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Abstract

We develop a novel, tractable macroeconomic framework where firms post wages and
workers search on the job, motivated by microeconomic evidence on wage setting. Be-
cause firms set wages to avoid costly turnover, the rate at which workers quit their jobs
features prominently in the model’s wage Phillips curve, matching U.S. empirical evi-
dence. We then examine the response of wages to cost-of-living shocks, i.e., shocks that
raise the price of household’s consumption goods but do not affect the marginal product
of labor. Such shocks pass through to wages only to the extent that higher cost of living
improves workers’ outside options, such as competing jobs or unemployment, relative to
their current job. However, higher cost of living lowers real wages at all jobs evenly, and
unemployment is rarely a credible outside option. We conclude that wage posting and
on-the-job search limit the scope for pass-through from prices to wages.
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1 Introduction

In the economic recovery following the COVID pandemic, economies throughout the world
experienced both rapid price inflation and nominal wage growth. This experience has gener-
ated interest in the relationship between price and wage growth and raised concerns among
policymakers of a wage-price spiral. However, mainstream tools for analyzing the relationship
between price inflation and wage growth assume wage setting mechanisms that are counterfac-
tual for economies such as the United States, namely that wages are set unilaterally by unions
representing workers. In many advanced economies, union membership has declined dramat-
ically, and evidence suggests that in the United States wage posting is the most common, if
not dominant, method of wage determination.! In light of this evidence and the recent experi-
ence of inflation, we ask, when firms set both prices and wages, through what mechanisms do
workers’ wages respond to shocks to cost of living, and how large is this response?

To answer this, we present a macroeconomic framework where workers search on the job,
and firms set both prices and wages subject to nominal rigidities in the form of standard, con-
vex adjustment costs. Since hiring is costly, firms are incentivized to pay sufficiently high
wages to quickly fill vacancies and discourage workers from quitting. The threat of workers
quitting into unemployment is low, so wages are primarily determined by firms competing for
already-employed workers. We analytically derive the wage Phillips curve in this environ-
ment, and show how it can be written as a simple relationship between nominal wage growth
and log deviations in the quit rate and the unemployment rate alone. Calibrated to match U.S.
data on worker flows, our model predicts that fluctuations in quits are the most important in
predicting wage growth, while unemployment, the forcing variable in standard sticky-wage
models such as Gali (2011), has almost no weight. Estimating this wage Phillips curve in re-
duced form on U.S. data, we find empirically that quits dominates unemployment in predicting

wage growth, providing a validation of the model.

!See Hall and Krueger (2012); Lachowska et al. (2022); Di Addario et al. (2023).



We then consider how wages respond to a cost-of-living shock: i.e., a shock that raises
the cost of households’ consumption bundle without affecting the marginal product of labor.
Formally, we assume that workers consume two goods: a labor-intensive services bundle (e.g.,
haircuts) and an endowment good (e.g., unprepared food or energy). Negative shocks to the
quantity of the endowment good thus raise the price of workers’ consumption basket without
affecting the marginal product of labor, allowing us to study how a “pure” cost-of-living shock
passes through to wages. We acknowledge that such a shock is not representative of inflation-
ary shocks in general; however, we study this shock in order to isolate in general equilibrium
the pass-through of prices to wages that is often described in narratives of how wage-price
spirals occur, intentionally abstracting from substitution of factors in production.”> We show
that this cost-of-living shock raises firms’ optimal wage only if it affects turnover costs by
making workers harder to recruit or more likely to quit. In our baseline model, we show that
a higher price level has no effect on these probabilities: since a higher price level changes the
real wages of all jobs proportionally, cost-of-living shocks do not make workers more likely
to quit or harder to recruit from other firms; and if unemployed workers’ purchasing power is
also equally eroded by higher prices, then a higher price level leaves the relative desirability
of employment and unemployment unchanged. Since the probability that a worker quits or is
recruited is unchanged, higher cost of living has no effect on wages in equilibrium.

We then consider a model extension where a higher cost of living does affect the probabil-
ity that a worker quits or is recruited, namely that unemployment benefits are indexed to infla-
tion, while nominal wages are not.” Increases in the cost of living now make unemployment
relatively more desirable, making unemployed workers more difficult to recruit and employed

workers more likely to quit into unemployment. However, we show that the presence of on-

2While consumers do substitute across goods (labor-intensive service bundle and endowment), labor demand
is ultimately determined by monetary policy, which we specify as stabilizing employment.

3This is economically similar but notationally simpler than assuming that there are direct utility benefits
from leisure which are higher while unemployed, provided that the elasticity of substitution between leisure and
consumption is not one; see Appendix B.1.



the-job search renders pass through from cost-of-living shocks to wages quantitatively small,
as competition for already employed workers continues to dominate firm wage setting deci-
sions even when the relative desirability of unemployment improves. Thus, a quantitatively
realistic amount of on-the-job search severely limits the pass through of cost-of-living shocks
to wages even when a higher cost of living makes employment relatively less attractive.*

While stylized, our model is consistent with a range of recent microeconomic evidence on
how wages are determined. Our model captures the result in Jiager et al. (2020) that wages are
insensitive to the flow value of unemployment benefits, even for workers who were hired di-
rectly from unemployment. This feature arises for two reasons. First, in our model calibrated
to U.S. data, the value of unemployment is significantly below the value of employment, so
even sizable changes in the flow value of unemployment benefits do not make unemployment
a credible outside option. Second, because firms post wages rather than bargain, all workers
are paid the same regardless of their previous employment status. This common wage policy
is supported by the finding in Di Addario et al. (2023) that workers’ prior employer has small
effects on workers’ current wages in a large majority of occupations, as well as results in Hall
and Krueger (2012) and Lachowska et al. (2022) that most workers in the United States face
wage posting rather than bargaining. Lastly, our model features finite elasticities of hiring and
separation rates with respect to firms’ wage policies (i.e., when a firm raises its wages, work-
ers join the firm more quickly and leave the firm more slowly), which has been extensively
documented in the monopsony literature (e.g., Datta, 2023; Bassier et al., 2022).

While prior research has modeled the relationship between job-to-job mobility and wage

growth,’ our setting provides a tractability advantage: if firms are ex-ante identical and adjust

#We also consider two other channels through which higher cost of living may affect wage growth: workers
searching on-the-job more frequently when the cost of living rises, and that workers become more wage sensitive
when cost of living is higher. We show in Appendix A and Supplementary Appendix F, respectively, that the
effects on wages from these channels are also quantitatively small.

SFor example, Moscarini and Postel-Vinay (2016a) extend the wage posting model of Burdett and Mortensen
(1998) into a dynamic setting, and Birinci et al. (2022) assume a three-party bargaining protocol to determine
wages. Faccini and Melosi (2023) study the relationship of job-to-job mobility and price inflation.



prices and wages subject to pricing frictions a la Rotemberg (1982), then our model features
a symmetric equilibrium with a single wage alongside endogenous worker flows between
firms (and unemployment). This single-wage outcome is compatible with workers’ on-the-job
search due to the presence of idiosyncratic, worker-specific preference shocks over work-
places, so that workers will sometimes choose to switch jobs even when firms offer identical
wages. The result is a tractable labor block with job-to-job mobility that can be easily inte-
grated into the standard New Keynesian modeling framework widely used both in the macroe-
conomics literature (Christiano et al., 2005; Smets and Wouters, 2007) and for policy analysis
at central banks. Additionally, our model has proven useful for policymakers’ reduced-form
empirical analysis of the U.S. wage Phillips curve (Heise et al., 2024a,b; Williams, 2024) by
providing a tractable structural explanation for the strong correlation between wage growth
and certain measures of labor market tightness (namely, quits and vacancies per effective
searcher).

Other recent studies have explored supply shocks and the response of wages in equilib-
rium. We differ from Lorenzoni and Werning (2023a,b) where workers set wages via unions
and Gagliardone and Gertler (2023) where workers bargain and wages are rigid in real terms.
Unlike these works and other papers which study oil or other shocks which affect the marginal
product of labor, we study a shock which only affects workers’ cost of living and focus on un-
derstanding whether the pass through of cost-of-living shocks to wages amplifies inflationary
shocks in the modern U.S. economy. Given this focus, we also abstract from assuming ad hoc
real wage rigidity, which mechanically generates pass through from cost-of-living changes to
wages, noting that there is little evidence to suggest this type of indexation is widely used in
the United States at present.® Similarly, while there is a long tradition of modelling nomi-

nal wage rigidity in New Keynesian models by assuming workers are unionized following the

%Evidence on the use of cost-of-living adjustments (COLAs) comes from studies of large union contracts,
which now cover only a small share of U.S. employment. Even within unionized workers, the share covered by
contracts with COLAs has shrunk dramatically since the 1970s. See Christiano et al. (2016), footnote 4.
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tractable approach in Erceg et al. (2000), we refrain from assuming that workers are unionized,
noting that only 11.3% of U.S. workers were unionized as of 2022 (Shierholz et al., 2023);
we also show that doing so is important for our results, as assuming unions set wages does
imply pass through from prices to wages in response to a cost-of-living shock. Our findings
accord with empirical results in Bernanke and Blanchard (2024) that “catch-up” of wages to
unexpected price increases was close to zero for most advanced economies during the COVID
period.

There is also a large macro-labor literature that embeds search frameworks and labor mar-
ket frictions in macroeconomic models to study implications for the business cycle. de la Bar-
rera 1 Bardalet (2023) develops a similar model of labor market monopsony with on-the-job
search and finds that increased monopsony power flattens the wage Phillips curve. Moscarini
and Postel-Vinay (2023) study a model where workers search on the job and bargain when they
receive an outside offer, resulting in a wage Phillips curve in which the distribution of wages
and misallocation of workers matters for wage growth. Instead, we assume wage-posting and
study a simpler setting without misallocation, where workers and firms are homogeneous in
their productivity, and study the implications for pass through from cost-of-living shocks to
prices. A strand of recent work (Hajdini et al., 2023; Pilossoph and Ryngaert, 2023; Pilossoph
et al., 2023) develops search models which capture the fact that inflation raises the rate at
which workers search for job opportunities, studying the implications for wage growth. While
our baseline model abstracts from this mechanism, we present an extension in the Appendix
A where workers’ on-the-job search intensity is increasing in the price level, finding that the
general equilibrium effects on wage growth are small in our setting—consistent with the fact
that U.S. workers believe that the pass-through from aggregate inflation to their income is low

(Hajdini et al., 2023).”

7 Appendix A shows that an increase in on-the-job search caused by a cost-of-living shock has modest effects
on wage growth. While a greater threat of worker separation incentivizes firms to raise wages when prices rise,
there is an important offsetting general equilibrium effect: a greater number of searchers lowers labor market
tightness, making it easier for firms to replace departing workers. The net result is that wages respond minimally



Our results suggest that in a setting such as the United States where few workers oper-
ate under collective bargaining agreements with cost-of-living adjustments, and where firms’
wage setting decisions reflect competition for already-employed rather than for unemployed
workers, the ability for workers to reclaim real wages in response to a supply shock that raises
their cost of living is limited. There is thus little scope for supply-shock induced wage-price
spirals fueled by workers’ ability to command higher nominal wages in response to higher

nominal prices.

Layout Section 2 presents stylized facts from U.S. data, demonstrating the tight correlation
between quits and wage inflation that motivates our model’s assumptions of wage posting
and on-the-job search, as well as a weak relationship between price and wage inflation. Sec-
tion 3 presents our benchmark New Keynesian model with on-the-job search and firms’ wage
posting. Section 4 demonstrates that our wage-posting model with on-the-job search implies
little scope for pass through from prices to wages: specifically, Section 4.1 demonstrates this
result quantitatively in our model, and also shows that monetary policy shocks cause wages
and prices to co-move. Section 4.2 works through an extension of our baseline model, in
which our cost-of-living shock makes unemployment more desirable and causes firms to raise
wages, and shows that our assumption of on-the-job search renders this channel quantitatively
small. Section 4.3 summarizes the implications of several other extensions of the model for
pass-through. Section 4.4 shows that our model’s structural wage Phillips curve matches the
empirical wage Phillips curve estimated from the data in Section 2, and Section 5 provides
analytic comparison of our model to neoclassical labor supply models and union wage setting
models commonly used in the literature, in which changes in prices do pass through to wages.

Section 6 concludes.?

in general equilibrium when workers search on the job more frequently in response to higher cost of living.
80nline Appendices and Supplementary Appendices provide additional related results.

6



2 Stylized Facts on the Wage Phillips Curve

Before proceeding to our formal framework, we present two stylized facts about the wage
Phillips curve. First, nominal wage growth, measured by the employment cost index and
price inflation are weakly related at high frequencies. Second, nominal wage growth is tightly

correlated with the quits rate.

Figure 1: Wage Growth and Headline Price Inflation
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Notes: Between 1990-2019, nominal wage growth and price inflation were weakly correlated.
Nominal wage growth and price inflation both surged during the COVID pandemic and recov-
ery.

Figure 1 plots the time series of four quarter growth in the employment cost index of wages
and salaries for private industries and four quarter growth in the consumer price index, begin-
ning in the fourth quarter of 1990 when the employment cost index data is available. Outside
of the post-COVID period, nominal wage growth and price inflation are weakly correlated.
Divergence between price inflation and wage growth is particularly visible in 2011 and 2015,
when inflation rose and subsequently fell, while nominal wage growth was changing only
gradually.

Figure 2 plots the relationship between the four quarter moving average of the quit rate,
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Figure 2: Wage Growth and Quits
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Notes: There is a strong correlation between quits, measured here as the four quarter moving
average of quits per hundred employees from the Job Openings and Labor Turnover Survey
(JOLTS), and four quarter growth in the employment cost index, wages and salaries for private
industries.

which is measured as quits per hundred employees from the Job Openings and Labor Turnover
Survey (JOLTS), and the four quarter growth in the employment cost index. This figure
shows an extension of the result documented by Faberman and Justiniano (2015) that quits
are highly related to growth in the employment cost index, and is related to results docu-
mented by Moscarini and Postel-Vinay (2017) that nominal wage growth is well-predicted by
job-to-job transitions.” The fact that a large share of quits are in fact job-to-job transitions
motivates the inclusion of on-to-job search in our model; we will show later that including a
realistic quantity of on-the-job search (i.e., by calibrating our model to U.S. data) has impor-
tant implications for the pass through of cost-of-living shocks to nominal wages.

We formalize these claims about the correlations of these variables using OLS estimates of

9The empirical measure of quits include various labor market transitions: job-to-job transitions without a
period of non-employment, job-to-job transitions with a period of non-employment, and voluntary quits into
non-employment. Qiu (2022) shows finds that 3% of workers transition from employment to non-participation
each month (most of which appear voluntary) and Elsby et al. (2010) find that only 16% of workers who quit
enter a period of unemployment.



the empirical wage Phillips curve which include measures of wage inflation, quits, and price
inflation over time. We also include the unemployment rate and the unemployment gap (the
difference between the unemployment rate and the natural rate of unemployment), which are
the traditional labor market indicators for estimating the wage Phillips curve (Gali, 2011).'
Formally, in quarter ¢, letting (); denote quits, U; denote the unemployment rate, and 7;" and
7 denote quarterly nominal wage and price inflation, respectively, we estimate the following

regression:'!

T = Bo+ BonQ + BunU, + Brmi—q + & (1)

Table 1 reports the results: the empirical estimate BQ is much larger than BU.IZ Indeed,
By is not generally significant at conventional levels and is not of the expected sign once
we include quits (see Column (3)). These results are robust to the inclusion of the COVID
pandemic and recent recovery. In the following sections, we will develop a model that is
capable of matching the empirical correlations in equation (1): specifically, we will write
down a structural wage Phillips curve of the similar form of (1), where we will have both a
large positive value of BQ but small (and potentially positive) value of BU when including quits
and unemployment in the wage Phillips curve.

Table 1 also reports the coefficient of lagged price inflation on wage growth Bﬁ. The

coefficient on inflation is fairly small, with elasticities all below 0.15. Comparing Columns

10For the quits data, from 2010Q3-2023, we use the private sector quit rate JTSI000QUR from the St. Louis
Federal Reserve FRED database, aggregated by averaging at the quarterly level. Prior to 2000, we use the
quarterly private sector quits rate from Davis et al. (2012). Between 2001Q1 and 2010Q2, we use the average
of these two series. Similarly for the employment cost index, we use the employment cost index wages and
salaries series for private industry workers ECIWAG from FRED beginning in 2005. Prior to 2001, we use the
SIC industry basis of the employment cost index for private industry wages and salaries, series ECS200021, from
the Bureau of Labor Statistics. From 2001-2005, we take the average of these two wage series.

""We compute the inflation terms as log differences: letting W, be the nominal wage and P, be the price level,
7 =100 x (In Wy —InW;_1) and m;—1 = 100 x (In P,—; — In P,_5).

12Column 1 should be interpreted as “for a 100% increase in the unemployment rate (i.e., double the un-
employment), there is an .485% point decrease in quarterly gross wage growth”. Likewise, Column 2 implies
that 100% increase in the quits rate (i.e., double the quits) would result in 0.9737% point increase in quarterly
wage growth. The standard deviation of log quits and log unemployment are 0.17 and 0.28, respectively, from
1990Q2-2024Q1.



Table 1: Time Series Regression of Wage Growth on Labor Market Variables, 1990Q2-
2024Q1

(1 (2) 3) “4) )
Variable ECI ECI ECI ECI ECI
In U, -0.4850***  -0.0388 0.1375
(0.0727) (0.0986) (0.1054)
In Q; 0.9737*** 1.1175%*%* (0.9815%**  (.9995%**
(0.1553) (0.1875) (0.1657) (0.1223)
InU;, —InU; -0.0325
(0.0967)
InU;_y -0.0226
(0.0748)
-1 0.1411%*%* 0.0882***  (0.0365  0.0880*** (.0877***

(0.0480) (0.0331) (0.0321) (0.0329) (0.0328)

Observations 136 136 119 136 136
Sample End 2024Q1 2024Q1 2019Q4 2024Q1 2024Q1

Standard errors in parentheses
ok p<0.01, ** p<0.05, * p<0.1

Notes: Results from a quarterly regression of wage growth measured using the Employment
Cost Index (ECI) on unemployment, the quit rate, and lagged price inflation, as specified in
equation (1). While Column 1 shows that a regression of wage growth on unemployment alone
yields a familiar negative sign, including quits reduces the significance to below conventional
levels as seen in Column 2. Columns 3 and 4 demonstrates that this result is robust to dropping
the COVID pandemic and recovery, and also to measuring unemployment in log deviations
from it’s natural rate as estimated by the CBO, In(U;) —In(U;*). The final column demonstrates
that using lagged U, doesn’t alter the results. Standard errors are Newey-West with 4 lags.

(1) and (2), we see that the coefficient on price inflation falls when adding quits, suggesting
that the unemployment rate is failing to pick up fluctuations in both wage and price inflation
that the quit rate absorbs. Column (3) shows that prior to COVID, there was no significant
relationship between price inflation and wage growth after conditioning on quits. Including
the unemployment gap or lagging unemployment in Columns (4) and (5), respectively, does
not meaningfully change the results.

In Section 4.4, we will use this wage Phillips curve evidence to compare the empirical
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wage Phillips curve with our model-implied wage Phillips curve. Our model-implied wage
Phillips curve will include a real wage “catch-up” term on the right hand side that is a function
of cumulative past inflation, and so the model-implied wage Phillips curve will take a slightly
different form. We will show that the elasticity of wages with respect to this model-implied

catch-up term will be theoretically and empirically very small.

3 Model

This section builds a model where firms post wages and workers search on the job, and cal-
ibrates that model to U.S. data. In laying out the model, we first describe the problem of a
firm posting wages in the presence of recruiting costs and on-the-job search. When deciding
whether to raise wages, the firm trades off between a higher wage bill and lower turnover
costs. Lower turnover costs come from the fact that a higher wage increases the probability
that the firm recruits a particular searcher, regardless of whether that searcher is already em-
ployed or unemployed (the recruiting rate), while also lowering the probability that incumbent
workers leave (the separation rate). Because the firm’s problem does not depend directly on
the price level in partial equilibrium, an increase in workers’ cost of living can only affect
wages through its effects on these recruiting or separation rates.

We then describe the solution to the worker’s problem, which determines firms’ recruiting
and separation rates. Since a change in the price level affects the real wages offered by all
firms proportionally, changes in the price level can relatively improve workers’ outside op-
tion, and raise wages, only if changes in the price level make unemployment relatively more
attractive. If this is the case, this can lead to pass through from cost of living to wages, as
firms must now offer a higher wage to retain the same number of workers as before. However,
these considerations are quantitatively small when (i) most workers already vastly prefer a job

to unemployment and/or when (ii) most searching workers already have a job, rendering the

11



value of unemployment irrelevant when considering whether to accept a new job offer. More-
over, this channel need not exist at all if changes in the price level do not affect the desirability

of unemployment, as in our baseline model described below.

Structure There are two goods in the economy: an endowment good X; and services Y;.

They are combined into an aggregate consumption good, C';, according to the CES function
1 n=1 1 np=1\ p-1
Cy = (a{}Yt T toayX,” ) , (2)
with corresponding aggregate price index '’
1— 1-n\ =
P, = (ayP,;"+axP, ;") . 3)

Workers are hired by firms to produce services Y, so that their real wage is determined by the
nominal wage offered in that sector divided by the aggregate price level F;. The total amount

of endowment good X; = 1 is given, and X, is flexibly and competitively priced.

Cost-of-Living Shock Our “pure” cost of living shock is a decline in the endowment good
X which raises its price, P, ;, and hence the price level P; in (3). This is a pure cost-of-living
shock in the sense that it raises the cost of living for workers without affecting their marginal
products, unlike an oil shock, for example, which may affect both. The point of consider-
ing such a shock is not to downplay the role or importance of oil shocks to many modern
economies, but to highlight how these shocks propagate and consider whether a “wage-price

spiral” amplifies their effects on the price level.

Firm’s Wage-Posting Problem We now turn to the determination of the nominal wage.

We assume that perfectly-competitive retailers bundle service types j according to a standard

BWe assume avx + ooy = 1 with ay > 0 and ary > 0 as usual.
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Dixit-Stiglitz production function with an associated ideal price index:

o= ([on=a)”

1

P, - (f (Pg,t)l‘ﬁdo

yielding product demand for variety j:

Y_tj — Pi]’t : (4)
Yt Py,t

The firm j produces only with labor according to Y;j = A{ Nj;. Firm j sets nominal wages

W;: each period, which is assumed to be the same for all workers in the firm, including new
hires. Workers separate from firm j with probability S;(W;;|{Wi:}x.;) each period, with
S;(Wit|{Wiitkr;) < 0: firms retain a higher share of workers each period by paying a
higher wage, given other firms’ wages. The firm can recruit workers by posting vacancies
Vi, and the probability that a vacancy successfully results in a hire is Ry (W[ {Wit}rrj),
with Ry (W;i|{Wi:}rz;) > 0. How retention and separation functions R;(W:|{Wj:}r.;) and
St(Wit|{ Wit} ;) depend on wages set by other service firms will be derived after we describe
households’ and workers’ problems in Section 3.2.

The firm pays a convex, per-vacancy hiring cost, ¢ (%)X W4, to post V; vacancies,
where W, is the aggregate wage, ¢ > 0 and x > 0. Finally, the firm is also subject to price

and wage adjustment frictions a la Rotemberg (1982). Given this, each firm j maximizes the
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present discounted value of profits, solving

. 2
0 t X J
1 o V. 0 P, )
—— ) | PY) — WuN;, — LB I VAN 1/ s L D I 7
{PJT}%}, 2, (1+p> ( v e C<Nyyt—1 2 \p, t

~t=0
{th}v{th}v{‘/;S]}

v Wy ’
- — —1 W N
9 Wj7t71 JtL Vgt

subject to the law of motion for employment

®)

Nji = (1 = Si(Wjt))Nje1 + Ve Ry (W) (6)

and the product demand equation (4). From inspecting equations (5) and (6), we can observe
that the service sector firm chooses the wage (and other choice variables) taking as given the
choices of other service sector firms (embodied in the price index and aggregate output of the
service sector), parameters, and the separation and recruiting rates S;(-) and R, (-). Note that
since the vacancy-posting cost is denominated in labor (i.e., priced by the aggregate wage W),
the aggregate price level P, does not appear directly in (5). Thus, in partial equilibrium, the
only way that changes in the price level can impact the firm’s wage setting decision is through
changes in S;(-) and R;(-), which will be determined by the solution to workers’ optimization

problem described in Section 3.2.

3.1 Symmetric Equilibrium

To make this relationship between the separation and recruiting rates and the firm’s choice of
wage clearer, we derive a wage Phillips curve from the firm’s first order conditions, assuming
for the moment that a symmetric equilibrium, where all firms offer the same aggregate wage
W, exists. Under this assumption, the wage Phillips curve expresses nominal wage growth as

exclusively a function of aggregate, endogenous labor market variables: vacancies, employ-
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ment, recruiting and separation rates, and recruiting and separation elasticities, again with no
direct role for aggregate price index F,.

Denote € 1 and £y as the elasticities of the recruiting function R,(/;;) and the separa-
tion function S (W;;) with respect to the wage W;;. Then in any symmetric equilibrium where

W;; = Wy, Nj = N;, Vi = Vi, P/ = P, and Y{ =Y}, the wage Phillips curve characterizing

Wy
Wi_1

nominal wage growth I}’ = is given by:

Vi N1 Si(Wh)

— — - 7
thR,Wt + ( 5S,Wt) N, Ri(W)) @)

V; X
U (I — I + 1 =c¢(1 + x) (Nt—1>

1 w w w )2 Nt‘i‘l

+m¢ (M, — 1) (I14,) N,
Thus, in any symmetric equilibrium where firms solve an optimization problem of the form
of (5), the wage Phillips curve will be a function of the current and expected future paths
of the job vacancy rate V;, employment N;, the recruiting and separation rates R;(W;) and
Si(WW}), and their elasticities, denoted gy, > 0 and gy, < 0 following conventions in the

monopsony literature; see e.g. Bloesch and Larsen (2023).'*

Interpretations This wage Phillips curve (7) captures how competition for workers affects

Vi

firms’ optimal wage growth. The first term ( N

)X captures the convex cost of posting va-
cancies: since firms must post vacancies to attract workers, higher marginal vacancy posting
costs raises the value of both recruiting a worker the firm has matched with as well as retaining
existing workers. If getting a worker in the door is more valuable, then firms will want to pay
higher wages. The next term, within brackets, includes the recruiting elasticity term g y,,
which captures how sensitive the probability of hiring a matched worker is to the wage. If this

recruiting elasticity is elevated, then workers’ acceptance probability will be more sensitive

to the wage, increasing the incentive at the margin for a firm to raise its wage. This e, is

14 Appendix B.2 derives the firm’s first-order conditions in (5), including the price Phillips curve and wage
Phillips curve (7).
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multiplied by the number of vacancies V;. Next is the separation elasticity term g yy,. This
elasticity is negative, so the negative of the separation elasticity is positive. A more steeply
negative separation elasticity means that workers’ likelihood of quitting is more sensitive to
wages, so the more negative this value is, the greater the incentive to raise wages at the margin.
Lastly, we have the separation rate S;(1/;) and recruiting rate R;(1/;). A higher separation
rate indicates that workers have more opportunities to quit, increasing pressure for firms to
raise wages. Analogously, when the recruiting rate R,(1V;) is higher, workers are easier to
hire, lowering the pressure for firms to raise wages.

The next section describes the household and workers’ optimization problems, which de-
termine the recruiting and separation functions faced by firms. Having done so, we can then
log-linearize and simplify (7) above to evaluate the model’s ability to match the empirical
wage Phillips curve discussed in Section 2. We do this in Sections 3.3 and 4, after discussing

the model’s implications for pass-through.

3.2 Households and Workers

This section derives the household and worker block of the model. We deviate from the stan-
dard assumption in the New Keynesian literature of perfect consumption insurance within the
household by assuming that households only imperfectly insure the consumption of work-
ers who are unemployed, consistent with evidence that unemployed workers consume less
than employed workers (see e.g., Chodorow-Reich and Karabarbounis (2016)). We assume
that workers themselves choose whether to take a particular job offer, making employment
decisions based on relative wages and consumption levels, in addition to idiosyncratic firm-
specific preference shocks. Workers’ mobility decisions aggregate up into the firms’ recruiting
and separation functions. Households smooth aggregate consumption within the household
over time, yielding a standard Euler equation, making the labor block easy to integrate into a

standard New Keynesian setting.
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Frictional Markets Workers and firms match according to random search in a frictional
market. As mentioned above, each firm j posts V}, vacancies, and aggregate vacancies are
Vi = {Vjidj. At the beginning of each period, a share of workers s € [0,1] exogenously
separate and enter unemployment Also each period, employed workers can search on the job
with some constant, exogenous probability Az € [0, 1], and unemployed workers always
search. !

The unemployment rate is defined as U;, so the total mass of searchers S; becomes S; =
Age(1 —U;_1) + U;_1, which includes on-the-job searchers from this period and unemployed
workers from last period. Matching is random and follows a constant returns to scale matching

function M, (V;, S;), given by

SV,
M,(V;, S)) = ————
(St + V)

)

with v = 2 following the literature. Labor market tightness is 6; = }9/—: The job finding

rate for workers, f(6;) = J‘g—; is increasing in tightness 6;, and the probability that a vacancy

is matched with a worker ¢g(6;) = %ﬁ is a decreasing function of tightness §. The share

Aee(1-Us_1)

5 , and the share of searchers who are

of searchers who are employed is ¢p; =

unemployed is ¢y = 1 — ¢p; = Ugl. The job finding rate for workers f(6;) and vacancy-

filling rate g(6;) are given by

0, 1
et = T 1> (9,5 = 1
f(&) (1+6y) a(6) (1+6y)

N

Households A representative household has a unit mass ¢ € [0, 1] of members who can
work. Households seek to maximize the discounted present value of their members’ utility,

which is log in consumption. Without loss of generality, assume that unemployed household

SThis simplifying assumption ignores the possibility that on-the-job search intensity increases with the price
level (Hajdini et al., 2023; Pilossoph and Ryngaert, 2023); Appendix A relaxes this assumption and finds that
pass-through remains small even if workers search more intensely as prices rise.
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members must each have the same consumption level, C{.'® Then letting C;(i, (7)) denote
the consumption of worker i in state j(i), where j(i) indicates the firm ¢ is employed at, the

household’s objective function becomes

2 (i)

The household is allowed to choose C}* (effectively, an unemployment benefit) and also a

1-U;

UIn(C}) + f

0

In (Ci(2,5(4))) di] :

linear tax/subsidy on employed workers, who consume their income each period:

subject to the following budget constraint: letting [J; be nominal dividend payments from
services firms (who profit from monopoly and monopsony power) and perfectly competitive
goods firms (who receive the endowment X, and sell it, rebating the proceeds to households),
B; be nominal bond holdings in zero net supply paying nominal interest rate ¢;, and finally let-

tlng Wt = 1 -t

= Yo Wijdi be the average wage of employed workers, the budget constraint

is
D, By (1+41)Bi

UG =5 =g+ —p —— +1-m)-U)3 (8)

To make further progress in delivering a tractable model with households’ standard consump-
tion Euler equation, we impose an ad hoc consumption sharing rule within the household
requiring that unemployed workers’ consumption must be a constant fraction of employed

workers’ average consumption:

Ce
_— 9
where ¢ > 1 and Cf = —1jUt S(l]_Ut C(i,j(i))di is the average consumption of employed.

This rule allows us to capture the fact that the ratio of unemployed and employed consump-

16This is not restrictive, as given our other assumptions the household will always choose to equalize con-
sumption across unemployed agents due to diminishing marginal utility of consumption.
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tion is relatively constant over the business cycle (Chodorow-Reich and Karabarbounis, 2016).
Moreover, it can be thought of as the result of a household facing an incentive-insurance trade-
off: by insuring unemployed workers less and making unemployment relatively worse (lower
§), the household provides greater incentive for its members to take jobs, at the expense of
taking consumption away from unemployed workers with higher marginal utility of consump-
tion. Note that in Section 4.2, we will study an extension of this model in which the household
implements a different unemployment insurance scheme where the consumption ratio is not

held constant.

3.2.1 Symmetric Equilibrium Features a Standard Euler Equation

In a symmetric equilibrium where all firms set the same wage, and so W, = W, the house-
hold’s problem under constraints (8) and (9) simplifies to choosing aggregate consumption C}

and bond holdings B; to maximize

i(ﬁ)m ((1 = Uitm Ut)

subject to the simplified budget constraint

D, B (1 + 91 t)Bt,l
Ci==-= : 1— U)W,
‘=B Pt+ 2 + ( W,

Optimization yields the standard consumption Euler equation with log-utility given by:

1 144

—1 tt+1 ~—1
= ; (10)
t 1 + p Ht+1 t+1

Py
P

where I, =

Workers Workers get utility from consumption and an idiosyncratic preference draw ¢. ¢

represents how much workers like their current job at firm j, which is redrawn every period
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and is 1.i.d. Workers draw a similar preference shock each period during unemployment (note
that the household does not take the idiosyncratic preference shocks into account when solving
the problem described above). Workers are myopic'’ and consider their utility only one period

at a time, which for worker i in state j is given by'®
Vili, j) = In (Ci(4, j)) + tije-

These assumptions of myopic workers and log utility will greatly help with tractability, and
we discuss how relaxing these assumptions have small effects on our results in Section 4.3.

APE and conditional on search-

Workers are allowed to search on the job with probability
ing, are matched with a vacancy with probability f(6). Workers are allowed to consider un-
employment with probability AV, Consider a worker i currently employed at firm j who suc-
cessfully matches with firm k’s vacancy. She will move to firm & only if V;(i, k) = V.(3, j).
Let us define s, (W;;, W) as the probability that the worker is poached from firm j to firm
k, conditional on matching with firm £’s vacancy.

We assume that ¢ follows a Type-1 extreme value distribution with scale parameter ~y~! for

tractability. Following the consumption sharing rule in (8) and (9), s;;(W;,, Wj) is given by

7
Wi
(=) Wi

5 N T 7
<Tt%> + <TtWTit> Wi + I/Vjt

st (Wi, W) =

(1)

which is decreasing in W}, if firm j pays a higher wage, workers are less likely to be poached.
Notice also that the probability a worker switches jobs is only a function of the relative nominal

wage. The worker takes as given the internal tax rate set by the household 7; and the price

17Section 4.3 and Supplementary Appendix E analyzes the case where workers are forward looking, reaching
the conclusion that doing so adds considerably to the complexity of the model and burdens discussion without
changing the dynamics of the model’s response to cost-of-living shocks.

8The absence of utility from leisure, which may be greater in unemployment, is a simplifying assumption: we
can introduce leisure without changing the results if the elasticity of substitution between leisure and consumption
is one. See Appendix B.1 for further discussion on how assuming a different elasticity affects the results.
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level F;, both of which are unchanged regardless of which job the worker chooses.
Now consider a worker who is deciding whether to quit into unemployment. Let the aver-

age wage of employed workers in worker ’s household be ;, which determines consumption

in unemployment through C}* = % = Tt%.lg Since a worker ¢ who is currently employed at
firm j quits into unemployment only if V(7, j) < V(i, unemployed), thus the probability that

a worker voluntarily quits into unemployment s;,(W;;) is given by

N N )
B I OO A

1
which is decreasing in W, but does not depend on the price level F;.

These individual transition probabilities aggregate up into the firm’s separation rate S (W;;):
each period, a share of workers s € (0, 1) exogenously separate while the remainder (1 — s)
endogenously separate if they receive an opportunity that they prefer to their current job (ei-
ther another job, or the chance to exit to unemployment). Recalling that f(6;)\gg denotes
the probability that a particular employed worker is allowed to search on the job and matches
to another firm, and that Agy denote the probabilities that an employed worker is allowed to

consider quitting into unemployment, the separation rate is written as

St(Wie) = Se(Wit{iWiihirg) = s+(1-5) [)\EEf(et) fsjk(th, Wit ) 2(Wie)dk + AEUSju(th)] ;
(13)
where z(W},) is an endogenous density function of outside posted wages. Note that Sy(-) is
a decreasing function of W, i.e. S;(W;;) < 0, since all of it’s components are decreasing in
W.; in other words, the firm’s separation rate falls as the wage rises.
Analogously to the individual separation probabilities, there are probabilities that a matched

worker is recruited into the firm conditional on whether the worker is employed or unem-

“Note that in the symmetric equilibrium in the next section, the average wage earned by workers in each
household W; will equal the aggregate wage W;.
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ployed. Consider a worker employed at firm & that encounters firm j’s vacancy. The probabil-

ity that firm j successfully poaches the worker r(W;;, W) is:

W Y
(%) W
gl N T o v
(7’ %> + (Tt W”) Wi + Wi

tP, P

rkj(th VVgt) = (14)

which is increasing in W;; and is a function of relative wages.
Now consider an unemployed worker who is matched with firm j’s vacancy. The proba-
bility that the worker takes the job with firm j is defined as r,;(1V};) and is equal to
W, \ 7
(%) W

Tuj(Wit) = = ¥ = N7 ’ 15)
j Wi Y
(?) + Wi

which is increasing in Wj,.

We can use (14) and (15) to write firm j’s recruiting rate, defined as the share of vacancies
that successfully result in hiring a worker. Recalling that ¢g(6;) denotes the probability that a
vacancy is matched with a worker, and that ¢, and ¢, denote the share of searchers who

are employed and unemployed, respectively, we can write the recruiting rate as:

Ry(Wj) = Re(Wie{Wiebizj) = 9(6:) [fﬁE,tJ Tij (Wi, W) (Wi )dk + ¢U,t7"uj(th)} :

k (16)
where w(Wy,) is the distribution of wages that workers are currently employed at. The re-
cruiting rate R;(Wj;) is an increasing function because all of its components 7, and 7, are
also increasing in Wj,. In other words, a higher wage improves the firm’s odds of recruiting

workers through its vacancies.
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3.2.2 Symmetric Equilibrium Features Simple Separation and Recruiting Functions

In a symmetric equilibrium where all the firms set the same wage, i.e., W, = W, for Vj, both

S(-) and R(-) becomes functions of tightness 6, and simplify from (13) and (16) to

R, = g(6) (¢E,t%+¢w (%)) (18)

where the aggregate wage 11, does not appear on the right hand side of (17) and (18). There-
fore, in a symmetric equilibrium, both separation and recruiting rates .S; and R; become in-
dependent of aggregate wage W;. This is because all the competing firms set the same wage
level, and the relative desirability of employment over unemployment is independent of the
wage due to household’s consumption sharing rule (9).

The reason for the absence of the price level P; in the separation rate formula (17) is
similar: fundamentally the price level is irrelevant to a worker considering choosing between
two different nominal wage offers. Also driving this result is the fact that we have assumed the
price level is irrelevant for workers considering choosing between working and unemployment.
This is because the households’ consumption sharing rule (9) fixes the relative consumption
of employed and unemployed workers at £, which naturally appears in equations (17) and (18)
above: the higher real consumption ratio £ is on average, the more likely unemployed workers
are to prefer the state of employment to that of unemployment, so S; decreases with ¢ and R,
increases with ¢ all else equal. Note that we can relax our assumption that the consumption
ratio £ is fixed without changing the results for pass-through: the key here is that the price
level, P, does not affect both S; and R; in equilibrium. Fixing unemployment benefits at some
nominal level, for example, would still result in the relative attractiveness of employment and
unemployment being insensitive to the price level by the same logic that applies to employed

workers choosing between nominal wages at two different jobs.
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As we will show in Section 4.1, there is no pass-through at all in our baseline case where
the relative consumption of employed and unemployed workers is fixed at £. However, the as-
sumption that the relative desirability of unemployment (formally, the probability of preferring
a job offer at aggregate wage IV, to the unemployment state) is constant and completely inde-
pendent of the aggregate price level is strong; this would not be true if, for example, we had
assumed that the representative household insures unemployed households by guaranteeing
them some constant, real unemployment benefit b (i.e., if unemployment benefits are perfectly
indexed to inflation), or if we had assumed that workers derive some utility from leisure, as
well as consumption, and that leisure utility is systematically higher while unemployed. We
discuss the former case in Section 4.2; Appendix B.1 discusses the worker’s problem with

leisure, which has similar implications but requires more burdensome notation.””

3.3 Equilibrium Selection

We can close the model with a simple Taylor rule, with a potential policy shock ¢; ;:

144, = TP (1 + £4) (19)

where Iy, = 5 i’tl is inflation in services prices and with ¢;; = 2, and solve for a symmetric
Y,t—

equilibrium. Our symmetric equilibrium consists of sequences of all endogenous prices and

quantities satisfying that: (i) firms choose identical sequences such that W, = W, Nj; = IV,

Vie = V4, ng,t = P4, (i1) workers and households maximize utility, (iii) firms maximize
profits, (iv) product markets clear, and (v) labor market flows add up.
We linearize these necessary conditions in a symmetric equilibrium around a non-stochastic

steady state, and solve for the unique solution. While there is a unique, symmetric equilib-

20This is because we must take a stance on the elasticity of substitution between leisure and consumption;
Appendix B.1 demonstrates that if leisure and consumption have an elasticity of substitution of one, then changes
in the price level have no effect on the relative desirability of employment for a given nominal wage, as in the
benchmark case with fixed consumption ratios.

24



rium (for our given parameter values) we cannot rule out and leave unexplored the possibility
of non-symmetric equilibria where ex ante identical firms choose different wages. The fact
that we have one wage in equilibrium, while still having worker flows between unemployment
and various firms due to idiosyncratic shocks, buys us a highly tractable dynamic model with

on-the-job search.

Implications for Wage Growth Specifically, consider the firm’s wage Phillips curve (7). In
a symmetric equilibrium, the separation and recruiting rates and elasticities appearing in (7)
depend only on 6¢; and ¢, the share of searchers who are already on the job.?! Thus, we can

show that in equilibrium the wage Phillips curve up to a first order is

Tw ] ] 1 FTw
11 = B0y + BuUi—1 + T p i (20)

where the “check” (%) variables denote log deviations from steady state. The appearance of

Vi

0, rather than s

in the wage Phillips curve reflects the presence of on-the-job searchers:
intuitively, since unemployed workers are not the only job searchers, labor market tightness is
not % but 6 = % In the model, when 6, is high, workers are harder to both recruit and retain,
putting pressure on firms to raise wages (i.e., 5y > 0).

The appearance of unemployment U;_; in (20) alongside 6; reflects two features of our
model. First, note that our benchmark calibration features vacancy posting costs convex in %,
so that when U is low, firms are larger (/V is big), making hiring via vacancies easier, implying
downward pressure on wages. This yields a slightly positive Sy in our benchmark calibration
(x = 1); assuming a linear cost (y = 0) in V' yields slightly negative /.

The reason that 3y becomes negative under Y = 0 arises from the second feature: the

composition of searchers matters for wage growth beyond the relative number of jobs and

21 This can be seen by observing the separation and recruiting rate expressions (17) and (18) above; the same
can be shown for their elasticities. The derivation of (20) is provided in Appendix B.3.1.
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searchers. Because our model’s calibration implies that unemployed workers accept job offers
with high probability, their job-taking decision is not very sensitive to the offered wage, in
contrast to the decision by employed workers. Thus when U;_; is high, and relatively more
searchers are unemployed, optimizing firms prefer to acquire workers by posting vacancies,
rather than raising wages. However, this effect is quantitatively small in the calibrated bench-
mark model (5y ~ 0): even if unemployed workers’ job-taking decision is much less wage-
sensitive than employed workers’ decision, changes in unemployment U;_; do not change the
equilibrium wage much given 6;. Consistent with this intuition, Appendix B.3.1 shows that
setting both x = 0 and A\gp = 0 yields a wage Phillips curve which depends on the ratio %

alone; intuitively, with only unemployed searchers, there is no role for composition effects,

v

and labor market tightness ;

summarizes wage pressures.
Finally, note that using the tight relationship between tightness and quits ();, which are the
endogenous component of separations ((); = S; — s), shown in equation (17), we can write

wage inflation as:

STw ) d 1 STw
IIY = BoQ: + BulUi—1 + mHt+1' (21)

Because workers receive more job offers and thus quit more frequently when labor market
tightness is high, the model predicts that either quits (); or f; can summarize wage pressures—
along with unemployment.

In summary, given that Sy ~ 0, this simple wage Phillips curve reveals that current and
future expected path of labor market tightness 6; or quits is effectively a sufficient statistic
for wage growth. Neither conventional demand shocks (i.e., monetary policy shocks €;) nor
conventional supply shocks (both aggregate technology shocks and “cost of living shocks™)
appear in the wage Phillips curve; see Appendices B.2 and B.3 for a derivation (which allows
for TFP shocks). These shocks will only affect wage growth in equilibrium through their
effects on labor market tightness. In Section 4.4, we revisit this result and compare the model-

implied and empirical wage Phillips curves in more detail.
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3.4 Calibration

We calibrate the model to match labor market flows and the sensitivity of recruiting and sep-
aration rates to firm wage policies. For labor market flows, we calibrate the model to match
U.S. data during the period 2015-2019 to capture the approximately full-employment condi-
tions that existed prior to the COVID shock. Data on the unemployment rate and separation
rate come from the Bureau of Labor Statistics (BLS) and the Job Openings and Labor Turnover
Survey (JOLTS). For the sensitivity of recruiting and separation rates to wages, we choose the
inverse scale parameter for workers’ idiosyncratic preferences + to match the recruiting and
separation elasticities estimated in Bassier et al. (2022). We set the consumption ratio £ = 2,
which is higher than in Chodorow-Reich and Karabarbounis (2016) but closer to what maxi-
mizes steady-state utility for the household in our setting; the results are largely insensitive to
changing this parameter. We otherwise choose standard values for most parameters; Table 2
lists the model’s calibrated parameters, some of which are chosen to target other moments in

U.S. data given in Table 3.

4 Implications for Pass-Through from Prices to Wages

This section studies the effects of a cost-of-living shock, defined as the following thought ex-
periment: what happens to nominal wages when an unanticipated, temporary, negative shock
to the endowment good X raises the price level at ¢ = 0? This section also demonstrates that
the model generates positive co-movement between the quits rate and nominal wage growth
in response to demand shocks.

Section 4.1 demonstrates quantitatively that, in our baseline model derived in the previous
section, cost-of-living shocks have zero effect on wages. We also show that monetary policy

shocks cause quits and wages to co-move, as in the data. Section 4.2 presents quantitative
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Table 2: Parameters in the Monthly Benchmark New Keynesian Model

Parameter Value Meaning Reason

AEE .14 OTJ search probability Match EE rates

ABU .30  Opportunity to quit probability Match voluntary EU rate, Qiu (2022)
13 2 Consumption ratio: Cf/C}' See Notes below
S .01  Exogenous separation rate Match JOLTS monthly separation Rate
vy 6 Scale parameter—! of i.i.d. preferences Match ¢ RW — ES,W
€ 10 Elasticity of substitution of services
Y 100  Services price adjustment cost

(1l 100 Wage adjustment cost
n 1 Services/endowment good EOS

ax .2 Endowment good share in CES Utility
X 1 Convexity in vacancy posting costs Bloesch and Larsen (2023)
c 30  Hiring cost shifter Targeting U

.004  Discount Rate Monthly model

Table 3: Selected Moments in Model Steady State and Data

Targeted Moment Meaning Model Data Source
U Unemployment rate .044  .044 BLS
S Monthly separation rate .036 .036 JOLTS
ERW — ESW Recruiting minus separation elasticities 4.4 4.2 Bassier et al. (2022)

Notes: We calibrate the model to match labor market flows of the U.S. economy during
2015-2019 to capture the approximately full employment conditions that existed prior to the
COVID shock. Data on the unemployment rate and separation rate come from the Bureau
of Labor Statistics (BLS) and the Job Openings and Labor Turnover Survey (JOLTS). We set
¢ = 2, higher than in Chodorow-Reich and Karabarbounis (2016) but closer to what maxi-
mizes steady-state utility for the household in our setting; the results are largely insensitive to
changing this parameter.

results for pass-through in an extension to the model in which price level increases make un-
employment more attractive for a given nominal wage, generating a positive response of wages
to higher cost of living. However, we show that on-the-job search dramatically dampens pass
through of cost-of-living shocks to wages. We further provide evidence that on-the-job search
helps match micro-evidence that wages are unresponsive to the value of unemployment ben-
efits, as shown in Jédger et al. (2020). Section 4.3 discusses extensions including endogenous

on-the-job search probability, CRRA utility, and forward-looking workers, arguing that none
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of these extensions affects the conclusion from Section 4.2 that pass-through of cost-of-living
shocks to wages is quantitatively small. Finally, Section 4.4 presents a log-linearized wage
Phillips curve from the extended model in Section 4.2 and compares the wage Phillips curve
in the calibrated model to a model-consistent empirical wage Phillips curve. We show that the
model’s log-linearized wage Phillips curve aligns well with the empirical evidence on the im-
portance of quits for predicting nominal wage growth and weak pass-through of cost-of-living

shocks to wages.

4.1 Response of Wages to Cost-of-living and Monetary Policy Shocks:

Baseline Model

This section analyzes the response of the baseline model described in Section 3 in response to
both cost-of-living shocks (which do not move wages) and monetary policy shocks (which do

move wages). We use the calibration presented in Table 2.

4.1.1 Cost-of-Living Shocks

We subject the economy to a 10% negative quantity shock of the endowment good X; from
X; = 1. Given the assumption of a unit elasticity of substitution between services and goods
in final aggregation, i.e., n = 1, this implies a 10% relative price shock to good X; and an
increase in the overall price index F;. Additionally, we assume that the monetary authority
leaves nominal interest rates pegged:** given the household’s Euler equation (10) and the fact
that » = 1 implies constant expenditure shares across services Y; and endowments X, this

experiment effectively holds aggregate demand for services constant, leaving the labor market

2In this case, monetary pegging corresponds to the Taylor rule (19), as services price inflation ITy; remains
unchanged in response to our cost-of-living shocks. Pegged monetary policy in this environment stabilizes Ny,
unless firms charge a higher services price P, ; in response to a cost-of-living shock, which is not the case here.
As seen in our price Phillips curve (B.11) in Appendix B.2, services price inflation depends on nominal wage
growth and the same set of labor market variables that appear in the wage Phillips curve. Thus the cost-of-living
shock does not affect service price inflation because it does not affect the equilibrium wage or those labor market
variables.
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unaffected.

Figure 3: Impulse Response to a 10% Negative Shock to Supply of Endowment Good
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Notes: This figure presents the effects of a decreased supply of the endowment good X; under
a nominal interest rate peg, which we call a pure cost-of-living shock. Given the assumption
of a unit elasticity between services and goods in final aggregation, this implies a 10% relative
price shock to good X; and an increase in the overall price index F;. Given the household’s
Euler equation and constant expenditure shares, the nominal interest rate peg experiment ef-
fectively holds aggregate demand for services constant. Since the shock does not affect the
relative attractiveness of unemployment and working, the recruiting and separation elasticities
faced by firms are also unchanged as discussed in Section 3.2.2: the result is no change in
vacancy posting, no change in tightness, and no change in the nominal wage, which causes
real wages to fall as shown in the last panel.

Figure 3 shows the results. In response to the cost-of-living shock, headline inflation
I, increases, but nominal wage growth IT}” and labor market tightness 6, are unchanged. This
zero result occurs for two reasons. First, because of the household’s consumption sharing rule,
higher cost of living lowers real consumption by the same proportion for both employed and
unemployed members. Because workers’ utility is log in consumption, the relative desirability

of employment and unemployment are unchanged. Therefore, both the probability that an
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employed worker quits into unemployment and the probability that an unemployed worker
accepts a job are unchanged. Second, because monetary policy stabilizes employment N, and
therefore services output Y;, firm demand for labor is unchanged in response to the cost of
living shock. With labor demand and the probabilities that workers flow across labor market
states unchanged, firms can maintain employment levels by keeping vacancies constant, which
subsequently holds tightness 6; constant. Because all of the real labor market variables are
constant, firms’ optimal wage is unchanged. This zero result can be seen in our nonlinear
wage Phillips curve (7) in Section 3.1, which writes wages exclusively as a function of labor
market variables: vacancies, employment, recruiting and separation rates, and their elasticities.
If none of the labor market variables are affected by the higher price level, then there will be
no effect on nominal wages. The net result from the cost-of-living shock is that real wages fall

on impact, and revert when the shock has passed.

4.1.2 Monetary Policy Shock

To show that the model is capable of generating a positive relationship between quits and
wages, as in the data, we also analyze the effect of an expansionary monetary policy shock
on wages and quits. Specifically, we subject the economy to a one period, 1 percentage point
decrease in nominal interest rates, with a monthly persistence of 0.8. On impact, nominal
wage growth and the quits rate rise together, as seen in Figure 4. Recall that the quits rate is
defined in the model as separations less exogenous separations: ¢); = S; — s. Lower nominal
interest rates raise demand for services consumption, which increases demand for labor. Firms
then post more vacancies, increasing opportunities for workers to find other jobs, which raises
job-to-job quits, while also increasing competition among firms for workers, leading to higher
wages.This result demonstrates that our model can rationalize co-movement between quits rate
and wage growth, documented in Figure 2 and the literature (Faberman and Justiniano, 2015;

Moscarini and Postel-Vinay, 2017), through demand shocks like monetary policy shocks.
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Figure 4: Expansionary 1% Decrease in the Policy Rate
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Notes: This figure plots the effects of a 1% decrease in nominal interest rates in our baseline
model. Both nominal wage growth and employment-to-employment transitions rise as lower
nominal interest rates raise demand for consumption, which increases demand for labor. Firms
post more vacancies, increasing opportunities for workers to find other jobs, which increases
the quit rate, while also increasing competition for workers, which raises wages. This result
demonstrates that the model can rationalize co-movements between quits and nominal wage
growth, documented in Faberman and Justiniano (2015), through demand shocks like mone-

tary policy shocks.

4.2 Extension: Cost-of-Living Shocks with Inflation-Indexed Unemploy-

ment Insurance (UI)

This section revisits the cost-of-living shock experiment of Section 4.1.1 while relaxing the
assumption that the relative desirability of unemployment and employment is held fixed by
the household, allowing the relative desirability of unemployment to rise along with the price
level. We then show how on-the-job search mutes the pass-through from prices to wages in

this variant of the model.
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4.2.1 Separation and Recruiting Rates

We now assume that households no longer fix the ratio of consumption between employed
and unemployed workers, but instead provide unemployed workers some inflation-indexed
quantity of consumption, b. For a given nominal wage, an increase in the price level now raises
the relative consumption of unemployed agents, making unemployment more desirable. To
see this, note that the probability that a worker separates from employment to unemployment

is now given by
by

@

The separation rate s;,, from employment to unemployment now depends on the price level:

Sju (Wit Pr) =

at a given nominal wage, higher prices makes unemployment more attractive. Similarly, the

new recruiting function from unemployment is

Wi\
Py

Wi\ ’
<ij) + o

where now we see that a higher price level makes recruiting from unemployment more difficult

rug (Wil Fr) =

at a given nominal wage, by the same logic.

In a symmetric equilibrium where W;, = W, for Vj, the separation and recruiting rates

become
1 b
Si=s5+(1—5) )\EEf(et)§ +Apv—5— | (22)
(#) -
and
Lo ()
Ry = g(0h) | épaz + ova S (23)
(%) -7

Unlike the benchmark case represented by (17) and (18), the price level P, affects the recruit-

ing and separation rates via the probability of quitting into unemployment and the probability
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of successfully recruiting unemployed workers.

All the other model equations (i.e. the first-order conditions of firms and the Taylor rule)
remain unchanged; Appendix B.4 shows how to derive an Euler equation in this setting which
is identical to that used above, given appropriate assumptions on the representative house-
hold’s optimization problem with a redistribution plan. We calibrate the model with a choice
for unemployment benefit b instead of &; we set b = 0.4 which results in a steady-state con-
sumption ratio for employed to unemployed agents of 2, so that this moment is the same at the

steady state as in the baseline model with £ = 2.2

4.2.2 Pass-Through Results and the Role of On-the-Job Search )\pg

We now show that on-the-job search quantitatively mutes pass-through of higher cost of living
to wages when unemployment benefits are indexed to inflation. In this setting, a higher cost
of living improves the relative desirability of unemployment relative to employment, making
unemployed workers harder to recruit and employed workers more likely to quit into un-
employment, prompting firms to raise wages and generating pass-through of cost-of-living
shocks to wages. In this setting increasing the frequency of on-the-job search dampens this
pass-through of cost-of-living shocks to wages for two reasons.

First, as can be seen in equations (22) and (23), when on-the-job search is higher, firms face
greater threat of separations to on-the-job search, and the share of searchers who will be on-
the-job searchers increases. Since a higher cost of living lowers real wages at all jobs evenly,
the probability that an on-the-job searcher accepts a given job offer is unaffected by the price
level. If a greater share of separations and hires are job-to-job, where the price level doesn’t

matter, then mechanically the relative value of unemployment will matter less for wage setting,

Z3Recall from the discussion in Table 2 that the consumption ratio & = 2 is higher than in Chodorow-Reich
and Karabarbounis (2016) but closer to what maximizes the steady-state utility of households. While results in
the baseline model are insensitive to changing &, modifying the model to allow for pass-through from cost of
living shocks to wages as we do here implies changes in b matter: lowering b might raise or reduce the pass-
through of cost of living to wages depending on A g, but does not affect the result that on-the-job search A\pp
mutes this pass-through. Quantitatively, changes in b do not affect the level of pass-through much.
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and cost-of-living shocks will have less of an effect on optimal wages. Second, the presence
of on-the-job search increases competition for labor, pushing wages further above the value of
unemployment and making the changes in the relative value of unemployment less important
for firm wage setting. For calibrations that deliver empirically realistic unemployment rates
and job-to-job flows, equilibrium wages are far above the value of unemployment, and so
most unemployed workers accept jobs (in our calibration, 98.5% of the time), and employed
workers quit into unemployment very infrequently. In this case, marginal changes in the
relative value of unemployment due to unemployment benefits being inflation-indexed have
small effects on the probability that an unemployed worker accepts a job or an employed
worker voluntarily quits. As a consequence, marginal changes in a firm’s own wage primarily
affects job-to-job hires and separations, and so firms are primarily concerned with competition
for already-employed workers when setting wages. Since the price level has no direct effect
on rate of job-to-job mobility, and firms mostly care about job-to-job mobility when setting
wages, then the price level and the relative value of unemployment will have little effect on
wages.

To illustrate this, we perform two exercises. First, we calculate the steady-state value of
wages for different values of real unemployment benefits b and on-the-job search probabilities
App. With even a modest amount of on-the-job search, we generate the empirical finding in
Jiger et al. (2020) that the value of unemployment benefits has little effect on the equilibrium
wage level. Second, we subject our economy to a cost of-living shock for different values of
Aeg, showing that on-the-job search dramatically dampens the pass-through of cost-of-living
shocks to wages.”* Together, these exercises show that with on-the-job search, the price level,
and by extension the relative value of unemployment, have little effect on wages.

Figure 5 illustrates how the equilibrium wage w in steady state changes with the value of

real unemployment benefits b, based on the the rate of on-the-job search Agg. As \gp — 0,

24Notice in equations (22) and (23) that there is an isomorphism between P; and b: a higher price level lowers
the relative desirability of employment as does a change in the level of unemployment benefits b.
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Figure 5: On-the-Job Search Mutes the Effect of Changing Unemployment Benefits on Equi-
librium Real Wages
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Notes: In the model with fixed real unemployment benefits described in Section 4.2, elimi-
nating on-the-job search by sending Ay — 0 means that changes in unemployment benefit
b have large effects on the equilibrium real wage (denominated in the price of aggregate con-
sumption), seen by examining the gaps between the blue solid line and dashed red line. This is
because without on-the-job search, firms set wages mostly considering the problem of recruit-
ing unemployed workers, which makes the level of b important in their wage-setting problem.
At our value of A = .14 calibrated to U.S. data, where firms mostly recruit from other firms,
we see that the same changes in b have almost no change in the equilibrium real wage offered,
as in the data: the three lines lie on top of each other at this point.

changing the real unemployment benefit b has large effects on the equilibrium real wage, seen
by examining the gaps between the blue solid line and dashed red line, for example. At our
value of A = .14 calibrated to U.S. data, we observe that the same changes in b yield almost
no change in the equilibrium real wage offered by firms, as in the data. Thus, beyond the fact
that incorporating on-the-job search is important to capture the fact that quits are mostly job-
to-job quits rather than quits into nonemployment, on-the-job search helps capture the near
irrelevance of unemployment benefits for the wage.

Next we consider how the response of wages to a cost-of-living shock differs under dif-
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Figure 6: On-the-Job Search Mutes the Pass-Through of Cost of Living Shocks to Wages
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Notes: This figure presents the effects of a decreased supply of the endowment good X; under
the Taylor rule (19), in a variant of the baseline model where increased cost of living raises
the desirability of unemployment as described in Section 4.2. While there is now some pass-
through from the cost-of-living shock to wages, on-the-job search significantly dampens this
result, seen by comparing the results in calibrations where the on-the-job search probability,
Agg is calibrated to match U.S. data (the solid blue line) to a calibration where workers are
almost never allowed to search on the job (the dashed red line).

ferent frequencies of on-the-job search Agg. Figure 6 presents the impulse response function
of wage growth to a cost-of-living shock in the log-linearized model under our standard cali-
bration with Agp = 0.14: in the solid blue line following our benchmark calibration, we see
that the effect on wage growth is quantitatively small. Intuitively, this is because the increase
in the desirability of unemployment is not quantitatively relevant to firms who worry mainly
about the risk of losing their workers to other firms, and recruiting workers on the job, than
about quits to unemployment and/or recruiting unemployed workers.

To illustrate the importance of on-the-job search in delivering this result, we also estimate
the impulse response function in the version of the model without on-the-job search, where the
probability of being allowed to search on the job \gg is nearly zero, given by the red dashed
line, finding that the response of wages becomes considerably larger. When A gp is low, firms’

main concern when deciding wages becomes attracting unemployed workers into employment
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and discouraging quits to unemployment, since workers almost never have the chance to leave
for another firm. Thus, firms raise wages more aggressively in response to a cost-of-living

shock when on-the-job search is shut down.

4.3 Robustness: Endogenous \rz, CRRA Utility, and Forward-Looking

Workers

Throughout Section 4, we showed that pass-through of cost-of-living shocks to wages through
a particular channel, namely inflation-indexed unemployment insurance, is quantitatively small.
However, inflation-indexed unemployment insurance is not the only way to achieve positive
pass-through of higher cost of living to wages. Here we briefly summarize two alternative
model extensions, arguing that other plausible mechanisms for pass-through also deliver quan-
titatively small response of wages to higher cost of living. We also find that our results of small
pass-through are robust to workers being forward looking, rather than myopic.

First, we consider an extension to the baseline model where the probability A\gz at which
workers search on-the-job rises when real wages fall, considering evidence by Pilossoph and
Ryngaert (2023), who find that inflation raises the rate at which workers search for job oppor-
tunities, and Pilossoph et al. (2023), who study how an endogenous change in search proba-
bility affects workers wages in partial equilibrium. In Appendix A, we incorporate a simple
extension where on-the-job search intensity Agp rises when real wages fall. This is a simpli-
fied way to capture that workers’ on-the-job search effort may increase when real wages are
lower. We find that in general equilibrium, the pass-through of cost-of-living shocks to wages
remains small, as greater on-the-job search intensity lowers labor market tightness, offsetting
the positive wage impulse in partial equilibrium from greater on-the-job search.?

Second, we generalize workers’ preferences to allow for constant relative risk aversion

(CRRA) utility in consumption, and we consider cases where workers are more risk averse

ZBirinci et al. (2022) discuss the same offsetting force, but in a setting with outside offer matching.
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than under log utility. This makes workers” mobility decision more sensitive to relative wage
differences between two job offers when the cost of living is higher, encouraging firms to pay
higher wages. We show in Supplementary Appendix F that this effect is quantitatively very
small: under reasonable risk aversion levels, wages rise by less than 0.1% in response to shock
that raises the aggregate price level by 2%.

Lastly, we analyze how cost-of-living shocks pass through to wages if workers are forward-
looking. In this case, workers make decisions based on idiosyncratic utility draws and the ex-
pected future path of wages promised by the firm. Even when workers are forward looking, we
similarly find that pass-through of cost-living-shocks to wages is quantitatively small. Details
such as how we address the firm’s commitment problem when faced with time-inconsistency?®

can be found in Supplementary Appendix E.

4.4 Comparing Empirical and Model-Implied Wage Phillips Curves

In this section, we linearize the non-linear wage Phillips curve based on the household block
with inflation-indexed unemployment benefits of Section 4.2 and re-derive the log-linearized
wage Phillips curve in terms of observable labor market variables. Because many labor market
variables are linear combinations of each other in the log-linearized version of the model, there
are many ways to express our wage Phillips curve in terms of observable variables. We focus
on two specifications: in the first specification, wages depend on the job vacancy rate, the
unemployment rate, and a real wage term. This is an interesting specification because we can
investigate whether the coefficients on vacancies and unemployment are symmetric (equal in
magnitude but oppositely signed) as would be the case in search models without on-the-job

search, such as Gagliardone and Gertler (2023). The second specification writes wage growth

26In particular, firms have an incentive to pay lower wages initially, promising higher wages in the future to
attract workers. Since firms have those incentives in every period, we face a classic time-inconsistency problem.
We provide a novel, tractable way to circumvent this issue by borrowing the timeless approach from the literature
on optimal monetary policy under commitment. Recently, Rudanko (2023) considers this time-inconsistency
problem in a model of firm wage setting and direct search.
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as a function of quits (instead of vacancies), the unemployment rate, and a real wage term,
allowing us to evaluate the role of quits in our model and compare our model to the motivating
evidence in Section 2.

Our calibrated model captures three facts regarding the wage Phillips curve: (i) in a re-
gression with vacancies and unemployment, the weight on vacancies is larger than the weight
on unemployment;>’ (ii) in a regression with quits and unemployment, quits dominates and
the coefficient on unemployment is near zero; and (iii) the “catch up” of nominal wages af-
ter a cost-of-living shock raises prices and pushes down the real wage is very weak, in line
with Bernanke and Blanchard (2024). All these coefficients in the wage Phillips curve are
untargeted moments, as the model was calibrated only to match labor market flows and the

sensitivity of workers’ mobility decisions to relative wages.

Linearized Wage Phillips Curve with Vacancies We begin by presenting the log-linearized
wage Phillips curve, where nominal wage growth is a function of log deviations in the vacancy
rate V;, the unemployment rate U, and a real wage term 10

Tw ¥ g < 1 Tw

IIY = ov Vi + opUi—1 + ¢y + mHtH, (24)
where @, = >\ TI* — 3 _ TI, is a real wage term that takes into account the real wage last
period and the realized price inflation in period ¢. Therefore ¢ represents direct pass-through
of prices to wages; the coefficient ¢ is zero in our baseline model.”® When we estimate the
OLS regression, we truncate the real wage term to include wage growth and price inflation up

to 12 quarters prior, i.e. s =t — 12.

Panel A of Table 4 reports the model-implied, structural coefficients and the estimated

27 A recent literature has focuses on the ratio of vacancies to unemployment as the forcing term in the Phillips
curve, see (Barnichon and Shapiro, 2022; Benigno and Eggertsson, 2024). Andolfatto and Birinci (2022) argue
that the appropriate level of labor market tightness should account for on-the-job searchers.

Z8Derivations of (24) can be found in Appendix H. Appendix B.3 derives a log-linearized wage Phillips curve
in our baseline model of Section 3 without the real wage term w in equation (24).
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coefficients in regression (24). In both the model and the data, the coefficient on vacancies ¢y
is positive, the coefficient on unemployment ¢;; is negative, and the coefficient on real wages
¢ 1s negative. Also, the magnitude of ¢y is larger than the magnitude of ¢, suggesting that
ratio of job openings to unemployed workers % does not summarize the effect of labor market
variables on wage growth. Instead, fluctuations in the job openings rate have bigger effects on
wages than similar percent fluctuations in the unemployment rate. While these coefficients are
the result of the implicit weights of vacancies and unemployment that determine the recruiting
rate, separation rate, and their elasticities, there is an intuitive reason why vacancies matter

more than unemployment in wage growth: unemployed workers are not the only searchers.

\%

Recall that labor market tightness is defined as 6 = 5> where the mass of searchers S is

defined as S = U + A\ggp(1 —U). As such, fluctuations in U have less of a proportionate effect
on tightness @ than do fluctuations in V/, and consequently less of an effect on wages.”’

Table 4 also reports coefficients for different values of y, the convexity of vacancy costs,
showing that the relative importance of V' in affecting wage growth relative to U increases
with the convexity of vacancy posting costs (recalling that per vacancy costs take the form of

C(N‘t/il

)X). This is intuitive, as when Y is higher, each additional increment of vacancies raises
the marginal cost of recruiting even more, incentivizing firms to raise wages more when firms
are posting vacancies.*

The third row of Panel A of Table 4 reports the model implied coefficients for our extended
model with inflation-indexed unemployment benefits, which includes a non-zero coefficient on
the real wage term. This coefficient is negative, since lower real wages would imply catch-up
wage growth, as high cost of living improves the relative desirability of unemployment, mak-

ing recruiting and retention more difficult for firms. However, the model-implied coefficient is

29 Appendix D explores how the size of on-the-job search probability A affects the relative sizes of coeffi-
cients ¢y and ¢ in equation (24) in our baseline model of Section 3 with ¢ = 0.

30A popular alternative way to model turnover costs is to assume that hires, rather than vacancies, are costly:
(Pissarides, 2009; Blatter et al., 2012; Moscarini and Postel-Vinay, 2016b). However, we show in Supplementary
Appendix G that adding hiring costs has minimal effect on our model-implied log-linearized wage Phillips curve.
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very small, implying that a 10% drop in the real wage would increase quarterly nominal wage

growth by only 0.3%.

Table 4: Structural Wage Phillips Curve Coefficients vs. OLS Coefficients

Panel A: Vacancies V; and Unemployment U;_;

Source dv ou Pu
Baseline Model (y = 1) 1.84 -030 O
Baseline Model (y = 0) 0.95 063 0
Real Unemployment Benefit Model (y = 1) 1.84 -0.30  -.030
OLS using ECI 1990-Present 0.40%** -0.22* -.019*

(0.12) (0.12) (.010)

Panel B: Quits (); and Unemployment U,

Source Bo Bu Ba
Baseline Model (y = 1) 2.48 0.09 0
Baseline Model (y = 0) 2.13 -0.11 0

Real Unemployment Benefit Model (y = 1) 2.48 0.09 .0426
OLS using ECI 1990-Present L11*** 0,04  -.02]1%**

(0.16) (0.07) (.007)
Standard errors in parentheses (Newey-West; 4 lags)
*x p<0.01, ** p<0.05, * p<0.1
Notes: These variations on the baseline model’s wage Phillips curve are broadly in line with
the OLS estimates from U.S. data, putting much more weight on vacancies or quits than un-
employment. The table compares our OLS estimates with results from two calibrations: the
baseline calibration with y = 1 (convex vacancy posting costs) and x = 0 (linear vacancy
posting costs). See Table 2 for other parameter choices. The models’ structural wage Phillips
curves are converted into quarterly frequency.

The fourth and final rows of Panel A in Table 4 report the estimated OLS coefficients
for (24) using U.S. data from the second quarter of 1990 through the first quarter of 2024.%!
Consistent with the model, the coefficient on V' is larger in absolute value than is the coefficient
on U, though the difference is not quite as large as implied by the model. The coefficient on
the catch-up term ¢,; reports an elasticity of —(0.019, indicating that a 10 percent decline in real

wages would generate a 0.2 percent higher nominal wage growth in a quarter, which is similar

31Prior to 2001, the job openings rate comes from the Help-Wanted Index in Barnichon (2010) and Michaillat
and Saez (2022). Beginning in 2001, the jobs opening rate comes from the Job Openings and Labor Turnover
Survey (JOLTS).
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to the magnitude implied by our extension with inflation-indexed unemployment insurance.

Linearized Wage Phillips Curve with Quits Returning to earlier evidence and motivation
on quits and wage growth, we can rewrite the wage Phillips curve so that wage growth depends
on the quits rate. To write down a wage Phillips curve of a similar form as equation (1), recall
that we define quits (); as all separations S; less the exogenous separations s, i.e., (); =
Sy — s, so quits in the model captures both voluntary job-to-job quits and voluntary quits
from employment into unemployment. Since the quits rate itself is a function of vacancies,
unemployment, and the real wage, the wage Phillips curve (24) can in turn be written in terms

of quits ();, unemployment U,_+, and real wage w0, as™

w o g X 1 ~rw
¢ = Bt + PuUi—1 + oy + T (25)

for positive 8o > 0 and Sy of indeterminate sign which depends on the calibration (both co-
efficients are functions of parameters and steady state values). The exact value of 3y depends
on the relative weights on V' and U in determining [I* and () in the log-linear model.

The possibility of a positive coefficient on the unemployment rate may seem surprising,
since traditionally the coefficient on the unemployment rate in the wage Phillips curve is neg-
ative. However, this can arise because the quits rate already contains information on the un-
employment rate: because workers’ quit rate depends on their job finding probability f(6;),
which itself depends on tightness #; and subsequently on the unemployment rate U;_;, the
extent that the unemployment rate affects wage growth may be entirely or more than entirely
accounted for by its effect on wages through quits. Therefore after controlling for quits, the
coefficient on the unemployment rate may be “wrong-signed”. This happens to occur in the

first and third rows of Panel B in Table 4 when y = 1. Regardless of the sign of 3y, for rea-

32For this part of the derivation, i.e., expressing Q) in terms of V;, U;_1, and 1y, see Supplementary Appendix
H; see Appendix B.3.1 for the same derivation in the baseline model: there, Q;, will depend only on V; and U, _;.
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sonable calibrations we find that 3 is very close to zero in the model once also conditioning
on the quits rate, which is consistent with the empirical estimates in the fourth row of 4 Panel
B, as well as in Table 1. This is in line with our explanation in Section 3.3.

Just as the inclusion of the quit rate can flip the sign of [y, including the quits rate may
also flip the sign of 3, at least in theory. If unemployment benefits are inflation indexed, then
an increase in the cost of living will lower real wages, make recruiting and retaining workers
more difficult for firms, and push nominal wages up. However, this effect will be partially
reflected in the quit rate: when real wages fall and unemployment becomes relatively more
desirable, quits will rise in response. Therefore, as was the case with unemployment, there is
information about the level of the real wage embedded in the quits rate. As a consequence,
once we account for the quits rate, the coefficient on the real wage term may become positive.
As the fourth row of Panel B shows, the OLS regression with quits, unemployment, and the
real wage term still produces a negative coefficient of -0.021, which is not predicted under our
model calibration. However, the coefficient is still quantitatively small, consistent with very
weak pass-through of cost-of-living shocks to wages.

In total, the wage Phillips curve predicted by our model matches three facts about the US
wage Phillips curve since 1990: (i) in a regression with vacancies and unemployment, the
weight on vacancies is larger than the weight on unemployment; (ii) in a regression with quits
and unemployment, quits dominates and the coefficient on unemployment is near zero; and
(iii) the catch up of wages after higher cost of living pushes down the real wage is very weak.
These results, combined with the model matching microeconomic evidence on how wages are
determined, lead us to conclude that our model is a good representation of wage determination

and the wage Phillips curve for the United States.
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5 Comparison with Other Wage Setting Models

In this section, we show how our framework with wage posting and on-the-job search differs
from two common labor blocks in macroeconomic models: the standard neoclassical labor
supply model and the sticky wage model with differentiated labor and union wage setting
as in Erceg et al. (2000). In all three models, pass-through of cost-of-living shocks ultimately
depends on workers’ labor supply responses, based on how the cost-of-living shock affects the
relatively desirability of work and non-work (work hours and leisure in the neoclassical and
union models, employment and unemployment in our model). In practice for the neoclassical
and union wage setting models, it will matter greatly how much non-labor income is generated
from the cost-of-living shock: if non-labor income goes up, this generates a wealth effect that
decreases household labor supply, which results in higher nominal wage growth. In our setting,
because unemployment is rarely a desirable outside option, wages are primarily determined
by competition for already employed workers, so changes in the relative value of employment

versus unemployment has little effect on wages.

Pass-Through with Neoclassical Labor Supply and Flexible Wages Consider an alterna-
tive model where firms still have sticky prices and a similar production environment (so the
consumption and price aggregators (2) and (3) are unchanged), but the labor supply block is

neoclassical. Households maximize

= 1 141
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so that labor [V, is hired in a spot market and there is no unemployment. Under the assump-
tion that the central bank stabilizes employment /N; = N in response to a negative shock to
quantity of the endowment good X; at time ¢ = 0, wages rise only if < 1, i.e., the elasticity
of substitution between X; and Y; is relatively weak. The sign and magnitude of the response
in wages depends on the strength of income and substitution effects, governed by the elastic-
ity of intertemporal substitution of consumption utility, and wealth effects when workers are
endowed both with leisure and the good X;. Because utility of consumption is log, income
and substitution effects on labor supply from a lower real wage cancel out. Therefore wealth
effects will determine the labor supply response of households.

The direction of those wealth effects are governed by 7, the degree of substitution between
Xy and Y;. When 1 < 1, a cost of living shock as described above generates positive wealth
effects, as prices for the endowment good rise more than one-for-one with the decline in
quantity. This makes the household want to supply less labor, so firms must raise wages if
N, is to be stabilized at its pre-shock level.** If n > 1, the opposite logic will hold: workers
will want to work more, and wages will actually fall in response to the shock. Thus, even in a
perfectly competitive labor market, workers’” wages can respond to a cost-of-living shock even

when the shock has no direct effect on workers’ productivity.*

Pass-Through with Differentiated Labor and Union Wage Setting Given the consump-
tion and price aggregators (2) and (3), now let us assume that households now supply mul-
tiple types of labor; unions set wages for each type to maximize household utility subject to

downward-sloping labor demand for each type from a “labor packer” which packages each

labor type {V,(4)} into aggregate labor N; = (Xé Ny (i) 2 dz’) ¥ Which is purchased at wage

W, by services firms. Wages are sticky as in Erceg et al. (2000) and Gali et al. (2012) as unions

3See Appendix C.1 for a proof.
3* Appendix C.1 also analyzes the non-log case of a general consumption utility with the elasticity of intertem-
poral substitution o possibly different from 1 in this neoclassical labor supply model.
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only occasionally receive the chance to reset their wage. The aggregate household maximizes

- L | ]
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v

given the same budget constraint above. We can again prove that in response to a shock to
X shock at t = 0, there is pass-through only if n < 1. We prove this result in Appendix
C.2. The similar result as in neoclassical labor block arises because income, substitution, and
wealth effects operate in a similar way, with the only difference being that wages are sticky

and unions mark up wages above the marginal rate of substitution.

Pass-through in Our Setting with Wage Posting and On-the-Job Search In the two com-
mon alternative models discussed in this section (a neoclassical labor block and a union wage
setting model with differentiated labor), the response of wages to a cost-of-living shock is ul-
timately a function of workers’ labor supply response to higher cost of living. The importance
of workers’ labor supply response is also present in our setting of wage posting and on-the-job
search: in our baseline model, by construction we eliminate the role of wealth effects by fixing
the ratio of consumption by employed and unemployed household members, and so workers’
labor supply is unchanged. Thus, assuming monetary policy stabilizes employment N;, we
have no pass-through, unlike in the neoclassical model or union wage-setting model.*

In our extension of inflation-adjusted unemployment benefits, workers are more likely to
quit into unemployment and less likely to accept job offers from unemployment when the cost
of living goes up: the discrete choice analogue to a decrease in labor supply. Our setting
ultimately delivers quantitatively low pass-through because on-the-job search makes workers’
extensive margin labor supply response nearly irrelevant in firms’ wage setting decision, as

llustrated in Section 4.2.2.

33See Appendix C.3 for a proof.
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6 Conclusion

This paper develops a tractable New Keynesian model where firms both set prices and post
wages, subject to nominal rigidities in price and wage setting, and workers search on the
job. Calibrated to match U.S. data on worker flows, the model implies that the quits rate is
the dominant predictor of nominal wage growth in the wage Phillips curve, consistent with
recent U.S. data. We analyze the propagation of cost-of-living shocks in the model economy.
Because firms set wages to avoid costly turnover, such shocks pass through to wages only
to the extent that higher cost of living improves worker’s outside options, such as competing
jobs or unemployment, relative to their current job. As higher cost of living lowers real wages
at all jobs evenly, and unemployment is rarely a credible outside option in the modern U.S.
economy, we find that cost-of-living shocks have little to no effect on relative outside options
and therefore wages.

While stylized, our model is consistent with a range of recent microeconomic evidence on
how wages are determined, including the result in Jiger et al. (2020) that wages are insensitive
to the flow value of unemployment benefits, and direct evidence on the preponderance of wage
posting (Hall and Krueger, 2012; Lachowska et al., 2022; D1 Addario et al., 2023). Admittedly,
our simple model does abstract from the fact that there are a minority of unionized workers in
the United States, and workers with automatic COLAs, for whom prices would pass through
into wages. However, our results suggest that in a setting such as the United States where
few workers operate under collective bargaining agreements with cost-of-living adjustments,
and where firms’ wage setting decision reflects competition for already-employed rather than
for unemployed workers, the ability for most workers to reclaim real wages in response to a
supply shock that raises their cost of living is limited. We conclude that there is little scope for
supply-shock induced wage-price spirals specifically fueled by workers’ ability to command

higher nominal wages in response to higher nominal prices.
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Appendix A Extension with Variable On-the-Job Search In-
tensity

Our baseline model features an exogenous, constant on-the-job search probability of Agpp,
which we calibrate to match U.S. data. However, it is possible that employed workers may
respond to a pure cost-of-living shock by searching more intensely. Both Pilossoph and
Ryngaert (2023) and Hajdini et al. (2023) provide evidence from household surveys that this
is indeed the case.

Motivated by these findings, we solve a version of the model where \pg is assumed to
rise along with inflation according to a reduced form, ad hoc relationship calibrated to match

the results in Pilossoph and Ryngaert (2023). Specifically, we assume:

W\
A =\ —
EEt EE,0 < P, ) )

where A\gg o is chosen to target the same steady-state value for Agg as in the baseline model,
and m = 4 to match the fact that Pilossoph and Ryngaert (2023) find that in response to a
one percentage point increase in inflation expectations (and thus a 1% decline in expect real
wages), the probability that an employed worker searches on the job rises by 0.57 percentage
points.! With a share of 14.9% of employed workers typically searching, this represents a
(0.0057/0.149) ~ 4 percent increase in search probability, yielding an elasticity of search
probability with respect to expected real wages of -4.

We then revisit the response in the model to a shock to the quantity of the endowment
good X;. Note that here, there are two contrasting effects of allowing for endogenous on-

the-job search probability. In response to the inflationary shock, workers search more which

''See equation (3) and accompanying Table 3 of Pilossoph and Ryngaert (2023). Hajdini et al. (2023)
estimate a much smaller effect in an information treatment RCT, finding that a one percentage point increase
in inflation expectations raises the probability that a household respondent will “apply for a job(s) that pays
more” by only about 0.11 percentage points.
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Figure A.1: Impulse Response with Endogenous On-the-Job Search
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Notes: This figure presents the effects of a decreased supply of the endowment good X,
under a nominal interest rate peg, i.e. the same experiment as in Figure 3, but comparing the
benchmark case (solid blue line) of the main text to the case described in Section A where
the job-to-job search probability increases along with the price level (dashed red line). In
this second model, as on-the-job search rises, separations rise, inducing firms to raise wages
to retain workers. But at the same time, tightness 6, falls due to the increasing number of
searchers, pushing firms to lower wages. The net effect is the modest increase in wages in
the top right panel, so that overall there is very little pass-through from the aggregate price to
wages even when the probability of on-the-job search rises in response to lower real wages.
Note that the axes are in percent deviations, so the axis for wage growth is comparable to
Figure 6.

induces firms to raise wages in order to retain workers (more searchers means more workers
find jobs they prefer to their current jobs, due to the idiosyncratic preference shocks over
workplaces). However, as separation rates rise, so do recruiting rates: with more searchers,
tightness falls, and thereby firms can afford to lower wages and still recruit the same num-
ber of workers are before. Figure A.l plots the impulse responses of headline inflation,
wage growth, labor market tightness, and the separation rate to the shock to the quantity of

endowment good X;. We can observe the net effect of the shock is an extremely limited
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pass-through from cost-of-living to wages: separations and wage growth rise, pushing firms
to want to raise wages, but on the other hand tightness 6, falls due to the increasing number
of searchers, pushing firms to lower wages. In sum, wages respond positively but modestly

in response to the cost of living shock.
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Online Appendix for

Do Cost-of-Living Shocks Pass Through to
Wages?

JUSTIN BLOESCH SEUNG JOO LEE JACOB P. WEBER

Appendix B Derivations and Proofs

B.1 Worker’s Problem with Utility From Leisure

This section reviews the worker’s problem, deriving the probability a worker chooses a par-
ticular job j over outside offer £ or unemployment. We then show that allowing for utility
from leisure, as well as consumption, will not generally overturn the result that the price
level does not affect the worker’s optimal choice unless the elasticity of substitution between

leisure and consumption is different from one.

Discrete choice with Type-1 extreme value preference draws Suppose worker : in state
J (which could be working at firm j, for example), gets utility I/ (ijt) plus a draw ¢;;; that is

distributed type-1 extreme value:
Vili,j) = U(ijt) + vije

Let ¢;j; have scale parameter % Then given options two states 7 and k, the probability that

the worker chooses j is
exp(YU(ijt))
exp (YU(ijt)) + exp (YU(ikt))




Suppose now that utility ¢/ is a function of log consumption: U (ijt) = log(C4 (i, j)). This is

the case in the main text. Then the probability of choosing j is

C(t(i?j)’7
Cy(i,3) + Cili, k)

Case with a more general utility function Consider now the more general form
V(ijt) = log (U (C4(i, ), £e(4, 3))) + vije

where /,(7, j) is the leisure ¢ gets in state j at time ¢, which nests the above case. For
simplicity, denote utility while unemployed by U (Cy(i,u), ¢,(i,u)), and while employed
by U (Cy(i,e), (i, e)); then the probability of an unemployed worker taking a job when

matched is now:
1

U(Cy (i) 0 (1)) \ |
1+ (U(Ct(i,e),ét(i,e))>

(B.1)

Proposition 1 In partial equilibrium (i.e. holding all other equilibrium prices and quantities

fixed) the probability that an unemployed worker takes a job in our general setting, (B.1), is

U(Cy(ire) le(ive)) 0.

invariant to changes in the price level P, if and only if 8%:

CES preference To make progress, consider the case with CES preferences:

where p is the elasticity of substitution. We write U(C,¢) = U (%, E), imposing C' = %

for both types, who differ only in the nominal spending I (i.e. /. for employed and I, for



unemployed).> Noting constant returns to scale (CRS) yields

It (i,u .
U (M52 000w) U (10,w), PG )
U (ug,e)’gt(i’ e)) U (I.(i,e), Pily(i,e))

t

and using the property of CES functions: aipU(I, Pl) = (1—a)U(") , (PE)*%Z, we can show:

It i,u . 1
(S 00) e
P ¢y <ztg;e>7gt(i7e>) U(L(i,e), Ply(i,e))

: lU(It(z',u),Ptft(i,u))iét(i,u)l—i

— U(L(i,¢e), Ply(i, e))%ft(ia 6)17% (U](([[tt((z’ Z;’ ]IZEZEZ’ Z))))]

which becomes 0 when p — 1, i.e. the Cobb-Douglas case. Therefore, under the unit

elasticity of substitution between consumption and leisure, Proposition 1 still holds.

B.2 Firm’s Problem and Derivation of the wage Phillips curve in (7)

The firm’s problem is:?

o0 t J 2
1 i v ‘/j,t X 17 w Py,t J pi
e 53 () (vl ) w5 (g ) e

yvt_l
Wit} {Vie}

(B.2)

2Here, the result does not depend on the case where we impose a tax-and-transfer scheme to keep I../I,, =
C./C,, constant over the business cycle as in Section 3.2.

3Note that here we assume that vacancy costs are denominated in labor; see Bloesch and Weber (2023) for
microfoundations and Appendix C.3 for additional implications. We also use the aggregate wage W; rather
than the firm-specific wage W}, to simplify the firm’s wage setting problem.
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subject to

Nje = (1 = Si(Wjt))Nji—1 + Re(Wj) V. (B.3)

J

Output is produced with labor with linear production: Ytj = A{ N;i,* and Dixit-Stiglitz

A

. 1\’ , P\ vy pi Xy O\
L = - )2 1—e P Y — W, Lyt _t _ (V. 14+x y,t—1 t' 1 W
;J (1 + p) o) (B "\ P A (Vi) Py Al t
¢ P] 2 L 77Z)w W 2 P] —€ Y
Yt J \ ¢ € Jjt y,t t
o2 ) (P P)Y, — — —1) W [ 2] L
2 (Pyj,tl ) ( y,t) ( t) t 5 <Wj,t—1 ) gt (P%t) A{

P\ Ty, P\ v
— (Pit) jj + Ve Ry (W) + (1 — Se(Wy)) (Pyi 1) =
t _

y?t

v/ P, - P, B )
L Y, P Y, R — : fae
demand ¢ = P , hence Nj; = P - with € > 1. The Lagrangian is:

+ N

The first order conditions are:

j - Y y P] — - Y_
ly,t t j / / y,t—1 t—1
Lo, = — [ == ELINT Y V. RA(W.) — S (W -
Wi (Py,t> 1{ t < Jit t( Jt) t( Jt) <Py,t1> ]i1>

ww< Wi ) P\ Y, Wi 1
V() (2] g 1) ——wN,
2 \ Wi P, Al 4 W1 Wi et

1 Wi Wi,
S— o Wi,i1Nijir = 0. B.4
1 + pw ( WJ ) (th)2 Jt+14Vgt4+1 ( )
and
Pj €X Y —X
Ly,, = —c(1+x)(V;o)* | 2= ) W+ XR(W) =0, (B.5)
” ’ Py,t—l Agfl

4 Instead of production function Y;j = th assumed in Section 3, we assume a linear technology Ytj =
A7 N in the derivation. Later we will assume a symmetric equilibrium with A} = A, for V.
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and

P\ " (P Ty,
Ly =(1—¢) (%) Y, + Wy, (P (Pit> A—g
vt y,t t

Yyt

ey
o fﬂi y; —-X
T+, X (Vi)' (P;,) <_Pz,t> (E) Wi

; 2 e

1 pi i

J (Pya)' Py Yy — (1 - e)g jy’t 1 y.t Y,
Frusa 2\ Py Py

1 P/ P’
+ 1+ w (%]1 - 1) P;; (Ptj+1) Pt+1Yt+1

: —e—1
+€¢_W( _1)% LTI
2 ngﬁ—l }Lﬁ }Zi fﬁ

(PPN Ty 1. . P\ vy,
J J 1 y,t t J _ ) J \—1 Yt St
+ )‘te (Py,t) (Py,t> A{ 1+ IO)‘HlE(1 St(WJ,tH))(Py,t) (Py,t) A{ =0
(B.6)

Equilibrium We focus on one particular equilibrium where Pyjﬂf =Py, Viy = Vi, Wy =

W, A{ = A, Vj. Then we can summarize the above equations as follows:

FOC on Wages in (B.4) : If we define the aggregate wage inflation I}’ = % and

approximate with (IT¥ — 1)? ~ 0, equation (B.4) becomes

N (W
Nk <p—> (VR(WW, = Ne 1 SUWW) — 4% (T2 — ) TIEN,
y,t y;t

1
* 1+ pq/,w ( 41T 1) (Hftuﬂ)z Nipp = 0.

(B.7)

This is important so that we have the real wage and real Lagrange multiplier, i.e., 1;\’5 in our

equilibrium equations.



FOC on vacancies in (B.5)

ViN' W N
—C(l + X) (Nt_1> % + aRt(Wt) = 0. (Bg)

Plugging in (B.8) into (B.7) and rearranging gives:

V, \© 1 , ,
Nt g I = DTN, = 0 () gy (GRAOWIWE = Ny S{ 07w

1 w w w
+ mw (Ht+1 - 1) (Ht+1)2Nt+1

Se(Wy) S{ (W)W,

Vi )X Ry (W)W,
—c(l+x) (=) |Vl N
(L+x) (NH "TRW)TTR(W) S
M__v___J e —
=E€R,W; =ES5, Wy
1 w w w
+ mw (Ht+1 - 1) (Ht+1)2Nt+1-

Dividing by /N, in both sides, we obtain wage Phillips curve in our model:

w”(Hi”—l)H;”H:c(HX)( v )X(Vt RSN >

N ) O\ NN Ry (W) T
]' w w w Nt+1
o (M = 1) () (B.9)
FOC on pricing in (B.6)
Wy  _ 1y Py Wipa 1- (et o Wi
1—€)+e—A"' — cex (V, X YT XA 4 e (TIY — 1) —N,
( ) Py,t t 1 + p X( tJFl) Py}t Py7t+1 t t 2 ( t ) Py,t t
~0
2 2
— w ( Py’t _ 1) Py’t . (1 — E)g ( Pyzt _ 1) + 1 w (Py7t+1 _ 1) (Py7t+1) 1/;”‘”1
Py,tfl Py,tfl 2 Py,tfl I+ P Py,t Py,t Y;ﬁ
—_—
~0
A I M1 Py 1
+ ——€eA7" — (1 — S¢(W, A =0, (B.10)
Pyﬂf t 1 +pPy7t+1 Pyﬂj ( t( t+1)) t




—1)? ~ 0 as above. If we define the service inflation 5 i’tl =
it

: P
where we approximate (—5=+
Y,

ITy,, (B.10) can be written as

0 e—1 4% 1
Iy — DIy, Y; + Y = EN,: + m?(nyﬁl — D3, Y

1+x

—CX V}/+1 Wt+1 >\L 1 )\L+]
N My + 5 — ——— Ty (1 — S(W,

o <1 +p ( N, ) g B T T p By el T Sl Wen))

€

(B.11)

which is our price Phillips curve.

B.3 Linearized Wage Phillips Curve

A Log-Linear Wage Phillips Curve We log-linearize the wage Phillips curve in (7), ex-

cept we leave in the second order term, % (I — 1)2, which we dropped when we derive
(7).
Y 2 Vi V' (Vi Ni—1 Si(Wh)
— (I = 1)+ (II}" — 1) II}" + 1 =c(1 + — -
9 (1L} )"+ (1L ) 1L o X) N, Ntf?R,Wt N, Rt(Wt)gs’Wt
+ mw (I, — 1) (HM)?Tt. (B.12)

It is worth pointing out that equation (B.12) would hold even if we added other factors of
production (e.g., we could have Cobb-Douglass production with capital or some other inputs
including oil), and is unaffected by the presence of price rigidities (e.g., if we had flexible or

price rigidity a la Rotemberg (1982), (B.12) would be the same).



Vi
Ni—y

N .
Ny1°

To ease interpretation, we rewrite this using 7; = and ¢g; =

- Sy (W,
0 :% (Y —1)? + o (M2 — DT + 1 — (1 + x) T ¥Xg: ™" (TtSR,Wt — Ri<(th)) esywt>
1 w w y
1+ pw (T, — 1) (T11) 001

(B.13)
We can suppress the dependence of .S;(-) and R;(-) on W (since we know that in equilibrium,

S: and R; are not functions of the aggregate wage IV;): we rewrite (B.13) as:

0= F (In(I1}"), In(ITY, ), In(S), In(Ry), In(e gy ), In(es,), n(73), In(gs), In(g:41))

and take a linear approximation around a zero wage-inflation steady state with variables
In(I1{"), In(I1},,), In(Sy), In(R:), In(ery), In(ess), In(73), In(g,), and In(g,.1). We first

calculate derivatives of F'(-) with respect to each variable as follows:

Fiomey = ¢TI (2(ILF — 1) + 11Y)

¢wgt 1 w w w w
Fln(l‘[;*;l) == 1 +; (Ht+1(Ht+1)2 + ( t+1 1)2(Ht+1>2)
y 15
Fiu(s,) = c(1+x)T}*g; Eé‘s,t
t

Flary = —c(1 + X)ﬂngl—té‘s,t

Fneny = —c(1+ )T g, e Ry

5
Fintes = o1+ )T " Toes
t
_ S
Foury = —c(1+x)g; " ((1 + )T epy — XTtXEtSS,t)
t
X, —1 Sy
Fingy = L+ )T, | Tiere = pese
t
1 w w w
Fino. ) = _m¢ (Ht+1 - 1) (Ht+1)2gt+17



which at the steady state with zero wage inflation can be written as

w L
Fingy = 0% Finny) = =77 P
_ S TX+1
Fins,y = (1 +x)T%g lﬁgs =c(1+ x) £s
_ S Tx+1
Fury) = —c(1+ x)T*g 1#55,t = —c(1+x) s
t )
Tx+1
EH(ER,t) = _C(l + X) ER
Tx+1
Fln(gs’t) = (3(1 + X) s
j:'x+1
Finery = —c(1 4 x) (1 +Xx)er — xes)
S
Finggy = c(1 +x)—— (er —€s5) > 0
Fiagg, ) =0
where we made use of the fact that 7' = % = % in steady state, which we obtain from (G.2).

We can see that the assumption above that % (I — 1)2 ~ 0 1s correct in the sense that it
drops out in our first-order approximation. We also find that in a zero inflation steady-state,
there is no role for expectations of future employment growth in our first-order approxima-

tion.

X+
g

Let the magenta terms above be collected as v = ¢(1 + ) . Then the first order

approximation of F'(-) around its steady state is given by’

0 =yp*TIY — %pf[;‘jrl + res (St — Ry) + ki (25854 — ERERy)

+ r(xes — (1 + X)sR)Tt + k(e — €5) 0,

SWe let X; = In X; — In X for any X;. If X; < 0, then we let X, = %
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which we can rewrite as

- KEa , « . K _ . k(yeg — (1 +v)eRp) «
Iy = :w_j (St — Rt) - W (s€st — €ERERL) — bees ;w X) R)Tj
( ) Thre; Labor Markgtr“Tightness” Terms (B 1 4)
KI\ER —€8) . .
_ I
+ . ww gj +} 4 p t+1
Employm;lt Growth Expe;t:itions
Note that the law of motion for employment in (G.2) that the firm faces implies:
ge = (1= 5¢) + R, (B.15)
Log linearizing (B.15) yields:
1 . . .
—0r = Ry + T, — 5,
Sgt t t t
which leads to
- . . 1
St - Rt - Tt - _gt (B16)

S

Plugging (B.16) into the log-linear wage Phillips curve in (B.14) and assuming g_;, we

obtain
. 148
o & (—er+2es) . & v 3 k(1 +x)(er — 55)T J
£ = o ge+ = (ERERy — €5€s54) + o A wL R
Employment Growth Two Labor Market “Tightness” Terms Expectations

(B.17)
where k= ¢(1 + y)TX"". From (B.17), we observe that stronger monopsony, i.e., a lower
€r — €g, flattens the wage Phillips curve, as documented in de la Barrera i Bardalet (2023).

We summarize this in the following Proposition 2.

Proposition 2 The wage Phillips curve in (B.17) becomes flatter as the recruiting elasticity

net of the separation elasticity, eg — cg, falls.
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Further Simplification Plugging (B.15) into (B.14) yields:

(B.18)

which leads to®

. K . . .
H;“U :W E—ES + S(ER — 65)2 (St — Rt) + SER + (X — S) (ER — ES)ZTt + (ERéRJ — 85557,5)

>0 >0

1 FTw
+ mnﬂ_l.
(B.19)

B.3.1 Reduced Form Log-Linear Wage Phillips Curve in Quits and Unemployment

Estimating this regression (25) in the data via OLS shows that the regression puts more
weight on quits than on unemployment, as documented in Table 1. As explained in Section
2, the regression yields a surprising empirical result for the sign of the coefficient on un-
employment: replacing vacancies with quits, the sign on unemployment flips, and becomes
positive. In other words, holding quits constant, a higher unemployment rate is correlated
with higher wage growth!

Intriguingly, our model’s benchmark calibration actually captures this result: when xy =
1, i.e., firms’ vacancy costs are convex, we find a much larger coefficient on quits than on
unemployment, where the coefficient on unemployment is relatively small and positive. In

showing this, our strategy is to first express the above (B.19) into the following form:

- . . R
I = ¢y Vi + opUi1 + mnm (B.20)

®Asy = land S = 3.6%, x > S at our steady state.
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for some ¢y and ¢, which are complex collections of model parameters and steady-state
values. And then we use the fact that quits, which can also be decomposed into deviations
of vacancy and unemployment, can be viewed as an imperfect proxy for “true” tightness
since higher tightness leads to a higher rate of quits. A higher unemployment (vacancy) rate
lowers (raises) tightness, and thus reduces (raises) quits. If Qt = ng‘;} + gQ,UUt,l where

go.u < 01s of magnitude large enough, then equation (B.20) becomes

v s ( gQU) - 1 =
1Y = Q: + — ¢oy—"— | U_1 + —II? ,,
P gy @\ ovi s ) Ut (B.21)
~—— ~ ~~ -~
=Bg>0 =By

possibly yielding a positive 5.

Derivation To begin to simplify the wage Phillips curve (B.19), we decompose all of the

following right-hand-side variables, Qt, Tt, Rt, €Rt, and €g, into vacancy and unemployment

deviations. The tightness term, 7; = N‘ﬁl, is simple: in log deviations from steady state, it

becomes

. . Uu .
T, =V, + 1 UUtfl-

As for the rest, we will show that we can write the decompositions as follows:

1. R = QR,V‘V/;S + gR,UUt—l

Derivation: Recall that the recruiting function is

1 &
R, = g(0,) (¢Et§ + Uy (1 n @)) .

g'Y
146>

For practical purposes we define C = which is increasing in the ratio of con-

sumption for employed to unemployed workers. Then we obtain:

92
IS T
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and

_® U(l-)gg) N 0.5¢5 U Agp¢p — App — ¢z
IRU 1+ 62 )\EE(l—U) +U 05¢E+C¢U 1-U AEE
Cou
— (1 — 1—A .
+ O5§Z5E + C¢U ( ¢U( EE))

oSy =gsy Vi + gsuUs_r and Q; = govVi + go.uUsa

Derivation: Recall that the quit function (); = S; — s is given by

1 1
Q= (1-5) (AEEf(et)§ + Agv (1 n 57)) (B.22)
Then, we obtain:
0.5 eEf 1

IOV = 0 5Ammf + Apr(L—C) 1+ 62

and
o 0.5\ 55 f 1 U1 — Ags)
IOV = 0 emf + dmv(1—C) 1+ 62 dpu(l—U)+ U

. ERt = Jer Ui

Derivation: Note that in equilibrium, €z, is given by

_ s (% + ¢U¢%) gl <¢i’t + ¢ C(1 — c)>

o6 (0505, + (55 ) o) 050kt oul

ER

from which we obtain

B ( 0.25¢5 B 0.5¢5 ) U AXgp®r — Age — Ok
erv =\ 02565 + C(1—C)dy 0565+ Cop ) 1—U Py
C(1-C)ou Cou
<0.25¢E +C(1-C)¢y  0.5¢p + Cqu) (1= ¢ull = Azp)).
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4' ésut = g&s,v‘/;f + ggS.U Ut—l

Derivation: Note that in equilibrium g is given by

—(1—s)y (f(et))\EEi +C(1 - C))‘EU)
S + (1 — 8) (05 . )\EEf(Gt) + (1 — C) )\EU>,

€St =

from which we obtain

Jesv = 025)\EEf + C(l — C))\EU S + (1 — 8)(05/\EEf + (1 — C))\EU) 1+ 62

and
_ ‘ U(l - \gg)
g&S,U gES,V )\EE<1 _ U) + U

Decomposing Wage Growth into Vacancies and Unemployment Combining these re-
sults, we can plug in and rewrite the wage Phillips curve just in terms of vacancies and
unemployment. Let Ay = —eg + S(cp —c5) andlet Ay = g + (x — 5)(er — £5). Then

the wage Phillips curve (B.19) can be written as:

K .

o [A1 + A1 (gsy — grv) — €s9e5,v] Vi

. )

~

Iy

K U . 1 -
+ — { A+ Ay (gS,U - gR,U) + €RYep,u — €59es,u | Up—1 + ——11}" ;.

Y |1 -U I+p
E¢‘;<O
(B.23)
Under our calibration in Table 2, quantitatively (B.23) becomes
. - . 1 .
¥ = 1072 x (1.83V; — 0.3U;—1) + 50 (B.24)
P
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Decomposing Wage Growth into Quits and Unemployment: First, note Q; = gQ,Vf/t +

.(JQ,UUtA yields

- 1 ~ q» U
Vi = Q — - L U1,
gQ.v qgQ.v
which with (B.24) yields:
¢V 5 < (JQ L‘) - 1 -
M= = Qi+ (v — dv =25 | Upy + ——IIY,
t Jov t \ U VgQ,V / t—1 1+p t+1

_ < - I~
= 1077 x (2.46Q; + 0.0916U;_1) + mnt+1

at a monthly frequency, where 3y dominates 3y in magnitude under our calibration, and 3y
becomes positive. Thus, we prove equation (25). Equation (20) follows from log-linearizing

equation (B.22), which describes a one-to-one relationship between Qt and 9}.

A Simpler Wage Phillips Curve With No On-the-job Search Here, we argue that convex
vacancy costs and on-the-job search combine to make vacancies more important in the wage

Phillips curve, i.e., |¢y| is significantly bigger than |¢y|, than when x ~ 0 and Aggp = 0,

the case where Vt — Ut_l, 1.e., < >, becomes a sufficient statistic that explains wage

Us—1

growth.” In doing this, we will assume that s ~ 0 and C = % ~ 1, both of which hold

approximately under our calibration.

First, we demonstrate that as we eliminate OTJ search and let Agry — 0, the decompo-
sition of the wage Phillips curve into V; and U,_; in (H.1) simplifies considerably. The first
term 7} remains:

Ut—l‘

lim 7, =V, +
Age—0

U
1-U
As for the rest, we will show that we can write the decompositions as follows:

1. limy, -0 R, = —% (\7t — Ut—l) since ¢y — 1 (and ¢ — 0) as we shut down

"In other words, when x ~ 0 and A = 0 with very small s, ¢y ~ ¢y.
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on-the-job search, i.e., A\gg — 0.
2. limy,, .0S; =0
3. limy,,0&r: = 0.
4. limy,, 05+ =0

Which means that the wage Phillips curve simplifies to:

Ape—0 Pw ~ 1+62\U,_
=A

Cew K 62 v, w
lim II} = — £—65+S(€R—55)2 +gsR+(X—S) (er —eg)) Tt | +—I11}4

Noting that:

Agg—0 U1

So we have further:

e K 0> IR
i 17 = 2 | e+ (e 20) T et (= 9) = o) [+
EAl EAl

As we further assume that s ~ 0 and C ~ 1, we can find the following results for the
steady-state values underlying A; and A;:

lim S:S+(1—S))\EU(1—C)=O

Aee—0

lim eg=79(1-C)=0

Agr—0
. . —(1—5)y(C(1-C)Apv) _
m s = T = (1=C) gy

Which implies that A; = —v and A; = . So with y = 0, our wage Phillips curve in terms
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of V, and U,_, simplifies to:

. 2 < 1 .
i T = (1%) bt T3

Therefore, the wage Phillips curve can be written entirely in terms of market tightness 6,
when there is no on-the-job search, as in Gagliardone and Gertler (2023).

In sum, as the exogenous separation rate s — 0, the consumption ratio { — 0w orC — 1
(so unemployed workers always take jobs) and A\pr — 0, we have that S — 0, e — 0, and
€s — —7. Then there is complete weight on 6 in the wage Phillips curve, and if Agg = 0,
0, = % In contrast, in our setting where y = 1, which implies a convex vacancy cost, and

App > 0, we see that |¢y| is much higher than |¢y/| as seen in (B.24), and (s is much higher

than [y as seen in (B.25).

B.4 Euler Equation With Fixed Real Unemployment Benefits

This section shows how the assumptions in Section 4.2.1 can be made consistent with the
standard Euler equation of the household, given appropriate assumptions on how the house-
hold reallocates consumption. Recall the goal in Section 4.2.1 was to modify the model so
that the desirability of unemployment varied with the price level; here, we show one way to
make that model consistent with the standard Euler equation (10) used throughout the main
text.

Suppose that when unemployed, household members are guaranteed some quantity b of
real consumption goods and receive no other income (e.g., some nominal unemployment
benefit perfectly indexed to inflation). When employed, they receive a nominal wage W,.
The household takes b, market wages W;, and the price level P, as given, but can smooth all

members consumption by choosing a proportional “top-up” each period, multiplying each
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type of worker’s income by 1 + 1. This yields consumption levels

Cu :b(l + Vt)

W,
Cf =5 (1 +m),

t

and total consumption

Ct = Utb(l + Vt) (1 — Ut)ig (1 + I/t) (B26)

t

Making the top-up proportional and identical in both states v and e implies that as the house-
hold smooths consumption, it does not affect the relative attractiveness of unemployment
and employment: the 1 + v; terms cancel out separation and recruiting probabilities from
unemployment s, (W;;|P;) and r,;(W| P;) presented in Section 4.2.1.

Continuing on to derive the Euler equation, the household maximizes

( 1 )t(Utln(Ctu)+(1_Ut)ln<cf))

I1+p

(%p)t (Ut In(b) + (1 — U,)In (‘g ) +1In(1 + Vt)) .

The household’s budget constraint can be written as:

I8 I D”ﬂg s

W, (1 + t4-14)Bia

W\ . B D
u+m(mmwywm ﬂ === o 7

—_ 1_
) B P A-U)
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The household’s Lagrangian function is given by:

t

”t) B, D, (1 +it1t)Bt1]
A -Q+w) (Ub+(1-U)—= ) -2+ 2+ : .
tl ( t)( t ( t)Pt Pt Pt Pt

L= i (%ﬁ)t (Ut In(b) + (1 — U,) In <%) +1In(1 + 1)

The household’s only choice variables are 7; and B;. The first order conditions are

1 Wi
L, =0: 1+Vt—)\t(Utb+(1—Ut)Pt>,

At 1 (1+4d441) By
Lo, =0: 20 = (=), )P
b P, (1 +P) s P

Plugging in the expression for aggregate consumption in equation (B.26) into the first

order condition on 7; yields the standard Euler equation used in the main text:

—1 1T T+
' L+p T

Appendix C Analytical Results for Pass-Through Across Dif-
ferent Classes of Models

This section analyzes the pass-through of prices to wages in response to a temporary decline
in the endowment good X}, assuming that monetary policy stabilizes the business cycle hold-
ing V; fixed. We consider the following variations of the model which alter the labor block
in Section 3. We work through the case of (1) a sticky-price, flexible-wage New Keynesian
model where workers supply labor in a frictionless market, (ii) a flexible price, sticky-wage
New Keynesian model where wages are set by unions as in Erceg et al. (2000); Gali et al.

(2012); and (iii) our model in Section 3.

19



As in the paper, we assume throughout that consumption is a CES bundle of services Y,
produced with labor, and goods X; which households receive as an endowment (equivalently,
perfectly competitive firms receive X; and sell it for pure profit, rebating the proceeds to

households as dividends). We have
1 =1 1 p=1\ p—1
C, = (a{}Yt T tayX," ) (C.1)

and

1
_ 1-n 1-n\ 1=
P = (v P, + axP,,") ™"

C.1 Sticky-Price, Flexible Wage New Keynesian Model

We assume here that P, ; is set subject to some nominal rigidities as in the baseline model
in Section 3 (i.e. Rotemberg adjustment costs), but where firms hire labor in a standard spot
market with flexible nominal wage W, so there is no unemployment. The household chooses

paths for consumption and labor (and zero net supply nominal bonds) to maximize:

1

- t o O-Til 1 1*‘1’;
Zﬁ 0—1Ct _1+th
t=0

subject to the budget constraint,

D, By (1+id1.)B1 W,
Ci=——— ’ —N,.
R R R

This yields the following intratemporal optimality condition:

;1
1 C.c
N;:Wt]f_)

t

20



So in our model with Neoclassical labor supply, the following decomposition must hold to

first order:

— 0

1. < 1, - - 1 .
—NtZWt——(Pt‘i‘Ct)‘f' Pt
1% O ~—

=P.C;

So that when monetary policy fixes N; = 0, we have

W, 1E§+a—1\r§
Pyﬂg O'Py’t g Py,t

(C.2)

Now we can write the two right hand side terms as functions of the shock X;: first note that

P, <Yt>$ -1
— == a".
Py C !

Under our experiment where monetary policy stabilizes Ny, and hence Y;, from (C.1) we

CES demand implies

—1

. 1 n=1
have to first order that C; = o (%) " X; and

P 1 1 /x\" .
A N i B C3
Py,t 77(04 (C) t> ( )

so that when X falls, the price of the aggregate consumption bundle in terms of the labor-
intensive good, % goes up (i.e. we need more units of Y-good to buy one unit of C-good).

We also have for aggregate spending,

P,Cy :77_1 ozj (E)"X—t
Py,t n C

So that aggregate nominal spending may either rise, or fall, depending on 7. With Cobb-

Douglas utility with n = 1, nominal spending is unchanged. Consider the effects of negative

shock to X; on the wage when monetary policy holds /V; fixed, and examine equation (C.2):

21



* We can see when n = o = 1, the wage denoted in units of the service good or

numeraire, i.e., Ktt remains unchanged.
Y,

* With Cobb-Douglas preferences, = 1, we see from (C.3) that the relative price
still rises, so everything depends on o: if ¢ > 1, as is commonly assumed in macro

applications, then there is positive pass-through from prices to wages.

* If 0 = 1, n < 1 then there is positive pass-through from prices to wages. When it is

hard to substitute away from X;, and total expenditure rises.

Discussion: Even in a perfectly competitive labor market, workers’ wages can respond to
an increased cost of living even when their productivity is unaffected by the shock. The sign
and magnitude of the response depends on the strength of income and substitution effects
(governed by o) and wealth effects (governed by 1) stemming from a change in P, X,

where we obtain

P.. X —1 -
#2t _1 X, >0 (C.4)
Py no oS~~~
~—— <0
<0

when 1 < 1, so that households’ non-labor income from endowment good X, increases and
so does their wealth, possibly lowering labor supply due to the wealth effect.
In specifications where o > 1 and n) < 1, the decline in X; makes workers prefer leisure;

thus if monetary policy is holding leisure (and labor) fixed, the wage must rise in equilibrium.

C.2 Flexible Price, Sticky Wage New Keynesian Model

We now consider the effect of a temporary fall in X; when wages are sticky as in Erceg et
al. (2000), again analyzing the shock under the assumption that monetary policy stabilizes
aggregate labor output N;. Specifically, we assume that households now supply multiple

types of labor; unions set wages for each type to maximize household utility subject to
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facing CES demand for each type from a “labor packer” which packages each labor type
N,;(i) into aggregate labor N, = (S(l) Nt(z’)HTydz')lTu which is purchased at wage W, by
services firms—and in our setting, combined with X; to form consumption C;. Wages are

sticky because unions only occasionally receive the chance to reset their wage.

Households now maximize the following: specializing to log utility with 0 = 1,

= L .
t 10-[ N'“»d'),
;)6 (n ' 0o 1+1 (0 '

v

subject to the budget constraint, C; = % — % +

(14+4¢—1,¢)Bi—1

B + %Nt. Under these assump-

tions, we can derive the following standard wage Phillips curve (see e.g., Gali, 2011; Gali et
al., 2012):
-~ -~ ~— — 1 ~
Iy = BEAIE ) + A (—Wt + P,Cy + ;Nt> )

for some constant A > 0. Analyzing this case is only harder than the flexible wage case of
Section C.1 because of the presence of the forward-looking term IT}, ;. To make progress,

rewrite this in relative price terms:

W, PC, 1.
t e ;Nt> (C.5)

rft"u = 5Et{H§'J+1} + A <_P_ + Py

y,t

Consider the household’s budget constraint in equilibrium: using the fact that bonds are
in zero net supply, and expanding the D; term by denoting d; the dividends potentially paid

by services firms (zero, if prices are flexible and they are perfectly competitive), this is

PtCt = WtNt + Px,tXt + dt.
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How will each term in this equation respond to an X; shock? Rewriting, we have:

PC W, P, d
L CIN X 4+ =
P, P, P, P,

Now recall that given fixed N; CES demand yields:

—— n—1
P, -1 L/AXN\ 7 .

2 Cl _n ol (_) X,
Pyt n ¢

If < 1, then Z5<% rises in response to a negative X, shock and 22 is zero in other periods
Y, Y,

(t > 0) when there is no shock. From (C.4), we see the middle term, in its deviation from

steady state, is zero when there is no shock. Thus, we obtain for all ¢ > 0:

WNW, d -
0 = + t-
PC P,, ' PC

If there are no time-varying profits, e.g., if prices are flexible, then we have that d, = 0 and
thus % = 0. As aresult, the forward looking wage Phillips curve (C.5) implies II¥ = 0 for

all ¢ > 0, and the wage Phillips curve for the initial period greatly simplifies to
m = A (=TWo + RGy)

Given that wage inflation is defined as 1:[;” = ﬁ//t — Wt_l with I\/[//_l = (), we can write
Wo = )\(_WO + P\Og())

Divide by P, to apply our above results for % and find that when 7 < 1, the right hand

side is positive for a negative X shock, and we thus have positive pass-through to wages.
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Discussion: As discussed in above Section C.1, depending on the strength of income, sub-
stitution, and wealth effects (governed by 1), wages can either rise or fall in response to the
shock. Here for 0 = 1, we again find that < 1 implies pass through from prices to wages
in response to the X; shock. The analysis with sticky wages is not that different from the

flexible wage case.

C.3 Wage Posting Model with On-the-job Search and Nominal Rigidi-
ties

This section analyzes the baseline model in Section 3 to elaborate the conditions under which
there is no pass-through from prices to wages. In that model, there is no pass-through from
prices to wages: in response to an X; shock, when monetary policy perfectly stabilizes NV,
it also perfectly stabilizes wage inflation. We demonstrate that this relies in part on the
assumption that vacancy costs are denominated in labor: if vacancy costs are denominated in
final goods, then headline inflation passes through into wages, even when monetary policy
stabilizes the labor market. The title of this section reflects the fact that it does not matter
for the analysis here whether prices or wages are sticky, so long as the presence of nominal
rigidities allows monetary authorities to stabilize V.

To demonstrate the role of how adjustment costs are denominated, we generalize the
firms problem slightly: let P} denote the nominal price in which vacancy costs are denom-
inated, and let th be the nominal price in which wage adjustment costs are denominated
(which we will show will not matter). Then firm j maximizes present-discounted revenues,
less costs (abstracting from price adjustment costs, which do not affect the wage Phillips

curve), given by

X 1 t . . . . . . w Wj 2
P P] YJ - WJNJ — C(VJ)1+X(NJ_ )_XPV _ t -1 N PU 7
;(1+p> ytt t4Ve t t—1 t 2 \ w7, 1
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subject to the law of motion for employment,

N} = (1= Se(W{))N/_| + V/ R,(WY)

and some production and demand functions for Y;j . Combining the firm’s first order condi-

tions for th and th , and assuming a symmetric equilibrium, yields a nonlinear wage Phillips

curve:
ww (Hw o 1) HwPLe‘i’ + W, :PVC(l i ) ‘/t X Es - Nt,1 St(Wt> -
¢ t 4t t t X N, . N, R,W; N, Rt(Wt) S, Wy
ww w w Nt 1
m (Ht+1 - 1) Ht-&-lTjP;Jrl

X
Gather the labor market tightness terms in Z; = ¢(1 + x) ( NY; ) (%6 RW, — Njﬁgl Is%i((vm‘z)) sngt)

. . . \4 - .« .
and log-linearize, defining 7 = —~t—, let @, = >.'_ (7 — m}), obtaining

When monetary policy stabilizes employment, and N, = 0, it does follow that Z, = 0, as

proved in Section C.3.1 so the wage Phillips curve reduces to:

w  ZPV 1\’

s=0

If the cost of posting vacancies is denominated in labor, so P/ = W,, then —; = 0 and

monetary policy stabilizes wage growth as well as employment.

C.3.1 Showing That N, = 0 implies Z, = 0

To see this result, first note that holding N; = N constant implies that the number of

searchers S = AgpN + Agy(l — N) is constant; the shares appearing in the definitions
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of the separation and recruiting rates, ¢ ; and ¢, in equations (17) and (18), are thus also
constant. This means the tightness term 6, is constant so long as V; is constant. If V; and
therefore 0, are constant, then the separation rates and elasticities in Z; are also held constant.
Ergo, all we must do is show that V/ is constant.

To do so, write the law of motion for employment when N; = N;_; = N, plugging in

for the separation and recruiting rates, to yield V; - R; = N - S, that can be written as:

o 5) (o () (8- o (o 2]

Now using our definition for g, rewrite the left hand side in terms of f:

() (org o () ) or () 0o =m0 (e (7))

leading to

e+ a9 (o (i)
f g - 1 &Y A
§ (0m3+0v (55) ) - V(-9
Thus, there is a unique solution for V;, = V for a given N (the steady state value). So
we conclude that when monetary policy stabilizes V;, V; and 6, are also stabilized, and Z; is

stabilized.

Appendix D Weight on Vacancies and Unemployment in

the Baseline Models’ Wage Phillips Curve

We start from the log-linearized wage Phillips curve (B.20), written in vacancy and unem-
ployment rates :

- . 3 1 ..
I = oy Vi + opUs—1 + mHt+1 (D.1)
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for some coefficients ¢y > 0 and ¢y < 0. In Appendix C.3, we prove that the absence of
aggregate price inflation in the right hand side of the linearized wage Phillips curve (D.1) is
stemming from the fact that the vacancy-creating cost is denominated in labor, not the final
good. Based on our calibration in Table 2, we now illustrate how varying the probability
of being allowed to search on the job, \gp, affects the predictions of the model about the
relative importance of vacancies, as opposed to unemployment, in the wage Phillips curve.
Since both ¢y > 0 and ¢y < 0 are complex collections of model parameters and steady-
state values, to consider their relative magnitudes, we proceed numerically, and specialize
to particular parameter choices. As we see in (B.24), ¢y is much larger in magnitude than
¢y. This result turns out to stem both from the presence of on-the-job search (Agpp > 0)
and also from the convexity of vacancy costs (y > 0). Figure D.2 shows how the relative
importance of vacancies in explaining wage growth, represented by the ratio of coefficients in

v
U

(D.1), el increases monotonically in on-the-job search intensity Az under the benchmark

calibration ¥ = 1 and also when y = 0, or a linear cost of posting a vacancy which is
commonly assumed in the search literature. The limit case where y = 0 and Agg — 0 is of

particular interest as a benchmark: as Appendix B.3.1 shows, at the limit where Agp — 0

and y — 0, i—g converges to one and wage growth becomes solely a function of market
tightness 0, = Uifjl 8 following the literature: see e.g., Gagliardone and Gertler (2023).

We acknowledge that simply pointing out the coefficient on V' is larger than U does not
technically imply that variations in U are less important in explaining wage growth: if U
has a much higher variance than V/, it can have a small coefficient while still playing a large

role. To show more formally how rising diminishes the importance of unemployment in

v
du

explaining wage growth, consider the variance decomposition of wage growth in the model

under the assumption that we can ignore the inflation expectations term:’

. Vv, V,
8With Mg =0,0; = 871 = Util.
For example, assuming firms have constant inflation expectations, E I} | = II*, or “adaptive” expecta-

tions E; 11}, ; = II}". Alternatively, we might view (D.2) as an approximation when p is high, permitting us to
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Figure D.2: In Economies with More On-the-job Search, Vacancies Matter More in the Wage
Phillips Curve

Comparative Statics with respect to Agg
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Notes: The red, starred line plots the effects of a change in on-the-job search intensity Apg,
holding all other model parameters constant at their values in Table 2, on the ratio of the
coefficients in equation (D.1): f[;” = ¢V\7,5 + ¢y U1+ ﬁp ] i+1- The blue dotted line repeats
the exercise but with y = 0, a linear cost of vacancy posting. The vertical line marks the
value for Agg used in our benchmark calibration. The relative importance of vacancies in
explaining wage inflation, compared with unemployment, increases with both Agg and y.

2
Var (ITY) = (z_;) Var (V;) + Var (Uy_1) + 2?2—; Cov (V;, Uy—1) (D.2)
——

<0

Now consider the exercise in Figure D.2, which increases Agp holding other parameters

constant, raising . Given that the covariance term Cov (Vh Ut—l) in (D.2) is strongly

v
duU

negative (both empirically, and also in any reasonably calibrated model), the importance of
unemployment in explaining wage growth falls monotonically as we increase the amount of

on-the-job search, and convexity of the vacancy costs, in the model.

ignore the many covariance cross-terms complicating the expression when solved forward.

29



Supplementary Appendix for

Do Cost-of-Living Shocks Pass Through to
Wages?

JUSTIN BLOESCH SEUNG JOO LEE JACOB P. WEBER

Appendix E Cost-of-Living Shocks and Forward-Looking

Workers

This section relaxes the assumption that workers are completely myopic. While relaxing
this assumption increases the complexity of the model, we show here that it barely matters
for the dynamics: the response of wage inflation and other key labor market variables to a
cost-of-living shock is nearly identical, assuming the monetary authority stabilizes output as
well as inflation.

To understand why, note that the only part of the model that changes is the firm’s prob-
lem, and more specifically, the first order condition for wages. Even relaxing myopia, it
continues to be the case that stabilizing output Y; (and hence N;) stabilizes the firm’s first
order condition for wages and hence wage inflation. However, this is in spite of the fact that
this first order condition becomes much more complicated because separation and recruiting
rates at time £ now depend not just on the wage at time ¢, but also on the wage promised for
all T' > t. The reason for this is that now when a worker considers joining a firm, they know
they may remain there for more than one period. They thus care not just about the wage
offered today, but also about the wage promised in the future.

Technically speaking, this makes the firm’s problem time-inconsistent: when making a

plan for wages, it is optimal to promise to offer a high wage in the future in order to raise

1



the recruiting rate today “for free.” But when the time arrives to pay the higher wage, the
firm will be tempted to renege. This shows up in the firm’s problem as a first order condition
for wages which is non-stationary, as the first period is special, which introduces additional
difficulty both in solving and discussing the model.

To make progress, and keep the model with forward looking workers as similar as possi-
ble to that in the main text to ease comparison, we again study the effect of an unanticipated
“MIT shock™ to the cost of living that becomes known at some time ¢ = (. At that date, we
assume that firms are paying wages that they committed to at some point in the distant past,
t = —oo so that at t = —1 the economy has converged to a long run steady state which we
will describe below.

In letting firms respond to this MIT shock, we solve for the responses that the firms would
have found optimal had they known about the shock back in the infinite past. More formally,
we assume firms knew at ¢ = —oo that there was some chance p of the shock occurring at
time ¢, and solve for the economy’s response to the shock under that optimal plan as p — 0,
so that the shock is entirely unanticipated.'”

As in the main text, we will solve for a symmetric, perfect-foresight equilibrium where
all firms set the same wage. Unlike in the main text, we will solve for the solution to the
nonlinear models (with and without myopia) to better compare their behavior and make the

point that the assumption of myopic workers is largely-innocuous simplifying assumption.

E.1 Firm’s Problem With Dynamic Separation and Recruiting Rates

Recall that the only choice facing workers occurs when they are offered a chance to take
a job. With probability A\gg f(6;), workers meet alternative jobs, and with probability gy

they are allowed to consider quitting into unemployment. When workers meet alternate

101n the context of time-inconsistent optimal monetary policy, this is equivalent to the “timeless approach”
to computing optimal policy under commitment.



jobs, or consider the unemployment state, they draw idiosyncratic utilities ¢ from a type-1
extreme value distribution with scale parameter . They then choose the state which yields
the greatest utility: for example, let V;; be the value of being employed at firm j and V, be
the value of being employed at the other matched firm. Then a worker at firm ;5 who matches

with another firm of value V, maximizes:
max{\?jt + Ljt, Vt + th}.

Given this, the expected value of having a choice between two value functions next period is
VE(V, V) = 2 In (exp (vV*) + exp (YV")). So the worker’s Bellman equation at firm j is
thus the following: letting V}' be the value of the unemployed state at time ¢, and assuming
all firms other than j have identical value V; (which is without loss of generality, given that

we will search for a symmetric equilibrium later),

P,

. =In (TtWﬁ> + BsVE

+B8(1—3) [)\EEf(etH)VE(Vj,tH, \_7t+1) + )\EUVE<Vj,t+l> Vi) + (1= Aepf(0) — )\EU)Vj,tH]

= 9:t<vj,t+1)

where we write this function J; as time-varying because of its dependence on the real wage
wy, tax rate 1 — 74, tightness 6,1, and \_7t+1. We also assume workers discount the future
at rate (3, which need not equal ﬁp. This allows us to easily nest the myopic worker case
where #p > [ = 0. In practice, we solve a version of model where workers discount the
future with 3 = .96 which corresponds to an annual discount rate of 52 ~ .60, consistent

with experimental evidence; see Michaillat and Saez (2021) for a discussion and summary



of this evidence. So we can plug in the following:

VE(vj,t+1a \_7t+1) =—In (eXp (YVj41) + exp (7\_7t+1))

VE(Vj7t+1, Vi) =—In (exp (YVjt41) + exp (’YV?H))

LR = 2=

To see that V;; depends on the whole path of nominal wages, {IW;;}°,, we evaluate the

following derivative: for § > 1,

= Fe| Frar| - Fros—1(Vjiss) - -
AWits — dWiiis t( trl t+5-1(Vje+s)

A
= Fi(Vjs1) X Fpp1 (Vjer2) x ... X 92+sf1(vj,t+5)dwj’t+
Jt+8
where
)\EEf(QtH) AEU
/
V1) = B(1—s = + +1=Appf(0ir1)—Apv
W) =1 )[1 +exp (Y(Verr = Viesa)) 1+ exp (v(Viy = Vian)) (et
and since the final term «jx/j-”:i = W_1t+§ > (), we can see that d‘f[l,?—is > (. Promising

a higher wage in the future makes a job offer at firm j more attractive, and helps recruit

workers today.

In a symmetric equilibrium with V; = V;: always, and where the household fixes V-V

at some value In ¢ (by varying the consumption of the unemployed),'! this simplifies greatly

to
Y, AEE'f(etJrl) )‘EU
Fi(Vjis1 =Vig1) = (1 —s) + — + 1= 2Apef(0m1) — Aev |-
2 1+&
=P(0i41)<1
"'With log utility and myopia (3 = 0), we have V; — V¥ = InCf — InC* = In¢ implying g—t = ¢ as
before.



Thus in a symmetric equilibrium, and for 8 > 1 we can write down these derivatives as:

dVj . (B(1— 5))8 Hi=1 P(O11)

AW iss Witss ’
and for § = 0:
dV 1
dWie  Wie

So we obtain

A 0 A
P(01) = — EE];( h+1) n : +Eg_7 1A

which is decreasing in 6, ;. It can be understood as follows: as future market tightness 6,
increases, it is easier for workers to switch firms in which they work in the future, so a future
wage increase leads to less increase in the current value V; at period ¢.

Now that we know the value function V;; depends on the whole path of wages, we rewrite

our recruiting and separation rates as follows:

_ exp(v(Vje = Vi) exp(7(Vje — V)
e (Vi) = 900 [gbﬂt (1 +exp(y(Vje — VQ) vt <1 +exp(y(Vje — W)) ]

_ exp(—y(Vje = Vi) exp(—=y(Vse — Vi)
St (Vi) =s+ (1 —s) [)\EEf(Qt) <1 T exp(— (V= \—70) + Agv (1 (= (Vi — \7?)) ]

Where we write that R, and .S; are time varying because of changes labor market conditions
(tightness 6, and employed/unemployed searcher shares ¢ ; and ¢r;;) and competition from
both other firms and unemployment (V; and V).

Note that this impacts only the FOCs for vacancies and wages, and the law of motion
for employment. We can no longer derive a nice nonlinear wage Phillips Curve (though our

price Phillips curve is, happily, unchanged). Putting changes in red, the firm’s problem is



now

- 2
Q0 t X J
1 o Vi v [ P, o
max — PY] — W;.N; —c< = ) VW, — — I 1| Y/P
{Pj,t}7{th};) <1 +p> ( Yyttt JtiVjt Nj,t—l gtV 9 P;,t,l t =yt
{Wieh {Vje}

subject to

Njt = (1= 8¢(Vje))Nji1 + Re(Vji) Vi

Output is produced with labor with the linear production: Ytj = A{ N, and Dixit-Stiglitz
. L\ e T —e
demand, so Yth = (%) , hence N;; = (%) AL% with € > 1.

Here we can see why only the first order condition with respect to wages will change:
the only new component is that the derivatives of the recruiting and separation rates R, and
S; will be different. Note that their levels will be unchanged: in a symmetric equilibrium,
R; and S; will have the same functional forms as before, in the main text: formally in a

symmetric equilibrium with V;; = V,, and assuming households set V, — V¥ = In¢ by

adjusting the consumption of unemployed households, i.e., adjusting 7;, we have:

Ry = g(0:) [qu,t (%) + v (%) ]

Si=s+(1-s) [AEEf(Ht) (%) + Agy (1 ig_v) ]

Note that we continue to assume that the representative household imposes taxes and trans-

fers to satisfy a standard Euler equation: while this may no longer necessarily be optimal,

we make this assumption to facilitate direct comparison with the model in the main text.

Equilibrium and Steady State We focus on one particular equilibrium where Pyj,t =Py,

Vie = Vi, Wy = Wi, Al = A, V5. All equations in our model in the main body, and the



firms problem, are unchanged except for the first order condition for the wage, IV;: defining

for convenience

1
By = Nk u (17 = DIEN, = 0 (I8 = 1) (I15)" New,
_ )‘t / !
Ay = P (Vth - StNt—l)
y,t

where )\, is the co-state variable associated with the law of motion for NV;, we can write the

FOC for wage W, as

Wo

fort=0: —Ag=A
or Py70 0 0
W, P(6,) ( Wy
fort>1:. —A;,=A 1-— JAVIRT I
or B ¢+ B(1 —s) 0, (Pitl ¢ 1>

In the long run, assuming that firms committed to a wage plan arbitrarily far in the past
(t = —o0), we should converge to a steady state satisfying the FOC for W, with ¢ > 1, i.e.
not the equation in the initial period. Thus we look for a solution which solves the following:

in a zero-inflation steady state, and noting that P(6;) < 1, the wage satisfies:

w A

P IC B(1—s)P(6)

Note that if 5 = 0, and workers are myopic, we recover the expression for the real wage in
steady state for the myopic worker model in the main body. Given this equation, and all the
other equations in the model, we can again solve numerically for a zero-inflation steady state
of the model (assuming the monetary authority targets II; = 1).

This makes it easy to see the time inconsistency in the firm’s optimal wage plan: if we
plug in the long run steady state here for the ¢ = 0 constraint, and consider what firms choose

for the real wage given A, A, 6, we see that the long run steady state does not satisfy the FOC



at t = 0: the wage is too high by a factor of 1 — 3(1 — s)P(6). In short, given the chance
to re-optimize, firms choose a lower wage than the one committed to in the infinite past,

because that future commitment once helped with contemporary recruitment.

Convergence to the Long Run Steady State Assume an economy as described above
without aggregate risk and where firms made their wage plans an infinitely long time ago,
so that the economy is now in the long run steady state described above. When firms first
set their wage plan, they initially choose to promise a wage below the long run value, and
later would want to renege, but this is not permitted. Figure E.3 plots the transition to this
long run steady state if we allow firms to choose new wage plans. All impulse responses
are shown as percent deviations from the long-run steady state, so that we can confirming
the intuition described above for the wage. Re-optimization acts like an expansionary shock:
firms immediately lower nominal wages, but increase in size by recruiting through promis-
ing higher nominal wages in the future and by posting more vacancies. This causes market
tightness to rise in the aggregate, which puts upward pressure on firms’ marginal costs. The
net effect is a modest amount of inflation as these costs are passed on to consumers, which

the monetary authority responds to by raising real interest rates.

Response to an MIT Cost-of-Living Shock X; When firms commit to their wage plan
at some time t = —oo, we assume that firms know that an X; MIT shock might hit the
economy at date ¢ = 0, but that the probability of that MIT shock is effectively zero (in the
limit). However, we can characterize what their wage plan looks like in the case that the
shock hits: this is plotted in Figure E.4. That wage plan respects the FONC for wages for
t > 1, not t = 0, written above.

Replicating the experiment in the main text, where the central bank perfectly stabilizes

N; = N in response to the shock, yields identical impulse response functions for both mod-



Nonlinear Dynamic Model Response to a One-Time Firm Reoptimization Allowed at ¢t = 0
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Figure E.3: The effects of allowing firms to reoptimize and choose new paths for wages
and all other choice variables, which they then commit to following forever. All impulse
responses are shown as percent deviations from the long run steady state.



els. Because of this, we instead plot the slightly more interesting case where the monetary
authority follows an active Taylor rule that imperfectly stabilizes output, and hence domestic
employment: 1+ i, = (1 + p) (%)W (%)d)y, where here ¢y = ¢ = 2. The responses
in both models remain very similar, though they are no longer identical: as the monetary
authority responds to the inflationary shock by raising real interest rates, the price of domes-
tic output falls and domestic consumption Y; remains basically flat. Wage inflation remains
extremely modest, but positive—and is slightly more positive on impact for the “myopic”
model.

We conclude by noting that the assumption of myopic workers is a largely-innocuous

simplifying assumption which is not critical to obtaining the results in the main text.
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Nonlinear Model Response to an MIT X, Shock: Myopic vs. Forward-Looking Workers
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Figure E.4: The effects of a negative shock to X; assuming the central bank follows an active

Taylor rule: 1+, = (1+p) (%)¢H (%)W, where here ¢y = ¢ = 2. The responses in both
models are very similar: the monetary authority responds to the inflationary shock by raising
real interest rates. The price of domestic output falls and domestic consumption Y; remains
basically flat. Wage inflation remains extremely modest, but positive—and is slightly more
positive on impact for the “myopic” model. All impulse responses are shown as percent

deviations from the long run steady state.
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Appendix F Constant Relative Risk Aversion (CRRA) Util-
ity
In this section, we deviate from our log-preference assumption and assume instead that the

1-0o

per-period utility function is given by S

1—0o

featuring o as relative risk aversion and the

inverse of elasticity of intertemporal substitution. A worker working at firm j, receiving

wage W), and facing 7; as tax rate, will consume C} = Tt?it. Under the same consumption
. ce . . w _ n W
sharing rule C—? = ¢ within a household, a unemployed person will consume C}* = T

where 1V, is the average wage of employed workers as defined in Section 3.2.
Now, the probability that a worker chooses firm j paying W, relative to market wage W,

is given by

B 1
T'mj (Wt’w/jt‘Pt) B L(ij't)l_g L(TtWty_U ) 1+ 6%(%>(1ia)<Wt170—letia>

where subscript m denotes market, the recruiting rate r,,; depends P, explicitly. The proba-

bility that a unemployed worker chooses firm j paying W, is

_ E( Py )1 ’ 1
Tuj (Wt,VVjt|Pt) = c = =

() )T ) () )

which again depends directly on P;. Under the symmetric equilibrium with W, = W}, arise
in P, raises the recruiting rate r,,; from the unemployed, when o > 1, giving an incentive for

firms to post higher wages. Thus, the recruiting function R(W;,|F;) is then

1 1
— + Quy — —
1 e (3) ey ()T () )

R, (th|Pt) = g(et) ¢E,t

12



Then we have that R'(w;;) W}, is given by

2

(1-0) Y o\ T Y (N o e 1, o\ 1o
R;(vvﬁ)w/jt :g(et)QbE,t <1 +el- J(Pt) (th 7W]~1t )) GE(E) (Wt Wi )7 <T75TVV]15)
t

ol Tt (1—0) Wy 1—0o o —2 N - (1—0) W, 1—0 o 1o
+9(0:) vy <1+61_U<Pt> <<?> Wt >> €E<E> <(T> Wi >’V (Ttwjt)

which is increasing in P, in the symmetric equilibrium when o > 1.'> As the recruiting
(and separation) elasticities ey, and gy, are increasing in P, a cost-of-living shock can
provide an incentive for firms to raise wages in response in this case.

As special case, if s = 0, Agy = 0, then ¢, = 1 and we obtain

A
66R7Wt Pt OEsth Pt
= =c—1>0.
0P, ERW; 0P, ES,W,

Euler Equation In this case, the household’s consumption Euler equation takes a slightly

different form. First, their preference is given by

3 () [ - SET) )

We keep assuming that the household is constrained by fairness considerations to choose
Ce
&=¢

First, from the aggregate consumption, we obtain
Cr=(1-U)C; + UGy = (1 =UpE+ Uy) O

leading to
Ci
(1-U)E+ U

Cr =

12We can prove this property similarly for the separation function .S; (Wie).
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Now the household’s per-period utility in (F.1) can be written as

l1—0o
(Cé‘)l‘” () A () Ct
1— - 1— L
Uy ! Ut)l—a oo |G-t cr
=

(C)'7 Ui+ (=T
l—o [U+(1-U)E"

Thus the household effectively maximizes:

(e 1527 it

subject to

W,
Cy=(1— Ut)—t + NWI, — B, + (1 +7114)Bi 1

by choosing real bonds B; and consumption C;, where income including real non-wage
income NW I, (dividends paid out by firms) and real wage income (%) is taken as given
by the household, r;_ ; is the real rate between ¢t — 1 and ¢, and B, are real bonds in zero net

supply. Optimization requires that the household’s choices obey the following consumption

Euler equation:

c;? U 1—Uy)Et=—e 1 c.q U, 1-0,
t . t + ( t)é- — _ (1 + it7t+1) t+1 . t+1 + ( t-‘rl) — (F.2)
P U+ (1= U)E] L+p Peir [Upr + (1= Upn)€]'
Ef‘((Ut) f(Ur+1)
Note that (F.2) becomes a standard Euler equation
c 1 41
=—/1 E3
P, 1+P< +Ztt+1)Pt+1 =3

when the labor market is stabilized by monetary policy, i.e., U, = U,,; = U for Vt. As

14



assumed throughout the paper, we will assume that the monetary policy stabilizes labor

market, i.e., (F.2) and (F.3) are both satisfied.

Price Inflation 1, = 100 Nominal Wage Growth, v, = 100
T T T T T T T T T T

1.03

1.001

1.0008 [

1.0006 [

£ 1.0004 |

1.0002 |
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1

(a) Price inflation under different o (b) Wage inflation under different o

Figure F.5: Impulse Response to a 10% Negative Shock to Supply of Endowment Good

Figure E.5 illustrates that (i) when o > 1, wage inflation can rise in response to a pure
cost-of-living shock, as it raises the recruiting and separation elasticities and firms are thus
willing to offer higher wages in equilibrium; (ii) but still the magnitude of a rise in wage
growth under our preferred calibration is small: in response to around 2% price increase, a

rise in wage growth is less than 0.1%.

Monetary Policy So the Euler equation (F.3) when the labor market is stabilized can be

re-written as

o o—1
iisr = (14 p) - Pgl . (C(Zl> —(1+p)- Pt;igzﬂ . (Cgl> . (F4)

In our Dixit-Stiglitz structure with 7 = 1, we have constant expenditure shares on en-
dowment good X and service good Y, i.e., ay P,C; = P, ;Y for Vt. With N, =Y, = N for

Vt, it implies
P, 1Ciq _ Py 1
P,Cy Py,

15



which if plugged into (F.4) leads to

Zt,t+1:(1+10)'%'< g;l> :

)

=lly 41

If period ¢ is the timing of a cost-of-living shock, we have Cg—:l > 1. If o > 1 (i.e., their
elasticity of substitution is less than 1), interest rate 7; ;1 needs to rise from p since otherwise,
households’ demand for service goods at period ¢ becomes higher than Y = IV, destabilizing
labor market at ¢. Also, since wage W, rises due to higher price P, raising the recruiting

and separation elasticities under ¢ > 1, raising the marginal cost for firms, firms raise their

prices, i.e., Iy > 1. Both terms raise #; ;4 from p.

Log-Utility Case In the previous log-preference case (i.e., ¢ = 1), we had the following

Euler equation:

1 1 1

SR S S R A . —
PC, 1+ p< t’tH)PtHCtH

(F.5)

With interest rate pegging ¢, = p for V¢, we equalize intertemporal consumption expendi-
ture, i.e., P,C; = P,,1Cy,1 and it equalizes intertemporal Y;-consumption expenditure, i.e.,
Py.Y: = Pyy1Y:11. Since wage stays at the steady state if labor market is stabilized under

o = 1, price Py, does not change, and labor market becomes actually stabilized.
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Appendix G With Hiring Costs

Now, in addition to the direct vacancy-creating costs in the firm optimization (5), we assume
that an intermediate firm pays a hiring cost which is convex in the number of new employees

hired in each period. In this environment, the firm j maximizes

t o o Vj Xv ‘ i Xh ‘
jhax Z ( ) Py YY) —W{N] —c, | — VIW, — e | = Hw,
Py 3N i NP ’ N/, N

W73V} = "
Hiring cost
o P\ o (w
2 Py,tfl 2 Wtfl
(G.1)
subject to
N} = (1= Sy(W{)N}_, + R(W{)VY . (G.2)
W
EHg

We will have that physical output is produced with labor with the linear production: Ytj =

A{ th . The Lagrangian then can be written as:

= ¢ j Xv Xh
Y i N v/ » v/ R(W} . |
Z (1 + ,0) <P5,tytj — W{N/ ¢, (N]t ) VIW, — ¢, (%) Vi R, (WHW,

“ ]
~—

Hiring cost

. 2
U B —1> Y/ P!, - W(
2\ P/,

y,t— 2 t—1

- —1) W7 N/
+ X | =N+ VP R,(WP) +(1 = Sy(W{))N/_, )
N

—H!
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where due to the Dixit-Stiglitz structure, the labor demand th is given by

PP\ Ty,
Ni= =2t =L
P Yt Ag
First order conditions We write the first order conditions under the symmetric equilib-

rium, where N} = N,, W/ = W, V/ = V;, and \J = \,. The first order condition with V/

is given by

% XV ‘/t Xh -
—Cv(l + XV) Nt_l Wt — Ch(l + Xh) Nt_l (Rt(Wt>> XhWt + )\th(Wt) = 0,
(G.3)

which leads to

(1+xv) (NY;)XV

Ht Xh
Wt + Ch<1 + Xh) <N ) Wt, (G4)
t—1

where \; can be interpreted as a shadow value of a worker. It increases with ¢, a shifter in
the hiring cost function.
The first order condition with Wtj is given by

Ve (W, 2 W, W, o Vi Niy,
— -1 vl —=1 1=\ R(W,)— — —=5(W,
2 Wtfl + w Wtfl Wtfl + t t( t)Nt Nt t( t)
H, )Xh Vi

(14 ) R (N W,

1 Wi Wi Nit1
+ v —1 W, .
1+p¢ ( W, ) t+1
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Combining equations (G.4) and (G.5), we obtain

ww w w w
5 (th—l) + o (I — 1) I + 1

(1+Xv)< a >XV

— | we 1 - Wien(1 + xa) H, \* R/(W)E—ES/(W)
= tLv Rt(Wt) tCh Xh Nt_l t t Nt Nt t t
Y
Hy \*™ Vi 1 W, N,
—cn(1+ xn) Ry (W) (Ntt1> Fth V" (e, — 1) W;*;Wtﬂﬁ
- £
(G.6)

Equation (G.6) can be rewritten as

¢w w w w w 1+XV Ni—1 / N, 1
T(Ht _1)2"‘1/1 (Ht _1)Ht + 1 =W, R(< R, Wt Nt ]QIS(Wt)

Waen(1+ xn) <Nij_1) ( e 15’(Wt)>

+ TW ( b1~ 1) (H:SU+1)2 N]if—:l,
which lead to the following wage Phillips curve with hiring costs:
7/1_2“) (II¥ —1)° + ¥ (IIY — D II¥ + 1 =, (1 + xv) (N‘fl)xv (ER,Wt% — N]i[tl ]S%i((W))ESWt)
+ ih(l + Xn) (N];I_t1> St(Wt)NNt (— aswtz
New term
+ Tw”“” ( i1~ 1) (HZSUH)? N]if—tl

(G.7)

In the case of convex vacancy costs, i.e., x, > 0, and linear hiring costs, i.e., x, = 0, the
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wage Phillips curve becomes

e - >2+ww<ﬂf—1>nzv+1=cv<1+><v>( v ) ( Yo N 1St(Wt>sSWt)

2 No—1 PN, ON, R(W)
1 w w 12 Nev1
+ chSt(Wt) Nt ( esw,) + Tw (Ht+1 - 1) (Ht+1) ]\Z

If instead we have linear vacancy costs, 1.e., x, = 0 and convex hiring costs, i.e., x;, > 0,

the wage Phillips curve is given by

,L/}’LU
2

Vi Nioa Si(Wy)
Iy — 1)+ ¢" (I — ) IIY + 1 =c, e —
( )" + ¢ (1L )ITY + c (5R,WtNt N, Rt(Wt)ES,Wt

Ht Xh 1
+cn (1 + xn) N, S{W) g, (—esw,)
t_

mww ( zztU+1 1) (H?+1)2gt+1’

Ny

where we define g, = 7~ as employment growth.

No vacancy cost For simplicity, let us assume ¢, — 0, ¢;, > 0. With B; = 1\ = R,T;

where T, =

0= F (In(II}), In(I1},,), In g, In ge1, In By, Inegw,, In Sy ) , where

Py = ¢V (T — 1) + 117) = ¢

VY g w w w P
Fh‘(n@”ﬂ) BT +p (Ht+1<Ht+1) (I — 1)2(I54) ) =7 i
Flng, = —cp(1 4+ xn)BX" - S - (_9;1)<_55,Wz) =cp(L+ xp)BX" - S - (—eg) = kp >0
1 w w w
Fino. ) = _m¢ (Ht+1 - 1) (M, 1)%ge1 = 0
Fin(zy = —ca(1+ xn)xn - BX" - St - g7 (—esw,) = —xnkn

Faesw,) = cn(1+ ) B gr Yesw, = —kn, Fings,) = cn(l + xa)BX"g; 'esw, = —kn.
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at the steady state. Therefore, up to a first order, we obtain

wyTW ww rTw pd » < G
0 = YP"IL}" — mﬂt+1 + Rn (gt—XhBt—5S,Wt _St)’

leading to the following linearized wage Phillips curve:

. 1 = K - . ~ .

Iy = ey o1 T L% (St + Esw, + xaBi — &) - (G.8)
:
>0

Equation (G.8) is straightforward to interpret: higher separation S; and more negative
separation elasticity,”” i.e., sy, > 0, raise wage growth. With x; > 0, i.e., convex hiring
costs, higher B, implies higher marginal costs of new hires, thereby incentivizing a firm
to raise wages so that it does not want to lose its current employees. Finally, higher ¢,

(employment growth) means there is less incentive of firms to raise wages.

More Simplification To rearrange (G.8) so that it is represented in vacancy and unemploy-

ment, we use the followings we derived in Appendix B.3:

S = gS,V‘v/t + gS,UUt—l
(G.9)

Esw, = Jesv Ve + Geg.u U1,

and

Bi=R +Ti = (gry + 1) V; + (gR,U + ) U1, (G.10)

1-U

B3In log-linearizing the non-linear wage Phillips curve (G.7), we use the following definition for negative
ES W, -
- Es,w, — Es
€S,Wt = )
€s

which implies that £g 7, > 0 when £g 1, is more negative than its steady state level €g.
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with
f]t - S(Rt + Tt - St)
(G.11)

= S(grv +1—gsv)Vi + S (QR,U + — 957U) U1

1-U
Based on equations (G.9), (G.10), and (G.11), equation (G.8) can be written as

. 1 . -
I = oW + v Ve + dg Ui, (G.12)

where

Qb‘lj = _Z [(957‘/ + Gegv T Xh(gR,V + 1) — S(gR,V +1- gS,V)]

and

o

U U
—ww 95U+955U+Xh(9R,U+1_U) S(QRU“‘E_QSU)]

Based on Q; = go.v'V; + 9o.vU;_1, equation (G.12) can be again re-written as

- w o - o mdQuU
= — [, + Vit (ol — o U, (G.13)

IL+p 9Q,v Vaov
——

Eﬁg EIB[I]{

which is a function of quits ¢, and unemployment U,_;. Under the current steady state levels

unchanged, with parameters ¢, = 10 and y;, = 1, we obtain
Tw 1 w -3 (1 —27]
My = I, + 107 (V; + 6.8 x 107%0;) |
+p
where we see ¢ = 6.8 x 1075 > 0 and

¢—V = 15.151.

U
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The reason we have a positive coefficient ¢y > 0 on unemployment is easy to understand:
higher U1 (equivalently lower N,_;) raises a marginal cost of new hire, inducing firms to
raise wages to reduce turnover. This channel is absent under x; = 0, in which case the wage

Phillips curve becomes

S T 3k ot _2y;
1 = T + 10 3 (5.8V; — 1.4 x 10720, )

which depends negatively on U,_;. Still % =4.14.

Quits and Unemployment In terms of quits and unemployment, with x;, = 1, at a monthly

frequency we obtain

w 1 rTw - / y
1Y = mnt+1 +107% (1.9 x V; + 0.290;_,)

H
where both 35 > 0 and 3/ > 0, and 2—@ = 6.57.
U

Special case: no on-the-job search When \pp — 0, we already know that S, — 0,

éS,Wt - 0, and
. 02 . 02

t > —m@ = —m(w — Utfl). (G14)

We also know that

Bi=R,+T, =R, +V,+ U1 (G.15)
—— 1-U
-1,
where
y . . 1 - 62 .
Ht:Rt—f—‘/t: 1+02‘/t+ 1+92Ut,1. (G16)
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Finally

. g “ . . Uu .
gt=S(Rt+Tt—St)—>SBt=S(Ht+1 UUH). (G.17)

With equations (G.14), (G.15), (G.16), and (G.17), our linearized wage Phillips curve

(G.8) can be written as

~ 1 ~ Rp ~ «
I = ——II, + -~ S + € +xnBi — §
t 1+p t+1 e t ES,Wy TXhDt — Gt
-0 -0 (G.18)
>0

1 v Rp -

= — 0%, + 2 (xn — S)B,,

1+p t+1 77Z}w<><h ) t

where the right hand side is written in B;. When Xn = 1, since x; > S at the steady state,
higher B, raises wage growth since it increases the marginal cost of hiring a new worker due
to the assumed convexity. In contrast, with y;, = 0, higher B, actually reduces wage growth:
under linear hiring costs, marginal costs of new hires become constant, and higher B, means

too many new hires, thereby inducing firms to reduce wages.

Appendix H Log-Linearized Wage Phillips Curve with Inflation-
Indexed Unemployment Insurance b

In this section, we derive log-linearized wage Phillips curve in our model extension with

fixed b in Section 4.2. We start from equation (B.19):

. K . 8 . . .
Iy :1/)_w E—gs + S(egr — 55)2 (S — Ry) + SER +(x—95)(er — sg)th + (er€Rt — €5€st)
0 0
1 w
1+p t+1°

Functional Forms with Real b Now we have

24



1 W)
R, = g(6:) ¢E,t§ + duy m .
Wi

where w, = 3t is real wage, i.e., wage denominated in price aggregator F;. At the steady

state, we assume
WY f Y

Wb 1+ & ¢

Likewise, we obtain

Sp=s5+(1-3) ()\EEf(et) + Agv <ﬁ))
OBt bYW
'7( +¢Ut [~7 b7]2>
0.565 + (5755 ) dve
—(1—s)y (f(et))\EE% + Agy - = ] 2)

e ++]
(1 s) (o 5 Aeef(0,) + sy ~7+m>

ERt =

Egt =

Derivation To begin to simplify the wage Phillips curve with fixed b (B.19), we decom-
pose all of the following right-hand-side variables, S, Ty, Ry, Rt and g, into vacancy,

unemployment, and the real wage w; deviations. The tightness term, 7; =

Vi oo .
N 18 the same:

in log deviations from steady state, it becomes

. . U .
T, =V, + mUtfl-

For the rest, we can write the decomposition as follows:

1. R = .(JR,VVt + .(JR,UUtfl + gR,wU:)t

Derivation: Recall that the recruiting function is

1 o
R, = g(6,) <¢Et§ + vy (ﬁ)) .
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=~

For practical purposes we define C = 157’

sumption for employed to unemployed workers. Then we obtain:

which is increasing in the ratio of con-

92
gryv = —my
and
_ 2 U - Age) 050 U Appdp — Ape — 0p
IR0 =150 Npp(1—U)+U @ 0565 +Cohy 1-U Agp
Cou

+ (1= dy(l = AgR)),

0.5¢5 + Cou (1= ¢u(l = Awp))
and

Cou
w=—" . ~1-C)>0.
IR0 = 0 56p + Cov 71 =C)

Note that |gr .| is decreasing in A\gp.

CAES .(JS,\/Vt + gS,UUt—l + gs,wﬁ)t

Derivation: Recall that the separation function S; is given by

Stzs—l-(l—s)()\EEf(gt)%+/\EU< - ))

wy + b
Then, we obtain:

. (1 — 5)05/\EEf ) 1
S + (1 — 8) (O5>\EEf + )\EU(l — C)) 1+ (92’

gsyv

and

S + (1 — S) (05>\EEf + )\EU(l — C)) 1+ R >\EE(1 — U) + U’

gsu = —
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and
_ —’7(1 — S)/\EUc(l - C)
98w S + (1 - S) <05)‘EEf + >\EU(1 - C))

< 0.
Note that |gg | is decreasing in A\gg, given 6.

c ERt = Gen o Uto1 + Gepy Wy

Derivation: Note that in equilibrium, €z, is given by

PE, o brwy
,y ( 4 + QSU,t [ﬁ]z-‘rb'y]Z)

ERt = —
(0505, + (75 ) due)
from which we obtain
_ ( 02505 05 ) U Aepor — Aop — ¢5
Yerv =\ 02505 + C(1—C)oy 0565 +Coy ) 1—U Aep
C(1-C)ou Cou
(0.25¢E +C(1-C)py 0505 + C¢U) (1= 0u(l = Aer)).

and

Cou

puC(1—C)
0505 + Cop |

Jerw = 7 [0.25¢E + ¢pC(1 — 6)7(20 -+

(1—6)] <0

Note that |g., .| is decreasing in Agp.

. e’;S,t = gagjv‘/t + gSs)u Utfl + ges,wwt

Derivation: Note that in equilibrium g is given by

—(1—=s)y <f(9t))\EE%l + Apy - 2>

[m3+m]

s+ (1-s) (0-5 Aepf(0:) + Apu - ﬁ)

€St =
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from which we obtain

Jesv =\ 0.250mmf +C(1—Chpr s+ (1—5)(05snf + (1 —Chmo) ) 1+ 6%
and
_ . U(l - Xgg)
geS’U ges'v )\EE<1 — U) -+ U
and

- (1-35)Asr(1-C)
Ges,w =7 lc ' s + (1 — S)(O.5/\EEf + >\EU(1 - C))

o1y AeCL=C) ]

Note that g., ., is a complex function of Agp. Since C ~ 1 and s ~ 0 under our

calibration, we have 2C — 1 ~ 1 and:

[ dm-0 - Asw(1—C)
Jeer =N 050 mnf + Amo(1—C)  0.25Mmsf + Asw(1—C)
o 025)\EEf ) )\EU(l - C)
-7 025)\EEf+)\EU(1 —C) O5)‘EEf+)\EU(1 —C)
0.25X g5 f
~ —yA\gy(l—-C
7hsu )0.125)\%Ef2 + Apu(1—C) - 0.75Apef + Ay (1 — C)?
~0
0.25-

0125 g f? + Apy(1 —=C) - 0.75f

Therefore, |g., .| is (approximately) decreasing in Agp.

Decomposing Wage Growth into Vacancies and Unemployment Combining these re-
sults, we can rewrite the wage Phillips curve just in terms of gaps in vacancies, unemploy-
ment, and real wage. Let

Ay = —eg+ S(er —€5)
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and

A =cer+ (x—9)(er —e5).

as in Appendix B.2.

Then the wage Phillips curve (B.19) can be written as:

- K /
v = oo [A1 + A1 (gsv — gryv) — €59:5.v] Vi

)

~-
E¢V>O

K U .
+ — [ A+ A1 (9su — 9rU) + ERGepv — €895, | Uia

Y |[1=-U
E¢‘[j<0
" A e 1 ﬂw
+ W 1 9sw — YRw + €Rr Jepw — €8 Gesw wy + m t+1-
N <0 >0 >0 <0 <0 <0 1
E¢:<O
(H.1)

and |¢,| is decreasing in on-the-job search probability g, given steady-state 6. Interpreta-
tion is very simple: given V; and U,_1, a cost of living shock lowers real wage w0, and with
¢ < 0 raises wage inflation ﬂ}t”. Therefore, there is pass through from price to wage as we

explain in Section 4.2.

H.1 Wage Phillips Curve in Quits, Unemployment, and Real Wage

First, we log-linearize the quit function (), as Qt = ngV} + ngUt,l + gszth. Recall that
the quit function ); = S; — s is given by

Q= (1-5) <>\EEf(9t)% + Apu (L>)

wy + b7

Then, we obtain:
B 0.5 eef 1 -
IOV = 0 enf + Aoo(1—C) 1+ 02

0,
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and

go,u = <0, gouw =

C05hgef + Apr(1—C) 1+ 62 \gp(1—U)+U

Rearranging in terms of

V. — Qt - gQ,UUt—l - gQ,wUL)t
t — )

gQ7V

the above equation (H.1) becomes

. . . B 1
Hqiu =y Vi + opUi_1 + ¢y + —Ht+1

1+p
Qt — 99 UUt—l _gQwU:}t - < 1 .
S ( : : + opUi_q1 + ¢y + ——IIY
9Q.v ! FT g

v - —9Qu 2 —9Quw < L=

= = Qi+ | 20v+ ou (Uit | 2oy + b |+ ——ITY,.
~——— — <0 — <0
>0 >0 >0

(H.2)

We should then expect that the “catch-up” (see e.g., Bernanke and Blanchard (2024))

term 1w, should be mitigated for the quits equation (H.2) than for the equation with vacancies

(H.1). The reason is that some effect of this catch-up is absorbed by an endogenous response

in quits, i.e., quits Qt will rise with a cost of living shock, given Vt, Ut_1, and w,. If those
effects are strong enough, the coefficient on w0, in equation (H.2) can be positive.

It turns out that the coefficient on wy; in equation (H.2) becomes positive under our cali-

bration. At monthly frequency, we obtain

FTw ¥ g < 1 FTw
IT" =0.0183V; — 0.003U;_; —0.011 w; + mﬂtﬂ

<0

. . . 1 .
=0.0246Q; — 0.0009U,_; +0.0142 w;, + ——II}"
Qs t—1F wt+1+p a1

>0
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where still quits remains as the strongest driver of wage growth.
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