment with other data slices yielding similar results to our long sample.



Expectations. The other seven measures include one-year CPI expectations from the U.S. Survey
of Professional Forecasters, Cleveland Fed’s one-, two-, and five-year expectations, the 12-month
Livingston Survey, and a market-based measure backcasted by Groen and Middledorp (2013).

What explains this difference? We show in Section [3.3.3|that the Michigan Survey expectations is the
only one out of the eight that is Granger-caused by observed inflation. Specifically, an increase in
inflation predicts an increase in the UMich Inflation Expectations, in contrast to the other seven met-
rics. This arguably contradicts the basic causal structure of the New Keynesian Phillips Curve, where
movements in inflation expectations drive observed inflation through firms’ price setting. Chodorow-
Reich (2024) argues that the Atlanta Fed’s Business Inflation Expectations (initiated in 2011) is the
most appropriate theoretical construct for firms’ pricing decisions. This survey correlates closely with
the Survey of Professional Forecasters, which is one of the series that generates robust conclusions in
our analysisFE]

In Figure[l} each point represents the intersection of aggregate demand and supply in our model. This
poses a challenge to those advocating a flat Phillips curve. To match it, one must rely on coinciden-
tal demand and supply shifts to replicate the inflation-labor market scatterplot, especially once the
Beveridge threshold is crossed. In contrast, our interpretation, grounded in both empirical evidence
and theoretical analysis, identifies a curve that closely mirrors the theoretical relationship proposed
nearly a century ago. This is particularly evident during the 1960s surge, a period marked by lim-
ited supply shocks and modest shifts in expectations. Estimating a piecewise linear Phillips curve
over this period reveals significant steepening, even when controlling for Michigan Survey inflation
expectations.

2 Historical Background

The Phillips curve is one of the most controversial equations in macroeconomics. In this section, we
situate our contribution in a broader historical context. Readers primarily interested in our main

results may proceed directly to Section | without losing the thread of the paper.

Long before Phillips’s work, economists had to take a stance on the relationship between aggregate
output and prices to make meaningful statements about the national economy. Our analysis is closely
related to what Blinder (2022) labels “crude Keynesianism”, which relies on the intuitive but funda-
mental concept of limited production capacity. The early Keynesian literature proposed a simple
relationship between prices and output, depicted as an inverted L-shape in the left panel of Figure
When output is below potential, prices remain fixed in response to variations in aggregate demand

because firms can hire idle workers and some factories remain unused. Once there are no workers left

16See further discussion addressing the Cleveland Fed’s more recent survey in Chodorow-Reich (2024), started in 2018,
which reports overall CPI expectations of CEO’s. This series is currently relatively short, so it is difficult to draw strong
conclusion. Beudry et al (2025) argue they match most closely the Michigan Consumer Survey Expectation. The Cleveland Fed
survey, however, does not contradict our finding since they would fall into the "short sample", which is robust to using UMich
Inflation Expectations.
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Figure 2: The crude Keynesian Phillips curve versus the original Phillips curve proposed and esti-
mated by Phillips in 1958.

to be hired and factories are at full capacity, production cannot expand further, and the aggregate sup-
ply curve is vertical. At this point, the economy enters a neoclassical regime with fully flexible prices.
Our Inv-L NK Phillips curve provides theoretical foundations for this old Keynesian proposition but
with gently sloping legs rather than a sharp 90-degree angle.

Our framework reconciles key insights from both Keynes and Friedmanm Keynes posits that down-
ward wage rigidity explains why increases in nominal spending raise real output and employment.
Yet, he also develops a theory of demand-side inflation—similar to the neoclassical account of World
War II inflation—which emerges when "the size of the cake is fixed" (Keynes, 1940, p. 4).

Similarly, the view that the economy is fundamentally asymmetric aligns with Friedman’s plucking
model. In Friedman (1964, 1993), “output is seen as consistently bumping along the ceiling of max-
imum feasible output, except that it is occasionally plucked down by a cyclical contraction ”(Fried-
man, 1964, p. 17)[F]

Keynesianism took a decisive turn with Phillips’s seminal 1958 paper, whose influence is so profound
that it rarely requires explicit citation. The term “Phillips curve” has become a standard part of the

17See the parallel made in Benigno and Eggertsson (2024b).
18See Dupraz, Nakamura, and Steinsson (2019) for a recent attempt to resurrect Friedman’s plucking model.



macroeconomic lexicon, much like “Nash equilibrium” is seldom attributed to Nash’s original paper

in game theory.

Phillips (1958) emphasized two elements that have largely been lost in subsequent formulations: the
relationship between unemployment and nominal wage growth (rather than price inflation) and, more

importantly, its pronounced nonlinearity. His proposed curve is:

1 Cc
7T§U—Q+b(u) ’
t

where 71} represents wage inflation, u; is unemployment, and 4, b, and ¢ are estimated coefficients.
The right panel of Figure [2| reproduces Phillips’s original curve using his 1861-1913 estimates, with
1 — u; on the x-axis to facilitate comparison with crude Keynesianism@

The two key elements of Phillips’s original work that we emphasize were "lost in translation” when
the Phillips curve came to America in a classic paper by Samuelson and Solow (1960). This paper
played a major role in popularizing the Phillips curve within the economics profession. However, its
formulation also explains why the two elements of Phillips’s original work that we highlight faded
into the background. First, Samuelson and Solow placed much less emphasis on nonlinearity in their
Phillips curve. Second, they replaced wage inflation with the change in the general price level in
their famous "Modified Phillips Curve for U.S.," depicted in Figure 2 of Samuelson and Solow (1960,

p. 192)/

Our Inv-L NK Phillips curve resurrects Phillips’s original insights about labor-market nonlinearity—a
concept that surpasses the simple downward rigidity of nominal wages common in the literature. We
achieve this by incorporating asymmetric wage setting that depends on labor market tightness within
a search-and-matching framework. This resulting asymmetry is central to our Inv-L NK Phillips

curve. The return to Phillips’s fundamental nonlinear wage determination inspires our paper’s titleErI

Turning to more recent history, consider the now-dominant New Keynesian canonical Phillips curve,

which our Inv-L NK Phillips curve aims to replace. It is expressed as:

T = KXt + KoOt + BE: 41 (1)
Keynesian New Keynesian
Phillips Curve Phillips Curve

where 71; denotes inflation, x and «, are coefficients, and x; measures economic activity (either the
output gap, with x > 0, or unemployment, with ¥ < 0). Coefficient B lies between 0 and 1, E;

This reproduces Figure 1 from Phillips (1958), using his least squares estimates of b = 9.636 and ¢ = 1.394, witha = —0.9
determined by “trial and error” using U.K. data from 1861 to 1913.

20Regarding nonlinearity, Samuelson and Solow remark: “The English data show a quite clearly nonlinear (hyperbolic)
relation between wage changes and unemployment, reflecting the much-discussed downward inflexibility. Our American
figures do not contradict this, although they do not tell as plain a story as the English” (Samuelson and Solow, 1960, p. 190).

ZThe title also plays off Krugman’s (1998) famous paper on the zero lower bound on interest rates, which helped launch
a literature on the liquidity trap—a topic that had been largely forgotten and dismissed as an old Keynesian fairy-tale at the
time (Krugman (2021)).



represents the expectation operator, and ¢; captures supply shocks.

The first term in equation (I, indicated by the left underbrace, represents the Keynesian Phillips
curve. This curve was popularized by Samuelson and Solow (1960). The second term incorporates
supply shocks and inflation expectations, reflecting lessons from the Great Inflation of the 1970s and
the subsequent Volcker disinflation of the early 1980s. Together, these components form the New
Keynesian Phillips curve, a cornerstone of modern monetary policy models.

The Keynesian Phillips curve’s collapse as a stable relationship in the 1970s (see Figure [16|in the
Appendix) marked a turning point in macroeconomics. This failure gave rise to the rational expec-
tations revolution, and microfounded models became mainstream—partly because they offered an
explicit account of expectations formation, which could change rapidly with shifts in policy regime.
The breakdown was particularly dramatic because Phelps (1967) and Friedman (1968) had theoreti-
cally predicted it: they argued that any government attempt to exploit the inflation-unemployment
trade-off would be self-defeating as inflation expectations adjusted to the new policy regime, shifting
the relationship as shown in equation (I). When inflation rose in the late 1960s, it appeared the gov-
ernment was attempting to exploit the inflation-output trade-off implied by the Keynesian Phillips
curve. The relationship’s subsequent collapse in the 1970s, exactly as predicted, lent considerable
credibility to Friedman and Phelps’s prophecy.

The Keynesian Phillips curve’s demise in the 1970s is now primarily attributed to two factors: unan-
chored inflation expectations and supply disruptions. The inclusion of expected inflation in equa-
tion , now central to all modern Phillips curve formulations, explains why central banks prioritize
anchoring inflation expectations—a rise in expected inflation acts much like a negative supply shock.

Our work makes two key contributions to the NK formulation in equation (I). First, we emphasize
the nonlinearity and steepness of the curve under labor market tightness, where the parameters x and
Ko increase once the Beveridge threshold is crossed. This feature is crucial for explaining the recent
inflationary surge and reconciling the analysis with historical U.S. inflation dynamics. Second, we
depart from the NK Phillips curve by replacing unemployment with the vacancy-to-unemployment
ratio (v/u) as our measure of slack. This choice proves particularly insightful as historical data show
that inflation’s sensitivity increases when v/u crosses the Beveridge threshold.

U.S. economic data document five instances where 6 = (v/u) substantially crossed a Beveridge
threshold of one: World War I, World War 1I, the Korean War, the Johnson tax cuts coupled with
Vietnam War spending, and the recent labor shortages of the 2020s. Each crossing coincided with an
inflation surge, as shown in Figures [3land f} However, price controls during the first three episodes
complicate empirical analysis, leading us to focus on the period from 1960 to 2024 in the next Sec-

tionE]

Notably, the Great Inflation of the 1970s stands as the only major U.S. inflation surge in the past

115 years not associated with crossing the Beveridge threshold. This aligns with the conventional

22Rockoff (1981) also discusses Nixon'’s price controls from August 1971 to April 1974, shown in Figure@] These controls are
less problematic for our analysis since they occurred without a labor shortage, and our focus is on nonlinearity when v/u > 1.
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Inflation and Expectations
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Figure 5: Inflation: CPI inflation rate at annual rates. 12-month Livingston inflation expectations.

wisdom attributing a significant role to unanchored inflation expectations. As evidenced by the Liv-
ingston survey data in Figure [5| expectations closely followed current inflation during this period.
In contrast, inflation expectations remained remarkably stable during the 2020s surge, particularly at
longer horizons—a distinction that underscores the importance of focusing on labor market nonlin-

earities rather than expectation dynamics, as discussed in detail in the next Section.

Our proposed Inv-L NK Phillips curve retains the critical feature of the NK Phillips curve: the im-
portance of inflation expectations due to forward-looking price setting. This aspect is not present
in “crude Keynesianism” or in much of the early literature on the Phillips curve leading up to the
1970s. Unanchored inflation expectations are crucial in our framework to reconcile it with the 1970s
Great Inflation. This period is the only inflationary episode in the last 115 years in the U.S. not asso-
ciated with the labor market crossing the Beveridge threshold, as we discuss further in Benigno and
Eggertsson (2024a).

Our follow-up paper further develops a connection that we only briefly explore here: the relationship
between the Phillips curve and another cornerstone of macroeconomics, the Beveridge curve. In the
U.S., both the Phillips and Beveridge curves steepen at the same point, the Beveridge threshold. The
nature of the disinflationary process after a surge, whether it leads to a soft or hard landing in terms
of unemployment, depends on whether the surge was driven by labor market tightness (v/u) above
or below the Beveridge threshold@

2Blanchard (1989) provides an early and insightful study of the interaction between these two curves. Recent contributions
to this area include Barnichon and Shapiro (2024) and Michaillat and Saez (2024b).

11



3 Empirical Results

Our strategy is to stay as close as possible to the existing literature on Phillips curve estimation,
which has a long history. Our innovation is simple: we introduce a dummy variable that interacts
with supply disturbances and labor market tightness. The model in Section {4] directly implies these
extensions.

Although Figure [1] hints at the possibility of a nonlinear Phillips curve, each point on a scatter plot
represents an equilibrium outcome viewed through the prism of a general equilibrium model. In the
model we present, for instance, each data point is determined by the intersection of the Phillips Curve
(aggregate supply) and the aggregate demand. Aggregate demand is influenced by the spending
decisions of households and the government, as well as by monetary policy. Consequently, from a
theoretical perspective, one may not have strong reasons to believe that the scatter plot, viewed in
isolation, provides compelling evidence one way or the other.

The identification problem inherent in a scatter plot of this kind has been well understood for over
a century, dating back at least to Lenoir (1913)@ If only the supply curve shifts, the data traces out
demand. Conversely, if only demand shifts, the data traces out aggregate supply. Viewed in this light,
the data for the 1960s, displayed in the upper-left panel of Figure|[l| is interesting. According to the
measures discussed below, the factors influencing the Phillips curve’s shift (such as various proxies
for inflation expectations and supply disturbances) remained relatively stable during this period.
Meanwhile, shifts in aggregate demand during the 1960s are well documented (see, for example,
Blinder, 2022). The figure speaks for itself.

The literature on Phillips curve estimation and identification is extensive, and we refer readers to
the survey articles cited in Footnote [p] for comprehensive reviews. A key insight from McLeay and
Tenreyro (2019, Section 5) is that the Phillips curve relationship can be empirically recovered when

supply shocks and inflation expectations are properly controlled for.

Our main empirical specification is an ordinary least-squares regression with constant coefficients,
allowing for piecewise nonlinearity through a dummy variable. We conduct two additional estima-
tions: first using lagged values as instruments, a common alternative approach, and second allowing
time-varying coefficients estimated via the Kalman filter (detailed in Appendix B). Recall that we
define 6 =  and the Beveridge threshold as 0*. All three approaches support our two central conclu-
sions: (i) the Phillips curve exhibits statistically and economically significant nonlinearity when the
Beveridge threshold is crossed (8 > 6*), and (ii) supply shocks are amplified beyond this threshold.

The empirical implementation requires several decisions regarding which data best represent the
variables in our theoretical framework, developed in the next section. We examine alternative speci-
fications in Section[3.3.3} with additional details provided in the Appendix. First, however, we explain
our use of v/u rather than unemployment alone as our measure of economic slack, following recent
literature cited in the Introduction.

24For the historical context of the identification problem in macroeconomic models, see Christ (1994).
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3.1 Why is it useful to use vacancy-to-unemployed ratio as measure of economic
slack

The inflation surge in the 2020s began in March 2021 as the U.S. economy was recovering from the
recession triggered by COVID-19. During this period, both the core Personal Consumption Expen-
ditures (PCE) index and the Consumer Price Index (CPI) exceeded the Federal Reserve’s 2 percent
target for year-on-year inflation. The core PCE peaked at 5.6 percent in February 2022. The Federal
Reserve began increasing the Federal Funds rate in March 2022, coinciding with the decline of core
PCE. The CPI peaked at 9 percent in June 2022, partially fueled by the war in Ukraine, which inflated

oil prices excluded from the core PCE.

One reason the Federal Reserve delayed rate increases for a full year after inflation exceeded its target
was that traditional measures of slack, such as unemployment, remained well above pre-pandemic
levels. For instance, in March 2021, the unemployment rate stood at 6 percent, while the Federal
Reserve Open Market Committee considered maximum employment to be 4 percent. Another widely
used metric, the prime-age-employment-to-population ratio, was 76.9 in March 2021, considerably
below the pre-pandemic ratio of 80.5. It was not until these metrics returned to their pre-pandemic
levels in March 2022 that the Federal Reserve began raising rates. E]

However, despite traditional measures of slack indicating little reason for inflationary pressures from
the labor market, the ratio of vacancy to unemployed was flashing red. Many firms were desperately
seeking to hire more workers, with numerous establishments partially closing and displaying signs
using "labor shortage" as the reason for the temporary closure (see for example anecdotal evidence
from the U.S. in Figure 20). The vacancy-to-unemployed ratio exceeded 1 in May 2021, reaching its
peak in March 2022 when the Federal Reserve initiated rate hikes. By that time, the v/u ratio had
surpassed 2, signifying the tightest labor market since World War II.

A number of recent empirical studies have opted to use v/u instead of more traditional measures of
labor market tightness, such as unemployment, to explain the inflation surge in the 2020s. The v/u
ratio has proven superior to unemployment alone across multiple performance metrics. Furman and
Powell (2021) find that even in the pre-pandemic period (2000-2019), v/u was the best predictor for
core CP1I, although it did not outperform alternatives like unemployment by a significant margin

As we will see in the theoretical Section, the v/u ratio becomes more informative than u alone under
two conditions: time variation in either (i) the employment match efficiency or (ii) the job separa-
tion rate. Both factors shift the Beveridge curve we derive in our model, and we show both were
quantitatively important during the 2020s inflation surge.

BFor a more detailed discussion of the Federal Reserve’s policy decisions during this period, see Eggertsson and Kohn
(2023).

2(’Figurein the Appendix shows that in the decade leading up to the inflation surge, the v/u ratio signaled largely the
same information as unemployment, consistent with Furman and Powell’s (2021) finding that the gains from using v/u instead
of u to predict core CPI were relatively modest. Figureis based on a regression proposed by Kalantzis (2023).
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3.2 Empirical results using a benchmark regression

In the benchmark empirical framework, we consider the following ordinary least squares regression:

7t = Be + Brrti—1 + (Bo + Bo,Dt) In0; + (B + BoyDi) 0t + BreTti + €4, ()

where B¢, Br, Bo, Bo, Bor Boss Pre are parameters, and ¢; is a zero-mean normally-distributed error.
D; is a dummy variable that takes value one if In(6;) = In % >0.m=1n % is inflation, 71;_1 is its
one-quarter lag, In 6; is the logarithm of the vacancy-to-unemployed ratio, ¢; is a supply shock, and
7§ is inflation expectations.

In formulating (2), we follow as closely as possible the recent literature. Our empirical contribution
is simple: accounting for nonlinearity in a parsimonious way. The nonlinearity takes a special form,
as can be seen from equation (@), i.e., it is piecewise linear in logs. When 6 > 1, the slope of the

regression can differ from that under normal circumstances.

Our piecewise-linear specification differs from, but complements, other recent approaches to Phillips
curve nonlinearity. Ball, Leigh, and Mishra (2022) is closely related to our work. While our approach
focuses on regime-specific nonlinearity (determined by whether 6; > 6*), their specification allows
for continuous nonlinearity through squared and cubed terms of 6;, which they find to be statistically
significant. Figure [T motivates our piecewise-linear specification, suggesting the relationship in logs
can be well approximated by two linear segments linked at a single threshold point. Moreover, this
specification aligns naturally with the theoretical model we develop in the next section.

Table 1 presents estimates from an OLS regression using U.S. quarterly data from 1960 Q1 to 2024
Q4. The dependent variable is core CPI inflation (excluding food and energy prices), with all infla-
tion rates expressed in annualized terms relative to a 2 percent baselineE] While we have already
discussed our key explanatory variable 8 (in logarithmic units), the next subsection details our choice
of other variables. Given the lack of consensus in the literature, we demonstrate robustness to al-
ternative specifications, including identifying the Beveridge threshold by maximizing the likelihood
function of the model.

The first main result from Table 1 is that the Phillips curve exhibits significant nonlinearity in 0 (at the
1% level). Columns (3) and (4) show this for the full sample and 2008-2024 subsample, respectively.
The slope of the curve when 6 > 1 is the sum of the second and third rows, whereas for § < 1 it
is given by the second row aloneEgI While the point estimate for § < 1 has the expected sign, we
cannot reject that the Phillips curve is flat in this region, in the full sample, consistent with the crude
Keynesian model (see panel (a) of Figure[2)in Section [2). When we constrain the slope to be constant,
as shown in columns (1) and (2), the coefficient is larger and statistically significant, suggesting this

significance is driven by periods where 6 > 1. The estimated slope increases by a factor of about 6

Y Estimates are invariant to this adjustment, except for the constant. The choice of 2 percent as baseline, matching the
Federal Reserve’s current inflation target, aids in interpreting the constant term.
28For example, in column (4), the slope when 6 > 1is 0.5185 4 5.4627 = 5.9812.
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in the full sample and 8 in the short sample, when comparing the constant-slope specification to the
slope in periods where 6 > 1.

Table 1: Phillips Curve Estimates

€] @) ®) 4)
1960-2024 ~ 2008-2024  1960-2024  2008-2024

Inflation lag 0.3696** 0.272 0.2547*** —0.1469
(0.0947) (0.2445) (0.093) (0.1926)

In6 0.6722*** 0.7235** 0.2315 0.5185*
(0.1758) (0.3642) (0.1973) (0.3057)

0>1 3.7753*** 5.4627***
(0.8353) (0.8929)

Supply shock (o) 0.0378** 0.0187 0.0447** —0.0096
(0.0192) (0.0395) (0.0205) (0.0229)

0>1 0.1038 0.2743**
(0.0995) (0.1205)

Inflation expectations 0.6612*** 0.7608 0.8104*** 0.5182
(0.1064) (0.6038) (0.1011) (0.4554)

Constant 0.5522%** 0.9027** 0.1922 0.3906
(0.1513) (0.3892) (0.1636) (0.3366)

R? adjusted 0.8134 0.5063 0.8263 0.6617

Observations 260 66 260 66

- % denote statistical significance at the 1,5, and 10 percent level, respectively.
- Newey-West standard errors.

- (1) and (3): sample 1960 Q1 — 2024 Q4

- (2) and (4): sample 2008 Q3 — 2024 Q4
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Figure 6: Left panel: scatter plot of the raw data of inflation and In 6 used in the regression (3) of Table

1, sample 1960 Q1 - 2024 Q4. Right panel: scatter plot of ‘inflation deviations” and In 8, sample 1960

Q1 - 2024 Q4. ’Inflation deviations”: inflation in deviations from its lagged value, the supply shock
and inflation expectations using regression (3) of Table 1.

The second major result is that supply shocks have a larger effect when 6 > 1. For the full sample, the
point estimate suggests this effect is roughly twice as large, although statistical significance is lack-
ing. This imprecision reflects limited identification power: the full sample contains only two periods
where 6§ > 1 (the 1960s and recent period), and the 1960s had virtually no supply shocks (see Figure
in the Appendix). However, in the 2008-2024 sample, we observe a large and statistically signifi-
cant effect of supply shocks when 6 > 1. In contrast, when 6 < 1, supply shocks have economically
and statistically negligible effects.

Beyond our two main results, Table 1 reveals additional insights. The coefficient on lagged inflation
is statistically significant in the full sample but not in the 2008-2024 period, when 6 > 1 for much of
the sample. Section 5|shows this pattern emerges naturally from our theoretical model.

A second insight from Table 1 concerns inflation expectations. While the coefficient is statistically
significant in the full sample, it becomes smaller and insignificant in the 2008-2024 period. This
reduced significance reflects limited variation in our measure of expected inflation during this period,
though we explore alternative measures in Section 3.3.3}

Figure[f|offers a visual interpretation of our regression results. The left panel combines all data points
from Figure[I]into a single scatter plot. The right panel shows inflation after removing the effects of
all explanatory variables from equation (2) except In and the constant. The solid line traces out the
estimated Inverted-L New Keynesian Phillips Curve in (In 6}, 7;) space, showing the relationship in
the absence of shocks.
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Figure 7: Decomposition of the regression (4) of Table 1, sample 2008 Q3 - 2024 Q4, among the various
regressors of equation (2). For the variable In 6, hatching corresponds to the contribution of the vari-
able for the portion of 6 that exceeds the unitary value. For the supply shock g, hatching corresponds
to the contributions of the variable when 6 > 1. Core inflation and all the components are plotted at

annualized quarterly rates.

Figure [7 helps to interpret the quantitative contributions of individual regressors in equation (2),
estimated over the sample period from 2008 Q3 to 2024 Q4. This figure shows actual data, represented
as quarter-on-quarter (annualized) percentage increases in core CPI inflation, plotted with a dashed
blue line with diamonds. For each period, core inflation is decomposed into the contributions from

various regressors.

First, consider the role of labor tightness on the flat part of the Phillips curve. As shown by the solid
yellow bars, an increase in labor tightness up to the unitary value accounts for a modest inflation
increase of about 0.4 percent. However, the majority of the inflation surge is explained by the labor

tightness that arises due to the change in the slope of the Phillips curve once 6 > 1 and the contribu-

tion of 6 exceeding the unitary value.

Similarly, cost-push shocks, once interacted with 6 > 1, played a significant role in driving the surge,
particularly at the beginning. Towards the end of the period, however, these shocks exerted down-
ward pressure on inflation, which was entirely offset by the tight labor market, sustaining inflation

rates above the two percent target.

Supply chain disruptions were widely cited as a key driver of early inflation dynamics. A substantial
literature emphasizes how bottlenecks and supply chain disruptions contributed significantly to the
inflation surge, particularly in its early stages@ Figure 21| provides examples of anecdotal evidence

DSee e.g. Blanchard and Bernanke (2024) and references therein.
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Figure 8: Decomposition of the regression (3) of Table 1, sample 1960 Q1 - 2024 Q4, among the various
regressors of equation (2). For the variable In 6, hatching corresponds to the contribution of the vari-
able for the portion of 6 that exceeds the unitary value. For the supply shock g, hatching corresponds
to the contributions of the variable when 6 > 1. Core inflation and all the components are plotted at

annualized quarterly the rates.

of supply chain disruptions from this period. While our supply shock metric builds on pre-2020
methodologies and does not specifically account for these disruptions, this limitation may explain a
key finding: As shown in Figure [/, the model’s largest unexplained components—represented by the
gray bars—occur in the first two quarters of the surge. This timing suggests that these residuals may
capture the unusual supply-side disruptions. Nevertheless, we maintain our pre-2020 measurement

approach to avoid the risk of ex-post overfitting.

The constant of the regression suggests an interesting economic interpretation. It can be related to
the value for 6 at which inflation is equal to 2% in the absence of shocks, which we denote by §. We
obtain 6 = 0.4359 for the full sample and 0.4708 for the 2008-2024 sub-samplem

An interesting finding from the full sample estimation is that unlike the recent inflation surge, the
Great Inflation was driven primarily by unanchored expectations, which aligns with conventional
wisdom as shown in Figure[8] the full sample analog of Figure[7] More significantly, a point we think
is underappreciated in the literature, this unanchoring—the “original sin”—started during the labor
shortage of the late 1960s, which then may have prepared the groundwork for the expectation driven
inflation surge in 1970’s. This historical experience contrasts sharply with current data, which can

30To see this, first observe that the mean of the supply shock is close to zero, and all inflation measures are considered as
deviations from the 2% target rate. However, the variable In#, is not measured as a deviation from its average value. This
implies that we can support it through equation In 0= —Bc/ Bo, obtaining 0 = 0.4359 and 0 = 0.4708, for the third and fourth
specifications of Table 1, respectively.
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explain why a repeat of the 1970s was not observed, at least so far.

Our follow-up paper by Benigno and Eggertsson (2024a) provides a detailed analysis of Figure
comparing the two periods of labor shortages and their effects on inflation expectations, while also
contrasting them with the four other major inflation surges in the past 115 years of U.S. economic
history discussed in Section 2. In that paper we also show how the model account for the brief
period prior the pandemic when the Beverdige threshold was crossed, without significant inflation

pressures.

Our estimation offers insight into the forecasting failures of policymakers and markets discussed in
the introduction. As shown by the solid yellow bars in Figure [/} the contribution of labor market
tightness to inflation was negligible without accounting for the change in slope. This estimated flat-
ness is of similar order of magnitude to pre-surge literature estimates. Similarly, the effect of supply
shocks on core inflation was also minimal without accounting for the change in slope. Our thesis is
that these forecast failures stemmed from failing to recognize the slope changes. Forecasters may have
been lulled into complacency by the apparent stability of long-term inflation expectations, which was
interpreted as precluding a repeat of the Great Inflation of the 1970s, together with the belief in a flat
Phillips curve.

3.3 Choice of variables in benchmark regression, and robustness check using
common alternatives

In the following subsections, we document the variables used in our benchmark regression in areas
where the literature lacks full consensus. We then assess the robustness of our results to commonly
suggested alternatives, concluding with the widely used estimation strategy that employs lagged
values as instruments. Appendix B discusses another alternative, which allows for time-varying

parameters estimated via a Kalman filter.

The two central empirical results are generally robust, to variable selection or different estimation
strategies, even if point estimates may vary: (i) the Phillips-curve slope increases significantly when
6 > 6%, and (ii) under these conditions, supply shocks have a more substantial impact on inflation.
The robustness of these conclusions is particularly encouraging due to the well-known sensitivity of
Phillips-curve estimates to specification choices and variable selectionErI

3.3.1 Choosing the value for the Beveridge threshold: justifications and robustness checks

We first consider the Beveridge threshold that maximises the likelihood of our model. The maximum
likelihood procedure supports our benchmark choice of the unitary value for the Beveridge thresh-
old, which we choose for presentational purposes, and historical context. The likelihood function is

31See e.g. the survey by Mavroeidis, Plagborg-Moller, and Stock (2014) previously cited, which carefully documents this.
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relatively flat between 68* = 0.9812 (our maximum likelihood estimate) and 6* = 1 for the 2008-2024
sample. Figure[26|use the exact value 6* = 0.9812 resulting in minor differences. We consider this flat
profile, along with historical precedent and simplicity, a reasonable justification for our benchmark
used in the estimation. For the full sample, 1 remains a local maximum, but another local maximum
is at a lower value of 6, shown in Table 2 of Appendix A. The main findings remain unchanged in the
latter part of the sample, with the estimated coefficient being similar. However, for the full sample,
using the lower value of 0 reveals that the effect of supply shocks becomes statistically significant

when 6 > 0%, while the slope coefficient on 6 declines.

Our theoretical framework, developed in the next section, suggests that this threshold may vary
between regions, countries, and time. This can be especially important when modeling different U.S.
regions. Understanding the determinants of the Beveridge threshold remains an important topic for

future research.

3.3.2 Measuring supply shocks and robustness checks

Our finding of non-linearity when once the Beveridge threshold is crossed, i.e., 6 > 0*, is robust
to various traditional measures of supply shocks. The literature uses several approaches: 'headline
shocks,” defined as the difference between headline and core inflation using either CPI or PCE (Ball
et al., 2022), and the gap between import price and GDP deflator changes (Blanchard et al., 2015).
Figure[22]in the Appendix presents these three measures, highlighting an important point: traditional
metrics suggest supply shocks were not particularly large during the recent inflation surge. In our
benchmark regression, we take an agnostic stance by using the first principal component of these
series as our measure for supply shock. Tables 3 and 4 confirm our main findings hold using these
measures separately, with point estimates modestly higher using the Blanchard et al. (2015) proxy

but lower using CPI headline shocks alone.

3.3.3 Measuring inflation expectations and robustness checks

Our results are robust to different measures of inflation expectations with some caveats. We follow
the recent literature by using direct measures of expectations in the estimation. The canonical New
Keynesian Phillips curve (Equation [1|in Section [2) specifies expectations of one quarter in advance
as the relevant metric for firms pricing decisions, i.e, 7y = E;7;41. There is no data on one-quarter
firms inflating expectation. We consider wide variety of expectations used in the literature, to explore
robustness relative to the benchmark considered below.

The perspective we adopt for the construction of expectations follows Bernanke and Blanchard (2024).
They posit that one-quarter-ahead inflation expectations at time t are determined b

32This is obtained by combining Equations 5 and 6 in their paper.
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e me
7-[1. == Etn,'tJrl = h . 7Tt + (1 - h) . 7-[1. (3)
Current inflation Measured short, medium or long-term inflation expectations

where /1 represents the weight of current inflation in forming inflation expectations for the next quar-
ter and 71} is some measure of inflation expectations. The value of i does not affect the estimation
results. Instead, it influence the structural interpretation of the estimated coefficients which is rela-
tively modestEgI

Following Bernanke and Blanchard (2024) our benchmark analysis uses Federal Reserve Bank of
Cleveland measure of inflation expectations to proxy 71;’°. An advantage of this measure is that it
combines various survey evidence along with various market-based data such as Treasury yields, in-
flation data, and inflation swaps. We choose a 2-year horizon expectation, which balances Bernanke’s
(2007) view that longer-term expectations are more important for firms’ price-setting behavior than
short-term ones, with the common practice of using one-year expectations. The Phillips curve is de-
rived from the best pricing decisions of the firms, and therefore the firms” expectations are of primary
relevance@ Figure in the Appendix presents this series.

Our key findings are robust to alternative measures of inflation expectations (71;"®), with one exception
discussed below. These robustness checks are important since the literature is yet to settle on the
most reasonable measure to use. The most common inflation survey in the literature is the survey
of professional forecasters. As shown in Table 5 our two central results are robust to this alternative,

with even the point estimates being close to the benchmark.

Bernanke (2007) argues that longer-term expectations, of a 5-10 year horizon, are of greatest relevance
for firms’ pricing decisions on the basis of the track record of the Board of Governors in forecasting
inflation, which relies heavily on them. Bernanke (2007) cites studies showing the Board forecast
outperforms several statistical benchmarks. We consider 5-year expectations from the Federal Re-
serve Bank of Cleveland, but the 10 year forecast is almost identical (with correlation of 99.89). Table
6 shows that the main results are robust to using this measure, with the point estimate and stan-
dard deviation close in value for each coefficient. In Table 7 we report a metric which may capture
Bernanke’s argument better that long-term expectations and the credibility of the inflation target in-
stead of temporary variations in the inflation rate. We consider 5-year-5-year forward measure from
Groen and Middeldorp (2013) The results are robust for the last part of the sample, when market
based metrics can be applied. For the full sample, which relies on back-casting, however, while the

33For It > 0, the estimated coefficients B, and By and the other’s differ from their structural counterparts f, and By etc

according to B = % All other parameters in the regression are multiplied by the factor ﬁ to obtain a structural
T T
interpretation, e.g., By = %
“hppe

34The Cleveland Fed measure of inflation expectations only goes back to 1982 Q1. We use the interpolated Livingston
Survey’s inflation expectations to patch it backward. Note that the Livingston Survey’s 12-month CPI forecast effectively
represents a 14-month horizon (Carlson, 1977).

%The Groen-Middeldorp measure uses market data for recent periods but relies on backcasting for earlier periods such as
the 1970s.
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point estimates are robust, the standard errors are large and the estimate of the steep part of the slope
looses statistical significance.

We consider various more short-run alternative, such as 1-year inflation expectations from the Survey
of Professional Forecasters and the Cleveland Fed (the latter is shown in Table 9). Table 10, further-
more, shows that the results are also robust to using the 12-month Livingston survey inflation expec-
tations, which are available for the entire sample of analysis, though at a semi-annual frequencyE]

Our result is also also robust to using the University of Michigan’s 12-month-ahead consumer infla-
tion expectations but only if we exlude the Great Inflation and its decline. As shown in Table 8, the
two central findings of our benchmark empirical analysis continue to hold for the recent period (2008-
2024), with results consistent with the benchmark regression, even though the point estimate for the
slope of the steep part of the Phillips curve is smaller. In the full sample, however, the results are
not robust: the slope of the Phillips curve becomes smaller once the Beveridge threshold is crossed, a
result that does not seem to have sensible economic meaning.

This lack of robustness in the expectation measures is specific to part of the Michigan survey data.
We have already noted that the results are robust using the short sample. They remain robust when
considering the period from 1992 Q1 to 2024 Q4, which follows the Great Inflation of the 1970s and its
aftermath. Additionally, the results are stable when examining the sample before the Great Inflation,
from 1960 Q1 to 1969 Q4, which includes data points from both a tight and loose labor market.

One interpretation of this finding is that consumer inflation expectations from the Michigan sur-
vey are more backward-looking than other measures, making them less suitable as a proxy for the
forward-looking expectations that drive firms’ pricing decisions. Additionally, the period from 1970
to 1992, when inflation expectations were unusually unstable, may render the results unreliable.

Future inflation expectations drive firms’ price adjustments according the the New Keynesian Phillips
curve. When firms reset prices, they must forecast future inflation and market conditions, as empir-
ical evidence documented by Nakamura and Steinsson (2008) suggests that prices typically remain
unchanged for several quarters. For the Michigan survey of consumer inflation expectations, we
conjecture that causality may run in the opposite direction: currently observed inflation influences
consumers’ inflation expectations more significantly for this measure than for others, rather than ex-
pectations determining current inflation through firms’ price-setting behavior. We provide suggestive
evidence for this conjecture below.

Different measures of inflation expectations show varying degrees of dependence on observed infla-
tion, as indicated by their correlations when forecasts are madeE] Table[15/in the Appendix presents
these correlations for our baseline and alternative measures, focusing on the sample from 2008 Q3

36Beaudry, Hou, and Portier (2025) confirm the robustness of our findings when using professional forecasters’ inflation
expectations, except when an additional dummy is added to the constant in regression (3) for # > 1. This dummy does not
have any particular meaning when estimating a piecewise linear function with a threshold of 0 for In 6.

%71t is not obvious what the appropriate data counterpart is to observed inflation when inflation expectations are formed.
In the Granger-causality test, we proxy observed inflation by realized inflation at time t — 1 for expectations formed at time ¢,
which ensures that observed inflation is available to people as they make a forecast in period t.
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to 2024 Q4 The 12-month-ahead Michigan Survey and the Survey of Professional Forecasters ex-
hibit the strongest correlations with observed inflation, with coefficients above 0.7. In contrast, the
5-year-5-year inflation expectations show a negative correlation, while our baseline measure has a
moderate 0.6 correlation. This pattern becomes even more pronounced during the 2020 Q4-2024 Q4
inflation episode, where the Michigan Survey’s correlation rises to 0.82 while other measures, includ-
ing our baseline at 0.18, show much weaker correlations. These correlations provide some support to
our conjecture that the Michigan survey expectations are more heavily influenced by the most recent
data.

The 12-month-ahead inflation expectations from the Michigan survey stands out as the only measure
where observed inflation Granger-causes inflation expectations. This means that if you observe high
inflation, you will expect high inflation tomorrow@ To establish this, we examine whether a rise in
observed inflation in a given quarter predicts a rise in inflation expectations (i.e. Granger causality).
As shown in Table[16} only the Michigan survey exhibits Granger causality from observed inflation to
inflation expectations among all inflation expectation measures. In contrast, our benchmark measure
and other alternatives show no such relationship.

The causality from expectations to inflation, however, runs in the opposite direction for most mea-
sures. An increase in inflation expectations Granger-causes observed inflation for all measures ex-
cept the 5-year-5-year forward and 5-year Cleveland inflation expectations. The immunity of these
long-term expectations to observed inflation aligns with conventional wisdom regarding the Federal
Reserve’s credibility during the recent inflation surge, where long-term expectations remained well
anchored. This finding is particularly encouraging for our two key empirical results, as both long-
term expectation measures yield similar overall outcomes to our benchmark estimation, as shown in
Tables 6 and 7.

Our results are also robust to recently developed measures of firm expectations, which exist only for
part of the most recent sample, using proxy series that are most closely related to them. @]

3.4 Additional robustness checks: Alternative estimation strategies, changing
the dependent variable, and replacing lagged inflation with real wages

Our two key empirical findings remain robust to alternative estimation approaches and definitions of
variables. Using lagged variables as instruments—a common approach in Phillips curve estimation—

38 An advantage of restricting our attention to the last of the four sub-periods shown in Figure [l is that we have direct
measures for all expectation variables and do not need to rely on any extrapolations or back-casting.

3More precisely observed inflation gives statistically significant information to predict expected inflation.Please refer to
Footnotefor a precise definition of data counterparts to observed and inflation expectations.

40 Arguably the most relevant expectations are those that directly track firms expectation. The longest such series available
is the Federal Reserve of Atlanta Business Expectations which goes back to 2011. Chodorow-Reich (2024) shows this series
closely matches the Survey of Professional Forecasters and argues for its applicability. We have already shown our result are
robust to this series. A more recent survey is Cleveland’s Survey of Firms Inflation Expectations, which goes back to 2018.
While it may be too early to draw strong conclusion, early evidence suggest it tracks closely the Michigan survey. As we have
shown the results are robust to using the Michigan Survey expectations for the short-sample, which is the only subperiod
which includes this metric for firm expectations.
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confirms our results. This is shown in Table 11, where we instrument both inflation lags and the

natural logarithm of the vacancy-to-unemployment ratio with their first lagsErI

An alternative to our baseline regression allows for only one breakpoint. An extreme alternative is
to permit the parameters to change in every period. The time-varying parameters can be estimated
using a Kalman filter. Our two central empirical results are robust to this approach. Following Blan-
chard, Cerutti, and Summers (2015), we apply this method to the period from 2008 Q3 to 2024 Q4.
Inflation demonstrates heightened sensitivity to both labor market tightness and supply shocks dur-
ing the surge, which is consistent with our two central results. The detailed results and discussion
are presented in Appendix

Our findings remain robust when using core PCE instead of core CPI as the dependent variable (Table
12) and when measuring labor market tightness in levels rather than logarithms (Table 13). We prefer
the benchmark that utilizes the natural logarithm of 8 = v/u, as it is implied by the theoretical model
we derive[]

We deviate from our theoretical model by introducing lagged inflation into the Phillips curve. This
approach allows us to align closely with existing literature. However, the model presented in the next
section implies that lagged wages should enter the equation instead. Table 14 confirms our findings
using this alternative.

3.5 The importance of new wages to the literature finding small role for labor
market tightness

A central feature of the Inverted-L New Keynesian framework is that marginal cost is determined by
the wages of new hires rather than by average wages, a key property we will demonstrate in the next
section. Moreover, we will show that v/u serves as a sufficient statistic for new wages.

During labor shortages (6 > 6*), the wages of new hires can significantly deviate from those of
existing workers within the theoretical framework. This discrepancy can contribute to inflationary
pressures, even if average real wages remain flat or decline.

Bernanke and Blanchard (2024), which we cite extensively, suggest that ”if the Phillips curve is truly
nonlinear, the nonlinearity should appear in the wage Phillips curve, as much of the influence of
labor market slack on price inflation results from its effect on labor market conditions and wages.’
They establish this in their wage equation using average wages to measure firms’ marginal costs.

41The limitation of this approach due to weak instrument problem is reviewed in Mavroeidis, Plagborg-Moller, and Stock
(2014)

42Aclclitionally, using natural logarithms has the advantage that it is irrelevant whether v or u appears in the denominator.

“SFigure shows that a piecewise linear Phillips curve steepening at the Beveridge threshold fits the data in the sample
1960-1969 and 2008-2024 in a scatter plot of wage inflation, using average hourly earnings of production and nonsupervisory
employees, against the log of the vacancy-to-unemployed ratio.
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Figure 9: Measure of new wages relative to existing using income of workers to move from one job to
another (job-to-job transitions) relative to the income of those that stay in their existing job. Source:
ADP Pay Insight derived from payroll record of about 1/5 of US private sector employees

They incorporate a nonlinear term into their equation for average wages and find no evidence of

nonlinearity.

However, as we argue here and formalize in our model, new wages are a better way to approximate

marginal costs in these circumstances. To increase production, firms need to hire new workers.

The most compelling evidence for the rise in real wages at the onset of the surge comes from Auto-
matic Data Processing Inc. This payroll processing company tracks approximately 17 million work-
ers. A commonly used proxy for "new wages" is the wages of workers who switch jobs. ADP Pay
Insights monitors all components of compensation over time, including bonuses, for both workers
who remain with the same firm and those who transition to another, as long as they stay within the
ADP universe.

Figure[9]shows the evolution of nominal wage growth for workers who switch jobs compared to those
who remain in their positions. The shaded region indicates the inflation surge, defined as occurring
from March 2020 to March 2021.

Figure[2§shows data from the Wage Growth Tracker of the Federal Reserve Bank of Atlanta, based on
the Current Population Survey (CPS) a consistent pattern. This survey has two possible factors that
may bias the results downward: it does not account for workers who change jobs due to relocation
and excludes bonuses or other irregular payments, calculating only wages per hour. These factors

may introduce a downward bias.

Both measures, however, may suffer from the issue that a new worker switches jobs because he has
found a more productive match with an alternative firm. Figure [29] based on Crump et al. (2024),
shows that there is a highly significant increase in the posted wage per vacancy during the period
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Figure 10: Inv-L NK Phillips Curve as a function of labor market tightness using the estimates of
Table 1, column (4).

surrounding the inflation surge. This increase is particularly pronounced for the wages of relatively
low-skilled workers.

4 The model

4.1 Roadmap

In this section, we outline the main theoretical result to help readers anticipate the rationale behind
the empirical specification presented in Section 3. We then use the underlying general equilibrium
model to account for the inflation surge, the Great Inflation of the 1970’s and the missing deflation
post 2008.

A simplified variation of the Inv-L NK Phillips curve we derive is:

wltightg, + Kzight@t + BEi(m;1 1 — ) labor shortage 8; > 6
T — 7T = (4)

K0; + K00t + KgE¢ (1111 — 71) normal 6; < 7
where §; captures all model shocks, discussed in detail in this section@

Figure[10]plots this relationship using regression results from column (4) of Table 1, showing both the
Phillips curve slope and the point where 6 (labor market tightness) reaches the inflation target. The

“4Variables with a hat denote log-deviations from their respective steady states; 7t is the inflation target.
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key finding is that /" > x after crossing the Beveridge threshold. The red vertical reference line
demonstrates that beyond a specific tightness level, a tighter labor market drives inflation above the

2% target. The curve is flat around this target until the Beveridge threshold is reached.

When 6 reaches 6* (where In6* = 0), inflation rises to 2.4%. However, in labor shortage territory—

above the Beveridge threshold—doubling 6 from 6* = 1 to 2 increases inflation from 2.4% to 6%.

When there is labor shortage, the response of inflation to supply shocks, §;, is also more pronounced,
i.e. Kgght > Ko, consistent with the empirical evidence. The effect of inflation expectations, however,

is not as clear-cut.

The remainder of this section summarizes the non-linear microfoundations of Equation (4) and presents
the complete set of equilibrium conditions of the model.

4.2 Households and hiring technology

There is a continuum of representative households of measure one. The members have different
disutilities of working. No decision is made about each member’s hours of work (intensive margin),
but the household decides how many members work (extensive margin). In other words, household j
chooses the labor market participation rate. The utility at time ¢ of household j is given by preferences
as in Greenwood, Hercowitz and Huffman (1988)

© 1 , Fr(j) 1=
Y BT (o [ s ewn) ®)
T=t v 0

where C;(j) is consumption of household j, F;(j) is the number of members who participate in the
labor market, while g is the household discount factor satisfying 0 < 8 < 1. Each household member
is indexed by f and has fixed disutility f“ from labor force participation, with w > OF_EI The variable
Xt is an exogenous shock to labor force participation, and ¢ > 0 is a parameter. The variables ¥
and ¢; are treated as exogenous by the household and affect all households in the same way; ¥ is
introduced to simplify the Euler Equation for consumption as clarified in Section |6} while ; is an
intertemporal disturbance that moves the natural rate of interest.

Household members are ordered by their disutility from working. For example, it may be more costly
to have an aging grandmother in the labor force than a prime age woman. Integrating the disutility

EBG) . ER()I@
= ©)

of labor force participation yields

The household decides labor force participation. Not all of the labor force is employed, however,
owing to frictions in the labor market. We will describe the technology for finding a job shortly.

“The use of GHH preferences allows us to abstract from wealth effects in labor force participation, which simplifies the
algebra.

46We borrow this modeling device from Gali (2009), with the difference that he uses it to characterize hours worked on the
intensive rather than the extensive margin.
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In every period t the supply of labor of household j is divided between the employed household
members that participate in production and the unemployed

Fe(j) = N (j) + Ue (), )

where N;(j) is workers employed and U;(j) is the unemployed workers at time ¢ that do not con-
tribute to production in equilibrium.

The standard search-and-matching literature implies that transition dynamics to steady state are
quick, typically measured in months (see e.g. Pissarides, 2003)@ This is frequently used to justify
analyzing the Beveridge curve over time as if in steady state, but subject to shocks, ignoring transition
dynamics. Our empirical model uses data on a quarterly basis. Following Pissarides’s observation,
we make two simplifying assumptions that allow us to abstract from transition dynamics by elimi-
nating state variables, implying, for example, a Beveridge curve which holds period by period, while

subject to shocks, without needing to impose steady state.

The first simplifying assumption is that in each period, (1 — z) of the labor force (F;) is attached
to a firm, where z; is exogenous process that satisfies 0 < z; < 1. Implicitly, we think of this as
employment based on existing firm-employee relationships from period ¢ — 1. In this paper, however,
we do not explicitly model when these relationships formed or keep track of the employment history

at the level of each employee.

We define the (1 — z;)F; workers attached to firms as existing workers, while the z;F; workers who are
not attached but are able to secure employment in period t are defined as new hires. While perfectly
substitutable in production, what differentiates the two groups of workers is that the attached work-
ers receive existing nominal wages prevailing in the market W*, while newly hired workers receive
W, These two wages may or may not be the same, see Section

The total number of employed workers of household j at time ¢ can thus be decomposed into
Ni(j) = Ni* () + Ni° (), ®)
where Nf*(j) represents workers from existing work relationships given by
N (j) = A = z)E(j), ©)

while N/"?(j) is new hires in period t. The workers who form new employment relationship are
drawn from the pool of unattached workers z;F(j).

The second key assumption is that we posit a hiring technology, in which the total number of hires,

47Pissarides observes that "only a small fraction of any disturbance survives after a couple of quarters." Pissarides concludes
that transition dynamics are very quick and, for most empirical work (e.g., tracing the Beveridge curve), "we can treat the labor
market as if it is always at or very near its steady state." The bottom-line of his calibration is that half the adjustment is
completed in a single month. Approximately 95% of the adjustment is done within about 4 months.
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Hy, relative to unemployed workers in equilibrium at time t, Uy, is:

He (V'
Ut = m (ut) ’ (10)

where m; is an exogenous process representing hiring efficiency (analogous to matching efficiency in
standard search-and-matching models), 0 < # < 1 is an elasticity parameter, and U; is equilibrium
unemployment in period f — the portion of the labor force (F;) not participating in production. These
variables are not indexed by j as they do not depend on the choices of each atomistic household

To understand the nature of the equilibrium, it is helpful to observe that 0 < U; < z;F; must hold.
Within the group of unattached workers (totaling z;F;), some may find employment while others are
unemployed in equilibrium. The key distinction between unattached workers who secure employ-
ment and attached workers is their compensation: the former get paid W/*“, while the latter W;*
which may or may not co-incide.

What is the interpretation of the total number of new hires, H;? In standard search-and-matching
models, new hires come from the pool of unemployed workers — a state variable determined at
time ¢ — 1. Hence, H; represents the portion of the unemployed workers from period t — 1 that find
jobs at time t. While our model is consistent with this interpretation in steady state, our preferred
interpretation is broader.

The only restriction on new hires is that 0 < H; < z;F;. The number of unattached workers, z;F;, does
not need to co-incide with the number of unemployed from period f — 1 as in the standard model.
Intuitively, the hiring technology stipulates that the number of total new hires, relative to job seekers
unable to secure employment at time f, depends upon the exogenous matching technology parameter,
m¢, and the ratio of number vacancies and people that end up unemployed in equilibrium at time
t. Hence our hiring technology is subtly different from the standard matching function, typically
interpreted as suggesting that U; represents number of people that are searching for jobs.

Theoretically newly hired workers in the model may belong to a number of sub-groups aside from
those that where unemployed at time ¢t — 1. Consider a worker employed in period t — 1, but is
unattached in period t and successfully lands a new job. This worker is part of z;F; that is hired,
showing up as a job-to-job transition in the data. People who enter the labor force and get hired with-
out any prior connection to firms are another sub-group. A third sub-group are those counted as un-
employed workers at t — 1 who are not attached to firms in period ¢. A fourth group are workers that
are recalled, people hired by firms that had previously fired them or temporarily laid off. Whether a
worker that is recalled belongs to attached or unattached workers (who are hired) depends on if they
are paid the wages of existing workers, or new workers. @

48This second assumption is a bit more subtle than the first. In typical search and matching models, Uy is a state variable
representing unemployment from the prior period, with some unemployed workers finding jobs in period ¢. In our model,
U; is equilibrium unemployment at time t, determined in equilibrium by the number of people unable to secure jobs given the
hiring technology (I0). Rather than being a state variable, U; is determined jointly with other endogenous variables at each
time t, similar to the household employment choice in the neoclassical model.

Y1n line with our broader interpretation of newly hired, H;, Blanchard and Summers (2022) specify conditions under

29



Regardless of interpretation, the key assumption is that the probability of unattached members be-
longing to z;F; being hired is given by the hiring technology .

Given the hiring technology, the hiring probability of an unattached worker at time ¢ is

1—
Ht tht U

f(9t) = ZtFt = Ut (11)

Zt

where u; = U;/ F is the unemployment rate.

The probability of unattached workers representing a new hire is taken as given by the household
since it depends on aggregate variables. The number of new employment matches of the members of
household j is then

N (j) = Hy(j) = f(0r)zFi(j) = wemi; " Fi(j). (12)

Using this, the budget constraint of the household can be written as:

Be(j) + PiCe(j) + Ti = (1+ir-1)Be 1 (j) + Wi (1 = 20) Re(j) + Wiumi8, "Fe(j) + Zf + ZF + PigiO,

(13)
where B (j) is a risk-free nominal bond denominated in units of currency at time # carrying the nom-
inal interest rate i, P is the price index associated with consumption basket C;(j), Ty are lump-sum
taxes, and Z and ZF are the firms’ and the employment agencies’ profits divided equally across
households. Finally, P:q:O; represents the revenues that households receive by selling an interme-
diate input, denoted by O, to firms at the exogenous real price g;. A natural interpretation of this

endowment is oﬂ@]

Substituting equation (6) into the household utility, the household maximizes (B) subject to by
its choice of C¢(j), B¢(j), F:(j) taking as given all the variables not indexed by j in the maximization
problem.

The necessary and sufficient conditions for the household maximization problem are straightforward
to derive and are summarized below. Since all households behave the same in equilibrium we sup-
press the superscript j going forward.

The household’s optimal labor-force participation is:

F =

1
1— w
((1 — zp) W + upmb, ”w?“") , 1)

Xt

which U, is a reasonable proxy for a broader pool of workers that transition into new jobs. They stress the proxy is valid if the
number of each pool of workers is relatively constant over time and argue that the composition effects were not quantitatively
important during the period of central interest, i.e., the inflation surge of 2020s. It is worth pointing out that in principle
one would not need such restriction to apply, as long as one is willing to accept the hiring technology as technological
constraint. A alternative specification of the hiring function is to replace U; with a measure meant to capture search efforts of
all groups looking for jobs. We leave this extension to future work.

0Since the price is treated as exogenous, the household supplies the input perfectly elastically.
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which says that participation is increasing both in tightness and in the real wage, defined as w} =
W] / P where i = new, ex, but can be negatively affected by the shock x;. The optimal consumption
decision is:

X7 = B(1+ir)E; {thlntjlggl}, (15)

in which 8 is the utility discount factor, I'l; = P;/P;_; and

1+w

X;=Cr—x +V¥.. (16)

t
T+w
Finally, a necessary condition for optimality is that the household’s intertemporal budget constraint
holds with equality

We assume that C; is a consumption basket given by a Dixit-Stiglitz aggregator of the form

1 -1 et%l
C = |:/ Ct(i> €t dl:| ,
0

where i indexes consumption of a good of variety i, and €; > 1 is the elasticity of substitution among

the differentiated goods, which is a stochastic variable. The household’s optimal choice of good of

cr(i) = (Ptp(:)) - Ct,

where p;(i) is the price of variety i and

variety i at time ¢ implies

1

1 e
P = [/0 pt(i)l_efdz} o .

4.3 Firms

There is a continuum of firms of measure one, each firm i producing a good of variety i. The source
of demand is household and government consumption, C; and G;, plus the cost, ¥V}, to the em-
ployment agency of posting vacancies measured in units of the consumption good, where vf > 0
is stochastic. We assume that the government spending bundle and the vacancy cost, 7{V;, take the
same form as the Dixit-Stiglitz household consumption basket. The aggregate resource constraint is

Y =Ci+ G+ Vs (17)

A representative firm i faces the following demand, y;(i), for its output, given the assumption we

ye(i) = (ptp(:) ) - Y;, (18)

510r equivalently we can state a transversality condition; see e.g. Woodford (2003) for a discussion.

have made
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where p; (i) is the price of goods of variety i. Firms use labor and intermediate input to produce goods
according to the technology
yi(i) = ANi()* O (i)', (19)

with 0 < « < 1 where A; is productivity, N;(i) = Nf*(i) + N}"*“(i) is the labor employed by firm i,
while Oy (i) is an intermediate input of production (e.g. oil).

The firms’ discounted value of current and expected future profits are:

1

T—t pr—1(i)

(20)
where Q; 1 = [ST’t (X77/Pr)/ (X7 /P;) is the stochastic discount factor the household uses at time
t to value future nominal income at time T. As in the price-adjustment model of Rotemberg (1982),
¢ is a parameter measuring the cost of adjusting prices with respect to the inflation target H@ The
term ! represents the fee on the wage bill of new workers that the firm has to pay to the employment
agency to hire them. As discussed in next section, it can alternatively be interpreted as the cost per
new worker paid by a human resource department within the firm, with the cost measured in units
of the consumption good.

The maximization of the firm is constrained by the limit that the firm cannot hire more existing work-
ers at the existing wage rate than the number of workers attached to the firm, i.e.

N (i) < (1 —zp)F (21)

where the right hand side of the inequality represents all the existing workers. Firm can hold onto
the workers that are attached to it as existing workers and is free to fire them. To add workers be-
yond existing workers, however, it must add new workers. While existing workers can be fired, new
workers can only be added, i.e.

NP (i) > 0. (22)

Finally, the total labor employed by the firms is the sum of new and existing workers, i.e.

N (i) = N{* (i) + N{“ (i) (23)

The problem of the firm can be stated as choosing all variables sub-scripted with i to maximize
subject to (18), (I9), 2I), and (23). The first order conditions are shown in Appendix E. We
consider an equilibrium in which constraint is binding while is not, therefore

N;i(i) > NE. (24)

52Calvo’s price-setting model leads to the same AS equation in a first-order approximation. However, we use Rotemberg’s
assumption in order to simplify the presentation.
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As we show in the Appendix, a sufficient condition for the firm to always choose to first retain its

existing workforce before hiring new workers is that
(1+ D)W > W™, (25)

This condition arises from the observation that, given the perfect substitutability of new and exist-
ing workers, the firm opts to first hire from its existing workforce whenever the cost of hiring a new
worker for production exceeds that of the existing worker. The important implication of distinguish-
ing between new and existing workers is that it clarifies that, provided N;(i) > Nf, the marginal cost

of production for the firm depends only on the wages of the new workers as well as the hiring cost.

Since all firms face the same problem, there is a symmetric equilibrium in which p;(i) = P and
y¢(i) = Y;. The aggregate Phillips curve is derived directly by combining the first-order conditions
detailed in Appendix E:

[ — _
e 1 M _e—-1(m (1+9])wpe qt e ~1) 4+ BE Xer1\ 7 Yegr (T B
I I ¢ \ A & 1—a ! X, Y, \ 11

(26)

where we have defined y; = €;/(e; — 1) and w}*? is the real wage paid to new workers. Since all
firms behave in the same way aggregate output is

Y; = AINFOLTE, (27)

where we have used that in equilibrium the market for the intermediate input endowment is given
by Oy = O, for some exogenous process 0. Finally, note that

Ni = [(1—2) + usmi8!"|F, (28)

using (8) and (12), and
Nt = [1 — th]Ft, (29)

by definition of the unemployment rate as u; = %’
4.4 Wage determination

The central idea in Phillips (1958) is that the relationship between nominal wage growth and labor
market tightness is non—linear He argues that even if demand for labor is low workers are unwilling

53Q0ur assumption relies, like Phillips’s observation, on downward rigid nominal wages. Currently, extensive empirical
literature has documented that wages are rigidly downwards. The idea dates back at least to Malthus, who noted that “it rarely
happens that the nominal price of labor universally falls,” Malthus (1798). Bewley (1999) interviewed corporate executives
documenting their reluctance to cut nominal wages. More recently, substantial nominal wage rigidity has been studied in U.S.
administrative data by Fallick, Lettau and Wascher (2011), in worker surveys by Barattieri, Basu and Gottschalk (2014), and in
cross-country data by Schmitt-Grohé and Uribe (2016). See also Fortin (2015) on Canadian data.
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to take jobs at wages below the "prevailing rates.” This implies that despite low demand for workers,
and high unemployment "wage rates fall only very slowly." Yet the converse is not true according to
Phillips. Workers are perfectly happy to accept wages that are higher than the prevailing wage rate.
For this reason when labor markets are sufficiently tight "we should expect employers to bid wage
rates up quite rapidly."

An implication of Phillips idea is that in periods of labor market tightness, the spread between new
and existing wages should increase. In the literature, new wages are typically approximated using,
as their data counterpart, the wage a person receives upon taking a new job as we discussed in Sec-
tion 3.5 and illustrated in Figures [J] along with Figures 28 and [29]in Appendix C using alternative
sources. These figures indicate that during the inflationary surge, the wage growth of job switchers
substantially exceeded that of job stayers. For simplicity, we abstract from the spread under normal
circumstances, since our focus is on the increase in new wages during the surge as a key mechanism
through which the shocks triggering the surge were transmitted.

To formalize Phillips idea we assume that the wage of a worker hired at time £ is:

W = max{W;**, th{ lex} (30)
where w{ % s the flexible real wage, i.e. the wage rate that clears the market in the absence of any

constraints, while W is wages of workers that are attached to existing firm relationships.

To see how this captures Phillips idea, consider a weak labor market. Then the prevailing wage rate,

i.e. W, is greater than the wage rate that clears the market, th{ " The max operator says that

newly hired workera are unwilling to work for a lower wage rate than prevailing at the firm for
existing workers, so that if W;** > th{ " then W/ = Wi**. Yet, since workers are perfectly happy
to work for higher wages than the existing workforce, then if the labor market is sufficiently tight, and

Wi < th{ lgx, then W% = th{ lex We can restate equation in real terms

@ = max{w™, w]'*}. (31)

As is well known in search and matching literature the wage rate is not in general determined, since
each employment relationship generates a surplus. How the surplus is divided between the employer
and firms can be done in several different ways. The most common in the labor-search literature is
Nash bargaining. In contrast, monetary models with price stickiness that incorporate search-and-
matching, often assume that the real wage are exogenous and only a function of the shocks. This is
a useful polar case we consider in Section E] One of the theoretical contributions of this paper is to
move away from this common assumption in favor of Phillips idea of asymmetric response of wages
to tightness and slack.

54

Consistent with the derivation of the AS equation @ the inequality (1 + ;) W}'® > W¢* is always satisfied.
%5See e.g. Blanchard and Gali (2010a) and related literature cited in the Introduction
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To do this, we propose a simple model of employment agencies that have access to the hiring tech-
nology described in equation and screen workers for employment eligibility. This provides the
foundation for the flexible wage rate. Once we derive the flexible wage rate, we then show how the
wages of existing employees evolve as a function of it. There is good reason to start with the flexible
wage: it serves as an anchor for the wages of existing workers. As observed in the data, when the
nominal wages of new employees rise above those of existing employees, the nominal wages of exist-
ing employees also increase, though to a lesser extent. If inflation is sufficiently high, real wages for
existing workers may even decline—along with the real average wage—while the real value of new
wages rises rapidly. This is indeed what was observed at the onset of the inflation surge in the 2020s.

4.5 Employment agencies

In this section we derive the flexible wage rate which will apply to new workers in tight labor markets
in the general model. It will also serve as a anchor towards which existing wages are pulled in the
general setting. Using our derivation of this wage, we can in principle close the model assuming it
applies to all workers.

If wages are flexible we derive a relationship of the form:

wie = g(6y), (32)

where ¢’ > 0and g < 0.

There are many ways to establish microfoundations that generate a function of this form. Indeed, it
seems that any reasonable model with full wage flexibility should imply that the real wage increases
as the labor market becomes more tight{f]

We start deriving equation in the next subsection and then move to the other polar extreme:
rigid wages in Section common in the monetary search-and-matching literature — an alterna-
tive benchmark. Section [4.5.3| proposes a generalized model by introducing a flexible form for wage
rigidities, capturing Phillips idea of asymmetric response of wages to variations in economic activity,

An alternative interpretation to a hiring agency is that it corresponds to a human resource depart-
ment within each ﬁrmE] We introduce hiring agencies seperately from the firms pricing problem to
simplify the presentation because the two problems can be solved independently.

%See the analysis of Blanchard (1989).

57Unlike some other work, e.g., Michaillat (2014), this is because we write the costs and benefits in terms of the final goods
instead of labor. If the cost of hiring would be written in terms of labor costs it would interact with the pricing problem of the
firms. In contrast, in our model the optimal pricing decision of the firm, and the optimal vacancy posting by the employment
agency do not depend on each other directly.
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4.5.1 Flexible wages

There is a continuum of employment agencies of measure one corresponding to the number of firms.
The employment agencies find workers suitable for employment by firms. Since each agency is small,
they take as given the wage rate and the rate of employment matches per vacancy posted. Using the
hiring technology, equation (10), the number of matches per vacancy posted for flexible wages are:

n(6;) = % = W — my(6) 7. (33)

Consider the problem of a representative agency j. It charges a one time fee 9! to the firm that is
proportional to the salary of a new worker it screens for employment, while incurring a cost 7§ for

every vacancy it posts.

The number of matches it generates is then given by n(6;) V;(j) = m(6;)~"V;(j). The revenues and

the cost of the employment agency are measured in units of the final good. Profits are:

1 - . .
max | ool md Vi)~ i Vi) |- (34)
Vf(]) e N~
Marginal benefit Marginal cost

In an interior solution, as long as the marginal benefit is greater or equal to the marginal cost, the
agency posts vacancies. This leads to a decrease in wages for new hires, as well as an increase in
labor market tightness, 6;, which reduces the number of new hires per vacancy posted. Equilibrium
is reached when marginal benefits equal marginal costs, i.e.:

l —
'y?w{ gxtht T = v , (35)

Marginal benefit Marginal cost

so that the flexible wage rate is

C
1
wf =T =g, (36)
e Mt

Suppose for the time being that the wages of existing and new workers are determined by the flexible
wage:
wit = wi? = w{ fex, (37)

This is the fundamental assumption we relax next. In the meantime, assuming no constraint on how
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much wages can decline, this equation closes the model once we add the goods market equilibrium
Y =Ct+ Gt + 'yfuthFt, (38)
and a specification of the monetary policy rule

ir = (11, &, At, Gy, ...) (39)

for some function (-). A full specification of the equilibrium if the wage of workers are flexible can
now be stated formally{gjl

4.5.2 Exogenous real wage rigidities

When all wages are fully flexible we learned that the hiring agencies post vacancies until wages
fall, and tightness increases sufficiently, so that marginal cost is equal to marginal benefit of posting
a vacancy. We now consider the possibility that the wages of existing workers is greater than the
flexible wage rate, i.e.,

¥ > wf fex

We follow Phillips” suggestion, formalized in equation , that new workers refuse to work for a
wage that is below the existing wage rate. This bound implies that the wage of new workers is equal
to the existing wage:

wi? = wit. (40)

Before moving to the more general analysis in the next section, consider the case in which the existing
wage rate is exogenous, as in Blanchard and Gali (2010a):

wit = w(y) (41)
where the vector (); includes all exogenous shocks.

By fixing the wage rate, the equilibrium can be defined as before (see footnote 59), by replacing
equation with wf* = w(Cy) and @0). It should be noted that the employment agency problem
does not appear explicitly in any of the equations defining the equilibrium. Yet, it is useful to be clear
about its role in the background.

Denote the equilibrium labor demanded by firms in equilibrium by N¥. Associated with this level of

employment, denote the equilibrium aggregate vacancies by V;.

58We have used Y; = C; + G; + YiVi, noticing that V; = F(Vi/U;)(Ui/F) = u6;F.. Moreover we abstract from the
resources taken by the quadratic cost of price setting. See Eggertsson and Singh (2019) for various ways in which this has been
justified.

% An equilibrium with flexible wages and rices is defined by a Collection of stochastic rocesses for {i;, X¢, I, Y3, Ct, F, 64,

N, Up, w*, wie®, wﬂm}t o that Satlsfy 1 5), @) @) 1 9) and u; = U;/ F; given exogenous

processes for { A, Gy, Cf,xt,‘l’t,mt,qt,%,%,et,ot 2o
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This number of vacancies represents the optimal vacancy creation by the employment agencies as-

suming that the number of matches per job vacancy is given by:

O L ifvi(]:) =V 42)
0 if Vi(j) > Vi

This says that once the hiring agencies have satisfied the labor demanded by the firms, N¢, then
posting additional vacancies generates no additional hires. Firms have already satisfied their need
for labor at the exogenous wage and are not looking to hire additional workers. Before this logic did
not apply, since more vacancy posting lowered wages, thus triggering an increase in labor demand.
This process continued until the marginal cost and benefits of the hiring agency were equalized. With
wages fixed, this is no longer the case. This implies it becomes optimal for the hiring agency to post
vacancies elastically to satisfy the firm’s demand for new hires at the exogenous level of wages, i.e.,
up to V4, while posting no more vacancies beyond that, since the firms have hired all the workers they

desire ]

Hiring agencies are not made explicit in typical New Keynesian models integrating search and match-
ing frictions with exogenous wage. It is thus implicitly assumed that vacancies respond fully elas-
tically to labor demand. The agency problem formulated here provides a simple narrative for an

assumption commonly maintained.

The assumption of real wages being exogenous is helpful for many questions. Our interest here,
however, is in understanding the role of labor market tightness on inflation. This is why we move

beyond the commonly assumed fixed wage rate.

4.5.3 Endogenizing a wage norm: bringing back the Phillips curve

As discussed in Section 2, the key idea introduced by Phillips was the nonlinearity in the wage Phillips
curve: while new workers are reluctant to accept wages below existing levels, they are quite willing
to accept higher wages, leading to a rapid acceleration in wages in a very tight labor market. But what
can we reasonably assume about the behavior of existing workers? There is considerable evidence
suggesting that the wages of existing workers are downward rigid. Yet, some degree of adjustment
is observed in the data.

In this analysis, we adopt a pragmatic approach. We assume that wages of existing workers evolve
according to a relatively flexible specification. This approach nests the fully flexible wage at one
extreme and the exogenous wage, as commonly seen in the existing literature just reviewed, at the
other:

WE¥ = (W (T3 )0)M (Prao] ™) gy, (43)

®0Tn this equilibrium the hiring agency is making a profit on its last vacancy posting.
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To understand this specification, consider the special case in which A = 1, § = 0 and ¢; = 1. Then
Wit = Wi, . Wages of existing workers stay constant at their previous period nominal value, captur-
ing Keynes’ idea that wages are nominally downward rigid in the absence of shocks. Consider A < 1.
Wages of existing workers are now anchored by labor-market conditions implied by the flexible wage
rate, towards which they are gradually pulled, with perfect wage flexibility being as A — 0.

We have already introduced Phillips idea in equation that new workers will not accept lower
wages than existing wages, but are happy to accept higher ones. This means that in a slack labor
market, the wages of new workers are equivalent to the wage rate of existing workers, W/ = W¢¥, but
pulled down towards the flexible wage rate at a speed that depends upon how close A is to zero. For
high enough A, the wage rate falls slowly, as suggested by Phillips, even if the unemployment rate is
high. Conversely, in a tight labor market when Wtf fex W{*, both existing and new wages are pulled
upwards by w{ lex, which is determined by market forces, but the new wages are pulled up faster, the
higher is the value of A > 0.

e
t+17

idea that inflation expectations affect wage-setting behaviourF_TI Finally ¢; is exogenous, which means

We introduce an additional feature by including the variable I1{, ;, relevant if 5 > 0. This captures the

that the wage norm can also depend on exogenous shocks and allows for flexibility in determining
the steady state.

Using equations (31) and (43), we can write the wages of new hires in real term:

flex
w, for 6; > 6
o i (44)
(I15,1)° lexy1— ;
wt = (g, D) wof )1 for 0y < .

In a tight labor market (6; > 0;), the wages of new hires are set at a flexible rate, determined by
the employment agency’s optimizing behavior, which equates the marginal cost with the marginal
benefit of posting vacancies. Moreover, the flexible wage rate plays a crucial role in determining the
wages of existing workers, serving as an anchor that gradually pulls them toward the market-clearing
level.

On the contrary, in a loose labor market (6; < 8f), if the wages of new hires are constrained by the
wages of existing workers, households refuse to accept salaries below the prevailing wage rate of ex-
isting workers. Wages fall only gradually toward the flexible wage rate, despite high unemployment.

What remains to finalize the model is determining the Beveridge threshold 6*, which indicates when
labor scarcity prevails and the wages of new hires are set flexibly. This threshold is implied by equat-

ing wil™ = w$X, yielding:

61These expectations can, for example, be anchored by the inflation target of the central bank. Alternatively, this variable
can allow us to model “price-wage” spiral commonly thought to have played a role in the 1970s, even if we will leave this to
future research for lack of space.
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b I1¢ PN
* ,Yt ex ( t+l) U L
0 —_ — —_— /\ . 4
Y my (wtl I, (¢pe) ™ (45)

As suggested by the formula, 8 can vary over time and depend on institutional features that may
differ across regions and countries, captured in reduced form by ¢;. We defer discussion of the deter-
minants of 6; to Section 5| where we address the role of other shocks in the Phillips curve. As shown
in the Appendix, the threshold in steady state can be derived as a function of structural parameters
and does not need to be 1.

We can now formally define equilibrium in the model with nominal wage rigidities@

5 The Inv-L NK Phillips Curve

The model we have just sketched out can be presented closer to the spirit of Phillips” original sugges-
tion (depicted in Figure[2) than later incarnations of his work. The central result is that this modified
curve now takes an inverse-L shape, as in Figure[2} in a first order approximation around the steady
state. Two main economic propositions underlie the inverse-L shape. The first is simply that while,
given sufficient time and price incentives, most factors of production can typically be increased in
one way or another, one factor will always be in limited supply over any reasonable time horizon:
the number of people who can work. Second, it has long been recognized that more than other prices
the price of labor (wages) falls slowly even when it is in excess supply (high unemployment). To-
gether, these observations imply that over some range, an increase in demand increases production
without significant inflation pressures, as more people are drawn into the labor force. Firms increase
their production while their marginal costs only modestly increase. However, given the first propo-
sition, this process is bound to hit a wall once the labor force is fully employed. At this point, the

Beveridge threshold is crossed so that higher demand expresses itself mostly in higher inflation.

Our first step toward characterizing the Phillips curve is a log-linear approximation of the standard
New Keynesian Phillips curve given by ([26), which can be expressed as:

Ty — 7T =

€ R 1—€,, A .
ol dy ¥+ DY)+ —— (e — Ar+ (1 —a)qe) + BE (s — 1) (46)
%,_/ G
Marginal Cost of Labor Cost Push Shocks

where a hat denotes the log-deviation of a variable with respect to the steady state, 7; = InIl;,
7t = InIT and the parameter d., is defined in Appendix The first part of this expression, highlighted
by the first curly bracket, underscores that the primary driving force behind inflation is the marginal
cost of hiring a new worker. This cost is composed of two terms, the wage bill of the new workers,

62 An equlhbnum is defmed by a collectlon of stochastlc frocesses for {u, X, Iy, Yy, Ci, F, 01, Ny, Uy, wi™, wi, { h)x,

0; 15 o that satlsfy 1 b , , , @ and u; = U;/F; given exogenous processes

{AnGt,Ct,)(t,‘Ynmt,Qt,Gt,Ot,@ —o-
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W“?, as well as the cost of hiring new workers, i.e., 47. The second term represents what the literature
typically identifies as cost push or supply shocks, while the last term represents inflation expectation

as is standard.

An important implication of this characterization is that it demonstrates that, while marginal costs
have an effect on inflation, as in the standard New Keynesian model, they are expressed differently.
In the canonical New Keynesian model, marginal costs refer to wages of all employees, usually mea-
sured by time series such as the aggregate labor share or the Employment Cost Index (ECI), a BLS
survey of employers’ payrolls that measures total compensation. In contrast, our model suggests that
the relevant marginal costs are instead approximated by the cost of adding new workers to the work-
force, whose wages may or may not correspond to the wages of existing workers, depending on the
state of the labor marketF_;I This cost, in turn, is summarized by the wages of new hires as well hiring

costs, which might for example include bonusesEf]

The non-linearity of the Phillips curve arises because the wage rate of new hires depends on whether

the labor market is tight. Let us define @#{*“ = Inw{** — In® and zb{ = In w{ Y _ In@flex. Then
we rewrite equation (31) in logs as
@ = max(@f, —cy + @] ) 47)

where ¢, = Inw/@f1°*. As discussed in Appendix [E} we consider a steady state with a real wage
given by @ with the steady-state flexible real wage below that value, i.e., @/ < @. The parameter
cw is therefore positive. We approximating around 6, which is below the kink point 6%, to characterize
normal times conditions when the labor market is slack. This is consistent with the empirical evidence
of Figure[d]

Since the expression for w{ lex, w;* and §* are all linear in logs (see equations , and ), the

following expression, expressed in natural logs, is exact and involves no approximation error:

—co+ D' = —cy + 56y + 4 — 40 — iy b > 0

W = A — (7 — ) + 0E (e — 1)) + (1= A) (@ ) 0 <0y,

assuming 71y, | = E¢7ty41.

%3Under normal circumstances, i.e. in the absence of labor shortage, the two move together, consistent with the work of
Gertler, Huckfeldt and Trigari (2020). It is during periods of labor shortage that the distinction between the wages of new and
existing hires becomes critical in the model, consistently with the evidence shown in Figure

4Bernanke and Blanchard (2024), for example, suggest that labor market tightness did not, at the very beginning of the
inflation surge of 2022, play a fundamental role. Their result, however, depends upon the assumption that they measure
marginal costs via ECI, in contrast to our model. Perhaps more importantly, our framework highlights the interaction between
labor tightness and supply shock. One advantage of our approach is that we can explain why supply shocks had such an
outsized effect during this period. Moreover, our model is consistent with the lack of disinflation post-2008.
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Substituting equation into the Phillips curve (@6), it can be written as:

] A tight , » Atight
—c+ &80 10,8 (0 + 8,%") + BE¢(7141 — 70) A A
0; > Gt
e i b )+ KpEx(mias ) w
KopWi—1 + K +x o+ + K i1 —7) A _ A
wWt—1 t v t t Brt\tt+1 QtSG?I
tightness cost-push  matching
tight

where the coefficients satisfy «/8" > x > 0,x,*" > x, > 0,k > 0and ¢ > 0. It is ambiguous if Kp is
greater or less than 8. These results can be confirmed by the analytical expression of the coefficients,

which are given in Appendix[E|

It is worth commenting briefly the accuracy of the log-linear approximation of the model. The ap-
proximation of the New Keynesian Phillips curve shown in equation takes the same form as in

the standard model, with the only difference being that w}““ appears in this expression instead of

average wages. As discussed above, however, our expression for w}“” involves no approximation
error, as it is linear in logs, and thus, while log-linear approximations always involve approximation
errors, there is little ground for believing it to be more significant in this application than in the canon-
ical model. This may seem surprising, given that we are approximating a piecewise linear Phillips
curve. The key insight is that the kink arises from the max operator (#7), and the expression within it

involves no approximation, as the variables are linear in logs.

5.1 Four central predictions of the INV-L New Keynesian Phillips Curve and a
key result

The theoretical results shown in equation highlight four major theoretical predictions which are
born out in the empirical Section 3]

First, x!8" > x: This says that when the labor market is sufficiently tight, i.e. 0, > é;‘ , then infla-
tion responds much more strongly to labor market tightness than under normal circumstances. This

prediction is a central focus of our empirical analysis in Section 2.

Second: Kilght > 1. This says that that cost-push and markup shocks have a greater impact on

inflation when the labor market is tight §; > 8}, which is another key result of our empirical analysis.

Third, while real wages enter the Phillips curve as a lagged variable when 6; < 8, the curve becomes
perfectly forward-looking when 8; > ;. This prediction is also supported by our empirical analysis,

although it is of less central importance.

Finally, a key result of our analysis is that we can replace the empirical measure of new wages with the
ratio of vacancies to unemployment, i.e., 6. This is valuable for connecting to an emerging empirical
literature that argues v/ u is a better measure of slack than ;. From the perspective of our theoretical
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framework, this substitution is also of central importance: 8; is a sufficient statistic for some key
exogenous shocks, which would otherwise appear explicitly if the model were expressed solely in

terms of output or unemployment—such as labor force participation shocks, XfE]

5.2 The determinant of the Beveridge threshold and the interpretation of shocks

Using logs, we can rewrite Equation (45) in deviations from the steady state and solve for the Bev-
eridge threshold:

OF =n '@+ OBy — e+ ATy T i + 4] — A (50)

The expression for the Beveridge threshold in Equation is intuitive. It is best understood by
revisiting Equation (@8), which defines the Beveridge threshold. As 6; increases beyond 6}, new
wages exceed existing ones (i.e., W}’ = w{ fex w{*), and the slope of the Phillips curve changes
accordingly. The critical condition is thus w{ fex w;*. The more likely this inequality holds for a

given 0;, the lower the threshold 6;.

The Beveridge threshold decreases if existing real wages from the previous period are below their
steady-state level or if their real value declines due to current inflation (as wages are fixed in nominal
terms). Similarly, a negative exogenous shock to existing wages, represented by ¢;, will also lower
the threshold.

The final three terms in Equation (50)—#it, 47, and 4{—directly influence the flexible wage rate for
a given 6;, thus affecting the Beveridge threshold. For example, lower matching efficiency (1#; < 0)
reduces the threshold.

The traditional "cost-push” and supply are denoted by #; and defined as

Ut = M - A + (1 — 0() dr . (51)
N~ N / N~ g
Cost push/supply shocks Markups Productivity Oil price

The shocks to which the hiring agency is sensitive—specifically, shocks to the matching technology
and shocks to the marginal cost of posting vacancies, as well as the marginal benefit of successfully
placing a worker—are summarized by 9

B =a(d,—(1-1)) 4 +a(1-2A) 4 —a(l-A) 1 +a ¢,
N~ Y N~ N~ SN~ ~—
Matching shocks Firm hiring cost Vacancy cost Matching efficiency Wage shock

(52)

85Moreover, while data on 2 is readily available over long time periods, there is no consensus on the best measure of the
wages of newly hired workers, and the available evidence does not yet cover as long a time span as that available for v/u. This
is also ground for future research.
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in whichd, = 9?/(1+4Y).

Unlike the cost-push shock 74, which remains the same regardless of the labor market’s tightness, the
shocks to matching technology take a different form when the labor market is tight; in this case, they

are summarized by

Atigh N ~ N
08" = (45 — (1 —dy) 4} — i),

The reason is that these shocks operate through the determination of flexible wages. In normal times,
the flexible wage receives a weight 1 — A, while during periods of labor tightness, they are transmitted

directly to wages.

Let us now turn to the policy implications.

6 The policy framework for the Inv-L NK Phillips curve

In this section we show that our general framework can be applied to explain three significant episodes
central to U.S. monetary policy analysis: the inflation surge of the 2020s, the "missing disinflation" fol-
lowing the financial crisis of 2008, and the Great Inflation of the 1970s. We utilize the results from our
regression analysis to parameterize the model, thereby evaluating the extent to which it can rational-
ize, at least in broad strokes, the observed patterns in U.S. data. In our follow-up paper, Benigno and
Eggertsson (2024), we explore in better detail the other inflation surges observed in US data over the
past 115 years in comparison.

We have demonstrated that the Phillips curve can be expressed in terms of ;, aligning the model’s
predictions with our findings and recent empirical work, indicating this measure of economic tight-
ness is a better predictor of inflation than other common proxies of aggregate demand. Additionally,
there is a direct connection between 6 and output. Since most policy discussions typically revolves
around output and inflation, it is advantageous to cast the model in these more conventional terms
that follows.

To streamline the model and focus more closely on the key points, we make the simplifying assump-
tion that in equilibrium X; = C; = Yy — Gt@ This implies that the Euler Equation for consumption
takes the traditional form as in the New Keynesian literature:

Vi — Gt = EiYy1 — EiGyyq — 0 (i — Et(my1 — 1) — 7) (53)

where 7 = ¢ — E;&; 11 is the part of the natural rate of interest that is generated by shocks to prefer-

ences and 7* is the inflation target of the central bank which the model is approximated around. Here

66To obtain this result, we assume that in equilibrium ¥; = FtH‘*’ /(1+w).
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Gt represents direct government consumption. In what follows, we interpret it to correspond more

broadly to general "fiscal expansion" including spending due to tax rebates, as, e.g., the COVID-19
epidemicE]

To characterize the AS equation, we simplify the wage mechanism of the new hires to

wl'* if 6; > 67

new

@M (I ML, ) (] YA if 6, < 6

in which @ represents the steady-state real wage. This implies that no lagged variables appear in the
Phillips curve when the labor market is slack — a feature that, while empirically relevant for the full
sample in our estimation, is not critical for the policy analysis. Making the model perfectly forward-

looking enables a tighter analytic characterization, which can be illustrated graphically.

Denote by Y} the level of output when the Phillips curve becomes steeper, i.e. when 6; > 6. The
Appendix shows that the Phillips curve is then given by:

— 4 RIS (V4 S 20) + RS 0+ RS B (i — )i Y > Yy
-t = (54)
i (?t + £R¢) + Kol + RgEs (41 — 77%) if Vi <Y,
where the coefficients, which are detailed in Appendix E, satisfy #/8" > x > 0, kf,ight > % >0
if A > 0. The relationship between ktlght and &g is again ambiguous, while ¢ > 0. To simplify the
p B B & g plity

analysis, we set kgght = &g = 1, eliminating any long-run trade-off between inflation and output,

though this is not crucial to our main results@ Relative to our earlier exposition we see the relevance
of a new shock, which was previously embodied in §;. This is the shock to labor participation, §;.
An increase in {; represents higher dis-utility of working, which for a given output leads to higher
inflationary pressures.

We close the model with a simple policy rule:

A

iy = pff + pn(m — %) + &4 (55)

where ¢,; > 1 is a reaction coefficient of inflation deviating from the target, denoted by 7*. Recall
that 7{ contains movements in aggregate demand explained by the demand disturbance ¢;. We allow

’During the COVID-19 epidemic, fiscal expansion largely took the form of direct cash transfers to households. In our
model, such transfers are neutral due to Ricardian equivalence. However, it is well known how to extend this framework
to incorporate borrowing-constrained agents (see, e.g., Eggertsson and Krugman, 2012). A recent survey by Eggertsson and
Sergeyev (2025) makes the connection to our model explicit, showing that the structure remains unchanged except that taxes

now appear alongside G;.
68By assuming that kgght =f&p =1 then in the steady state, where all variables take a constant value, the Phillips curve

implies that inflation cancels out and output is at steady state.
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Table A: Parameters based on existing literature

Calibrated parameters Symbol Value
Intertemporal rate of substitution o 0.5
Taylor rule coefficient O 1.5
Matching technology parameter i 0.4
Steady state unemployment u 0.04
Fraction of labor force attached to existing firms 1-z 09267
Share of intermediate input (oil) in the production function 1 -« 0.1
Inverse of the elasticity of labor-force supply w 1
Response of existing wages to flexible wages A 0.5

the central bank to offset these movements in proportion to p, with 0 < p < 1, so that if p = 1, they
are fully offset. We leave open the question of whether the central bank responds to supply shocks or
demand shocks, such as government spending, beyond their effects on inflation. The central bank’s
response to these variables can be incorporated into the monetary policy shock ¢;, which we leave
unspecified.

The following discussion is highly stylized. However, the results from the regression in Section 2 can
be directly mapped to the parameters of the Phillips curve.

We consider three major economic events where inflation dynamics have been central: 1) The inflation
surge of the 2020s which was largely unexpected; 2) The Great Inflation of the 1970s; 3) The 2008
"missing disinflation." For episodes 1) and 3) we use the estimates of Table 1 regarding the sample
2008 Q3-2024 4, for 2) we use the entire sample.

Table A shows the values of the parameters we take as given. The model is written in quarterly
frequencies to match our data observations. Most values are typical relative to the literature, such
as ¢ and ¢,. The matching parameter 7 is taken from Blanchard, Domash, and Summers (2022).
The steady-state unemployment rate is 4 percent, approximating the current estimate by the Federal
Reserve of the level of unemployment consistent with inflation being on target (see, e.g., Eggertsson
and Kohn (2023)). We use labor market data, specifically the latest value of the time series z; shown in
Figure[30} to calibrate 1 — z, the fraction of the labor force attached to existing jobs. This will be further
discussed in Section[6.1.1} One interpretation of the intermediate input in the production function is
that it represents oil. The value we use is higher than the typical estimates of the share of oil in output
(e.g., Blanchard and Gali (2010b) report it as 3 percent of output). We assume 10 percent to allow for
a broader interpretation of intermediate goods, considering the significant impact of tradable goods
prices during the inflation surge of the 2020s. We also assume w = 1, a standard value in the monetary
literature@ and set A at 0.5, which means that existing wages are pulled equally towards the wage
rate that would prevail if wages were flexible and towards past wages.

%Even though this value is typically chosen in models where the labor choice of households is on the intensive margin as
opposed to the extensive margin.

46



Table B: Coefficients in the Phillips curve based on the estimation and the calibrated parame-
ters

Coefficients in the Phillips curve 1960-2024 2008-2024

% 0.0029 0.0065

Ry 0.0448  —0.0096
itight 0.0495 0.0747
glight 0.1517 0.2735

Given the parameters in Table A, we can use the expressions in the Appendix, together with empirical
analysis, to back out the implied values for the key parameters of the Phillips curve (54), which are
summarized in Table Bm

Under a special assumption about the shocks, the model is boiled down to a pair of equations that can
then be plotted as a simple AS-AD diagram. The assumption is as follows: in period 0, the exogenous
variables unexpectedly take on certain values. In each subsequent period, the shocks revert back to
the steady state with a probability of 1 — 7. Once back to the steady state, the shocks remain there
forever. The time period when 0 < t < t} is called the short run and is indexed by the subscript S.
The time period when t > t; is called the long run and is indexed by L. The major convenience of
this assumption is that it implies that in the long run, provided ¢, > 1, there is a unique bounded
solution for inflation, output, and the interest rate given by

np—mt =Y, =1, =0. (56)

This solution is obtained by solving jointly equation — making the assumption that Y, < Y*.
Let us suppose that in the short-run, then inflation expectation are given by:
Etmtiiq = TEps7try1 + (1 — T)Eprmtign = TE s + (1 - 1)1 (57)

where E; g is expectation at time ¢ conditional on the shock remaining unchanged, while E; ; denotes
the expectation at time ¢ conditional on the shock reverting back to steady state. Here we allow for
the possibility that people’s expectation of long-run inflation, 77, may be different from 77* we just
derived. We do this to capture the possibility that expectations can become unanchored from the
central bank’s inflation target. This is especially relevant for understanding the 1970s.

Expectations for output in the short-run are:

EtYii1 = TE Y1 + (1= T)EprYVipq = TErs Vit s (58)

70See Appendix E for the formulas to compute the &'s
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Since the Phillips curve has no long-run trade-offs, even if expectations of long-run inflation become
unanchored in the short run, long-run output is expected to stabilize at zero, i.e., Y7 = 0. Substituting
expectations into equations and once again leads to a unique bounded solution for Ys, s,
and 75, which are no longer zero but instead depend on the value of the shocks and 7r}. To illustrate
this solution graphically, we can substitute into to obtain the aggregate demand (AD) curve.

The AD curve is@
?S: DS —0’71@(71’5—7'[*)4—(771(71’%—7'[*) (59)
—~— 1-7
Shocks to AD

This implies that demand is decreasing in inflation because the central bank increases its interest rate
in response by more than one-to-one, i.e., ¢ > 1. The term D represents demand shocks, which can
be summarized as:

o1

Dg = Gs - X es + X (1-p)?t (60)
N~ 1—-7 N~ 1—-71 ———
Fiscal policy shock Monetary Policy Shock Other demand shocks not offset by MP
The short-run AS curve can similarly be written as:
é Rtight % Qg gy 1 4 e * if Y, > Y*
—rr e (Ys+ GRs) + 7w (1 —a)fs + iy — 7 t
g — 7t = (61)
15T(Y5+%)€5)+ lﬁ/T(l—R)é]\s-l-?Ti—ﬂ* if Yy <Y*

6.1 Understanding the inflationary surge of 2020s

The AD and AS curves we derived offer a straightforward way to characterize the inflation surge
during the 2020s. These curves are illustrated in Figure [11| using the parameterization we have just
describedF_zI As shown in the data in Figure @ core inflation, measured at annualized quarterly rates,
increased from its 2 percent target to 6.2 percent in the second quarter of 2022. The relative impor-
tance of the AD and AS shocks is calibrated to match our empirical estimates and decomposition, as
depicted in Figure[/] Demand contributes 3 percentage points to the rise in core inflation above the 2
percent target, while the supply shock accounts for the remaining 1.2 percentage points, resulting in
a total core inflation rate of 6.2 percent, excluding other factors

71Given the existence of a unique bounded solution observe that expectations in the short run for output are given by t¥s
and inflation 77t + (1 — T) 7y so that the determination of Ys, 75 is summarized by the intersection of the Phillips curve (or
AS equation) and the AD curve.

72We assume T = 0.8, representing an 80 percent probability that the short-run conditions will persist from one period to
the next.

73Bergholt et al. (2024) also find, using a different econometric procedure, that supply shocks account for one-third of the
U.S. inflationary surge.
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Inflation (%)

Output gap (%)

Figure 11: The 2020s Inflationary Surge: Inflation and output determination using the AS-AD model
in response to an increase in demand and a supply shock. Inflation is measured at annualized quar-
terly rates and presented in percent, while the output gap is expressed in percentage points. The AD
curve shifts from AD to AD’ following the demand shock, while the AS curve shifts from AS to AS’
in response to the supply shock. The equilibrium transitions from point E to point E’.

To see the importance of the non-linearities, consider the intersection with AD curve, assuming the
Phillips curve remains flat at point E”. In this case, inflation would only have increased from 2 to 3
percent. Moreover, this increase would have been solely due to the shift in demand, as the effect of

supply shocks is not statistically significant.

We have not been explicit about the drivers behind the increase in aggregate demand. As shown in
equation , this rise can be attributed to a fiscal shock, a recovery in demand for other reasons (e.g.,
higher r{ not offset by the central bank, where p < 1), or an expansionary monetary policy shock, es.
We summarize these forces with the term Dg in equation . Eggertsson and Kohn (2023) argue that
all of these factors played a role.

An important corollary of the AS curve being steep is that it requires a much smaller drop in output to
bring down inflation. Compare again the equilibrium points E’ and E” in the case where the Phillips
curve is flat. In the former case, bringing down inflation from 6.2% to 2% reduces output by about

2.4%. In comparison, bringing down inflation from E” implies a reduction of 8.5%.

6.1.1 Understanding the soft landing, the Beveridge curve and the informational content of 6;

The reduction of the inflation spike from 2022 Q2 to the end of our sample in 2024 Q4 was accom-
plished without any increase in unemployment or reduction in output. While considering that the
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AS curve is steeper when Y; > Y* rationalizes why there was not a significant reduction in output
compared to assuming a flat Phillips curve, there are two additional forces that explain why output

did not fall and unemployment did not rise.

First, there was an increase in §;, which led to an endogenous reduction in labor force participa-
tion. This shift explains an even stronger backward movement of the AS curve, thus requiring a
smaller increase in demand to account for the inflation surge. As we have shown, however, the
characterization of the Phillips curve in terms of labor tightness means that 6; is a sufficient statistic
that incorporates the effect of labor force participation via £, which does not appear in the Phillips
curve when expressed in terms of 0;. Therefore, variations in Xt are only relevant to the extent that
we aim to rationalize the output dynamics associated with the inflation surge. While it is plausible
that {; increased during the COVID-19 epidemic, its reversal to pre-COVID levels is also observed
in the data. Moreover, our assumption that this represents exogenous shifts seems largely plausible,
as it was driven by factors related to the spread of the COVID-19 virus, the development of vaccines,
treatments, and so forth.

Second, while the decline in labor force participation can be partly explained by an increase in x;,
this does not fully account for it for two reasons. First, not only did the labor force participation rate
decline, but there was also a sharp increase in the separation rate between active workers and ﬁrmsF_II
Additionally, the data suggest a decline in matching efficiency: the number of matches created for
a given number of posted vacancies and unemployed workers decreased. Both phenomena can be
captured in reduced form by time variations in z; and m;. However, z; does not represent the separa-
tion rate commonly used in the literature; instead, it denotes the fraction of the labor force that is not
attached to a job in a given periodE] This fraction either becomes unemployed or represents a new
hire.

Below, we present evidence of substantial movements in #; and z;. These shifts help explain why the
informational content of 6; was unusually high during this period compared to u; alone. To illustrate
this, combine equations and (29) to derive the Beveridge curve, which describes the relationship

between v; and z;:
1

=
Zr—Uu
Ut = ( ! ,]t> (62)
mtut

for uy < z;, which holds at any time ¢, unlike representing only a steady-state relationship as in many

labor market models. This is due to the abstraction in our model that the labor force attached to
existing jobs is independent of past employment history. If there are no changes in z; or m; over time
then this equation shows that v; provides no additional information.

Yet, assuming m; and z; being constant is inconsistent with the data, explaining the empirical rele-

vance of 0;. To see this, we can back out the time series for z; directly from the data since it has a

74 A separation between firms and workers differs from a reduction in labor force participation, as separated workers remain
in the labor force but search for alternative employment.
75Some of these workers, who were employed last period, can be interpreted as having already been searching on the job.
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natural empirical counterpart. It measures the fraction of the labor force that is not attached to exist-
ing firms in a given period. In equilibrium, the fraction of unattached workers must then equal the
sum of: i) the fraction hired (h;, i.e., hires as a fraction of labor force) in the period, and ii) the fraction
that winds up unemployed (¢, i.e., unemployment rate). Thus,

zr = hy +uy (63)

where both h; and u; can be empirically measured. The number of new hires, k¢, encompasses three
flow variables: new entrants to the labor force who become employed, unemployed individuals from
the previous period who find employment, and currently employed workers who transition to new
jobs — thereby representing job-to-job transitions. These transitions make up approximately 3/4 of
all new hires in the U.S. labor market. Using the time series for 4, u; and v;, we can back out from

equation (62) the time series for matching efficiency as

hy
my =
71—
Uy oy

- (64

in which we set 7 = 0.4 as in Blanchard, Domash and Summers (2022){7_51

In the Appendix we show in Figure 30| the evolution z; that the fraction of unattached workers, z;,
spikes at the beginning of COVID-19, indicated by a red dot, since several firms laid off workers
in response to the pandemic. It then falls abruptly, corresponding to the inflation surge marked
by the two dashed lines. During the inflation surge, and through to the end of the sample in 2024
(4, it smoothly drops to pre-COVID levels and has recently stabilized. The second panel of Figure
shows a sharp reduction in matching efficiency at the beginning of the pandemic, which is then
partially reversed and gradually improves during the inflation surge. Unlike z;, matching efficiency

still remains below pre-COVID levels at the end of our sample.

To see how the evolution of these two variables helps explaining why v/u is useful to characterize
the recent inflation dynamics, beyond unemployment alone, we can rewrite (62) as:

1

et_”f_{zt”f}” (65)

Ut meuy

Equation clarifies that a tight labor market, e.g., 6 > 1, can be consistent with high unemploy-
ment, as observed during the run-up of inflation in 2021, when the vacancy rate is also high. This
situation can arise either due to a large number of unattached workers z; or because the matching ef-
ficiency m; is low. For instance, just as the surge was about to take off in March 2021 unemployment
was 6%, leading many observers to consider the labor market slack. Yet, the vacancy rate was already

76Benigno and Eggertsson (2024a) discuss how this compares with other proposals related to the Beveridge curve as Figura
and Waller (2022), highlighting its robustness in predicting a soft landing regardless of assumptions about the elasticity 7. See
also Bok et al. (2022) for an alternative approach to the Beveridge curve predicting a soft landing.
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rapidly rising at the time at 5.3% in march, but surpassing (6.6%) the unemployment rate (5.75%) in
May 2021 implying 8 = 1.07. 1.07.

Figure[B1]in the Appendix plots the Beveridge curve since January 2020, reflecting the shifts in z;
and m;. It is notable how the data on vacancy and unemployment rates since March 2022—when the
Federal Reserve began tightening policy—closely align with a stable Beveridge curve. This suggests
strong predictive performance of our model during the period of falling inflation, primarily driven
by declines in vacancies. This alignment supported our 2023 prediction that reducing inflation might
not entail significant economic costs.

While the spike in separations and therefore unattached workers is clearly traced to the COVID-19
crisis, we believe that the same factors affected matching efficiency. A reasonable explanation for
the decline in matching efficiency — indicated by the need for employment agencies to post more
vacancies to generate an employment match for a given level of unemployment — is a structural
change in aggregate spending. It likely takes a worker longer to find a suitable job match when
moving across sectors than when switching jobs within the same sector. Eggertsson and Kohn (2023)
illustrate that the COVID-19 recovery was uneven, with spending in the goods market significantly
outpacing the recovery in services. The spending mix has yet to return to its pre-COVID composition.
While we have not explicitly modeled matching efficiency, an important extension of the framework is
to make matching efficiency endogenous. Another area for future research is extending the model to
incorporate multiple sectors along with network structure, reflecting the uneven increase in spending
across sectors observed in the data, and to assume higher varying degree of search costs for finding
a job in alternative sectors. Analysis of this kind can provide useful insights into the endogenous
evolution of matching efficiency due to sectoral reallocationm

In a followup paper, Benigno and Eggertsson (2024a), we extend our framework to achieve a more
realistic analytical representation of the Beveridge curve by modeling variations in z; in greater detail.
Specifically, we show that under conditions of a loose labor market (i.e., when 6 < 1), z is empirically
inversely related to 6, making its dynamics depend on crossing the Beveridge threshold. The bottom
line is that our extension captures the dynamics of the vacancy rate and unemployment rate both
under normal circumstances, and when labor is scarce.

6.2 Understanding the inflation surge in the 1970s, the disinflation and Volcker
recession in the 1980s

We next consider how the model explains the increase in inflation during the 1970s, often referred to
as the "Great Inflation." This narrative will be familiar to most readers, and our interpretation does not
differ substantially from the conventional account (see, e.g., Erceg and Levin (2003) and Goodfriend
and King (2006)). Nevertheless, it is helpful to articulate this explanation within our model so that

77Guerrieri et al. (2022) present a two-sector model to characterize the aggregate implications on inflation and economic
activity of asymmetric shocks.
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we can contrast it with our account of the inflationary surge of the 2020s. As in the previous section,

it is useful to consider both the short run and the long run, defined by a stochastic reversal.

First, we assume a short-run supply shock given by 75 = (1 — a)js, meaning we consider the pos-
sibility that inflation was triggered by the large oil shocks observed during the 1970s. Second, we
assume that in the short run, the public held different beliefs about the central bank’s long-run in-
flation target, which we denote as 7t*. This implies that even though long-run inflation eventually
stabilized (i.e., t;, = 7t*), as was eventually the case in the U.S., the public’s expectations in the 1970s
did not align with how things actually turned out. In other words, 7} is assumed to differ from where

inflation settled ex post.

The rationale for this assumption is straightforward: several long-term inflation expectation mea-
sures in the 1970s and early 1980s, as cited in the introduction, suggested that 5-year 5-year forward
inflation expectations reached 10% and only gradually declined during the 1980s associated with the
so-called "Volcker recession". This indicates that the public’s long-run inflation expectations in the
1970s were "incorrect" ex post

In the long run, we assume the labor market is back to "normal." In the absence of shocks, the unique

bounded solution is simply given by 7ty = 77* and Y = 0 < Y*.

Let us now consider the short run. Suppose that expected long-term inflation expectations are above
7*, as observed in the data, and constant at 77; > 77*. Then inflation expectations in the short run are

Esmtsq = trts + (1 — 7)7.

Since our model is characterized by long-run monetary policy neutrality, and we assume in the long
run people are fully rational, then even though people expect 77; > 7* in the short run, it remains the
case that a unique bounded solution is given by Y; = 0.

Setting all shocks to zero (except the oil-price/energy shock) the AD equation is:

Ys = —a‘lLlﬂ__TT(ns — )+ oYl — %), (66)

while the Inv-L NK Phillips Curve is:

_tight

~ ztight ~ % A > sk
—r Y+ s+l — WY >Y

g — = (67)
151_?5-0-%1754—71”2—71'* if Yy < Y*.
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Figure 12: The 1970s Great Inflation: Inflation and output determination using the AS-AD model in
response to an increase in long-run inflation expectations and an oil shock. Inflation is measured at
annualized quarterly rates and presented in percent, while the output gap is expressed in percentage
points. The AS curve shifts from AS to AS’ following a 30% rise in oil prices. Subsequently, with
a 10% increase in long-run inflation expectations, the AS’ curve moves to AS” and the AD curve to
AD'. The equilibrium transitions from E to E’.

See Appendix [E|for further details of the derivations.

These two equations are plotted in Figure the aggregate demand equation in blue and the
Inv-L NK Phillips Curve in red. Entering the 1970s, 6 was less than one and held at that level during
the period so that that Y; < Y*. Equilibrium is determined by the intersection of the AD and AS
curves. First, consider the initial equilibrium when inflation is at the target and output is at potential,
represented by point E. The numerical example highlights that the Inv-L NK Phillips curve is very

flat since Y;*. To fully understand the short-run movements, we need to consider two key factors.

First, the supply shock and the extent to which inflation expectations become "unanchored." For this,
we use the principal component measure of the supply shock, shown in Figure 22| which peaked at
30 percent. We also assume that inflation expectations rose to 10 percent. Second, we consider the
expected duration of the short run, which we again assume persists with a probability of 0.8 from one

period to the next.

Consider first the effect of a supply shock. This directly shifts the red curve upward, leading to higher
inflation and lower output, as shown by the movement from AS to AS’. The oil shocks of the 1970s
clearly played a role in the inflation surge. Of greater importance, however, is the effect of a rise in the
central bank’s inflation target as perceived by the private sector and reflected in expected inflation, i.e.,

780f course, there is nothing that necessarily implies these beliefs were irrational but could instead be a classic example of
the so called "peso problem".
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rt; > 7t*. If the public believes that the central bank will set a higher inflation target in the long run,
this results in a one-to-one upward shift of the red curve, from AS’ to AS”. Hence, it immediately
generates inflation just like a supply shock, for a given level of demand. However, this is not the
whole story. As shown by equation (66), the rise in inflation expectations also increases demand in
the short run by reducing the real interest rate, making borrowing cheaper (real rates were negative
through much of the 1970s). This shifts the blue curve upward from AD to AD'. It is easy to show,
however, that the effect on output is always negative if the model has a unique equilibrium, i.e., under
the condition that ¢, > 1@

The numerical example can, therefore, capture — in rough orders of magnitudes — the rise in infla-
tion. While we see that the supply shocks played a role, the major contributor is the unanchoring of
inflation expectations, can there for account for the decomposition in Figure

We can use the same framework to understand why disinflation can be very costly if the private sector
believes that the long-term inflation target is high, despite the central bank’s claims to the contrary.
The extent of this cost fundamentally depends on how perceptions about future inflation are formed.
Consider the possibility that people will only reconsider their perception of the long-run inflation
target if they see a significant reduction in current inflation. In this scenario, due to the flatness of the
Phillips curve, it would be very costly to bring inflation down. This is a common narrative for the
Volcker recession in the early 1980s. While we will not spell out this process explicitly here, it should
be evident that we have all the main ingredients to tell that story by linking inflation expectations
to realized output and inflation, which could be interpreted by the public as measures of the central
bank’s resolve in bringing down inflation.

One prominent hypothesis on the causes of inflation in the 1970s, proposed by Clarida, Gali, and
Gertler (2000), is that the central bank did not react strongly enough to rising inflation by increasing
the interest rate, implying ¢, < 1. This assumption leads to equilibrium indeterminacy, meaning
that there are infinite possible inflation paths that could satisfy the model’s equilibrium conditions.
However, our focus here is on highlighting the effect of inflation expectations becoming unanchored.
We are interested in comparative statics concerning the central bank’s long-run inflation target. If the
model allows for an infinite number of equilibria, comparative statics become meaningless. There-
fore, it is useful to assume ¢, > 1. Moreover, since we incorporate a policy shock e;, the policy rule
remains flexible enough to account for the possibility that monetary policy did not respond strongly
enough to the rise in inflation. This captures the essence of the argument by Clarida, Gali, and Gertler
(2000), which we consider a complementary way of modeling this period, as both emphasize the Fed
losing control of longer-term inflation expectations.

6.3 The missing 2008 disinflation
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Figure 13: The 2008 missing disinflation: Inflation and output determination using the AS-AD model
in response to a fall in aggregate demand. Inflation is measured at annualized quarterly rates and
presented in percent, while the output gap is expressed in percentage points. The AD curve shifts
from AD to AD’ following a negative demand shock. The equilibrium transitions from E to E’.

As illustrated in Figure[I3] our model effectively explains why inflation did not decrease significantly
following the Financial Crisis of 2008. This outcome was often cited as a key challenge to the New
Keynesian Phillips curve. While various authors have proposed alternative approaches to address
this issue, our model replicates the observed inflation dynamics during this period with relative ease.

In Figure|13} as shown in Appendix [E} the zero lower bound causes the AD curve to slope upward at
low inflation rates. We begin at the initial equilibrium, represented by point E, where inflation is at the
2% target and the output gap is stabilized at zero. At this equilibrium, the real interest rate is 1%. To
define the shock characterizing the 2009 financial crisis, we follow the literature, such as Eggertsson
and Krugman (2012), and hypothesize a negative shock to the natural rate of interest, reducing it
to -4%. With the zero lower bound binding, the upward sloping segment of the AD curve becomes
relevant, determining the new equilibrium at point E’, where it intersects the flat segment of the AS
curve. As a result, inflation falls to 1%, a level observed in the U.S. economy during the financial
crisis for core CPI inflation, while output contracts significantly. The flat Phillips curve under weak
labor market conditions explains why this shock did not lead to a more substantial reduction in the

inflation rate or cause deflation.

It would be incorrect, however, to conclude that ¢, < 1 implies that higher long-term inflation expectations increase
output. If ¢, < 1, there is an infinite number of equilibria. The model cannot predict which equilibrium will be chosen in
response to a change in any of the exogenous variables if ¢, < 1. Comparative statics are thus meaningless.
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7 Conclusion

In this paper we have proposed a reformulation of what has become known as the canonical New
Keynesian Phillips curve and replaced it with one that admits significant nonlinearities. Our hypoth-
esis is that the nonlinearity is responsible for the increase in inflation in the 2020s. We conjecture that
a key reason why policymakers and market participants alike failed to foresee the surge in inflation,
or its persistence is that they implicitly or explicitly assumed a “flat” Phillips curve. Even after sub-
stantial inflation had already occurred, the reassurance that expectations were holding stable further
induced the belief that the surge was merely transitory. One question is why the Federal Reserve
did not raise interest rates more quickly. Possibly the new policy framework announced in 2020 put
greater emphasis on the employment side of the Fed’s dual objective. Yet, at the same time, it ac-
knowledged that there was no agreement on any precise measure of how close the US economy was
to full employment at any given point in time. This, of course, contrasts very sharply with the other
side of the mandate, i.e. inflation, for which there is broad consensus on how the Fed can attain its
objective.

Figure 32| sheds some light on why policymakers may have believed in 2021 that even though the
traditional gauge of labor slack, i.e. unemployment, was very low, this did not capture the full pic-
ture. The unemployment rate only tells us how many active job seekers there are. As the figure
reveals, however, participation collapsed with the COVID-19 epidemic, which might have suggested
to many that there was still considerable room for employment to grow further. Moreover, given the
flat Phillips curve — the professional consensus at the time — and stable inflation expectations, it might
have been tempting for policymakers to explore the possibility that the US economy could attract
greater labor force participation, e.g. similar to pre-pandemic level with relatively low risk of infla-
tion. In terms of the dual mandate, conditional on a flat Phillips curve, this could easily have been
seen at the time as a situation with possible high reward and relatively limited downside risk. The
bottom line of this paper, however, is that the inflationary risk of allowing the labor market to tighten
too much, to a degree we have defined as labor shortage, generates much greater upside risk for in-
flation than has been commonly thought. An important reason for this underestimation of inflation
risk is no doubt the unprecedented labor shortage, historically unprecedented except in wartime, and
the countless estimates of the slope of the Phillips curve that did not incorporate wartime. We have
sought first to show this empirically and then to build a model to explain it. The good news, in any
case, is that if our theory is correct the cost of taming inflation triggered by a labor shortage, but with
stable inflation expectations, can be expected to be much lower than it was in the 1970s.
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A Appendix: Additional Tables

Table 2 presents the OLS estimates of regression (2) with the same variables as Table 1, except that
the threshold for the dummy is set at 8* = 0.5026 for the sample 1960-2024, and at 6* = 0.9812 for the
sample 2008-2024, which corresponds to the thresholds in the respective sample that maximize the
likelihood of the regressions across different thresholds, as shown in Figure

Table 2: Phillips Curve Estimates when 0* is chosen to maximize the likelihood function of the
model

1) (2) ®) 4)
1960-2024  2008-2024  1960-2024  2008-2024

Inflation lag 0.3696*** 0.273 0.3492*** —0.1438
(0.0947) (0.2445) (0.0905) (0.196)
Iné 0.6722*** 0.7235* 0.3188 0.4846
(0.1758) (0.3642) (0.3756) (0.3025)

(In6 —In6*) 60> 6" 0.7411 5.3553***
(0.493) (0.9062)

Supply shock (o) 0.0378** 0.0187 —0.0335 —0.0102
(0.0192) (0.0395) (0.0293) (0.0227)

6> 0" 0.1112** 0.2758**
(0.0434) (0.1202)
Inflation expectations 0.6612*** 0.7608 0.6466*** 0.5101
(0.1064) (0.6038) (0.0966) (0.4637)
Constant 0.5522%** 0.9027** 0.1487 0.3451
(0.1513) (0.3892) (0.3357) (0.331)
R? adjusted 0.8134 0.5063 0.8288 0.662

Observations 250 66 260 66

- *#2 2% denote statistical significance at the 1,5, and 10 percent level, respectively.
- Newey-West standard errors.

- (1) and (3): sample 1960 Q1 — 2024 Q4

- (2) and (4): sample 2008 Q3 — 2024 Q4
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Table 3 presents the OLS estimates of regression (2) with the same variables as Table 1, except that
we proxy the supply shock with the four-quarter average of the CPI headline shock.

Table 3: Phillips Curve Estimates using only CPI headline shock as proxy for supply disturbances

@ (2) ®) 4)
1960-2024 20082024  1960-2024  2008-2024

Inflation lag 0.3898*** 0.2365 0.2992%** —0.1158
(0.1019) (0.2373) (0.1127) (0.1965)

Ino 0.6678*** 0.7664** 0.3382* 0.5842*
(0.1738) (0.3747) (0.2044) (0.3384)

0>1 2.5943%** 3.2743**
(0.9754) (1.2401)

Supply shock (o) 0.1255 0.239 0.0975 0.0028
(0.0835) (0.1947) (0.0872) (0.1189)

6>1 0.2131 0.8203*
(0.3091) (0.4507)

Inflation expectations 0.6656*** 0.6249 0.7907*** 0.5096
(0.1093) (0.5743) (0.1166) (0.5312)

Constant 0.5069*** 0.8924** 0.2233 0.4947
(0.1477) (0.3658) (0.1694) (0.3774)

R? adjusted 0.8084 0.528 0.8159 0.6317

Observations 260 66 260 66

- B %% % denote statistical significance at the 1,5, and 10 percent level, respectively.
- Newey-West standard errors.

- (1) and (3): sample 1960 Q1 — 2024 Q4

- (2) and (4): sample 2008 Q3 — 2024 Q4
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Table 4 presents the OLS estimates of regression (2) with the same variables as Table 1, except that

we proxy the supply shock with the four-quarter average import-price shock.

Table 4: Phillips Curve Estimates using import-price relative to GDP deflator as measure of supply

shock

@) 2) ®) 4)
1960-2024 2008-2024 1960-2024 2008-2024
Inflation lag 0.3689*** 0.2734 0.2531%** —0.1503
(0.0946) (0.2449) (0.0925) (0.1906)
Ind 0.674*** 0.7218** 0.2373 0.5535*
(0.1761) (0.3636) (0.2004) (0.3168)
0>1 3.8979%** 5.7171%**
(0.8626) (0.9048)
Supply shock (o) 0.0384** 0.0179 0.046** —0.0093
(0.0195) (0.0403) (0.0207) (0.0238)
0>1 0.1005 0.2812**
(0.0992) (0.1191)
Inflation expectations 0.6616*** 0.7666 0.8106*** 0.5241
(0.1063) (0.6045) (0.1006) (0.4489)
Constant 0.5707*** 0.9098** 0.2198 0.4322
(0.153) (0.3975) (0.1681) (0.3505)
R? adjusted 0.8135 0.5058 0.8263 0.6615
Observations 260 66 260 66

- % %% % denote statistical significance at the 1,5, and 10 percent level, respectively.
- Newey-West standard errors.

- (1) and (3): sample 1960 Q1 — 2024 Q4

- (2) and (4): sample 2008 Q3 — 2024 Q4
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Table 5 presents the OLS estimates of regression (2) with the same variables as Table 1, except that

2-year Cleveland-Fed inflation expectation is replaced by the 1-year CPI inflation expectations of the

U.S. Survey of Professional Forecasters until 1981 Q3, which is patched backward using the interpo-

lated 12-month Livingston survey until 1960 Q1.

Table 5: Phillips Curve Estimates using 1-year CPI expectation of the U.S. Survey of Professional

Forecasters
1) (2) (3) 4)
1960-2024 2008-2024 1960-2024 2008-2024
Inflation lag 0.3031*** 0.102 0.2151** —0.1846
(0.0972) (0.2745) (0.0993) (0.1907)
Inf 0.6988*** 0.5046 0.3452* 0.4816
(0.1715) (0.3373) (0.1834) (0.324)
0>1 3.0533*** 5.3397***
(0.8831) (1.1552)
Supply shock (o) 0.0355* 0.0135 0.0406** —0.0055
(0.0195) (0.0388) (0.0206) (0.0242)
0>1 0.0983 0.2571**
(0.0874) (0.1155)
Inflation expectations 0.7706*** 1.6821 0.8856*** 0.6724
(0.1095) (0.6779) (0.1109) (0.5092)
Constant 0.476*** 0.3511** 0.178 0.1456
(0.1383) (0.3658) (0.1447) (0.2984)
R? adjusted 0.8184 0.5314 0.8273 0.6571
Observations 260 66 260 66

- % denote statistical significance at the 1, 5, and 10 percent level, respectively.
- Newey-West standard errors.

- (1) and (3): sample 1960 Q1 —2024 Q4
- (2) and (4): sample 2008 Q3 — 2024 Q4
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Table 6 presents the OLS estimates of regression (2) with the same variables as Table 1, except that
inflation expectations are proxied by the 5-year inflation expectations of the Cleveland Fed until 1982
Q2, which are patched with PFS 1-year inflation expectations for the GDP deflator until 1970 Q2 and
the interpolated 12-month Livingston survey inflation expectations until 1960 Q1.

Table 6: Phillips Curve Estimates Using Cleveland Fed’s 5-year inflation expectation measure

@) @) ®) 4)
1960-2024  2008-2024  1960-2024  2008-2024

Inflation lag 0.3957*** 0.3237 0.279*** —0.1438
(0.1002) (0.239) (0.1026) (0.1927)

In6 0.7413%** 0.8577** 0.3282 0.5756*
(0.1829) (0.3957) (0.2032) (0.3141)

0>1 3.7349%** 5.9778***
(0.888) (0.9355)

Supply shock (o) 0.0482** 0.0305 0.0574*** 0.0007
(0.0190) (0.0383) (0.0204) (0.0239)

6>1 0.1026 0.2611**
(0.0988) (0.1153)
Inflation expectations 0.6443** 0.3463 0.8022*** 0.129
(0.1202) (0.6506) (0.121) (0.5165)
Constant 0.5865"** 0.8651** 0.2393 0.2793
(0.1541) (0.3855) (0.1691) (0.3374)
R? adjusted 0.8055 0.4826 0.8178 0.6512

Observations 260 66 260 66

- B %% % denote statistical significance at the 1, 5, and 10 percent level, respectively.
- Newey-West standard errors.

- (1) and (3): sample 1960 Q1 — 2024 Q4

- (2) and (4): sample 2008 Q3 — 2024 Q4
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Table 7 presents the OLS estimates of regression (2) with the same variables as Table 1, except that
the 2-year Cleveland-Fed inflation expectations are replaced by the 5-year 5-year forward inflation ex-
pectations back-casted by Groen and Middledorp (2013) until 1971 Q4. The expectations are patched
with the interpolated 12-month Livingston survey inflation expectations until 1960 Q1.

Table 7: Phillips Curve Estimates using 5-year 5-year forward inflation expectations

@) @) ®) 4)
1960-2024  2008-2024  1960-2024  2008-2024

Inflation lag 0.5818*** 0.1401 0.5695*** —0.187
(0.0839) (0.2411) (0.0895) (0.2214)
In6 0.849*** 1.6901*** 0.7503*** 1.2537**
(0.2008) (0.4985) (0.2145) (0.5401)
0>1 1.0295 4.7254***
(0.6914) (1.0571)
Supply shock (o) 0.0686*** 0.0071 0.0703*** —0.017
(0.0212) (0.0293) (0.0224) (0.0229)
0>1 0.0655 0.2651**
(0.0717) (0.1025)
Inflation expectations 0.335%** 1.4705*** 0.3481*** 1.0459**
(0.0827) (0.4452) (0.0863) (0.48)
Constant 0.5256*** 0.8216** 0.4402%** 0.4147
(0.1243) (0.3632) (0.1413) (0.3222)
R? adjusted 0.7814 0.5637 0.7811 0.687
Observations 260 66 260 66

- % %% * denote statistical significance at the 1,5, and 10 percent level, respectively.
- Newey-West standard errors.

- (1) and (3): sample 1960 Q1 — 2024 Q4

- (2) and (4): sample 2008 Q3 — 2024 Q4
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Table 8 presents the OLS estimates of regression (2) with the same variables as Table 1, except that

the 2-year Cleveland-Fed inflation expectations are replaced by the 12-month households inflation

expectations of the Michigan survey until 1978 Q1 using the median of the survey and backward

until 1960 Q1 using the mean.

Table 8: Phillips Curve Estimates using 12-month Michigan inflation expectations

@ 2) (3) 4)
1960-2024 2008-2024 1960-2024 2008-2024
Inflation lag 0.4656*** —0.143 0.4669*** —0.2352
(0.0887) (0.1697) (0.089) (0.1426)
Ino 0.3475*** 1.1007*** 0.4346™** 0.9305***
(0.1162) (0.2845) (0.1479) (0.3027)
6>1 —0.152 2.7944**
(0.4876) (1.3328)
Supply shock (o) —0.0148 —0.0375 —0.0213 —0.0377*
(0.0195) (0.0248) (0.0208) (0.0222)
6>1 0.1271** 0.171**
(0.0624) (0.077)
Inflation expectations 0.661*** 1.4115*** 0.6672*** 1.0115%**
(0.1337) (0.2726) (0.1351) (0.2822)
Constant —0.1546 —0.6398"** —0.1022" —0.4619*
(0.1177) (0.2112) (0.1282) (0.2467)
R? adjusted 0.7997 0.6895 0.801 0.7172
Observations 253 66 253 66

- 2 % denote statistical significance at the 1,5, and 10 percent level, respectively.

- Newey-West standard errors.

- (1) and (3): sample 1960 Q1 — 2024 Q4
- (2) and (4): sample 2008 Q3 — 2024 Q4
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Table 9 presents the OLS estimates of regression (2) with the same variables as Table 1, except that
inflation expectations are proxied by the 1-year inflation expectations of the Cleveland Fed until 1982
Q2, which are patched with the interpolated 12-month Livingston survey inflation expectations until
1960 Q1.

Table 9: Phillips Curve Estimates using Cleveland Fed’s 1-year inflation expectations

@) @) ®) 4)
1960-2024  2008-2024  1960-2024  2008-2024

Inflation lag 0.3433*** 0.2072 0.2533*** —0.1554
(0.0964) (0.233) (0.0965) (0.1803)

Ino 0.6188*** 0.6097** 0.225 0.4713
(0.1701) (0.304) (0.1902) (0.2942)

0>1 3.1963*** 4.9982***
(0.8694) (0.9221)

Supply shock 0.033 —0.001 0.0388* —0.0216
PPy (©) (0.0203) (0.0376) (0.0215) (0.0231)
0>1 0.0799 0.2632**
(0.0975) (0.1212)

Inflation expectations 0.703*** 0.9096** 0.8183*** 0.6188
(0.1074) (0.4387) (0.1055) (0.3752)

Constant 0.5169*** 0.8112** 0.2024 0.3751*
(0.1448) (0.3534) (0.1569) (0.3048)

R? adjusted 0.8175 0.549 0.8268 0.6792

Observations 260 66 260 66

- ¥ % denote statistical significance at the 1,5, and 10 percent level, respectively.
- Newey-West standard errors.

- (1) and (3): sample 1960 Q1 — 2024 Q4

- (2) and (4): sample 2008 Q3 — 2024 Q4
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Table 10 presents the OLS estimates of regression (2) with the same variables as Table 1, except that
inflation expectations are proxied by the 12-month Livingston survey inflation expectations.

Table 10: Phillips Curve Estimates using 12-month Livingston survey inflation expectations

@ (2) ®) 4)
1960-2024 20082024  1960-2024  2008-2024

Inflation lag 0.2882%** 0.0946 0.2152%** —0.1565
(0.0911) (0.2059) (0.0917) (0.1753)
In6 0.6761*** 0.4695** 0.3069 0.5148*
(0.1647) (0.3052) (0.1791) (0.3933)
6>1 2.9682%%* 5.5783***
(0.8413) (1.5284)
Supply shock (o) 0.0344** 0.0167 0.0409** 0.0016
(0.0193) (0.0321) (0.02) (0.0244)
6>1 0.0599 0.2329**
(0.0882) (0.1426)
Inflation expectations 0.7797*** 1.6724 0.8863*** 0.3566
(0.1012) (0.4144) (0.1017) (0.6018)
Constant 0.4975*** 0.4528** 0.1974 0.2115
(0.1337) (0.292) (0.143) (0.327)
R? adjusted 0.8233 0.5644 0.8314 0.6534
Observations 260 66 260 66

- B %% % denote statistical significance at the 1,5, and 10 percent level, respectively.
- Newey-West standard errors.

- (1) and (3): sample 1960 Q1 — 2024 Q4

- (2) and (4): sample 2008 Q3 — 2024 Q4
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Table 11 presents the OLS estimates of regression (2) with the same variables as Table 1, except that
the inflation lag and the log of the vacancy rate to unemployment rate ¢ are instrumented with the
fitted values of their first lags.

Table 11: Phillips Curve Estimates using an instrumental variable approach.

@ 2) ®) (4)
1960-2024  2008-2024  1960-2024  2008-2024

Inflation lag (Fitted) 0.2804*** 0.3971* 0.1808* 0.155
(0.1044) (0.2042) (0.0972) (0.1511)
In6 (Fitted) 0.7901*** 0.3839 0.429 0.3812
(0.2074) (0.3882) (0.2656) (0.3894)

6 > 1 (Fitted) 3.8949%** 3.2892**
(0.9143) (1.4382)

Supply shock (o) 0.051** 0.0214 0.0527** —0.0075
(0.0234) (0.0432) (0.0244) (0.0204)

0>1 0.1804 0.3398***
(0.1357) (0.1287)
Inflation expectations 0.7898*** 0.9538 0.9006*** 0.8389
(0.1058) (0.7451) (0.0995) (0.651)
Constant 0.604*** 0.674* 0.342 0.5692
(0.1835) (0.3512) (0.225) (0.4113)
R? adjusted 0.794 0.4481 0.8057 0.5495

Observations 260 66 260 66

- % denote statistical significance at the 1,5, and 10 percent level, respectively.
- Newey-West standard errors.

- (1) and (3): sample 1960 Q1 —2024 Q4

- (2) and (4): sample 2008 Q3 — 2024 Q4
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Table 12 presents the OLS estimates of regression (2) with the same variables as Table 1, except that
PCE core inflation rate replaces CPI core inflation as the dependent variable.

Table 12: Phillips Curve Estimates using PCE core.

1) ) ®) 4)
1960-2024  2008-2024  1960-2024  2008-2024

Inflation lag 0.5662*** 0.5058*** 0.4416*** 0.1501

(0.0691) (0.1864) (0.0751) (0.2061)

In6 0.2819*** 0.3489 —0.0469 0.2354

(0.1076) (0.2605) (0.1466) (0.2497)

6>1 2.7574%** 3.518%**

(0.6316) (0.9424)

Supply shock (o) 0.0352*** 0.0236 0.0423*** 0.0193

(0.013) (0.0311) (0.0142) (0.0183)

0>1 0.0761 0.2117**

(0.0719) (0.0901)

Inflation expectations 0.3708*** 0.4544 0.5009*** 0.3949

(0.0684) (0.5054) (0.0745) (0.3767)

Constant 0.1916** 0.3662* —0.092 0.0125

(0.0949) (0.2126) (0.1314) (0.2581)

R? adjusted 0.8646 0.5773 0.8735 0.6669
Observations 260 66 260 66

- B %% % denote statistical significance at the 1,5, and 10 percent level, respectively.
- Newey-West standard errors.

- (1) and (3): sample 1960 Q1 — 2024 Q4

- (2) and (4): sample 2008 Q3 — 2024 Q4
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Table 13 presents the OLS estimates of regression (2) with the same variables as Table 1, except that
the level of 6 is used rather than its log.

Table 13: Phillips Curve Estimates using the level of 0

@ ) 3) 4)
1960-2024 2008-2024  1960-2024  2008-2024

Inflation lag 0.329*** 0.1375 0.2634*** —0.1338
(0.0928) (0.2419) (0.0938) (0.1922)
6 1.1662*** 1.6631** 0.5112 1.1295
(0.2438) (0.7151) (0.3754) (0.6863)

6—-1) 6>1 2.333%** 3.0831%**
(0.8187) (0.9185)

Supply shock (o) 0.04** 0.0249 0.0441** —0.0078
(0.0194) (0.0396) (0.0204) (0.0228)

6>1 0.0879 0.2537**
(0.102) (0.1222)

Inflation expectations 0.7162*** 0.4156 0.7992*** 0.4997
(0.1029) (0.6607) (0.1026) (0.4649)

Constant —0.5859*** —0.7739 —0.2383 —0.5958

(0.15) (0.472) (0.2085) (0.3731)

R? adjusted 0.8198 0.5463 0.8252 0.6556

Observations 260 66 260 66

- ¥ * denote statistical significance at the 1,5, and 10 percent level, respectively.
- Newey-West standard errors.

- (1) and (3): sample 1960 Q1 — 2024 Q4

- (2) and (4): sample 2008 Q3 — 2024 Q4
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Table 14 presents the OLS estimates of regression (2) with the same variables as Table 1, except that
the lag of the inflation rate is replaced by the lag value of the detrended real wage.

Table 14: Phillips Curve Estimates using lagged real wages instead of lagged inflation.

) () ®) @)
1960-2024  2008-2024 1960-2024  2008-2024

Real wage lag 11.0018** —8.8262 14.1549*** —7.825
(5.0474) (7.9603) (3.968) (9.5103)

Ino 0.7992*** 1.1535%** —0.055 0.6896*
(0.2613) (0.4211) (0.2535) (0.4022)

6>1 5.8288*** 4.1392%**
(0.7558) (1.091)

Supply shock (o) 0.0494** 0.016 0.0613** —0.013
(0.0258) (0.0462) (0.0242) (0.0202)

6>1 0.0834 0.2812**
(0.1083) (0.1149)

Inflation expectations 1.0264*** 0.774 1.0552*** 0.3616
(0.0509) (0.6267) (0.0485) (0.5175)
Constant 0.7835*** 1.2124*** 0.0928 0.4959
(0.2138) (0.3475) (0.2017) (0.3713)

R? adjusted 0.7848 0.4718 0.8249 0.6597

Observations 260 66 260 66

- ¥ % denote statistical significance at the 1,5, and 10 percent level, respectively.
- Newey-West standard errors.

- (1) and (3): sample 1960 Q1 — 2024 Q4

- (2) and (4): sample 2008 Q3 — 2024 Q4
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Table 15: Correlation between CPI core inflation and different measures of inflation expectations.

Inflation expectations 2008Q3 - 2024Q4 202004 - 2024Q4
2-year Cleveland (baseline) 0.5998 0.1874
1 year SPF 0.7289 0.5588
5-year Cleveland 0.4332 0.0439
5y-5y Forward -0.0595 0.2941
12-month Michigan Survey 0.7006 0.8226
1-year Cleveland 0.6805 0.4026
12-month Livingston Survey 0.7480 0.6516

Table 16: Granger causality test: Core CPI inflation causing inflation expectations.

Variable h p-Value
2008Q3 - 2024Q4

2-year Cleveland (baseline) 0  0.4815
1 year SPF 0 09859
5-year Cleveland 0 0.3582
5y-5y Forward 0 04175
12-month Michigan Survey 1 0.0202
1 year Cleveland 0 0.6241
12-month Livingston Survey 0  0.6241

Table 17: Reverse Granger causality test: Inflation expectations causing CPI core inflation.

Variable h p-Value
200803 - 20240Q4

2-year Cleveland (baseline) 1 0.0267
1 year SPF 1 0.0000
5-year Cleveland 0 01077
5y-5y Forward 0 0.4446
12-month Michigan Survey 1 0.0059
1-year Cleveland 1 0.0033
12-month Livingston Survey 1  0.0014
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B Appendix: empirical results using Kalman-filter estimation

As an alternative benchmark to capture nonlinearities, we consider a specification that allows for
time-varying coefficients, focusing on the period from 2008 Q3 to 2024 Q4. Generally, the results
support our previous findings. We follow closely the existing literature, see Blanchard, Cerutti and
Summers (2015). We consider the regression reported in Table 1, but the parameters are now allowed
to vary over time by a random walk. The model is estimated by a Kalman filter using as initial condi-
tions the OLS estimates generated by a regression up to 2008 Q2. Figure [14|shows how the estimated
coefficients vary over time from 2008 Q3 to 2024 Q4 with red lines. The blue lines correspond to
one-standard-deviation confidence bands.

The main conclusion is that the estimated coefficients shift sharply towards the end of the sample,
once 6 > 1. The slope of the curve steepens significantly in the post-COVID period, ending with a
value close to 2. This is consistent with the results in Table 1, although smaller in magnitude. The
coefficient on the supply shock also increases from zero to over 0.15. This is of the same order, even if
slightly smaller, than the estimated value of the supply shock in Table 1 when 6 > 1.

The inflation-persistence coefficient declines over time and hovers near zero at end of the sample.
This, too, is one of our model’s main predictions when 6 > 1, and is consistent with the benchmark
regression.

Figure[15|highlights how poorly a forecaster would have done using either our benchmark regression
or our regression with time varying coefficients if the forecaster fails to incorporate the non-linearities.
The results reported in that figure give a natural explanation for why both policy makers and pro-
fessional forecasters consistently failed to forecast the scope of the surge in inflation, as well as its
persistence, as shown in Figures|17|and [18|already mentioned in the introduction.
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Figure 14: Estimates of the Kalman Filter with time-varying parameters on sample 2008 Q3 —2024 Q4
with one-standard-deviation confidence bands.
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Figure 15: Left panel: CPI inflation rate at annual rates (black line); out-of-sample inflation prediction
(red line) using OLS regression (2) without the dummy variable on the sample 2008 Q3 — 2021 Q1;
in-sample inflation prediction (blue line) using OLS regression (2) on the sample 2008 Q3 — 2024 Q4.
Right panel: CPI inflation rate at annual rates (black line); in-sample inflation prediction (purple line)
using Kalman-Filter estimation with time-varying coefficients on the sample 2008 Q3 — 2024 Q4. The
three dashed lines represent the inflation prediction using the Kalman-Filter estimates by restricting
only to the variable 6, or the supply shock or the inflation expectations, respectively.
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C Appendix: Additional Figures

CPI Inflation (%)

3 4 5 6 7 8 9 10
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Figure 16: Empirical breakdown of the Phillips Curve in the 1970s as discussed in the Introduction,

sample 1960-1990.
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Figure 17: PCE-index inflation at annual rate (red line) and the inflation forecast of the Summary of
Economic Projections (SEP) (dashed lines) of the Federal Reserve up to and during the inflation surge.
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Figure 18: PCE-index inflation at annual rate (red line) and the inflation forecast of the Survey of
Professional Forecasters (SPF) (dashed lines) up to, and during, the inflation surge.
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Figure 19: This figure contrasts CPI inflation at annual rates with the five-year expected inflation
rate compiled by the Cleveland Fed and five-year five-year forward inflation expectations, which are
market-based from 1997 and back-casted by Groen and Middledorp (2013) to 1970.
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(c) Virginia labor shortage, July 2022

This Location is
Temporarily Closed
due to labor shortage.
We are in the progess of
restaffing to return to
normal operations and
would like to apologize for
the inconvenience.
Thank you for your patience.

There IS no labor
shortage!!! @)

The owners of this establishment
treated their employees like dogs, never
once helping us out—they don't even
live in Florida. All employees (including
management) were students and dida
great job keeping the store running with
no help from the owners. The past few:

months of crappy business have been
the result of lazy, careless ownership.

(d) Florida labor shortage, January 2022

Figure 20: Anectodal evidence of labor shortage across different states
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(a) March 2021: blockage of the Suez Canal by a vessel. to offload outside of Los Angeles

Figure 21: Anecdotal evidence of supply chain disruptions
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Figure 22: Measures of supply shock and their principal component (four-quarter average)
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(b) September 2021: Over 100 idle cargo ships waiting
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Figure 23: Wage inflation: growth rate of average hourly earnings of production and nonsupervisory
employees. In 0: log of the vacancy-to-unemployed ratio.
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Figure 24: Inflation: CPI inflation rate at annual rates. In6: log of the vacancy-to-unemployed ratio
for 21 Metropolitan Statistical Areas in the U.S. from 2000-2023. Source: Gitti (2023).
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Figure 25: Vacancy-to-unemployed ratio and its fitted value using the regression In6; = a +
bIn(us/ (1 — us)) + € on the sample 2001 Q1 — 2024 Q4, as in Kalantzis (2023). The Figure shows

the time-series for the sample 2009 Q1 — 2024 Q4.
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Figure 26: Maximum likelihood of OLS regression of equation (2) by varying the threshold for the
dummy at different values of . Sample 1960-2024 and Sample 2008-2024. The red dashed line reports
the maximum likelihood of the OLS regression of equation (2) without the dummy.
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Figure 27: CPI core inflation (annualized quarterly rates). 2-year inflation expectations of the Cleve-
land Fed patched, before 1982 Q1, with 12-month Livingston survey inflation expectations. 1-year
CPl inflation expectations of SPF patched, before 1981 Q3, with 12-month Livingston survey inflation
expectations. 12-month households inflation expectations of the Michigan survey.
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Figure 28: Wage growth (%), overall, and decomposition between job switchers and job stayers, from
Wage Growth Tracker of the Federal Reserve Bank of Atlanta.
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Figure 29: Nonparametric estimates of the conditional median function of two-year posted wage
growth given initial wage level, based on data from Burning Glass Technologies. Source Crump et al.
(2024).
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Figure 30: Plot of unattached labor force (z) and matching efficiency (1) over time.
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Figure 31: Scatter plot of job vacancy rate (%) and unemployment rate (%), sample 2020 M1- 2024
M6. Beveridge curve is plotted at each point in time. The points with the diamond represents the
points on the January 2020 and December 2024 Beveridge curves where vacancy rate is equal to the
unemployment rate.
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Figure 32: Labor force participation in the U.S. during the last decade.
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D Appendix: Data Description

Table 1

Table 1 presents the estimates of equation

T = ﬁc + ﬁnnt—l + (BQ + ;BGth) In6; + (,BQ + ,Bngt) -0t + ,Bn“ : nf + &, (D.1)

in which 7; is the annualized quarterly inflation rate, computed as log changes, in deviation from
a 2% inflation target. The rate is computed using the CPI core component (net of energy and food);
11 isits lagged value. Data on CPI are from FRED, collected quarterly, using the average of monthly
observations for each quarter.

In6; is the log of the ratio of vacancies to unemployed workers provided by Barnichon (2011) and
updated by the author. Data are monthly. Accordingly, the quarterly series used in the regression is
log of the average of the relevant monthly observations. D; is a dummy variable taking the value one
when 6; > 1.

0t is the four-quarter average of the principal component of the following three series: headline
shocks, both to CPI and PCE, and import shock. The CPI or PCE headline shock is the difference
between the annualized quarterly inflation rate computed using the CPI or PCE price index and that
computed using the CPI or PCE price index excluding energy and food. The import shock is the
difference between the annualized quarterly inflation rate computed using the import-price deflator
and that computed using the GDP deflator. Data are from FRED and collected quarterly, using the
average of the relevant monthly observations. We proxy the supply shock with the four-quarter av-
erage of the principal component of the three series. Let pr; be the principal component of the three

series described above; then ¢ is given by:

0t = (pri + pri—1 + pri—o + pri—z) /4.

We proxy inflation expectations (71°) with the 2-year inflation expectations of the Federal Reserve
Bank of Cleveland, which are collected from FRED quarterly and available since 1982 Q2. The series
is patched backward to 1960 Q1 with the 12-month inflation expectations from the Livingston survey.
Since the latter is twice yearly, missing observations are interpolated though a spline curve-preserving
function. In all regressions, 71; and 7r{ are deviations with respect to a 2% annual inflation target.

Table 2

Table 2 presents the results of the regression
7t = Be + Brrti—1 4 BoIn 6O + Bg, Di(In6; —In6) + (Bo + Bo,Dt) - 0t + Pre - f + &4, (D.2)

90



with the same data as in Table 1 where the threshold for the dummy is set at * = 0.5026 for the
sample 1960 Q1-2024 Q4, and at 0* = 0.9812 for the sample 2008 Q3-2024 Q4, which correspond
to the thresholds, in the respective sample, that maximize the likelihood of the regressions across
different thresholds, as shown in Figure

Table 3

Table 3 uses as a measure of supply shock the four-quarter average of the CPI headline shock, de-
scribed under Table 1.

Table 4

Table 4 uses as a measure of supply shock the four-quarter average of the import-price shock, de-
scribed under Table 1.

Table 5

Table 5 uses as a proxy of inflation expectations the 1-year CPI inflation expectations of the U.S.
Professional Forecasters Surveys, retrieved from Thompson Reuters Datastream, which starts in 1981
Q3. We patch this series backward to 1960 Q1 again using interpolated 12-month Livingston survey
inflation expectations.

Table 6

Table 6 uses as a proxy of inflation expectations the 5-year inflation expectations of the Federal Re-
serve of Cleveland, which starts in 1982 Q1, collected from the FRED database. The series is patched
with the 1-year GDP-deflator inflation expectations of the U.S. Professional Forecasters Surveys, re-
trieved from Thompson Reuters Datastream, which starts in 1970 Q2, and finally patched backward
to 1960 Q1 again using interpolated 12-month Livingston survey inflation expectations.

Table 7

Table 7 uses as a proxy of inflation expectations the 5-year 5-year forward inflation expectations back-
casted by Groen and Middleddorp (2013) until 1971 Q4. The series is patched backward to 1960 Q1,
again using interpolated 12-month Livingston survey inflation expectations.
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Table 8

Table 8 uses as a proxy of inflation expectations the 12-month households inflation expectations of
the Michigan survey until 1978 Q1 using the median of the survey and until 1960 Q1 using the mean.

Missing values are present during the 1960s.

Table 9

Table 9 uses as a proxy of inflation expectations the 1-year inflation expectations of the Federal Re-
serve of Cleveland, which starts in 1982 Q1, collected from the FRED database. The series is patched
with the 1-year GDP-deflator inflation expectations of the U.S. Professional Forecasters Surveys, re-
trieved from Thompson Reuters Datastream, which starts in 1970 Q2, and finally patched backward
to 1960 Q1 again using interpolated 12-month Livingston survey inflation expectations.

Table 10

Table 10 uses as a proxy of inflation expectations the interpolated 12-month Livingston survey infla-
tion expectations.

Table 11

Table 11 presents the OLS estimates of regression (2) with the same variables as Table 1, except that
the inflation lag and the log of the vacancy rate to unemployment rate (¢) are instrumented with the
fitted values of OLS regression on their first lags. Namely, the regressors 7;_1 and In 6; are replaced
with the fitted values of the respective OLS estimates:

e = Po + P17tr-1 + €1,
Inb; = y9+ y1Inb;_1 + €.

Table 12

Table 12 uses inflation measures from the core PCE at annualized quarterly rate. The core PCE price
index is collected from the FRED database quarterly, as the average of the relevant monthly observa-
tions.

Table 13
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Table 13 uses the level of 0 rather than In 6.

Table 14

Table 14 repeats the estimation of Table 1, but in which the lag of inflation is replaced with the de-
trended real wage. The real wage is built deflating the series "Nonfarm Business Sector: Unit Labor
Costs for All Workers (ULCNFB)" retrieved from the BLS with the GDP deflator from FRED database.
The series is not stationary and it is deetrended using the procedure of Hamilton (2018) to obtain the
cyclical component.

Tables 15, 16 and 17

Table 15, 16 and 17 uses CPI core inflation rate at a annualized quarterly frequency, 1-year, 2-year and
5-year inflation expectations of the Federal Reserve of Cleveland, 1-year CPI inflation expectations
of the U.S. Professional Forecasters Surveys, 5-year-5-year forward inflation expectations, 12-month
households inflation expectations of the Michigan Survey, 12-month inflation expectations from the
Livingston Survey. Data are collected from FRED database, Thompson Reuters Datastream, at a quar-

terly frequency.

Figure

Figure [I| presents the scatter plots of inflation and labor market tightness in the United States for the
samples 1960 Q1-1969 Q4, 1970 Q1-1987 Q2, 1987 3-2008 Q2, 2008 Q3-2024 Q4. Inflation is annual
inflation rate computed using the quarterly CPI. CPI quarterly observations are the average of the rel-
evant monthly observations. In § is the log of the ratio of vacancies to unemployed workers provided
by Barnichon (2010b) and updated by the author. Data are monthly. Accordingly, the quarterly series
is the average of the relevant monthly observations.

Figure

Figure [3| plots the annual inflation rate computed using the quarterly CPI (top panel). CPI quarterly
observations are the average of the relevant monthly observations. 0 is the ratio of vacancies to un-
employed workers (bottom panel) derived by Petrosky-Nadeau and Zhang (2021) back to 1919. Data
are monthly. Accordingly, the quarterly series is the average of the relevant monthly observations.

Figure 4]
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Figure [4 plots the annual inflation rate computed using the quarterly CPI (top panel). CPI quarterly
observations are the average of the relevant monthly observations. 6 is the ratio of vacancies to
unemployed workers (bottom panel) provided by Barnichon (2011) and updated by the author. Data
are monthly. Accordingly, the quarterly series is the average of the relevant monthly observations.

Figure

Figure[§|plots the annual inflation rate computed using the quarterly CPI. CPI quarterly observations
are the average of the relevant monthly observations. Inflation expectations are from the Livingston
survey of the Federal Reserve Bank of Philadelphia for the 12-month horizon on CPI. The frequency
of the graph is twice yearly, consistently with the Livingston Survey data.

Figure|6]

The left panel of Figure [f] uses the same data for inflation and 6 as in Table 1, described above. The

variable ‘inflation deviations’, 7r¢, on the right panel is built as

= — Brartioq — (Bo + BoyDt) - 0t — BreTti

using the estimates of Table 1, column (3).

Figure|7]

Figure [7] builds a decomposition among the different regressors of Table 1 column 4. Consider a
situation in which inflation is on target, expectation on target, and In 6; = In § where In  correspond
to In 0; being neither inflationary or deflationary. In this case

Hence:
Inf = —&.
Bo

This implies that the fitted value for inflation can be written as follows:

= PBrmi_1  + Be((min(In(6;),0) —Inf)) + Dt | B, lnGt]
N——
Lagged Inflation Labor Market Tightness | —

Labor Market Tightness when 6 > 1

+ Bo0t + Bo, Dror + BrrTi
—_—— ——

Cost Push Shock Inflation Expectations
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Note that the contribution of the component In 6; when 6; > 1 is given by the component By ((min(In(6;),0) —
Inf)) up to the unitary value and the component Bg, In6;. Therefore the overall contribution is

Bc + BoqIn ;. Moreover, when 6; > 1 the contribution of the cost push shock is given by the sum

of oot + Bo,Dios. Figure shows this decomposition together with core inflation, both at annualized

rates.

Figure

Figure [§builds a decomposition among the different regressors of Table 1 column 3 for the sample
1960 Q1 — 2024 Q4. The procedure follows the description given under Figure

Figure[9]

Figure P plots wage growth, in its decomposition between the category job switchers and job stayers,
and core CPl inflation. Data on wages are monthly and collected from the ADP Employment Report.

Figure

The Figure uses the estimates of Table 1, column 4, to draw inflation as a piecewise linear function of
Iné6.

Figure[11]
The Figure uses the estimates of Table 1, column 4, for x = 0.5185, x, = —0.0096, xtight — 05185 +
54627, k8" = —0.0096 + 0.2745. The estimates x and '€ are divided by 400 since in the OLS

regression inflation is measured in percent and at annual rates while the model is interpreted at a
quarterly frequency. The following parametrization is used: w = 1, « = 09, A = 0.5, z = 0.0733,
it =004, 1 =041 =08, ¢ =15 0 = 05, ™ = 0.05. The following parameters, derived in
Appendix E, are obtained:

o B Z—L_IE B
dg = (1 )t);y—l—l_az(l—l—w)(l 1),
s 1-z z—1 z—Ul
dy = (l_ﬂ(1—)\)+l_ﬁ)ry+1_ﬂz(1+w)(1—17),
wi
F= (D.3)
S d
P
v A7
1-%



w tight

tight — * dy
- 1 wlighty 1—z7
4, 1-
tight
_tight __ K
K0 =

- 1_ xtighty 1—z °
g, 1

The Figure plots the AD equation given by:
o A 1 (Pn — o
Ys =Gs—0 7177(715 )

and the Inv-L NK Phillips curve:

c Ktight N ktight . N Y > Y*
Tt Yst (1 —a)js+n* Y=
7TS = 7
= Ys + £ (1 —a)ds + 7 Y < v

where Y* is set such that when Y5 = Y*, g = (2.3906/400) consistent with the estimates of Table
1, column 4. The demand shock is set at Gs = 0.015 and the supply shock at 45 = 0.075. Demand
and supply shocks are picked in a way that inflation rate reaches 6.2%, consistently with the value
reached in Q2 2022 as shown in Figure[/] and that demand shock contributes to 2/3 to the rise, while
the remaining fraction is explained by the supply shock. The parameter c is such that

c= (k _ k“’g’”) v,

In Figure[11} inflation, 75, is at annual rates and in percent, output gap Ys is in percentage points.

Figure

The Figure uses the estimates of Table 1, column 3, for ¥ = 0.2315, x, = 0.0447, xtight — 02315 +
3.7753, 58" = 0.0447 + 0.1038. The estimates x and x'8"" are divided by 400 since in the OLS regres-
sion inflation is measured in percent and at annual rates while the model is interpreted at a quarterly
frequency. The following parametrization is used: w =1, & = 09, A = 0.5,z = 0.0733, 7 = 0.04,

n=04,1=038, ¢ =150 =05 7% = 0.05. The following parameters, derived in Appendix E, are

obtained:
Z—Uu
s 1-z z—1 z—0i
dg = <1_a(1—)\)+1_ﬁ)ﬂ+1_ﬁz(1+w)(1_’7)/

(D.4)
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KU = 1 M,
dy
w light
tight — * dy
- 1_ wlighty 1—z 7
4, 1-1
tight
Fight o
v - 1_— Klighty 1—z
4, 11
The Figure plots the AD equation given by:
Y -1 477'[ -7 * —1 e *
YS—*U' ﬁ(ﬂ’S*ﬂ)“”O— (7TL77T)

and the inv-L NK Phillips curve:

N _tight

e+ Yo B (1 —a)ds+ (8 — ) V>V

1-7 1-7 1-7

g — 7t =
R Vs + £ (1 — a)gs + (5 — 77%) Y < v

1-71

where Y* is set such that when Y5 = Y*, g = (2.1922/400) consistently with the estimates of Table
1, column 3. The supply shock is set at §s = 0.0725, consistently with the maximum 30% increase,
during the 1970s inflationary surge, in the proxy of the supply shock used in the regression as shown
in Figure 22} the inflation expectations shock is set at 77; = 0.025, consistently with the 10% increase
in inflation expectations observed during the 1970s, according to Figure 5| The parameter c is such
that

= (k _ ktight) v

In Figure[12} inflation, 775, is at annual rates and in percent, output gap Ys is in percentage points.

Figure
The Figure uses the same estimates and calibration described under Figure

The Figure plots the AD equation given by:

Ys = —(T_lan_T

17 (s =)

which applies whenever the economy is above the zero lower bound, i.e. under the condition that
76 > ¢pr(ms — ") —In(1 +1i),

in which i is the steady state interest rate, which is set at i = 0.0075. When the zero lower bound
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binds, the AD equation is given by

. T In(1+i) + 7
Yo = -1 - 7175‘
s =0 1_T(715 ) +o 1<
The Inv-L NK Phillips curve:
S L R A 4
1-7 -t 1S t =
g = P
1ET?S+7T* ?t < Y*

where Y* is set such that when Y5 = Y*, 71 = (2.3906/400) consistent with the estimates of Table 1,
column 4. The parameter c is such that

c= (k - k“’g’”) v,

The shocks to the natural rate of interest is set at 7 = —0.0125.

Figure

Figure[I4]presents the estimates through Kalman Filter of the measurement equation

Tt = Bet + Brotti—1 + Bos N6 + Bot0t + Prei7f + €4,

in which ¢; is distributed as N(0,0?) with the state equations given by

Bet = Pot—1te€ct
Brt = Pri-1+Ent
Bor = Pot—1+e€py
Bot = PBot-1+€ot
Bret = PBrep-1+€nep

in which et ~ N(0,02), €xt ~ N(0,02)), €5 ~ N(0,02,), gt ~ N(0,02,), €xe ~ N(0,0Z ). The
Kalman Filter is initialized by running an OLS regression of the measurement equation with constant
coefficients on the sample period 1960 Q1 — 2008 Q2. Then, the Kalman Filter estimation runs from
2008 Q3 to 2024 Q4. 07 is initialized as the variance of the residuals of the OLS regression on the
pre-sample; B, Br, Bo, Bo and Bre are initialized with OLS estimates of the respective coefficients on
the pre-sample; 02, 02, ‘7529/ Uezg, aezne are initialized with the variance of the respective coefficients of
the OLS regression on the pre-sample. Figure [14] plots the estimated time-varying coefficients B ,

Beo,t, Bo,t and Bre s using the Kalman Filter and their one-standard-deviation confidence bands.

Figure
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The black line of the left panel of Figure[15)is the annual CPI inflation rate excluding food and energy
sectors. The red line represents the out-of-sample prediction of equation

Tt = Be + Brmti—1 + PoInO; + B0t + Premi + €4,

estimated for the sample 2008 Q3 — 2021 Q1 for the period 2021 Q2 — 2024 Q4. The model produces
forecasts for the quarterly inflation rate in deviations of a 2% target. Accordingly, we build the corre-
sponding predicted inflation at annual rates.

The blue line represents the in-sample prediction of equation

7t = Be+ Brmti—1+ (B + Bo,Dt) - In 0 + (B + Bo, D)ot + PreTty + e,

estimated for the sample 2008 Q3 — 2024 Q4 for the period 2021 Q2 — 2024 Q4. The model produces
predictions for the quarterly inflation rate in deviation of a 2% target. Accordingly, we build the

corresponding predicted inflation at annual rates.

The black line in the right panel of Figure [15is the annual CPI inflation rate excluding food and
energy. The purple line is the in-sample prediction using the non-linear Kalman Filter estimates,
while ‘6 component’, ‘Supply Shock component’, ‘Inflation Expectations component” correspond, re-
spectively, to the in-sample prediction derived from the following three equations using the Kalman
Filter estimates.

m = Bray 1+ Bos(Inb; —Inby),
ﬂf = ﬁn,tﬂtg,l + Bo,t0t,
T = BrtTti_q + PresTT

in which
In6: = —B_} o

and initial conditions are given by the inflation rate in 2021 Q1. The model produces inflation pre-
dictions at quarterly frequency in deviations of a 2% target, so we build the corresponding annual
inflation predictions plotted in the Figure.

Figure

Data are taken from the FRED Database. Inflation is computed using the CPI annual inflation rate

(Q4 on Q4) for the reference year. The unemployment rate is the annual average.

Figure

Data for the PCE-index inflation and its forecasts of the Summary of Economic Projections are from
the FRED database.
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Figure

Data on PCE-index inflation and its forecasts of the Survey of Professional Forecasters are from the
FRED database.

Figure

Figure[I9|plots the annual inflation rate computed using the quarterly CPL. CPI quarterly observations
are the average of the relevant monthly observations. Inflation expectations are the 5-year inflation
expectations of the Federal Reserve of Cleveland. Data are from the FRED database. The Figure also
plots the 5-year 5-year forward inflation expectations of Groen and Middledorp (2013) update from
FRED database using the series T5YIFR with end-of-month data.

Figure

Figure[22] presents the three different measures of the supply shock that we use to build the proxy for
0t, namely the four-quarter averages of the principal component of the two headline shocks (using
CPI and PCE price index) and the import-price shock, as described under Table 1.

Figure

Figure [23|shows scatter plots of wage inflation and In 0 at quarterly frequency and for different sam-
ples. The wage inflation is the annual growth rate using Average Hourly Earnings of Production and
Nonsupervisory Employees, Manufacturing, Dollars per Hour, retrieved from the FRED database.
In 0 is the logarithm of the ratio of vacancies to unemployed workers as in Figure

Figure

Figure [24]is taken from Gitti (2023).

Figure

Figure 25| plots the vacancy-to-unemployment ratio (f) and its fitted valued using the regression
Inb=a+bIn(us/(1—up)) + ¢

estimated with OLS on the sample 2001 Q1 —2024 Q4. This regression is suggested by Kalantzis(2023).
Data are from the Job Openings and Labor Turnover Survey of the BLS. Data are monthly. Accord-
ingly, the quarterly series is the average of the relevant monthly observations.
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Figure

Figure 26| reports the likelihood value of the regressions
T = ﬁc + /37-(7'[,5,1 + ,39 In6; + ﬁeth(lnGt — 11’19*> + (ﬁg + ﬁQth) -0+ ,Bnﬂ . 7'[? + ¢4, (D5)

in which D; = 1 whenever 0; > 6* otherwise D; = 0. The threshold 6* can take values between
Omin = min 6; and Omax = max ;. The Figure plots the likelihood value as a function of the threshold
6* estimating the regressions in the samples 1960 Q1- 2024 Q4 (bottom panel) and 2008 Q3- 2024 Q4
(top panel).

Figure

Figure 27| plots the inflation rate and inflation expectations used in Table 1, Table 5 and Table 8. In-
flation rate is the annualized quarterly inflation rate computed using core CPL Inflation expectations,
used in Table 1, are the 2-year inflation expectations of the Federal Reserve Bank of Cleveland, col-
lected from FRED quarterly and available since 1982 Q2. The series is patched backward to 1960
Q1 with the 12-month inflation expectations from the Livingston survey. Since the latter is twice
yearly, missing observations are interpolated though a spline curve-preserving function. Inflation
expectations in Table 5 are the 1-year CPI inflation expectations of the Survey of Professional Fore-
casters, retrieved from Thompson Reuters Datastream, which starts in 1981 Q3. We patch this series
backward to 1960 Q1 again using interpolated 12-month Livingston inflation expectations. Inflation
expectations in Table 8 represent the 12-month consumer inflation expectations from the University
of Michigan survey, retrieved from the FRED database at a quarterly frequency. This data starts in
1979 Q1 and corresponds to the median of the survey. The series is extended backward to 1960 Q1
using the mean of the same survey.

Figure

Figure[2§plots wage growth, in its decomposition between the category job switchers and job stayers,
and core CPl inflation. Data on wages are monthly and collected from the website of the Atlanta Fred
at Wage Growth Tracker - Federal Reserve Bank of Atlanta (atlantafed.org).

Figure

Figure[29|reproduces Figure 8, top panel, of Crump et al. (2024). It shows the nonparametric estimates
of the conditional median function of two-year posted wage growth given initial wage level, based
on data from Burning Glass Technologies.
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Figure

Considering a time-varying z;, equation implies that
Nt = [1—z + myulv; "|F. (D.6)
First using data on the hiring rate (/;), vacancy rate (v;) and unemployment rate (1) from JOLTS of
the U.S. Bureau of Labor Statistics, m; is obtained as
hy

n, 1=y’
Uy oy

my =

having set 7 = 0.4 as in Blanchard, Domash and Summers (2022). Moreover note that implies
that

zy = up + hy,

from which we build z;.

Figure 30| plots z; and m; for the sample 2000 M12 — 2024 M12.

Figure

Figure 31| presents a scatter plot of job vacancy rate, v;, and unemployment rate, u;, for the sample
2020 M1 — 2024 M12. Data are from JOLTS of the Bureau of Labor Statistics. At each date, and
therefore for each couple (my,z;), the Figure plots the Beveridge curve implied by and given by

o — Zr—u 1%’7
—\Umu ’
for u < z;; z; and m; are derived following the procedure described under Figure 30jand # = 0.4.
Note that when v = u and therefore § = 1, then u = z/(1 + m).

Figure

Data on labor force participation are taken from the FRED Database at quarterly frequency.
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E Appendix: The Model

E.1 Derivation of the AS equation

The firms’ discounted value of current and expected future profits are:

- N . , , ) 1 2
B Y {pf(z)yf(z) ~ WENF (D) - (L A WEN ) — PrarOn ()~ § (LD —1) Pm}

where Q; v = BT~#(X77/Pr)/(X; 7 /P;) is the stochastic discount factor the household uses at time
t. Note that the maximization problem is subject to the following constraints:

yi(i) = Ap(NF* (i) + NP (i) 0 (i) 7%, (E7)
yi(i) = (p;)(:)) . th, (E.8)

0 < N/*(i) < (1—-2z)F, (E.9)
NP (i) > 0. (E.10)

We can use (E.7) to solve for N{**“(i) to obtain

NJe (i) = <yj4(:)> " 0ii)' - NEX (i),

which substituted into the objective function yields to:

1
a—1

E, Tfi Qi1 {mim(f) (W — (L ) W NG () — (14 oW (VT(i)) 0r() +
=t

Ar
, 2
—PrqrOr(i) — s ( prli) 1 1> PTYT} .

2 \pra ()1

Note that whenever W& < (1 +2?) W/, it follows, using (E.9), that the optimal choice for Nf*(i) is
N{*(i) = (1 — z)F;. Given this result, first-order conditions with respect to p; (i) and Oy (i) imply

. %71 ;
0 = (el +alrahwpes (B)T B0 +

_ pt(i) ) 1 X1 7 p, Pt+1(i) - pt+1(i)
° <Pt—1(i)n 1) Pt—l(i)HPthJrgEt {B( X; ) Priq <Pt(i)H 1) (Pt(i))zl_IPHlYHl}

and
1—a

(ot (40 0,6
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We can combine the second first-order condition into the first to substitute for O;(i) and obtain

_ 2o (AW R\ )
0 = (1—et)yt(z)—|—€t< X ) (1t_ix> At;t(i)

pe(i) ) 1 (Xt+1 ) Ry <Pt+1(i) ) pra1(i)
- ——1 ~—P;Y; +GE — —1 . P11, .
‘ (Ptl(l)n pa (e P Xi Py \ pe(i)I1 (pe(i))2mm 1ot
All firms are going to set the same price therefore p;(i) = P; and y;(i) = Y. We can then obtain
a 1—a
e [1+9] Wi qt I I
= (1- <t —c(=H-1)
0 = et”At( « P 1—a “\m o
X1\ 7 Yiqr (T I
+gEt{ﬁ( X; ) v, \m Yo
from which we can obtain equation (26), here restated as
b wmew \ 1-a
E—l I e—=1[wm (1+1 W gt 1)+
I1 nm c Ay x P 1—w
X1\ 7 Y (i [Ty
E -1 E.11
+BE; { (Fer) e (5 bt (E11)

in which we have defined yi; = €;/(e; — 1).

Note that whenever Wf* = (1 + «?)W/*®, the above derivation applies too implying the same AS
equation.

E.2 Inv-L Phillips curve characterization

In this Section we derive the Inv-L Phillips curve characterization through a log-linear approximation
of equation (E.I1) considering that

W}’ = max(wy*, w{lex), (E.12)
where ¢ 1
wf =1 g1, (E13)
Ve Mt
and
@)\ g
Wi = <w§x11fi1 ) (w]" ) gy, (E.14)

The approximation is going to deliver a piece-wise log-linear function as it is shown in equation (49)
in the main text. First, we characterize the steady state of the general equilibrium model, then we
take a first-order log-linear approximation of (E.11), (E.12), (E.13) and (E.14).
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E.2.1 Steady state

Let us first consider a steady state in which & =&, Ay = A, e, =€, 4t =q9,0: =0, G = G, my = m,
z=z,xt=x Y =97 =15 7? = 'yb, ¢r = ¢, I1; = H The steady-state versions of equations
@, @) @), @) and G imply:

XFY = (1 —2)w™ + ump' ", (E.15)
1 1 1l
new & €— “ q :
= A E.1l
oo (T) ) =19
N =F(1—z+umd*), (E.17)
1= g +u (E.18)
C
wflex — llbe’f. (E.19)
my
Moreover
W = max(w®, wf lex) (E.20)
with
w = (wexnfl(H>5)/\<wfleX)lf/\(P. (E.21)

We consider a steady state in which wflex < wex and therefore W™ = w® = @, with
L4

1—
I c—1 q T
- () ()

In this steady state § < §*, which requires ¢ to satisfy the inequality ¢ > IT*1=9). Note that §* is

new

B

defined when w/!e¥ = '@ — e — @, therefore, in this case, ¢ = [1M(1=9) whereas w/le* = w

1
5 — amy? (6—1A>1 ( q )‘14“ !
A+ e 1—uw '

In our approximation, we consider a steady state in which § < §*, requiring, therefore, ¢ > TT1-9),
For a given ¢, satisfying the inequality, we can then use (E.19) into (E.2I) noting that w** = , to
determine . We can then combine (E.15) — (E.18) to obtain

implies

=

i=—
1+ ml-1

80We are generalizing the analysis by having z stochastic.
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which determine F and i, given @ and 6. N is then determined by (E.18).

E.2.2 Derivation of equation

In a log-linear approximation of equation (E.11), the AS equation is:
(e-1)
6

Ty — 7T =

(s + a (@ + dy47) — Ar + (1 — a)gs) + BEr(m141 — 71), (E22)

in which d, = 9?/(1+4").
Consider first the case in which 6; > 6] and w}*” = w®*, then it follows that W}’ = —cy, + zi){ lex
where ¢, = In(@/ wflex ), with ¢;, > 0 and, in particular, ¢, = 0 whenever the steady-state approx-
imation is taken at the kink point, 6 = 6*. A log-linear approximation of equation (E.13) implies
that:

®f' = by + 45 — 47 — 1. (E.23)

Using (E.23) into the AS equation, we obtain:

T — 7T = —c + k181G, 1 8" (9, 4 818MY 1 BE, (rrpiq — 1), (E.24)

given the following parameters
tight (6 -1 ) (44
K = ——

G
ight _ (€ = Dary
G
] -1
Kf/lght _ (€ ),
¢
- K(tfightcbw

having defined

Now consider the state in which 8; < 6f and w{*“ = w{*, then it follows that ¥} = @{*, and
therefore using (E.14) that:

DIV = Ady_q — A(7 — 7T) + ASEr(mraq — ) + (1 — A +
+

in which we have used @;_1 in place of @¥{*; and equation (E.13).
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We can then substitute the wage norm into (E.22) to write it as

e—1 . . N
=T = (g) {yt + a[AW; 1 — A(7t — 1) + ASEs (441 — 7T) +d7'y’f+]+

(1= A) (g8 + 45 = 91 = 1ie) + ¢ — A+ (1= )1 | + BEs (741 — 7),
which can be written more compactly as
Tt — 7T = KeoW_1 + kO + 1 (0 + O¢) + kgEt(741 — 77),
given the following parameters
Kw =1—1,
K= (1—A)yxtisht
Kf/ight

Ky =

7

kg = (1—9)5+ 9B,

with i being a positive parameter with 0 < ¢ < 1 defined as

v= 1+ (egl)a/\'

in which
B = a(1— A) (5 — rite) + adpe + a(dy — (1= 1)1

Note that x < 8" and x, < Kffght, since0 <y <land0 < A <1.

Note that

T — 7T = —c + xH8hp, + Ki’ght(ﬁt + @flght) + BE¢ (71441 — 1),

applies when 8; > §; while

T — 7T = KeWy_1 + k0 + (0 + l9t) + KﬁEt(T[t_H — ),

(E.25)

whenever §; < ;. A requirement for this to be a log-linear approximation is that ¢ must be of the

same order as the norm of the shocks.

F Derivations of Section [6]

In Section 6| we make the assumption that the wage norm is

w{ fex for 0; > 0f

new __

@ (1)K )M (w] ) for 6; < 6,
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We take a first-order approximation of equations (14), (28), 29) to obtain

N 1— — i 7l
Wbt = IR 2 g T g, (r26
K= f——" g E27
t A aut (F27)

R R z—U, ~
Uy = 24 — . (mt + (1 — 77)9t) (F.ZS)

Note that we are also allowing for time variations in z. We can combine (F.27) and (F.26) to obtain

Nt_;G_ngiji_i‘;w?m) _éxt_HT“’lfﬁﬁt, (F29)
which holds independently of the wage mechanism.
Consider first the case when 6; < 6} and therefore
WP =@ = (1= A) (g0 — 1ity) — A((7¢ — ) — 6E¢(7tp41 — 7)), (F.30)
having set §; = ’?i’ = ¢ = 0.
Note that )
KNy = ;(?t — Ay), (F31)

having set O; = 0. We can then plug (F.28), (F.30) and (F.31) into (F.29) to obtain

1. - 1 . 1.
S(i—Ay) = — (=AY (6 —1ie) — A((7t = 70) — OEe (71441 — 71))) — PG
1+w @ ltwz—aia,, "
o 1-at w 1—ﬂ2(mt+(1_;7)9t)

1. ds. dm.
(Y — Ay) = =60 — ;((nt — 1) —0Ei(mpyq — 1)) — th — izt + Ummt

R |-
>
>
U
<
>
>

dg = (1—A>f7+i_ ~(1+w)(1-7)
dn=—(1-1)+ = _g(1+w),
ds = (1—|—w)17_
Therefore, we can write
0 = d%((ﬂt — ) = 6E¢ (711 — 7T) + dle?& + j;ft - iii’:mt + aidg( Yy — Ay).
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Using it into (E.25) we can obtain

ads | " wd,y, R A . .
T —mT = <Yt + )Ct + stt Ap— wmt) + & (e — Ar+ (1 —a)gr — a(1— A)riy)

+K/3Et(7'(t+1 — 7'[),

having defined:
wK
~ Déd@
R=—7
dy
. Ky
fy = <
Cdy
OAK
. _ KB4y
Kﬁ = A
dy

We now characterize the case in which 6; > 6} where:

WP = —cyp + 10y — (F32)
= (1= A)(nb; —1ity) — A(7ts — 71 — 6E4 (141 — 70)) (F33)
We can then plug (E.28), (E.31), (E.32), (F.33) into (F.29) to obtain
Yt —dy = LITE (@M — i) — A — = 6B (s — 7)) +
X t t = ol-z not t t {741
lz—1 A . 1 ds, l14wz—aa A
El_ﬂ(*Cw+179t*mt)*5Xt**t+ - l_uz(mt+(1 17)04)
which can be simplified to obtain
1o & o, Al—z 1 ds,  dm lz—1a
Vi = A = £9 wl_u(ﬂt—ﬂ—fSEt(ﬂtH—ﬂ))—*Xt—*sZt"‘ e

in which we have defined

1—1 1—1a

. :_(1_/\)1 z_z—ﬁ+z i (1+w)

" 1-a 1—-a 1

Therefore, we can write
R Al—z 1 ds d W o s
0 = — —(my —m—O0E(mpp1 — )+ =X+ =2 — =1+ — (Y — A
: dgl—u(t 71 — 7)) PR e Déd(;(t )
dp1—a "
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Using it into (E.24) we can obtain

et (o &, ads,  x ady _tight 2 X X
M- = —¢+ it <Yt + G + o Ay — o + 7, (e — A+ (1 — a) g — arity)
_tight
+Kﬁg Et(nt+l — 7'[),
having defined:
w xtight
tight — )
- 1_ K”gflt)\ 1—z 7
dy 1-1
tight
ktight _ szg
v - 1_ K”gf“)x 1—z7
dy 1-1
_ A l—zg tight
tight P 3,100k
Kgo = KiSMA 11—z
1 K8MA 1z
I, 1-a
E . i Kfight 7 — L—lc
- dg 1—a "

Note that the steeper curve applies whenever 6; > 0 (0; > éf ) and, therefore, when Y; > Y} (Y > Yt*)
for an appropriately defined Y;* and Y;".

E1 The 2020s

To characterize the 2020s, we consider a short run in which the relevant shocks are Gg > 0, {5 > 0,
4s > 0,25 > 0, Mg < 0 and allow for variations in the policy shock es. Shocks revert to zero in the
long run. This is an absorbing state that occurs with probability 1 — 7. In the long run Y7 = 0 and
T, = .

The short-run Euler equation, substituting for the policy rule, can accordingly be written as
Ys = Gs+1t(Ys — Gs) — o L + prl(ms — %) +es + (o — 1)# — 715 — (1 — T)71*)

which implies:

~1 —1
Vs = 65— o U= (s — %) = T—es + L—(1- p)¥,
and, therefore,
Ys = Ds — 714)171__:(”5 — ),
having defined
. A 1 ot
Ds = Gs — t——es + 7——(1—p)i,
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while the Inv-L NK Phillips curve is:

—CH R (Vg + (s — s ) + RS (1 @) —wis) + s (- D7 V> ¥y

g =

i (Ys + % xs + "‘7‘1525 - "‘i”’r%) + % (1 —a)ds —amg) +trg + (1 — 1)1 Yy < Y7
where Y} is the threshold for output at which point the curve changes slope. We can also write the
above equation as:

g wtight A N R i _tight R R . .
“rfe 5 (Foot tps 4 s = 2hon) 4 A (A= s —wig) £ ¥y 27

g =

T (175 + s + g — o TﬁS) + 2% (1= a)ds — arhig) + 7* Ye <Y/
Combining aggregate demand and aggregate supply we obtain the equilibrium inflation rate as

- _tight
A ¢ o ads 7 adm Ry © A P 1 =
Ds+ g Rs+ 5 ds— S titg+ HighT (1—a)gs—arits)— ~ight €

1-t —19n—T Y Y'*
rtight +o 1-7 Yt Z Yt

Ds+ 2 s+ % 25— M ping + 5 (1—0) g5 —awiftg)
et

) Yt < ?t*

showing that inflation will be higher when the curve is steeper, following demand shocks and oil
(energy) shock.

E2 The 1970s

To characterize the 1970s, we consider a short run in which there is a positive oil price shock, s > 0,
and we also allow for a shock to the policy rate es. Shocks revert to normal in the long run, which is
an absorbing state that occurs with probability 1 — 7. In the long run Y; = 0 and 71, = 7* in which
7t* is the central bank inflation target. In the short run, however, we also assume that private agents

fear that the central bank may have changed its long-run inflation target, so their belief is 77 > 7*.
In this case, the short-run Euler equation, substituting for the policy rule, is given by
Ys = 1Y — o N (" + (s — %) +es — Tt — (1 — T)718)

which implies that
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while the Inv-L NK Phillips curve is:

— 4 RV 4 21— )G+ THs + (1 — 1) Yy > Vp
g =
®Ys + & (1 — &)ds + T7ts + (1 — )78 Yi < Yy
implying
b tight o kf/fght n e " ? > Y*
—1 + = Ys + = (1 —a)ds + (m] — ) tZ by
*
g — 7T =

e ¥s (- g+ (nf — ) H<VF

During the 1970s, 6 was below the unitary value, so that 8; < 6* and Y, < Yt*. Therefore, the inflation
rate, looking at the flat segment of the Inv-L NK curve, is given by

B (1— a)s — §res + 0 (g — ) + S (nf — )

1-1 _1¢Px—T
[ +o 1-7

g — Tt =

Short-run inflation is pushed above the target by the supply shock, the disanchoring of inflation

expectations, and an accommodative monetary policy.

E3 The 2008 missing disinflation

To characterize the 2008 missing disinflation, we consider a shock to the natural rate of interest that
brings the policy rate at the zero-lower bound. The shock reverts to zero in the long run. This is an
absorbing state that occurs with probability 1 — 7. In the long run Y7 = 0 and 71y = 7*.

Note that the interest rate policy is bounded by the zero lower bound and then given by
s = max(p?s + ¢ (s — ), —In(1 + 1)),

in which i is the steady-state interest rate. Under the condition

%> Pr(m* — 1g) —In(1 +1i)
P

the interest rate is positive and the zero lower bound is not binding. In this case, the short-run aggre-

gate demand is given by
Vs = Y5 — o (7" + (0 = 1)f§ + §pr(ms — %) — 715 — (1 — 1) 70),

which implies:
. 1—p)7e -
Gt Bk 4 : (F.34)
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On the contrary, when the zero lower bound is binding, the AD equation is
Ys =tV — o (" —In(1+i) — t5 — (1 — 7) 0% — 7%)

and therefore )
_In(1417) + 7 g

1—-71 1—-71

showing a positive relationship between output and inflation.

Ys=0 (rtg — ™) (F.35)

The AS equation characterizing the missing disinflation is that on the flat part of the inv-L NK Phillips
curve and is given by:
g = &Ys 4+ 1 + (1 — 7)1

and therefore

K
1—7

g = YS—I—?T*.

The economy starts from a condition in which 7¢ = 0 and the equilibrium is on the downward part
of the AD equation (F.34) at the intersection with the AS equation resulting in Y5 = 0 and 75 = 7*.
With a negative shock on 7¢ the equilibrium moves at the intersection of the upward sloping part of
the AD equation at intersection with the AS equation. The equilibrium inflation rate is given by:

1ol In(1+1) + 7§
g = + 0 'Rk ,
S (1-1)2—0lti

which is pushed downward below the target by the negative shock to 7¢.
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