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Abstract

We develop a New Keynesian model with search-and-matching frictions that mi-
crofounds a nonlinear inverse-L (Inv-L) Phillips curve. The model yields a piecewise-
linear relationship whose kink is defined by a time-varying Beveridge threshold in labor-
market tightness, 8; = v;/u;. When tightness exceeds this threshold, the Phillips-curve
slope and the pass-through of supply shocks rise sharply, providing a mechanism for
the post-pandemic inflation surge and its subsequent moderation without a deep reces-
sion. Using U.S. quarterly data from 1960 to 2024, we estimate the inverse-L Phillips
curve implied by the model and identify the threshold empirically near unity. Above
this point, labor-market tightness and supply disturbances exert strong, statistically sig-
nificant effects on inflation, while below it their impact is muted. The results help explain
why policymakers and forecasters underestimated the magnitude of the recent inflation
surge. More generally we propose a unified framework to understanding all six U.S. in-
flation surges since the establishment of the Federal Reserve (five via labor shortage, one
via expectations).
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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 extend the canonical New Keynesian (NK) Phillips curve by proposing an inverse-L (Inv-L) New
Keynesian Phillips Curveﬂ The distinctive shape of the Inv-L curve—a slanted, backward L—captures
the sharp rise in U.S. inflation following the COVID-19 pandemic in early 2021 and its subsequent
moderation by late 2024. Neither policymakers nor market participants anticipated the magnitude or
persistence of this surge (see Figure[8). We argue that the Inv-L NK Phillips curve explains both the
forecasting failures and the observed inflation dynamics, and carries important policy implications.

The conventional NK Phillips curve struggles to explain the 2020s inflation episode for three reasons.
First, pre-surge estimates indicate a flat, linear relationship, suggesting that economic slack or tight-
ness had little effect on inflation. Second, conventional supply-shock measures show only modest
variation during the surge (see Figure [10), predicting negligible effects on core inflation. Third, while
conventional wisdom attributes the Great Inflation of the 1970s to unanchored expectations, inflation
expectations in the 2020s remained remarkably stable (see Figure [3). Together, these features leave
the standard model without an obvious explanation for the post-pandemic surge.

1See Woodford (2003) and Gali (2016) for textbook treatments.



Our Inv-L NK Phillips curve addresses these challenges. It introduces a nonlinearity that amplifies
both demand and supply shocks when labor markets are sufficiently tight — what we term "labor

shortages.” This mechanism explains both the onset of the surge and its subsequent moderation.

More broadly, the theoretical framework proposed in this paper provides a unified interpretation of
the six major inflation surges that have occurred since the Federal Reserve began operations in 1914.
These episodes are documented in Section 2] The unifying theme across five of these episodes is the
emergence of labor shortages. The exception is the Great Inflation of the 1970’s, which we attribute to
unanchored inflation expectations.

Our analysis is motivated by Figure [1} inspired by the seminal work of Phillips (1958). Whereas
Phillips related nominal wage growth to unemployment in the United Kingdom, our figure plots
annualized quarterly inflation against the U.S. vacancy—unemployment ratio (v/u) from 1960 to 2024,
divided into four subperiods. The pattern reveals a distinct inverse-L shape: whenever labor-market
conditions exceed a certain threshold close to v/u = 1 (log(v/u) = 0), inflation rises sharply with
tightness but remains flat otherwise. Purple squares, observed in 1960-1969 and 2008-2024, mark
periods of labor shortage when v/ u crosses this threshold, while blue circles indicate normal conditions
below it.

The threshold defining this kink in the Inv-L curve has a clear interpretation. Beveridge (1941) defines
v/u = 1 as the point of labor market balance—when the number of unemployed workers equals the
number of vacant jobs. We refer to the inflection point as the Beveridge threshold.

Our first contribution is theoretical. We develop a New Keynesian model that incorporates v/u di-
rectly into firms optimal price-setting decisions, drawing on the search and matching literatureE] This
modification changes the structure of the NK Phillips curve: the relevant measure of economic activ-
ity is no longer the output gap or the unemployment rate, but rather labor-market tightness v/u.
Moreover, wage-setting in the spirit of Phillips original proposal introduces a nonlinearity that gen-
erates the Inv-L shape. The framework produces two main theoretical results. First, the Inv-L NK
Phillips curve is flat at low levels of labor market tightness but becomes steep once the Beveridge
threshold is crossed. This implies that both supply shocks and labor-market tightness significantly
affect inflation in this regime. Second, the threshold itself is endogenous; depending on structural
parameters, it can differ from the unitary value and may vary over time due to shocks, such as shifts

in matching efficiency and hiring costs.

Our second contribution is empirical. Building on recent work showing that the vacancy—unemployment
ratio better captures cyclical conditions than the unemployment rateE] we estimate the piecewise-
linear specification implied by our model and jointly determine the kink point. The results provide
formal evidence that the breakpoint lies near v/u = 1EI

Empirically, crossing the Beveridge threshold markedly amplifies the effects of both v/u and sup-
ply shocks on inflation. In our baseline specification, the slope of the Phillips curve with respect to

2See Pissarides (2003) for an overview.
3See Subsectionfor discussion.
“Michaillat and Saez (2022) present a model in which this threshold corresponds to the efficient allocation of labor.



v/u increases by roughly a factor of ten once the threshold is exceeded. Below the threshold, supply
shocks have a negligible effect on core inflation; above it, their impact becomes large and statistically
significant. Recognizing these nonlinearities is crucial for understanding the 20212024 episode: ig-
noring them helps explain why forecasters and policymakers systematically underestimated both the
magnitude and persistence of the inflation surge (see Figure [g).

The remainder of the paper proceeds as follows. The next subsection connects our work to existing
literature. Section 2 provides a summary of the relationship between labor-market tightness and
inflation since the Federal Reserve started operating in 1914. Sections 3 and 4 develop the theoretical
model and define the Inv-L NK Phillips curve. Section 5 presents the empirical estimation. Section 6
concludes.

1.1 Related literature

Nonlinear aggregate supply has several antecedents. Blinder’s (2022) “crude Keynesianism” and
Friedman’s (1964, 1993) “plucking model” both imply that output is constrained by capacity, while
Dupraz, Nakamura, and Steinsson (2019) provide supporting evidence based on downwardly rigid
wages. Similar mechanisms arise in secular-stagnation frameworks (Eggertsson, Mehrotra, and Rob-
bins 2019) and in models with wage rigidities (Benigno and Ricci 2011; Schmitt-Grohé and Uribe 2016,
2024).

Relative to this literature, our contribution is to embed nonlinearity in a forward-looking New Key-
nesian model by introducing asymmetric adjustment of new-hire wages and making labor-market
tightness & = v/u the central driver of inflation dynamics. The framework generates an inverse-L
(piecewise-linear) Phillips curve that becomes steeper once the Beveridge threshold is crossed. Incor-
porating forward looking price setting is critical for accounting for the Great Inflation of the 1970s.

Our work connects to the literature that integrates search and matching into monetary models (e.g.,
Walsh 2005; Krause and Lubik 2007; Ravenna and Walsh 2008, 2011; Gertler, Sala, and Trigari 2008;
Krause, Lopez-Salido, and Lubik 2008; Barnichon 2010; Michaillat 2012). We introduce three tractable
innovations: (i) marginal cost equals the new-hire (not average) wage, along with time varying hir-
ing costs associated with new hires; (ii) an “employment-agency” device that establishes recruiting
wages and resolves wage indeterminacy (Hall 2005); and (iii) asymmetric wage adjustment—new-—
hire wages may exceed those of incumbents’ in tight markets but do not fall below them in slack
markets. Ravenna and Walsh (2008) incorporate v/u into the NKPC through vacancy costs under
linearity; our mechanism generates nonlinearity and the Beveridge threshold.

Time-series estimates often reveal a flat slope using traditional slack measures (e.g., Blanchard et al.,
2015; McLeay and Tenreyro, 2019; Ball et al., 2022; Barnichon and Shapiro, 2022; Furman and Powell,
2021; Gordon, 1977, 2013). A growing body of evidence shows that labor-market tightness outper-
forms unemployment and output-gap measures (Barnichon, Oliveira, and Shapiro 2021; Furman and



Powell 2021; Domash and Summers 2022; Ball, Leigh, and Mishra 2022). Several papers emphasize
nonlinearity or time variation in slope (Gagnon and Collins, 2019; Benati, 2010; Blanchard et al., 2015;
Blanchard, 2016; Matheson and Stavrev, 2013). Our contribution is a parsimonious, theory-guided
piecewise specification with a single Beveridge threshold, rather than flexible polynomials (cf. Ball,
Leigh, and Mishra 2022). Cross-sectional work reinforces the threshold view: the Phillips curve ap-
pears flat when logf < 0 (Hazell, Herrefio, Nakamura, and Steinsson 2022) but steepens during
the post-2020 tightness episode (Cerrato and Gitti 2023; Gitti 2023; Smith, Timmermann, and Wright
2023). i

Gagliardone and Gertler (2023) attribute the surge of the 2020s primarily to energy shocks combined
with lenient policies. Harding, Lindé, and Trabandt (2023) generate nonlinearities through quasi-
kinked demand for goods (Kimball 1995). Comin, Johnson, and Jones (2023) highlight capacity con-
straints that lead to convex supply curves. Our framework, by contrast, ties the nonlinearity directly
to labor shortages: both demand shocks that tighten the market and conventional supply shocks
amplify inflation effects once the Beveridge threshold is crossed—consistent with Figure

Guerrieri, Lorenzoni, Straub, and Werning (2022) provide a distinct source of state dependence. In
their heterogeneous-sector model, negative sectoral supply shocks can induce aggregate demand
shortages when reallocation across sectors is limited and monetary policy is constrained. Their mech-
anism generates nonlinear aggregate responses of output and inflation to sectoral disturbances, even
in the absence of labor-market frictions. By contrast, nonlinearity in our framework originates from
the labor market itself: tightness amplifies both demand and supply shocks through asymmetric
wage-setting and the endogenous Beveridge threshold. The two approaches are complementary—
theirs highlights how limited reallocation and demand spillovers can turn supply shocks into demand-
driven recessions, while ours emphasizes how labor shortages magnify inflationary pressures of both
demand and supply shocks.

Bernanke and Blanchard (2024) argue that supply shocks largely accounted for the surge’s onset,
while labor-market tightness became increasingly relevant for its persistence. We reconcile this view
with our own by noting that average wages and the labor share declined early in the 2020s, while
posted and new-hire pay rose markedly (e.g., Crump, Eusepi, Giannoni, and Sahin 2024). Since
marginal costs in our model depend on new-hire rather than average wages—together with other
components of hiring costs for new employees—tightness helps explain inflationary pressures even
when average wages lag. Thus, while their framework emphasizes the initial role of supply shocks,
our focus on recruiting wages highlights how labor-market pressures persistently contributed to in-
flation throughout the episode.

Afrouzi, Blanco, Drenik, and Hurst (2025) consider a model in which inflation is treated as an ex-
ogenous process. They demonstrate that an unexpected increase in the price level raises on-the-job
search, job-to-job flows, and vacancies, thereby shifting the Beveridge curve upward. Our framework
endogenizes inflation: once tightness exceeds the Beveridge threshold, the slope of the Phillips curve

5For surveys on identification and estimation, see Mavroeidis, Plagborg-Meller, and Stock (2014) and Coibion, Gorod-
nichenko, and Kamdar (2018). McLeay and Tenreyro (2019) provide a clear overview.



steepens, triggering an inflation surge. The two mechanisms are complementary and mutually rein-
forcing. Shocks that generate sufficient tightness in our model produce an inflation surge. This surge
activates their channel, amplifying labor market tightness. The amplified tightness then triggers ad-
ditional inflation, further activating their mechanism. This feedback loop suggests an acceleration
mechanism. Their granular predictions for quits and vacancy durations complement our aggregate

general-equilibrium account of recurrent U.S. inflation surges.

Beaudry, Huo, and Portier (2024, 2025) emphasize that the inflation surge can be explained without
a change in slope, with expectations and supply shocks playing dominant roles. In our empirical
results, we find that this alternative interpretation is consistent with the data when using one-year
consumer inflation expectations from the Michigan Survey of Consumer Expectations. By contrast,
our baseline employs the Survey of Professional Forecasters” one-year CPI inflation expectations and
demonstrates that our findings are robust across several alternative measures of inflation expecta-
tions[]

The Beaudry-Huo-Portier interpretation remains a viable and coherent alternative to our theory. One
advantage of our narrative is that it explains why both markets and policymakers were surprised by
the magnitude of the inflation surge in the 2020s, as illustrated in Figure[8|—a central question of our
paper. The narrative record from this period suggests that the rise and persistence of inflation came
as a surprise This is captured by the expectation measures we employ. A further strength of our
framework is that it provides a unified account of the six major inflation surges in U.S. data since 1914
and clarifies why the Great Inflation of the 1970s fundamentally differs from the other five.

2 U.S. Inflation Surges since the Establishment of the Federal Re-

serve in 1914

Since the Federal Reserve began operations in 1914, six major inflation surges have occurred under its
tenure. The lower subplots in each panel of Figure [2| show inflation from 1914 to 2024, measured by
the percentage difference in the CPI index relative to the previous year. The line depicting inflation

turns from blue to red during inflation surges.

Any definition of an inflation surge is somewhat arbitrary. A practical approach defines inflation
surges as periods when inflation persistently exceeds 4 percent annually, with an average inflation
rate of at least 5 percent. We list the six inflation surges that satisfy this criteria in Table The surges
correspond to WWI, WWII, the Korean War, the Vietham War, President Johnson’s tax cuts in the

Qur alternatives—Cleveland Fed expectations at different horizons, the Livingston Survey, and market-based backcasts
(Groen and Middeldorp 2013)—support our estimates. Additionally, see Chodorow-Reich (2024) for a discussion on why these
measures are better suited to proxy firms pricing decisions than the Michigan Survey.

7This can be established based on market commentary, media analysis, and policymakers” speeches during this time. We
have preliminary work in progress documenting this, available upon request.

9Peak values use quarterly averages to avoid idiosyncratic monthly spikes.
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Table 1: U.S. Inflation Surges Since the Federal Reserve Started Operation in 1914

Duration Mean Peak Mean Peak

Episode Start End (months) 7 (%) 7 (%) 6 0

WWI Surge Aug 1915 Dec 1920 65 127 202 274 583
WWII Surge (price controls) Jan 1941 Dec 1948 96 68 173 203 6.78
Korean War Surge Dec 1950 Jan 1952 14 7.2 87 117 133
Late 1960s Surge Jun 1968  Sep 1971 40 5.1 59 103 151
1970s Great Inflation Mar 1973 Nov 1982 117 8.5 135 060 0.99
2020s Surge Apr 2021 May 2023 26 6.4 83 166 191

Notes: Inflation surges are identified as contiguous periods with year-over-year CPI inflation exceeding 4% for at least 12
months and averaging at least 5%. 8 = v/u denotes labor-market tightness (vacancies over unemployment). Mean values
are monthly averages over each episode. ﬁ Price controls temporarily contained inflation during WWII, but we treat this
inflation surge as one.

late 1960s, the Great Inflation of the 1970s, and the inflation surge of the 2020s in the aftermath of
Covid-19.

When inflation is compared to labor market tightness, the upper subplots in each panel of Figure
reveal a striking pattern: In five of the six inflation surges, labor market tightness, as measured by
6, exceeds the unitary Value This pattern is summarized in Table 1| which shows that the average
6 is above 1 in five surges, often peaking at a substantially higher value. The exception is the 1970s
Great Inflation, where 6 averaged 0.6, consistent with the idea that the Great Inflation of the 1970’s
was due to unanchored inflation expectations rather than labor market tightness. Interestingly, the
2020s period of labor market shortage, both in average and peak values, is only eclipsed by the two
World Wars.

The six surges vary in duration. The Korean War is associated with the shortest surge, lasting only
14 months. The Great Inflation generated the longest inflation surge, which lasted almost 10 years (9

years and 9 months).

Table 2: Inflation Surges Since 1914: Some Summary Statistics

Sample size Mean Inflation ~ Variance of
(months) (%) Inflation
Ng N(@>1) N@O<1) 6>1 6<1 6>1 6<1
Full sample (1914-2024) 1,332 288 1,044 6.2 25 31.7 19.2
Excluding 1973-1982 1,212 286 926 6.2 1.7 319 149

Note: CPI inflation is year-over-year percent; variances are of the
monthly inflation rates. Reported data incorporates backcasted theta
estimates for 1914-1918.

Observing high inflation alongside a slack labor market during the 1970s surprised many economists.
These dynamics were prominently predicted by Phelps (1967) and Friedman (1968) during the infla-
tionary surge of the 1960s when unemployment was at record lows. They warned that once inflation

19For 1914-1918, we impute 6 using a World War II inflation-tightness relationship, as vacancy data begin only in 1919.
While imperfect, we prefer using the backcasting, since the inflation data covers the entire period, giving a clear picture of the
the WWT1 inflation surge. See AppendixE]for details.
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Figure 3: CPI inflation rate (annual, left axis) and 12-month Livingston survey inflation expectations
(right axis).

expectations adjusted, expansionary monetary policy would have limited impact. Reacting to a neg-
ative supply shock, for example, with monetary expansion would lead to higher inflation with no
improvement in unemployment as expectations adjust. The simultaneous increase in inflation and
unemployment during the 1970s introduced a new term into the economists’ lexicon: stagflation.
The 1970s stagflation triggered a significant methodological shift in macroeconomics, with greater

emphasis on microfoundations and model-consistent expectations.

Labor market shortage, defined as § > 1, represents 22 percent of the time using monthly data from
1914-2024 (see Table2). Average inflation during these periods is about two and a half times greater
than during periods of labor market slackness (6.2% vs. 2.4%). Another property of the data is that the
variance of inflation is substantially higher during periods of labor market shortage. This becomes
especially evident once we omit the period of the Great Inflation. Crossing the Beveridge threshold
is associated with substantial increases in both average inflation and its volatility, which will be a
prediction of our framework.

These broad empirical patterns, together with Figure[l} provide important motivation for our analy-
sis. They suggest that periods of labor shortages are typically associated with significant inflationary
pressures and variability in inflation. At the same time, our framework must account for the Great
Inflation, a period when labor markets were not unusually tight, yet inflation surged. The unify-
ing element is the role of inflation expectations: during the 1970s expectations became unanchored,
allowing inflation to rise even without labor-market pressure. By contrast, in the recent surge expec-
tations remained relatively well anchored. Figure [3]illustrates this contrast, showing the sharp rise in
Livingston survey inflation expectations in the 1970s compared with their stability during the 2020s
episode.



3 The Model

In this section we present a minimalistic theoretical framework designed to capture the six U.S. in-
flation surges since 1914. We extend the canonical New Keynesian model in three dimensions. First,
firms” marginal costs depend on the wages of newly hired rather than incumbent workers. Second,
we tractably incorporate labor market tightness, 6;. Third, wage-setting generates a Beveridge thresh-
old, which implies a piecewise log-linear Phillips curve. Crossing the Beveridge threshold accounts
for five of the six inflation surges, while forward-looking expectations explain the Great Inflation of
the 1970s.

3.1 Households

There is a continuum of households of measure one. Household j’s utility is isoelastic in the con-
sumption good:

— 0

= 1 (CrG)
E T—t ~T\J) , 1
t]gt.B gt ( 1 ) 1)

where E; is the expectation operator conditional on information at time ¢, C¢(j) denotes consumption,
B € (0,1) is the discount factor, and ¢ is a preference shock.

Each household j has a constant number of members participating in the labor force, F, who can be

employed or unemployed at a given time:
F = Ni(j) + Us(j), 2)

where N;(j) denotes employed workers and U;(j) unemployed workers in household j at time t

In period t — 1, N;_1(j) workers of household j are employed by firms. At the beginning of period
t, a fraction s; of these workers separate from firms and search for a job in the same period. The
remaining fraction enters a pool of “existing” workers and, as we will show, in equilibrium, they will

be retained by a firm at the existing wageFZ]

We denote by N;*(j) the workers of household j that are in the “existing” worker pool at time f:
Ni*(j) = (1 —st) Ni—1(j), 0<s <1

Incumbent workers are paid wage Wf*, which may differ from the wage paid to new hires, denoted

W, Total employment for household j can then be written as

Ni(7) = Ni*(j) + N (j), ®)

11 An earlier version of this work contained in our NBER Working Paper No. 31197 extends the framework to endogenous
labor force participation and shows that the main results are unchanged.

12The feature of considering the re-employment of “existing” workers rather than treating them as attached to firms enables
us to simplify firms’ labor demand optimization problem, making our framework highly tractable.




where N/*“?(j) denotes new hires. In Sectionwe describe how these hires are generated.

The household’s budget constraint is
Be(j) + PiCi(j) + Te = (1+i-1) By (j) + WEENE¥(7) + WEONIU () + Z + ZF + PiguOr, - (4)

where B; () is a risk-free nominal bond paying gross nominal interest rate 1+ i;, P is the consumption
price index, T; are lump-sum taxes, and Z and ZF are the profits of firms and employment agencies,
distributed equally across households. Finally, P;q;O; represents revenues from selling the exogenous

intermediate input Oy at real price g;, which can be interpreted as oilFEI

Household j maximizes (1) subject to () by choosing {C;(j), B:(j)}, taking all aggregate variables as
given.

The optimal consumption Euler equation is
C7 = ﬁ(1+it)Et{Ct‘fl H;jl}, )
where IT; = P;/P;_; is gross inflation.

The household’s intertemporal budget constraint must hold with equalityFE]

3.2 Firms

We consider a standard New Keynesian model with monopolistic competition and Rotemberg price
adjustment costs. Firms set optimal prices taking wages as given. Relative to the canonical NK
setup, we introduce two elements important for our results, the first novel, the second standard: (i)
marginal cost depends on new-hire wages and the hiring fee (1 + ?) rather than on average wages;
(ii) an intermediate input (e.g., oil) enters production, affecting marginal cost.

Like households, firms face different wages for existing versus new workers. This constrains firms:
they cannot hire at the existing wage beyond the current workforce of "existing” workers. When
labor demand exceeds incumbents, the marginal worker is a new hire—this mechanism generates
the nonlinearity in the Phillips curve, creating an abrupt kink in marginal costs when the two wage
rates differ. Both households and firms take wages as given; their determination is addressed in the

next section.

There is a continuum of firms of measure one, each producing a good of variety i. The sources
of demand are household and government consumption, C; and G;, plus the cost {V; of posting
vacancies, measured in units of the consumption good, where 7§ > 0 is stochastic. We assume that

13The overall supply of the intermediate input is exogenous at O;.
“Thisis a necessary condition for optimality. Equivalently, one can impose a transversality condition; see Woodford (2003)
for a discussion.
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government spending and the vacancy cost y;V; (see Section take the same form as the Dixit—
Stiglitz consumption basket. Therefore a representative firm i faces the following demand for its

output:

yi(i) = (ptp(:)>_ t (Ct+ G+ Vh), (6)

where p;(i) is the price of variety i. Firms use labor and an intermediate input to produce goods
according to
yi(i) = A Ni(i)* O (i)', (7)

with 0 < & < 1, where A; is productivity, N¢(i) = Nf*(i) + N/*“(i) is the labor employed by firm i,
and Oy (i) is the intermediate input (e.g., oil).

The firm’s discounted value of current and expected future profits is

3 : 2
E Y @;{m(im(i) ~ N () = (1 ) W)~ Praron () — § | (205 ) 1] pm},
(8)

where Qi1 = BT 1(C77/Pr)/(C; 7 /P;) is the stochastic discount factor households use at time # to
value future nominal income at time T. As in Rotemberg (1982), ¢ measures the cost of adjusting
prices relative to the inflation target H The term 7! represents the fee on the wage bill of new
workers paid to the employment agency. It can alternatively be interpreted as a per-worker hiring

cost paid internally by the firm, measured in units of the consumption good.

The firm cannot hire more existing workers at the incumbent wage than are available in the existing
pool:

1
NE() < N = NG, ©)

where the right-hand side represents the aggregate pool of existing workers. Firms can retain or
dismiss these workers freely. To expand employment beyond this pool, they must hire new workers,
subject to

NJ(i) > 0. (10)

Thus total labor employed by firm i is

Ni(#) = NE* (i) + N2 (i) (11)

The firm chooses all variables indexed by i to maximize , subject to @, @, @I), , and . The
first-order conditions are shown in Appendix D] We focus on an equilibrium in which constraint (9)
is binding while is not, so that

N (i) > Nf*.

15Calvo pricing leads to the same AS equation in a first-order approximation. We use Rotemberg costs to simplify the
exposition.

11



As shown in the Appendix, a sufficient condition for firms to always retain their existing workforce
before hiring new workers is
(1+77) Wi > We™.

Since new and existing workers are perfect substitutes, firms prefer to keep existing workers when-
ever the cost of hiring a new worker exceeds the wage of incumbents. The key implication is that
whenever N;(i) > Nf*, the marginal cost of production depends only on the wage of new workers

and the hiring cost.

Because all firms are identical, there is a symmetric equilibrium with p;(i) = P and y;(i) = Y;.
Aggregating the firms’ first-order conditions (see Appendix[D) yields the Phillips curve:

4 _ —
Efl I _e—1\m (1 +97) W g\ ail 4+ BE Cir1) " Yin L I
I I c | A x 1—a A Y, \II |’
(12)
where ji; = €;/(€; — 1) and w}*” is the real wage paid to new workers. Aggregate output is
Y; = AINFOLTE, (13)
where the intermediate input is demand determined given the exogenous price b
Y (1—ua b WP\
ot—At( PRURROE I (14)
Finally, total employment and unemployment sum to the labor force:

3.3 Wage Determination

Phillips’s (1958) central insight is that the relationship between nominal wage growth and labor mar-
ket tightness is highly nonlinear. Workers refuse jobs at wages below “prevailing rates,” so despite
high unemployment, “wage rates fall only very slowly.” Yet the converse is not true: workers read-
ily accept above-prevailing wages. Thus in tight labor markets, “we should expect employers to bid
wage rates up quite rapidly.” To model wage determination we formalize Phillips idea. This is the
sense in which Phillips is "back" as suggested by the title.

We assume that the wage of a new hire at time ¢ is

WP = max{W¢*, Paw! '™}, (16)

16Tn equilibrium, demand of the intermediate input can be lower than the exogenous supply O;.
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where w, ¥ is the flexible real wage (the market-clearing wage absent constraints) and Wy~ is the
wage of workers attached to existing firm relationships.

To see how this captures Phillips’s idea, consider a weak labor market. The prevailing wage rate
fle.

WE* exceeds the market-clearing wage P;w; . The max operator shows newly hired workers refuse
wages below the prevailing wage at the firm, so if W;* > th{ % then Wi = Wi*. Yet workers are
perfectly happy to work for higher wages than the existing workforce, so when labor markets tighten

and W/* < th{ lex, then W}? = th{ lex In real terms:

wi” = max{w;*, w{lex}. (17)

Search-and-matching models feature wage indeterminacy since employment relationships generate
surplus. Researchers commonly divide this surplus through Nash bargaining. Alternatively, mone-
tary models with search frictions treat wages as exogenous, a polar case we examine in Section
One of our theoretical contributions is to depart from these approaches going back to Phillips’s origi-
nal idea of asymmetric wage in response to labor market tightness and slack.

We now show how Equation naturally gives rise to a more general theory of downward nominal
wage rigidity—an assumption that is standard in the literature (see Section [3.4.2). The key idea is
to model an anchor toward which wages are continuously pulled by defining the level they would
attain under full flexibility. To formalize this concept of flexible wages, we introduce employment
agencies that determine hiring and wage posting in equilibrium.

We model employment agencies using a standard matching function to generate hires. This struc-
ture determines the flexible wage rate. While the agency can be viewed as either an internal HR
department or an external intermediary, we introduce it as a stand-alone entity to decouple hiring
and pricing decisionsFE]

3.4 Employment agencies

There exists a continuum of employment agencies of measure one, corresponding to the number of
firms. Employment agencies identify suitable workers for employment by firms. At a generic time
t, the pool of job seekers consists of the unemployed at time t — 1, U;_ = fol U;—1(j) dj (integrating
across households), and the workers who have been separated from firms at the beginning of the
period, s¢N;_1 = s¢ fol N;_1(j) dj.

The unemployed at the beginning of period t are then

Uy = U1 +5tNi—1. (18)

7Consistent with the derivation of the AS equation (I2), the inequality (1 + y?)W/*® > W¢* is always satisfied.

18Gee, e.g., Blanchard and Gali (2010a) and related literature cited in the Introduction.

19Unlike Michaillat (2014), we express hiring costs in terms of final goods rather than labor inputs. If hiring were modeled
in labor terms, it would directly interact with firms’ pricing decisions. By contrast, in our formulation, the two margins remain
separable.
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We assume that all unemployed individuals at the beginning of period t are searching for jobs and
that hires (H;) occur through the matching function

Hy = my (Tp)" (V)17 (19)

in which m; denotes matching efficiency, V; is total vacancies, and 0 < # < 1. The assumption that
workers separated from firms at the beginning of the period also search for a job captures the idea
that part of hires reflects job-to-job transitions

Since each agency is small, it takes as given the wage rate and the rate of employment matches per
vacancy posted. Using the hiring technology (19), the number of matches per vacancy posted under
flexible wages is

1’l(9t) = — =my (C[t)ﬂ (Vt)_n = my 9;’7, (20)
where 6; = V;/Uj.

Consider the problem of a representative agency j. It charges a one-time fee 7! to the firm that
is proportional to the salary of a new worker it screens for employment, while incurring a cost f
for every vacancy it posts. The number of matches it generates is then n(6;)V;(j) = m; 6, "Vi(j).
Revenues and costs are measured in units of the final good. Profits are

lex - .
max (gfw"me "~ of ) ) )
V() —_— ~~~
marginal benefit marginal cost

In an interior solution, as long as the marginal benefit is greater than or equal to the marginal cost,
the agency posts vacancies. This raises labor market tightness 6; and reduces hires per vacancy.

Equilibrium is reached when marginal benefits equal marginal costs:

b lex —
ol me " = (22)
—_——— ~—
marginal benefit marginal cost
so that the flexible wage rate is
lex 7 1
w ™ =T 9. (23)

v

Suppose for the time being that the wages of existing and new workers are both determined by the
flexible wage:
wit = wi? = w{ fex, (24)

This is the fundamental assumption we relax next. In the meantime, assuming no constraint on how

20See also Blanchard and Gali (2010a) for a similar modeling strategy.
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much wages can decline, this equation closes the model once we add the goods market equilibrium
Y =G+ Gt + 9V, (25)
and we consider the dynamic of total employment
Np = my (Up)7 (Vi)' 7+ (1= 5¢) Ny (26)
and a specification of the monetary policy rule
ir = Iy, &, A, Gy, .. ). (27)

A full specification of the equilibrium with flexible wages can now be stated formally

3.4.1 Exogenous real wage rigidities

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

XS w flex‘

We follow Phillips’s suggestion, formalized in Equation (I7), that new workers refuse to work for a
wage below the existing wage rate. This implies that the wage of new workers is equal to the existing
wage:

wi? = wit. (28)

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), (29)

where the vector (); includes all exogenous shocks.

By fixing the wage rate, the equilibrium can be defined as before (see footnote[22), replacing equation
with w§* = w(()) together with (28). 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.

21We abstract from the resources used by the quadratic cost of price setting. See Eggertsson and Singh (2019) for various
justifications.
2An equilibrium with flexible wages and prices is defined bia collection of stochastic cesses for

{ir, 111, Y, Cs, Vi, Oy, Ny, Uy, Ty, 0, w8, i, !} that satisfy @) (2, (3, (4, {9, (18, &3, @, @9, €71

and 6; = V,/U;, given exogenous processes { Ay, Gy, &t, 5¢, M, G, Y5, 'yt , €115 and initial conditions Ni,—1 and Uy,—1.
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Denote the equilibrium labor demanded by firms by N¢, and the corresponding equilibrium aggre-
gate vacancies by V;. These vacancies represent the optimal posting by the employment agencies,

assuming that the number of matches per job vacancy is given by

m0, " i Vi(j) < W,
n(Gt) = . (30)
0 if Vi(j) > V.

This says that once the hiring agencies have satisfied the labor demanded by firms, N¢, posting ad-
ditional vacancies generates no further hires. Firms have already satisfied their need for labor at the
exogenous wage and are not looking to hire additional workers. Previously, this logic did not ap-
ply, since more vacancy posting lowered wages and thereby triggered an increase in labor demand.
That process continued until the marginal cost and benefit of posting a vacancy were equalized. With
wages fixed, this is no longer the case. It becomes optimal for hiring agencies to post vacancies elas-
tically to satisfy firms” demand for new hires at the exogenous wage, i.e. up to V;, while posting no

more vacancies beyond that point, since firms have already hired all the workers they desireEgI

Hiring agencies are not made explicit in typical New Keynesian models that integrate search and
matching frictions with exogenous wages. It is thus implicitly assumed that vacancies respond fully
elastically to labor demand. The agency problem formulated here provides a simple narrative for this

commonly maintained assumption.

While treating real wages as exogenous is often convenient, our focus is on how labor-market tight-
ness influences inflation. We therefore depart from the fixed-wage assumption.

3.4.2 Endogenizing a wage norm: bringing back the Phillips curve

So far we have not attempted to microfound a theory of downward rigid wages, nor do we intend to
do so. The empirical evidence in favor of downward nominal wage rigidity is substantial@ As a the-
oretical matter, we view our specification as consistent with theories based on fairness norms (where
new hires cannot be paid less than incumbents), insider-outsider dynamics, or efficiency wages.

As discussed in Section Phillips” key insight was the nonlinearity of 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 of wages in very tight labor markets. But what can we
reasonably assume about the behavior of existing workers? There is considerable evidence that the
wages of existing workers are downward rigid, yet some degree of adjustment is observed in the
data.

2In this equilibrium the hiring agency is making a profit on its last vacancy posting.

24There is extensive evidence of downward nominal wage rigidity: early observations go back at least to Malthus (1798)—
“it rarely happens that the nominal price of labor universally falls”; Bewley (1999) documents firms’ reluctance to cut pay;
recent evidence includes U.S. administrative data (Fallick, Lettau, and Wascher 2011), worker-level survey data (Barattieri,
Basu, and Gottschalk 2014), and cross-country evidence (Schmitt-Grohé and Uribe 2016). See also Fortin (2015) for Canadian
evidence.
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In this analysis, we adopt a pragmatic approach. We assume that the wages of existing workers
evolve according to a relatively flexible specification. This nests the fully flexible wage at one extreme

and the exogenous wage, commonly assumed in the literature just reviewed, at the other:

WE = (WEs(T1,1)°) (Pao] ™)1 gy (31)

To understand this specification, consider the special case A = 1, § = 0 and ¢ = 1. Then W{* =

*,, i.e. existing workers’” wages remain constant at their previous-period nominal value, capturing
Keynes’ idea that wages are nominally downward rigid in the absence of shocks. For A < 1, wages
of existing workers are anchored by the labor market conditions implied by the flexible wage rate,

toward which they are gradually pulled, with perfect wage flexibility arising as A — 0.

We have already introduced Phillips’ idea in equation that new workers will not accept wages
lower than those of existing workers but are happy to accept higher ones. This implies 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 toward the flexible wage rate at a speed that depends on how close A is to zero.
For high enough A, the wage rate falls slowly, as Phillips suggested, even if the unemployment rate is

flex

high. Conversely, in a tight labor market when W;
fle

by market forces, i.e. w; . How quickly existing wages catch up to the new wages during a period

> W/* the real new wage is determined purely

of labor shortage is determined by A, the lower it is, the more quickly existing wages catch up to new
wages.

e
t+17

idea that inflation expectations affect wage-setting behaviorE] Finally, ¢ is exogenous, so the wage

We introduce an additional feature by including the variable I, ,, relevant if § > 0. This captures the

norm can also depend on external shocks and allowing for flexibility in determining the steady state.
Using equations and (31I), we can write the wages of new hires in real terms:

wl', for 6; > 6,
w?ew _ (32)

N S\ A
wft = (wt, THE) @l g, fore < 6y,

In a tight labor market (6; > 6f), the wages of new hires are set at the flexible rate determined by
employment agencies’ optimizing behavior, which equates the marginal cost and marginal benefit
of posting vacancies. Moreover, the flexible wage rate plays a crucial role in determining existing

workers’ wages, serving as an anchor that gradually pulls them toward the market-clearing level.

By contrast, in a slack labor market (0; < 6;), when the wages of new hires are constrained by existing
workers” wages, households refuse to accept salaries below the prevailing rate of incumbents. In this
case, wages fall only gradually toward the flexible wage rate, despite high unemployment.

BThese expectations can, for example, be anchored by the central bank’s inflation target. Alternatively, IT¢ 1 can capture
a “price-wage spiral” dynamic, commonly thought to have played a role in the 1970s, even if we leave this to future research
for lack of space.
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What remains to finalize the model is the determination of the Beveridge threshold 6*, which in-
dicates when labor scarcity prevails and the wages of new hires are set flexibly. This threshold is

lex

implied by equating w, ~ = w{*, yielding:

b 1 e )N g 1
0; = [%’”twf"l]ﬁ ((HM)> " g™ (33)

As the formula suggests, 8} can vary over time and depend on institutional features that differ across
regions and countries, captured in reduced form by ¢;. We defer discussion of the determinants of
0 to Section [}, where we address the role of other shocks in the Phillips curve. As shown in the
Appendix, the steady-state threshold can be derived as a function of structural parameters and need

not be equal to one.

We can now formally define equilibrium in the model with nominal wage rigiditiesﬁ]

4 The Inv-L NK Phillips Curve

Our first step in characterizing the Phillips curve is a log-linear approximation of the New Keynesian
Phillips curve given by (12), expressed as:

1—e b oA l—e . & .
T — = bt dy 4y + WP +— |t — A+ (1 —a)ds | +BEi(mp41 — 1),  (34)
~—— S
Marginal Cost of Labor Cost-Push Shocks

where a hat denotes the log-deviation of a variable relative to its steady state, 7y = InIl;, 7 = InT],
and the parameter d., is defined in Appendix [D} The first term highlights that the primary driver of
inflation is the marginal cost of hiring a new worker. This cost comprises two components: the wage

bill for new workers ®}*?

and the hiring cost 4?. The second term represents what the literature
typically identifies as cost-push or supply shocks, while the last term captures inflation expectations,

as seen in the standard model.

An important implication of this characterization is that, while marginal costs affect inflation as in the
standard New Keynesian model, they are represented differently here. In the canonical framework,
marginal costs refer to employee wages, typically measured by aggregates such as the labor share
or the Employment Cost Index (ECI). By contrast, our model suggests that the relevant marginal
costs are those associated with adding new workers to the workforce. Their wages may or may
not correspond to incumbent wages, depending on the state of the labor market. Under normal

circumstances, i.e., in the absence of labor shortages, the two move together, consistent with Gertler,

26 An equilibrium is defined by a collection of stochast rocesses for {zt, Ht, Y;, Gy, Of, Vi, Ny, Uy, U, 6;, Wi, Wi, w ﬂgx L0712 o

that satisfy @ . q ., ., . , ., . and 6; = U;/V; given exogenous processes

{At, G, 8t 5t,m1,q1, Y5, v{ €1 1 52y and initial cond1t1ons Nip—1, Ugy-1, wt071
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Huckfeldt, and Trigari (2020). During labor shortages, the distinction between the wages of new and
existing hires becomes critical, consistent with the evidence presented in Figure 12} which utilizes
wage data from the Federal Reserve of AtlantaE] In our framework, the marginal cost of adding new
workers comprises the wages of new hires and hiring costs. These additional hiring costs may also
include bonuses — common during the surge of the 2020s — or higher cost for on the job training due
to the large number of job-to-job flows during the recoveryEgI

The nonlinearity of the Phillips curve arises because the wage rate for new hires depends on whether
the labor market is tight. Define @}*¥ = Inw}*“ — In® and z?){ = In w{ 1 _jn pflex, Equation li

can be rewritten in logarithmic form as

wtnew

= max(df", —co + @] ), (35)
where ¢, = In@/®/1**. As discussed in Appendix@ we consider a steady state with a real wage @,
where the flexible real wage in this steady state is below it (i.e., wflex < ). The parameter ¢y, is, there-
fore, positive. We approximate around 6, which lies below the kink point 8%, to characterize “normal

times” when the labor market is slack. This is consistent with the empirical evidence presented in
Figure[2]

Since the expressions for w; fex, wi*, and 6* are all linear in logs (see equations , , ), the
following expression written in natural logs is exact and involves no approximation error:

>

~fl A o o N A
fnew — —Cw + w{ = —cw + 10t + 47 — ’7? — My b > 0f (36)
t= A
D = (@, — (71 — 70) + 6Ee(1pq — 70)) + (1= \)@o) '™ 6 < 67
assuming 7ty | = E47t441.
Substituting equation into the Phillips curve (34), we obtain:
—c+ M0, 4 1M (0 + 6™ + BEs (41 — 1) 6 > 0;
t t
T — T = b ) 5 & E _ o (37)
KpWi_1 + K t +K1/( Ut + t ) ‘|‘Kﬁ t(7Tt+1 71') Qt < 9?
tightness cost-push  matching

where the coefficients satisfy ktight > x> 0, Kf,lght > xy > 0,%p > 0,and ¢ > 0. It is unclear whether

kg is greater than or less than B. The analytical expressions for these coefficients are provided in
Appendix[D}

We briefly comment on the accuracy of the log-linear approximation. The Phillips curve in equation
has the same form as in the standard model, with the only difference being that @}*“ appears

%7 Additionally, see the findings of Crump et al. (2024).

2Bernanke and Blanchard (2024), for example, argue that labor market tightness did not, at the very beginning of the 2022
inflation surge, play a fundamental role. Their results, however, depend on measuring marginal costs using the ECI, in contrast
to our model. More importantly, our framework highlights the interaction between labor tightness and supply shocks. One
advantage of our approach is that it explains why supply shocks had such an outsized effect during this period. Moreover, our
model is consistent with the lack of disinflation after 2008.

19



instead of average wages. Moving from equation to the piecewise linear equation only
requires the intermediate step of using the max operator and the definition of the new wage above and
below the Beveridge curve shown in equation (36). As we have already pointed out, expressing either
WY or Wi* as log deviations involves no approximation error, because both variables are linear in
logs. Other aspects of the Phillips curve do involve approximation errors, as in any log-linearization,
but there is no reason to believe these are more significant here than in the canonical model. This may
seem surprising, given that the Phillips curve is piecewise linear with a non-differentiable kink, and
log-linear approximations rely on differentiation. The key insight is that the kink arises from the max

operator (35), while the variables inside the max operator are linear in logarithms.

4.1 Three central predictions of the Inv-L NK Phillips Curve and a key result

The theoretical results in equation highlight four major predictions.

fight > x: when the labor market is sufficiently tight (6; > 6;), inflation responds more strongly

First, «
to labor market tightness than it does under normal circumstances. In this regime, the new-hire
wage becomes fully determined by the flexible wage, which is directly proportional to labor market
tightness @;. This direct transmission channel is muted when 8; < 87, as the new-hire wage is then

anchored by the more sluggish incumbent wage.

Second, Kilght > 1, cost-push and markup shocks have a greater impact on inflation when the labor

market is tight.

Third, while real wages enter the Phillips curve as a lagged variable when 6; < 8, the curve becomes
perfectly forward-looking when 0, > @;‘ .

Finally, a key result of our analysis is that we can replace the empirical measure of new wages with the
vacancy—unemployment ratio 6. This provides a direct connection to an emerging empirical literature

arguing that v/u is a better measure of slack than “tE;I

4.2 The Beveridge threshold and the interpretation of shocks

Using logarithms, we can rewrite Equation (33)) in terms of deviations from the steady state and solve
for the Beveridge threshold:

07 = L@ + OErmteyr — e+ AN + i + 47 — 45). (38)

This expression is intuitive. Recall from Equation that the Beveridge threshold is defined by the

lex

condition w; " = w{*. As 6; rises beyond 6}, new wages exceed existing wages, and the slope of the

Phillips curve changes.

2Moreover, while data on v/u are readily available over long periods, there is no consensus on the best measure of newly
hired workers’ wages, and existing series do not yet cover as long a span as v/u. This is a promising area for future research.
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The Beveridge threshold decreases when the real wages of existing workers fall below their steady-
state value or decline due to current inflation, as nominal wages are sticky. Similarly, a negative

exogenous wage shock, ¢;, lowers the threshold.

The final three terms in Equation (38)— 7, ')A/f, and §{— influence the flexible wage for a given 6;,
thereby affecting the Beveridge threshold. For example, lower matching efficiency (#i7; < 0) reduces
the threshold.

The traditional “cost-push” and supply shocks are denoted by 7; and defined as

T4 = ,ﬁt - Ay + (1 — 0() th (39)
o ~— S~ N~
Cost-push/supply shocks Markups Productivity Oil price

Shocks to which the hiring agency is sensitive—specifically, shocks to the matching technology and

the marginal cost and benefit of posting vacancies—are summarized by ;:

B, =a(d,—(1—A)) 40 +a(1=A) 45 —a(1-A) 1 +a ¢
Y t t t t ’
~—~ —~— ~— ~~ ~—~
Matching shocks Firm hiring cost Vacancy cost Matching efficiency Wage shock

(40)
with d, =9t/ (1+97?).

Unlike the cost-push shock 7;, which is independent of labor market tightness, matching shocks as-

sume a different form when the labor market is tight. In this case, they are summarized by
atight A N N
3" = a(9f — (1= dy)9t — ).

The reason is that these shocks operate through the determination of flexible wages. In normal times,
the flexible wage receives a weight 1 — A; whereas, during periods of labor tightness, it is directly

transmitted to new wages.

We next provide empirical evidence beyond the descriptive results presented in Section 2 by estimat-
ing the Phillips curve implied by our model. Estimating Phillips curves is notoriously challenging.
We closely follow the literature to test whether our model is consistent with the data. The short
answer is yes. While this does not provide conclusive evidence, it serves as a proof of concept.

5 Estimating the Inv-L NK Phillips Curve

Equation delivers an aggregate—supply relation that is piecewise linear in labor-market tightness,
with a kink at the Beveridge threshold 6;. Taken literally, it links inflation (71;) to tightness (6; =
vt/ ut), a lagged real-wage term, cost-push and matching shocks, and expected inflation E;7t;;q. If
the model were the true data—generating process and all variables were observed without error, the
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parameters could, in principle, be recovered by (piecewise) least-squares estimation, conditional on

a known 6} and the exogeneity of the regressors.

Analyses of this type are often subject to endogeneity in various forms, which we address using
standard approaches aligned with the literature. ﬂ

Guided by Equation (37), we estimate

T = ﬁc =+ ﬁ;-[ i1+ (59 =+ 59th) (lnGt — 11’16;() =+ (ﬁQ =+ ﬁQth) 0+ + (ﬁr[" + ﬁnth) 7'[? + &4, (41)

where 71; is the inflation rate (demeaned by 2 percentage points), 7 is expected inflation, ¢; is our
measure of supply shocks, and D; = 1 when 6; > 0* (and D; = 0 otherwise). The coefficients on
tightness, supply, and expectations are allowed to shift past the Beveridge threshold 6*. Subscript d
marks the additional effect that applies when D; = 1: for example, the coefficient on In 6; is Bg when
D¢ = 0 and By + By, when D; = 1 (similarly for ¢; and 7t7). Note that we proxy the lagged real wage

with lagged inflation; in robustness checks we also use alternative measures of lagged real wages.

This specification captures the key nonlinearity implied by the model: crossing the Beveridge thresh-
old changes not only the slope with respect to tightness but also the effect of supply shocks and
inflation expectations. Our hypothesis is that the slope steepens and the effect of supply shocks in-
creases once 0; > 0*, while the sign of the shift in the expectations coefficient is a priori ambiguous.
By contrast, the role of lagged inflation should move from positive (when 6; < §*) to negligible (when
0 > 6%).

We estimate on two samples: (i) a post—financial crisis sample, 2008Q3-2024Q4, for which the
regressors are more reliably measured; and (ii) a long sample, 1960Q1-2024Q4, which requires proxies
for expectations and vacancies.

In our benchmark regression, 71; denotes core CPI inflation, and 6; is the vacancy-unemployment
ratio, measured using JOLTS data from December 2000 onward and backcast with Barnichon’s (2010)
composite vacancy index for earlier years. We construct ¢; as the first principal component of three
relative price gaps, shown in Figure[I0} that are commonly used in the literature: headline CPI relative
to core CPI, headline PCE relative to core PCE, and import prices relative to the GDP deﬂatorErI
Figure[10]shows that measured supply shocks in the 2020s were modest; nevertheless, conditional on
0; > 6%, the model implies the effect can be substantial.

In the benchmark specification, inflation expectations are proxied by the Survey of Professional Fore-
casters’ one-year CPI inflation expectations. Figure in the Appendix plots the seriesF_ZI

All series are constructed at quarterly frequency from monthly data as described in the Appendix

30See Lenoir (1913), Christ (1994), Gordon (1982), Sargent (1975), Mavroeidis et al. (2014), and McLeay and Tenreyro (2019),
among others.

31Ball et al. (2022) use the first two measures; Blanchard et al. (2022) emphasize the third.

32The SPF series begins in 1981Q3. We extend it backward using the interpolated Livingston Survey; note that the Liv-
ingston 12-month CPI forecast effectively corresponds to a 14-month horizon (Carlson, 1977).
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Table 3: Tests for a kink and for the location of the Beveridge threshold (6* ~ 1)

1960-2024  2008-2024
Tests of linearity (no kink) vs. kink alternative
Global sup test (p—value) 12.0 (0.37) 255 (0.53)
Restricted sup [0.75,1.25] (p) 7.6 (0.15) 22.6 (0.01)

Fixed 6 = 1 Wald (p) 6.3 (0.00) 14.1 (0.00)
Tests of location: Hy : 6* = 1 vs. *

LR statistic 9.49 0.52
p—value (point) 0.98 0.82
p-value (sup) 1.00 1.00

Notes: Bootstrap p—values based on 999 moving-block resamples.

We estimate the threshold #* in equation by profile least squares following Hansen (2000). For
each feasible candidate 8*, we run OLS, record the residual sum of squares SSR(6*), and set 8* =
arg ming- SSR(()*) In the short sample (2008-2024), 0* is close to the unit value (0.9305), whereas
in the long sample (1960-2024) it equals 0.5006, although there is another local minimum close to 1
which cannot be statistically rejected as an alternative.

To conduct inference on the existence and location of a structural break, we construct the profile
likelihood-ratio curve

_ SSR(0*) — SSR(9*) 52 SSR(6*)
- 6'2 ! T - keff !

LR(6%)

where T is the sample size and kg denotes the effective number of regressors. Critical values are
obtained via a moving-block residual bootstrap that preserves serial dependenceE]

We ask (1) whether a kink exists and (2) whether its location is reasonably approximated by 1; four
complementary tests speak to these questions. (Table[3). (i) A global linearity test (sup-Wald/sup-LR)
of Hy:Be, = Poy = Brg = 0O rejects if the supremum of the restriction test over the full grid exceeds
its bootstrap critical value. (ii) A restricted sup test repeats (i) on the economically plausible band
6* € [0.75,1.25], which increases power around 6* = 1. (iii) A pointwise LR test evaluates Hy:6* = 1
against the estimated alternative 0*. We report both the pointwise p-value and the sup p-value based
on the maximum LR statistic across all thresholds. (iv) A fixed—break Wald test evaluates no kink at
6" = 1, assessing whether slopes differ above and below unit tightness. The pointwise LR test and
fixed-break Wald test address different questions: the LR test compares threshold locations (6* = 1
vs. §*), while the Wald test evaluates slope differences conditional on 6* = 1.

33To ensure numerical stability when D;(6*) is nearly constant, estimation and inference use a rank-revealing QR reduction
of the design (orthogonal-triangular decomposition). The likelihood-ratio scaling employs the resulting effective degrees of
freedom.

3Specifically, we resample circular blocks of residuals from the fitted model at §*, recursively reconstruct 7r; within the
sample, recompute LR*(8*) over the grid, and take the (1 — &) quantile of supg, LR*(6*). The (1 — &) confidence set for §* is
the connected region in 6* where LR(6*) does not exceed the bootstrap sup—critical value.
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Table 4: Phillips Curve Estimates (Threshold at 6 = 1)

) ) ®) (4)
1960-2024 2008-2024 1960-2024 2008-2024
Inflation lag 0.3031 *** 0.1020 0.2030 ** —0.1788
(0.0972) (0.2745) (0.0989) (0.1869)
In6 0.6988 *** 0.5046 0.3210* 0.5027
(0.1715) (0.3373) (0.1807) (0.3602)
6>1 1.6416* 4.9959 ***
(0.8700) (1.7670)
Supply shock (o) 0.0355 * 0.0135 0.0416 ** —0.0039
(0.0195) (0.0388) (0.0208) (0.0258)
0>1 0.1055 0.2535 **
(0.0899) (0.1058)
Inflation expectations 0.7706 *** 1.6821** 0.8959 *** 0.5368
(0.1095) (0.6779) (0.1105) (0.7474)
0>1 0.7093 ** 0.2601
(0.3123) (1.1818)
Constant 0.4760 *** 0.3511 0.1612 0.1646
(0.1383) (0.3658) (0.1407) (0.3350)
R? adjusted 0.8184 0.5314 0.8288 0.6515
Observations 260 66 260 66

- B x4 % 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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Four conclusions follow. First, the global sup test does not reject linearity in either sample (see Table|3).
This test uses critical values adjusted for searching across all candidate thresholds (Hansen, 2000),
which guards against false detection of nonlinearity but reduces the power to detect a threshold when
one exists (scans many thresholds —> low power). Second, focusing the search near unity increases
power: the restricted sup test strongly rejects linearity in the 2008-2024 sample (supF = 22.6, p = 0.01),
while the evidence in the full sample is marginal (supF = 7.6, p = 0.15). This suggests that the kink is
most accurately identified in the recent period, when labor-market tightness fluctuated around unity.
Third, the fixed-break Wald tests strongly reject linearity at 6 = 1 in both samples, suggesting that
allowing for slope shifts at unit tightness enhances the fit. Fourth, the pointwise LR tests cannot reject
0* = 1 against the estimated alternative §* (pointwise p = 0.82 in the short sample; p = 0.98 in the
long sample; supp = 1.00 in both samples). This confirms that the data are consistent with a kink at
the unitary threshold

In Figure[13|in the Appendix, visualizes the location evidence from the LR profile. In both samples,
the LR(6*) profile is relatively flat over a broad range, indicating that the exact location of the kink
is weakly identified—many thresholds, especially those near unity, fit similarly well. Nonetheless,
6* = 1 lies at or near the profile’s minimum in both samples, confirming that this threshold fits the
data as well as an alternative, with no other value being statistically significantly superior.

Overall, the evidence supports a kinked Phillips curve with a break close to 6* = 1. this evidence is
especially compelling in the post-crisis period, when there was significant variation in supply distur-
bances—a feature lacking during the inflation surge of the late 1960s, the other occasion on which the
Beveridge threshold was crossed.

We have previously shown theoretically that the Beveridge threshold may shift over time as function
of exogenous shocks. Here, instead, we focus on a single constant threshold. Implicitly, we think of
the time variations as random error terms and view estimating a constant threshold as a pragmatic
first step. We leave estimation of a time-varying threshold to future work.

We next estimate the parameters of equation in Table {4} fixing 6* = 1. Columns (1) and (2)
report estimates for the full and short samples, respectively, without regime dummies. Columns (3)
and (4) re-estimate the equation allowing for regime shifts (i.e., including the dummies). Table
in the Appendix reports results when 6* is jointly estimated. Estimates are virtually unchanged in
columns (1) and (2) and qualitatively similar in column (4), consistent with the fact that 8* is estimated
close to 1 in the short sample.

The first main result from Tableg]is that the Phillips curve exhibits statistically significant nonlinearity
in 0 (at the 1% level). Columns (3) and (4) show this for the full and 2008-2024 samples, respectively.
The slope when 6 > 1 equals the sum of the coefficients in the second and third rows, whereas for
6 < 1itis given by the second row alone While the point estimate for 8 < 1 has the expected sign,

35Sup p-values compare the statistic to a distribution that accounts for searching over many thresholds; this guards against
false positives but lowers power. A value of 1.00 therefore reflects non-rejection, not affirmative evidence for 6* = 1
3%For example, in column (4), the slope when 6 > 1 equals 0.5027 + 4.9959 = 5.4986.
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the null of a flat Phillips curve cannot be rejected for this region in the full sample. When we constrain
the slope to be constant, as in columns (1) and (2), the coefficient is larger and statistically significant,
suggesting that the overall significance is driven by periods with § > 1. The estimated slope increases
by roughly a factor of three in the full sample and by a factor of ten in the short sample when moving
from a constant-slope specification to the slope in periods with 6 > 1.

The second main result is that supply shocks have a larger effect when 6 > 1. In the full sample,
the point estimate implies roughly twice the impact, although statistical significance is limited. This
imprecision is not surprising: the full sample contains only two periods when 8 > 1 (the 1960s and the
recent episode), and the 1960s featured virtually no supply shocks (see Figure[10]in the Appendix). By
contrast, in the 2008-2024 sample we find a large and statistically significant effect of supply shocks
when 6 > 1, whereas for 6 < 1 their effects are both economically and statistically negligible.

Beyond these two main results, Table {4 offers further insights. The coefficient on lagged inflation is
statistically significant in the full sample but not in 2008-2024—a period in which 6 > 1 for much of
the time. This pattern is consistent with the model’s prediction that the role of lagged terms dimin-
ishes once the Beveridge threshold is crossed.

A further observation concerns inflation expectations. The coefficient is statistically significant in the
full sample both with and without regime dummies, and in the short sample when dummies are
excluded. However, it becomes smaller and statistically insignificant over 2008-2024 once dummies
are included. In that specification, the two coefficients for the short sample sum to 0.7969, capturing
the impact of inflation expectations in tight labor markets, while the corresponding effect during
periods of slack labor markets is smaller, at 0.5368.

Finally, the constant term admits an economically intuitive interpretation. It implies the value of 6 at
which inflation equals 2% in the absence of shocks, denoted by 6. We obtain § = 0.6052 for the full
sample and 6 = 0.7208 for the 2008-2024 subsampleE]

5.1 Robustness analysis

We assess the robustness of our results to alternative specifications and measurement choices.

Our two central results are broadly robust: (i) the Phillips-curve slope increases markedly when 6 > 1,
and (ii) under these conditions, supply shocks have a larger impact on inflation even though point
estimates vary across specifications. This robustness is encouraging given the well-known sensitivity

of Phillips-curve estimates to specification and variable selectionEgI

37The mean of the supply shock is approximately zero, and all inflation measures are deviations from the 2% target. Because
In 6 is not mean zero, we recover 0 from Inf = —pB./ By, yielding § = 0.6052 and § = 0.7208 for specifications (3) and (4) in
Table[d] respectively.

3See, e.g., Mavroeidis, Plagborg-Moller, and Stock (2014).
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To address endogeneity, a common approach is to instrument variables with their lags. Our results are
confirmed when we instrument lagged inflation and In(v/u) with their first lags (Table @FEI Table [?]
shows that the results also hold when the vacancy—unemployment ratio is already lagged in the
benchmark regression.

Our findings are robust to traditional measures of supply shocks and to alternative measures of infla-
tion expectations. Tables[8land[9|confirm the main results when headline-CPI shocks and import-price
shocks are entered separately.

Tables[10}[11} and [12examine alternative expectations: the Cleveland Fed’s 2-year and 5-year inflation
expectations, and the 5-year 5-year forward measure of Groen and Middeldorp (2013)@ The results
are robust in the latter part of the sample where market-based metrics are available. For the full
sample that relies on backcasts, point estimates are similar but standard errors are larger and the

steep-slope estimate loses statistical significance.

Tables [13| and [14] confirm the results using 1-year expectations from the Cleveland Fed and the 12-
month Livingston Survey, which span the entire sample (the latter at a semiannual frequency).

Our results are not robust to the use of the University of Michigan’s 12-month-ahead consumer infla-
tion expectations, as shown in Table[15)and discussed, in slightly different specifications, by Beaudry,
Hou, and Portier (2025). In this case, the Phillips curve appears flat, with a very large coefficient
on inflation expectations—the sum of the relevant terms exceeds unity, reaching 1.9248 in the short
sample with dummies.

The question, then, is why the results using the Michigan series are not robust to the other six mea-
sures we employ. More broadly, the issue concerns which expectation metric best represents the
expectations that firms base their pricing decisions upon. One interpretation is that the Michigan
series reflects more backward-looking behavior than other measures, making it a weaker proxy for
the forward-looking expectations relevant for firms’ price setting. In the New Keynesian Phillips
curve, firms reset prices based on expected future inflation and economic conditions, and micro evi-
dence (e.g., Nakamura and Steinsson, 2008) shows that prices typically remain unchanged for several
quarters. For the Michigan series, we conjecture that realized inflation has a stronger influence on
reported expectations than in the other proxies we consider. This feature is problematic, since in the
New Keynesian framework it is firms’ expectations of future inflation that drive price adjustments,
not the reverse.

Different expectation measures exhibit varying degrees of dependence on observed inflation at the
time expectations are formed In the Appendix, Table [19|reports correlations for 2008Q3—2024Q4
The 12-month Michigan survey shows an especially sharp correlation of 0.82 during the inflation

%Limitations due to the weak-instrument problem are reviewed in Mavroeidis, Plagborg-Moller, and Stock (2014).

40The Groen-Middeldorp series uses market data in recent periods and backcasts earlier decades such as the 1970s.

“IWe proxy observed inflation with realized inflation at t — 1 for expectations formed at t, ensuring that information is
available at the time of formation.

“Focusing on this period avoids extrapolations and backcasts for expectations.
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surge period from 2020Q4 to 2024Q4, whereas other —including our baseline at 0.56—are much
weaker. Viewing the full sample, the Michigan Survey correlation and SPF series show the strongest
correlations (above 0.7), while the 5-year-5-year measure exhibits a negative correlation. The unusu-
ally strong response of the Michigan survey, relative to all other measures during the surge, may
be connected to its tendency to react more strongly to recent data than other measures, resembling
a simple extrapolation. Alternatively, it tends to react more strongly to oil price movements which

happen to coincide closely with the surge.

To explore the claim that Michigan’s 12-month measure might be based on simple extrapolation, we
present the following suggestive evidence: It is the only series for which observed inflation Granger-
causes expected inflation; increases in observed inflation help predict increases in expected infla-
tion@ Table @] shows that this Granger causality appears only for the Michigan survey; our bench-
mark and other alternatives do not exhibit it. This implies that an increase in inflation is more likely
to immediately trigger changes in Michigan survey expectations, while other measures assign greater
weight to such shocks being transitory.

By contrast, causality from expectations to inflation holds for most measures: increases in expecta-
tions Granger-cause observed inflation for all but the Cleveland 5-year and 5-year-5-year forward se-
ries. The insensitivity of long-horizon expectations to current inflation is consistent with the view that
long-term expectations remained anchored during the recent surge. Importantly, both long-horizon
measures deliver results similar to our benchmark (Tables[11]and [12).

The debate over which expectation metric best proxies firms” expectations remains open. We are
particularly interested in the expectation series that influences firms’ expectations, as these determine
price setting by firms. Chodorow-Reich (2024, Figure 1) shows a measure of inflation expectation
based on the Federal Reserve of Atlanta survey of firms expectations of their own marginal costs;
these findings closely match the Survey of Professional Forecasters (SPF), our baseline. By contrast,
Coibion and Gorodnichenko (2024) contend that the Michigan Survey is a superior measure, partly
because it aligns more closely with the Cleveland Fed’s CEO inflation-expectations data collected
since 2019.

Our benchmark choice—the SPF—is guided by empirical and narrative considerations. It yields re-
sults consistent with the other six expectation measures and with the widespread perception that
the inflation surge surprised most observers. Moreover, the Atlanta Fed’s survey arguably provides a
more relevant analog for firms’ price-setting behavior than the Cleveland Fed’s, as it asks respondents
to forecast their own unit-cost growth rather than the more abstract concept of overall inflation.

Finally, our results are robust in sign but not statistically significant for the slope when using core
PCE (rather than core CPI) as the dependent variable (Table , and when measuring labor-market
tightness in levels rather than in logs (Table [I7). We prefer the benchmark specification that uses
In® = In(v/u), as implied by theory@ We also estimate a specification that replaces lagged inflation

43Formally, lagged observed inflation adds statistically significant predictive content for expected inflation. See footnote
for the data mapping.
4 A further practical advantage of using logs is their invariance to whether v or u is in the denominator.
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Figure 4: Inv-L NK Phillips Curve as a function of labor market tightness using the estimates of Table
1, column (4).

with lagged real wages, as suggested by the model; Table 18| confirms our main findings under this

alternative.

An alternative to our baseline regression — which imposes a single breakpoint — is a time-varying-parameter
specification in which the coefficients evolve each period and are estimated via a Kalman filter. Our

two central empirical results are robust in this framework. Figure[15|shows that the coefficients on In 6

and on the supply-shock index ¢ remain near zero through most of the sample (including the Great
Recession) and then rise sharply in 2021-22, precisely when 6 > 1. This independent method corrob-
orates the piecewise-linear estimates. Detailed results and discussion are provided in Appendix

6 Insights from Our Analysis and Conclusions

Our theoretical analysis links labor-market tightness—measured by the vacancy-unemployment ratio—
to inflation through a piecewise linear relation that steepens once the Beveridge threshold is crossed.
The empirical evidence strongly supports this specification, identifying a breakpoint in the Phillips
curve at (approximately) unity for 6, where vacancies equal unemployment. This conclusion is con-
sistent with visual inspection of the raw data as shown in Figure

The implications are substantial for both measurement and policy.

First, using the estimates in Table [d] we quantify this relationship. Figure [ plots inflation against
the vacancy—unemployment ratio using specification (4) in Table [} illustrating both the slope of the
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Phillips curve and the tightness level consistent with the 2% target. The key result is k18" > x. Once
the Beveridge threshold is exceeded, the slope steepens, and inflation rises more sharply as the labor
market tightens. The vertical reference line highlights that when tightness surpasses this critical level,
inflation exceeds the target, while the curve remains relatively flat near 2% provided 6 < 6*. Raising
6 from 0.7208 (our estimated neutral level consistent with 2% inflation) to 6* ~ 1 modestly increases
inflation from 2% to 2.16%. In the shortage regime, doubling 0 from 1 to 2 drives inflation significantly
higher, from 2.16% to roughly above 5%.

In our framework, the economy typically operates below the Beveridge threshold, where both new-
hire and incumbent wages adjust sluggishly. Once the threshold is breached, however, new-hire
wages become highly responsive to tightness, while incumbent wages adjust more slowly, gradually
converging toward the flexible wage at a speed governed by A. The fact that the economy usually
remains below the threshold reflects, at least in part, central-bank policy. A plausible interpretation of
the 2020s surge is that, under its 2020 framework, the Federal Reserve reduced the role of preemptive
tightening in anticipation of full employment (see Eggertsson and Kohn, 2024), reflecting skepticism
about the precision with which the natural rate could be determined after the experience of 2015@

Our finding that the slope of the Phillips-curve steepens in tight markets also explains the forecast er-
rors made by policymakers and market participants during the surge. Conventional empirical work,
which imposes a single (flat) slope, led forecasters to underestimate the combined impact of post-
pandemic demand and supply shocks. In slack conditions, our model is consistent with the view that
such shocks would not significantly impact inflation . In tight markets, however — where the slope is
steeper and supply shocks are amplified — much larger inflation responses are predicted.

Figure [5|illustrates the predictive gains from threshold effects for the surge in the 2020s. Using only
data through 2021Q1—Dbefore inflation accelerated—we compare forecasts with and without thresh-
olds. Without thresholds (red line, estimated 1960-2021Q1), the model predicts a peak of only 4.5%,
compared to the realized 6.2%, reflecting the widespread forecast errors of 2021. With thresholds in-
cluded (green line, estimated 1960-2021Q1), the peak forecast rises to 7.0%, close to the realization.
Strikingly, estimating the model only on 1960-1969—the last period when 8 > 1—yields a similar
peak. A model calibrated more than fifty years earlier matches the 2020s episode precisely because
labor-market conditions were similarly tight. Phillips curves without thresholds systematically un-
derpredict inflation in tight markets. That the threshold effect emerges in both the 1960s and the
2020s underscores its robustness. These out-of-sample results validate the empirical relevance of the
Beveridge threshold.

Our empirical analysis also clarifies the fitted drivers of the surge. Figures[6]and [7]stack the within-
sample fitted contributions implied by equation against actual core inflation. Colored bars report
each regressor’s fitted component; hatched overlays denote the incremental contribution that arises
only when 6; > 1 via the D; interactions; the gray bar is the residual ¢;. This is an accounting decom-
position of the fitted value, not a structural attribution of primitive shocks. In particular, it shows how

45In 2015, the Fed raised rates, estimating maximum employment at 4.9%. However , unemployment fell further to 3.5%
before the pandemic, with little sign of inflationary pressure.
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Figure 5: Actual, in-sample fit, and projections of core CPI inflation (YoY, %). Black: actual; green
dashed-dot line: dynamic projection from 2021Q1 using a Phillips curve estimated over 1960Q1-
2021Q1 with tightness-region dummies; red dotted line: projection from the no-dummy specification
estimated on the same sample; thin solid purple line: in-sample fit from the dummy model; dash blue
line: projection using coefficients estimated on 1960Q1-1969Q4 with dummies. The vertical dashed
line marks the forecast origin (2021Q1); projected series coincide with actual at 2021Q1 and diverge
from 2021Q2 onward. All series are year-on-year rates (%).

much of the fitted inflation at date ¢ is accounted for by the observed movement in each regressor,
weighted by the estimated coefficients. Because the regressors can be correlated and measured with
error, the bars do not form an orthogonal variance decomposition and should not be read as causal
shares.

In the post-2008 sample (Figure[6), tightness accounts only about 0.17 percentage points to inflation
along the flat branch (¢ < 1). This is consistent with the flat Phillips curve consensus prior to the
surge. The bulk of the surge is accounted for by incremental tightness effect once 6 > 1, together with
a sizable interaction-augmented supply term early in the episode. Later, the supply component turns
negative, but continued labor-market tightness accounts for inflation remaining above the 2% target.
Early residuals are large, consistent with bottlenecks and shortages not captured by our pre-2020
supply proxy (cf. Bernanke and Blanchard, 2024).

Figure [ reports the full-sample decomposition (the analog of Figure [6). In the 1970s episode, the
expectations component dominates, beginning when tightness first exceeded unity in the late 1960s;
by contrast, in the 2020s tightness dominates and the expectations component remains small. Thus,
the full-sample estimates indicate that—unlike the recent surge—the Great Inflation was accounted

31



Percentage Points (Q/Q annualized)

" 1 L 1 L | 1 L L 1 1 L L 1 1 L L 1

o @ (@@ @ @ @ @ 4 @ @ ar L WP a0 @ @ @
B “,“*QQ 1\"@ AN AN AT @V (@ T @ T @ (0 T @ (0 @ 9 (0

Figure 6: Decomposition of specification (3) in Table@ 2008Q3-2024Q4, by regressor in equation .
For In 6, hatching denotes the contribution for the portion of 8 that exceeds unity; for the supply shock
0, hatching denotes the increment when 6 > 1. Core inflation and all components are annualized
quarter-over-quarter rates.

for primarily by unanchored expectations, consistent with conventional wisdom. More importantly,
and in our view underappreciated, this unanchoring appears to have begun during the late-1960s
labor shortage—an “original sin” that plausibly set the stage for the expectations-driven inflation of
the 1970s. This historical pattern differs markedly from current data, helping to explain why a replay
of the 1970s has not materialized, at least so far.

Finally, the framework sheds light on the recent “soft landing.” Between 20220Q2 and 202404, U.S.
core CPlinflation fell from 6.2% to 2.5%, while unemployment remained broadly below 4%. Standard
(single-slope) Phillips curves typically imply that disinflation of nearly 4 percentage points would
require a substantial rise in unemployment. By contrast, the inverse-L Phillips curve accommodates
this outcome through two mechanisms. First, when 8 > 6* the curve is steep, so disinflation is
achieved with relatively small changes in slack. Second, as discussed in Benigno and Eggertsson
(2024), the implied Beveridge curve is steeper when 6 > 6%, so a reduction in tightness is absorbed

mainly by vacancies rather than a large increase in unemployment.

The literature on nonlinearities in the Phillips curve and on capacity constraints is still in its early
stages. We have emphasized the central role of labor shortages in the United States, reflecting the fact
that labor is the single largest input in production and that there was widespread evidence of scarcity
during the recent inflation surge. Nonetheless, other capacity constraints likely contributed as well,
though these are only partially captured by traditional measures of supply shocks. Future research
should provide a more detailed characterization of the production structure and incorporate the role
of other scarce inputs. A promising direction is to extend the analysis to sectoral heterogeneity and
network linkages. Our objective here has been to paint, in broad strokes, the macroeconomic picture
that places capacity constraints—and particularly labor shortages—at the core of inflation surges.

32



T 1 T T 1 T T 1T T T 1T
I Lagged Inflation

Labor Market Tightness (Hatching: v/u > 1)
I Cost Push (Hatching: viu > 1)

Expectations

Residual
e Core Inflation (Q/Q) annualized .

Percentage Points (Q/Q annualized)

b 1Y
o
L <
A O Lile
\7“' ety

v l, 1}

L]

1

"

i
3k .
P T T N I O A I S I I Y S Y I Y I N N SN N
S A AN D D D S AN
N e T N e S S N A S R S e S S o S &SP E S SO
@e@e@e’@e\q@@«\q«\q«\q«q«q%q%@%@%q%@qq@qqqqQ@Q@@’@@\Q\Q\Q\ﬂ\@@@

Figure 7: Decomposition of specification (3) in Table @ 1960Q1-202404, by regressor in equation .
For In 6, hatching denotes the contribution for the portion of 6 that exceeds unity; for the supply shock
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A Appendix: Additional Tables

Table 5| presents the OLS estimates of regression with the same variables as Table [4} except that
the threshold for the dummy is set at 8" = 0.5006 for the sample 1960-2024, and at 6* = 0.9305 for
the sample 2008-2024, which correspond to the thresholds in the respective samples that maximize

the likelihood of the regressions across different thresholds, as shown in Figure

Table 5: Phillips Curve Estimates with Endogenous Threshold

1) @) ©) 4)
1960-2024 2008-2024 1960-2024 2008-2024
Inflation lag 0.3031*** 0.1020 0.3455*** —0.1852
(0.1002) (0.2626) (0.0863) (0.1862)
Ino 0.6988*** 0.5046 0.2050 0.3081
(0.1769) (0.3394) (0.3264) (0.3228)
(In6 —In6*), 6 > 6* 0.5912 4.9621***
(0.4318) (1.4951)
Supply shock (o) 0.0355* 0.0135 —0.0277 —0.0113
(0.0198) (0.0393) (0.0250) (0.0229)
6 > 6 0.0776** 0.2645"*
(0.0331) (0.1039)
Inflation expectations 0.7706*** 1.6821** 0.5156*** 0.9080
(0.1147) (0.6370) (0.1366) (0.5486)
¢, 6 > 0* 0.2673* —0.1282
(0.1418) (0.9067)
Constant 0.4760*** 0.3511 0.0168 —0.0584
(0.1443) (0.3751) (0.2964) (0.2945)
R? adjusted 0.8184 0.5314 0.8350 0.6546
Observations 260 66 260 66

#x, ** * denote statistical significance at the 1, 5, and 10 percent level, respectively.
Newey-West standard errors (Bartlett, bandwidth 4).

(1) and (3): sample 1960 Q1 — 2024 Q4

(2) and (4): sample 2008 Q3 — 2024 Q4.

39



Table 6] presents the OLS estimates of regression with the same variables as Table [4} except that
the inflation lag and the log of the vacancy-to-unemployment ratio # are instrumented with the fitted
values of their first lags.

Table 6: Phillips Curve Estimates Using an Instrumental-Variables Approach

@ @) ®G) )
1960-2024  2008-2024  1960-2024  2008-2024

Inflation lag 0.1991 ** 0.1578 0.0826 0.0096
(0.0980) (0.1840) (0.0899) (0.1058)
In@ 0.7976 *** —0.0307 0.3655* 0.1929
(0.2021) (0.3744) (0.2092) (0.2965)
6>1 0.8988 8.1427 ***
(1.1273) (2.7372)
Supply shock (o) 0.0449 * 0.0057 0.0479 * —0.0060
(0.0229) (0.0370) (0.0245) (0.0240)
6>1 0.1518 0.4010 ***
(0.0985) (0.1117)
Inflation expectations 0.9134 *** 2.3161 *** 1.0346 *** 1.4734*
(0.0964) (0.7553) (0.0894) (0.8211)
6>1 1.2449 *** —2.0714*
(0.2867) (1.1474)
Constant 0.5122 *** —0.0922 0.1929 0.0928
(0.1746) (0.3913) (0.1704) (0.3364)
R? adjusted 0.8036 0.5078 0.8239 0.5879
Observations 260 66 260 66

o ** ** * 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 with the same variables as Table [4} except that
the log of the vacancy-to-unemployment ratio 6 is replaced with its first lag.

Table 7: Phillips Curve Estimates Using Lagged 6

@ @) ®G) )
1960-2024  2008-2024  1960-2024  2008-2024

Inflation lag 0.2892 *** 0.1155 0.1912* —0.0723
(0.0972) (0.2829) (0.0974) (0.2508)
In@ 0.6266 *** —0.0345 0.2776 0.1280
(0.1741) (0.3270) (0.1934) (0.2944)
6>1 0.8690 7.7345 %%
(1.0262) (2.4568)
Supply shock (o) 0.0367 * 0.0037 0.0432 ** —0.0105
(0.0191) (0.0371) (0.0208) (0.0256)
6>1 0.1205 0.4145 ***
(0.0962) (0.1359)
Inflation expectations 0.7803 *** 2.3777 ** 0.8992 *** 1.7336 *
(0.1085) (1.0966) (0.1080) (0.8811)
6>1 1.0224 *** —2.1130*
(0.2969) (1.0777)
Constant 0.4520 *** —0.0639 0.1585 0.0016
(0.1466) (0.3868) (0.1545) (0.3687)
R? adjusted 0.8141 0.5057 0.8283 0.5869
Observations 260 66 260 66

o *% *% * 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 with the same variables as Table [4} except that
we proxy the supply shock with the four-quarter average of the CPI headline shock.

Table 8: Phillips Curve Estimates Using Headline-CPI Shock

@ @) ®G) )
1960-2024  2008-2024  1960-2024  2008-2024

Inflation lag 0.3204 *** 0.1077 0.2426 ** —0.1200
(0.1068) (0.2645) (0.1211) (0.1972)
In6 0.7014 *** 0.5798 0.4181 ** 0.6245
(0.1733) (0.3830) (0.1871) (0.4201)
6>1 0.6972 3.1559
(1.0157) (2.5580)
Supply shock (o) 0.1041 0.1732 0.0872 0.0549
(0.0785) (0.2037) (0.0824) (0.1398)
0>1 0.1795 0.6877 *
(0.3036) (0.3755)
Inflation expectations 0.7780 *** 1.3970* 0.8811 *** 0.1094
(0.1134) (0.7420) (0.1259) (0.9052)
0>1 0.6487* 0.4029
(0.3348) (1.3974)
Constant 0.4351 *** 0.4305 0.1876 0.3157
(0.1365) (0.3767) (0.1463) (0.4124)
R? adjusted 0.8136 0.5412 0.8191 0.6165
Observations 260 66 260 66

o ¥* ** * 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 with the same variables as Table [4} except that
we proxy the supply shock with the four-quarter average import-price shock.

Table 9: Phillips Curve Estimates Using Import-Price (Relative to GDP Deflator) as Supply Shock

@ @) ®G) )
1960-2024  2008-2024  1960-2024  2008-2024

Inflation lag 0.3024 *** 0.1016 0.2014 ** —0.1772
(0.0970) (0.2748) (0.0983) (0.1849)
In6 0.7004 *** 0.5026 0.3273 * 0.5495
(0.1716) (0.3354) (0.1828) (0.3758)
6>1 1.7586 * 5.0976 ***
(0.9003) (1.7505)
Supply shock (o) 0.0362 * 0.0131 0.0428 ** —0.0020
(0.0198) (0.0395) (0.0211) (0.0272)
6>1 0.1043 0.2573 **
(0.0896) (0.1041)
Inflation expectations 0.7710 *** 1.6896 ** 0.8961 *** 0.4435
(0.1094) (0.6753) (0.1097) (0.7893)
6>1 0.7160 ** 0.3868
(0.3183) (1.2431)
Constant 0.4934 *** 0.3540 0.1879 0.2170
(0.1399) (0.3783) (0.1445) (0.3582)
R? adjusted 0.8185 0.5312 0.8289 0.6509
Observations 260 66 260 66

o ¥% *% * 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

43



Table [10] presents the OLS estimates of regression with the same variables as Table [} except that
1-year CPI inflation expectations from the U.S. Survey of Professional Forecasters are replaced by
2-year Cleveland Fed inflation expectations until 1982Q)2, patched backward using the interpolated
12-month Livingston Survey inflation expectations until 1960Q1.

Table 10: Phillips Curve Estimates Using 2-Year Cleveland Fed Inflation Expectations

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

Inflation lag 0.3696 *** 0.2730 0.2544 *** —0.1216
(0.0947) (0.2445) (0.0930) (0.1955)
Ino 0.6722 *** 0.7235* 0.2299 0.3350
(0.1758) (0.3642) (0.1967) (0.2873)
6>1 3.7262 *** 5.9788 ***
(0.9425) (1.0072)
Supply shock (o) 0.0378 ** 0.0187 0.0448 ** —0.0249
(0.0192) (0.0395) (0.0205) (0.0229)
6>1 0.1048 0.2845 **
(0.0987) (0.1112)
Inflation expectations 0.6612 *** 0.7608 0.8102 *** 1.0825*
(0.1064) (0.6038) (0.1014) (0.5782)
6>1 0.0442 —1.3779 **
(0.3006) (0.6310)
Constant 0.5522 *** 0.9027 ** 0.1915 0.4214
(0.1513) (0.3892) (0.1634) (0.3392)
R? adjusted 0.8134 0.5063 0.8257 0.6792
Observations 260 66 260 66

o *x* ¥* * 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 (#I)) with the same variables as Table 4] except that
inflation expectations are proxied by the Cleveland Fed’s 5-year inflation expectations until 198202,
patched with SPF 1-year GDP-deflator inflation expectations until 1970Q2 and the interpolated 12-

month Livingston Survey inflation expectations until 1960Q1.

Table 11: Phillips Curve Estimates Using Cleveland Fed 5-Year Inflation Expectations

) ) ®) (4)
1960-2024 2008-2024 1960-2024 2008-2024
Inflation lag 0.3957 *** 0.3237 0.2790 *** —0.1294
(0.1002) (0.2390) (0.1028) (0.2015)
In@ 0.7413 *** 0.8577 ** 0.3282 0.4501
(0.1829) (0.3957) (0.2028) (0.2883)
6>1 3.7354 *** 6.0188 ***
(0.9512) (1.0307)
Supply shock (o) 0.0482 ** 0.0305 0.0574 *** —0.0084
(0.0190) (0.0383) (0.0205) (0.0217)
6>1 0.1025 0.2581 **
(0.0962) (0.1064)
Inflation expectations 0.6443 *** 0.3463 0.8022 *** 0.6586
(0.1202) (0.6506) (0.1218) (0.6107)
6>1 —0.0007 —1.2571
(0.2739) (0.7538)
Constant 0.5865 *** 0.8651 ** 0.2393 0.3238
(0.1541) (0.3855) (0.1688) (0.3432)
R? adjusted 0.8055 0.4826 0.8171 0.6612
Observations 260 66 260 66

o *x* ** * 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 with the same variables as Table [, except
that inflation expectations are proxied by the 5-year-5-year forward inflation expectations (backcast
by Groen and Middeldorp, 2013, until 1971Q4), patched with the interpolated 12-month Livingston
Survey inflation expectations until 1960Q1.

Table 12: 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 0.5633 *** —0.1910
(0.0839) (0.2411) (0.0902) (0.2148)
In@ 0.8490 *** 1.6901 *** 0.7243 *** 1.1782*
(0.2008) (0.4985) (0.2136) (0.6319)
6>1 0.5756 4.6325 ***
(0.6069) (1.0531)
Supply shock (o) 0.0686 *** 0.0071 0.0716 *** —0.0149
(0.0212) (0.0293) (0.0227) (0.0242)
6>1 0.0770 0.2544 ***
(0.0724) (0.0941)
Inflation expectations 0.3350 *** 1.4705 *** 0.3504 *** 0.9280
(0.0827) (0.4452) (0.0862) (0.6567)
6>1 0.5241 ** 0.5745
(0.2182) (1.2585)
Constant 0.5256 *** 0.8216 ** 0.4217 *** 0.3916
(0.1243) (0.3632) (0.1382) (0.3311)
R? adjusted 0.7814 0.5637 0.7822 0.6834
Observations 260 66 260 66

o *¥* ** * 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 (#I)) with the same variables as Table 4] except that
inflation expectations are proxied by the Cleveland Fed’s 1-year inflation expectations until 198202,
patched with the interpolated 12-month Livingston Survey inflation expectations until 1960Q1.

Table 13: Phillips Curve Estimates Using Cleveland Fed 1-Year Inflation Expectations

@ ) ®) )
1960-2024 ~ 2008-2024  1960-2024  2008-2024

Inflation lag 0.3433 *** 0.2072 0.2532 *** —0.1249
(0.0964) (0.2330) (0.0965) (0.1777)
In6 0.6188 *** 0.6097 ** 0.2246 0.3024
(0.1701) (0.3040) (0.1898) (0.2901)
0>1 3.1556 *** 6.3169 ***
(1.0540) (1.0933)
Supply shock (o) 0.0330 —0.0010 0.0388 * —0.0375
(0.0203) (0.0376) (0.0215) (0.0250)
0>1 0.0796 0.3032 **
(0.0993) (0.1144)
Inflation expectations 0.7030 *** 0.9096 ** 0.8182 *** 0.9790 **
(0.1074) (0.4387) (0.1058) (0.4703)
0>1 0.0222 —1.1695 **
(0.3327) (0.5154)
Constant 0.5169 *** 0.8112** 0.2024 0.3360
(0.1448) (0.3534) (0.1571) (0.2981)
R? adjusted 0.8175 0.5490 0.8262 0.6977
Observations 260 66 260 66

o ¥* #* * 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 (#I)) with the same variables as Table 4] except that
inflation expectations are proxied by the 12-month Livingston Survey inflation expectations.

Table 14: Phillips Curve Estimates Using 12-Month Livingston Survey Inflation Expectations

@ @) ®G) )
1960-2024  2008-2024  1960-2024  2008-2024

Inflation lag 0.2982 *** 0.0946 0.2032 ** —0.1568
(0.0911) (0.2059) (0.0912) (0.1772)
In6 0.6761 *** 0.4695 0.2942 * 0.5193
(0.1647) (0.3052) (0.1778) (0.3566)
0>1 1.6274 * 5.5134*
(0.9325) (2.8068)
Supply shock (o) 0.0344 * 0.0167 0.0419 ** 0.0017
(0.0193) (0.0321) (0.0202) (0.0247)
6>1 0.0386 0.2311
(0.0936) (0.1813)
Inflation expectations 0.7797 *** 1.6724 *** 0.8952 *** 0.3434
(0.1012) (0.4144) (0.1013) (0.5010)
6>1 0.6341 ** 0.0409
(0.2468) (1.2967)
Constant 0.4975 *** 0.4528 0.1930 0.2147
(0.1337) (0.2920) (0.1408) (0.2668)
R? adjusted 0.8233 0.5644 0.8327 0.6474
Observations 260 66 260 66

o ¥* ** * 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) presents the OLS estimates of regression with the same variables as Table [, except
that inflation expectations are proxied by the 12-month household expectations inflation from the
Michigan Survey (median until 1978Q1; mean back to 1960Q1).

Table 15: Phillips Curve Estimates Using 12-Month Michigan Inflation Expectations

1) @) ®) 4)
1960-2024 2008-2024 1960-2024 2008-2024
Inflation lag 0.4656 *** —0.1430 0.4667 *** —0.2538 *
(0.0887) (0.1697) (0.0900) (0.1379)
In6 0.3475 *** 1.1007 *** 0.4355 *** 0.6837 ***
(0.1162) (0.2845) (0.1525) (0.2558)
0>1 —0.1310 —1.2926
(0.8092) (2.4879)
Supply shock (o) —0.0148 —0.0375 —0.0213 —0.0329
(0.0195) (0.0248) (0.0211) (0.0210)
6>1 0.1273 ** 0.0588
(0.0593) (0.0700)
Inflation expectations 0.6610 *** 1.4115*** 0.6675 *** 0.7823 ***
(0.1337) (0.2726) (0.1382) (0.2009)
0>1 —0.0041 1.1425**
(0.1548) (0.5232)
Constant —0.1546 —0.6398 *** —0.0997 —0.5324*
(0.1268) (0.2112) (0.1385) (0.2697)
R? adjusted 0.7997 0.6895 0.8001 0.7430
Observations 253 66 253 66

o *% % * 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 [16| presents the OLS estimates of regression (#I)) with the same variables as Table 4] except that
PCE core inflation replaces CPI core inflation as the dependent variable.

Table 16: Phillips Curve Estimates Using PCE Core

) @) ®) (4)
1960-2024 2008-2024 1960-2024 2008-2024
Inflation lag 0.5185 *** 0.3897 0.4023 *** 0.1216
(0.0653) (0.2365) (0.0739) (0.2114)
Ino 0.2910 *** 0.2312 0.0006 0.2300
(0.1058) (0.2777) (0.1333) (0.3098)
6>1 1.5721** 3.2802
(0.7694) (1.9847)
Supply shock (o) 0.0347 *** 0.0275 0.0411 *** 0.0257
(0.0132) (0.0291) (0.0145) (0.0214)
6>1 0.0779 0.1969 **
(0.0676) (0.0784)
Inflation expectations 0.4341 *** 0.9594 0.5539 *** 0.3611
(0.0660) (0.6264) (0.0748) (0.7184)
6>1 0.3889 0.1772
(0.2867) (1.1208)
Constant 0.1384 0.0273 —0.1219 —0.1604
(0.0911) (0.3305) (0.1138) (0.3462)
R? adjusted 0.8664 0.5857 0.8736 0.6566
Observations 260 66 260 66

o *% *% * 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 [17| presents the OLS estimates of regression (#1)) with the same variables as Table 4] except that
the level of 6 is used rather than its log.

Table 17: Phillips Curve Estimates Using 0 in Levels

) 2) ®) 4)
1960-2024 2008-2024 1960-2024 2008-2024
Inflation lag 0.2681 *** 0.0386 0.2109 ** —0.1619
(0.0970) (0.2599) (0.0991) (0.1952)
0 1.1531 *** 1.3471 % 0.6037 * 1.1341
(0.2367) (0.6910) (0.3315) (0.7401)
6>1 0.5989 2.7894
(0.7599) (1.6721)
Supply shock (o) 0.0381 * 0.0195 0.0416 ** —0.0027
(0.0198) (0.0382) (0.0208) (0.0258)
6>1 0.0978 0.2362 **
(0.0914) (0.1109)
Inflation expectations 0.8187 *** 1.1394 0.8867 *** 0.5587
(0.1091) (0.7234) (0.1111) (0.7682)
6>1 0.7741** 0.1342
(0.3074) (1.2685)
Constant —0.6709 *** —0.8125** —0.3837 * —0.8038 *
(0.1538) (0.3551) (0.1986) (0.4112)
R? adjusted 0.8232 0.5595 0.8278 0.6449
Observations 260 66 260 66

o *% *% * 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 18| presents the OLS estimates of regression (#1)) with the same variables as Table 4] except that
the lag of inflation is replaced by the lag of the detrended real wage.

Table 18: Phillips Curve Estimates Using Lagged Real Wages (Instead of Lagged Inflation)

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

Lagged real wage 6.9269 —7.1417 8.5456 ** —10.6450
(4.7426) (5.7925) (4.2473) (8.2331)
Ind 0.8153 *** 0.6620 ** 0.1595 0.7296 *
(0.2190) (0.3174) (0.2329) (0.4275)
6>1 3.0059 *** 3.8252*
(0.9867) (1.9456)
Supply shock (o) 0.0423 * 0.0085 0.0521 ** —0.0125
(0.0249) (0.0402) (0.0250) (0.0248)
6>1 0.0920 0.2775 ***
(0.0954) (0.0987)
Inflation expectations 1.0961 *** 1.7720 *** 1.1051 *** 0.4377
(0.0490) (0.3516) (0.0484) (0.9747)
6>1 0.6934 ** —0.0514
(0.3286) (1.4607)
Constant 14.4640 —13.8490 17.1818 ** —20.9096
(9.5115) (11.6882) (8.4606) (16.2811)
R? adjusted 0.8006 0.5345 0.8252 0.6519
Observations 260 66 260 66

o *% % * 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 19: Correlation between CPI core inflation and different measures of inflation expectations.

Inflation expectations 2008Q3 - 2024Q4 202004 - 2024Q4
2-year Cleveland 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 20: Granger causality test: Core CPI inflation causing inflation expectations.

Variable h p-Value
2008Q3 - 2024Q4

2-year Cleveland 0 04815
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  0.1881

Table 21: 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: Additional Figures
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(a) Annualized inflation (red line) and the Fed’s Sum- (b) Annualized inflation (red line) and the Survey of
mary of Economic Projections (SEP) (dashed lines). Professional Forecasters (SPF) (dashed lines).

Figure 8: Inflation forecasts during the inflation surge
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Figure 9: 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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Figure 10: Measures of supply shock and their principal component (four-quarter average)
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Figure 11: 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 12: 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 13: Profile likelihood-ratio statistic LR(6*) for the samples 2008-2024 (top panel) and 1960-

2024 (bottom panel). The vertical dashed line marks 6 = 1 in levels.
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C Appendix: Backcasting 6 from to 1919 to 1914

A.1 Motivation

Labor market tightness (6; = V;/U;) necessitates data on vacancies and unemployment. While unem-
ployment and inflation data extend back to 1914, vacancy data became available only from January
1919 onward. We therefore backcast 8; for the 60-month period from January 1914 to December 1918
using a predictive regression estimated on data from post-1919. The only result dependent on this
back-casting is the reported mean and peak during the WWI inflation surge for 6 in Table 1, which
have no implication for the other numbers reported in that table or any subsequent analyzes. Accord-
ingly, we use a simple and straightforward backcasting method based on Romer (1991).

A.2 Methodology

Following Romer (1989), who estimated prewar GNP using relationships from later periods, we spec-
ify:
log(6:) = Bo + Pr1og(U{™" +1) + Borr}™ + e (C1)

where Ut(ém) is the 6-month trailing moving average of the unemployment rate, nt(ém) is the 6-month

trailing moving average of year-over-year inflation, and the +1 shift in log(U + 1) prevents undefined
values at low unemployment and stabilizes elasticities.

A.3 Estimation Results

We estimate the model via OLS using all months from January 1919 to May 2018, during which actual
0; is observed (N = 1,193 observations). Table reports the results.

Table 22: Backcasting Regression Results

Variable Coefficient Std. Error t-statistic =~ p-value
Constant 3.018 0.052 57.89 <0.001***
log(U®™ +1) ~1.964 0.025 —7775  <0.001%**
r{6m) 0.021 0.002 9.68  <0.001**
Observations 1,193

R? 0.869

Adjusted R? 0.869

Residual Std. Error 0.327 (df = 1,190)

F-statistic 3,947.91 on 2 and 1,190 df (p < 0.001)

Note: ***p < 0.001. Estimation period: January 1919 to May 2018.
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The high explanatory power (R?* = 0.869) indicates that smoothed unemployment and inflation are
strong predictors of labor market tightness. The negative coefficient on unemployment (81 = —1.964)
confirms that labor markets tighten significantly when unemployment decreases, whereas the posi-
tive inflation coefficient (8, = 0.021) captures the relationship between tight labor markets and price
pressures.

A.4 Backcasting Procedure

We generate predicted values from January 1914 to December 1918 (60 months) using:
6: = exp (3.018 — 1964 - log (U™ + 1) +0.021 - ") (C2)

To ensure continuity at the transition point, we calculate an anchor ratio using the first six months of
available data (January-June 1919): ¥ = mean(6;/6;) = 0.835. All pre-1919 predictions are scaled by
this ratio: 6; = 0.835 x 6;.

The final series combines backcast estimates with actual measurements:

Ggfinal) _ (C.3)

0; for t € Jan 1914 — Dec 1918
6™ for ¢ > Jan 1919
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D Appendix: The Model

D.1 Derivation of the AS equation

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

e M . ex ex (. new new (s . ’ 1 2
E; TZ::t Qir {pT(l)yT(z) —WFENF (i) — (1+ 'yl%)WT N7 (i) — PrqrOr(i) — % (piil()l) 0 1> PTYT}

where Q; v = BT 1(C;7/Pr)/(C; 7/ P) is the stochastic discount factor the household uses at time
t. Note that the maximization problem is subject to the following constraints:

(i) = A(NFE() + NP ()04 (1), (D4
wti) = (22) v, 03

1
0< NF() < N = [ NE G (D6)
N{“®(i) > 0. (D.7)

We can use (D.4) to solve for N**“(i) to obtain

Npe (i) = (yA(t)> % O ()" * = Nf* (i),

which substituted into the objective function yields to:

EY Qur {pT(i)yT(l’) - W~ (A WENE ) — (g (52) 0r()'F +
T= T

=t

—PrgrOr(i) — 3 ( pr(i) 1 1>2 PTYT} )

2 \pr—(i) 11

Note that whenever W¢* < (14 42)W/@, it follows, using (D.6), that the optimal choice for Nf* (i) is
N{*(i) = Nf*. Given this result, first-order conditions with respect to p(i) and Oy (i) imply

a—1

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

- pli) L Ci1\ " P (peali) pi+1(i)
° <Pt1(i)H 1) Ptl(i>HPth+gEt{ﬁ( Ct ) Py (Pt(i)n 1) (Pt(z'))ZHPt“YHl}
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and
1—a

AN L
(o (40 06 = P

We can combine the second first-order condition into the first to substitute for O (i) and obtain

byanew \ 1-a i
0 = (1—€t)yt(i)+€f<(1+7;)Wt > (1Pt—q;> Ayt;(f()i)

pi(i) ) 1 (Ct+1>_a Py (Pm(i) ) prr1(i)
- — —1 ~—PY; +gE — —1 . Pii1Y .
: <pt_1<1>n o P B L T T
All firms are going to set the same price therefore p;(i) = P and y;(i) = Y. We can then obtain
a 1-w
e [ 1+~b wpew q I I
0= ef)+At< « P 1—a “\m o
Ci1\ " Y1 (Ihn )\ T
+§E*{5( C: ) v, \m Yoo
from which we can obtain equation (12), here restated as
« _
o NI a1 (1o W e 7).
11 11 G A o b 1—u
Ci1\ 7 Yep (1 Ity
+BE; {( c ) v ) (D.8)

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

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

D.2 Inv-L Phillips curve characterization

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

W}’ = max(wf*, w{lcx), (D.9)
where ¢ 1
wf =1 g1, (D.10)
Y Mt
and A
I1e )
o= (o T ) o)



The approximation is going to deliver a piece-wise log-linear function as it is shown in equation
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 (D.8), (D.9), (D-10) and (D-T1).

D.2.1 Steady state

Let us first consider a steady state in which ¢y = ¢, Ay = A, et =€,9: =q, G = G, my =m, sy =5,

Y= ')/i7 = 'yb, ¢r = ¢, 11 = Hﬁ The steady-state versions of equations , , , , and

(26) imply:
new o e—1
S ey
¢ 1+7h( € )

1-a

q T
()", o1

2=

N-+U=F, (D.13)
U=U-+sN, (D.14)
C
wilex — llbgn, (D.15)
my
N = ?le—’? (D.16)
Moreover
" = max(w®, wf!e) (D.17)
with
W' = (wexnfl (H)J)A(wﬂex)lf/\(p. (D.18)

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

o e—1 q e
- (o) ()

In this steady state § < §*, which requires ¢ to satisfy the inequality ¢ > TT*179). Note that §* is
defined when w/!e¥ = w"e® = wex = @, therefore, in this case, ¢ = [1*(1-9) whereas w/flex = gnew

2=

implies
1-a

1
- [ (24) () )
)\ e 1-a '

In our approximation, we consider a steady state in which § < 8%, requiring, therefore, ¢ > IT(1-9).
For a given ¢, satisfying the inequality, we can then use (D.15) into (D.18) noting that w** = o, to
determine 6. We can then combine (D.13), (D.14) and (D.16) to obtain the steady-state value of N, U
and U.

46We are generalizing the analysis by having z stochastic.
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D.2.2 Derivation of equation

In a log-linear approximation of equation (D.8), the AS equation is:
e—1) . . . 3 .
T — 1= (g)(]/lt + a (DY + dry')/?) —Ar+(1— [X)l]t) + ﬁEt(ﬂt+1 — ), (D.19)

in which d, = 97/ (1 + ).

Consider first the case in which 6; > 0} and w}*“ = w**, then it follows that @}*“ = —c, + ZD{ fex
where ¢, = In(w/ wf ’ex), with ¢y > 0 and, in particular, ¢, = 0 whenever the steady-state approx-
imation is taken at the kink point, § = §*. A log-linear approximation of equation (D.10) implies
that:

o' = by + 55 — A} — . (D.20)
Using (D.20) into the AS equation, we obtain:

tight atight

7 — 7 = —c + "8G, 4« (0 +0,°7) + BE¢ (7441 — 1), (D.21)

given the following parameters

9
tight (e — 1)“’7,
9
isht _ (e — 1)/
S

having defined

Now consider the state in which 6; < 6; and w}““ = w{*, then it follows that ¥} = @{*, and

therefore using (D.11) that:

DIV = Ay — A(7 — 70) + ASEp(mraq — ) + (1 — M) +

= A1 — A(7 — 70) + ASEs (e — 1) + (1 — A) (0 + 45 — 47 — 1) +

in which we have used @;_1 in place of @{*; and equation (D.10).
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We can then substitute the wage norm into (D.19) to write it as

e—1
- = (g) {ﬁt + a[Ady_q — A(7rr — 1) + ASE(7tp41 — 1) 4 dy§P ]+

(1= A) (g8 + 45 = 91 = 1ie) + ¢ — A+ (1= )1 | + BEs (741 — 7),

which can be written more compactly as
T — 7T = Key_1 + k0 + iy (0 + @t) + K‘BEt(T[t_A'_l — 1), (D.22)
given the following parameters
Ko =1-— P,
K= (1—A)yxtisht

tight
Ky = PK,S

kg = (1—9)5+ 9B,

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

7

v= 1+ (egl)a/\'

in which
B = a(1— A) (5 — rine) + adpy + a(dy — (1= 1))

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

Note that

tight Atight

i — T = —c + k80 8" (0, 4+ 0,¢") + BEi (741 — 1),

applies when 8; > 7 while
T — 7T = KoW_q + k0 + ey (D + @t) + KﬁEt(mH — 1),

whenever 8; < ;. A requirement for this to be a log-linear approximation is that ¢ must be of the
same order as the norm of the shocks.
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E 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 8 > 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 @] 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.
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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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Inflation and its Prediction _ Kalman Filter Prediction and Decomposition
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Figure 15: Left panel: CPl inflation rate at annual rates (black line); out-of-sample inflation prediction
(red line) using OLS regression without the dummy variable on the sample 2008 Q3 — 2021 Q1;
in-sample inflation prediction (blue line) using OLS regression (1)) 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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F Appendix: Data Description

Table[3]

Table [3| reports a set of specification tests designed to assess the presence of a kink in the Phillips
curve and the location of the Beveridge threshold. The first block presents tests of linearity. The
global sup test is a sup-Wald (or sup-LR) statistic of the null Hy : 6 = 01 = 1 = 0 over the full
trimmed grid of thresholds. For each candidate 6%, an F-test of the slope restrictions is computed
and the supremum across the grid is taken; bootstrap critical values are obtained by moving-block
resampling of residuals. The restricted sup test repeats the same procedure but confines the grid to
the economically relevant range 6* € [0.75,1.25], thereby increasing power around the unit-tightness
benchmark. The fixed-break Wald test imposes 8* = 1 and tests the same null by conventional HAC-
based Wald statistics.

The second block of the table reports tests of location. These are profile likelihood-ratio tests of Hy :
0* = 1 against the alternative of a freely estimated threshold §*. For each sample, the LR statistic is
computed as

_ SSR(6* =1) — SSR(H*)

LR(6* =1) =

7

with 62 = SSR(8*) /(T — keg). Bootstrap p-values are reported using both the pointwise distribution
of LR(6*) and the more conservative sup distribution. Together, these procedures distinguish the
question of whether a kink exists from the question of whether the threshold is located at unity.

Table[d

Table 4] presents estimates of

7 = Be + Br -1+ (Bo + o, D) 0 + (Bo + o, Dt) 0t + (Bre + Bre D) 71f + &1, (F.23)

where 71; is the annualized quarterly inflation rate (log change) in deviation from a 2% target. Inflation
is measured using core CPI (excluding food and energy); 7t;_; is its lag. CPI data are from FRED and
are converted to quarterly frequency by averaging monthly observations within each quarter; In 6;
is the log vacancy—unemployment ratio. Vacancies are from the BLS JOLTS database from Decem-
ber 2000 onward; prior to that we backcast using Barnichon’s composite vacancy index (Barnichon,
2010b), which is available monthly from January 1951. In our sample we use the series from 1960Q1.
All vacancy and unemployment data are monthly and are averaged within the quarter before taking
logs. The indicator D; equals one when 6; > 1 and zero otherwise.

0¢ is the four—quarter average of the first principal component of three “relative price gap” series:
(i) headline CPI minus core CPI inflation, (ii) headline PCE minus core PCE inflation, and (iii) im-
port-price inflation minus GDP-deflator inflation. All inflation rates are annualized log changes.
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The underlying price series are taken from FRED and converted to quarterly frequency by averaging
monthly observations. Let pr; denote the (quarterly) principal component; then

_ pri+pri1+ pri—o 4+ pri-3
ot = 4 .

Inflation expectations, 7, are proxied by the 1-year CPI inflation expectations from the U.S. Survey
of Professional Forecasters (from FRED), available since 1981Q3. We extend the series back to 1960Q1
using the 12-month Livingston Survey, which has semi-annual frequency; missing quarters are filled
by spline interpolation that preserves the levels. In all regressions, both 77; and 7t} enter as deviations
from a 2% annual target.

Table[5

Table [5| reports estimates of the kinked Phillips curve with an interaction on inflation expectations
above the threshold,

7t = Be + Bramti—1+ PoInb: + Bg,(In0; —In0") Dt + (By + Po,Dt) - 0t + (Bre + Pre Dt) - 71t + &1, (F.24)

where D; = l{ln 0; > In 9*}. The model is estimated on the same data as in Table @ with the thresh-
old fixed at the values 8" = 0.5006 for the full sample (1960Q1-2024Q4) and 6* = 0.9305 for the
post-crisis subsample (2008Q3-2024Q4). These values correspond to the maximizers of the profile
likelihood shown in Figure Coefficient estimates are obtained by ordinary least squares condi-
tional on 6%, while inference relies on heteroskedasticity- and autocorrelation-consistent (HAC) stan-
dard errors (Newey-West with Bartlett kernel and fixed bandwidth), computed on the rank-reduced
design matrix to avoid collinearity at the threshold. The HAC procedure ensures robustness to both
heteroskedasticity and serial correlation in the regression residuals, and the effective degrees of free-
dom are adjusted accordingly. Reported t-statistics therefore account for the sampling variability
induced by serially correlated inflation dynamics as well as the discrete threshold design.

Tablel6

Table [6| presents the OLS estimates of regression with the same variables as Table [, except that
the inflation lag and the log of the vacancy-unemployment ratio (f) are instrumented with the fitted
values from OLS regressions on their first lags. Specifically, the regressors 71;,_1 and In 6; are replaced
with the fitted values from the respective auxiliary regressions:

7t = o+ P11 + €,
In6r = v+ y11In6;_1 + &

Table
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Table [7] presents the OLS estimates of regression with the same variables as Table [ except that
the log of the vacancy—unemployment ratio (¢) is replaced with its lag.

Table[8]

Table[8|uses as a measure of the supply shock the four-quarter average of the CPI headline shock, as
described in Table

Table[d]

Table 9] uses as a measure of the supply shock the four-quarter average of the import-price shock, as
described in Table

Table [10]

Table (10| uses as a proxy for inflation expectations the 2-year inflation expectations of the Federal
Reserve Bank of Cleveland, available since 1982Q1 from FRED. The series is patched backward to

1960Q1 using interpolated 12-month Livingston Survey inflation expectations.

Table[11]

Table (11| uses as a proxy for inflation expectations the 5-year inflation expectations of the Federal Re-
serve Bank of Cleveland, available since 1982Q1 from FRED. The series is patched backward with
1-year GDP-deflator inflation expectations from the U.S. Survey of Professional Forecasters, retrieved
from Thomson Reuters Datastream (available since 1970Q2), and further back to 1960Q1 using inter-

polated 12-month Livingston Survey expectations.

Table[12]

Table [12| uses as a proxy for inflation expectations the 5-year-5-year forward inflation expectations
backcast by Groen and Middeldorp (2013) until 1971Q4. The series is patched back to 1960Q1 using
interpolated 12-month Livingston Survey expectations.

Table
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Table [13| uses as a proxy for inflation expectations the 1-year inflation expectations of the Federal
Reserve Bank of Cleveland, available since 1982Q1 from FRED. The series is patched with the 1-year
GDP-deflator inflation expectations from the U.S. Survey of Professional Forecasters (Datastream,
available since 1970Q2), and further back to 1960Q1 using interpolated 12-month Livingston Survey
expectations.

Table

Table 14| uses as a proxy for inflation expectations the interpolated 12-month Livingston Survey ex-
pectations.

Table[15

Table [15| uses as a proxy for inflation expectations the 12-month household expectations from the
Michigan Survey, using the median until 1978Q1 and the mean thereafter back to 1960Q1. Missing
values occur in the 1960s.

Table[16]

Table[I6|uses core PCE inflation at an annualized quarterly rate. The core PCE price index is obtained
from FRED and aggregated quarterly as the average of monthly observations.

Table[d7]

Table[17 uses the level of 8 rather than In 6.

Table[18]

Table[I8|repeats the estimation of Table[d) replacing the lag of inflation with the detrended real wage.
The real wage is constructed by deflating the BLS series Nonfarm Business Sector: Unit Labor Costs
for All Workers (ULCNFB) with the GDP deflator from FRED. Since the series is non-stationary, it is
detrended using the Hamilton (2018) procedure to extract the cyclical component.

Tables
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Tables[I9H21] use core CPI inflation (annualized quarterly) together with different measures of expec-
tations: 1-year, 2-year, and 5-year inflation expectations from the Cleveland Fed; 1-year CPI expecta-
tions from the U.S. Survey of Professional Forecasters; 5-year—5-year forward expectations; 12-month
Michigan Survey household expectations; and 12-month Livingston Survey expectations. Data are
taken from FRED and Thomson Reuters Datastream and are converted to quarterly 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 Q3-2008 Q2, 2008 Q3-2024 Q4. Inflation is annual
inflation rate computed using the quarterly CPL. 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

The top panel of Figure [2| plots the annual CPI inflation rate for 1913Q1-1959Q4, constructed from
quarterly CPI data. Quarterly values are computed as the average of monthly observations. The
panel also reports 6, the vacancy-unemployment ratio, which Petrosky-Nadeau and Zhang (2021)
extend back to 1919. As the underlying data are monthly, the quarterly series is constructed as the
average of monthly observations

The bottom panel reports the same series for 1960Q1-2024Q4. The vacancy—unemployment ratio is
based on JOLTS data from December 2000 onward, with earlier values provided by Barnichon (2010b).
As above, the underlying data are monthly, and quarterly series are constructed as the average of

monthly observations.

Figure

Figure 3| 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 CPL The frequency
of the graph is twice yearly, consistently with the Livingston Survey data. The inflation expectations
of the Livingston Survey are also used in Table[14]in the robustness analysis of Table

Figure 4]

The Figure uses the estimates of Table[d, column 4, to draw inflation as a piecewise linear function of
Iné.
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Figure

Figure |5| plots: (i) blue dashed— a dynamic projection starting in 2021Q1 based on a Phillips curve
estimated over 1960Q1-2021Q1 with tightness-region dummies; (ii) red dotted— the correspond-
ing projection from the no-dummy specification estimated on the same sample; (iii) in-sample fit
(thin solid; see legend)— fitted values from the dummy specification; (iv) dash-dot (see legend)— a
projection obtained using coefficients estimated on 1960Q1-1969Q4 with dummies. Projections are
conditional on realized paths of labor-market tightness (V' /U), the supply-shock proxy, and inflation
expectations, and are anchored at 2021Q1 (vertical dashed line), so differences emerge from 2021Q2

onward. Axes: calendar years (ticks at Q1) and percent.
Figure 6]
Figure [6] builds a decomposition among the different regressors of Table [] column 4. Consider a

situation in which inflation is on target, expectation on target, and In 6; = In 8 where In 8 correspond

to In 6; being neither inflationary or deflationary. In this case

0=pB:+Po Inf
Hence:
Inf = —&.
Be

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

= PBrmi—1  + Pe((min(In(6;),0) —Inh)) + Dt | By, ant]
N——
Lagged Inflation Labor Market Tightness | —

Labor Market Tightness when 6 > 1

+ Bo0t + Bo, Dror + BrrTi
—_———— ——

Cost Push Shock Inflation Expectations

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 Sy, In6;. Therefore the overall contribution is

Bc + BoqIn6;. Moreover, when 6; > 1 the contribution of the cost push shock is given by the sum

of Boot + Bo,Dror. Figure @shows this decomposition together with core inflation, both at annualized

rates.

Figure|7
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Figure [/ builds a decomposition among the different regressors of Table 4 column 3 for the sample
1960 Q1 — 2024 Q4. The procedure follows the description given under Figure[6]

Figure

Data for the PCE-index inflation and its forecasts of the Summary of Economic Projections (Panel a)
are from the FRED database. Data on PCE-index inflation and its forecasts of the Survey of Profes-
sional Forecasters (Panel b) are from the FRED database.

Figure[J)

Figure[9|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 Middeldorp (2013) update from
FRED database using the series T5YIFR with end-of-month data. The 5-year inflation expectations of
the Federal Reserve of Cleveland are used in Table[I1]in the robustness analysis of Table [ while the
the 5-year 5-year forward inflation expectations of Groen and Middledorp (2013) in Table

Figure

Figure 10| presents the three different measures of the supply shock that we use to build the proxy for
0, 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 4

Figure

Figure [11] plots the inflation rate and inflation expectations used in Table [} Table [I0] and Table
Inflation rate is the annualized quarterly inflation rate computed using core CPL. Inflation expecta-
tions, used in Table 4 are the 2-year inflation expectations of the Federal Reserve Bank of Cleveland,
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. Inflation
expectations in Table |10 are the 1-year CPI inflation expectations of the Survey of Professional Fore-
casters, retrieved from Thomson 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 [15|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
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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[12|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[13|depicts the profile likelihood-ratio statistic for the kinked Phillips curve regression
7t = Be+ Brmti—1 + BoIn O + ,Bed (In6; —In6*)D; + (ﬁ@ + ,BQth) <0t + Pre - T+ €4, (F.25)

where D; = 1{In6; > In6*}. For each candidate threshold 6* on a grid trimmed to the interior of
the support of 8; (excluding the bottom and top 2% of observations), we run OLS of (1), compute the

residual sum of squares SSR(6*), and form the profile likelihood-ratio curve

_ SSR(8*) — SSR(9*) 52 SSR(6%)
N 02 ’ T — ke’

LR(6%)

with * = arg ming- SSR(0*) and kg the effective number of regressors after rank reduction. The
figure plots LR(0*) as a function of the level threshold 6*. The top panel corresponds to the post-
crisis subsample 2008QQ3-2024Q4, while the bottom panel covers the full sample 1960Q1-2024Q4.
The vertical dashed line marks 6 = 1, the unit tightness benchmark. Confidence intervals for §* are
obtained by comparing LR(6*) to bootstrap critical values derived from moving-block resampling of
residuals (999 replications, fixed seed, parallel execution).

Figure
Figure [14] presents the estimates through Kalman Filter of the measurement equation

Tt = Bet + Bt ti—1 + Bos N6 + Bot0r + Brei7f + €4,

in which ¢; is distributed as N(0, 02) with the state equations given by

Bet = Pot—1+e€ct
Brt = Pri-1+Ent
Por = Por—1Te€oy
Bot = Pot-1+€ot
Bret = PBrep-1+e€net

74



in which et ~ N(0,02), €xt ~ N(0,02)), €51 ~ N(0,02,), gt ~ N(0,02), €xe ~ N(0,02 ). 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. (73 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, 0529, Ugg, Ugne 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 S,

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

Figure

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

7t = Be + Brti—1 + PoInO; + Boot + PreTi + €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 + Brrti—1 + (Bo + Bo,Dt) - In6: + (Bg + BoyDi)0t + Pre7ti + 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 [15|is 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.

= B+ Bo(In6; — Inby),
= Brirtyy + Bota,
T = BrtTti_q + BT

in which
In6: = —B_} o
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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.
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