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Abstract

This paper is the first to show the presence of nonlinearities in the regional U.S. New Keynesian
Phillips curve with the vacancy-to-unemployment ratio to measure labor market tightness. Such
nonlinearities contribute to explaining the unexpected and persistent post-COVID inflation surge and
have important implications for monetary policy. To guide my empirical exercise, I introduce wage
rigidities and search-and-matching frictions in the labor market into a standard multi-sector, two-region
New Keynesian model. The model delivers a piecewise log-linear regional Phillips curve, which becomes
steeper when labor markets become tight. I estimate the Phillips curve using panel variation in core
inflation and a newly imputed measure of vacancy-to-unemployment ratio across U.S. metropolitan
areas from December 2000 to July 2024. I instrument the vacancy-to-unemployment ratio with a shift-
share instrumental variable to take care of regional supply shocks. The regional Phillips curve has a
slope not statistically different from zero in slack labor markets and significantly steepens when labor
markets tightens — specifically, when the vacancy-to-unemployment ratio exceeds one. This result
suggests that if the monetary authority assumes that the Phillips curve is linear, it will underestimates

inflationary pressures in tight labor markets, allowing inflation to surge more than expected.
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1 Introduction

Macroeconomists and policy-makers study inflation dynamics through the New Keynesian Phillips curve,
a structural equation that relates inflation to measures of real economic activity, supply shocks, and
inflation expectations. The relationship between inflation and real economic activity goes through the
labor market. The Phillips curve captures the concept that in demand-driven booms, workers ask for
higher wages, leading firms to raise prices. Therefore, tight labor market conditions are relevant indicators

of inflationary pressures coming from raising labor costs.

The 20 years leading up to the COVID-19 pandemic, characterized by overall slack labor markets'
and low and stable inflation, fostered a consensus that the U.S. Phillips curve was linear and flat (Hazell
et al., 2022). In other words, fluctuations in economic activity would produce limited effects on inflation.
The experience of the post-COVID period, however, challenged this consensus. In the aftermath of the
pandemic, the U.S. labor market was the tightest since World War II (Michaillat and Saez, 2022). At the
same time, the 12-month core CPI inflation rate in the United States began to rise, reaching a 40-year

high at seven percent in September 2022 and remaining high well into the beginning of 2024.

In this paper, I investigate whether inflationary pressures in tight labor markets might be stronger
than in slack labor markets, potentially leading to a Phillips curve that is nonlinear in the state of the
labor market. A major challenge for making this assessment, however, is that time series observations of
tight labor markets are limited.? For this reason, I turn to panel data, which provides greater variation
and more instances of tight labor markets. Figure 1 shows the relationship between the 12-month core
CPI inflation rate and the logarithm of the vacancy to-unemployment ratio, known as labor market
tightness®, across 21 U.S. Metropolitan Statistical Areas (MSAs) from December 2000 to July 2024.
The scatter plot illustrates a positive correlation between MSA core inflation and labor market tightness,
which becomes steeper around a tightness value of 1 — corresponding to the value of logarithm of tightness

equal to 0.

This paper is the first to identify and estimate a nonlinear regional Phillips curve (NRPC from

!Between 2000 and 2020, the 12-month headline CPI inflation averaged 2.2% in the United States. During the same
period, the U.S. labor market was slack, except for a limited period between 2018 and 2019 (Michaillat and Saez, 2022).

2Combining data from Barnichon (2010) and Petrosky-Nadeau and Zhang (2021), Michaillat and Saez (2022) show that
before 2018-2019 and 2021-2022, the U.S. labor market was inefficiently tight only during World War II, the Korean War,
and the Vietnam War.

3Labor market tightness is defined as the ratio between vacancies posted by firms and the number of unemployed
workers. It measures labor market conditions, taking into account measures of both labor demand (vacancies) and labor
supply (unemployed workers looking for a job). From now on, I will refer to the vacancy-to-unemployment ratio as labor
market tightness, to be consistent with the search-and-matching literature.



now onward) with labor market tightness as a proxy for real economic activity. To guide my empirical
exercise, I introduce two novel features into an otherwise standard multi-sector New Keynesian model of
two regions in a monetary union. First, I incorporate search-and-matching frictions in the labor markets,
which give rise to a relationship between inflation and tightness. Second, I introduce wage rigidities that
generate a kink in this relationship, as in Figure 1. Thanks to these two elements, the model yields
a piecewise log-linear regional Phillips curve with labor market tightness as a proxy for real economic
activity. To perform the empirical exercise, I impute a novel series of vacancies at the MSA level and
use it to measure regional labor market tightness. Thanks to this new variable, I estimate the NRPC
derived in the model. Estimation relies on an identification strategy that combines MSA-level panel
variation in core inflation and tightness with an instrumental variable approach. I instrument labor
market tightness with a shift-share instrumental variable that proxies for sectoral labor demand shocks

to deal with unobservable regional supply shocks.

Figure 1: Correlation of inflation and log of labor market tightness at the MSA level, Dec00-Jul24
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Notes. The figure shows the scatter plot between the 12-month core inflation rate and the logarithm of labor market
tightness (vacancy-to-unemployment ratio) across 21 Metropolitan Statistical Areas (MSAs) in the United States from
December 2000 to July 2024. Vacancies across metropolitan areas are imputed by combining state-level vacancies collected
by BLS JOLTS with yearly employment weights from the Current Population Survey (CPS).



I find that the regional Phillips curve is nonlinear in labor market tightness. In particular, I document
two novel sets of results. First, I estimate that the slope of the regional Phillips curve is positive
but not statistically different from zero when labor markets are slack. Second, the regional Phillips
curve significantly steepens in tight labor markets. In the baseline specification, I define a tight labor
market when the vacancy-to-unemployment ratio exceeds one. This value of the kink is in line with
the evidence presented in Figure 1 and in Benigno and Eggertsson (2023). It is also supported by the
theoretical argument developed by Michaillat and Saez (2022). This result has important implications
for monetary policy. If the central bank assumes that the Phillips curve is linear, it will underestimate
inflationary pressures in tight labor markets, allowing inflation to surge more than expected. Moreover,
the nonlinearity in the Phillips curve allows the central bank to decrease inflation at a lower economic

cost when labor markets are tight, potentially achieving the so-called “soft-landing” during a rate hike.

To guide my empirical exercise, I rely on a New Keynesian general equilibrium model augmented
with four key features: two regions in a monetary union, a vertically-linked production structure, search-
and-marching frictions, and wage rigidities. The first two components provide the foundation for my
empirical strategy, based on panel variation and an instrumental variable approach. MSA-level panel
data requires to derive a regional Phillips curve. The instrumental variable exploits labor demand shocks

in the intermediate-input industries that affect the pricing-setting decisions of final-goods firms.

Search-and-matching frictions in the labor markets introduce formally into a New Keynesian model
the concept of unemployment and generate a relationship between inflation and labor market tightness.
I model them in the spirit of the Diamond-Mortensen-Pissarides theoretical framework. Households in
each region choose their labor force participation, but only a fraction of the labor force is attached to
firms. Employment agencies post firms’ job vacancies and match them to unemployed workers searching

for a job. Crucially for generating labor market frictions, posting a vacancy is costly.

Wage rigidities give rise to nonlinearities in the regional Phillips curve. Based on the evidence in
Figure 1, I model a wage-setting mechanism that introduces a kink in the relationship between inflation
and labor market tightness. Following Phillips (1958), I assume that during labor market shortages (in
sufficiently tight labor markets), firms bid up wages to attract workers, and wages of new hires rise fast.
In this case, I allow wages of new hires to be fully flexible and to be pinned down by the optimal behavior
of employment agencies. In normal circumstances (in slack labor markets), new hires are reluctant to
accept a wage rate below wages of attached workers. In this case, wages of new hires are equal to wages

of attached workers. Wages of attached workers fall slowly and constrain firms’ labor demand. In sum,



the wages of new hires depends on the level of labor market tightness in each region. As the marginal
cost structure of price-setting final-goods firms depends only on the hiring costs and the wages of new

hires, their nonlinearity generates a kink in the regional Phillips curve.

To bring the structural NRPC curve to the data, I impute a novel measure of vacancies at the
metropolitan area level. Measuring labor market tightness at this level of disaggregation is challenging
because a public and representative source of MSA-level vacancy data does not exist. I overcome this
problem by imputing the number of vacancies at the city level from state-level vacancies recorded by
the BLS’s Jop Openings and Labor Turnover Survey (JOLTS), using yearly employment weights from
the Current Population Survey (CPS). The main advantage of this new measure is that it is constructed
using vacancies posted by a representative sample of firms. The instrumental variable takes care of the

measurement error I introduce in labor market tightness, the main explanatory variable.

To estimate the NRPC, I combine panel variation in core inflation and labor market tightness at the
MSA level with an instrumental variable approach. Figure 1 reports a simple correlation between core
inflation and tightness, which can be driven by aggregate or regional confounders. Examples of these
confounders are aggregate or regional supply shocks, such as a rise in the international price of oil or
migration inflows into a regional labor market. A negative supply shock decreases labor market tightness
and increases inflation, inducing a downward bias in the relationship between tightness and inflation.
Using panel data enables me to incorporate regional and time fixed effects into the empirical model.
Time fixed effects capture aggregate confounders, such as aggregate supply shocks, but also long-run
inflation expectations that depend on the monetary regime in place (Hazell et al., 2022), and endogenous

national monetary and fiscal policies (Fitzgerald and Nicolini 2014, McLeay and Tenreyro 2020).

I employ an instrumental variable approach to take care of regional confounders. Guided by the
model, I develop a shift-share instrument that combines national labor demand shocks in the tradable
intermediate-input industries with the exposure of each metropolitan area to these shocks based on its in-
dustrial composition (Bartik, 1991). These aggregate shocks affect labor demand relatively more in those
metropolitan areas specialized in such industries. As the labor market is common across sectors within
metropolitan areas, a larger change in labor demand will lead to a larger change in wages and, therefore,
a larger change in marginal costs of local final-goods firms in those specialized cities, which ultimately
will be reflected in higher final-goods prices. For instance, a positive national labor demand shock in
the manufacturing sector leads to larger cost increases for final-goods firms located in manufacturing-

intensive cities like Detroit. The identifying assumption requires that such cost increases are no larger



on average for final-goods firms in Detroit than New York.*

I conduct several robustness checks. First, the estimated nonlinearity is robust to different definitions
of the kink. Second, using population instead of employment weights to impute vacancies at the MSA
level does not affect the results. Third, instead of a single kink, I allow for more flexible nonlinearities
and show that my results are unchanged. Finally, I show that the NRPC is robust to the inclusion of
a control for final-goods sector productivity shocks, a likely threat to the exclusion restriction for the
validity of the shift-share instrument. Overall, I conclude that the finding of nonlinearity in the regional

Phillips curve with labor market tightness is robust.

Since the seminal work of Phillips (1958), the Phillips curve has been extensively studied theoretically
and empirically. In this vast literature, my paper relates to three strands. First, I contribute to an
emerging theoretical literature that seeks to model nonlinearities in the aggregate Phillips curve to explain
the post-COVID surge in inflation. In particular, guided by the correlation between MSA-level core
inflation and labor market tightness in Figure 1, my work builds on Benigno and Eggertsson (2023).
With respect to the literature that incorporates search-and-matching frictions and wage rigidities into
the New Keynesian theoretical framework (Blanchard and Gali 2010, Christoffel and Linzert 2005, Trigari
2006, Krause and Lubik 2007, Faia 2008, Michaillat 2014), Benigno and Eggertsson (2023) propose a novel
wage-setting mechanism based on the theoretical argument of Phillips (1958) that can generate a kink in
the aggregate Phillips curve. The contribution of my paper is to embed search-and-matching frictions and
Benigno and Eggertsson (2023)’s wage-setting mechanism into a New Keynesian model of two regions
in a monetary union. In addition, I model a vertical production structure. This vertical production
structure and the regional nature of my model are the key ingredients that allow me to identify the slope
of the Phillips curve by combining fixed effects with an instrumental variable approach. Other relevant
contributions in this literature are Harding et al. (2023) and Schmitt-Grohé and Uribe (2022). Harding
et al. (2023) generate a nonlinear aggregate Phillips curve through a quasi-kinked demand schedule
for goods. Schmitt-Grohé and Uribe (2022) employ heterogeneous downward nominal wage rigidity for

individual labor varieties to derive a nonlinear aggregate wage Phillips curve.

Second, my paper adds to the growing literature about the cross-sectional identification of the slope of
the Phillips curve. Papers such as Mavroeidis et al. (2014), Fitzgerald and Nicolini (2014), McLeay and
Tenreyro (2020), Hazell et al. (2022), and Cerrato and Gitti (2022) show how panel variation can help

4Intermediate-input industries’ labor demand shocks driven by productivity shocks also have a direct impact on
intermediate-input prices, affecting local final-goods firms’ marginal costs through this channel as well. As intermediate-input
prices are observable, I control for this second channel, preventing the invalidation of my instrumental variable strategy.



overcoming some of the identification challenges that affect the estimation of the slope of the Phillips
curve at the aggregate level. Hazell et al. (2022) and Cerrato and Gitti (2022) are the papers closer
to mine. With respect to them, I introduce theoretical and empirical innovations. On the theoretical
side, I consider search-and-matching frictions and wage rigidities to derive the NRPC with labor market
tightness as an explanatory variable. On the empirical side, I impute a novel measure of vacancies at
the MSA level to proxy for economic activity with labor market tightness, measured by the ratio of
vacancies to unemployment, rather than with the unemployment rate alone. Moreover, I estimate a

regional Phillips curve with nonlinearities.

Third, few papers have used regional data to empirically investigate the presence of nonlinearities
in the regional Phillips curve before the COVID-19 pandemic. Kiley (2015), Murphy (2017), Babb and
Detmeister (2017), Leduc and Wilson (2017), and Hooper et al. (2020) all find evidence of the existence of
the Phillips curve at the regional level between 1990 and 2019 and document the presence of nonlinearities.
I contribute to this strand of literature by employing an instrumental variable approach to deal with biases
coming from regional confounders, which cannot be controlled for by a simple two-way fixed effects model
as all the other papers do. Moreover, I am the first to estimate the slope of the regional Phillips curve

and to test for nonlinearities using labor market tightness to proxy for economic activity.

The remainder of this paper proceeds as follows. Section 2 describes the model and the derivation
of the nonlinear regional Phillips curve. Section 3 details data sources and the construction of the novel
measure of MSA-level vacancies. Section 4 discusses the empirical strategy. Section 5 presents the
empirical results and their policy implications. Section 6 includes the robustness checks, and Section 7

concludes.

2 Model

I propose a New Keynesian model of two regions in a monetary union, featuring a vertical production
structure, search-and-matching frictions in regional labor markets, and wage rigidities. Within the model,
I derive an NRPC that I can bring to the data. The model also guides the empirical strategy I use
to estimate the NRPC. The regional nature of the model and the vertical production structure are
key to developing the empirical strategy. Such empirical strategy is based on two ingredients. First,
panel variation across US metropolitan areas requires to estimate a regional Phillips curve. Second, the

instrumental variable approach exploits the effects of intermediate-input sectors’ labor demand shocks



on the pricing-setting decisions of final-goods firms that use the intermediate inputs in their production
processes. Search-and-matching frictions in the labor markets formally introduce unemployment into
the New Keynesian framework. This feature generates a relation between inflation and labor market

tightness. Wage rigidities give rise to the nonlinearity in the Phillips curve.

2.1 Model Setup

The model comprises two regions, ¢ and j, belonging to the same monetary union as in the standard
regional New Keynesian framework. The monetary authority sets the common interest rate following
a Taylor rule, described in Appendix B. The two regions share the same preferences, market structure,
and firm behavior. There is a continuum of representative households of measure ¢ in region ¢ and
(1—=¢) in region j. The production side of the economy is composed of three vertically-linked sectors: an
international commodity sector, a tradable perfectly-competitive intermediate-input sector, and a non-
tradable monopolistically-competitive final-goods sector. Labor is immobile across regions and perfectly

mobile across sectors within regions.

Differently from the standard regional New Keynesian framework, the labor market is not competitive.
I distinguish between attached workers and new hires and add two frictions: search-and-matching frictions
and wage rigidities. The wage-setting mechanism is motivated by the argument developed by Phillips
(1958). According to Phillips, wages respond asymmetrically to the state of the labor market: they rise
rapidly in tight labor markets and move slowly in slack labor markets. To capture Phillips’ idea, I assume
that wages of newly hired workers are equal to the maximum between the wages of attached workers and
the flexible wage rate. The flexible wage rate is the one that clears the market in the absence of any

friction. To pin it down, I introduce a simple model of employment agencies.

Employment agencies oversee the match-and-searching process between workers and firms in each
region. They post firms’ vacancies subject to a cost charging a fee proportional to the wage offered to
the newly hired worker. Employment agencies choose how many vacancies to post in order to maximize
real profits. In the optimum, they equate the marginal benefit of posting a vacancy to its marginal cost.
The flexible wage rate is pinned down by the problem of the employment agencies. In the following

paragraphs, I describe the economy of region i.



2.1.1 Households

The representative household in region i is indexed by h. In each period ¢, household A chooses how much
to consume and how many household members work along the extensive margin in order to maximize
the utility flow given by Greenwood-Hercowitz—Huffman (GHH) preferences (Greenwood et al., 1988),
defined as

1 Fit(h) 1—0o
u(Cit(h), Fir(h), xit) = —— (Cit(h) - Xit/o Ie df) ; (1)

l1-0
where Cj:(h) is total consumption of household h, and Fj:(h) denotes the number of members of household
h who decide to participate in the labor market. Each household member is indexed by f and has fixed
disutility f“ from working, as in Gali (2011), with w > 0. x4 is an exogenous variable governing the

intensity of disutility of labor and o > 0.

Household members are ordered by their disutility from working, capturing the notion that it may

be more costly to have old members in the labor force, rather than young adults. Integrating the cost of

Fii(h) : 14w
/0 o ap = D) ™2 )

labor force participation yields
1+w

Households decide labor force participation, but not all the labor force is employed due to the presence
of search-and-matching frictions in the labor market. The search-and-matching process is carried out by
employment agencies and works as follows. At the beginning of each period ¢, a fixed share of the labor
force supplied by household h is separated from its employment and searches for job. Therefore, the

number of unemployed household members at the beginning of the period is equal to
Uip(h) = sFy(h), (3)

where s denotes the separation rate. The remaining fraction (1 — s) of the labor force supplied by

household h remains attached to firms. This number is equal to
N (h) = (1 = s)F(h). (4)

Note that, if s = 0, we are back to the standard New Keynesian model with perfectly flexible labor

markets.

The ability of unemployed workers to find a new job is determined by the employment agencies through

the following regional matching function, which determines the total number of new employment matches



in region 4 and period t:

My = m(US)" (Vi) 0. (5)

my > 0 represents the matching efficiency, Vi; denotes total vacancies posted by employment agencies,
Uf’t is total beginning-of-period unemployment, and n € [0,1]. Households take V;; and Uf’t as given, as

they are determined at the regional level. Therefore, the number of new hires in region i and period t is:

N = M. (6)

Defining labor market tightness as the ratio between vacancies and beginning-of-period unemployed

workers looking for a job

Vit
eit = W, (7)
it
the job finding probability is
NIev M, 1—
fO) = =5 = — =maub; . (8)
Ui, U :

Households take as given the probability of a job seeker finding a job, as it depends on regional variables.
The number of newly hired members of household h among the unemployed at the beginning of period
tis

N (h) = f(0a)Ufy(h) = f(6ie)sFie(h). (9)

Therefore, the number of members of household h who are employed at the end of period ¢ is:

Nit(h) = N (h) + Nj=* ()

=1[1—s4sf(0it)] Fit(h). (10)
The representative household is then subject to the following budget constraint

PyCit(h)+Bit(h) < (1+ie—1)Big—1 (h)+ W (1) Eye(h)+ Wi s f (0ie) F (h)+/1 T (9) d9+/1 I (1) dl,

0 0 (1)
where Py is the price index associated with the consumption basket Cj.(h), Bj(h) denotes the quantity
of risk-free nominal bond held in region ¢ at time ¢, paying a nominal national interest rate 7; in period
t+1, W4 represents the nominal wage rate of attached workers, while W/““ denotes the nominal wage

rate of newly hired workers. Finally, I15(g) are the profits of the final-goods firm producing variety g



and I1% (1) are the profits of the employment agency [. There is a complete set of financial markets across
the two regions. Household h chooses Cii(h), Fit(h), and Bj:(h) to maximise utility in Equation (1),
subject to the budget constraint in Equation (11), and given the total cost of labor force participation
in Equation (2). As households behave all the same in equilibrium, I suppress the superscript h going

forward.

Households trade off current consumption, Cj; and current labor force participation, Fj;. The optimal

labor force participation takes the following form:

1
wH(1 — 8) + witsf(0;) ]«
Fy = it ( ) it f( lt) 7 (12)
Xit
att new
where w@t = Vﬁ_’; and wj*’ = W]@_t denote real wages. The assumption of GHH preferences signifies that

the amount of work chosen by households affects the amount of utility they receive from consumption.
This implies that income effects are not at play in the optimal choice of labor force participation. I make
this assumption for tractability. Households optimally trade off consumption in the current and next

periods, as captured by the following FEuler equation:

1 1
F-1 +w\ "o F‘1+w - P‘t
Cit — Xit 2 = B(1 4 i) By || Citr1 — xitr1 - . 13
< it X”l—l—w) B(1+i)Ey ( it+1 X”Hl—l—w P (13)

Furthermore, household optimization implies that a standard transversality condition must hold.

I assume that households have constant elasticity of substitution (CES) preferences over varieties,

leading to the following final consumption good aggregator:

Cit = [/01 Cit(g)il dg] 651’ (14)

where Cj;(g) denotes consumption of final-goods variety g. The parameter € > 1 denotes the elasticity of
substitution between different varieties. Households choose how much to purchase of each variety, Ci;(g),
to obtain the desired level of consumption C;; at a minimal expense. The minimization problem implies

the following demand curve for variety g:

10



and the following price index:
1

1 I—e
Py = [ /0 Pz-t(g)l‘fdg] : (16)

where P;;(g) is the price of final-goods variety g.

2.1.2 Firms

The production side comprises a vertical supply chain featuring an international commodity market,
a national perfectly-competitive intermediate-input sector, and local monopolistically-competitive final-
goods sectors. At the first level of the supply chain, a commodity good, Oy, is supplied by an international
market at an exogenous price, P,. The intermediate-input sector is tradable and is characterized by
perfect competition. Therefore, the price of the intermediate input, P,;, is common across the two regions.
The representative intermediate-input firm in region i uses commodity, O;¢, and labor, Ny;; = N+ N"ew,

to produce a homogeneous good, X, according to the following production function:
Xit = Zait(Nait)” (Oit) ", (17)

where Z,;; denotes local exogenous technology of the intermediate-input sector and p € (0,1).

The representative firm maximizes its value

Py Xir — WENGi — (L+ 7)) Wi NG — PoOit, (18)

(2 x

given its production technology in Equation (17) and two additional constraints. First, the intermediate-
input firm cannot keep more attached workers at the wage rate Wi‘;tt than the number of workers attached
to the intermediate-input sector:

0 < Ngif < (1—5)(1— i) Fit, (19)
where §;; is a region-specific time-varying exogenous variable, capturing shocks to the size of the labor
force employed in the intermediate-input and final-goods sectors. Moreover, while attached workers can
be fired, new workers can only be added:

NTew > ), (20)

T

For each new worker hired, the intermediate-input firm pays an exogenous fee, 'yf-’t, proportional to W/,

11



to the employment agencies. As long as the cost of hiring a new worker exceeds that of the existing
workforce, (1 + ~%)Whe® > W3 the constraint in Equation (19) is binding, while the constraint in
Equation (20) is not. Notably, this implies that the marginal costs of intermediate-input firms depend
only on the cost of hiring a new worker, (1 + ~%)W2¢?. Appendix B shows the first-order conditions of

the problem of the representative intermediate-input firm.

The final-goods sector is non-tradable and characterized by monopolistic competition. In region i,
there is a continuum of final-goods firms of measure one. Each firm specializes in the production of
a differentiated good, g, consumed locally by households. The production function is characterized by

constant returns to scale

Yie(9) = Zyit[Nyin(9))° [Xie (9)) 2, (21)

where Zy;; denotes local productivity of the final-goods sector, Xi(g) and Nyi(g) = Ngif(9) + N5 (g)
denote, respectively, the quantity of intermediate good and labor used by firm g, and ¢ € (0, 1).
Final-goods firm g maximizes the expected discounted value of profits
o0
E; Z Qit+k[Pitrk(9)Yiesn(9) — WL NG 1 (9) — (1 + A5 ) WHSS NG 1(9) — Porpe Xirrn(9)] - (22)

k=0

subject to the production technology in Equation (21), the demand for its product

Yolo) = vie (289) (23)

and the two additional constraints on its workforce

0 < Ngif < (1—s)0suFy (24)
and
it = 0. (25)

Qit++k 1s the stochastic discount factor between period ¢ and t + k and Pj(g) is the price set by firm
g for its product. In each period, firm g can set its price freely with probability (1 — «) as in Calvo
(1983). With probability «, the firm must keep its price unchanged. As for the intermediate-input firm,
an equilibrium in which the constraint in Equation (24) is binding and the one in Equation (25) is not
implies that (1+~%)W/¥ is the solely relevant cost of labor at the margin also for the final-goods firms.

Appendix B shows the solution of the optimization problem of final-goods firms.

12



2.1.3 Wage Determination

The wage-setting mechanism is motivated by the observation made by Phillips (1958) that the relationship
between nominal wage growth and labor market tightness is nonlinear. Phillips (1958) argues that workers
are unwilling to take jobs paying below the “prevailing wage rate” even in periods of weak labor demand
and high unemployment. On the contrary, workers are perfectly happy to accept jobs paying more
than the “prevailing wage rate”. Therefore, firms quickly bid up wages to attract workers in periods of

sufficiently strong labor demand and low unemployment.

To capture the idea of Phillips (1958), I assume that the wage of new hires in region i at time ¢ is
equal to the maximum between the wage of attached workers and the flexible wage. The flexible wage is

the one that clears the market in the absence of any frictions. That is:

new — max{Wgt, Pyw!*}, (26)

)

where wg;le‘r denotes the real flexible wage. Such a wage-setting mechanism ensures that the wage of new
hires is downward rigid, with the floor being the wage of attached workers. In other terms, new hires
cannot be paid less than attached workers. However, when labor market forces push the flexible wage
above the wage of attached workers, then workers newly hired are offered the higher wage. Equation (26)
can be rewritten in real terms as
whe” = max{wi?, wlftlw}. (27)
In the search-and-matching literature the determination of wages is in general not pinned down, since
each worker-firm match generates a surplus. How the surplus is divided between the worker and the
firm can be done in different ways, the most common assuming Nash bargaining between the employer
and the employee. Search-and-matching models incorporating price rigidities typically assume that the
real wage is exogenous. To incorporate Phillips’ idea of asymmetric wages’ response to the state of the
labor market, I follow Benigno and Eggertsson (2023). They propose a simple model of employment
agencies that oversee the search-and-matching process in the labor market. The optimization problem of
the employment agencies will provide the foundation for the flexible wage rate. Once I derive the flexible

wage rate, then I will show how the wage of attached workers depends on the flexible wage rate.
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2.1.4 Employment Agencies

Employment agencies carry out the process of search and matching in the labor market. There is a
continuum of measure one of employment agencies in region i. Each employment agency is indexed by
[. They carry out two actions. First, they post vacancies of intermediate-input and final-goods firms.
Second, they match job searchers and firms through the matching function. Since each agency is small,
they take as given the wage rate offered to new hires and the probability of filling a vacancy. This
probability of defined as

_NE M

q(0it) = Vo TV =mb;," (28)

Employment agency [ chooses how many vacancy to post, Vi;(I) to maximize real profits. Agency [
charges to the hiring firm a fee 7% proportional to the real wage of each newly hired worker and pays a
real cost 7§, to post each vacancy. I assume that employment agencies never post a vacancy that cannot
be filled by firms. The number of matches agency I generates is given by ¢(0;;)Vit(l). Therefore, real
profits are equal to:

Vowiemidy, "V — V5 Vi (29)

In the optimum, the employment agency equates the marginal benefit of posting a vacancy to its

marginal cost:

b, flex -n _ c
VitWie Mgl = Vit . (30)
—_———— —~—

marginal benefit marginal cost

As long as the marginal benefit is greater than the marginal cost, the agency will post vacancies. As
a consequence, the flexible wage rate will decrease and tightness will increase, lowering the number of
matches for each vacancy posted until the equilibrium is reached. In general equilibrium, the flexible
wage rate and labor market tightness adjust so that such condition is satisfied. Rearranging Equation

(30), the expression for the flexible wage rate is:

fle:c: 1 lzctan 31
it Mt ’Yzl')t it ( )

Consider now the case in which the real wage of attached workers is higher than the flexible wage
rate. In this case, wl? = w@* and firms hire less labor than they would have, had the wage rate been
flexible. As employment agencies do not post vacancies that will not be filled by firms, they post only

the number of vacancies that satisfy firms’ constrained labor demand. The optimal condition indicates
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that, in this case, the marginal value of posting an additional vacancy for the agency remains positive.

I assume that the real wage of attached workers evolves as follows:
w;‘%tt — (wi))\(wgﬁlem)lfz\ (32)

where w; denotes the steady state level of the real wage in region i and A\ € [0,1]. When labor markets
are slack, A determines how quickly the wage of attached workers adjusts to the flexible rate. The flexible
wage rate is an anchor towards which the wage of attached workers is pulled by a factor of (1 — A).
At the extremes, if A = 0, the wage of attached workers is completely flexible. If A = 1, the wage of
attached workers is fully rigid and equal to the steady state value. I assume such formulation for the wage
of attached workers to preserve the forward-looking nature of the Phillips curve and for computational

straightforwardness. Richer forms of wage rigidities can be considered, but the intuition does not change.

In sum, the real wage of new hires in region i at time ¢ behaves as follows:

flex *
w: Oir > 0

wZew _ it l ? it . (33)
(@) Mw} )™ 6 < 6,

When 0;; > 07,, the labor market is sufficiently tight so that firms need to compete among each other to
attract workers. In this case, wages are flexible and determined in equilibrium by the optimal behavior of
the employment agencies. When 6;; < 07, the labor market is slack and the wage of attached workers is
higher than the flexible wage rate. As newly hired workers are unwilling to accept wages below the wage

of attached workers, wages move only gradually towards the flexible wage rate, at a speed that depends

on the value of \.

To close the model, I determine the value of 6},. At 67,, the wage of attached workers is equal to the

1
1 A "
;z( ’@w). (34)
mit Vit

This formula suggests that 67, is region-specific and varies along time. In the empirical exercise I will

flexible wage rate, yielding:

take a pragmatic approach and approximate it with a value equal to one. This value is in line with the
empirical evidence shown in Figure 1 and by Benigno and Eggertsson (2023). Michaillat and Saez (2022)
provide theoretical foundation for choosing such a threshold. In Section 6, I test data-driven values of

the threshold, allowed to vary across metropolitan areas.
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2.2 Regional Nonlinear Phillips Curve

An equilibrium in this economy is an allocation consistent with optimization choices of households, firms,
and employment agencies, the interest rate rule, and market clearing conditions. The definition of the
equilibrium can be found in Appendix B. Log-linearizing the model around a zero-inflation steady state
and combining optimal final-goods pricing, households’ labor force participation, and the wage-setting

mechanism, I obtain the following expression for the regional Phillips curve in region i:

BEmi1 + K190, + € [ﬁf,fg " (1= )it — éyit} 0 > 03,
Tt — ) ) y (35)
BEmiry1 + ki + & [P + (1 — &)Dait — Zyit] Oy < 67,

where m;; is inflation in region ¢, Fymi11 denotes regional short-run inflation expectations, and éjt is such
that when 0;; > é;-‘t, then 6;; > 07,. The derivation of equation (35), together with the definitions of the
parameters, can be found in Appendix B.

As long as the rate of adjustment of wages when the labor market is slack is positive and less than one,

ie. A €(0,1), then the regional Phillips curve is nonlinear and kg = ﬁgight(l —A) < figight

. This means
that labor market tightness exerts higher inflationary pressures when labor markets are tight rather than
slack, as we observe in the raw data in Figure 1. When A = 0, the real wage of new hires is flexible also

when labor markets are slack, and the two curves coincide.

Three more terms are present in equation (35) and together they compose the regional cost-push
shock. First, 59" = ¢ [(35 — 1) — (1 — hy)3%] and Dy = ¢ [(1 = N)(35 — ) — (1 — A — h)44] rep-
resent shocks to the regional labor markets’ search-and-matching process. Note that this shock have a
nonlinear effect on regional inflation as well, with ﬁftight > Uiy Second, prit = (Pat — Pit) denotes the per-
centage deviation of the regional relative price of intermediate input (i.e., the ratio between the national
intermediate-input price, Py, and the regional price level, P;;) from its steady-state value. As one of the
factors of production, a change in the price of the intermediate input directly affects the marginal costs of
final-goods firms and, consequently, their pricing decision. However, the presence of the relative price of
intermediate input captures the notion that, as the price of intermediate input is common across regions,
an identical absolute intermediate-input price change has a higher (lower) pass-through on regional in-

flation rates the lower (higher) the regional price level. Finally, Z,;; captures local shocks to final-goods

sector productivity.

To take equation (35) to the data, I follow Hazell et al. (2022) and solve Equation (35) forward. To
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do so, I make two assumptions. First, I assume that if the labor market is slack in ¢, then it will remain
slack forever. If the labor market is tight in ¢, then it will remain tight until t4+7 —1. From ¢ +71 onward,
the labor market becomes slack and will remain slack forever. Second, I assume that 0;; and PDrit Tollow

AR(1) processes with autocorrelation coefficients py and py,.

By doing so, I obtain the following regional Phillips curve:

EiTiioo + UE i1 o0 + %ightéit + YpDarit + 62? "Gy > 0%,
Tt — s (36)

Eimitoo + T/’gl“kéit + YpPrit + €it 0 < 05

where él-t = éit + Etéit_l,_oo represents the transitory component of the variation in labor market tightness,

while F;0;41 00 is the permanent component. E;m1~ denotes long-run inflation expectations, assumed to
be common across regions because they depend on the monetary regime in place. This formulation clarifies
how regional data helps in dealing with threats to identification coming from controlling for inflation
expectations in the estimation of the Phillips curve. Indeed, common long-run inflation expectations are

captured by time fixed effects, while ¥ F:0;;11~ is captured by region fixed effects.

Crucially, @bgl“k = @D;, while wzig ht 1/)5 + ¢g, where the expressions for @Dé and @Dg can be found in
Appendix B. Therefore, the slope of the regional Phillips curve in tight labor markets is larger than the

slope in slack labor markets by a measure equal to wg. The formulas for 1, can be found in Appendix

[e.e]
. 5 tight T—1 ok ~tight . .
B. eyt = E; Y BRE (Dpgr, — Zyi) and e,7"" = ¢, [Ek:() Bkuitﬁk +> s B*Dipr — oo ﬁkzyit} denote
k=0
the expected present discounted value of current and future search-and-matching and final-goods firms’

productivity shocks in slack and tight labor markets, respectively. Appendix B contains the formal

derivation of equation (36).

The interpretation of the slope of the Phillips curve differ between equation (35) and equation (36).

/igight and kg denote the effects of current labor market tightness on current inflation, while d}zig " and (r

denote the effects of current and expected future deviations of labor market tightness from its long-run

steady state on current inflation. Depending on the degree of persistence of labor market tightness, w(tfg ht

gh

and 1y can be more or less larger than /{21 "and kg. In my empirical exercise, I estimate 1&39}” and 1y in

equation (36) and not n?ght and kg in equation (35) due to sample size limitations. Estimating 1/J§ight and
1y allows to abstract from empirically modelling future values of labor market tightness, which increases

the sample size. This implies greater statistical power for estimating the coefficients of interest.
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3 Data

To carry out my empirical exercise, I draw data from different sources from December 2000 to July
2024. The units of observations are 21 Metropolitan Statistical Areas (MSAs) in the United States. The
main dependent variable is inflation, constructed as the 12-month percent difference in the Consumer
Price Index (CPI). The Bureau of Labor Statistics (BLS) regularly provides CPI data for 21 MSAs on a
monthly or bi-monthly basis. Prices from all categories are collected monthly in the metropolitan areas
of Chicago, Los Angeles and New York. In the other MSAs, prices for food and energy items are collected
monthly, while prices for other categories are collected every two months. I linearly interpolate the bi-
monthly CPI time series to maximize the sample size and to fully exploit the variation in labor market and
instrumental variables. Interpolation introduces measurement errors in CPI and, consequently, inflation.
However, such measurement errors do not lead to an attenuation bias in the estimates, because they
affect the dependent variable only. Crucially, they do not affect the exogenous variation provided by the
instrumental variable. The initiation date for CPI data collection varies among the included metropolitan

areas, starting from January 1986.

My analysis primarily focuses on core inflation, defined as the growth rate of prices of all items
excluding food and energy. The literature suggests to use core inflation to avoid the relative volatility of
food and energy prices, which are more connected to global factors. Core inflation, on the other hand,
is more related to domestic economic activity. For a more comprehensive understanding of CPI data, I

recommend referring to the works of Klenow and Kryvtsov (2008) and Nakamura and Steinsson (2008).

I employ a labor market-based variable to measure economic activity: labor market tightness, also
known as vacancy-to-unemployment ratio. Labor market indicators are relevant proxies because the
mechanism that the Phillips curve captures relies on demand-driven economic fluctuations that affect
labor costs for firms. Labor market tightness is the ratio of two elements: the number of vacancies
posted by firms in the numerator provides information on labor demand, while the number of unemployed
workers in the denominator tracks the supply of workers available in the market. By including a measure
of labor demand, tightness provides more accurate information on labor costs than the unemployment
rate (Barnichon and Shapiro, 2022). Nonetheless, researchers have primarily used the unemployment rate
to proxy for real economic activity in the estimation of the Phillips curve. This is because the availability

of administrative data on the unemployment rate is far broader, both at granular levels and back in time.

Recent evidences provide further reasons for using labor market tightness over the unemployment

rate as main independent variable. First, Furman and Powell (2021) show that until the outbreak of the
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COVID-19 pandemic, the unemployment rate and labor market tightness co-moved well. However, the
behavior of the two variables started to diverge in March 2020, with the vacancy-to-unemployment ratio
signalling tighter labor markets with respect to the unemployment rate. Hence, an analysis that takes
into consideration the COVID and post-COVID periods, such as this one, should be careful on the choice
of proxy for economic activity. Furthermore, Barnichon and Shapiro (2022) show that the vacancy-to-
unemployment ratio outperforms the unemployment rate in the forecast of both price and wage inflation.
For all these reasons, this analysis uses labor market tightness as main explanatory variable, but I check

the robustness of my results to the unemployment rate.

As data on vacancies is not publicly available at the MSA level, I impute a new time series of MSA-
level vacancies employing state-level data from JOLTS and yearly employment weights from the CPS.
JOLTS is a monthly survey of about 21,000 U.S. business establishments, providing representative data
on job openings at the national and state levels since December 2000. Yearly employment weights are
constructed from the Basic Monthly Samples of the CPS from January 2000 to July 2024. Suppose that
metropolitan area ¢ belongs to state x and state y. Vacancies in metropolitan area i in period ¢ are
computed as a weighted average of vacancies from states z and y in period ¢, with weights being the
fraction of population of state x living in MSA ¢ and the fraction of population of state y living in MSA

1, respectively.

The main advantage of this newly imputed measure of MSA-level vacancies is that it is constructed
using publicly available job postings from a representative sample of firms. There exist two private
sources of MSA-level vacancies: Lightcast (a merger of Emsi and Burning Glass Technologies) and the
Conference Board. Lightcast collects online job postings from 2011. The Conference Board started to
collect job advertisements printed in newspapers in the 1950s. This series was discontinued in 2008 and
substituted with collection of online job postings since 2005. For a more detailed explanation of the
Conference Board data, refer to Barnichon (2010). Since 2019, Lightcast is the only provider of data for
the Conference Board. Since 2020, the Conference Board implements an adjustment to bridge the gap
between the data from Lightcast and the data from the BLS’s Jop Openings and Labor Turnover Survey
(JOLTS). The need of such an adjustment underscores the main problem of online job posting data: this

data is not representative and might introduce selection bias in the estimates.

The time series of vacancies imputed from JOLTS allows to avoid selection bias, as it comprises job
postings from all the sectors of the economy and not from those that recruit online only. However,

the distribution of vacancies at the state level might not be similar to the distribution of vacancies in
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metropolitan areas. The empirical strategy provides for the use of an instrumental variable to instrument
labor market tightness. In addition to control for local confounders, the instrumental variable attenuates

the measurement error that the imputation of vacancy data introduces in the main independent variable.

In addition to vacancy data, I need to collect unemployment data to construct labor market tightness
at the MSA level. I draw monthly MSA-level number of unemployed workers from the BLS’s Local
Area Unemployment Statistics (LAUS). The LAUS program uses non-survey methodologies to estimate
the number of employed and unemployed individuals for sub-national areas, using the national not-
seasonally-adjusted estimates from the CPS as controls. From LAUS I also collect monthly MSA-level

unemployment rate to be employed in a robustness check.

To construct the shift-share instrument and controls, I need additional data. For the instrument, 1
collect two types of data. First, I draw monthly, national employment data by industry from the CPS.
Second, I collect MSA-level industry employment shares from the 2000 Census, and from the American
Community Survey (ACS) from 2006 to 2022. Both types of employment data are taken disaggregated
at the two-digit level Census industry. Finally, I measure the relative price of intermediate inputs as
the ratio between the monthly producer price index (PPI) for the manufacturing sector and the local

all-items CPI. Both variables come from the BLS.

The resulting dataset is a panel of MSA-year-month observations, from December 2001 to July 2024.
Figure 2 shows the distributions of the dependent and main independent variables. As you can see, there is
a significant degree of variation in core inflation and labor market tightness at the metropolitan area level.
Furthermore, Figure A.1 in Appendix A shows a key advantage of employing regional data. Comparing
the distributions of MSA-level and national labor market tightness, regional data exhibits more variation
and a higher number of tight labor markets episodes with respect to national data. Aggregate labor
market tightness reaches the maximum level of 2, while MSA-level labor market tightness reaches 3.44.
At the national level, we observe a vacancy-to-unemployment ratio greater than one only in 18.22% of the
sample. At the MSA-level, the same proportion is 46.33%. The take-away is that regional data provides
more variation and episodes of tight labor markets than national data, increasing the statistical power

of the empirical exercise.
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4 Empirical Strategy

My empirical exercise aims at testing the presence of nonlinearities in the regional New Keynesian Phillips
curve, employing labor market tightness to proxy for real economics activity. To do so, I estimate the
NRPC — equation (36) — derived in Section 2. The empirical strategy is based on two ingredients. First,
panel variation in inflation and tightness at the MSA level provides higher statistical power than time
series variation as shown in Section 3, and takes care of aggregate confounders. Second, the instrumental

variable approach deals with regional confounders.

To estimate equation (36), I specify the following empirical model:
Tit = €+ Qi + Yty + Gity + g M(0it) + 03 0(0it) X Lo, 513 + BL{g, >0} + Ypbuit + Eit, (37)

where 7;; denotes the 12-month, core inflation rate in MSA ¢ and year-month ¢. Constructing the
growth rate of prices over 12 months allows me to reduce seasonality. «; represents MSA fixed effects,
absorbing time-invariant characteristics of metropolitan areas, such as differences in long-run economic
fundamentals across cities. <, denotes year-quarter fixed effects, absorbing aggregate shocks, such as
endogenous fiscal and monetary policies (Fitzgerald and Nicolini 2014, McLeay and Tenreyro 2020), and
common beliefs about the long-run monetary policy regime (Hazell et al., 2022). d;, is the interaction
between MSA and year-quarter fixed effects and addresses the possibility that MSAs are differentially

affected by common shocks. I will discuss more about d;, in the following paragraphs.

The nonlinearity of the Phillips curve in labor market tightness is specified as follows. In(6;;) is the
logarithm of labor market tightness in city ¢ and year-month ¢. I employ the logarithm of labor market
tightness for two reasons. First, it mirrors the log-linearized tightness term in equation (36): Oy Second,
it enables me to avoid taking a stance about whether I should measure labor market tightness as the
vacancy-to-unemployment ratio or the unemployment-to-vacancy ratio. Iy, -1y is a dummy variable that
takes value of 1 when labor market tightness is greater than 1 and 0 otherwise. I select this threshold
guided by the empirical evidence shown in Figure 1, in line with Benigno and Eggertsson (2023). I will
test for different thresholds allowed to vary across MSAs in Section 6. The interaction between In(6;;)
and Ig, -1} generates the nonlinearity. When labor market tightness is less than 1, the slope of the
Phillips curve is 1y = 1/15 and the intercept is c. When labor market tightness is greater than 1, the slope

of the Phillips curve is w(tfght = w(} + ¢é and the intercept is ¢ + 3.

Finally, guided by equation (36), I add to the main specification one control. p,; is the local relative
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price of intermediate inputs in MSA ¢ and year-month ¢, measured as the ratio of national manufacturing
PPI in year-month ¢ and all-items CPI in MSA i and year-month ¢. As explained in Section 2, p,;
and the error term e;; constitute together the local cost-push shock. Through the lenses of the model,
the error term ¢; contains the shocks to the regional labor markets’ search-and-matching process and

final-goods firms’ productivity shocks.

I conduct the empirical exercise employing regional variation for two main reasons. First, regional
data provides greater variation and a higher number of episodes of tight labor markets with respect to
national data, as shown in Section 3. Second, a growing literature has shown how panel variation helps
overcoming three identification problems affecting the estimation of the aggregate Phillips curve. The
main challenge for the identification of the slope of the Phillips curve is to distinguish between demand
and supply shocks. While demand shocks increase economic activity and inflation, supply shocks depress
economic activity and increase inflation, leading to the so-called simultaneity bias. The simultaneity bias
generates a downward bias in the estimated slope of the Phillips curve. There are two more challenges.
First, Fitzgerald and Nicolini (2014) and McLeay and Tenreyro (2020) show that if monetary and fiscal
policies react to offset aggregate demand shocks, then the remaining variation in inflation will only be
due to supply shocks, leading to a biased estimate of the aggregate slope. Second, the choice of variable

to measure inflation expectations affects the estimate of the slope (Mavroeidis et al., 2014).

Panel variation helps in dealing with these aggregate threats to identification because of the introduc-
tion of time fixed effects. Time fixed effects absorb any aggregate demand or supply shock, eliminating
any bias coming from aggregate fluctuations all at once. Among the aggregate demand shocks, Fitzgerald
and Nicolini (2014) and McLeay and Tenreyro (2020) show that time fixed effects capture endogenous
monetary and fiscal policies that are set at the national level, solving the problem of omitted variable
bias. Hazell et al. (2022) show that time fixed effects are also able to absorb local inflation expectations,
if we assume that they are determined by the monetary regime in place.® Section 2 and Appendix B

discuss and show more in details the derivation of this result.

What is left in the variation of inflation at the regional level comes from both regional demand
and regional supply shocks. To solve the simultaneity bias at the regional level, I propose a shift-share

instrumental variable that captures labor demand shocks in the tradable intermediate-input sectors,

5Moreover, Sargent (1982) shows that common beliefs about the long-run monetary regime in place are a major deter-
minant of sudden fluctuations in inflation.
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similar to Cerrato and Gitti (2022). The shift-share instrument takes the following form:

N
szt = Zeki X Gkt
k=1

where ep; is the average employment share of industry k in metropolitan area i, and gi; is the three-
year growth in national employment of industry k at time ¢. Industries are identified at the level of
the two-digit Census code, and include: agriculture, mining, manufacturing of durable and non-durable
goods, wholesale trade of durable and non-durable goods, and financial services. The shifters gx; capture
national labor demand shocks in the intermediate-input sectors at business cycle frequencies. The shares

er; measure the regional exposure to such aggregate shocks.

I need an instrumental variable approach to solve the simultaneity bias at the regional level for the
following reason. Through the lenses of the model, the regional supply shock is composed of three
elements: the regional relative price of intermediate inputs p.;, the final-goods sector productivity shock
dﬁ’t, and the search-and-matching shock 7;;. While p,;; is observable and can be controlled for, search-
and-matching and final-goods sectors’ productivity shocks are not and are contained in the error term.
The instrumental variable allows to isolate fluctuations in labor market tightness that are not driven by

unobservable search-and-matching shocks and final-goods sectors’ productivity shocks.

The shift-share instrument works as follows. A positive labor demand shock in the tradable intermediate-
input sector raises labor demand of intermediate-input firms relatively more in those metropolitan areas
with a higher degree of specialization in the intermediate-input sector. As a consequence, employment
agencies in the specialized metropolitan areas will post more vacancies, leading to higher wages at a
speed that depends on labor market tightness. Higher wages represent higher labor costs for final-goods
firms, which will ultimately increase final-goods prices. For instance, a positive labor demand shock in
the manufacturing sector leads to larger cost increases for final-goods firms located in manufacturing-
intensive cities like Detroit. This channel produces an exogenous variation in labor market tightness that

the shift-share instrument exploits to identify the slope of the Phillips curve.

The control variable is key to take care of one threat to the exclusion restriction of the shift-share
instrument. A positive productivity-driven labor demand shock in the tradable intermediate-input sector
decreases the price of the intermediate input, lowering the cost of production for all final-goods firms
that use the intermediate input in their production process. Consequently, final-goods firms lower their

prices. Such mechanism captures a channel through which tradable intermediate-input labor demand
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shocks affect inflation that is not through labor market tightness. This represents a violation of the
exclusion restriction for the validity of the instrumental variable. However, as prices of intermediate
inputs are observable, I can control for their direct incidence on local inflation by including p.;: in the

specification.

The exogeneity of the instrument, conditional on the control for the relative price of intermediate
inputs, stems from the shocks g, rather than from the exposure shares ej;. Such a case falls under the
framework developed by Borusyak et al. (2022). In this paper, the authors prove that the validity of
shift-share instruments can rely on the exogenous variation of the shocks only, allowing the variation in
exposure shares to be endogenous. In particular, under some assumptions, shocks can be only as-good-
as-randomly assigned, i.e. shocks can be equilibrium objects. An example of this type of shocks are the

national industry employment growth rates that this analysis employs, as well as Bartik (1991).

As my instrument is constructed using tradable intermediate-input industries only, I add to the
benchmark specification the interaction between MSA and year-quarter fixed effects.® Borusyak et al.
(2022) argue that cities with more diversified economies tend to have systematically higher shift-share
instruments because their sum of exposure shares is higher, and they may have systematically different
unobservables. For example, cities with more diversified economies might be more resilient to unobserved
shocks. The interaction of MSA and year-quarter fixed effects allows MSAs to be differentially affected
by a common shock, overcoming the bias described by Borusyak et al. (2022). The interaction of fixed
effects also helps address potential dependencies across MSAs and over time. In this setting, clustering
the standard errors at the MSA level is problematic because the sample is composed of only 21 MSAs.
To increase the number of clusters, I cluster the standard errors at the MSA-year level. The interaction
between MSA and year-quarter fixed effects flexibly accounts for the possibility that groups of MSAs are

differentially affected by common shocks due to dependencies within the group.

The identifying assumption is that, conditioning on MSA fixed effects, time fixed effects, their inter-
action, and p.;;, industry-level employment growth rates in the intermediate-input sectors capture labor
demand shocks plausibly uncorrelated with industry-level aggregates of regional labor supply shocks.
Related to the example of a labor demand shock in the manufacturing sector illustrated before, the
identifying assumption requires that the labor cost increases generated by such a shock are no larger on

average for final-goods firms in Detroit than New York.

SAll the variables are measured at monthly frequency, so the interaction between MSA and year-quarter fixed effects does
not saturate the regression. The variation used to identify the parameters of interest stems from within-MSA-year-quarter
variation.
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The nonlinearity of the main independent variable requires that I instrument not only the logarithm
of labor market tightness In(6;;), but also the interaction term between the logarithm of labor market
tightness and the dummy signalling when labor markets are tight In(6;) x Ip,~1. I instrument the
interaction term with an interaction between my shift-share instrument and the dummy that takes value
of one when the labor market tightness exceeds one, zJ; x Iy, ~1. As pgi; is measured as the ratio between
the national manufacturing PPI and MSA-level, all-items CPI, the denominator is mechanically correlated
to core inflation on the right-hand side. To deal with this, I instrument p,;; with the ratio between the

national PPI in the manufacturing sector and the MSA-level, all-items CPI measured 24 months before.

Table A.1 in Appendix A shows the first-stage coefficients and F-statistics. Column 1 shows that
the shift-share instrument 2z, strongly predicts In(6;;), while column 2 shows that the instrument for the
interaction zJ; x Iy, ~1 strongly predicts the interaction term In(6;;) x Iy,,~1. All instruments are strong,

as the F-statistics are greater than 10.

5 Results

5.1 Main Results

I find two novel sets of results. First, the regional Phillips curve in labor market tightness if flat when
labor markets are slack. Second, I find evidence of nonlinearities in the regional Phillips curve: its slope
increases significantly when labor market tightness exceeds one. Table 1 shows these results. Column
(1) reports the results of my benchmark specification, where equation (37) is estimated by instrumenting
labor market tightness and the interaction term with the shift-share instrument and its interaction. I
estimate the slope of the Phillips curve not to be statistically different from zero when labor market
tightness is less than one and 1.95% when labor market tightness is greater than one. That is, a 1%
increase in labor market tightness does not lead to a significant increase in inflation when regional labor

markets are slack and leads to a 1.95% increase when regional labor markets become tight.

Comparing the estimation of equation (37) by IV and OLS is instructive to understanding the role
played by the instrumental variables. Column (2) of Table 1 reports a simple OLS regression that controls
only for the local relative price of intermediate inputs p,; and MSA-fixed effects. This simple OLS
regression yields a nonlinear regional Phillips curve with a slope of 0.84% when labor market tightness
is below one and 4.12% above one. Column (3) shows that the slope of the Phillips curve decreases to

0.20% below the threshold and 0.74% above the threshold when I add time fixed effects. Taken together,
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these results reveal that aggregate shocks play a role in reinforcing stronger inflationary pressures in tight
labor markets. When aggregate shocks are absorbed by time fixed effects, the nonlinearity diminishes
because the presence of regional supply shocks weakens the effect of tight labor markets on inflation.
Once I control for them with the instrumental variables, the regional Phillips curve flattens in slack
labor markets and the nonlinearity strengthens in tight labor markets. It is noteworthy noticing that the
local relative price of the intermediate inputs exerts a positive and larger effect on inflation when it is

instrumented to address the mechanical correlation with the dependent variable.

Figure 3 shows the goodness-of-fit of the regional Phillips curve estimated in Table 1, column (1).
Inflation deviations are defined as the difference between the 12-month core inflation rates and the
estimated controls and fixed effects. What is left is the variation due to labor market tightness and
the error terms. Such variation is plotted against the logarithm of labor market tightness, my main
independent variable. The red line shows the curve estimated in Table 1, column (1). As you can see,
when labor market tightness becomes greater than 1, the slope of the regional Phillips curve increases,

confirming the pattern that we see in the raw data in Figure 1.

5.2 Policy Implications

Ignoring nonlinearities in the Phillips curve can lead the monetary authority to allow inflation to rise
more than expected. Panel (a) of Figure 4 provides a visual representation of this dynamic. Suppose
that the economy is at E7, with low inflation and a slack labor market — labor market tightness below
one. Following a shock, labor market tightness increases, exceeding one. If the central bank believes that
the Phillips curve is linear and flat, such an increase in labor market tightness is expected to induce a
fixed increase in inflation, no matter the level of labor market tightness. The central bank expects the

economy to move along the dashed blue line to Fo, where inflationary pressures are limited.

However, if the Phillips curve is nonlinear, after the kink the economy lies on the steeper solid blue line
and reaches F). Hence, a given increase in labor market tightness will spur larger inflationary pressures
than expected, leading to an unexpected surge in inflation. The surprise increase in inflation equals to the
difference between the solid and dashed lines. Through the lenses of the model, the increase in the slope
of the Phillips curve in tight labor markets is due to firms bidding up wages to attract workers. Wages
become flexible and do not constraint anymore firms’ demand, leading to a larger change in marginal

costs and consequently prices of final-goods firms.

The nonlinearity of the Phillips curve allows the central bank to reduce inflation at a lower economic
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cost, as long as labor markets are tight. Panel (b) of Figure 4 shows this scenario. Suppose that the
economy is on the steep part of the Phillips curve at F; with high inflation and tight labor markets.
The steeper slope of the Phillips curve allows a restrictive monetary policy stance to reduce inflation
at a lower economic cost because the economy moves to Eo instead of F), limiting the decline of labor
market tightness. Such possibility of “soft landing” has been much discussed recently, as the central
banks around the world are aggressively trying to bring down inflation without causing much economic

recession. As I have argued, a nonlinear Phillips curve in labor market tightness can explain this puzzle.

6 Robustness Checks

In this section, I perform four robustness exercises to evaluate the stability of my results. First, I find
that the nonlinearity of the regional Phillips curve is robust to different definitions of the kink. Second, I
evaluate whether the results change when imputing vacancies at the MSA level using population weights,
rather than employment weights. I find that the nonlinearity of the regional Phillips curve is robust to
the use of different weights for imputation across different definitions of the kink. Third, instead of a
single kink, I show that the nonlinearity of the regional Phillips curve is robust to more flexible functional
forms of nonlinearity. Fourth, I estimate the presence of a kink even after the introduction of a proxy for

final-goods sector productivity.

The first robustness exercise checks whether the existence of the NRPC is robust to different definitions
of the kink. As explained before, in the benchmark specification I define the kink to be at one, driven by
the raw evidence shown in Figure 1. Moreover, such a definition of the kink is in line with the aggregate
evidence presented by Benigno and Eggertsson (2023). Michaillat and Saez (2022) provide a theoretical
foundation for the kink to be equal to one, as they show that labor markets are inefficiently tight when
there are more vacancies than unemployed workers looking for a job. Nonetheless, the value of the kink,

as well as its existence, are empirical questions.

Table A.2 shows that the regional Phillips curve is nonlinear when using different definitions of the
kink. I evaluate two definitions. First, I select the value of the vacancy-to-unemployment ratio in each
MSA that maximizes the fit of the relationship between core inflation and the logarithm of labor market
tightness. To select the best-fit value, I run the following algorithm. For each value that labor market
tightness takes in one MSA, 1 regress core inflation on the logarithm of labor market tightness and its

interaction with a dummy that takes value of 1 when labor market tightness exceeds the value I am
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considering. I compute the root mean squared error (RMSE) for each regression and I select the value
of labor market tightness that minimizes the RMSE in each MSA. Second, I define the kink to be equal
to the average value of labor market tightness in each MSA. Both these categories of kinks are allowed
to vary across MSAs, providing a more flexible and data-driven definition. The estimates of the slope of
the Phillips curve are presented in Table A.2. The Phillips curve is flat when labor markets are slack and
steepens significantly across all definitions of the kink. The coefficient on the interaction term defined
using the best-fit kink is similar in magnitude to the benchmark estimate, although it is estimated with
less precision. When using the average kink, the magnitude of the coefficient on the interaction term
decreases in magnitude to 1.18%. The local relative price of the intermediate inputs affects positively core

inflation across the three specifications, without significant difference in the magnitude of the coefficient.

The second robustness exercise reveals that the results are robust to the use of different weights for
imputing vacancies at the MSA level. As explained in Section 3, there is no public and representative
source of vacancy data at the MSA level. To overcome this challenge, I impute MSA-level vacancies from
state-level vacancies recorded in JOLTS. In the benchmark specification, I present results where vacancies
are imputed using employment weights measured at the year frequency from 2000 to 2024 from the CPS.
However, metropolitan areas might differ in the number of people not in the labor force, and vacancies
might correlate better with the size of the working-age population, rather than the share of the labor
force that is employed. Therefore, I construct working-age population weights from the 2000 Census
and the ACS from 2006 to 2022 and use these weights to impute MSA-level vacancies from state-level
JOLTS data. Table A.3 shows that the existence of the kink is robust to the weights used to impute
vacancies across all the definitions of the kink. The magnitude of the coefficients on the interaction term
is lower when the kink is equal to one and similar when the kink equals to the best-fit value and the
average of labor market tightness in each MSA. The coefficients are estimated with slightly less precision,

supporting the use of employment weights as the preferred method to impute vacancies.

The third robustness exercise shows that the nonlinearity of the regional Phillips curve is robust to
other nonlinear functional forms. I test the following functional forms: logarithmic, quadratic-logarithmic,
piecewise-linear, quadratic-linear, and inverse. All these specifications are linear in parameters and non-
linear in the main independent variables. Table A.4 in Appendix A finds evidence of an NRPC when
labor market tightness is subject to logarithmic, quadratic-logarithmic, and inverse transformations. The
coefficients on such transformations of labor market tightness, instrumented with the shift-share instru-
ment, are significantly different from zero. The quadratic term of the quadratic-logarithmic specification

is instrumented with the square of the shift-share instrument.
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In the last robustness check, I show that the NRPC is robust to the inclusion of a proxy for final-goods
sector productivity. From the lenses of the model, we know that the error term contains the productivity
shock common across final-goods firms. If productivity shocks in the tradable intermediate-input sectors
captured by the shift-share instrument are correlated with productivity shocks in the final-goods sectors,
the exclusion restriction for the validity of the shift-share instrument would be violated. Such correlation
has likely been in place during and after the COVID-19 pandemic (Guerrieri et al., 2022), when local
economies experienced robust labor demand recoveries across all sectors. If this is the case, the instrument
affects final-goods prices though the correlation with productivity shocks of regional final-goods sectors.
To deal with this threat to the exclusion restriction, I follow Borusyak et al. (2022) and include as control a
shift-share variable proxying for productivity shocks in the local final-goods sectors, 2. The structure of
this variable mirrors the one of the shift-share instrument, employing two-digit, non-tradable, final-goods
Census industries.” Table A.5 shows that the correlation between the productivity of the intermediate-
input and final-goods sectors is not a concern for the validity of the shift-share instrument. The coefficient
on the interaction term is estimated precisely and is similar in magnitude to the one of the benchmark
specification. Moreover, the coefficient on zzyt is positive but not statistically different from zero and the

F-statistics of the two instruments are largely unaffected.

7 Conclusion

This is the first paper that show the presence of nonlinearities in the regional Phillips curve with labor
market tightness as proxy for economic activity. In doing so, this paper provides both theoretical and
empirical contributions. From a theoretical point of view, I introduce search-and-matching frictions and
wage rigidities in an otherwise standard multi-sector, New Keynesian model of two regions in a monetary
union. Search-and-matching frictions give rise to unemployment in the New Keynesian model formally
and to a relationship between inflation and labor market tightness. Wage rigidities generate a kink in the
regional Phillips curve. Augmented with these features, the model delivers a piecewise log-linear regional
Phillips curve in labor market tightness. From an empirical point of view, I impute a novel measure of
vacancies across metropolitan areas. This newly imputed variable allows me to measure labor market
tightness at the MSA level and to estimate the NRPC derived in the model. Moreover, I enrich the

empirical strategy based on MSA-level panel variation with an instrumental variable approach to deal

"Two-digit, non-tradable, final-goods Census sectors used to construct 2% construction, retail trade, information and
communication, professional and business services, educational services, health care and social assistance, arts, entertainment
and recreation, accommodation and food services, other services.
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with unobservable regional supply shocks.

I find that the regional Phillips curve is flat in slack labor markets and significantly steepens when
labor market tightness exceeds one. Hence, I provide evidence that the Phillips curve is piecewise log-
linear at the MSA level. This result has two implications for the monetary authorities. First, if the central
bank assumes that the Phillips curve is linear, this might lead them to underestimate the inflationary
pressures in tight labor markets, allowing inflation to surge more than expected. Second, the nonlinearity
of the Phillips curve allows the central bank to bring down inflation at a lower economic cost. More work
is needed to relate the regional Phillips curve to the aggregate one, in order to infer more detailed

implications for monetary policy. I believe that this is an exciting path for future research.
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Main Figures and Tables

Figure 2: Distributions of MSA-level Inflation and Labor Market Tightness, Dec01-Jul24
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Notes. The figure shows the distribution of core inflation rates (2a) and of labor market tightness (2b) across 21 U.S.
metropolitan areas from December 2000 to July 2024. Vacancies across metropolitan areas are imputed combining
state-level vacancies collected by BLS JOLTS with yearly employment weights from the CPS.
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Figure 3: Fit of estimated Phillips curve

rtdeviations

T I T I T T
-3 -2 -1 0 1 2
In(8)
Notes. The figure shows the scatter plot of core inflation deviations and the log of labor market tightness across 21 U.S.
metropolitan areas. Inflation deviations are defined as the difference between the 12-month core inflation rate and the

estimated controls and fixed effects in column (1) of Table 1. The red lines plot the Phillips curve estimated in column (1)
of Table 1.
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Figure 4: Implications for monetary policy
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Notes. The figure shows the implication for monetary policy of the Phillips curve being piecewise log-linear. The blue solid
line represents the real Phillips curve, while the blue dashed line denotes the Phillips curve believed to be in place by the
monetary authority. Panel (a) shows that inflation increases more than expected when the economy moves from F; to E;
if the Phillips curve is nonlinear. Panel (b) shows that the economic costs of reducing inflation are lower when the economy

moves from Ej to Es if the Phillips curve is nonlinear.
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Table 1: Estimates of 1/15 and 1/13

(1) (2) (3)
v OLS  OLS

In () 0.16  0.84%FF  0.20%*
(0.32) (0.10) (0.09)
In(0;) x Itp,,>13 1.79%#%  3.28%H% (). 54Kk
(0.63) (0.51) (0.18)
Lo, 1 -0.15%%  -0.32* 0.00
(0.06) (0.17) (0.04)
In(pf;) 6.09%**  2.75%k* (.13
(1.22)  (1.03)  (0.98)
Observations 4334 4456 4418
MSA FE v v v
Year-Quarter FE v v
MSA x Year-Quarter FE v v
F-stat 0 54.54
F-stat 0 x I 43.23

Notes. This table presents estimates of ¢4 and 3 from equation (37) from December 2001 to July 2024. All specifications
feature the 12-month core inflation rate as dependent variable and two independent variables: the logarithm of labor
market tightness In(6;:), and its interaction with a dummy that takes value of 1 when labor market tightness exceeds
one In(0;:) x Ip,,>1. Column (1) displays IV coefficients, while columns (2) to (3) display OLS coefficients. Column (1)
displays IV estimates of ¢§ and 3 obtained by instrumenting In(6;;) with the shift-share instrument z%. The interaction
term is instrumented with the interaction of the shift-share instrument with the same dummy that takes value of 1 when
labor market tightness exceeds one z§; X Ip,,>1. Column (2) features MSA fixed effects. Column (3) additionally controls
for year-quarter fixed effects and their interaction with MSA fixed effects. All specifications control for the logarithm of
local relative price of intermediate input In(pgs), measured as the ratio between the aggregate PPI of the manufacturing
sector and the local all-items CPI. In column (1), In(pyi:) is instrumented with the ratio between the aggregate PPI of the
manufacturing sector and the two-year lag of the local all-items CPI. Standard errors in parentheses are clustered at the
MSA-year level. In column (1), first-stage F-statistics from Table A.1 are reported. * p < 0.10, ** p < 0.05, *** p < 0.01
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Appendix

A Figures and Tables

Figure A.1: Distributions of MSA-level and national labor market tightness, Dec01-Jul24
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Notes. The figure shows the distribution of labor market tightness across 21 U.S. metropolitan areas (A.la) and the
distribution of labor market tightness at the national level (A.1b) from December 2000 to July 2024. Vacancies across
metropolitan areas are imputed combining state-level vacancies collected by BLS JOLTS with yearly employment weights

from the CPS.
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Table A.1: First stage coefficients of Equation (37)

(1) (2) (3)
ln(eit) ln(Git) X I{‘git>1} ln(pft)

25 9.40%** 1.42%** -0.11%%*
(1.31) (0.29) (0.03)
ziy X Ligr >1y 3.00%* 8.95HH* -0.13%%*
(1.43) (1.16) (0.05)
Lo, >1y 0.19%** 0.08%** -0.00
(0.01) (0.01) (0.00)
In(p%_5,) 1.30%%* 0.58%** 0.68%**
(0.19) (0.11) (0.01)
Observations 4334 4334 4334
MSA FE v v v
Year-Quarter FE v v v
MSA x Year-Quarter FE v v v
F-stat 54.53 43.22 1314.25

Notes. This table presents the first stage regression coefficients for IV estimation of equation (37). In column (1),
the dependent variable is the logarithm of labor market tightness In(6;:). In column (2), the dependent variable is the
logarithm of labor market tightness interacted with a dummy that takes value of 1 when labor market tightness exceeds
one In(0;:) x Ip,,>1. In column (3), the dependent variable is the logarithm of the local relative price of intermediate inputs
In(pgit), measured as the ratio between the aggregate PPI of the manufacturing sector and the local all-items CPI. The
main independent variables are the shift-share instrument constructed with 2-digits, tradable, intermediate-input Census
industries zJ;, the interaction between the shift-share instrument and the dummy that takes value of 1 when labor market
tightness exceeds one z§; X Ip,,>1, and the logarithm of the two-year lagged local relative price of intermediate inputs
In(pf;_24), constructed as the ratio between the aggregate PPI of the manufacturing sector and the two-year lag of the local
all-items CPI. All columns control for the dummy that takes value of 1 when labor market tightness exceeds one Ig,,>1,
MSA fixed effects, year-quarter fixed effects, and their interaction. Standard errors in parentheses are clustered at the

MSA-year level. F-statistics are reported for each column. * p < 0.10, ** p < 0.05, *** p < 0.01
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Table A.2: IV estimates of NRPC with different kinks

(1) (2) (3)_
k=1 k=gbstht  p—4

In(60;) 0.16 0.20 0.17
(0.32) (0.43) (0.36)
n(03) (g, 51y 1.79%%% 189 1.18%*
(0.63) (1.09) (0.55)
Ig,h) -0.15%%  0.27* 0.24
(0.06) (0.16) (0.16)
In(pf) 6.097%** 5.89%** 6.10%**
(1.22) (1.23) (1.21)
Observations 4334 4334 4334
MSA FE v v v
Year-Quarter FE v v v
MSA x Year-Quarter FE v v v
F-stat 6 54.54 46.11 47.06
F-stat 6 x [ 43.23 15.91 41.98

Notes. This table presents IV estimates of equation (37) from December 2000 to July 2024 with different thresholds for
defining tight labor markets. All specifications feature the 12-month core inflation rate as dependent variable. They feature
the logarithm of labor market tightness In(;¢) and its interaction with a dummy that indicates when labor market tightness
is above the kink In(6;;) X Ig,, >, as independent variables. Column (1) presents the main specification with the kink at 1.
In column (2), the kink is set at the value of labor market tightness that minimizes the root mean squared error of an OLS
regression in which core inflation is regressed on labor market tightness and its interaction term for each MSA. In column
(3), the kink is set at the average value of labor market tightness in each MSA. All specifications control for the dummy
indicating when labor market tightness exceeds the kink Iy, >%, the logarithm of the local relative intermediate-input
prices In(pgst), MSA fixed effects, year-quarter fixed effects, and their interaction. All columns display IV estimates of the
coefficients obtained by instrumenting In(6;;) with the shift-share instrument zj;. The interaction term is instrumented
with the interaction of the shift-share instrument with the dummy indicating when labor market tightness exceeds the kink
25 X Ip,,>k. In(peit) is instrumented with the logarithm of the two-year lagged local relative price of intermediate inputs
In(pf;_o4). Standard errors in parentheses are clustered at the MSA-year level. For each column, first-stage F-statistics are
reported. * p < 0.10, ** p < 0.05, *** p < 0.01
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Table A.3: TV estimates of NRPC with vacancies imputed with population weights

(1) (2) (3)_
k=1 k=gbstht  p—4

In(60;) 0.32 0.24 0.19
(0.34) (0.40) (0.34)
n(03) (g, 51y 1.39%F  1.72% 117
(0.69) (1.01) (0.55)
Ip,h) -0.08 -0.24 0.28
(0.06) (0.16) (0.18)
In(pf) 6.12%%* 6.01%** 6.06%**
(1.20) (1.20) (1.22)
Observations 4334 4334 4334
MSA FE v v v
Year-Quarter FE v v v
MSA x Year-Quarter FE v v v
F-stat 6 55.44 46.00 47.54
F-stat 0 x I 39.50 19.00 41.75

Notes. This table presents IV estimates of equation (37) from December 2000 to July 2024 when population weights
are used to impute state-level vacancies at the MSA level. All specifications feature the 12-month core inflation rate as
dependent variable. They feature the logarithm of labor market tightness In(f;;) and its interaction with a dummy that
indicates when labor market tightness is above the kink In(6;¢) X Ip,, >k as independent variables. Column (1) presents the
main specification with the kink at 1. In column (2), the kink is set at the value of labor market tightness that minimizes
the root mean squared error of an OLS regression in which core inflation is regressed on labor market tightness and its
interaction term for each MSA. In column (3), the kink is set at the average value of labor market tightness in each MSA.
All specifications control for the dummy indicating when labor market tightness exceeds the kink Ig,,>%, the logarithm of
the local relative intermediate-input prices In(pzit), MSA fixed effects, year-quarter fixed effects, and their interaction. All
columns display IV estimates of the coefficients obtained by instrumenting In(6;;) with the shift-share instrument z§. The
interaction term is instrumented with the interaction of the shift-share instrument with the dummy indicating when labor
market tightness exceeds the kink z§; X Ip,,>k. In(pgzi) is instrumented with the logarithm of the two-year lagged local
relative price of intermediate inputs In(pf;_o4). Standard errors in parentheses are clustered at the MSA-year level. For

each column, first-stage F-statistics are reported. * p < 0.10, ** p < 0.05, *** p < 0.01
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Table A.4: TV estimates of Phillips curve with different nonlinear functional forms

(1) (2) (3) (4) (5) (6)

Piecewise-log Log Quadratic-log Piecewise-lin Inverse Piecewise-inverse
In(6;¢) 0.16 0.78%** 1.05%**
(0.32) (0.22) (0.28)
ln(b’it) X Igit>1 1.79%**
(0.63)
ln(@it)Q 0.29**
(0.14)
Oit 0.48
(0.86)
Git X Igit>1 0.59
(0.94)
o -0.347% -0.04
(0.11) (0.09)
= X Iig -3.21 %K
(0.84)
Observations 4334 4334 4334 4334 4334 4334
MSA FE v v v v v v
Year-Quarter FE v v v v v v
MSA x Year-Quarter FE v v v v v v
F-stat 0 56.99 57.95 41.25 51.14 38.73 28.14
F-stat 0 x /62 45.17 14.59 35.57 43.85

Notes. This table presents estimates of the slope of the Phillips curve from December 2000 to July 2024. All specifications
feature the 12-month, core inflation rate as dependent variable and labor market tightness as the main independent variable,
in different functional forms. Column (1) presents the main specification, where labor market tightness is modeled according
to a piecewise log-linear function with a kink at one. Columns (2) to (6) display the following nonlinear transformations:
log, quadratic-log, piece-wise linear with kink at 1, quadratic-linear, and inverse, respectively. All specifications control for
the logarithm of the local relative intermediate-input prices In(ps:), MSA fixed effects, year-quarter fixed effects, and their
interaction. All columns display IV estimates of the coefficients obtained by instrumenting 6;; and its transformations with
the shift-share instrument z§,. The coefficients on the interaction terms in columns (1) and (4) are obtained by using the
interaction of the shift-share instrument with the dummy indicating when labor market tightness exceeds one zj; X Ig,,>1.
The coefficients on the quadratic terms in columns (3) and (5) are are obtained by using the square of the shift-share
instrument z%2. In(pzit) is instrumented with the logarithm of the two-year lagged local relative price of intermediate inputs
In(p§;_o4). Standard errors in parentheses are clustered at the MSA-year level. For each column, first-stage F-statistics are
reported. * p < 0.10, ** p < 0.05, *** p < 0.01
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Table A.5: TV estimates of Phillips curve with control for final-goods sector productivity

(1) (2)

Benchmark Final-goods sector productivity

In(6;) 0.16 0.14
(0.32) (0.33)
In(0;) % Iy, >1 1.79%%* 1.68%H*
(0.63) (0.62)
Ip,,>1 -0.15%* -0.13*
(0.06) (0.07)
In(p;) 6.097%** 6.08%#*
(1.22) (1.20)
z5 1.41
(1.65)
Observations 4334 4334
MSA FE v v
Year-Quarter FE v v
MSA x Year-Quarter FE v v
F-stat 60 56.99 54.35
F-stat 0 x I 45.17 36.88

Notes. This table presents estimates of the slope of the Phillips curve from December 2000 to July 2024 with and without
the control for final-goods sector productivity. All specifications feature the 12-month, core inflation rate as dependent
variable. They feature the logarithm of labor market tightness In(6;:) and its interaction with a dummy that indicates

when labor market tightness is above one In(6;;) X Ig,,~1 as independent variables. Column (1) presents the benchmark

specification without the control for final-goods sector productivity z},. Column (2) includes z},. 2! is constructed as the
shift share instrument using only 2-digits, non-tradable, final-goods Census industries. All specifications control for the
dummy indicating when labor market tightness exceeds one Is,,~1, the logarithm of the local relative intermediate-input
prices In(pgit), MSA fixed effects, year-quarter fixed effects, and their interaction. All columns display IV estimates of the
coefficients obtained by instrumenting In(f;+) with the shift-share instrument zj;. The interaction term is instrumented
with the interaction of the shift-share instrument with the dummy indicating when labor market tightness exceeds one
2§ X Ip,,>1. In(pzit) is instrumented with the logarithm of the two-year lagged local relative price of intermediate inputs
In(pf;_o4). Standard errors in parentheses are clustered at the MSA-year level. For each column, first-stage F-statistics are

reported. * p < 0.10, ** p < 0.05, *** p < 0.01

B Model

B.1 FOCGCs of Intermediate-Input and Final-Goods Firms

The optimal commodity demand from the representative intermediate-input firm is

POyt = (1 — p) XM Chiy, (B.1)
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where M C;; denotes the marginal cost of the intermediate-input firm and takes the following form:

1 [ +A)ywgew]” 1=r
MClit = 1+ 7)) Wi [ For } : (B.2)
int p 1- p

The optimal labor demand from the intermediate-input firm is
(L + 1) W INgif + NZie) = pXieM Coie. (B.3)

From the optimization problem of the final-goods firm, the optimal intermediate-input and labor

demand are, respectively,

Ptiit = (1 - ¢)Y7LtMCyit (B4)
and
(14 Y)W NG + Np§t] = ¢Yie M Cir, (B.5)

where MCy;; denotes the marginal cost and takes the following form:

¢ 1—¢
1| (L) Wi [ Py }
MC... = it it ) B.6
yit Zyit [ (25 1 _(b ( )
The optimal pricing condition is
o0
P (g) € MCyitik Pityr
B aF Y; [ e Y R = 0. B.7
tz Qrt+1Yit+k(9) Pyt -1 Pyr Poa (B.7)

k=0
B.2 Monetary Authority

The monetary authority implements a common monetary policy across the two regions following the

Taylor rule

i = ¢p(my — 7)) — ¢0(ét —0f) +ert, (B.8)

where hatted variables represent deviations from a zero-inflation steady state and lower-case variables are

logs of upper-case variables. m; = (i + (1 —{)mj; denotes economy-wide inflation, where 7 = pir — pir—1

is consumer price inflation in region 7 and 7j; is the counterpart in region j. 0, = Céit +(1-¢ )éjt denotes

the deviation of aggregate labor market tightness from its steady-state value. Finally, 7} represents a

time-varying inflation target. We assume that the monetary authority targets a value for labor market
_ (-8

tightness consistent with its long-run inflation target, i.e. 6; = Tgﬂf . Finally, ¢, and ¢, ensure a
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unique locally bounded equilibrium, and &,; denotes a transitory monetary shock, assumed to follow an
AR(1) process. The model in its simplest form abstracts from fiscal policy, as the government does not

tax, spend, nor issues debt, and monetary policy has no fiscal implications.

B.3 Equilibrium

e . . 1
An equilibrium in a collection of stochastic processes for {Cyt, Fit, Oit, 0%, Vie, w4, wie®, wlft “ O, Xit,

new new * * att new Jlex
Yit, Npit's Nyigs MCrit, MClyir, Py, Pit, Qitaq1, Cits Fje, 051, 05, Vie, iy, wir™, wi—, Oje, Xje, Y,

Ngits Ny, MCoje, MCyje, Pl Pjt, Qjtev1s i, O, P }i2, that satisfy Equations (12), (13), (B.1),

(B.3), (B.2), (B.4), (B.5), (B.6), (B.7), (B.22), (31), (32), (33), (34) and their counterparts in region
7, together with the following final-goods and labor market clearing conditions in region ¢ and their

counterparts in region j:

Yie = Ci + 75 Vi (B.9)

and
1

(7 hygen (PXieM Cait + OYaMCyir); (B.10)
7 (2

(1 — S+ sml-teilt_”) Fz’t =
Equation (B.8) and the aggregate commodity and intermediate-input market clearing conditions:

1—
0= — P (XM Cit + X 1M Clyr) (B.11)

ot

and

O (Y MCyis + Y MCye): (B.12)

Xit + X1 = P (

. b ~c . . . . . b c . . . . e8]
glven exXogenous processes for {Xita Yits Vit Mit, Zxit, 2yit, 57,157 Xigts YVits Vjtr Mty Zajts Zyjts 5]t) Pot}t:o-

B.4 Steady State

: ; iohe v, — v _p b _ b ~c _ sc S — L — . L — 5.
Consider a steady state in which: x;: = Xi, Pot = Po, Vi = Vi Yz = V5> Mit = M, Zait = Zaiy Zyit = Zyis

and 6;; = 0;. Barred variables denote steady-state levels. Note that the same applies in region j.

I assume that the labor market is slack in the steady state. Therefore, w{ ez Wi and WP =
wi™ = w;. Equation (B.7) pins down the steady-state level of wages:
1_\# s
. fﬂ, () a-0% (B.13)
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flex

In this steady state, §; < 0f. Imposing w; “* = @ = w;, I find 6;:
L 1
_ Py, (61 >¢ 1-s |
¥ C Zyi 1- ¢ . B.14
In steady state, Equation (31) becomes
~C
wzflex = 772’1 éz (BlB)
i
and Equation (32)
Wt = () (@] ") (B.16)

Substituting Equation (B.15) into Equation (B.16) and using w¢" = w;, I pin down 6;:

1
,b = -
éi = <7i7?2 wi) ! . (B.l?)

Substituting Equation (B.17) into the steady-state version of Equation (12), I find Fj:

€=

F; = [@ (1-s+ smiél_")} . (B.18)

Xi
Finally, I substitute Equations (B.17) and (B.18) into the steady-state version of the labor market clearing
condition to pin down N;:
Ni = (1 — S+ Smiél_n) FZ (Blg)

B.5 Derivation of Regional Phillips Curve

Log-linearazing Equation (B.7) around the zero inflation steady state yields

o0
Pi(9) — Bie—1 = (1 — aB) Y ()" Ey [(Mcirr — Pir+r) — Biter — Dir—1)]
k=0
where
e = —Zyit + d(ha A + D) + (1= ) (Par — bir) (B.20)
~b
and hy = 1}7 Rearranging the equation, I obtain
Dit(9) — Pir—1 = aBE; [Pl 1(9) — bie) + (1 — aB)(micy — Pi) + mi, (B.21)
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where 7;; is derived from the definition of the price index in Equation (16). Indeed, only (1 —«) firms are

able to reset their price, and since they are faced by the same probability of changing price in the future

and the same current and expected same marginal costs, they will choose the same price P;;. Hence, the

price index becomes

Pyt =aPTi+(1—a)Py "

Taking a log-linear approximation of this last expression yields
Pit = apit—1 + (1 — a)py,

which implies

it = (1 — ) (P — Dit)-

Substituting Equation (B.24) in Equation (B.21), after some manipulations I obtain
Tit = BEmiz 1 + §(Mci — Pit),

where
¢ (1-aB)(i-a)

(0}

Combining Equations (B.20) and (B.25), I get
mit = BEymiess + E¢(hyYiy + 0™ + E(1 = 0) (Par = Pir) — Edyir-
The log-linearized expression for the wage norm is

3% — Ak, — it + 0By 0ir > 0

(1= N5 — AL — v +nb) Oy < 07

Substituting Equation (B.27) into Equation (B.26), I obtain the regional Phillips curve

- tiah X X .
BEmitr1 + K905 + € [szg " (1= @)pai — zyit} Oit > 07
Tit = )

BEmiti1 + kit + € [Di + (1 — ) Pait — Zyit] O <03

where
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(B.22)

(B.23)

(B.24)

(B.25)

(B.26)

(B.27)

(B.28)



o KM = gom,

o 1= (1— )kt

o D39 = B[(3G — 1hir) — (1 — hy)A4)]

o Dy = ¢[(1— N) (3 — i) — (1 — A — hy)A5)]

® Duit = Prt — Dit-

B.6 Solving Forward

To derive equation (36), I solve equation (B.28) forward. I assume that if the labor market is slack in
t, then it will remain slack forever. If the labor market is tight in ¢, it will remain tight until ¢t + 7 — 1.
From period ¢t + T, the labor market becomes slack and will remain slack forever. Hence, the long-run
component of the variation of labor market tightness corresponds to a slack labor market. I make this
assumption because labor markets in the U.S. are generally slack. The episodes of tight labor markets

are indeed quite rare.

Consider the case in which the labor market in region i at time ¢ is slack. Equation (B.28) implies

that inflation is equal to
T = BB + ki + € [Dir + (1 — @)Pait — Zyit] - (B.29)

Solving equation (B.29) forward, I obtain
Tk = B, Z B* by ke + By Z BEE [Dipin + (1 — O)Puit-rk — Zyit+k] - (B.30)

Following Hazell et al. (2022), I decompose the variation of future labor market tightness éitJrk into a
transitory and a permanent component. The transitory component is defined as éit = éit—kEtéiHoo, where
Etémroo is the permanent component of variation in labor market tightness. Applying the decomposition

to equation (B.30), I get

slack =L Z 5 Kfezt—l-k + 1 ﬁEtezt—i-oo + By kZO/B § Vzt+k + (1 - (b)pmt—l-k - Zyzt—i—k] (B?)l)

Assuming that the shocks D, pgit, and 2, are transitory, and the labor market is slack in the long
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run, equation (B.28) implies that Emiyco = ﬁEtﬂiHoo. Moreover, as F;Ti100 represents the long-
run belief about the monetary policy regime and such regime is common between the two regions, then

EiTit 100 = EiTjt4oo = EtTi1o0. Substituting, I obtain

[ee] o
T = B + Br Y B0k + Er Y B ik + (1 — O)bwitrk — Zyitsk] - (B.32)
k=0 k=0

Assuming that 0,1 and Pait follow AR(1) processes with autocorrelation coefficients pg and p,, the regional
Phillips curve when the labor market is slack at time ¢ takes the following form:

WftlaCk = Eimiio0 + w;ézt + @ijﬁxit + €4t (B.33)

where

[ee]
o cit = B Y. BRE [Dink — Zyirrkl-
}=0

Let’s turn to the case in which the labor market in region 7 at time ¢ is tight. I assume that the labor
market remains tight until ¢t +7 — 1. At t 4+ T the labor market becomes slack and remains slack forever.

From equation (B.28), inflation in region i at time ¢ + T is equal to

slack

T34 = BB it 1+ 60irr + € it + (1 — O)Puait+T — ZyitsT] - (B.34)

Solving equation (B.34) forward, I obtain

(o.9]
T = Boyr Z BT klis e + Evvr Y B"TE Divsn + (1 = 0)baitsh — Zyivsn] - (B.35)
k=T

Decomposing the variation of labor market tightness in the transitory and permanent components, I get

oo
T = Eryr Z B {R9¢t+k + & [Pitrn + (1 — O)Dait+k — 2yz’t+k]} + > B bitroor (B.36)
k=T

Finally, I assume that éit and Py follow AR(1) processes with autocorrelation coefficients py and pp.
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Equation (B.36) becomes

oo o0 o0
T = Z (Bpo)* " kb1 + Z BT kBt o0 + Z(Bpp)kiTé(l = @)Dty
k=T k=T k=T
o
+ Erpr Y B TEBivan — Zyiten)- (B.37)

k=T

From period t to t + T — 1, the labor market is tight. From equation (B.28), inflation in region i at

time t 4+ T — 1 is equal to

tight lack tight /) ~tight . A
Tisdr—1 = BEramy T + £ Or—1 + &0, Ty + €1 — O)Pir—1 — E2yits 1. (B.38)

Solving backward, I obtain
tight tight ~tight

tight p A 2
T —g =BEwr—omylp_ + &9 0uyr—o + 03 r_o +E(1 — @)Diir_o — E2yit+T—2

gt _tight . .
=BE17-2 [BEHT—NTftlf%C + KMy g+ vyl 1+ €= )Pyt — gzyit—i-T—l}

tight _tight . .
+ &0y r—2 + E0 T o +E(1 = @)Piyr—0 — E2yit+T—2
2 lack |  tight 5 5 tight _tight
=B Eiir_omyiT + K (5Et+T—29it+T—1 + 9it+T—2> +¢& (/BEt-i-T—QVZ-tg_T_l + VitiT_Q)

+&(1— ) (BEsr—2D5 471 + Dirir—2) — & (BEr—22yit+1—1 + Zyit+1—2)

T—1
Wftzght =BT Byl + B Z Bk {’itighteit—i-k + & [Ditr + (1 — &) Pwitk — ﬁyz‘t+k]} . (B.39)
k=0

Decomposing the variation of labor market tightness into the transitory and permanent components, I

get,

T—1
tight ight A . .
Lhe :BTEthgiC:I]? + By Z B* {/‘i“ghteiﬁk + & it + (1 — @) Pait+r — zyit—i—k]}
k=0
T—1

+ Z BRI Byt oo (B.40)
k=0
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Assuming that éit and pgir follow AR(1) processes with autocorrelation coefficients pg and p,, I obtain

T—1 T-1

i ht T lack ¥ jetioht k. tight

M =p EﬁfticT‘i'Z (Bpg)” """ 05 +Zﬁ 9 Byit oo
k=0

k=0
T-1
Z(ﬁpp)kf(l - QZ) Dait+k + Z ,8 13 ( fz_g,_}]lf éyit—i—k) . (B.41)
k=0

Finally, I substitute equation (B.37) into equation (B.41) and obtain

79 T B | S (Bpa)t Tkl + > Bl bitroo + 3 (Bop)TE(L = )P 41

k=T k=T k=T
+ Z BT Dip ok — 2yit+T)]
k=T
T-1
+ ) " (Bpo)" K" Gi + Zﬂ’“ 9N By it o + Z Bop)*E(1 = ¢)prin
k=0 = =
T-1
~tigh ~
+ Z Bke (Vftzikt — Zyit+k>
k=0
T-1 A ~ [e's) _ A T-1 [eS) A
=Y (Bpo)* 60+ > (Bpo) T BT kE D + [K7MY B+ k> 8| Eibirgoo
k=0 k=T k=0 k=T
T—-1 00
+ Y (Bpp)" €1 = @)puir + Z(ﬁpp)k_TﬂTf(l — ¢)Eibyit+T
k=0 k=T
T—1 ) o)
+ E, Eij@ﬁﬂzWMJ+§jﬂ%amMzwﬂﬂ. (B.42)
k=0 k=T

Assuming that 0; and Dzit follow AR(1) processes with autocorrelation coefficients pg and pp, equation
(B.42) becomes

T
tight _ [1 - 5" wlight | B

T T
K‘| Eiit 1o + [1 — (Bp0)”  vigns + 7@%) 1 O:

it 1-3 1-8 1—Bpg 1— Bpg
5( - ¢) tight
+ 1 _ B p pa:zt + E g ) (B43)

where 5”ght = E, [Zg;ol kaﬁfﬁ? + 500 1 BR €D — D5 kaéyin} . Manipulating the coefficients on

50



Etéwroo and éit, I obtain

T T
tight _ K 1-p tight Jon K 1 — (Bpe) tight 0,
Tt 1—ﬁ+1—5 (H H) tVit+oo + 1—ﬁp9+ 1= By (Fu‘ ﬁ) it
§1—9). tight
+ mpm‘t + &’
1— BT iont o s 1—(Bo0)" | tignt| 7 A :
=EiTiro0 + 3 _ﬁ AN By oo + [wé tT 5 —(Bﬁppz )\Fé“ght} Oit + Vphait + 537"
=EiTis00 + VE it 100 + (v +13) Oit + Yphait + #ght’ (B.44)

where

o U — 11—_5; \ptight

. 7!)2 _ 1-(Bp)” A\ tight

0~ 1-PBpg
_ §(1-9)
* =735,

Putting together equations B.33 and B.44 the regional Phillips curve takes the following form:

EiTiyoo + VE iy + ¢§ight§it + YpPrit + Eﬁight O > 0},
ﬂ-it = 5 (B45)

EiTitoo + U505 + VPt + it Oi < 0y,

where

° wzlackz — 1/%

° wZight =¢5+¢3
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