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Abstract

The current monetary policy framework of the Fed intends to be more “inclusive’ by
running the economy hot for longer during expansions. The logic of this strategy rests
on Okun’s (1973) hypothesis that sustaining a “high-pressure economy” persistently
improves labor market outcomes of low-wage workers. To evaluate this conjecture,
we develop a Heterogeneous Agent New Keynesian framework with a three-state
frictional model of the labor market where low-skilled workers are more exposed to
the business cycle and recessions have a long-lasting effect on their labor force partic-
ipation and earnings, in line with the evidence. Under a canonical Inflation Targeting
rule, the ZLB generates a deflationary bias and severely amplifies the persistent scars
of recessions at the bottom of the wage distribution. The Lower-for-Longer strategy is
an effective antidote to the ZLB-driven hysteresis and leads to notable earnings gains
for low-wage workers and a reduction to overall earnings inequality. If pursued ag-
gressively, however, the policy reverts the inflation bias from negative to positive.
Since policymakers might prioritize differently inflation relative to inclusion, we con-
clude by quantifying the inflation-inclusion trade-off implied by various monetary
policy rules.

JEL Codes: E21, E24, E31, E32, E52, J24, J64

Keywords: Distribution, Earnings Losses Upon Displacement, Hysteresis, Inflation, Labor Market
Frictions, Monetary Policy, Participation, Okun, Unemployment, Upward Mobility, Zero Lower

Bound.

*Alves: Bank of Canada, . Violante: Princeton University, CEPR, IFS, IZA
and NBER,


mailto: felipe.a.alves0@gmail.com
mailto:violante@princeton.edu

1 Introduction

Monetary policy regimes are neither permanent nor timeless. As economies evolve, mon-
etary rules must adapt to the changing macroeconomic landscape. All central banks are
fully aware of this reality and regularly reassess their conduct. The most recent strategic
review conducted by the U.S. Federal Reserve (Fed), and concluded in 2020, culminated
in a substantially revised monetary policy framework. The objective of this paper is to as-
sess the aggregate and distributional implications of this regime shift through the lenses
of a state-of-the-art macroeconomic model.

The Fed’s review contained two major novelties. The first one was motivated by the
Zero Lower Bound (ZLB) on nominal rates. In a low ‘natural rate’” environment, the
ZLB can dramatically constrain monetary policy’s ability to support the economy dur-
ing downturns. The result is worse economic outcomes in terms of both employment and price
stability, with the costs of such outcomes likely falling hardest on those least able to bear them
(Powell, 2020). To address this concern, the Fed adopted a more flexible approach to
its price stability mandate, shifting from a 2 percent inflation target to an average infla-
tion framework. Specifically, after periods of persistently low inflation—such as those
resulting from extended episodes at the ZLB—the Fed will likely aim to achieve inflation
moderately above 2 percent for some time (Powell, 2020). Notably, this approach was de-
signed to be asymmetric: while the Fed would pursue inflation above 2 percent following
periods where inflation remained below target, it would not actively seek inflation below
2 percent after inflationary episodes (Clarida, 2022).

The second novelty is a reinterpretation of the maximum employment mandate—the
other pillar of the Fed’s mission—as a broad-based and inclusive goal. This policy shift
stemmed from FedListens, a series of nationwide events where the Fed engaged with
a diverse array of organizations to better understand how monetary policy impacts peo-
ple’s livelihoods. In the foreword of the project’s final report (Federal Reserve System,
2020), Chair Powell notes that: One clear takeaway from these events was the importance of
sustaining a strong job market, particularly for people from low- and moderate-income communi-
ties. Everyone deserves the opportunity to participate fully in our society and in our economy.1
In alignment with this objective, the new framework stipulates that monetary policy is

no longer informed by deviations, but only by shortfalls of employment from its max-

1In’cerestingly, the European Central Bank’s (ECB) most recent monetary policy strategy review reveals
that, while price stability remains its sole official objective, the ECB now acknowledges more explicitly the
indirect impact of its policy decisions on aspects of social progress, such as wealth and income inequality
(Ioannidis et al., 2021).



imum level, adding another element of asymmetry in the policy response to aggregate
disturbances.

Jointly, these two shifts in the conduct of monetary policy indicate that interest rates
would be kept lower for longer following contractions in order to let the economy run
hot for longer during recoveries. The new strategy marked a sharp departure from the
Fed’s traditional “preemptive restraint” approach, whereby the Fed would raise rates
early on during recoveries out of fear of fueling inflation. The shift reflected the broad
consensus formed in the aftermath of the Great Recession that the Phillips curve had
flattened, indicating that a robust labor market could be sustained without causing an
outbreak in inflation. Low-wage workers, who are severely hurt by downturns and stand
to gain the most from extended and vigorous recoveries, are meant to especially benefit
from this new strategy.

The hypothesis that a hot economy especially benefits workers at the bottom of the
distribution is not new. In his classic article, “Upward Mobility in a High Pressure Economy”
(Okun, 1973), Arthur Okun conjectured that a ‘high-pressure” economy could persistently
improve the economic circumstances of more disadvantaged workers by giving them op-
portunities to find steady employment, strengthen their skills, and gradually climb the
job ladder. While Okun recognized explicitly that running a ‘high-pressure” economy
carries the risk of propelling inflationary pressures, he also thought that renouncing these
gains to most disadvantaged groups should be carefully reckoned as a high cost of accepting
slack as an insurance policy against inflation (page 244). Policymakers, according to Okun,
thus face a stark inflation-inclusion trade-off.

The post-pandemic experience in the U.S. is indicative of this trade-off. Unlike the re-
covery from the Great Recession, when it raised rates preemptively at the first signs of a
tightening labor market, the Fed waited much longer to raise rates in the post-pandemic
recovery. On the one hand, employment rates and earnings for low-educated and mi-
nority workers reached historic highs and, for the first time in decades, the economy also
experienced a notable compression in the wage distribution (Autor et al., 2023; Blanchet
et al.,, 2022). On the other hand, the U.S. recorded a severe spike of surprise inflation—
arguably for a variety of other reasons as well—and five years later inflation is still above
target.

In this paper, we develop a quantitative framework to assess the labor market im-
plications of this monetary policy regime shift for the entire distribution of workers. To
this end, our first challenge is how to formalize and give content to Okun’s hypothesis.
At the time of his writing, Okun presented only tentative empirical evidence to bolster



his conjecture that a high-pressure economy would primarily benefit low-wage workers.
Nearly fifty years later, our understanding of the employment and earnings dynamics
of workers has significantly deepened, with numerous findings from micro data corrob-
orating this insight. First, the employment outcomes of low-income groups are more
cyclically sensitive than those of the broader population. During economic downturns,
these groups experience disproportionately higher unemployment while, in recoveries,
their unemployment rates decline more significantly due to increased job-finding rates
and reduced job-separation rates. Second, unemployed (U) workers are far more likely
to exit the labor force (N) compared to their employed (E) counterparts (UN >> EN),
regardless of the phase of the cycle. This disparity in labor force attachment between
employed and unemployed workers (“attachment wedge”) makes the size of the unem-
ployment pool a crucial driver of procyclical fluctuations in participation—a force often
referred to as the “participation cycle.” Since low-wage workers are particularly vulnera-
ble to unemployment during recessions, this force is especially pronounced among them.
Third, earnings losses resulting from job displacement are substantial and enduring, es-
pecially at the lower end of the income distribution, where they more frequently lead
to a persistent exit from the labor force. These three mechanisms—uneven exposure to
aggregate fluctuations, the labor force attachment wedge, and long-lasting displacement
effects—form the foundation of how we concretely think about Okun’s hypothesis.

To study the aggregate and distributional effects of alternative monetary policy regimes
under Okun’s hypothesis, we integrate these three channels into a heterogeneous-agent
incomplete-markets New-Keynesian (HANK) framework featuring a three-state frictional
labor market model. Workers can be either employed, unemployed, or out of the labor
force. Low-skilled workers face higher separation and lower job-finding rates, leading to
higher unemployment and stronger exposure to business cycle fluctuations at the bottom
of the distribution. Labor market frictions and participation decisions give rise to a large
attachment wedge and thus a strong “participation cycle,” just as in the data. Finally,
we make the evolution of workers” skills contingent on their individual labor market
status. Specifically, workers” productivity typically increases while employed but gradu-
ally diminishes during periods of nonemployment. When combined with the attachment
wedge, this skill depreciation during nonemployment contributes to generate significant
and persistent earnings losses following displacement. Together, these three factors make
running a hot economy particularly beneficial to low-income groups.

While we substantially enrich the labor market block of the model to attain a credible

quantification of the employment and earnings gains under the new framework, inflation



costs are modeled as in the canonical sticky-wage New Keynesian literature by making
nominal wage adjustments costly. This choice is meant to isolate the impact of the new
framework on the average systematic rate of inflation, thus reducing the cost to a single
number, the positive inflation bias caused by the policy shift.” The rest of the model is
standard. A wage Phillips curve links inflation to fluctuations in hours per worker, a fiscal
authority taxes labor and provides unemployment insurance, a monetary authority sets
the nominal rate subject to the ZLB, and demand and supply shocks drive the business
cycle. The model is parameterized to match a wide set of macro and micro facts, which
discipline the strength of the three Okun’s channels.

We begin our analysis by revisiting the deleterious effects of the ZLB under Inflation
Targeting (IT) through the lenses of our heterogeneous-agent model. In agreement with
much of the existing literature, we find that the ZLB gives rise to only modest inflation
(-20bp) and unemployment (+0.55 ppt) biases in the model’s ergodic distribution. How-
ever, these small aggregate effects mask a much greater impact on individuals at the lower
end of the distribution. Specifically, looking at the ZLB’s negative impact on total labor
earnings across the skill distribution, we find a bias that ranges from just 2% in the top ter-
cile to 12% in the bottom tercile. When we analyze the sources of the earnings bias at the
bottom, we find that weaker labor force attachment and lower labor productivity explain
90% of the earnings losses. Similar results emerge when we shift from the cross-section
to individual life-cycle dynamics. In both dimensions, the stronger response among low-
wage workers is driven by labor market hysteresis. A temporary negative shock that
pushes the economy into the ZLB and increases unemployment, particularly at the bot-
tom, creates a vicious cycle that weakens labor force attachment and erodes skills, leaving
low-skilled workers scarred well beyond the ZLB period.

These shortcomings of IT open the door to alternative, potentially more effective pol-
icy regimes, like the Lower-for-Longer (LfL) strategy embedded in the new framework. We
ask whether this alternative rule that promises to run the economy hot for longer dur-
ing expansions can, possibly at the cost of higher inflation, foster an economy with more
robust labor force attachment, enduring earnings growth, and stronger upward mobility
among low-skilled workers. To answer this question, we run two counterfactuals. First,
we ask how the recovery of the U.S. economy from the Great Recession would have dif-
tfered had the Fed followed an LfL s’crategy.3 Second, we contrast the model’s aggregate

’In particular, we abstract from assessing how different monetary regimes deal with bouts of surprise in-
flation which transmit to households through many different channels, such as heterogeneous consumption
baskets, nominal net positions, and nominal wage rigidity.

*This historical episode offers an ideal laboratory for this counterfactual because of its depth, the ex-



and distributional outcomes in the ergodic distribution under IT and LfL strategies, sep-
arating the roles played by the asymmetric Average Inflation Targeting (AIT) and Shortfall
(SR) components of LfL. Taken together, our two counterfactuals yield three main find-
ings.

First, we find that the LfL strategy successfully reverses the contractionary labor mar-
ket biases that emerge under IT. Relative to the economy under IT, the average levels
of participation, labor productivity, and earnings at the skill distribution’s bottom tercile
under LfL are 3.5 ppts, 6.5%, and 17% higher, respectively. Moreover, adopting a LfL
strategy delivers an economy with more life-cycle upward mobility at the bottom of the
distribution, as hypothesized by Okun. Inflation, the other side of the trade-off, averages
33 bp above the target. Compared to an alternative policy that increases the central bank’s
inflation target but keeps the same reaction to inflation and unemployment deviations as
our baseline IT (Higher IT), we show that the LfL displays much stronger labor market
gains among low-skilled workers at the same cost in terms of inflation.

Our second message pertains to the contribution of each of the two components of the
LfL strategy. We find that AIT and SR generate similar benefits to average labor market
outcomes of low-skilled workers. The gains under each rule are, however, realized at dif-
ferent points in the business cycle. The AIT component primarily reduces the likelihood
and severity of the episodes triggering the ZLB, lessening the long-lasting harmful ef-
fects of recessions on low-wage workers. In contrast, the SR component operates mainly
by letting the economy run hot during recoveries, which enables low-wage workers to
partially make up for previous losses.

Finally, since policymakers may have different attitudes towards inclusion vs infla-
tion, we leverage our model to trace out the menu of choices available under the LfL
approach, which, because of its shape, we denote by “Okun’s cone.” These cones map
the cost, in terms of inflation, required to achieve specific average improvements in la-
bor market outcomes across the distribution. For example, we establish that a “hawkish”
central bank interested only in closing the deflationary bias induced by the ZLB, but with
zero tolerance for any additional inflation, would already boost participation rates by 1.5
ppts and labor earnings by 8% at the bottom tercile of the skill distribution.

tended duration of the ZLB, and the preemptive tightening by the Fed upon the very first signs of a tight
labor market.



1.1 Related Literature and Contribution

Our paper stands at the intersection of several key areas in macroeconomics. From a mod-
eling perspective, it presents two novelties relative to the growing literature that employs
Heterogeneous Agent New Keynesian (HANK) models to study aggregate fluctuations
and stabilization policies (see Auclert et al., 2024a, for a recent survey of this literature).
First, we augment the canonical sticky-wage HANK framework to include the participa-
tion margin of labor supply. In doing so, our paper joins an emerging trend calling for
a more prominent role of labor supply in this class of models (Huo and Rios-Rull, 2020;
Bardoczy, 2022). Recall that the short-run response of labor in the baseline sticky-wage
New-Keynesian is “demand-determined,” leaving little or no role for labor supply forces
in shaping the transmission of aggregate shocks. Graves et al. (2023), however, find that
“supply-driven” flows (e.g., EN and UN) play a quantitatively important role in the re-
sponse of employment to a monetary policy shock. In Alves and Violante (2024), we have
shown that our framework generates impulse responses to monetary policy surprises that
are qualitatively in line with their evidence for all labor flows.

Second, within this framework we give formal content to Okun (1973) conjecture.
Our interpretation of Okun’s hypothesis through the exposure, attachment, and persis-
tence channels rests on solid empirical evidence from micro data. Cajner et al. (2017)
and Aaronson et al. (2019) document that low-income groups are (unconditionally) more
exposed than the average to business cyclical fluctuations.* Hobijn and Sahin (2021) mea-
sure the “participation cycle” from workers’ flows and document that this channel is more
pronounced for low-skill ones, who are more marginally attached. With respect to the
persistence channel, Davis and Von Wachter (2011) show that earnings losses upon job
displacement are sizable and long-lasting, especially in recessions. Guvenen et al. (2017),
Yagan (2019), and Athey et al. (2023) illustrate that this phenomenon is particularly severe
at the bottom of the distribution where it is associated with more frequent exit from the
labor force. We leverage this large body of empirical work to parameterize the strength
of the three channels in our model.

Our modeling of Okun (1973) conjecture relies on ingredients that are common in the
macro-labor literature. The treatment of labor market frictions in the presence of an exten-
sive participation decision builds on Krusell et al. (2017). The assumption that frictions
depend on individual skills, crucial to obtain higher exposure for low-wage workers, fol-

‘A growing literature using survey and administrative individual-level data has uncovered similar pat-
terns also conditional on a monetary policy shock (Amberg et al., 2022; Lenza and Slacalek, 2024; Broer
et al., 2023; Chang et al., 2024), with changes along the extensive margin being particularly important to
explain the higher exposure of low-income groups.



lows Heathcote et al. (2020). Finally, making skills drift down during nonemployment
is a natural way to capture earnings losses upon displacement and duration dependence
(Ljungqvist and Sargent, 1998; Kehoe et al., 2019; Braxton and Herkenhoff, 2021; Jarosch,
2023).

Our paper also relates to a long-standing body of work on labor market hysteresis
which goes back at least to Blanchard and Summers (1986) who applied this idea to make
sense of the differential experience of European labor markets during the 1970s and 1980s
relative to the U.S. (see Cerra et al., 2023, for a recent survey). Fueled by the Great Re-
cession’s long shadow over the macroeconomy, a more recent literature has argued that
monetary policy shocks (or demand shocks more generally) can have long-run repercus-
sions on the economy (Comin and Gertler, 2006; Jorda et al., 2024; Fornaro and Wolf, 2023;
Ma and Zimmermann, 2023). We contribute to this literature by offering a novel mech-
anism, operating via human capital accumulation and labor force attachment, through
which micro hysteresis in the labor market translates into macro hysteresis for the whole
economy. Furlanetto et al. (2025) find evidence of precisely this transmission mechanism
on U.S. time series.

Our paper also relates to recent work, within representative-agent models, arguing
that the ZLB can lead to macroeconomic hysteresis when the central bank follows a strict
IT rule (Garga and Singh, 2021; Gali, 2022). We extend the analysis of this interaction be-
tween hysteresis, ZLB, and monetary policy rules to a heterogeneous-agent incomplete-
market economy. Fernandez-Villaverde et al. (2024) also study the negative impacts of
the ZLB in a HANK environment. They emphasize how, in these models, ZLB episodes
can drive up aggregate precautionary saving and, in turn, lower the natural real rate and
reduce the effectiveness of monetary policy. Our main insight is, instead, that the dele-
terious effects of the ZLB are unequally distributed and disproportionately concentrated
on low-wage workers.

Motivated by the shift in the Fed’s framework, several recent papers explore the macroe-
conomic implications of asymmetric monetary policy rules. Bianchi et al. (2021) study
how an asymmetric rule with respect to inflation gaps can correct the deflationary bias
caused by the ZLB. Two papers investigate the impact of employment shortfall-based
rules: Bundick and Petrosky-Nadeau (2021) analyze the impact of the asymmetry on
business cycle dynamics, while Cairé and Lipton (2023) investigate the impact on the
unemployment rate gap between white and black workers. All these contributions, how-
ever, analyze the effects of asymmetric rules within representative-agent models with no

or very limited heterogeneity. In contrast, our interest lies in assessing how inclusive



these rules might be towards the low-wage segment of the labor force, which requires us
to move beyond the representative-agent framework.

A number of contemporaneous papers have also started to investigate the impact of
monetary policy on racial income and wealth gaps (Bartscher et al., 2022; Bergman et al.,
2020; Lee et al., 2021; Nakajima, 2022; Cair6 and Lipton, 2023). Our approach differs from
this literature along several dimensions. First, we chose to focus on a more comprehen-
sive notion of skills and inequality whose sources can be both unobservable (e.g., innate
abilities, specialized knowledge) and observable (e.g., race, gender, education). Second,
these papers contain at most one of the three Okun’s channels we model (the uneven ex-
posure), but abstract from human capital losses from non-employment and from the labor
force attachment margin, which are crucial to the hysteresis. Third, most of these papers
concentrate on the impact of monetary policy shocks to standard Taylor rules on racial in-
equality, while we think that it is more consequential to study how alternative monetary
policy rules in reaction to aggregate shocks can generate durable gains for low-income
groups.5 Focusing on systematic rules also allows us to quantify the inflation-inclusion
trade-off faced by policymakers.

The rest of the paper is organized as follows. Section 2 outlines the model. Section 3
discusses its parameterization. Section 4 analyzes the economy’s dynamics under an In-
flation Targeting rule and highlights the negative hysteresis effects of the ZLB. Section 5
evaluates aggregate and distributional outcomes under the Lower-for-Longer strategy.
Section 6 concludes.

2 Model

It is useful to begin with an overview of the model, starting from its real side. Indi-
viduals consume, save, and can be either employed, unemployed, or out of the labor
force. Some transitions are exogenous and some are endogenous. Workers endogenously
choose whether to participate in the labor market. Job-finding opportunities for unem-
ployed, and at a lower rate for non-participants, arise exogenously, but workers choose
whether to accept them or not. Layoffs are exogenous. Individuals” efficiency units of la-
bor (skills) are subject to uninsurable idiosyncratic shocks whose distribution depends on
labor market status. Both job-finding and job-separation rates are indexed by skill level.
Monopolistically competitive intermediate good producers with flexible prices take
wages as given and demand the profit-maximizing amount of labor. A competitive fi-

>Cair6 and Lipton (2023) is an exception in this list, as the authors also explore the impact of the Shortfall
rule on the unemployment gap between different racial groups.
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nal good sector packages the intermediate goods into a final good, the numeraire of the
economy, and sells it to households. Households trade shares of a mutual fund that owns
claims to the firms’ profits and holds government bonds. The fiscal authority finances
expenditures and transfers by levying taxes on households and issuing debt.

The nominal side of the model follows closely the New Keynesian tradition. Every em-
ployed worker adheres to labor unions, which set nominal wages subject to adjustment
frictions that give rise to a wage Phillips curve. The central bank (monetary authority)
sets the nominal interest rate to stabilize the economy in response to aggregate demand
and supply shocks.

2.1 Households

Demographics. Time is continuous and indexed by ¢t. The economy is populated by a
continuum of households (or individuals) with measure 1 who discount the future at rate
p > 0, and face mortality rate . Let p = ¢ + ¢ be the effective discount rate.

Labor market status. At any date ¢, individuals can be in one of three mutually exclusive
labor market states s;: employed (s; = e), unemployed and searching for a job (s; = u),
and non-participant, or outside the labor force, (s; = ). Among the unemployed, we dis-
tinguish between eligible (1 = u1) and not eligible (1 = 1) for unemployment insurance
(UI) benefits. Workers gain eligibility when they enter the unemployment pool due to an
exogenous separation, and they lose it at some constant rate that reflects benefit duration.
Among those out of the labor force, we distinguish between “active” non-participants
(n = n1) and “passive” non-participants (n = ng). The former still receive job offers and
thus can transition back into employment, though at a lower rate than the unemployed.
The latter, instead, do not engage in any search and hence do not transition into employ-
ment. This differentiation is meant to capture the fact that the pool of non-participants is
heterogeneous (Hall and Kudlyak, 2019) with some individuals able and willing to work
while others are unable and not searching at all for a job (e.g., because they are sick, heav-
ily involved in household care, or discouraged by the failure of previous job search).

Labor productivity. Each individual is endowed with efficiency units of labor (or skills) z
evolving according to an Ornstein-Uhlenbeck diffusion process which depends on labor

market status s;:
dlogz; = { — yalogzy + Lis e 07 — Ig ee) 5;}dt + o, dW). )

When workers are employed (s; = ¢), skills drift up at rate 67 > 0, and when they are not
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Table 1: Transition matrix across the 5 employment states. The X symbol means that transition
cannot happen. The P symbol means that an endogenous participation decision moves the in-
dividual in that state. The > symbol means that an endogenous job acceptance decision moves

1 1
the individual into employment. AJ; and 7 are exogenous Poisson rates capturing labor market
frictions and nonparticipation shocks, respectively. The diagonal dots stand for the negative of
the sum of all the other entries on that line.

employed (s; = u,n) they drift down at rate 6, < 0. The parameter 7, > 0 measures the
degree of mean reversion in skill dynamics, ¢, determines uncertainty about future real-
izations, and W; is a Wiener process. Upon death, workers are replaced by an offspring
with log skill drawn from a Normal distribution with mean Zy and variance UZZO.

Labor market transitions. Every period individuals can transition between employment
states through a combination of exogenous Poisson rates and optimal mobility decisions.
Table 1 describes all the possible transitions and their endogenous/exogenous nature.
Employed and unemployed workers can choose to quit the labor force and enter active
non-participation (rows 1, 2, 3 of Table 1). Similarly, an active non-participant can choose
to re-enter the labor force as unemployed ineligible for UI (row 4). Employed workers
who decide to remain attached can still be laid off, and thus move from e to u at an
exogenous rate As¢, which depends on the worker’s skill level z (row 1). Unemployed
workers draw a job opportunity at an exogenous rate A;; and choose whether to accept it
or not (rows 2 and 3).6 Upon expiration of Ul benefits, at rate A;'", eligible unemployed
become ineligible (row 2). Active participants receive job opportunities at rate A; and
decide whether to accept them or not (row 4). All workers can exogenously transition into
passive nonparticipation at rate 15°"° (rows 1, 2, 3,4). Atrate 7"°"!, passive nonparticipants

become active again (row 5).

SThe unemployed ineliglible for UI always accept job offers because in equilibrium there is a unique
wage per effective hours, and if they did not want to work, they would choose non-participation. Eligible
unemployed instead may turn down job opportunities if Ul benefits are generous enough.
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Employed individuals earn labor income w;h;z;, where w; is the real wage per effective
hour, and eligible unemployed receive benefits b(z;). We let UI benefits be a function of
current worker productivity z;, as a proxy for actual replacement rates. Both types of
income are taxed at a proportional rate T. Every household is entitled to a lump-sum
transfer ¢.

Preferences. Households derive utility from consumption c;, suffer disutility from the
effort cost x° associated with being in labor market status s (the extensive margin) and, if
employed, from the effort cost of working h; hours (the intensive margin). We specify the
following functional form for period utility:

1+1
(2

h
u’ (et hi;z¢) = log| ¢ — ¢z 1t 7 —x° )
+ =
(o

where ¢ > 0 is the Frisch elasticity of labor supply, and x° > " > k" > 0. Note that these
preferences induce wealth effects on the extensive margin (labor force participation), but
not on the intensive margin (hours worked) of labor supply of employed workers. In
addition, because the disutility of hours is scaled by individual productivity z;, optimal
hours worked are the same for every employed individual. This property is useful to
isolate the sources of inefficiency arising from nominal wage rigidity, as we explain in
Section 2.7.”

Saving instruments. Households can save through a financial asset a; with rate of return
rt, and face a zero unsecured credit limit. Newborn workers enter the economy with zero
wealth holdings. Perfect annuity markets insure workers against survival risk, so that the
net wealth of the deceased is redistributed to surviving households in proportion to their

own net wealth.8

Household problem. The dynamic problem solved by the household at time £ is a mix of
an optimal control problem, the choice of ¢; > 0, and two optimal stopping problems: a
continuous one, the participation decision p; € {0,1}, and one arising at random Poisson
jump times, the job acceptance decision j; € {0, 1}. The stochastic nature of the problem
is due to both the Poisson arrival rates that determine transitions across labor market

states, and the diffusion that determines the evolution of skills z;. Conditional on these

"We have also solved the model with a specification of period utility that is separable between con-
sumption and hours worked, and results of all our numerical experiments are qualitatively robust and
quantitatively similar. This set of results is available upon request.

SWe fold this adjustment directly into the rate of return r;, which should therefore be interpreted as
inclusive of the rate of return ¢ from annuity contracts.
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realizations, wealth evolves deterministically. Let vi(a,z) be the value at date ¢ of an
individual with employment state s, wealth 4, and productivity z.
Consider first the problem of the passive non-participant (1g):

n
0" (a9, 20) = Igftl}ax0 E, /0t e P (c;,0) dt + e v':nll (agm,zm ) (3)
)
ct+ay = rap+¢
a = 0

Passive non-participants do not receive any job opportunity. At rate "', with t"! being
the first arrival rate of this event, they become active non-participants and enter employ-
ment status 77.” The conditional expectation reflects the uncertainty in transition rates
and in the evolution of skill dynamics. In addition to the participation decision p;°, at ev-
ery instant the worker chooses its consumption flow c;. The last two lines of this problem
state the budget constraint (in real terms) and the borrowing limit.

The problem of the active non-participant (17) is:

min
—pt —pot°
vy (a0,20) = {n?axt* 1E0|: e "u" (¢, 0)dt + L{gmin_eye P max {vfe (a¢,z¢), v (ate,zte)}
CtSt20/
no

—ot* —pt
+]I{tmin=t*}€ P (’U:lf (at*/Zt*) - C) + I[{tminztno}e P U’{’anO (atno,Ztno)}

s.t.
Cy + at = ria; + (P (4)
ag = 0

Active non participants receive job opportunities at rate A;, with t° being the arrival time
of this event. Conditional on receiving this job offer, they decide whether to accept it or
not. At every instant, the non-participant chooses whether to remain unattached (p?l = O)
or re-enter the labor force (p?l = 1), in which case they become unemployed, but are not
eligible for UI benefits (u = up). We assume that re-entering the labor force involves a
small fixed switching cost ¢ 10 The optimal stopping time t* represents the first instant in

°One can also interpret the leisure of nonparticipants as time engaged in home production. Nothing in
our analysis would change in that case, except that the total income gains arising from monetary policy

rules that boost participation would have to be adjusted for the loss in home production.

OThe presence of a small switching cost is mostly a technical assumption to avoid “chattering,” i.e., in-

finitely fast switching between 17 and uy, in the optimal solution of the problem. For all other participation
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)

which the choice p;" switches from 0 to 1. Finally, at rate 4" (with t"* being the arrival
time of this shock) active non-participants become passive non-participants. Finally, we
min

let t
employment state.

denote the time at which the first of these events occurs and the worker switches

The problem of an unemployed household who is not eligible for UI benefits is:

min

—ot —ot¢

030 (ao,z0) = {I??axt* E { ; e "u" (¢, 0)dt + I fgmin_e1e Pt v (ag, z¢)
Ctit=0/

_ t* _ tno
+]I{tmin=t*}e P U:l*l (at*,zt*) +]I{tmin:tn0}€ P Ufnoo (utno,ZtnO)}

s.t.
Ct + ﬂt = TIias + ¢ (5)
a = 0

Ineligible unemployed workers receive a job opportunity at rate A;; (with t* being the
arrival time of this event) and always find it optimal to take it. At any time t* during
the unemployment spell, the individual can quit the labor force (p; = 0) . Finally, at rate
7" (with t" being the first arrival rate of this shock) they can become passive non-
participants.

The problem of an unemployed household who is eligible for UI benefits is:

min

e

(ag,zp) = n}lax* Eq { e "y (ct,0) dt + Lgmin_eye * max {vfe (ae, z¢) ,v? (ate,zte)}
Ct tzOrt 0

n i1

—ot* —
+H{{min=t*}€ P ’0{* (ﬂt*,Zt*) +H{tmin=t“0}e p ’(quoo (at"O/Zt“O)

. —pt"0 o
+]I{{m1n=tn0}€ U{”O (at”O, Z¢n0 )

s.t.
ce+ap = rap+ (1=71)b (z4) + ¢ (6)
a = 0

Besides receiving job opportunities and choosing whether to take them, choosing to drop
out of the labor force, and exogenously switching to passive non-participant status, the
eligible unemployed could lose their entitlement to UT benefits at rate A;'°, with t** being

the first arrival time of this event.

decisions, this problem does not arise because switching back can only occur upon the realization of Poisson
shocks.
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Finally, the problem of the employed household is:

min
—pt —pt"
08 (ﬂo, Zo) = maxt* IEO |: . e P Lle (Ct, ht; Zt) dt + I[{tmin:tu}e p Utuul (atulzt“) (7)
Ctst20/
_ t* _ tno
+]I{tmin=t*}€ P Z)’Z*l (ag, z¢x) +I[{tmin=tn0}€ P Z)Zqoo ({Ztno,ztno)]
S.t.
ct+a; = rap+ (1 — T) wizihy + 4)
a =2 0

Employed workers (e) can be laid off at rate A, in which case they become eligible for
Ul benefits (u = u1). Let t* be the first arrival time of this Poisson shock. At every instant
t*, the employed worker can choose to quit the labor force (p; = O).11 In addition, an
employed worker can exogenously switch to passive non-participant status at rate 1",
with t" being the first arrival time of this event.

Each of these five problems can be expressed recursively as a Hamilton-Jacobi-Bellman
Quasi-Variational Inequality (HJBQVI), which can, in turn, be appropriately discretized
to numerically solve the household problem (see Appendix A).

Figure 1 represents the solution to the workers” problem as a function of workers’ in-
dividual state (a,z) for the cases where the worker is employed, unemployed without
UL and an active nonparticipant. The black line in each panel indicates the participa-
tion boundary, while the arrows illustrate the deterministic wealth and skill dynamics
in the absence of skill shocks. Participation decisions are determined by substitution
and income effects, with workers choosing to participate whenever they are sufficiently
productive or wealth-poor. Employment (left panel) tends to move workers deeper into
the participation region: workers’ skills tend to grow during employment and, despite
wealth accumulation pushing them closer to the threshold, it is clear from the plot that
workers” wealth target for most skill levels falls well inside the participation region.12
Unemployment (middle panel) does the opposite: while wealth decumulation keeps un-
employed workers initially attached, skill depreciation eventually pushes them out of the
labor force. Finally, once workers are pushed out of the labor force (right panel), further
skill depreciation aggravates their detachment.

11Quitting into unemployment is never optimal, because the worker would not receive Ul benefits, and

would pay a higher disutility cost " for the opportunity to be re-employed at the same wage.
'2Since skills are stochastic, a sequence of negative productivity shocks can still induce wealthy employed

workers to drop out of the labor force.
BBesides these endogenous participation dynamics, recall that both employed and non-employed work-
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Figure 1: Participation decision for employed, unemployed without UI, and active nonparticipant
worker represented in the state space of log-skills and savings. The arrows indicate skill and
wealth dynamics in the absence of skill shocks in that particular employment state.

The dynamics in Figure 1 illustrate why low-skilled workers are more weakly attached
to the labor market in our model. Not only are these workers closer to the participation
threshold when they happen to be employed, but they are also more at risk of experi-
encing unemployment, which, over time, drives down their skills and forces them out of

participation.

2.2 Firms

Final goods producers. A competitive representative final good producer aggregates a
continuum of intermediate inputs indexed by j € [0, 1] into aggregate output Y; using a
constant returns to scale (CRS) technology with constant elasticity of substitution across
inputs v > 0. Let P; be the price of the final good and the numeraire of the economy, and
let 7t; = P;/ P; denote the inflation rate.

Intermediate goods producers. A continuum of measure one of monopolistically com-
petitive firms produce the intermediate goods. Production requires hiring labor on a con-
tinuum of tasks indexed by k € [0, 1]. Each firm j hires labor services (efficiency-weighted
hours) £j; on every task k by taking the task-specific wage wy; as given, combines them
into a labor input /;; using a Dixit-Stiglitz aggregator with elasticity of substitution ¢ > 0,
and produces the intermediate good according to the linear technology y;; = M]-t.M We
allow the government to subsidize labor hired by these firms at rate ', with the subsidy
partially financed by a lump-sum tax (,bg levied on the same firms, in order to offset the
steady-state monopolistic distortion to the quantity produced.

ers can also drop out of participation exogenously through the " and 1" shocks.

4 An alternative structure, which gives rise to the same allocations, would be to assume that there is a
competitive labor intermediary that hires task-specific labor services for all tasks k € [0,1] and packages
into a CES aggregate labor input sold to firms.
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The optimal price-setting decisions of firms yields that the relative price pj;/ P; equals a

markup over the marginal cost of production, in turn equal to the ratio between the after-

Bl
subsidy real aggregate wage index w; = [ fol w,lt_ Sdk:l "¢ and labor productivity. Because

of the CRS technology, in absence of shocks to markups v and productivity «, imposing
a symmetric equilibrium (pj; = P;) implies that the equilibrium aggregate real wage per

effective hour is constant over time, i.e.,
Wy = o (8)

and thus, price inflation equals wage inflation at every t. Appendix B contains the full
statement of the optimization problems of final and intermediate goods producers, and

their solution.

2.3 Wage Setting

This block of the model adapts the wage-setting mechanism of Erceg et al. (2000)—i.e.,
the standard New Keynesian sticky wage model—to an heterogeneous-agent economy.
We follow closely the approach of Auclert et al. (2024b, 2023), with the necessary modifi-
cations due to our continuous time formulation and the presence of the extensive margin
in labor supply.

The nominal wage wy; per effective hour worked on task k is set by a union that repre-
sents all workers on that particular task. By adhering to the union, each employed worker
agrees to supply, at that wage, the same number of hours hy; to intermediate good pro-
ducers." This number equals whichever total amount of effective hours is demanded by
the firms for that task, ¢y, divided uniformly across all employees’ efficiency units, or
Ryt fsz’t= o Zitdi = Ekt.m The union sets the nominal wage in order to maximize the welfare
of its current members (all individuals employed at date t) subject to a Rotemberg-style
quadratic costs of adjusting the nominal wage, in utility terms, with scaling parameter
© 2> 0. This cost is expressed in terms of deviations of nominal wage growth from the

> As detailed in Appendix C, to offset the steady-state hours distortion generated by the union monopoly
power, the government sets a wage subsidy fully financed by a lump-sum tax levied on households.

'®Huo and Rios-Rull (2020) raise a valid criticism to the RANK model featuring nominal wage rigidity. In
that model, along the equilibrium path workers may end up being forced to supply hours against their will,
violating the principle of voluntary exchange. They propose a resolution based on a different equilibrium
concept. Here, we have a different solution: in our model, unions offer all workers an employment contract
that specifies a non-negotiable pair of wage and hours, but workers can always voluntarily choose not to
participate in it and, in fact, in equilibrium some do and quit employment.
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central bank’s inflation target, the deterministic steady-state trend inflation rate 7t Y We
note that, because the union is oblivious to the welfare of the non-employed, this wage-
setting mechanism is reminiscent of insider-outsider models (Gali, 2022).

In Appendix C we show that the solution to this problem yields the wage Phillips
curve )

p(my—m*) =7 = g |:ht i eacug(citrht}zit)zitdi} (#’ht; -(1- T)lx)- 9)
it=

The right hand side of equation (9) indicates that whenever the marginal disutility of an
extra hour exceeds the marginal utility of an extra unit of after-tax real wage income for
households, each union will push up its nominal wage in order to reduce labor demand
for their own type. If prices were rigid, the upward pressure on nominal wages would
translate in higher real wages and a fall in labor demand. In our environment with flexible
prices, and hence a constant real wage, this reduction in labor demand occurs through the
monetary policy tightening in response to inflation.

We now return briefly to our preference specification (2). Note that steady-state hours
per worker determined by (9), i* = ¢ '[(1 - 7)a], are equal to what each employed
worker would choose if wages were set competitively. Therefore, the union’s imposition

that all workers supply the same hours is consistent with worker op’cimiza‘cion.18

2.4 Mutual Fund

Households” wealth is invested in shares of a competitive risk-neutral mutual fund.” The
fund owns all intermediate good firms and invests in real debt issued by the government
as well as in a nominal bond in zero net supply. Holding real and nominal bonds carries
a liquidity premium (or convenience yield) 7 which, as we will explain in Section 2.7, is a
source of aggregate shocks. Let X{ denote the shares of the intermediate good producers
held by the mutual fund, g; the unit share price, I1; per-share dividends (or profits), B{
the amount of real government bonds held by the fund, r? the real interest rate on gov-
ernment bonds, M{ the real value of the nominal bond, and r;" the real rate of return on

7Our interpretation of this adjustment cost technology is therefore that wage setters can freely index
nominal wage growth to 77*. They understand that inflation in the long run always converges to that value,
and they can take advantage of this information in making their wage-setting plans. It is only costly for
them to set a value for nominal wage growth that deviates from it. A consequence of this assumption is
that changes in the inflation target have no real effects, unless the ZLB binds.

BUnder preferences displaying income effects (Auclert et al., 2024b), instead, the union’s equal-hour
restriction gives rise to an additional distributional distortion both in and out of steady state, relative to its
representative-agent counterpart.

The set up in this section follows closely Alves et al. (2020).
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the nominal bond. Let A; be the real value of the fund and 7 the total real rate of return
of the fund.

In Appendix D, we solve the problem of the fund and show its value satisfies A; =
g:x) + B/ + M. In addition,

I+ 4y
=—

b
:]f‘t

7 +I=71] +1. (10)
These relationships determine the real return of households” wealth invested in the mu-
tual fund a; and establish a no-arbitrage condition between firm equity, real bonds, and
nominal bonds, which holds at every ¢, except when a shock hits the economy, in which
case the price g; features a jump. Note that, because of the absence of trading frictions or
short-sale constraints, the mutual fund is willing to absorb any amount of each asset. Re-
call that, because of the annuity markets, the total rate of return on saving to households

isry =7+ 0.

2.5 Fiscal Authority

The fiscal authority faces the following intertemporal budget constraint:

G + ‘I’f +¢+(1-71) : by (z;)di + rfB‘f = thht/ zidi + Bf (11)

Sit=Uu Sit=e

where ‘I’f = Tewtﬁt - (pg is the net subsidy that undoes the monopolistic distortions of
intermediate producers. Finally, government purchases of the final good G; outside of
steady state follow the policy rule

Gy =G* - Bg(BS —B*), Bp>0 (12)

where the superscript * denotes steady-state values. Thus, following an aggregate shock,
debt adjusts to satisfy the government budget constraint, and government expenditures
respond to deviations of debt from its steady-state level to keep debt from growing or
shrinking too quickly.

2.6 Monetary Authority

In our baseline, the monetary authority sets the nominal interest rate according to an
Inflation Targeting (IT) rule that reacts to deviations of inflation and unemployment rate
from their targets with some inertia. If we let i; denote the shadow policy instrument not
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subject to the zero lower bound (ZLB) and i* the steady-state nominal rate, then the IT

rule is defined as

—Bi(iy —i" —Ry) ifi, > 0
diy _
dt

max{—ﬁi(it _if R, o} ifi, = 0

where the reaction function to inflation and unemployment is
Ri= Palm=7") + Pulu —u’). (13)

The coefficients p,, > 1 and B, < 0 capture the strength of the policy response to devi-
ations of inflation from target 77* and of unemployment from its steady-state value u*,
while B; > 0 measures the degree of interest rate smoothing. The monetary authority
is constrained by a ZLB on nominal rates, which forces i; to be weakly above zero at all
times.

Finally, a standard Fisher equation states that the real financial return on the nominal

bond must equal the nominal policy rate minus inflation at every t, or r{' = i; — ;.

2.7 Sources of Aggregate Fluctuations

Aggregate dynamics in our economy are driven by two shocks denoted by d‘, labeled
demand (k = d) and supply (k = s) shocks.?’

The demand shock ' 1isa perturbation to the bonds’ liquidity premium 7, which shows
up as a time-varying wedge between the rate of return on equity and the return on bonds
in the no-arbitrage equation (10):

Ii+q » _ 4 _
= qt =7"t+l+Ct=r;ﬂ+l+€t. (14)

7

An unanticipated increase in { 4 reduces qt, the value of equity, relative to bonds and raises
the rate of return to household wealth. These two forces contract household demand for
consumption of the final good and firms” demand for labor to produce it. Facing lower
demand for their labor task, unions lower nominal wages, which pushes down inflation.

°Our two disturbances are akin, respectively, to a “risk-premium” shock and a “cost-push” shock, both
common in the literature on estimated New Keynesian DSGE models, and routinely found to contribute
significantly to the overall fluctuations of total hours worked in the U.S. economy (see, e.g., Smets and
Wouters, 2007; Gali et al., 2012).
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Thus, output, hours, and inflation comove positively under this shock, which is why we
label it a demand shock.

The supply shock ” is a disturbance to the union’s desired markup ¢/(e — 1). As clear
from the wage Phillips curve derivation (C8), the shock shows up as a wedge in (9), whose
linearized version (recall that the real wage is constant) becomes

o(my— ") =11y = Bw[%(loght—logh*)+gf] (15)

where 6, = % I:\[;it=€ GCue(cit,ht;zit)zitdi] lp(h*)l%g A positive shock to unions” desired
markup (Z; > 0) raises nominal wages, which puts upward pressure on inflation. A cen-
tral bank following (13) reacts to the inflation by raising real rates, which lowers house-
hold demand for consumption of the final good and thus firm demand for hours. Thus,
output and hours comove negatively with inflation under this shock, which is why we
label it a supply shock.

It only remains to specify how labor market frictions /\ijl adjust out of steady state.
Because employment and hours per worker are tightly correlated in the data, we posit
that job offer arrival and separation rates shift with fluctuations in average hours per

worker h;. Specifically, we assume that

1 I I h
log (/\zi ) = log (/\; % ) +9” log (h—i) , forss € {eu,ue, ne} (16)

!
where 9 determines the elasticity with respect to hours.”!
To understand the distortions caused by aggregate fluctuations in our model, and
thus the potential scope for monetary stabilization policy, it is useful to consider a bench-

mark version of our economy where nominal wages are flexible and set competitively.
This configuration corresponds to a limit case of our economy where the wage Phillips

! 1
2l Under this specification, the ratio Asi JAT % is the same for all z, i.e., aggregate shocks shift frictions
proportionately along the workers” skill distribution. This proportional shift, however, implies changes to
unemployment that are not proportional in level. To understand this property, consider the expression for

eu
steady-state unemployment in a simple 2-state model: u, = ﬁ Differentiating with respect to the

log of the separation rate a/@% (and similarly when we differentiate with respect to the job-finding rate)

yields u,(1 — u,). As long as the unemployment rate is below 0.5 (an upper bound that is never reached
for any plausible model calibration), the response of unemployment rate to a given percentage change in
frictions is increasing in the level of steady-state unemployment u,. Since in the data, and in the calibrated
model, low z workers experience higher unemployment on average, they end up also displaying a stronger
response to fluctuation in the flows.
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curve is vertical (6, — ©0) and wage markup shocks are absent (C; = 0 forall t). In
this benchmark, employed workers are always on their labor supply curves for hours,
which specifies a constant number of hours worked /" independently of the realization
of demand shocks. Since 1™ coincides with hours worked at our non-stochastic steady
state, this condition also translates into a roughly constant unemployment rate, equal to
its steady-state value.”

This benchmark with flexible and competitive wages provides the rationale for the
strict IT rule (13). In response to a demand shock, inflation and unemployment move in
opposite directions and elicit the same response from the IT rule that stabilizes deviations
of both hours and inflation from that baseline. In response to a supply shock instead,
this rule trades off stabilizing inflation around its target versus minimizing deviations of
unemployment—and, by consequence, hours—from that benchmark allocation.

However, the presence of the ZLB adds another layer to the central bank’s stabiliza-
tion objectives. As we show below, recessions that trigger the ZLB in our model lead
to temporary worse inflation and unemployment outcomes but leave long-lasting scars on
labor force attachment and productivity, especially among workers at the bottom of the
distribution. In this scenario, a policy that deviates from strict inflation and unemploy-
ment stabilization following recessions (e.g., a policy that lets the economy run hot during
expansions) might be desirable because it has the benefit of allowing workers to re-enter
participation, regain employment, and recuperate the earnings losses they endured in the

recession.

2.8 Equilibrium

We now formally state the definition of a perfect foresight equilibrium for our economy;,

which is the relevant one for all our experiments given our solution method outlined in
. 23

Section 2.9.

For any given initial distribution of households y%(a,z), with s € {e,u,n}, and a
time path for shocks {@f}tzo, with k € {s,d}, a perfect foresight equilibrium is defined
as time paths for household consumption, participation and job offer acceptance deci-
sions {c? (a,z),v;:(a,z),i; (a,2)} 1>0- Unions” nominal wage setting {wy;};0, intermediate

producers’ hiring decisions {/k};5¢, mutual fund allocations {X{ , B{ , M{ }t>0, real rates

22Unemployment in our model, as it is the case in the data, moves primarily in response to fluctuations
in job-separation and job-finding rates. A constant level of hours leads, through (16), to a constant job-
separation and job-finding rate.

A stationary equilibrium (or steady state) is a particular case of our definition where all decisions,
prices, aggregate variables, and distributions are constant over time.

21



of return on the mutual fund, real and nominal government bonds {T’t, rf, r;"}t2 o firms’
share price {g;},,,, fiscal variables (Ul benefits, expenditures, and debt) {bt (z), Gy, Bi’y}t2 0’
nominal interest rates {i;},.(, aggregate output, consumption, profits, contractual hours
worked, and inflation {Y;, C;, I1;, hy, 714 },5( , and measures of households { u; (a,z) } tso such
that at every t: (i) households solve problems (3)-(7); (ii) final good and intermediate good
producers solve (B2) and (B4), respectively; (iii) unions solve (C5) and inflation satisfies
the Phillips curve in (9); (iv) the mutual fund solves (D1); (v) the government budget con-
straint (11) holds; (vi) the fiscal and monetary authorities follow their policy rules (12) and
(13); (vii) aggregate profits are given by (BS8); (viii) the sequence of distributions satisfies
aggregate consistency conditions; (ix) asset and annuity markets clear; and (x) all goods
markets clear.

There are four asset markets in our economy: the intermediate firms’ shares mar-
ket, the two government bond markets, and the mutual fund shares market. These clear

when, respectively,

x/ =1
B = B
M = 0
Z /ﬂtd}l? = At=Qt+B§

se{eun}

where, without loss of generality, we normalized the measure of firms’ shares to 1. These
equations, together with the no-arbitrage conditions (10), determine firm share prices
and real interest rates. Market clearing in the continuum of intermediate goods” markets

requires
yjr =Yy, forallj

and the final good market clears by Walras law. Given the set of employed workers,

average hours per worker h; required by final good producers is determined by

Yt = Déht/ Zitdi.
Sjp=e

Lastly, we note that the labor market is frictional and the evolution of the distribution of
employed, unemployed, and non participants is implicit in the KFEs for y}.
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2.9 Numerical Solution, Simulation, and Asymmetric Rules

We solve globally for the stationary equilibrium of our model using standard continuous-
time finite-difference methods as described in Achdou et al. (2021) and compute the econ-
omy’s perfect foresight linearized response to aggregate shocks using the sequence-space
approach of Auclert et al. (2021). To simulate the ergodic distribution of our economy, we
extend the procedure in Boppart et al. (2018) to incorporate an occasionally binding ZLB
and asymmetric monetary policy rules, as in Holden (2016). This procedure maintains the
model’s linearity with respect to aggregate shocks, but allows for aggregate nonlinearities
coming from monetary policy rules. We compute our policy counterfactuals following
the insights of Hebden and Winkler (2024) and McKay and Wolf (2023). In essence, one
can use monetary policy “news” shocks, computed under any baseline rule, to construct
the economy’s counterfactual trajectory under different alternative rules. This approach
sidesteps the need to solve the full model for every alternative rule and fits nicely with the
way we dealt with asymmetries from the ZLB and alternative rules. We leave the details
of the solution method to Appendix E.

By retaining linearity with respect to aggregate shocks, our solution method abstracts
from potentially important forces that would arise in the—currently unfeasible—fully
nonlinear approach. Ex-ante, the direction and magnitude of the error are unclear. Take,
for instance, the effect of future aggregate uncertainty on the direction of the inflation
bias. On the one hand, agents in our model don’t internalize that the ZLB might bind in
the future when it is not binding today. This channel would exacerbate the deflationary
bias. On the other hand, agents also don’t internalize the Lower for Longer’s promise to
run a hot economy during booms when the economy is at other points of the business
cycle. This channel would, instead, amplify the inflationary bias. A robustness exercise
based on the stochastic extended path method (Adjemian and Juillard, 2013) described in
Appendix E indicates that the numerical error we make by ignoring future uncertainty is

very small.

3 Parameterization

We organize our discussion of the parameterization in three parts. Section 3.1 explains
our calibration strategy for parameters that determine the model’s stationary equilibrium,
and Section 3.2 does it for parameters that determine out-of-steady-state dynamics. Sec-
tion 3.3 validates our calibration along a series of micro and macro untargeted moments.

Overall, our calibration targets include a wide set of earnings and employment distri-
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Steady State Out of Steady State

Parameter Value Parameter Value
Demographics and Preferences Monetary and Fiscal Policy
Death rate 0 1/a32 Trend inflation * 0.02/12
Effective discount rate 4 0.0053 Taylor rule persistence Bi 0.07
Labor supply elasticity o 1.00 Taylor rule reaction to inflation Br 2.25
Utility weight on hours [} 1.00 Taylor rule reaction to unemployment rate Bu -0.15
Disutility of nonparticipation K" 0 Government expenditures response to debt Br 0.10
Disutility of searching K" 0.33
Disutility of working x° 1.05 Phillips Curve
Slope of the wage Phillips curve [ 0.01
Skill dynamics
Mean of initial skill distribution Zy log(0.68) — 7% /2 Aggregate Fluctuations
S.D. of initial skill distribution 0z 0.50 Demand shock drift Yd 0.0200
Skill mean reversion ¥z 0.0017 Demand shock diffusion o4 0.0001
Skill drift while employed o 0.0024 Supply shock drift s 0.0200
Skill drift while non-employed 5 0.0214 Supply shock diffusion o 0.0008
Skill diffusion coefficient o, 0.0467 Elasticity of (A:") to hours 8" -11.00
Elasticity of (A¥,AZ%) to hours 0", 9" 24.00
Labor market frictions
Job-separation rate out of E AL Table F2
Job-finding rate out of U AL Table F2
Job-finding rate out of N AL Table F2
Passive nonparticipation rate during E 7 0.0075
Passive nonparticipation rate during U/N 7",y 0.0750
Passive nonparticipation exit rate "o 0.2500
Technology
Firm productivity i3 1.25
Elast. of subst. between goods v 10
Elast. of subst. between tasks € 10
Liquidity premium l 0.001
Taxes, transfers and expenditures
Government debt B® 1.69
Ul replacement rate b 0.50
Ul expiration rate Al 0.167
Labor income tax rate T 0.20
Lump-sum transfer ¢ 0.068
Government expenditures G 0.17
Intermediate firms labor subsidy 7 0.10
Intermediate firms net subsidy ¥ 0.001

Table 2: Model parameter values expressed in monthly frequency. See Section 3 in the main text
for a discussion of parameter choices and targets.

bution moments that are meant to discipline the strength of the three Okun’s channels:
(i) exposure, (ii) attachment, and (iii) persistence. Among these, we show that the model
does a good job of capturing (i) the high unemployment and weak participation at the
bottom of the skill distribution, (ii) the level and cyclicality of labor market stocks and
flows, and (iii) statistics of earnings losses upon displacement and earnings growth over
the life cycle. Table 2 summarizes the model parameter values. Table 3 reports empirical
and model values of the targeted moments.

3.1 Parameters Determining the Steady State

Some parameters are set externally. Others are set internally to match a set of targeted
moments. Generally, the internally calibrated parameters affect all targeted moments,
but some moments are more informative for a subset of the parameters than others. Our

presentation and discussion of the calibration strategy reflects this logic. The model pe-
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riod is set to one month.

Demographics and Preferences. We set the monthly mortality rate ¢ so that workers’
average lifespan is 36 years (25 to 60). The Frisch elasticity on the intensive margin of
labor supply is set to ¢ = 1. Working entails a variable and a fixed cost. The variable
disutility parameter ¢ is set so that 1™ = 1 satisfies (9) in steady state. The flow utility of
non-participation k" is normalized to zero. The fixed costs of searching k" and working
x° , which regulate workers’ desire to participate in the labor market, are set jointly with
frictional parameters to match labor market moments, as we discuss below.”*

The effective discount rate p is set to target a ratio of mean wealth to annual earnings
of 0.56 under a (annual) real interest rate r* of 3%. This corresponds to the amount of
liquid wealth among U.S. households immediately available for consumption smoothing
(Kaplan and Violante, 2022). In equilibrium, total savings by households must be equal
to the value of the mutual fund, which includes the value of government bonds and firm
equity. We set government debt B® to be 1/4 of total equity (2019 Flow of Funds, Table
B.101.h Balance Sheet of Households) and adjust the value of the net subsidy ¥, which
determines aggregate profits, so that the value of equity held by the fund, plus the value
of bonds, equals workers” demand for savings.25

Skill Dynamics. The mean of the initial skill distribution zj is set so that the average skill
in levels exp (ZO + 0.50(7220) equals 0.68, reflecting the average wage of age group 23-27
relative to the pool of all workers in the 2019 Current Population Survey (CPS) (Heathcote
et al., 2023). Its dispersion o, is set to match the group’s P90-P50 hourly wage ratio of
2.00.

The parameters in the skill diffusion process (1) are set as follows. The skill diffusion
0, is set to match the P90-P50 wage ratio for the 2019 CPS.* The mean reversion Yz is
set to 0.0017, corresponding to an annual autocorrelation of exp(—12 X y,) = 0.98, while
the positive 57 and negative J, drifts are chosen to match (i) the average worker log-
earnings growth between ages 25 and 60, and (ii) the average earnings losses of laid-off
workers 10 years after separation, as computed in Davis and Von Wachter (2011).” Table 3

*The switching cost ¢ is set to a very small number to make the optimal stopping problem well behaved.

% An alternative way of interpreting this calibration strategy is to say is that we choose ¥" and Bf so that,
given the household demand curve, the annual real interest rate that clears the asset market is 3%.

*We target the P90-P50 ratio—here and for the initial skill dispersion—because wage variation at the top
of the distribution is more directly tied with skill variation, whereas the extensive margin of labor supply
plays a bigger role at the bottom of the distribution.

We compute average earnings losses upon displacement in the model by comparing the earnings profile
of a random sample of employed workers in the scenario where they are displaced at time zero (treatment
group) against a scenario where they do not separate (control group). As in Davis and Von Wachter (2011),

25



shows that our calibration does a good job matching these targets with earnings losses 10
years after displacement falling at the low end of the range of estimates in Davis and
Von Wachter (2011). Like in the data, earnings losses in the model are cyclical and larger
during recessions.

In order to generate earnings losses consistent with the data, the average skill de-
preciation during a month of unemployment in the model is 2.1%. This is roughly in
the middle of the available U.S. estimates of the impact of an additional month in non-
employment on workers’ starting wages upon re-entry, which ranges from 1.0% to 3.5%
(Table 3, Addison and Portugal, 1989; Table 3 and 4, Neal, 1995; Table 2, Braxton and
Herkenhoff, 2021).

Labor Market Frictions, Nonparticipation Shocks, and Participation Costs. Search fric-
tions, passive nonparticipation shocks, and participation costs are disciplined by data on
flows between employment states, in the aggregate and across the weekly earnings dis-
tribution (our proxy for skills), computed from the Basic Monthly CPS. We organize our
discussion below according to the different labor flows. See Appendix F for a description
of the data and more details on our calibration strategy.

EU and UE flows for each skill level z are linked to the job-separation AZ" and job-
finding A, rates: all EU transitions are forced separations from employment, while UE
transitions are the outcome of an accepted job offer out of unemployment. Given this
tight relation between search frictions and the measured flows, we calibrate A;" and A%°
to match the EU and UE flows across workers’ skill distribution.

EN and UN flows occur either because workers suddenly find working or searching
too costly given their skills (e.g., following a skill decay shock) or following an exogenous
passive nonparticipation shock 7°" for s = e, 1. We use information along the skill dis-
tribution to distinguish between these two motives. Specifically, we set 7 and 7" to
match the empirical transition rates among high-skilled workers—who, otherwise, rarely
exit the labor force in the model—and rely on the average EN and UN to inform the fixed
costs x° and «" regulating participation decisions.

Finally, NE and NU flows arise from workers in nonparticipation who desire to move

back into employment. Besides the parameters determining workers’ incentives to partic-

we restrict our sample in the treatment and control groups to high-tenure workers (i.e., workers with ex-
pected tenure at the job of at least 3 years), we condition admittance to the control group only to workers
that remain employed for the entire first year of the simulation, and we keep workers with zero earnings in
the treatment group.

Given our estimate for skill depreciation 6, = 0.0214 and the average (log) skill among employed
workers of —0.13, an additional month in non-employment in our model lowers individual skills by 0.021 =
0.0214 + 0.0017 * (—0.13) on average.
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ipate, three other parameters regulate workers” ability to rejoin employment: the arrival
rate of passive nonparticipation shock for active nonparticipants 71", its exit rate 1"'°"!,
and the job-finding out of nonparticipation A;°. First, we assume that active nonpartic-
ipants transition into passive nonparticipation at the same rate as the unemployed, i.e.,
we set 11" equal to 7. Next we use 7"°"! and A’° to target the two flows out of non-
participation.29

The model matches the average flows reasonably well (see Table 3). In particular, the
model generates a large attachment wedge between unemployed and employed workers
(i.e., EN >> UN), which, as we argue in the introduction, is essential to capture the strong

‘participation cycle’ present in the data (Hobijn and Sahin, 2021).

Technology. Firm productivity « is set to normalize after-tax hourly wage per efficiency
units (1 — T)w™ to 1 in steady state. The elasticities of substitution across labor types (&)
and across intermediate goods (v) are set to 10, which implies wage and price markups
around 10%. Finally, we set the mutual fund’s “liquidity premium” of holding bonds : to
10bp so that the steady-state (annual) nominal interest rate i* = 7" + 7™ is equal to 1%.%
Steady-State Fiscal Policy. We assume that unemployment benefits are given by b;(z;;) =
b wihyzj, and set the UI replacement rate b to 0.5 of individual earnings. We make A;'"
constant across skill z and equal to 0.167 to reflect an average Ul benefits duration of 6
months. The proportional tax rate T is set to 0.2, and the lump-sum transfer ¢ is cali-
brated to match 6% of average earnings in steady state.”” The subsidy to labor hired by
intermediate firms is set to 7' = 1 /v in order to undo the distortion caused by monopo-
listic competition. Government expenditures are set residually to satisfy the government

budget constraint in steady state.

* As we discuss in Appendix F, participation decisions and time aggregation create a wedge between
the job-finding out of nonparticipation A.° and NE flows across the skill distribution. Since this wedge can
vary across the skill distribution, we don’t rely on NE to capture the shape of AZ°. Instead, we assume that
AZ° shares the same shape across z as A;", i.e., A% /A% = AL/A% for any skill levels z; and zj.

*The main role of the “liquidity premium” parameter is to vary how frequently the ZLB binds in our
simulations without affecting the calibration of the stationary equilibrium.

3!This number is obtained by dividing Government Social Benefits by Wages and Salaries. Transfers are
computed as: Workers’ compensation, SNAP, Supplemental security income, Refundable tax credits, Tem-
porary disability insurance, Workers’ compensation, Family assistance, General assistance, Energy assis-
tance, Employment and training, Other benefits, and 0.4*Medicaid (Table 3.12 of NIPA). Wages and salaries
are taken from Table 2.1 of NIPA for 2019. The share of Medicaid expenditures that are effective transfers
to households (0.4) is obtained from Finkelstein et al. (2019).
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Table 3: Targeted moments

Stationary Equilibrium
Data Model Data Model
Liquid wealth to annual earnings1 0.560 0.576 Employment6 0.764  0.732
Lump-sum transfer to total earnings2 0.060 0.055 Unemployment rate® 0.055  0.062
90-50 wage ratio (entrants)’ 2.000 1.954 EU® 0013 0.013
90-50 wage ratio (all workers)® 3.000 3.042 UE® 0248  0.260
55/25 log-earnings difference 0.700 0684  NE° 0.069 0.023
10-Year earnings losses upon displacerl’1ent5 [-0.15,-0.10] -0.096 EN® 0.017  0.010
UN® 0.133  0.090
NU° 0.027  0.027
Out of Steady State
Data Model Data Model
Standard deviation of total hours 3.45 3.44 Covu(E;, Hy) [ Var(H;) 0.70 0.75
Inflation and unemployment correlation -0.32 -0.26 SD(UE;)/SD(EU;) 1.15 1.14

Stationary Equilibrium. 1Kaplan and Violante (2022); 2Authors calculations from Table 3.12 and 2.1 of NIPA for 2019;
3Heathcote, Perri, Violante, and Zhang (2023); *Difference in mean log income at ages 55 and 25 for the U.S. as reported in the
Global Repository of Income Dynamics (GRID); ®Davis and Von Wachter (2011) 10-year ahead earnings losses as a percent of

predisplacement annual earnings during recessions (-0.15) and expansions (-0.10); 6Emp10yment, unemployment, labor force
participation, and all six gross worker flows are computed directly from the CPS (see Appendix F for a detailed description of
our data and sample selection).

Out of Steady State. Data is quarterly from 1989 to 2019. Total hours H and hours per worker h are computed from the BLS-CES.
To calibrate the correlation of inflation and unemployment and inflation, we consider data from 1995 to 2019. UE and EU flows
are quarterly averages of monthly data computed directly from the CPS. All series are in log and are detrended using a linear
trend. The model-based statistics are simulated at quarterly frequency to match the frequency of the data. See Appendix E for
a description of the simulation procedure.

3.2 Parameters Determining Out of Steady State Dynamics

Monetary and Fiscal Policy. We assume a steady-state (trend) inflation rate 77 of 2%. We
set the interest rate smoothing to §; = 0.07, corresponding to a quarterly persistence of
0.81. Values for the coefficient on inflation f, = 2.25 and the coefficient on the unemploy-
ment gap B, = —0.15 are consistent with estimates from Bayer et al. (2024). We set S in
our fiscal rule (12) to 0.1, as in Auclert et al. (2020).

Slope of the Phillips Curve. The slope of the linearized Phillips curve 8,, is set to match
the peak response of inflation to high-frequency identified monetary policy shocks as
reported in McKay and Wolf (2022), i.e., approximately 30bp for a 100bp change in the
nominal rate. In terms of the empirical Phillips curve relating inflation, future inflation,
and unemployment, by simulating a demand shock we verified that our calibration of 6,,
translates into a slope somewhere between -0.15 and -0.20 at quarterly frequency, in line
with the estimates reported by Furlanetto and Lepetit (2024).

Aggregate Fluctuations. The aggregate demand and supply shocks Cf and ¢; both follow
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an Ornstein-Uhlenbeck diffusion process
k k k
dgr = —vkGrdt + opdWVe, (17)

where dW is a standard Wiener process. For both shocks we set 7y, to 0.02, corresponding
to a monthly persistence of 0.98. The values of the demand and supply diffusion coeffi-
cients (0, 05) are set to match the empirical correlation between unemployment rate and
inflation (-0.32) and the standard deviation of total hours H; = E; X h; (3.45), both at quar-
terly frequency. The elasticities of frictions to hours (¢, 9"*) are chosen to replicate the
share of the variance in total hours coming from fluctuations in the extensive margin of
employment (70%) and the relative volatility of eu and ue flows (1.15).** The bottom of
Table 3 reports the model’s performance along these targeted business cycle moments.

3.3 Untargeted Labor Market Moments

In this section we explore the ability of our model to match some other important, but un-
targeted, empirical patterns of workers’ earnings and employment dynamics. The model
and data moments are shown in Table G1 in the Appendix.

Marginal Propensity to Consume and to Earn. The average quarterly marginal propen-
sity to consume in the model is close to 0.10. In addition, our parameterization is con-
sistent with recent U.S. micro evidence on the impact of lottery wins on workers’ labor
supply with an annual marginal propensity to earn (the dollar reduction in earnings for

an additional dollar of non-earned income) around -0.02 (Golosov et al., 2023).

Participation and Unemployment for Low-Skilled Workers Low-skilled workers in our
model experience lower participation and higher unemployment rates, as in the data.
Participation and unemployment rates among workers at the bottom tercile of the skill
distribution are, respectively, 41% and 12% in the model against 43% and 15% in our
data.

Earnings Dynamics. Individual earnings dynamics in our model arise from the interplay
between an exogenous stochastic process for skills (conditional on workers” employment
status), job-finding and job-separation rates (which depends on workers’ skills), and an
endogenous participation decision (which depends on workers” wealth and skill levels).
This rich interaction allows our model to jointly match the large cross-sectional dispersion

of annual log-earnings changes (0.437 in the model against 0.51 in the data) and the rise of

32Keeping with the steady-state calibration strategy, we set the elasticity of AJ; with respect to hours
. . ue ne ue
equal to the elasticity of Az, or 8 = 9.
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earnings inequality over the life cycle (from 0.53 at age 25 to 0.977 at age 55 in the model,
against 0.595 to 0.905 in the data, respectively).33 Moreover, we can also reproduce, at
least qualitatively, the higher-order moments of the (log) earning growth distribution—a
negative skewness and a high kurtosis—even though these patterns are not as stark as in
the data.

Earnings Losses Across the Distribution. The earnings losses due to long nonemploy-
ment spells (full-year of nonemployment) in the model are comparable to evidence doc-
umented by Guvenen et al. (2017) across the worker earnings distribution. Comparing
future earnings of workers experiencing a full-year of nonemployment against a control
group that is employed at least part of the year, we find 10-year ahead losses of 45%
(27%) at the 25th (75th) percentile of the recent earnings distribution, close to the 50%
(30%) losses reported by Guvenen et al. (2017, Figure 1).34 Moreover, consistent with
what the authors find (Guvenen et al., 2017, Figure 2), these larger long-run earnings
losses at the bottom are mostly due to the extensive margin. In the model, a full year of
nonemployment is associated with an 18 ppt higher nonemployment rate 10 years ahead
at the 25th percentile of the skill distribution, compared to an increase of only 3 ppt at the
75th percentile.

Effect of Unemployment Rate at Entry on Future Earnings. A number of papers find that
joining the labor market during recessions leads to significant and persistent effects on the
earnings of entrants workers, particularly those belonging to less-advantaged groups (see
von Wachter, 2020, for a summary of the empirical evidence). Our model replicates this
fact with an estimated effect of a 1 ppt unemployment rate at entry on earnings equal to
-0.041 and -0.016 log-points, respectively, 1 and 5 years following entry, in line with the
estimates in Schwandt and von Wachter (2019).35

Business Cycle Properties of Stocks and Flows. The volatility and cyclicality of employ-
ment, unemployment, and labor force participation match the business cycle properties
of the data. Employment dynamics in our model are, just as in the data, the combination
of a strong countercyclical reaction in the unemployment rate together with a weaker,
but procycylical, response in participation. Notably, our calibration also yields the right
cyclicality for all six labor market flows, both unconditionally (Krusell et al., 2017; Cair6

% As demonstrated by Heathcote et al. (2010), the traditional linear Gaussian model for earnings dynam-
ics struggles to jointly match these two facts.

*For this exercise, we follow Guvenen et al. (2017) in defining a worker as nonemployed in a year ¢ if
their annual earnings fall below a minimum earnings threshold.

%The effect of the unemployment rate on log-earnings in the model is computed out of a demand-driven
recession that triggers the ZLB, as in Figure 4.
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and Lipton, 2023) and conditional on a monetary policy shock (Graves et al., 2023), as
discussed in detail in Alves and Violante (2024).

4 Economic Outcomes Under Inflation Targeting

We now analyze the aggregate and distributional outcomes of our economy when mone-
tary policy follows a traditional Inflation Targeting (IT) rule as specified in equation (13).
We proceed in three steps. We first study aggregate and distributional impacts of small
demand and supply shocks for which the ZLB is not binding (Section 4.1). Next, we turn
to the case of a large negative demand shock that triggers the ZLB (Section 4.2). Last, we
simulate the model under demand and supply shocks to recover the ZLB-induced biases
in the ergodic distribution (Section 4.3).

Altogether, the main takeaway from this section is that the three Okun’s channels—
exposure, attachment, and persistence—combine to give rise to a form of negative labor
market hysteresis for low-skill workers which is severely amplified by the ZLB when the
monetary authority adheres to an IT rule.

4.1 Shocks that Do Not Trigger the ZLB
4.1.1 Aggregate Implications

The impulse response functions (IRFs) to contractionary aggregate demand and supply
shocks are illustrated in Figure 2. The responses of inflation and unemployment look
standard: unemployment and inflation move in the opposite (same) directions follow-
ing a demand (supply) shock. Notably, the shocks have very different predictions on the
long-run behavior of inflation, unemployment, and hours (first row) versus total earn-
ings, participation, and labor productivity (second row). Inflation, unemployment, and
hours revert to steady state as the driving demand and supply shocks dissipate from
the economy. In contrast, earnings, participation, and productivity remain depressed for
much longer, with their values still significantly below steady state even after 10 years.36

The mechanism behind the hysteresis is that an increase in unemployment, albeit tran-
sitory, triggers adverse long-lasting effects on total earnings. First, skill losses during non-

employment recover only slowly when workers regain their jobs and drive down labor

While these hysteresis effects are extremely persistent, they are not permanent in our model. Equiva-
lently, our economy eventually returns to its stationary steady state in the very long run.
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Figure 2: Impulse response of aggregate variables to demand and supply shocks under IT when
the ZLB is not binding.

productivity persistently.37 Second, lower skills make job opportunities less likely to ar-
rive and push down potential wages, driving marginal workers out of participation. It is
through these two channels that hysteresis arises in our model. Crucially, the hysteresis
does not affect all workers the same way, as we discuss in the next section.

4.1.2 Distributional Implications

To highlight the heterogeneous hysteresis effects across the distribution, Figure 3 plots the
impact of a demand shock at the bottom and top terciles of the skill distribution.”® The
reduction in earnings (first column) at the bottom is not only more severe but significantly
more persistent—10 years after the shock, total earnings at the bottom are still depressed
by roughly half of the first-year impact, while earnings at the top have all but recovered.

To better understand the sources of this earnings gap response, we rely on a simple

Labor productivity displays a short-lived increase due to a selection effect—as low-productivity work-
ers are more exposed to layoffs, a spike in separations shifts the composition of employed workers toward
high-productivity individuals.

3We choose terciles because they roughly correspond to the share of workers with a high-school degree
or less, those with some college education, and those with a college degree or more.
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Figure 3: Impulse response of labor market outcomes for the top (T3) and bottom (T1) skill terciles
to a demand shock when the ZLB is not binding.

decomposition of total labor earnings for each group g:
WS = why x (1—u3) x P x 7,8 (18)

where (1 - uf) is the employment rate, Ptg is labor force participation, and Zf’g is average
labor productivity at time ¢, all three conditional on skill group g. Intuitively, each com-
ponent of (18)—displayed in the second, third, and fourth columns of Figure 3—captures
one of the Okun’s channels of exposure, attachment, and persistence.

Table 4 displays the contribution of each channel to the observed total labor earnings
1 and 10 years after the shock. Not surprisingly, we find that movements to hours and
unemployment drive most of the short-run response of total labor earnings, whereas its
long-lasting scars arise from the dynamics of participation and labor productivity. At
the top of the skill distribution, the responses across all three channels are minimal and
tend to dissipate relatively quickly. While labor productivity shows some persistence
even among high-skilled workers, its overall movement remains small. In contrast, low-
skilled workers experience responses that are 2—4 times stronger, with a greater initial
exposure to rising unemployment and significantly larger, more persistent declines in
both labor force participation and productivity, which account for approximately 50%
and 43%, respectively, of the 10-year decline in earnings observed at the bottom. Earnings
hysteresis, therefore, disproportionately affects low-wage workers in our model.
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Table 4: Total Labor Earnings and Its Sources 1 and 10 Years After a Demand Shock

Year 1 Year 10

E (%) E (%)

T3 Total Labor Earnings -0.82 — -015 —
Hours -0.341 0.36 -0.007  0.05
Unemployment rate 0395 0.50 0.013  0.08
Participation rate -0.072  0.12 0.003 -0.01
Labor productivity -0.001 0.02 -0.136  0.88

T1 Total Labor Earnings 276 — -1.33 —
Hours -0.341 0.11 -0.007  0.01
Unemployment rate 1182 048 0.057  0.05
Participation rate -0.431 0.39 -0.281 0.51
Labor productivity -0.023  0.02 -0.575 0.43

Note. Expected values (E) are expressed in terms of deviations from the non-stochastic steady state.
Unemployment and participation are denoted in percentage points deviations. All other variables
are in percent deviations. The (%) measures the channel’s contribution to the total labor earnings
bias. T1 and T3 refer to average outcomes for the bottom and top terciles of the workers’ skill distri-

bution. See (18) for a decomposition of group’s g total earnings th into the contribution of hours #;,
g .. . < .. eg
unemployment rate (1 — u; ), labor force participation P}, and labor productivity Z,.

4.2 Shocks that Trigger the ZLB

The solid line in Figure 4 plots the economy’s response to a one-time large negative de-
mand shock that triggers the ZLB for around 10 quarters. The dashed line plots the econ-
omy’s response abstracting from the constraint on nominal rates. The difference between
the two lines thus captures the impact of the ZLB on aggregate and distributional out-
comes.

Similar to other studies on the deleterious effects of the ZLB (e.g., Williams, 2009; Ki-
ley and Roberts, 2017; Bernanke et al., 2019), our model also predicts worse outcomes in
terms of both aggregate unemployment and inflation when the economy is at the con-
straint. Compared to this earlier body of work, however, the presence of labor market
hysteresis in our environment yields a lot of endogenous persistence to the negative ef-
tects of the ZLB, particularly at the bottom of the skill distribution (second row of Figure
4). Earnings, labor force attachment, and skills losses for this group are all deeply exac-
erbated by the ZLB. In addition, the ZLB continues to impair this group’s recovery long
after the constraint ceases to be binding, up to 10 quarters following the shock. Crucially,
these large negative biases in earnings and participation don't elicit a correction from the
monetary authority since unemployment and inflation, the two variables entering the IT
rule, revert much faster to their steady-state values. As a result, a central bank following

an IT rule over a long horizon can end up with a significant downward bias in the earn-
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Figure 4: Impulse responses of aggregate variables and bottom terciles (T1) to a large negative
demand shock that triggers the ZLB constraint.

ings of low-skill workers, even if it is successful at keeping unemployment and inflation

close to their targets. The next section looks exactly at this scenario.

4.3 Ergodic Distribution

The previous section highlighted the long-lasting effects of a single visit to the ZLB under
an IT rule. In this section, we examine what happens when aggregate shocks repeatedly
hit the economy and workers undergo multiple of these episodes, i.e., we compute the
model’s ergodic distribution.

Table 5 summarizes our results for both aggregate and distributional outcomes. The
first notable feature is that the presence of the ZLB skews the ergodic distribution toward
adverse outcomes: the share of time spent in recessions (defined as periods when unem-
ployment is 1 ppt above the non-stochastic steady state) is 16.5%, much larger than the 6%
spent in booms (periods when unemployment is 1 ppt below the non-stochastic steady
state). This asymmetry results in a deflationary bias of nearly 20bp and a sizable negative
bias for aggregate labor market outcomes: the unemployment rate is 0.55 ppt higher, and
the labor force participation rate is 0.9 ppt lower. More striking, though, is the unequal
effect of the ZLB across the skill distribution. For example, total labor earnings in the
bottom tercile display a negative bias that exceeds 12% compared to less than 2% for the

top tercile.”’

¥We note that our model features both positive hystereses (uplifting effects) following expansions and
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Table 5: Business Cycle Statistics of the Ergodic Distribution Under Alternative Rules

Inflation Targeting Lower for Longer Shortfall AIT Higher IT
Business Cycle Features
Boom frequency 0.059 0.238 0.229 0.095 0.071
Recession frequency 0.165 0.101 0.132 0.101 0.103
ZLB frequency 0.143 0.057 0.084 0.062 0.053
Shadow rate at the ZLB -0.66 -0.21 -0.62 -0.19 -0.13
Statistics E std E std E std E std E std
Output -2.54 2.70 1.06 1.79 -0.13  2.63 -0.10 1.27 -044 135
Price inflation -0.19 1.15 0.33 0.55 022 0.86 0.11 0.54 033 0.74
Total Hours -1.96 343 0.83 221 -0.08 3.28 -0.07 1.55 -0.34 1.70
Unemployment rate 0.55 1.70 -0.23 1.08 0.03 1.61 0.02 0.76 0.10 0.84
Participation -0.89 0.76 0.38 0.54 -0.03 0.76 -0.03 0.39 -0.15 0.39
Labor productivity -0.58 1.06 0.23 0.70 -0.04 1.00 -0.02 0.49 -0.10 0.53
T3 Total Labor Earnings ~ -1.79 2.13 0.74 1.38 -0.10 2.05 -0.07 0.96 -0.31 1.06
T1 Total Labor Earnings -12.17 9.99 5.20 7.13 -0.47 10.06 -0.39 5.20 -2.11 5.14

Note. “Boom frequency” denotes the share of time in the simulation where the aggregate unemployment
rate is at least 1.0 ppt below its non-stochastic steady state. “Recession frequency” denotes the share of
time in the simulation where the aggregate unemployment rate is at least 1.0 ppt above its non-stochastic
steady state. “Shadow rate” denotes the gap between the nominal rate under the ZLB and the rate the
monetary authority would want to set if it were not constrained. Expected values (E) are expressed in
terms of deviations from the non-stochastic steady state. Inflation, unemployment, and participation are
denoted in percentage points deviations. All other variables are in percent deviations. T1 and T3 refer to
average outcomes for the bottom and top terciles of the worker’s skill distribution.

Using decomposition (18) to disentangle the total earnings bias into the contributions
of various Okun channels, Table G3 in the Appendix reveals that the substantial earnings
bias at the bottom primarily stems from reduced participation (accounting for 50% of the
total earnings bias) and lower labor productivity (contributing 37% of the total earnings
bias). Notably, this large negative bias among low-skilled workers emerges even though
monetary policy is constrained during a relatively small share (14%) of time. This is be-
cause, as we pointed out in our earlier analysis of the IRFs, the deleterious effects of the
ZLB at the bottom of the distribution persist far beyond the period where the constraint
is effectively binding.40

While the measures by skill terciles are informative of the effect of the ZLB on cross-

negative ones (scarring effects) following recessions, which, absent the ZLB, would tend to offset each other
and lead to virtually no bias in either aggregate or distributional outcomes in the ergodic distribution (in
fact exactly so, under our linear solution method). It is the ZLB, and its amplifying effect on negative labor
market hysteresis, that gives rise to a negative bias.

70 appreciate this point even further, consider the following simple back-of-the-envelope calculation:
if all the negative bias in total earnings at the bottom tercile in Table 5 came purely from harsher recessions
during ZLB episodes—and not from persistent negative effects that outlast these episodes—total labor in-
come at the bottom would fall by roughly 86% (0.12/0.14). Instead, our simulations show that total labor
income at the bottom tercile only falls by 30% on average during ZLB episodes, implying that earnings also
remain depressed even when the ZLB is not binding.
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Figure 5: Panel (a): Earnings losses from joining the labor market in a recession, 1 and 5 years
after entry, by deciles of the initial skill distribution. The worker’s losses are computed out of
a demand-driven recession that triggers the ZLB, as in Figure 4. Panel (b): Log-earnings gap at
ages 35 and 55 by decile of the initial skill distribution under IT (blue line) and LfL (green line)
rules. The gap denotes the difference between expected life-cycle earnings growth in the ergodic
distribution and in the stationary equilibrium under IT.

sectional earnings inequality, they do not reveal how the constraint shapes the labor mar-
ket prospects of individual workers. To address this, we perform two exercises. First,
we compute the earnings losses of entrant workers joining the labor market during a
demand-driven recession that triggers the ZLB (we use the same shock as in Figure 4).
We express these losses relative to workers” earnings trajectories in the stationary equi-
librium as a function of their position in the initial skill distribution at the time of labor
market entry. Results are shown in Figure 5a. In line with the empirical evidence doc-
umented by von Wachter (2020), we find that it is the workers at the lower end of the
skill distribution who experience the largest losses when entering the labor market dur-
ing a recession. Second, we compute workers” expected life-cycle earnings profiles over
the ergodic distribution under IT. Figure 5b plots the expected earnings gap (relative to
the stationary equilibrium) for workers aged 35 and 55 along the initial skill distribution.
Overall, we find that the presence of the ZLB reduces life-cycle earnings growth over the
entire skill distribution, with those who initiate their careers at the bottom of the skill
distribution suffering the most. For instance, a worker who joins the labor market in the
20th (80th) percentile of the initial skill distribution experiences average earnings at age
55 that are 10% (6.5%) lower than their average earnings in the stationary equilibrium.
Taking stock, the main insight of this section is that a monetary policy rule that does
not mitigate the ZLB opens the door to enduring scars on labor force participation and
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productivity at the bottom of the skill distribution. Alternative monetary policy rules that
tackle these hystereses, by either reducing the frequency of the ZLB or letting the econ-
omy run hot during recoveries, have the potential to persistently improve labor market
outcomes of low-wage workers. The monetary policy framework introduced by the Fed
in 2020, which promises to keep rates lower for longer following recessions, has precisely
this flavor.

5 Economic Outcomes Under Lower for Longer

We model the Lower for Longer (LfL) strategy by changing the Taylor rule reaction func-
tion R; in (13) to

Ri = 2.25(m — r¥) +5.00(7M — %) = 0.15(u; — u™)?, (19)

where 1'% is the exponential moving average of past inflation [;° (1/48) e T, dr
with a smoothing factor 1/48 to target a window of 4 years, x" is the shorthand for max{x, 0},
and x for min{x, 0}. The addition of the deficit between past average inflation ™4 and
the target into (19) is meant to capture the asymmetric Average Inflation Targeting (AIT)
component of the new framework. Mechanically, following periods where inflation falls
persistently below 2 percent, the average inflation term adds a downward pressure on
nominal rates, which persists until average inflation goes back to target. The Shortfall
(SR) component is modeled by making the response to unemployment fluctuations asym-
metric. Instead of reacting to all unemployment deviations, as in the baseline IT, the LfL
rule (19) predicts that the monetary authority should not raise rates when unemployment
goes below steady state but inflation remains close to the target.

The LfL rule has two main goals. First, it aims to handle the ZLB more effectively and
alleviate some of its most harmful consequences at the bottom of the distribution. Second,
it seeks to promote a strong labor market during recoveries, allowing low-skilled workers
to re-enter participation, find jobs, and, over time, improve their skills. If successful in
these two objectives, this rule can act as an ‘antidote’ to the ZLB’s negative hysteresis we
found under IT. As we previewed in the Introduction, however, running a LfL strategy
also carries the risk of pushing inflation above targe’c.41

415trictly speaking, inflation is a concern only under a demand-driven expansion, since, in the case of
supply-driven expansions, inflation is below target under IT. In this latter scenario, pushing for a stronger
response in the labor market actually moves the economy closer to price stability. When comparing alterna-
tive policy rules, however, what matters is the average trade-off faced by monetary policy over the business
cycle. Our calibration—as the data—displays a positive correlation between hours and inflation, meaning
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Figure 6: Impulse responses to demand and supply shocks under IT and LfL.

The rest of this section is focused on measuring this trade-off. We first analyze how
the LfL strategy changes the IRFs to demand and supply shocks (Section 5.1). Second, we
study the counterfactual where we ask how the recovery from the Great Recession would
have developed had the Fed followed a LfL strategy early in the downturn (Section 5.2).
The Great Recession’s extended ZLB, persistently below-target inflation, and sluggish re-
covery of participation and earnings offer an ideal laboratory to evaluate the LfL, as these
were all “failures” that the new framework was designed to correct. Third, we study
the impact of the LfL rule on aggregate and distributional outcomes in the ergodic dis-
tribution of our model (Section 5.3).42 We also compare the LfL rule to an increase in the
inflation target. Finally, we trace out the menu of inflation and labor market outcomes
available to a policymaker interested in running some version of the LfL strategy (Sec-
tion 5.4).

that, during expansions, the monetary authority faces, on average, inflationary rather than deflationary
pressures.

4ZSimilarly to our discussion regarding the ZLB, our solution method ignores how the LfL’s promise
to run the economy hot can alter households” expectations even when the economy is not in a boom. Ap-
pendix E goes through some of the ways that this missing expectation channel could impact our assessment
of the inflation-inclusion trade-off under the LfL, and offers some suggestive evidence that the “mistake”
of our solution is unlikely to change any of our conclusions about the trade-off.
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5.1 IRFs Under Lower-for-Longer

Figure 6 presents the model’s impulse responses under the IT and LfL strategies. To high-
light the differences between the two policy rules, we focus on the IRFs to a large negative
demand shock (a demand-driven recession) and a positive supply shock (a supply-driven
expansion).43 Shifting from an IT to a LfL rule significantly alters the economy’s response
to these two shocks. In the case of a demand-driven recession, the LfL strategy greatly
helps to stabilize unemployment and inflation, whose deviations are less than half of
those under IT. As a result, the economy under LfL also spends less time at the ZLB,
which binds only for a few quarters. In a supply-driven expansion, the economy under-
goes a much stronger expansion under a LfL strategy. Unemployment falls 3 times more
than under IT, while inflation, which falls significantly under IT, displays a small posi-
tive response under LfL. Somewhat counterintuitively, nominal rates are actualy higher
under the LfL strategy than IT. This has to do with the LfL rule’s feedback response to
inflation and unemployment, which pushes up nominal rates in equilibrium despite the
rule’s promise to keep rates lower given the inflation and unemployment paths under IT.
Under both shocks, however, the LfL approach delivers a lower path for real rates (see
Figure H1), which is what matters for the transmission of monetary policy to the real
economy.

These IRFs suggest that adopting the LfL strategy can contain recessions and prolong
expansions, altering the shape of business cycles. To understand whether the rule can also
foster inclusion for low-wage workers and, if so, at what costs in terms of inflation, we
need to evaluate the consequences of this strategy over a sufficiently long horizon under

a realistic sequence of aggregate shocks. The next two sections do precisely this.

5.2 Great Recession Under Lower-for-Longer

How would the U.S. labor market and inflation dynamics have looked during the Great
Recession and its recovery had the Fed followed a LfL strategy? To generate this coun-
terfactual, we first use the model’s impulse responses together with unemployment and
inflation data from 1990:Q1 to 2019:Q4 to filter the sequence of demand and supply in-
novations that exactly replicate, under our model with a baseline IT rule, the observed
data. Figure H2 in the Appendix reports the filtered shock series. Figures 7 and 8 in the
main text depict the implied dynamics for aggregate and distributional outcomes. Be-

yond matching inflation and unemployment dynamics, which we do by construction, the

“The IRFs of other shocks, like demand-driven expansions and supply-driven recessions, are shown in
Appendix H.
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Figure 7: Great Recession dynamics of aggregate variables under IT, AIT, and LfL rules. See
Table G2 in the Appendix for the specification of the different monetary policy rules.

simulation also captures other important dimensions of the Great Recession and its recov-
ery, such as the prolonged period at ZLB, the rise in labor productivity around 2008-2010,
and the persistent reduction in participation (Christiano et al., 2015).

We then use the sequence of filtered shocks to simulate a counterfactual economy
where the Fed shifts from an IT to a LfL rule in 2008:Q4. We also present the economy’s
dynamics under a counterfactual where the Fed follows a rule that includes the AIT com-
ponent of the LfL framework, but keeps the reaction to unemployment symmetric as in
the baseline IT rule. The difference between LfL and AIT shows the impact of the Shortfall
(SR) component (see Table G2 in the Appendix).

The LfL’s commitment to keep rates lower in response to the low inflation significantly
reduces the costs during the outset of the Great Recession when the economy first hit the
ZLB in 2008: inflation doesn’t fall as much as it does under IT, and unemployment comes
down faster from its peak. As a result, the economy exits the ZLB sooner with beneficial
impacts on participation and earnings. Starting from 2016, once the expansion is well
under way, the AIT component of the rule becomes moot (past inflation, under LfL, is
averaging around 2% at that point) and the SR component takes over. Unemployment
keeps falling and participation and earnings go up even further: at the end of the sample
period, under the LfL rule, unemployment is 2 ppts lower, participation is 1.5 ppt higher,
and earnings are 5 ppt higher compared to the economy under IT.

Figure 8 shows the impact of the LfL rule along the workers’ skill distribution. Com-
pared to the top tercile (top row), the fluctuations in earnings at the bottom tercile (bottom
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Figure 8: Great Recession dynamics at the top (T3) and bottom (T1) terciles under IT, asymmetric
AIT, and LfL rules. See Table G2 in the Appendix for the specification of the different monetary
policy rules.

row) are much more pronounced. As before, the benefits of the LfL rule to this group of
workers accrue both in the downturn and in the recovery. At the onset of the recession,
the rule prevents the sharp and persistent decline in labor productivity and labor force
participation. Later in the recovery, it reinforces and amplifies the gains, allowing work-
ers to fully recoup their earnings losses.** The inflationary cost of the new strategy shows
up in Figure 7: while inflation remained 0.5 ppts below target throughout the recovery
under IT, under the LfL rule, inflation is on average 0.7 ppts above it. Noticeably, this bias
is caused mostly by the SR component during the last two years of the boom.

Altogether, the Great Recession counterfactual suggests that the LfL strategy would
have delivered a major short-run boost to low-wage workers with only a modest devi-
ation of inflation from target, except very late in the recovery. Whether these short-run
gains of a LfL strategy can be sustained over the long run is the question we try to answer
in the next section by looking at the model’s ergodic distribution.

5.3 Ergodic Distribution Under Lower-for-Longer

Table 5 reports the model’s simulated ergodic distribution results under the LfL strategy.
Relative to IT, the LfL rule lowers the ZLB frequency (from 14% to 6%), reduces its inten-

“1t might seem puzzling that, under LfL, by 2020 labor productivity of each tercile has fully recovered,
whereas aggregate labor productivity remains depressed (Figure 7). The reason is that the LfL strategy
shifts the composition of employment toward low-skill workers who are less productive than the rest. This
selection channel imparts more countercyclicality to aggregate productivity.
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sity (the average shadow rate goes from -66 bp to -21 bp), and increases the share of time
the economy spends in expansions (from 6% under IT to 24%). These effects also show
up in the ergodic distribution of inflation and unemployment, as illustrated in Figure 9,
which depicts the 10th and 90th percentiles of the distribution of these variables under IT
and LfL rules. The distribution under IT (blue line) highlights the asymmetric effects of
the ZLB: we get a long left tail in the distribution of inflation, and a stretched right tail in
the distribution of unemployment. Shifting to a LfL strategy (green line) better stabilizes
the economy at the ZLB, reducing much of the mass at the left (right) tail of the infla-
tion (unemployment) distribution. In addition, the LfL rule also succeeds at running the
economy hot during expansions, as depicted by the stretched left tail in the distribution
of unemployment and the (modest) longer right tail in the inflation distribution. Conse-
quently, the negative inflation and positive unemployment biases under IT—indicated by
the blue squares—are fully reversed with a LfL rule, under which unemployment bias is
negative (-0.23 ppt) and inflation averages slightly above target (33 bp).

Table G3 in the Appendix summarizes the rule’s impacts over the skill distribution.
As in the Great Recession counterfactual, labor market gains under a LfL rule are much
stronger at the bottom: total labor earnings at the bottom tercile increase by over 17%
(5.20% — (=12.17%) ) through a combination of stronger labor force attachment (1.09 ppt —
(—2.52 ppt) ) and higher labor productivity (1.92% — (—4.54%)). As a result, cross-sectional
labor market inequality is reduced, with unemployment, participation, and earnings dif-
ferentials between the top and bottom skill terciles falling by 1.2 ppt, 3.5 ppt, and 14%,

respectively.

5.3.1 Improvements in Upward Mobility Under Lower for Longer

In his 1974 article, Okun stressed improvements in upward mobility as one of the major
benefits of running a high-pressure economy. His conjecture is that, by fostering stronger
attachment and faster skill growth, a hot labor market could also engineer a steeper life-
cycle earnings profile for low-skilled workers. To assess this hypothesis, we repeat the
computation of workers’ expected life-cycle earnings shifting from an IT to a LfL strategy.
Results are displayed in Figure 5. In line with Okun’s conjecture, we find that the LfL
leads to a stronger life-cycle earnings growth for all workers, but especially so at the
bottom of the skill distribution where it fully reverts the large negative earnings gap we
found under IT.”

“Part of the gains of the LfL strategy can be seen by the fact that the rule reduces significantly the
earnings losses for entrants that join the labor market in a recession, as displayed in Figure 5a.
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5.3.2 Lower for Longer versus Higher Inflation Target

An alternative policy available to central banks trying to fight the negative hysteresis of
the ZLB is to raise the inflation target 7* (Coibion et al., 2012).46 Relative to the LfL, this
strategy gives rise to a different type of trade-off: it allows the central bank to decrease the
frequency of hitting the ZLB, thereby mitigating some of its adverse effects, particularly
at the lower end of the distribution, at the cost of permanently higher inflation.

The last column in Table 5 reports the ergodic distribution results for a higher inflation
target (Higher IT) strategy with the same small positive inflationary bias of the LfL ap-
proach.47 While the Higher IT reduces the ZLB frequency and increases the shadow rate
as much as the LfL strategy, it promotes much smaller gains to labor market outcomes of
low-wage workers: compared to a positive bias of 5.2% for total earnings at the bottom
tercile under LfL, there is still a —2.3% negative bias under a Higher IT rule. Notably, the
outcomes under Higher IT are dominated even by the AIT component of the rule alone,
which achieves, with much less volatility, larger labor market gains at the cost of less

inflation, as we discuss next.

5.3.3 The Role Played by the AIT and Shortfall Components

What are the separate contributions of the AIT and SR components to the gains of the LfL
strategy? Table 5 shows that the two policies, when implemented individually, have a
similar impact on average outcomes. Both rules reduce the frequency of ZLB episodes
(which binds 8% of the time under SR, and 6% of the time under AIT), significantly
dampen the negative labor market biases relative to IT, and push inflation slightly above
the target (22bp for the SR, and 11bp for the AIT). However, they vary a lot in terms of
their predicted share of booms and recessions, as well as in their implied volatilities.

To understand these differences, compare the 10th and 90th percentiles of unemploy-
ment under the IT (blue line), AIT (pink line), and SR (brown line) in Figure 9. It is clear
that the AIT’s gains come mainly from avoiding extremely low inflation and high unem-
ployment outcomes, i.e., the benefits associated with the AIT rule occur primarily during
large recessions. Coherently, Table 5 reports that the AIT rule reduces the share of reces-
sions in the simulation from 16.5% under IT to 10%, lifts the shadow rate at the ZLB from

* An increase in the inflation target translates into higher steady-state nominal rates, making the ZLB less
likely to bind in response to shocks.

*In line with the approach followed so far, we assume that unions can adjust nominal wage growth
to the new inflation target without incurring any cost. Thus, the ZLB is the only reason that the higher
inflation target is not neutral.
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Figure 9: Ergodic distributions of inflation and unemployment under alternative monetary policy

rules. The lines plot the distance between the 10" and the 90™ percentiles of the ergodic distribu-
tion of inflation and unemployment. The square denotes the average.

—66bp to —19bp, and curtails the volatility of inflation and real outcomes by a factor of
2. In contrast, the SR rule realizes most of its gains during expansions, as is clear from its
ability to generate periods of very low unemployment rates. In line with this observation,
Table 5 reports that the SR rule increases the share of booms in the simulation from 6%
under IT to 23%, whereas its impact during downturns, as indicated by the change in the
share of recessions and the shadow rate at the ZLB, is much more modest.*®

The AIT and SR components of the new framework thus seem to operate at very dif-
ferent points of the business cycle: the AIT shrinks the size of negative hysteresis brought
by the ZLB, while the SR component overheats the economy during expansions, thus al-
lowing low-skilled workers to recover from the persistent losses incurred at the ZLB. The
LfL strategy, which combines the AIT and SR components, realizes gains across the full

business cycle.

5.4 Okun’s Cones: A Menu for Policymakers

Up to now, we have analyzed and quantified the inflation-inclusion trade-off exclusively
for a plausible, but specific, parameterization of the LfL rule. In this section, we try to as-

sess the entire menu of outcomes available to a policymaker interested in exploring some

*As seen in Table G3 in the Appendix, labor force participation and labor productivity contribute
roughly the same to the negative and positive biases across all rules, and are the two most important chan-
nels driving earnings biases at the bottom of the skill distribution.
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Figure 10: Okun’s cones and the inflation-inclusion trade-off. Top row: The x and y axis denote
deviations from the non-stochastic steady state. The cones” lower and upper limits reproduce the
outcomes at the bottom (T1) and top (T3) terciles under IT and the LfL rules as parameterized in
Table 5. Bottom row: The y axis denotes inflation and the x axis the differential outcome between
T1 and T3 for alternative parameterizations of the LfL rule.

version of the LfL strategy. For this purpose, we repeat the LfL simulations of Section 5.3
while varying the reaction coefficients of the LfL policy rule between the values taken
under IT and those under our main parameterization of the LfL rule. For each parameter-
ization, we track the implied average biases for unemployment, participation, and total
earnings at the bottom and top terciles of the skill distribution. This mapping—which, be-
cause of its shape, we denote by “Okun’s cones”—is plotted in the first row of Figure 10.
As expected, the cones show a stronger response at the bottom than at the top. Thus, in
the second row we summarize the effects in terms of the top-bottom tercile differentials in
outcomes. Ultimately, these numbers express the additional average inflation required to
achieve a specific reduction to the cross-sectional divergence in a particular labor market
outcome (e.g., the T3-T1 participation rate differential).

First, consider a more hawkish central bank interested in the LfL strategy only as a
way to close the deflationary bias induced by the ZLB (outcomes corresponding to zero
on the Y axis). Implementing this allocation will already deliver sizable gains in labor
market outcomes for workers in the bottom tercile. Compared to an IT rule, even this
conservative version of the LfL rule shrinks unemployment, participation, and earnings
differentials by 0.50 ppt, 1.5 ppt, and approximately 10 log points, respectively. A more
employment-focused central bank that wishes to fully offset the detrimental effect of the

46



ZLB on the labor market outcomes of low-skilled workers (corresponding to the non-
stochastic “Steady State” values on the X axis) would instead have to tolerate a positive,
but small, inflation bias of 15bps. Finally, a more inclusion-focused policymaker who
wishes to go beyond this point and push for even greater inclusion, can do so at the cost
of a larger inflation bias.

Clearly, there is a limit to the extent to which this inflation-inclusion trade-off can be
exploited in the long run: as the systematic inflationary bias grows larger and larger, it be-
comes more likely that long-run inflation expectations will become unanchored. Where
this limit lies depends on expectation formation. We make two observations that sug-
gest that our results fall well inside this limit. First, in all our simulations the average
bias never exceeds 33bp from the 2% target, with a 90-10 inflation differential close up to
150bp in the ergodic distribution (Figure 9). Such tiny systematic bias would thus require
an extremely long sample to be detected. Second, a large literature (e.g., Weber et al.,
2023; Pfauti, 2024) argues that inflation expectations are sticky in practice, and house-
holds only become more attentive and update their long-run expectations when inflation
significantly deviates relative to the status quo. In our simulations, however, inflation re-
mains for the most part (97% of the time) below 3.5-4%, the attention threshold estimated
by Korenok et al. (2023) and Pfauti (2024).

6 Conclusions

In this paper we have formalized Arthur Okun’s conjecture that a high-pressure econ-
omy would lead to a persistent uplifting of labor market trajectories for low-wage work-
ers, possibly at the cost of higher inflation. This step required extending the canonical
HANK framework with a rich model of the labor market where heterogeneous workers
choose their degree of attachment to the labor force, are unequally exposed to aggregate
fluctuations, and upgrade or downgrade their skills depending on their employment sta-
tus. In this world, recessions are especially detrimental to low-skilled labor through a
vicious cycle of job loss, exit to non-participation, and skill deterioration, which imparts
persistent scars on their lifetime earnings. Within this framework, we have analyzed the
stabilization role of monetary policy. We have uncovered that, under a strict Inflation
Targeting regime, the ZLB severely amplifies the negative hysteresis at the bottom of the
income distribution. Shifting to a Lower-for-Longer strategy, the framework adopted by
the Fed in 2020, disproportionately benefits low-wage workers by neutralizing the nega-
tive effects of the ZLB through the promise of running a hot economy for longer during
recoveries. Because policymakers might have different preferences for inflation vs. inclu-
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sion, we showed how to use our framework to quantify the inclusion-inflation frontier
implied by the Lower-for-Longer strategy.

In our attempt of measuring the inflation-inclusion trade-off, we have prioritized
achieving a credible quantification of the labor market impact of different monetary pol-
icy rules across the distribution. We instead, purposefully, kept the inflation-side of this
tradeoff much closer to the canonical HANK framework. A natural next step in this re-
search agenda would be to enrich this block of the model. One possible direction would
be to acknowledge that an especially tight labor market could lead to a steepening of the
Phillips curve (Benigno and Eggertsson, 2023), or that persistent deviations of inflation
from the target may lead to de-anchoring of inflation expectations (Carvalho et al., 2023).
Another direction would be to recognize that the costs of inflation are uneven across the
distribution and operate through a variety of channels (e.g., via heterogeneity in con-
sumption baskets, nominal net positions, and nominal wage rigidity). Jaravel (2021),
Olivi et al. (2023), Del Canto et al. (2024), Afrouzi et al. (2024), and Guerreiro et al. (2024)
are recent examples of studies that try to quantify the relative role of these mechanisms.

In HANK models, the clear cut distinction between stabilization and redistribution
policies invoked half a century ago by the neoclassical synthesis, and embodied by the
representative agent construct, inevitably vanishes (Sargent, 2024). In this class of economies,
redistribution policies spill over to the business cycle, and stabilization policy is always,

to some extent, redistributive. Our paper is a stark exemplification of this latter link.
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Appendix

A Recursive Formulation of the Household Problem

In this section we show how the individual problems can be expressed recursively as a
Hamilton-Jacobi-Bellman Quasi-Variational Inequality (HJBQVI). We follow Maxted et al.
(2024) and their notation with the max operator which we find intuitive. We use the
symbol Z° to denote the infinitesimal generator of the stochastic process defined in (1),

transformed in levels, in employment state s. Then:

2
- 0
2, = (-72 log z + I, (5; — D520 02 + 7‘2) Z 0,0} + 0y Z 05,0}

The problem of the employed households in (7) at time t can be written as:
0v; = max {mc?x (v (ct, h; ze) + 0,0% (rear + (1= 1) wizihy + p — )} + Asf (v’t’” - vf)
+7 (0} = v}) + Z°0; + 0,05, pvfl}
The problem of the passive non-participant in (3) is:

n0n1( ny ”o)

pv;’ = max {un (ct,0) + 0,0, (rea; + ¢ - Ct)} 1 Uy — 0

ng_n n
+Z O?)t 0 + atvt 0
The problem of the active non-participant in (4) is:

n n n n n n
po!" = max {mc?x {u" (ct,0) + 050" (ryay + ¢ — c;) } + AZf max {of — v}, 0} + 4™ (v} - v}")
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The problem of the non-eligible unemployed in (5) becomes:

u u n u
00! = max {rncetlx {u" (ct,0) + 040" (reas + ¢ — 1) } + Aoy + "™ (0} = v°)
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The problem of the eligible unemployed in (5) becomes:

ov;' = max {max {uu (ct,0) + 9,0, (ra; + ¢ + b (z¢) — ct)} + AZf max {vf - 0?1,0}
Ct

u u n u u u n
+A0 (vto - vtl) +y0 (vto - vtl) +2M0" + atvtl,pvtl}

The five HJBQVI's above, jointly with the five first-order conditions at every ¢
acus (Ctl htz Zt) = aavi s € {el Up, U1, No, 7’11}

can be solved for value functions {v; (4,z)},,,, consumption decision rules {c; (4,2)},,,
for s € {e,ug, u1,n,n1}, participation rules {p; (a,z)},,, for s € {e,up, u1,n1}, and job
acceptance rules {j; (a,z)},,, for s € {uy,n1}.

B Problem of the Final and Intermediate Goods Producers
B.1 Final good sector

A competitive representative final good producer aggregates a continuum of intermediate
inputs indexed by j € [0,1] with CRS technology:

1 v-1 v=1
Y, = ( /0 vt dj) (B1)

where v > 0 is the elasticity of substitution across inputs. This firm takes prices as given
and solves

1
max Pth - / P]t]/]td] (BZ)
{ue} 0

subject to (B1). Cost minimization implies that demand for intermediate good ;j at price
pjt is
1
p],t -V 1 1oy .. 1-v
yir(pjt) = i Y;, where P;= ; pir dj (B3)

is the price of the final good and the numeraire of the economy.
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B.2 Intermediate goods sector

At every date t, the intermediate good producing firms, indexed by j, take the task-

specific wage wy; as given, and solve

Pjt o 1 4
max ? y]t - (1 - T ) ZUktg]'ktdk - (P (B4)
ij'{éfkt}k ! 0
s.t.
yip = alj
/.

t

I
—
S—

2.
o
=0
[
=
R
I

pit\™"
Yip = (Ft) Yy

where wy; is the real wage on task k, t'isa wage subsidy to producers partially financed
by the lump-sum tax (])Z that is set to undo the steady-state monopolistic distortion to
production. Cost minimization yields the relative demand of labor for task k:

b = (22) " b, (B5)

where w; is the Dixit-Stiglitz real aggregate wage index w; = [ fol w,%t_ Sdk]11T€ that satisfies
fol witljkedk = wiljy. The profit-maximizing price-setting decision yields the standard ex-
pression whereby the relative price equals a markup over the after-subsidy marginal cost
of production:

B ()

This price corresponds to an optimal quantity sold and, in turn, to a total amount of

(B6)

labor demanded to produce it which, in the symmetric equilibrium with p;; = P, satisfies

Kjt = Et with
1
gi’ = (&) Yt-

Imposing pj; = P; and setting =1 /v in (B6) implies that the equilibrium aggregate real
wage per effective hour is equal to the marginal product of labor, or

wy = Q. (B?)
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Finally, we note that because of the CRS assumption and the result that the wage rate
equals the marginal product of labor, aggregate profits of the intermediate sector are equal
to the net subsidy ‘Ff = Téwtﬁt - 47€, thus in equilibrium

T, = Y. (BS)

As long as the tax only partially finances the subsidy, profits will be strictly positive in
equilibrium. Profits are paid to the mutual fund, which owns all firms as dividends.

C Derivation of the Wage Phillips Curve

The problem of the union representing workers on task jk is:

%) . 2
—pt (i Nip: 2 d_@(%_ *) dt C1
{ﬂgio/o e |:/Sit=€u (Czt/ 1tlzzt) 1 > | wir 7T ( )

s.t.

b = /0 gk (©2)
cir+air = rag+(1—T+7T )y + ¢ — iy (C3)

R /O  wihodk (C4)

e = (S2) (C5)

The first constraint faced by the union states that total hours worked by an employed
worker equal the sum of hours worked on each task. The second constraint is the bud-
get constraint of employed workers. Note that, symmetrically with the problem of the
intermediate producers, we have introduced a wage subsidy 7’ financed by the lump-
sum tax ¢;, in order to offset the distortion in steady-state hours and production caused
by the unions” monopoly power. The third line is simply the definition of real pre-tax
labor income. The fourth one states that contractual hours worked required by the union
from all its workers must satisfy the firm’s demand for effective labor on task k, ¢;;. This
zipdi) hyy and 0 = ([, _, ziedi) by, and
because all firms j demand the same amount of labor in a symmetric equilibrium.

constraint is equivalent to (B5) because /y; = ( fsit= . y=e

Since each task-specific union is “small” (there is a continuum of tasks), the impact of
a union’s wage on an individual’s income and the firm’s employment is negligible. In
addition, the union takes the lump-sum tax ¢;; as given. As a result, the union takes as
given all individual decisions embedded in the budget constraint, and the firm’s labor
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demand curves for each task.

We can write this problem recursively as

. O 2
ol (wit) = f?f%x/ u’ (cit, i zip) di = > (7Tkt - TI*) + 0 Jt (Wit ) Wit Tkt + O]t (wit)
Sjt=e
S.t.
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1 1 Wt \ 78
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The first-order condition with respect to 71y; and the envelope condition are, respec-

hit

tively:
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where
1 . L
dwVit = intwtht(l_e)/ wy dk
t 0
1
Aok = —ehaw! / w1 dk
0

and note that we did not differentiate either consumption or participation/job acceptance
decisions with respect to wy; because of the assumption that each individual union has a
negligible effect on prices.
Imposing symmetry (wy = w;), we obtain
1
dwlit = Ezitht (1-¢) (C6)

dwhit = —Ehtwt_l
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and

@ _ *
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Substituting (C6) into the envelope condition, we obtain
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Differentiating the first-order condition (C6) with respect to time yields

e O(m-n) (W
Aot ]t (W) + Ot (wi) Wy = wtt - w; (ﬁ) (C7)
Substituting (C7) into the envelope condition yields
Q(m-n" 1 . h .
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Multiply both sides by w;/® to arrive at
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Simplifying this expression and rearranging, we obtain
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To fully undo the union’s distortion to hours worked in steady state, we set T° = (1 —

Sjt=e

7)/(e — 1). We also assume that this subsidy is funded by the lump-sum tax, i.e., ¢j, =
Tziwihi. As a result, in equilibrium it does not appear in either the household budget
constraint nor in the government budget constraint, which is why we have omitted it

altogether from the main text. After this substitution, and after setting w; = a from (B7),
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we arrive at

s

0 (7Tt - 7T*) = ol [— onu’ (cit, hy;zip) di — (1 - T) ocu’ (cit, hit; zit) Zitdi:| + 714,
Sjt=e

Sit=e
which equals the expression for the Phillips curve (9) in the main text, once we use our
functional form for u° in (2).

To obtain the linearized expression for the Phillips curve in (15), note that when lin-

earizing the term in round brackets in (9) around the steady state we have exploited the
1
fact that 17b(h*)¢7+1 = (1-1)ah”.

D Problem of the Mutual Fund

Recall that the fund owns all intermediate good firms and holds real debt issued by the
government and a nominal bond in zero net supply that carries a liquidity premium 7.

Let X{ denote holdings of shares of the intermediate good producers, ¢; the unit share
price, I1; per-share profits, B{ holdings of real government bonds, r? the real interest

rate on government bonds, M{ holdings of nominal bond in real terms, and r{" the real
rate of return on the nominal bond. Let A; be the real value of the fund. The problem
of the mutual fund, which takes prices as given, entails choosing the optimal portfolio
composition between equity, real bonds, and nominal bonds:

A (X, B, M) = max X - X+ +)B =B + ¢+ M - (D1)
X/ Bl
+ox A, (X, B/, M) X +opa, (X, B/, M) B

+omA (X, B/, M)W + 9,4, (X, B/, M)

with first-order conditions with respect to xf Bf and M/

a = aXAt<Xf,Bf,Mf)
1 = aBAt(Xf,Bf,Mf>
1 = aMAt(Xf,Bf,Mf)

These first-order conditions, together with the linear homogeneity of the problem, imply
that A; (Xf B/, M/ ) = thf +B + M. Substituting this expression for A; and the first-
order conditions into (D1), we arrive at

7 (th{ + B{ + M{) = (I, + qt)X{ + (!l + Z)B{ + (] + Z)M{
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Finally, by matching coefficients on equity and bonds, we obtain

L+ 4y
=

7 =r?+f=r’tn+t‘, (D2)

which is the expression (10) in the main text.

E Numerical Solution Method

Stationary Equilibrium and Impulse Response Functions. We solve for the station-
ary equilibrium using standard continuous-time finite-difference methods as described
in Achdou et al. (2021).* This step defines the steady state X™ for any variable of inter-
est X, either aggregate (e.g., unemployment) or distributional (e.g., total earnings at the
bottom tercile of skill distribution).

Out of steady state, we discretize our continuous-time economy in T monthly time
steps and solve for the economy’s first-order response to aggregate shocks using the
sequence-space approach of Auclert et al. (2021). The most costly step in their method
is the computation of the sequence-space Jacobian for the heterogeneous-agent block.
For this step, we rely on their fake-news algorithm. We then write the sequence-space
representation of the equilibrium of our economy, as described in Section 2.8. For any en-
dogenous variable X and shock ZFfork € {d, s, m}, the sequence-space solution delivers a
(T x T) matrix G —a general equilibrium Jacobian—mapping any change in the path of
shocks dZ* = (lec A .,Z’% - 7*) to the impulse responses ax* = (X -X*,..., Xr—
X*)">° Notice that the general equilibrium Jacobians G give the endogenous response
to any arbitrary shock vector dZF. For the case of demand and supply shocks (k = d,s),
dZ* and dX" are the impulse responses to a unit innovation to e’f = [Wtk - Wf_l] in (17).

While we calibrate and solve for the model’s IRFs at monthly frequency, we perform
simulations and counterfactuals of the model at quarterly frequemcy.“r)1 Unless otherwise
noted, all the remaining exercises are conducted after aggregating shocks and IRFs from
months to quarters.

* As the authors highlight, these methods generalize to stopping time problems, such as the participation
choice in our setup.

Note that, besides the two shocks in the main text, demand and supply (k = d,s), we have an additional
monetary shock k = m. This shock will be useful in dealing with the ZLB and asymmetries in monetary
policy rules.

*!This choice makes it easier to compare the model business cycle moments to the empirical targets, and
saves us time when computing the ergodic simulation.
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Model Simulation and the ZLB. We combine the method of Boppart et al. (2018) with
Holden (2016, 2023) to simulate equilibrium dynamics with the ZLB. The idea is to exploit
the linearity of the economy’s response to aggregate shocks, while allowing for nonlin-
earities coming from an occasionally binding aggregate constraint, like the ZLB. In what
follows, we use boldface X(;) to denote the expected path of variable X at time ¢, i.e.,
X = (B[ Xt40l,-- -, lEt[XHT])'. Also, we use F to represent the forward-shift operator,
i.e., applying F to X(s) delivers FX;) = (E[X;41], ..., e[ Xes141])"

Suppose we want to perform a simulation for a given sequence of demand and supply
shocks {ef, €; }1=0- We proceed recursively, starting from ¢ = 0 until T*™. Absent the ZLB

and with linearity, time-t projections are given by the moving-average (MA) process

T-1
X=X+ Y (Faxt)el; (E1)
j=0 k=d,s

which coincides with the expressions in Boppart et al. (2018) and Auclert et al. (2021).
Alternatively, we can write (E1) recursively

k k
Xy = FXg-1) + ) dXe (E2)
k=d,s

as the sum of period t — 1 projections FX(;_1) with the impulse responses dX* to time-t
surprises.52

With the ZLB, we must also enforce that the projected path of nominal rates i(;) does
not violate the ZLB today or at any point in the future (7 = 0). To this end, we start by
representing the baseline monetary policy rule (13) as

AY(t) + ZZ) =0

where A is the linear map summarizing the policy rule (13) absent the ZLB, y ;) collects
the time path of variables entering the policy rule (e.g., interest rate, inflation, and un-
employment), and ZZ) denotes the date-t “news” shocks to the path of the policy rule
at all future horizons. A date-t policy news shock at horizon h, for instance, captures a
deviation from the policy rule A at time t + 1 announced at time ¢. The idea is to use pos-
itive “news” shocks ZE';) > 0 to the interest rate path whenever the interest rate path set

*2The recursive formulation in (E2) is very useful in the presence of the ZLB, as the probability of the
ZLB binding or not in the future depends, in general, on the entire past sequence of shocks, which, in
formulation (E2), is fully summarized by past projections FX;_1).

63



according to A would violate the ZLB constraint. In terms of our notation, this problem
can be represented as a complementarity slackness condition on the paths of interest rates
i(1) and monetary policy shocks Z’g):

i(r) - ZZ) =0, i) 20, ZE’;) > 0. (E3)

Obviously, i(;) and Z'g) must be solved jointly since the nominal rate path i) is itself a
function of the monetary “news” shock ZZ), as those affect the interest rate path both
directly, and indirectly through the feedback response to inflation and unemployment.
Importantly, however, we already know the impact of a monetary “news” at any horizon
on interest rates: these are given by the columns of general equilibrium Jacobian G
computed in the first step. Appealing again to linearity, we can write the project interest
rate path as
iy = Fig-y+ y_ di‘e; + G (2 - FZ{i 1)), (E4)
k=d,s

where Fi(;_1) denotes past nominal rate projections, (Zk=d,s dikelf) captures the impact
of time t demand and supply shocks, and G (ZZ) -F ZZ—l)) incorporates the surprise
news shocks concerning the possibility of the ZLB binding today or in the future.

Substituting (E4) into the complementary slackness (E3), we arrive at a linear comple-
mentarity problem (LCP) in ZZ) of the form

with Q = G"™ and g = Fig-1)+ Zk:d,s dikelt{ — Gi’m}"Z?;_l). Using a LPC solver to find
ZZ), we can then update projections of other variables X in a similar fashion:

k 7
X() = FX(1) + Z dxX ek + g (2 - FZ{iyy). (E5)
k=d,s

Compared with (E2), condition (E5) features the additional term G™" (ZZ) -F ZZ—l))
that captures the impact of the ZLB constraint (on current or expected future nominal
rates) on the projected path of X. Notice that while news shocks are constrained to be non-
negative, Z'Z;) > 0, the ZLB surprises (Z’Z;) -F Z'g_l)) can be either positive or negative as
the shocks hitting the economy render the ZLB more or less likely to bind.

Computing Monetary Policy Counterfactuals. Our strategy for simulating the economy
under the counterfactual monetary policy rules follows Hebden and Winkler (2024) and
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McKay and Wolf (2023). The basic idea is to use the previous section projections com-
puted under IT, X'T, to obtain the economy’s counterfactual trajectory under any alterna-
tive monetary policy rule, X,

The method again leverages the monetary “news” shocks to the policy rule. In particu-
lar, we choose shocks Z'Z;) so that the IT news-perturbed nominal rate path, 7%%, computed
as in (E4) using shocks ZZ), mimics exactly the interest rate path that would arise under
the counterfactual regime, i?ig.% Given ZZ), we compute the IT news-perturbed alloca-
tion X'” for other variables of interest following (E5). As monetary policy only enters
other equilibrium conditions through the current and expected future path of nominal
rates and we have chosen ZZ) so that ;gtT) = i?g, the IT news-perturbed equilibrium al-
locations must coincide with the equilibrium allocations under the alternative monetary
policy rule, i.e., X' = X" As McKay and Wolf (2023) put it, for computing the counter-
factuals “it does not matter whether the policy rate path comes about due to systematic
conduct of policy or due to policy shocks.”

Ergodic Distribution. The previous section described how to perform the simulation
given a sequence of demand and supply shocks. The model moments reported for the
ergodic distribution are computed from averages across 250 simulated samples. In each
sample, we initialize the model at the non-stochastic steady state and simulate the econ-
omy for 160 quarters. We discard the first 10 years of each sample and compute moments
on the last 30 years of the simulated data.

Filtering in the Great Recession Exercise. For the Great Recession exercise, conducted
in Section 5.2, we need to find the sequence of innovations that replicate, in our model
under a baseline IT rule, the observed U.S. unemployment and inflation dynamics. To do
so we adopt the filtering procedure discussed in McKay and Wieland (2021). The main
benefit relative to the more standard Kalman filter algorithm is that their approach only
requires information on the impulse response functions, which we have from above.
Abstracting from the ZLB, we can use (E1) to recover the demand, and supply series
of innovations {ef, €;} that are consistent with the observed values of unemployment and
inflation. We start the filtering back in 1990:Q1 assuming that the economy starts from
its non-stochastic steady-state, and proceed recursively. At t = 1990:Q1, this just requires
inverting the impact matrix of the impulse response function to find the shocks that move
unemployment and inflation in the model as much as in the data. For ¢ > 1990:Q1, we can

*Hebden and Winkler (2024) describe how to compute these monetary “news” surprises for a counter-
factual with an asymmetric policy rule like the Lower for Longer strategy we consider in our application.
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use the same logic to find the shocks that explain the “surprise” movements in inflation
and unemployment, i.e., the difference between current realizations and previous period
projections (X; — E;—1[ X;]).

To deal with the ZLB, we rely on monetary news shocks as before. Specifically, at each
point t, we verify whether the projected path of nominal rates under the filtered shocks
violates the ZLB. If it doesn’t, we proceed to t + 1. If it does, we compute the monetary
news shocks to the path of nominal rates that ensure the constraint is satisfied along the
projection, i.e., E;[i;1),] = 0. Because the monetary news shocks also affect the economy’s
response at time t, we need to solve for the news, demand, and supply shocks jointly. An

iterative algorithm works well in practice.

Discussion of Our Solution Method. Our simulations and policy counterfactuals are
computed—much like other papers in this literature (e.g., Williams, 2009; Kiley and Roberts,
2017; Bernanke et al., 2019)—under the assumption of perfect foresight, i.e., at each point
in time, agents in our model form expectations under the assumption that the economy
won’t be hit with any further aggregate shocks. As a result, agents always expect that
inflation will converge back to the target in the long run.

In a fully global rational expectations solution, however, agents would internalize
that the ZLB might bind in the future even if it is not binding today (as in Fernandez-
Villaverde et al., 2024), a force that would push down the deflationary bias even further
via precautionary saving. At the same time, agents would also internalize the promise
to run a hot economy during booms under the Lower for Longer strategy even when the
economy is at other points of the business cycle, which pushes inflation expectations, and
actual inflation, further up. If this latter force is quantitatively significant, it could raise
the concern that our perfect foresight solution might provide a “too favorable” view of
the inflation-inclusion trade-off embedded in the Okun’s cones of Section 5.4.

While computing the fully rational expectation solution of our model is currently un-
feasible, we offer a robustness exercise that lessens this concern. We extend our solution
method to take into account future aggregate uncertainty along the lines of the Stochastic
Extended Path approach discussed in Adjemian and Juillard (2013). When we incorpo-
rate aggregate uncertainty up to 8 quarters ahead, qualitatively the results align with our
previous intuition: the possibility of a binding ZLB in the future lowers further the neg-
ative inflation bias under IT, while the promise to run the economy hot raises further the
positive inflation bias under LfL. However, the implied magnitude of changes in infla-
tion and unemployment is tiny, smaller than 1 bp, and does not alter any of our previous

tindings.
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Figure F1: Graphical description of weekly earnings inference for individuals in our sam-
ple.

F Data on Worker Flows

F1 Sample and Measure of Skills

We measure worker stocks and flows directly from the Basic Monthly Current Popula-
tion Survey (CPS) from 1989 to 2019. Our sample includes individuals between 25 and 59
years old and exclude self-employed, government employees, and unpaid family work-
ers. This sample selection leaves us with a sample of 18, 697,072 workers, or 47,215 indi-
viduals per month on average. This is our primary sample to compute average worker
stocks and flows.

To estimate the dependence of flows on workers’ skill levels z;;, we merge the Monthly
CPS files with the Annual Social and Economic Supplement (ASEC). The ASEC, which is
conducted as a supplement of the March CPS, asks each individual additional questions
about past earnings and weeks worked. We use this information to construct a measure
of individual weekly earnings, which serves as our proxy for workers’ skills. Every in-
dividual in our sample is interviewed at most twice in the ASEC supplement. For each
interview in which the individual participates, we compute weekly real earnings by di-
viding annual nominal labor earnings [INCWAGE] by the product of number of annual
weeks worked [WKSWORKT1] and the Consumer Price Index (CPI-U) for that year. If in-
dividuals are interviewed only once, we use the weekly earnings of that interview for the
whole period we observe that individual. If individuals are interviewed twice, we use the
average of weekly earnings from the two interviews. We express skills z;; in relative terms
by taking the ratio of individual weekly earnings to cross-sectional average weekly earn-
ings computed for that year. We further drop all individuals who report positive weeks
worked but no earnings. as well as all entries that are assigned zero weight in the survey.
After this step, we are left with a sample of 3,933,752 workers/months, or 21,264 indi-
viduals per month on average.54 Figure F1 summarizes our approach to assign a weekly

**Because of the rotating nature of the CPS, in which households are interviewed for four months, then
left aside for eight months, and finally interviewed again for four months, this leaves many individuals in
the Basic Monthly CPS out of our merged sample because they are not part of any ASEC supplement. More
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Data Data (deNUN)

| E u N | E u N
E|[ - 00126 00170 E| - 00126 00170
U|02465 - 0.1899 U|02465 -  0.1326
N | 0.0696 00396 - N | 0.0696 00267 -

Table F1: Average labor market flows computed from the CPS. Left table shows averages using
raw transition data. Right table shows averages using data corrected for misclassification accord-
ing to the approach described in Elsby et al. (2015).

earnings, hence skill, level to individuals in the sample.

F2 Measuring Worker Flows

We measure worker flows from month-to-month changes in individual employment sta-
tus [EMPSTAT]. A well known concern in this literature is the misclassification of work-
ers’ labor market status, especially between unemployment and nonparticipation. We
follow the correction approach of Elsby et al. (2015) and re-code some sequences of labor
market states to eliminate high-frequency reversals between unemployment and nonpar-
ticipation states.”” The raw and corrected average worker flows are reported in Table F1.

To measure flows across the workers’ skill distribution, we divide individuals into
deciles based on the distribution of skills in the pooled time sample. For each quantile g
and employment status s, we then measure flows from the share of workers that transition
to a different employment state s' from t to ¢ + 1. For instance, to compute EU flows
for quantile g, we compute the share of workers whose skills fall in quantile g that are
employed at time t and move to unemployment at time ¢ + 1. Figure F2 plots the average
worker flows as a function of skill level.

The EU flow is strongly declining in skills: from a relative skill level of 1/2 to 2 (from
half to twice the observed weekly earnings of an average worker), the job losing probabil-
ity falls by almost a factor of two. The UE and NE flows are much flatter over the same re-
gion, trending down only for very low-skill levels. We also observe a strong dependence
of EN and UN flows on skills, with workers at the bottom deciles of the distribution being
far more likely to exit the labor force than workers at the top deciles. Overall, workers
at the bottom of the skill distribution are more likely to drop out of participation (EN
and UN rates are larger at the bottom deciles) and, conditionally on participating in the

specifically, workers interviewed from July to November are not in our sample.

55Exarnples of the latter are recorded sequences "UUNU" reclassified as "'UUUU’” or 'NNUN’ reclassified
as 'NNNN’, and so on.
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Figure F2: Labor market average transition rates as a function of workers’ skill (weekly earnings)
levels. The average skill level is normalized to 1 in our sample.

labor market, experience less stable employment (EU is high and UE is low at the bottom
deciles).

E3 Job Separation and Job Finding Rates across the Skill Distribution

In the model, we make no restrictions on the dependence of labor market frictions A;", A7, A2°

on the worker’s skill level z. In order to make progress in our estimation, we must pa-
!
rameterize search frictions A’ according to some lower-dimensional object. We adopt the

following functional form
AP (z) = Ay + AT exp(AS z) ss € {eu, ue, ne}, (F1)

which reduces each friction to three parameters {ABS',)@S’,/\ZS,} capturing the level and
curvature of frictions along z. To get estimates for these parameters in (F1) for ss' €
{eu, ue, ne} we proceed in two steps. First, we use the data on EU and UE flows by weekly
earnings from Figure F2 to capture the “shape” of the job-separation and job-finding rates
along workers” skill level. Specifically, we estimate the values of /N\SS,,)N@S’, and )152’5’ for
ss' € {eu, ue} that minimize the quadratic distance between ASS,(Z), defined as in (F1), and
the observed EU and UE transition probabilities at the empirical skill deciles. In this step,
we assume that the job-finding rate out of nonparticipation shares the same shape as the
job-finding rate out of unemployment—i.e., we set A;* = A;“ fori = 0,1,2.

The second step, which takes place in the calibration stage, adjusts the “level” of fric-

tions to match our empirical targets for average flows. Specifically, we posit that model
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Job-separation from E  Job-finding from U Job-finding from N

AY 0.0087 0.3461 0.2307
AT 0.0457 -0.2531 -0.1687
Ay -2.1433 -3.1738 -3.1738

Table F2: Parameter estimates of for job-separation and job-finding frictions. Frictions are param-
eterized according to F1. Read the description in the main text for a discussion of the estimation
strategy.

parameters are

P Sy G E I o
for ss' € {eu, ue, ne}, where the scaling coefficients cSS' serve to target the average EU, UE,
and NE flows. This guarantees that the relative frictions faced by workers—alternatively,
the ratio ASS’(Zl)/XSS'(zz) for any skill levels z; and z,—are the same in the model and data.
The resulting estimates are shown in Table F2.

Note that we avoid using NE transitions across the skill distribution to inform the
shape of A"(z). We make this choice because a number of factors lead to a wedge be-
tween job-finding rates out of active nonparticipation (the object we want to parame-
terize) and NE flows (the object we actually observe in the data). Time aggregation (a
measured NE transition can actually be a within period NU+UE), the presence of a stock
of passive nonparticipants (who don’t receive job offers but add to the measure of non-
participants), as well as the acceptance decision of nonparticipants, all give rise to this
wedge. Given that the strength of these different factors can change systematically along
the skill distribution, we prefer to rely on the UE flows to capture the shape of job-finding

f1rictions.56

*®UE transitions also suffer from a similar issue when not all job offers from unemployment are accepted.
This is less of a concern in our exercise because unemployed workers almost always accept job offers in
our model (all job offers are the same, so unemployed workers don’t have an option value of waiting for
better offers). The only case when an unemployed worker can reject a job offer in our model is when
the worker would be better off leaving the labor force but chooses to remain unemployed to collect their
unemployment insurance benefits. Given that UI duration is short in our calibration, the importance of this
wedge to our estimation of job-finding rate A"“(z) is unlikely to affect our results.
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G Additional Tables

Table G1: Untargeted moments.

Stationary Equilibrium

Data Model
Marginal propensity to consume’ 0.150  0.100
Marginal propensity to earn’ -0.023  -0.020
Unemployment rate bottom tercile’ 0.150  0.123
Participation rate bottom tercile® 0.430  0.410
Cross-sectional earnings variance (age 25)4 0.595  0.531
Cross-sectional earnings variance (age 55)4 0905  0.977
Standard dev. of one-year earnings change4 0.510 0437
Skewness of one-year earnings change” -1.070  -0.320
Kurtosis of one-year earnings change4 14.930 7.548
10-Year earnings losses full-year non-emp. (1:)25)5 -0.500 -0.452
10-Year earnings losses full-year non-emp. (1:)75)5 -0.300 -0.272
Effect of Unemployment Rate on Entry on Log-Earnings 1-Year Ahead® -0.041 -0.041
Effect of Unemployment Rate on Entry on Log-Earnings 5-Year Ahead® -0.023  -0.016

Out of Steady State (Standard Deviation)

Data Model
Employment 2.81 2.61
Labor Force Participation 1.38 0.99
Unemployment rate 29.36 2761

Out of Steady State (Correlations with total hours)

Data Model
Employment 0.98 0.99
Labor Force Participation 0.76 0.78
Unemployment rate -0.91 -0.97
EU -0.82  -091
UE 0.88 091
NE 0.84 0.81
EN 0.51 0.76
UN 0.78 0.94
NU -0.73  -0.84

Stationary Equilibrium. 1Kaplan and Violante (2022); “Golosov, Graber, Mogstad, and Novgorodsky (2023);
3Unemployment and participation rates across skill distribution are computed directly from the CPS using
earnings data from the March ASEC Supplement (see Appendix F for a detailed description of our data
and sample selection); 4Guvenen, Karahan, Ozkan, and Song (2021); 5Guvenen, Karahan, Ozkan, and Song
(2017); 0Schwandt and von Wachter (2019);

Out of Steady State. Data is quarterly from 1989 to 2019. Total hours and hours per worker are computed
from the BLS-CES. Labor market stocks and flows are quarterly averages of monthly data computed directly
from the CPS (see Appendix F for a detailed description of our data and sample selection). All series are in
log and are detrended using a linear trend.
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Table G2: Monetary policy rules considered in our counterfactual experiments.

—-0.07(z; —i* -Ry) if ;>0
For all rules R, =t =

max{—0.07(zt —i* —Ry), 0} if ;=0
Baseline Inflation Target (IT) Ry= 2.25(m—m*) —0.15(u;—u™)

Average Inflation Target (AIT)  R;= 2.25(m;—=*) +5.00(7"*

—*)" =0.15(u;—u™)
Shortfall Rule (SR) Ri= 2.25(m—n*) —0.15(u;—u™)"

Lower for Longer (LfL) Ri= 2.25(m—7c*) +5.00(xM —7*)™ —0.15(u;—u*)*

Note. X" is the shorthand for max{X, 0}, while X~ stands for min{X,0}. N?AA is the exponential moving average
of past inflation [, (1/48) e 48)T(m_T — 1% )dt with a smoothing factor 1/48 to target a window of 4 years.

Table G3: Total Labor Earnings Bias and Its Sources under Alternative Rules

Inflation Targeting Lower for Longer Shortfall AIT Higher IT
E (%) E (%) E (%) E (%) E (%)
T3 Total Labor Earnings  -1.79 — 0.74 — -0.10 — -0.07 — -031 —
Hours -0.23 2 0.09 3 -0.01 10 -0.01 29 -0.04 11
Unemployment rate 0.31 18 -0.13 18 0.02 20 0.01 14 0.05 19
Participation rate -0.03 2 0.01 1 -0.01 10 -0.00 0 -0.01 3
Labor productivity -1.22 68 0.50 68 -0.06 60 -0.04 57 -0.21 67
T1 Total Labor Earnings -12.17 — 5.20 — -047 — -039 — 211 —
Hours -0.23 3 0.09 2 -001 1 -0.01 3 -0.04 3
Unemployment rate 1.10 10 -0.47 10 0.04 11 0.04 13 019 10
Participation rate -2.52 50 1.09 51 -0.09 45 -0.07 46 -0.44 50
Labor productivity -4.54 37 1.92 37 -0.20 43 -0.15 38 -0.78 37

Note. Expected values ([E) are expressed in terms of deviations from the non-stochastic steady state. Unemploy-
ment and participation are denoted in percentage points deviations. All other variables are in percent deviations.
The (%) measures the contribution of a particular channel to the total earnings bias. T1 and T3 refer to average
outcomes for the bottom and top terciles of the worker’s skill distribution. See (18) for a decomposition of group’s

g total earnings W into the contribution of hours h, unemployment rate (1 — u$), labor force participation P{,
and labor productivity Zf'g.

72



H Additional Figures

H.1 IRFs under Lower-for-Longer

(a) Demand-driven expansion
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Figure H1: Impulse response under IT and LfL.
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H.2 Great Recession

Unemployment Rate Price Inflation
sk
s ER:
2 g
oo
El
OF =
= o
—ok —IC L L L L
©O1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 201‘?) 2010 2015 2020
Demand Shock . Supply Shock
5|
of
1.0p
1+
0.5
OF
0.0F
_qf
—0.5]
ol
| L | | \ (| SE— , L | | |
1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020

Figure H2: The unemployment rate measure is computed directly from the CPS (see Ap-
pendix F for a detailed description of our data and sample selection). Price inflation is

headline PCE inflation (Fred Series: PCEPILFE). The aggregate demand ( 4 and supply Z°
shocks in the model follow the diffusion specification in (17) with innovations filtered to
match the inflation and unemployment data.
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