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Abstract

This paper examines how systematic biases and heterogeneity in beliefs about the
state of the economy shape wage dynamics, labor market flows, and aggregate re-
sponses to shocks. I present survey evidence that households form dispersed, backward-
looking expectations about macroeconomic conditions, with more optimistic work-
ers demanding higher wages. Motivated by these findings, I develop a search-and-
matching model with sticky wages and endogenous separations where workers and
firms face information frictions about the aggregate state of the economy. The model
is disciplined using data from the Michigan Survey of Consumers and calibrated to
key empirical moments. In equilibrium, the gap between firm and worker beliefs
drives unemployment volatility, while firm learning raises the persistence of the econ-
omy’s response to shocks but dampens volatility. Allowing for heterogeneity in work-
ers’ learning rates explains observed differences in employment transitions: Workers
with more sluggish beliefs remain overly optimistic in recessions, are hired at higher
wages, and face a higher risk of separation.
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1 Introduction

A growing empirical literature shows that workers’ labor market behavior is shaped by
their subjective beliefs regarding job-finding prospects and the distribution of available
wages (e.g., Conlon et al. (2018), Mueller et al. (2021), Balleer et al. (2024)). These expecta-
tions are often influenced by inaccurate perceptions of the aggregate state of the economy.
In this paper, I investigate how systematic biases and heterogeneous beliefs among work-
ers and firms about the state of the economy shape wage dynamics, labor market flows,
and aggregate responses to shocks.

Inaccurate beliefs contribute to explaining several key labor market phenomena. First,
the asymmetry in beliefs between workers and firms helps explain the substantial volatil-
ity in unemployment relative to aggregate productivity—a puzzle commonly known as
the Shimer puzzle. I find that belief frictions about the state of the economy account for
approximately 38% of the gap in unemployment volatility between the full information
model and empirical data. Second, slow belief updating helps explain why employment
take much longer to recover than overall economic output, leading to prolonged periods
of jobless recovery. Belief frictions account for approximately 34% of the gap in unem-
ployment persistence, with the unemployment rate peaking six months later than in the
full information model. Third, cross-sectional dispersion in household beliefs helps ex-
plain the compositional shift in the pool of unemployed workers toward higher-wage
workers during recessions—a phenomenon pointed out by Mueller (2017). Finally, het-
erogeneity in workers’ beliefs helps explain why observably similar workers experience
substantially different job-finding rates and separation risks. Comparing two groups of
workers whose belief updating speed differs by a factor of ten, those with more sluggish
beliefs experience unemployment that peaks three times larger. While existing research
has proposed distinct mechanisms to address each puzzle individually, this paper offers
a unified framework that simultaneously accounts for all four patterns.

The first part of my paper presents evidence from survey data showing systematic
bias and substantial dispersion in household beliefs about the aggregate state of the econ-
omy. Using the Michigan Survey of Consumers, I document that household beliefs about
changes in national unemployment rate lag realized changes. Consequently, households
are systematically too optimistic at the onset of recessions and too pessimistic in the early
stages of recoveries. Moreover, using the Survey of Consumer Expectations, I find that
observably similar workers form substantially different beliefs about both their own job-



finding prospects and future changes in the unemployment rate.

Importantly, such misperceptions about the state of the economy shape workers’ labor
market decisions. Using the Survey of Consumer Expectations, I show that workers with
higher expectations for their job-finding prospects report higher reservation wages. Over
time, workers who revise their unemployment expectations upward more relative to the
rest of the population also revise their reservation wages downward by larger amounts.

Guided by this empirical evidence, the second part of my paper develops a DMP
model with inaccurate beliefs about aggregate productivity. The framework nests the
full-information model as a special case when all workers and firms observe the true
productivity.

My model features two key departures from the textbook DMP framework: First, oth-
erwise identical workers form heterogeneous beliefs about current aggregate productiv-
ity, and the distribution of unemployed worker beliefs evolves endogenously through
adaptive learning. Workers bargain for wages based on their individual beliefs, so sub-
jective beliefs about aggregate productivity directly affect wage outcomes. As a result,
sluggish belief adjustment endogenously generates wage stickiness for new hires, which
amplifies volatility in job creation and unemployment.

Second, to study the role of beliefs in job separations, I incorporate endogenous sep-
arations driven by wage rigidity. Wages for new hires are fully flexible and determined
through bargaining, while wages for continuing matches are renegotiated only with an
exogenous probability each period. Either party can unilaterally terminate a match. The
tirm lays off the worker if the current wage exceeds its reservation value; conversely, the
worker quits into unemployment if the current wage falls below their reservation value
given their subjective belief. In this way, heterogeneity in workers’ beliefs at the time of
hiring translates into differences in subsequent separation risks.

The quantitative analysis calibrates the model to key features of the U.S. labor market.
Household belief dispersion and learning rates are disciplined using the Michigan Survey
of Consumers. Labor market parameters are calibrated to target standard moments in
data. The model improves on the magnitude and sluggish responses of key labor market
variables such as unemployment, the job-finding rate, and layoffs.

Sluggishness in household beliefs significantly increases the volatility of labor market
tightness, the job-finding rate, and unemployment—features that full-information DMP
models are known to struggle with. The intuition is that sluggish belief updating gen-
erates sticky wages for new hires. In a model with sluggish but homogeneous worker



beliefs, the job-finding rate is seven times more volatile and the unemployment rate more
than five times more volatile relative to the full-information benchmark.

However, sluggish beliefs have little impact on job separations relative to the full-
information benchmark. Wage dispersion arises only from wage rigidity and remains
concentrated around the mean, generating almost no layoffs in response to small negative
shocks. By contrast, belief dispersion produces a broader wage distribution, placing more
workers at wages near firms’ layoff thresholds. When a negative shock hits, firms lay off
these higher-wage workers. A model with both household learning and belief dispersion
produces job-separation volatility almost three times larger than under full information.
Hence, the second result is that heterogeneous worker beliefs amplify job separations
while leaving the job-finding rate and labor market tightness largely unchanged.

Having examined the implications of household beliefs for labor market dynamics,
a natural question is the role of firm beliefs. Empirical evidence shows that firms form
backward-looking expectations that are generally more accurate and less dispersed than
those of households (Meyer and Sheng (2025)). To capture this pattern, I extend the model
so that all firms share a common belief that evolves through adaptive learning at a faster
rate than household beliefs. I present results from sensitivity tests across different firm
learning rates, while in my preferred calibration, firm learning rates are disciplined using
data from the Survey of Professional Forecasters (SPF).

Firm learning increases the persistence of labor market dynamics: When firms learn
about aggregate shocks with a lag, they adjust vacancy posting more slowly, generating
hump-shaped responses in job-finding rates and layoffs, as well as a slow recovery in un-
employment—features that standard DMP models have long been challenged to match.
In my preferred calibration using SPF data, where the firm learning rate is reduced to 20
percent of full learning, the unemployment rate peaks six months later than in the full
information model.

However, perhaps surprisingly, sluggish firm beliefs dampen overall volatility: As the
belief gap between firms and workers narrows, the volatilities of unemployment and the
job-finding rate decline. Because firms also recognize the downturn with a delay, vacancy
postings fall less in response to workers” high wage demands. If firms learn at the same
rate as workers, both the job-finding rate and the unemployment rate display almost no
volatility. This result shows that the key driver of labor market volatility is not sluggish
learning per se but the disagreement in beliefs between workers and firms.

In addition to their effects on aggregate labor market outcomes, belief frictions also



have cross-sectional implications. The next set of results focuses on the distributional ef-
tects. First, belief frictions help account for the compositional changes in unemployment
documented by Mueller (2017): the pool of unemployed workers shifts toward those with
high residual wages in their previous jobs during recessions, driven by differences in job
separation rates rather than job-finding rates. Heterogeneity in workers’ beliefs at the
time of hiring translates into differences in subsequent separation risks, with workers
who had better beliefs at the time of hiring facing higher layoff probabilities during re-
cessions. Greater belief dispersion amplifies these differences in separation risks and in-
creases the cyclicality of pre-displacement wages among unemployed workers. Hence,
belief frictions generate the observed comovement between pre-displacement wages and
the unemployment rate.

Finally, differences in household learning rates help explain why observably similar
workers experience substantially different job-finding rates and separation risks (Hall and
Kudlyak (2019), Ahn and Hamilton (2020), Gregory et al. (2025), Ahn et al. (2023)). Work-
ers with slower learning rates remain more optimistic at the onset of recessions, enabling
them to extract higher wages when hired but also exposing them to higher subsequent
layoff probabilities. Firms are willing to hire these optimistic workers in the short run,
since the benefit of production exceeds the cost of vacancy, knowing that they can lay
them off later if necessary. Consequently, during recessions, layoffs are disproportion-
ately concentrated among workers with more sluggish beliefs. Comparing workers with
a learning rate 0.2 times the average to those with a learning rate 2 times the average, the

peak increase in unemployment is three times larger for the group with more sluggish
beliefs.

Literature. My work contributes to a growing body of empirical evidence documenting
that workers’ subjective beliefs shape their labor market decisions and outcomes. Survey
evidence shows that workers who are more optimistic about future wages or job-finding
prospects report higher reservation wages, lower search intensity, and greater selectivity
in job acceptance, while those who fear job loss experience lower wage growth (Camp-
bell et al. (2007), Conlon et al. (2018), Balleer et al. (2024), Mitra (2023), Mueller et al.
(2021)). Moreover, experimental evidence shows that when workers are provided with
accurate information, they adjust their search behavior and wage negotiation strategies
accordingly (Jager et al. (2024)). This paper provides additional evidence on household
beliefs about aggregate labor market conditions by documenting two key facts: average



household beliefs systematically lag realized changes in aggregate unemployment, and
workers with more optimistic beliefs about future unemployment report higher reserva-
tion wages.

On the theoretical side, my paper contributes to the macroeconomic literature incor-
porating information frictions about aggregate conditions into search and matching mod-
els. Recent work demonstrates that belief distortions can significantly affect aggregate la-
bor market outcomes through consumption and saving channels (Bhandari et al. (2025),
Balleer et al. (2021)). My paper is most closely related to Morales-Jiménez (2022), Menzio
(2023), Mitra (2024) and Venkateswaran (2014) who show that inaccurate beliefs about
current aggregate productivity levels affect the volatility and persistence of unemploy-
ment. Relative to these papers, I make three key contributions. First, I introduce het-
erogeneity in workers’ beliefs about aggregate productivity and incorporate endogenous
separations driven by wage rigidity and belief dispersion. This extension allows me to
study not only how information frictions influence aggregate fluctuations but also how
they generate cross-sectional variation in job-finding rates and separation risks. Second, I
introduce inaccurate beliefs on both the household and firm side, demonstrating that the
asymmetry in beliefs between workers and firms drives unemployment volatility. Third,
I discipline the model by calibrating the parameters governing agents’ learning rates and
belief dispersion directly to survey data, enabling a quantitative assessment of the role of
belief frictions in labor market dynamics.

A related but distinct literature examines information frictions in search models by
focusing on agents’ private information about matching quality. Azariadis and Stiglitz
(1983) and Kennan (2010) focuses on private information on the firm-side, while Acharya
and Wee (2020) and Birinci et al. (2025) focus private information for the workers. My
contribution differs in focusing on beliefs about aggregate rather than match-specific con-
ditions.

Finally, this paper connects to the broader literature addressing the well-known volatil-
ity and persistence puzzle in labor market dynamics. Shimer (2005) demonstrates that
standard search models generate far too little volatility in unemployment and vacan-
cies relative to the data. Subsequent research has explored various amplification mech-
anisms to address this puzzle.! One leading explanation emphasizes wage stickiness
for new hires as a key source of amplification (Eg. Hall (2005), Gertler and Trigari (2009),
Gertler et al. (2020)). My paper contributes to this literature by providing a micro-founded

1See Rogerson and Shimer (2011) for an overview.



mechanism for wage stickiness: sluggish belief adjustment by workers about aggregate
productivity endogenously generates sticky wages for new hires, thus amplifying the
response of unemployment to productivity shocks without relying on exogenously im-
posed rigidities.

The rest of the paper is organized as follows: Section 2 discusses empirical evidence
about beliefs and labor market outcomes from survey data. Section 3 introduces a general
equilibrium search and matching model with heterogeneous beliefs, staggered bargain-
ing and two-side lack of commitment. Section 4 discusses the calibration and estimation
strategy of the model parameters. Section 5 presents results from quantitative analysis.

Section 6 concludes.

2 Empirical Evidence

In this section, I first document a systematic lag in household beliefs about the labor
market. Then, I show that workers with more optimistic expectations about the labor

market demand higher wages.

2.1 Evidence on Household Beliefs about Unemployment

The Michigan Survey of Consumers (MSC) is a nationally representative survey that has
measured U.S. household sentiment since the late 1940s, with its modern monthly format
beginning in January 1978. Each month, the survey samples a new, independent cross-
section of approximately 500 to 1,300 households. Although the MSC does not track indi-
vidual respondents over time, it offers one of the longest and most consistent time series
on population-wide expectations, making it well suited for the purposes of this study.
MSC includes a qualitative question on unemployment expectations. Respondents
may answer “more unemployment,” “less unemployment,” or “no change”. *Following
the methods in Mankiw et al. (2003) to quantify inflation expectations, I construct a quan-
titative series of expectations regarding changes in unemployment rates based on these
qualitative responses. This approach relies on two key assumptions. First, I assume that

individuals” expectations about changes in the unemployment rate follow a normal dis-

2The data shows large fluctuations in the share expecting “more unemployment” during recessions and
a consistently high fraction of respondents expecting no change. I provide a more detailed analysis of this
in the Appendix.



Figure 1: Fluctuations in perceived and realized changes in unemployment rate
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Notes: The blue dotted line shows the perceived change in the unemployment rate 12 months ahead, calcu-
lated using Michigan Consumer Survey. Higher values indicates optimism. The green solid line represents
the actual change in the unemployment rate. Shaded areas indicate NBER recessions. Both series are stan-
dardized for comparability. Source: Michigan Survey of Consumers. FRED: UNRATE (1978m1 - 2024m1)

tribution with a time-varying mean, y, and variance, 0}*>. Second, when households re-
spond with “no change” in unemployment rate, I interpret it as indicating a small change
within a threshold, c. While the mean and variance of the belief distribution vary over
time, the interval width associated with “no change” is assumed to remain constant over
time.

Given these assumptions, I can write the fraction of individuals expecting a rise in
unemployment rate as function of the cumulative distribution function of change in un-

employment rate:
%lp =1—F (‘c—;”*) (1)
O
where F is the cumulative distribution of function of the expected change in unemploy-
ment.

Similarly, the fraction of individuals expecting a decrease in unemployment rate can



be expressed as:

Y%Down = F (C — yt) (2)

o
Here, y; and o}' denote the mean and variance of the distribution of expected change in

unemployment rate. I can solve for the mean and variance of the distribution up to a
multiplicative parameter c:

F~Y(%Down) + (F~ (1 - %Up))} 3)

He=¢ [ F-1(%Down) — (F-1(1 — %Up)

. 2
o =c [Fl(l “%llp) — Pl(%Down)} @)

The threshold parameter ¢ uniformly influences the scale of the distribution across all

periods. To pin down the scale parameter c, I assume that the time average of the belief
mean p; matches the average actual change in the unemployment rate over the sample.
While household beliefs systematically lag actual changes, these deviations are assumed
to offset over time. As a result, the long-run average of subjective expectations align with
the actual mean change in unemployment:?

Zﬂt = ZAut (5)
7 r

I can back out ¢ as
Y Auy
t

- [F*l(%Down)Jr(Ffl(lf%Up))] (©)
F~1(%Down)—(F~1(1-%Up)

Over the sample period from 1978m1 to 2024m1, the 12-month change in the unem-
ployment rate averages 0.0539%, which yields an estimate of the threshold parameter
c = 0.14. This implies that households interpret changes in the unemployment rate

smaller than 0.14% as "no change.” This estimate is intuitively plausible. Institutions

3Mankiw et al. (2003) adopt a slightly different approach when estimating the threshold c for inflation
expectations. They utilize an additional quantitative question from the Michigan Survey—"“By about what
percent do you expect prices to go (up/down) on average during the next 12 months?” This question is available
for a subsample of their empirical analysis. They assume that the sample mean recovered from qualitative
responses should match the quantitative median inflation forecast during the overlapping period. Since
there is no quantitative question on unemployment changes, I assume that the sample mean recovered
from the qualitative question should match the actual mean change in unemployment. While inflation
expectations are generally positive over the long run, changes in the unemployment rate tend to average
near zero..



such as the Bureau of Labor Statistics (BLS), the Federal Reserve, and Bloomberg rou-
tinely describe the unemployment rate as “unchanged” when it moves by approximately
0.1 percentage points. It is reasonable to assume that households apply a slightly larger
threshold in interpreting labor market changes. Using this estimate of ¢, I compute the
full time series for the mean y; and cross-sectional standard deviation ¢} of the belief
distribution based on equations (3) and (4).

Figure 2: Dispersion in perceived changes in unemployment rate (weighted)
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This figure shows the standard deviation in household beliefs about changes in unemployment rate. De-
tails about the time-varying dispersion in beliefs is described in section 3.1. Source: Michigan Survey of
Consumers.

Figure 1 displays the evolution of the belief mean over time, alongside the actual 12-
month change in the unemployment rate.*. Household expectations about changes in
unemployment systematically lag actual changes in the economy. This is consistent with
the finding of Du et al. (2024) using data from Survey of Consumer Expectations that
workers’ perception about their job-finding and job-separation prospects experience a lag
compared to the actual variables. As a result, households tend to be overly optimistic at
the beginning of recessions and overly pessimistic in early stage of recoveries.

The time series of the belief dispersion ¢} is reported in Figure 18. Similar to evidence

4Figure 19 in Appendix compares the evolution of beliefs from the MSC and SPF over time
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of dispersion rising in recessions for firms, households beliefs seem to become more dis-

persed in some recessions.”

2.2 Evidence on Reservation Wages

The Survey of Consumer Expectations (SCE) is a monthly, internet-based survey con-
ducted by the Federal Reserve Bank of New York. It began in June 2013 and has been
tielded on an ongoing basis since then. Each month, the survey samples a rotating panel
of about 1,300 households. Respondents are asked to remain in the panel for up to twelve
months, which enables researchers to observe both cross-sectional variation and individ-
ual dynamics over time. The survey covers a wide range of topics, including inflation
expectations, labor market outcomes, household finance, spending, and credit access.

Active panel members who have participated in an SCE monthly survey within the
prior three months are eligible for the Labor Market Survey, which focuses on expecta-
tions and behaviors related to the labor market. Fielded three times per year—in March,
July, and November—the Labor Market Survey has been conducted since 2014. Each
household may participate in the labor market module between one and three times. I fo-
cuses on the question about individual’s reservation wage. More details about the survey
questions are described in the Appendix.

Table 1 reports evidence on workers’ reservation wages and their beliefs, based on the

SCE and estimated from equation 7:
log(res wage);; = ag + a1 Beliefi; + Xiy + €3 (7)

The variable res wage denotes the worker’s weekly reservation wage, while X;; is a vec-
tor of controls including race, gender, education, age, employment status and time fixed
effects. Details on data cleaning and the coefficients associated with demographic char-
acteristics are provided in the Appendix.®

First, I show that, in the cross section, greater optimism about job-finding prospects is
associated with higher reservation wages. Columns (1) and (2) focus on employed work-
ers and regress the log weekly reservation wage on the worker’s three-month expected

5For tractability, the quantitative model keeps belief dispersion constant over time.

The regression results indicate that workers with higher education and higher income report higher
reservation wages. Prime-age workers also have higher reservation wages compared to both younger work-
ers and those close to retirement, as one would expect. Males report higher reservation wages than females,
while race explains little of the variation.

11



Table 1: Beliefs and Reservation Wages

Exp job-finding rate Exp unemployment rate
employed employed unemployed all employed non-employed
(1) (2) 3) 4) ©) (6)
Beliefs 0.178***  0.102*** 0.005* -0.114*  -0.096* -0.142
(0.032)  (0.027) (0.003) (0.048)  (0.047) (0.118)
Household income v v
Worker income v
Demographics v v v
Worker FE v v v
Observations 19,035 18,989 802 28,318 19,049 8,231
R? 0.215 0.364 0.133 0.484 0.512 0.649

Notes: The dependent variable is the log of weekly reservation wages. The independent variable is the
three-month expected job-finding rate for employed workers (Q22) in columns (1)—(2), 12-month expected
job-finding rate (Q17) for unemployed workers in column (3) and the percentage chance that unemploy-
ment rate will go up in 12 months (Q4) in column (4)-(6). Household income is defined in three categories
based on SCE reports in the main survey, and worker income is taken from the income level reported in the
labor survey. Demographic controls include race, gender, education, and age. Column (4) also controls for
employment status in addition to worker fixed effect. Robust standard errors are clustered at the individ-
ual level in columns (1)—(3). Source: SCE 2014m3-2023m?7.

job-finding probability, defined as the chance of finding a job within three months if they
were to lose their main job today. Both specifications include demographic controls; Col-
umn (1) additionally controls for household income, while Column (2) controls for the
worker’s own income instead.”

Among employed workers, a 10 percent increase in the expected job-finding rate is
associated with a 10.2-17.8 percent increase in the weekly reservation wage. A worker
whose expectations are one standard deviation above the median (about 30 percent) has
a reservation wage that is $32-$57 higher than the sample median of $1,054 per week.

Column (3) turns to unemployed workers and estimates the same relationship. The
pattern remains positive, though smaller in magnitude. The median weekly reserva-
tion wage among the unemployed is $576.9, and a one-standard-deviation increase in
expected job-finding probability is associated with roughly a $1 increase in the reserva-
tion wage.

The positive correlation between expected job-finding rates and reservation wages
documented above may reflect either beliefs about aggregate labor market conditions or

"Household income is grouped into three brackets: less than $50,000;$50,000-$100,000; and above
$100,000.
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private information about individual circumstances. To isolate the role of beliefs about
the aggregate state fo the economy, Columns (4)—(6) estimate two-way fixed-effects re-
gressions that exploit within-person changes in reservation wages over time. The speci-
tication relates changes in reservation wages to changes in the perceived probability that
the unemployment rate will be higher 12 months from now, while including both indi-
vidual fixed effects and time fixed effects, as well as a control for employment status.
Column (4) uses the full sample. Column (5) restricts the sample to employed workers,
and Column (6) to non-employed workers.

The results show that when workers revise their expectations about unemployment
rate upward, suggesting more pessimism about the labor market, they lower their reser-
vation wages. More specifically, a 30% upward revision in the expected unemployment
rate is associated with a 2.9% decline in the reservation wage. For a worker with a weekly

reservation wage of $1,054, this implies a reduction of about $30.

3 Search and Matching with Imperfect Information

In this section, I develop a search-and-matching model in which workers and firms make
labor market decisions based on heterogeneous beliefs about aggregate productivity. Worker
beliefs shape wage outcomes through the bargaining process, and the resulting distri-
bution of beliefs across workers influences firms’ layoff decisions and vacancy-posting
incentives. The model features endogenous separations through both worker-initiated
quits and firm-initiated layoffs, the latter arising from wage rigidity. I first present the
model framework under a generic belief structure before imposing specific assumptions
on the belief formation process and the productivity process in subsequent sections.

3.1 Environment

Time is discrete. Agents are forward looking and discount the future at rate . There is a
continuum of infinitely lived workers and a continuum of identical firms, each of measure
one. Production uses only labor. Each firm has one job that can be in one of the two
states: filled and producing, or vacant and searching. Jobs that are not actively producing
or searching are destroyed. Job destruction happens when the worker separates from the
firm.

There are search friction in the labor market. Firms with vacancies and unemployed

13



Figure 3: Timeline
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workers meet randomly. I assume a standard Cobb-Douglas matching function between
searchers and vacancies m(u,v) = Aul=*p* where A is the matching efficiency, « is the
matching elasticity to vacancies. The worker contact rate is f(6) = A6*, where § = &
denotes the labor market tightness. Similarly, the contact rate for each vacancy is given
by q(8) = A9*~1. Matches formed at time  become productive in the next period.

Wages for newly formed matches are flexible, whereas wages for job stayers are subject
to staggered multi-period contracts, akin to Calvo (1983) pricing.® Both the wages of
new hires and those renegotiated by incumbents are determined through a bargaining
game. Workers and firms negotiate based on their respective beliefs about aggregate
productivity, and negotiations between workers and firms may fail due to disagreements
in their beliefs.

Figure 3 outlines the sequence of events in each period:

1. State realization and belief formation: The new state of aggregate productivity z;
is realized. Each worker i forms a belief about aggregate productivity, denoted by

zj; for unemployed workers and Z{, for continuing workers. Firms form belief 2{ .

8This is not the first paper to introduce staggered wage bargaining. For example, Gertler et al. (2020)
develops a real business cycle model with search and matching friction where wages are negotiated based
on staggered Nash bargaining.

14



2. Exogenous job destruction: Existing matches are destroyed exogenously with prob-
ability .

3. Renegotiation shock hits: There is a probability A that an existing match will be

able to renegotiate their wages for the next period at the bargaining stage

4. Quits and layoffs: Continuing jobs that cannot renegotiate face potential endoge-
neous separations determined by the updated beliefs of workers and firms. Firms
may initiate layoffs and continuing workers may choose to quit into unemploy-
ment. Workers and firms who separate must wait one period before entering the

search pool.

5. Search and matching: Unemployed workers search for jobs. Vacancies and job
searchers are randomly matched. Labor market tightness 6; is realized, as a function

of firm’s and worker beliefs.

6. Wage bargaining and job creation: Workers and firms bargain for wages for the
next period based on their expected matching surplus. A match is formed if the
new bargained wage is below the firm’s reservation wage and above the worker’s
reservation wage for working. Matches with failed bargaining are dissolved and
the worker enters unemployment for the next period. The unemployment rate ;.1
and the distribution of wages for the next period L;; are determined.

7. Production and payments: Firms produce output and pay their workers, unem-
ployed workers receive unemployment benefits, and firms with vacancies incur the
cost of maintaining those vacancies. Newly formed match starts producing in the

next period.

3.2 Agents’ Problem

Workers’ Problem: Given belief Z;; and the perceived distribution of worker beliefs Git,

each worker faces two potential decisions:

* An employed worker who survives exogenous job destruction and layoffs, and is
not subject to wage renegotiation, solves for his reservation wage w’(Z;, Cit) and
decides whether to quit in the current period.

15



* An unemployed worker matched to a vacancy and an employed worker subject to
a Calvo shock bargain over their perceived matching surplus to determine the wage
outcome. The perceived matching surplus is denoted by S(2;;, G;;), and the resulting

bargained wage is w®(2;, Gy;).

I discuss the belief formation process in detail later. For now, it is useful to note that each
worker believes firms share their belief, and that the perceived distribution of beliefs is
a function of the worker’s current belief about aggregate productivity Z;;, which serves
as a sufficient statistic. Consequently, the reservation wage and the bargained wage can
be written as w'(2;;) and w®(2;), respectively, with the perceived distribution of beliefs
implicitly determined by Z;.

To compute the perceived value of working and unemployment, each worker must
also solve the hypothetical firm’s problem, to infer the perceived job-finding rate and the

firm’s reservation wage. The relevant perceived job finding rate are:

f8ir) = E(f(8) |2:), @ (2i) = B(@) | 24)
Firm’s problem: Given the firm’s belief 2{ and the true distribution of beliefs for un-
employed and continuing workers, G} and Gy, the firm solves for the strategies of the

workers {w?B(24), wP(2¢), w'(25)}, and makes the following decisions:

e Firms in existing matches solve for their reservation wage @/ (2{ , G}, Gf) and decide

whether to layoff their workers.

* New firms decide whether to enter and post vacancies. Their decisions determine

the true market tightness 6;.

3.3 Perceived value functions

In this section, I describe the perceived value functions for arbitrary arguments {2, w, Gu,
G¢}. The details of how these processes are specified and calibrated follows in the next

section.
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Perceived value functions of the workers. Given belief Z and the current wage w, the

perceived value of working is

W(2w) =w+ fﬂfz{ [5 + (1= 8)Al(w > wf(z’))} u(')
+(1-80)A(w < @/ (2)) max{W (¢, w), U(z')} (8)

+(1-6)(1— A)W(i’,wB(i’))}

Conditional on the current belief Z, the worker forms expectations over possible future
states Z/. If the job survives exogenous job destruction (which occurs with probability
(1—0)), there are three potential outcomes: First, if the current wage remains in place, the
tirm lays off the incumbent worker whenever the wage exceeds its reservation threshold,
in which case the worker receives the value of unemployment. Second, conditional on
not being laid off, the worker decides whether to continue the match by comparing the
value of employment with that of unemployment. Finally, with probability (1 — A) the
worker renegotiates the wage with the firm. The new bargained wage depends on the
worker’s updated belief 2.
Given belief Z, perceived value of unemployment is

U(z) = b+ BE{FOW(2, 0P (2) + (1 - FO)UE) | ©)

The worker receives the unemployment benefit b in the current period. With probability
£(0), he is matched with a firm and bargains over a wage that becomes effective in the fol-
lowing period. Otherwise, he continues in unemployment. Because the worker believes
that firms share his perception of the aggregate state, he expects all matches to result in
job creation.

Equations 8 and 9 jointly determine the set of acceptable wages for the worker:

{fw:w>w'(2) and W(Zw'(2)) =U(®Z)}, (10)

where w'(2) is the reservation wage of working. The worker chooses to quit to unem-

ployment if his existing wage falls below his reservation wage.

Perceived value functions of the firm. Given belief Z, the perceived distribution of beliefs
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for continuing workers G¢, and the current wage w, the perceived value function of the
firm is

(2w, G5, 6" = 2 —w+ 51E{(5V(2’) +(1=8)A [, 1w (5) > w)V(£)dE"
z;

+(1-0)A /Z (@' (&) < w) max{J(2,w), V(£)}dG* (11)
L (1-6)(1-A) /Z J (2, wP (£0))dG' e}

where Z — w is the perceived profit of the firm in the current period. If the job survives ex-
ogenous destruction, there are three outcomes: First, with probability A, the current wage
continues to the next period. In this case, if the current wage falls below the worker’s
reservation wage of working, the worker quits to unemployment and the firm receives
the expected value of vacancy V (2'). If the worker does not quit given his updated belief,
the firm then decides whether to retain or lay off the worker, comparing the expected
value of a filled job to that of a vacancy. The last term represents the case that the pair
renegotiates the wage.

Given belief 2 and the perceived distribution of beliefs for unemployed worker G¥,
the value of vacancy given belief Z is given by

V(z,G", G = —x + ﬁIEq(@){ / max{J (2, wB(zy)),V(z’)}dG“} =0 (12)

where « is the cost of maintaining a vacancy and g(6) is perceived probability that the va-
cancy is matched to a job seeker. Upon matching, the job will be formed at the bargained
wage w?(£!), which depends on the belief of the worker with whom the firm is matched.
For each bargained wage, the firm compares the expected value of a filled job and the
expected value of vacancy. If the match is profitable, the firm proceeds with hiring; oth-
erwise, it prefers to keep the vacancy open. The expected value of a filled job depends on
the distribution of bargained wages, which is determined by the distribution of worker
beliefs G*.
Free entry drives of the value of vacancy to 0 in equilibrium and pins down the labor
market tightness 6.
V(z,G",G") =0 (13)

Equations 11 and 12 determine the set of acceptable wages for the firm. The firm
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accepts all wages that make the value of a filled job higher than the value of a vacancy.

{w:w<w (56,6 and J(&,@,GE6%) =0} (14)

3.4 Wage Negotiation

Unemployed workers who are matched to a firm and employed workers who are hit by
the renegotiation shock bargain over wages with the firm. The bargaining game struc-
ture is shown in Figure 4.” A key feature of this framework is that the negotiated wage
depends on the worker’s belief Z. As a result, matches may fail to form when workers
are overly optimistic about economic conditions, a feature observed in real-world labor
markets.

The firm and the worker negotiate over their perceived matching surplus, based on
their respective information at the time of negotiation. Once the bargaining process be-
gins, I assume that both parties lose contact with all other agents in the market. Addition-
ally, I assume that the worker is truthful about his belief during the negotiation.

For simplicity in writing, in this section, I use W(w) and J(w) to represent the per-
ceived value functions under an arbitrary wage w given belief Z.

Wages are negotiated according to the following game:

1. The worker proposes a wage offer x to the firm.

2. The firm observes the worker’s offer. Upon acceptance, the game ends with per-
ceived payoff f(x) to the firm and W;(x) — U; to the worker, where the subscript i
indicates that the worker’s payoff depends on their individual belief.

3. If the firm rejects the worker’s offer, the match is destroyed with an external prob-
ability ¢, resulting in a payoff of 0 for both the firm and the worker. If the match

survives, the firm counteroffers with a wage y.

4. Upon the worker’s acceptance of the firm’s counteroffer, the game ends, and the
perceived payoffs are [(y) for the firm and W;(y) — U; for the worker. If the worker
rejects the firm’s counteroffer, the game ends with a payoff of 0 for both parties.

9This setup builds on the asymmetric-information wage bargaining framework of Morales-Jiménez
(2022), with two key differences. First, in my model, the worker makes the initial offer in the bargain-
ing game, whereas the firm makes the initial offer in his setup. Second, I allow for heterogeneous beliefs
across workers. In related work, Menzio (2023) also study asymmetric-information bargaining using the
infinite-horizon alternating-offer protocol of Binmore et al. (1986), which delivers a similar outcome.
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Figure 4: Wage bargaining game

Worker offers a wage x

A R
(), Wi(x)-U) Nature
1-9 9
Firms demands a wage y (0,0)
A R
(), Wi(y)-U) (0,0)

Notes: This figure shows the extensive-form of the wage bargaining game. A represents accept and R
represents reject.

First, note that under full information, the outcome of the game coincide with a stan-
dard Nash Bargaining game where the bargaining power of the worker is ¢. In the case
with asymmetric information, firms have an incentive to lie in order to extract all the per-
ceived surplus of the worker when making the counteroffer. As a result, workers do not
rely on the firm’s offer but instead rely solely on their own beliefs when making decisions
(see Appendix for more discussion). Building on this, I can characterize the equilibrium

of the bargaining game.

LEMMA: If workers and firms have asymmetric beliefs about the aggregate produc-
tivity, then the following strategy constitutes a Perfect Bayesian Nash equilibrium that

satisfies the Intuitive Criterion:

* The worker offers £; in the first stage and accepts offers greater then or equal to 7;
in the second stage.
e The firm accepts offers less than or equal to £/ in the first stage and demands
min{#;, £/} in the second stage.
where £;, £/, §; and y satisfy W(%;) — U; = (1 —8)S(%;), J(§;) = 0, and W(2f) — U =
8S(2f).
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PROOF: See Appendix.

In equilibrium, the worker makes the initial offer based on his belief. Workers recog-
nize that if a firm makes a counteroffer, it will try to extract the entire surplus from the
match. Consequently, workers do not update their beliefs based on the firm’s actions dur-
ing the bargaining process. From the firm’s perspective, knowing that the worker’s belief
cannot be altered, its optimal strategy is to accept the worker’s initial offer if it generates a
positive payoff to the firm. Otherwise, the firm rejects, but cannot persuade the worker to
lower his wage demands. Thus, the bargaining game admits two possible outcomes: (i)
the firm immediately accepts the worker’s offer if it implies positive value of a filled job,

or (ii) the firm rejects, and the match fails to form as the worker refuses any counteroffer.

3.5 Aggregate Productivity and Belief Formation

Now, I outline the evolution of aggregate productivity and the belief-formation processes
of workers. The framework captures two empirical patterns regarding the distribution of
worker beliefs observed in the data: substantial dispersion in expectations across workers
and a systematic lag in their response to economic fluctuations.

Aggregate productivity evolves according to an AR(1) process with normally dis-
tributed innovations:

zt = pz—1 + ey, (15)

where ¢; is an i.i.d. innovation drawn from a normal distribution, ¢; ~ N (0, (73). All
workers and firms know the persistence and variance of the aggregate productivity shock,
but not the current productivity level. At the beginning of each period, firms update
their beliefs about the aggregate productivity using adaptive learning. All firms share a
common belief:

=4 1af -2 ) (16)

—_——

forecast error

where 0 < 9/ < 1 denotes the learning rate of firms. A larger 7/ corresponds to a faster
learning rate.

An unemployed worker i draws an individual belief from a distribution:
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Ziy = 2 + it (17)

where Z}’ denotes the time-varying mean of the worker belief distribution, and 7; is an
idiosyncratic noise term, independently drawn across workers, with 7;; ~ N (0, 02).

The mean belief Z’ of unemployed workers evolves through an adaptive learning
process:

2 =2+ 0" (21 — 2 (18)
—_——
forecast error

Workers update their beliefs based on their prior belief and an adjustment toward the
true value, with 0 < 4 < 9/ governing the speed of adjustment. This formulation
is motivated by the systematic lag in beliefs documented in Figure 1 and in Du et al.
(2024). It captures the gradual adjustment of household beliefs about current economic
conditions, which may result from information acquisition costs, limited attention, or
cognitive constraints, as documented in Coibion and Gorodnichenko (2015) and Khaw
et al. (2017). In addition, Carroll (2003) and Meyer and Sheng (2025) find evidence that
households have a larger degree of information rigidity relative to firms.

Consequently, in each period, the cross-sectional distribution of 2}, follows a normal
distribution G = N (2%, 02), representing a lagged and dispersed perception of the true
productivity.

Mueller et al. (2021) document that employed workers have more accurate expecta-
tions about their job-finding prospects than unemployed workers. Motivated by this evi-
dence, a continuing worker 7 is assumed to draw an individual belief from a distribution
centered on the belief of his employer:

25 = 2f + 1y (19)

The idiosyncratic noise of continuing workers are assumed to have the same dispersion as
the noise for unemployed workers: 17;; ~ A (0, 02). Hence, the cross-sectional distribution
of 25, is G = N(2],02).

Workers calculate the expected labor market tightness and job-finding rate by solving
a hypothetical labor market equilibrium given their own belief.!° Thus, I need addi-

19Tn principle, agents can use other publicly available variables, such as the interest rate, output and
incomes to back out the true aggregate productivity level. Here, I assume that signal extraction is costly
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tional assumptions about how workers form beliefs about the firm and the distribution of
worker beliefs: each worker i, independent of his employment status, assumes that firms
share the same belief as him, and perceives the cross-sectional distribution of worker be-

liefs to be centered on his own subjective belief, which is Gi=N (241, 02).

3.6 Equilibrium

An equilibrium is a collection of perceived value functions: {W (£}, w;), U(2%), J (2%, wi),
V(2%)} for unemployed workers, {W (25, w;), U(Z5,), J(£5

it/
workers, {] (2{ ,w,G¢, G, V(2f,GE,GY)} for firms, reservation wage of working w’ (25)

wi), V(£5)} for continuing

for continuing workers, perceived and actual reservation wage of the firm: @/ (24), @/ (25,),
w/ (2{ ,Gf, G}'), perceived and actual labor market tightness él?‘, 9;, 8¢, such that given cur-

rent productivity z;

1. The belief distributions G} and G evolve according to 17 to 19. The belief of the

firms evolve accoring to 16.

2. Ateach point in time, each worker i’s perceived distribution of beliefs G;; is a normal

distribution centered around his own belief 21”t or 2;.

3. The perceived value functions of the worker follows equation 8 to 9; the perceived
value functions of the firm follows equation 11 to 12.

4. The perceived and actual reservation wage of the firm @/ solves 14. The reservation

B

wage of the worker w" solves 10. The bargained wages w” are a solution to the

bargaining game.

Suppose all workers are given the correct belief about productivity, Z;; = z;, then
given any wage w, their expectations about the value functions W(2;;, w), U(2;;), J (2it, w),
V(2;;) coincide with the true value functions W(z;, w), U(z;), J(z¢,w), V(z¢). Moreover,
the equilibrium wage ensures that the worker obtains a share ¢ of the true matching
surplus, so the bargained wage of new hires coincides with the full-information wage
w(z¢). It follows that the worker’s perceived labor market tightness, job-finding rate,
and reservation wages are also correct. Hence, when both workers and firms hold correct
information about the current productivity level, the equilibrium of this model is identical

to the full-information equilibrium.

and workers make decisions only based on his perception of the aggregate productivity.
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Figure 5: Job continuation probability

(a) Full Information (b) Noisy Beliefs

\
S& S

Wage w (low — high)
Wage w (low —> high)

Productivity z (low — high) Productivity z (low — high)

Notes: Darker shades indicate higher continuation probabilities. The top-left corner corresponds to layoffs,
while the bottom-right captures quits. Source: Model simulation. See main text for details.

3.7 Steady State Job Acceptance Probability

Figure 5 illustrates the steady-state job continuation probability and the decision rule for a
worker-firm match characterized by productivity z and wage w. In steady state, the firm’s
belief and the mean belief of unemployed workers coincide with the true productivity
level. Panel 5a shows the case for full information. The top-left region corresponds to the
rejection region of the firm, where productivity is low and the wage is high. Firm’s deci-
sion rule affects layoffs. The threshold line represents the firm’s reservation wage @/ (z).
The firm is willing to continue matches with any wage below this threshold. Analogously,
the bottom-right region reflects the rejection region of the worker. Workers refuses low
wages when productivity level is high. Workers accept any wage above their reservation
wage w'(z).

Panel 5b shows the case with noisy beliefs. Workers” noisy beliefs generate a distribu-
tion of bargained wages at each productivity level z. Some workers with overly optimistic
beliefs ask for wages that the firm would not accept, resulting in a quit region where the

probability of acceptance lies between zero and one.
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3.8 Laws of Motion

Let Li1(w) denote the measure of workers earning wage w at the beginning of period
t + 1, determined at the end of last period. It includes: (i) new hires with wage w, (ii) job
stayers with wage w after surviving both exogenous and endogenous separation and not
renegotiating, and (iii) workers who renegotiated and settled on wage w.

L (w) = 1w < w]) | uef (08t (25" ()

'

new hires at wage w

- Le(w)(1 = 9)AG] (5 () + (1~ u) (1~ 8)(1 — A)gi (25" (w)) ]

-

(20)

Vv
remaining workers with wage w wage renegotiation with wage w

Here, 25’ (w) denotes the belief level that yields a bargained wage w, and g¥(25(w)) =
dG} (25" (w)) represents the fraction of new workers hired at wage w. Similarly, 2, (w)
is the belief associated with a reservation wage equal to w, so that G¢(2, 1 (w)) gives the
cumulative fraction of continuing workers whose reservation wages are below w.
Equation 20 can be expressed in cumulative terms by integration. The cumulative

population with wage less than w at the beginning of the period ¢ can be written as

Nip1(w) = /y<w Liv1(y)dy (21)

The maximum wage at the beginning of the next period is reservation wage of the firm
from the current period, w{ = wf (2{ ). Total employment at the beginning of period f is
therefore:

N1 (@) =1ty (22)

The dynamics of unemployment is obtained by subtracting the outflows from the
inflows of unemployment. Outflows consist of unemployed workers who successfully
match with firms and receive wage offers below the firm’s reservation wage, thus transi-
tioning into employment. Inflows include exogenous job separations, endogenous lay-
offs, voluntary quits, and failed wage renegotiations that result in separation. Using
Equation 20 to 22, I can write the unemployment rate at the beginning of the next pe-
riod as
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U1 =1 Np(@]) =1 _/ ¢ Lea(y)dy

y<w;
=1 [ [0 - OLGiE ) — w0t 251 dy

= w[l—f(0)] + o6(1—u)+(1~ 5)/\[(1 —u) — Nt(w{)}
———— ~—

N

[\ J/

remaining unemployed exo separation la];(;ffs 23)
+ (1= OMN@]) = [ LG (1)
=Wy
q;irts

+(1-0)(1-A) 1) /y i W)y — () /y 8 W)y

N~ —~~

unsuccessful renegotiation new hires

4 Calibration

In this section, I calibrate the labor market parameters and the dispersion in household
belief at the steady state, targeting aggregate labor market moments and belief dispersion
from Michigan Survey of Consumers (MSC). Then I simulate the model at a monthly
frequency to calibrate the household learning rate, targeting its empirical counterpart
in MSC. Similarly, I use the Survey of Professional Forecasters (SPF) to discipline the

learning rate of firms.

4.1 Household Belief Dispersion and Learning Rate

I calibrate the workers’ belief parameters about current level of aggregate productivity
using data on household expectations from the MSC.

4.1.1 Belief Dispersion.

Given each worker’s current belief Z and the productivity process, the model implies
a perceived 12-month change in the unemployment rate. Aggregating across the belief
distribution in the steady state, I compute the resulting dispersion in perceived changes
in unemployment over a 12-month horizon. This model-implied dispersion is directly
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Table 2: Empirical household learning rate for unemployment

1978m1-2019m12 1978m1-2019m12 1978m1-2024m3 1978m1-2024m3
1) (2) 3) 4)

By 0.922%+% 0.887+** 0.910%** 0.849++
(0.021) (0.029) (0.023) (0.039)
B> 0.093* 0.144**
(0.051) (0.061)
Adjusted R 0.850 0.856 0.828 0.845
N 554 554 505 505

Notes: The table reports the estimates of household’s monthly learning rates from MSC.
The parenthesis reports the standard errors in the estimates of Bs. All standard errors are
corrected for heteroskedasticity and serial correlation using a Newey-West procedure with
12 lags for monthly regression. Source: MSC

comparable to survey-based measures from the MSC. I calibrate the belief dispersion pa-
rameter ¢° so that the model-implied dispersion in 12-month-ahead unemployment ex-
pectations matches the cross-sectional standard deviation of household beliefs in the data,

averaged over January 1978 to January 2019, c* = 0.20.

4.1.2 Household Learning

I calibrate the productivity learning gain v“ to match the model-implied learning rate
about unemployment changes with its empirical counterpart. Specifically, I estimate the
learning gain for household forecasts of unemployment rate changes using the constant

gain learning model specified in equation 24.
AUNEMPL,, 15 = B1AUNEMPL 1, 11 + B2AUNEMPL; 14111 + € (24)

AUNEMPLS, , |, represents the 12-month expected change in the unemployment rate im-
plied by the Michigan Survey of Consumers, following the methods discussed in Section
2. Under the adaptive learning framework, current-period beliefs depend on prior beliefs
(AUN EMPLf_U 11) and a linear revision based on past forecast errors (AUNEMPL; 14111
— AUNEMPLY ;. 4;)- The implied gain parameter indicates that households assign con-
stant weight to recent outcomes when forming beliefs, enabling the model to reproduce
the persistent response of unemployment expectations documented in Figure 1. In equa-
tion 24, B, captures the magnitude of this revision (the learning gain), while ; captures
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Table 3: Empirical firm learning rate for unemployment

1978m1-2019m12 1978m1-2019m12 1978m1-2024m3 1978m1-2024m3

@ (2) 3) 4)
B 0.585%+* 0.496*** 0.613*+* 0.519*+*
(0.094) (0.106) (0.089) (0.103)
B2 0.272** 0.229
(0.167) (0.145)
Adjusted R? 0.339 0.382 0.371 0.405
N 184 184 167 167

Notes: The table reports the estimates of firm’s quarterly learning rates from SPE. The
parenthesis reports the standard errors in the estimates of Bs. All standard errors are cor-
rected for heteroskedasticity and serial correlation using a Newey-West procedure with
four lags for quarterly regressions. Source: SPF

the weight households place on past beliefs. If households revised their beliefs fully based
on past unemployment changes, we would expect f; = 1 — B,. However, households
may also incorporate other publicly available information, such as income and interest
rates, into their belief formation. Therefore, 1 — B, better captures the household learning
gain, as it reflects potential learning from multiple information sources.

The estimated coefficients are reported in Table 2.!' The parameter 1 — 1 represents
the learning rate for unemployment changes. Columns (1) and (3) regress current-period
beliefs on past-period beliefs, while columns (2) and (4) additionally control for past re-
alizations. The estimates of B; are not statistically different when including the control.
Columns (1) and (2) restrict the sample to the pre-Covid period (1978m1-2019m12), while
columns (3) and (4) use the full sample through 2024m3. The post-Covid period exhibits
substantially faster learning, with households placing greater weight on new informa-
tion relative to prior beliefs. This pattern is consistent with Coibion and Gorodnichenko
(2012), who show that agents pay greater attention to aggregate economic conditions dur-
ing periods of heightened uncertainty.

Given the unprecedented labor market fluctuations during the Covid era, I use value
in Column (2) as the target learning rate for unemployment changes. This yields a learn-
ing rate for unemployment of 0.113, corresponding to a learning rate for productivity

1 An alternative approach would control for the realized change in expectations AUNEMPL; 13;_1. To
maintain consistency with the model described in Section 3, in which households form beliefs about their
perceived value functions in a forward-looking manner, I control for the forward-looking change in the
unemployment rate.
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Table 4: Model-implied learning rates for unemployment

Households Firms
(1) )
B1 0.880*** 0.780%**
(1.8e-4) (2.1e-3)
B2 0.107*** 0.205%*
(1.2e-4) (2.8e-4)
Adjusted R? 0.978 0.976

Notes: The table reports the estimates of household and firm's
learning rates averaged across 1000 simulations. The paren-
thesis reports the standard errors. Source: Model simulations

of 0.1. This implies that information from one year ago receives an effective weight of
approximately 0.1 x (1 —0.1)!! = 0.031.

To validate this calibration, I estimate equation 7 using the model-simulated expected
change in unemployment rate. Column (1) of Table 4 reports the results, showing that the

model successfully replicates the empirical belief updating process for unemployment.

4.1.3 Firm Learning

I discipline the firm’s learning rate using the SPF following the same methodology. Specif-
ically, I calibrate the firm’s learning rate for productivity, 7/, such that the model-implied
tirm beliefs about changes in unemployment match the average expected change in un-
employment reported in the SPFE.

Table 3 reports the empirical estimated coefficients using SPF. The parameter 1 — 4
reflects the firm’s quarterly learning rate for unemployment. As before, I take the value
in Column 2 as the learning rate for unemployment for firms, which equals 0.504, corre-
sponding to a monthly learning rate of 0.204. This implies that information from one year
ago receives a weight of 0.2 x (1 —0.2)! = 0.017.

The calibrated monthly learning rate for productivity is 0.20. To validate this cali-
bration, I estimate the firm’s belief updating process for unemployment using model-
simulated data. Column (2) of Table 4 reports the results, which show that the model suc-

cessfully replicates the empirical belief dynamics for firm unemployment expectations.
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Table 5: Externally calibrated parameters

Parameter Description Value Source

0 Persistence of z 0.983 GHT

o Standard deviation of z 0.007 GHT

B Discount factor 0.997 Standard value
A Renegotiation frequency 11/12 GHT

« Matching elasticity to v 0.5 Standard value
1% Bargaining power of the worker 0.6 Standard value

Notes: The table reports parameter values drawn from external sources
in the literature, in particular Gertler et al. (2020).

4.2 Labor market parameters

Table 5 reports the externally calibrated parameters set to values commonly used in the
literature. The unconditional mean of aggregate productivity, z, is normalized to 1. The
monthly persistence and standard deviation of the productivity process are set to p =
0.983 and ¢, = 0.007, following the calibration of Gertler et al. (2020). The discount
factor is set to B = 0.997, corresponding to an annual real interest rate of approximately
3%. Following Hall and Milgrom (2008), the elasticity of the matching function with
respect to unemployment is set to & = 0.5. In the presence of wage rigidities, greater
worker bargaining power leads to more quits, while lower bargaining power leads to
more layoffs. I set the worker’s bargaining power to ¢ = 0.6, slightly above the value
implied by the Hosios condition, to generate a higher share of layoffs relative to quits.

Then, I jointly calibrate the four labor market parameters (J, b, A, x) together with
os that governs the belief dispersion, to match key empirical moments in the median
steady state by minimizing the distance between an equal number of empirical moments
and their counterparts in the model. These moments are determined simultaneously by
all five parameters; however, Table 6 indicates the moment most closely associated with
each parameter based on its identifying power.

The job destruction rate ¢ is calibrated to target a steady-state unemployment rate of
6.1%, which is the average unemployment rate between 1978 and 2019. The value of
unemployment b is set at 65% of the average wage. The matching efficiency is calibrated
to match a monthly job-finding rate of 27.7% measured using CPS from 1990 to 2014. and
reported in Fujita and Moscarini (2017). The vacancy posting cost « is set to 0.289 to match
a labor market tightness of 0.72, as estimated by Pissarides (2009) using JOLTS data from
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Table 6: Internally calibrated parameters

Description Value Target Model

0  Exogjob destructionrate 0.021 Unemploy. rate = 0.007 0.007
A Matching efficiency 0.326 Job finding rate = 0.277 0.278
x  Cost of vacancy posting  0.283 Labor market tightness = 0.720 0.719
b Unemployment benefit 0.65  Fraction of average wage 0.65

os  Std. dev. of beliefs 0.019 MSC " =0.201 0.199
7" Learning rate of HH 0.10 MSC %> =0.113 0.107
v/ Learning rate of Firms 0.20 SPF j? = 0.204 0.205

Notes: This table summarizes the internally calibrated parameter values.

1960 to 2006.

5 Quantitative Analysis

I now quantitatively study the model implications of belief friction for labor market dy-
namics. I introduce the full model in steps to separate the contribution of each features.
I begin by describing basic business cycle statistics. Then, I show the impulse response
functions to a negative productivity shock, including a detailed description of the sources
of amplification and persistence my baseline model provides. Then I discuss the compo-
sitional change in unemployment. Finally, I extend the model to incorporate two types of
workers with different learning rates and study their heterogeneous transition patterns

across employment states.

5.1 Business Cycle Summary Statistics

Table 7 reports the summary statistics for volatility and persistence from the baseline
model. I present the standard deviation and quarterly autocorrelation of the unemploy-

12 None of

ment rate, job-finding rate, job-separation rate, and labor market tightness.
these moments are targeted in the calibration. All panels use identical labor market pa-

rameters and differ only in their belief specifications.

12The Appendix reports results for the model where job stayers share a common belief centered around
the firm’s belief.
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Table 7: Standard Deviation and Autocorrelation for Labor Market Variables

u f s 6
Panel A: Data
Standard Deviation 0.103 0.053 0.067 0.229
Quarterly Autocorrelation 0.934 0.871 0.773 0.936
Panel B: Full Info
Standard Deviation 0.023 0.020 0.011 0.040
Quarterly Autocorrelation 0.796 0.717 0.509 0.717
Panel C: HH Learning
Standard Deviation 0.111 0.142 0.017 0.283
Quarterly Autocorrelation 0.768 0.595 0.549 0.595
Panel D: HH Learning + Dispersion
Standard Deviation 0.119 0.140 0.031 0.281
Quarterly Autocorrelation 0.768 0.604 0.171 0.604
Panel E: HH Learning + Dispersion + Firm Learning (vF = 0.5)
Standard Deviation 0.093 0.107 0.022 0.213
Quarterly Autocorrelation 0.799 0.688 0.310 0.688
Panel F: HH Learning + Dispersion + Firm Learning (yf = 0.2)
Standard Deviation 0.053 0.059 0.012 0.118
Quarterly Autocorrelation 0.843 0.750 0.456 0.750
Panel G: HH Learning + Dispersion + Firm Learning (75 = 7 = 0.1)
Standard Deviation 0.017 0.022 0.005 0.044
Quarterly Autocorrelation 0.677 0.305 0.360 0.305

Notes: Results from model simulations and empirical summary statistics for aggregate produc-
tivity, labor market tightness, unemployment rate, job-finding rates and separation rates. All vari-
ables are reported in logs as deviations from an HP trend with smoothing parameter 1600. Panel A
provides value in data from 1976:1-2019:1V. Panel B reports the value for a full information model
with two-sided lack of commitment. Panel C reports the values with only learning for workers.
Panel D adds dispersion in beliefs to the model used in panel C. Panel E-G also reports the model’s

sensitivity to different learning rates for firms.
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The results demonstrate that incorporating learning and belief dispersion substan-
tially improves the model’s fit to the data. I conduct sensitivity tests with varying firm
learning rates. My preferred specification is Panel F, where the household belief disper-
sion and learning rate are calibrated to the MSC, and the firm learning rate is calibrated to
the SPF. I now describe the results for each panel, reserving discussion of the underlying
mechanisms for the impulse response analysis later in this section.

Empirical Benchmark—Table 7 Panel A provides an overview of business cycle statistics
for quarterly US data reported in Mercan et al. (2024). The time period covers 1976:1-
2019:1V.

Theoretical Benchmark—Full information. Table 7 reports the cyclical behavior of the full
information model with two sided lack of commitment. Relative to the standard DMP
model, the model features wage rigidity induced separations. Incorporating endogenous
quits and layoffs slightly increases the volatility in separation and unemployment rate
relative to a model with flexible wages, but insufficiently so.

Model with learning for workers. Panel C reports moments from a model with only slug-
gish belief updating for workers, where the learning rate is calibrated to MSC. The model
has over-predicts the standard deviation of unemployment rate, labor market tightness
and job-finding rate, while under-predicts the volatility in job separation rates. In addi-

tion, the model does not generates enough persistence for all the variables.

Model with learning and dispersion in beliefs for workers. Panel D reports the cyclical
summary statistics for a model with both learning and dispersion in beliefs for workers.
The model significantly improves the volatility in job-separation rates, at the expense of
lower persistence. The model still over-predicts the volatility in job-finding rates, leading

to too much volatility for unemployment rate.

Model with learning and dispersion in beliefs for workers, and learning for firms. Panel E-G
reports the moments for a model with adaptive learning for both workers and firms. To
assess the model’s sensitivity to the firm learning rate, I present results with firm learning
rates of 0.5, 0.2, and 0.1. Incorporating firm learning increases persistence but dampens
volatility across all variables, with more sluggish beliefs (lower learning rates) generating
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lower volatility.

Panel F is my preferred specification, where all belief parameters are disciplined by
MSC and SPF. In this case, belief frictions explains approximately 38% of the gap in un-
employment volatility and 34% of the gap in unemployment persistence between the full

information model and empirical data.

In summary, the full-information model with wage-rigidity-induced separations fails
to generate sufficient volatility and persistence in the unemployment rate, job-finding
rate, separation rate, and labor market tightness. Introducing sluggish belief updating
for workers increases volatility but tends to overstate fluctuations in unemployment, job
finding, and market tightness. Allowing for dispersion in workers’ beliefs substantially
improves the volatility in job separations. Finally, a model that combines household
and firm learning with belief dispersion among households significantly improves the
model’s ability to replicate both the volatility and persistence observed in all key labor

market variables.

5.2 Impulse Response Functions

This section presents model-simulated impulse response functions (IRFs) following a one
percent decline in aggregate productivity. I first examine the role of inaccurate worker
beliefs under the assumption that firms have full information. I then incorporate sluggish

belief adjustment for firms.

5.2.1 The role of sluggish belief adjustment for workers

Figure 6 reports the results from models featuring workers with imperfect information.
Panel 6a plots the paths of aggregate productivity and workers” perceived productivity:
the green solid line represents the actual productivity shock observed by firms, while the
light blue line shows the average perceived productivity of unemployed workers. Panels
(b)—(f) display the impulse responses of the unemployment rate, job-finding rate, new
hires, layoffs, and total separations.

Household learning increases the volatility of job creation and unemployment but
has little impact on layoffs or separations relative to the full-information benchmark.
Greater dispersion in household beliefs amplifies layoffs and separations while leaving
job-finding probabilities largely unchanged.
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Sluggish belief adjustment endogenously generates wage stickiness for new hires and
amplifies the decline in job-finding rates and the outflow from unemployment. To illus-
trate this mechanism, I first consider a model in which all unemployed workers share a
common belief that lags behind the true state, while firms have full information (red solid
lines in Figure 6). Because workers update their expectations gradually through adaptive
learning, their beliefs are both dampened and delayed relative to true productivity.

The intuition is as follows. At the onset of a recession, workers remain overly opti-
mistic compared with firms and continue to demand higher wages. This rigidity reduces
firms” incentives to post vacancies, thereby amplifying the declines in job-finding rates
and new hires. Quantitatively, the job-finding rate falls by more than 3 percentage points
under adaptive learning, compared with less than 0.5 percentage points under full infor-
mation (Panel 6¢).

During the recovery, workers slowly adjust their beliefs upward, thus remain overly
pessimistic relative to firms. Consequently, they demand wages below firms” willingness
to pay, leading to a temporary overshoot in the job-finding rate.

In contrast, sluggish belief adjustment by unemployed workers has little effect on lay-
offs and job separations. Layoffs are determined by firms” decisions based on the dis-
tribution of continuing wages. Two factors explain why separations remain close to the
full-information benchmark. First, continuing workers adopt their employer’s belief with
some noise, resulting in few failed renegotiations. Second, the sluggishness in new hires’
beliefs is insufficient to generate large differences in the mass of workers near the firm’s

layoff threshold following a small negative productivity shock.

5.2.2 The role of dispersion in worker beliefs

Dispersion in worker beliefs gives rise to dispersion in wages and amplifies both lay-
offs and inflows into unemployment. The black dotted line represents the model with
heterogeneous beliefs, where unemployed workers’ beliefs are centered around a lagged
mean and the beliefs of incumbent workers are centered around the firm’s belief, which
coincides with the true state.

With heterogeneous beliefs, the wage distribution becomes more dispersed relative
to the case with homogeneous beliefs. Figure 11 in the Appendix compares the wage
distribution under full information and dispersed beliefs. Under common beliefs, wage
variation arises from aggregate productivity fluctuations and wage rigidity among job

stayers, keeping the distribution concentrated around its mean. Belief dispersion causes
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Figure 6: IRFs of key labor market variables: Full information for firms
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the negotiated wages to spread more widely, placing a larger share of workers near firms’
layoff thresholds.

Greater belief heterogeneity thus widens the wage distribution and increases separa-
tion volatility. Optimistic workers negotiate higher wages and are more likely to be laid
off when conditions deteriorate, while firms accept these matches knowing they can easily
terminate them. As a result, layoffs rise during recessions, amplifying inflows into unem-
ployment relative to the full-information benchmark. Quantitatively, layoffs increase by
0.08 percentage points with heterogeneous beliefs, compared with 0.03 under full infor-
mation.

Importantly, noisy beliefs do not alter the average wage of new hires faced by firms,
so the responses of job-finding rates and new hires remain similar to the model without

belief dispersion.

5.2.3 The role of sluggish belief for firms

I now extend the model to incorporate sluggish belief adjustment for firms. All firms
share a common belief that evolves through an adaptive learning process, with a faster
learning rate than that of households.

Figure 7 presents the results when firm learning is introduced. Panel (a) plots the
average belief of workers, assuming a learning rate of 7 = 0.1, alongside the firm’s
belief path with a learning rate of 7/ = 0.2. Panels (b)—(f) display the corresponding
impulse responses of the same aggregate variables.

Firm learning increases the persistence of labor market dynamics. Both the inflows
to and outflows from unemployment exhibit more prolonged responses compared to the
case when firms have full information. However, firm learning also dampens overall
volatility.

The firm learning rate, 7/, governs the persistence of aggregate labor market dynam-
ics. The intuition is straightforward: when firms adjust their beliefs about the aggregate
state sluggishly, vacancy postings and layoffs respond with a delay. Consequently, the
job-finding rate no longer drops fully following a negative productivity shock but con-
tinues to decline for several months, while layoffs keep rising until firms internalize the
downturn. With 4/ = 0.2, the job-finding rate continues to fall for about nine months
before recovering (panel c), and layoffs rise for roughly five months after the initial shock
(panel e). This delayed adjustment generates greater persistence in unemployment: un-

der full information, the unemployment rate peaks about seven months after the shock,
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Figure 7: IRFs: Household and firm learning
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whereas with firm learning the peak occurs roughly after ten months.

At the same time, sluggish firm learning dampens the overall magnitude of responses
to shocks. Because firms never perceive the full extent of the downturn, they shed fewer
workers than they would under full information, and the contraction in job creation is
smaller. At its peak, job separations rise by only 0.012 percentage points, compared
with nearly 0.08 percentage points in the model without firm learning. Similarly, the
job-finding rate falls by about 1.1 percentage points, compared with over 3 percentage
points in the baseline. As both inflows to and outflows from unemployment respond
less sharply, the overall increase in the unemployment rate is attenuated—rising by less
than 0.27 percentage points when firm learning is included, compared with 0.6 percent-
age points under household learning alone. When firms update beliefs at the same rate as
workers, disagreement during wage negotiation disappears, and labor market dynamics
become nearly stationary, showing small responses to shocks. This joint sluggishness gen-
erates macroeconomic inefficiency: firms over-employ and over-produce during down-
turns and fail to expand sufficiently during booms, leading to misallocation of labor over

the business cycle.

5.3 Compositional changes in unemployment

Mueller (2017) documents a compositional shift in the pool of unemployed workers to-
ward those with higher pre-displacement wages during recessions. He finds that the
average pre-displacement wage of unemployed workers is strongly and positively cor-
related with the aggregate unemployment rate. This cyclical pattern remains robust af-
ter controlling for workers” observable characteristics and is driven almost entirely by
job separations. Job separations are substantially more cyclical for high-wage workers,
whereas job-finding rates display similar cyclicality across wage groups.

Moreover, Mueller (2017) shows that a standard Mortensen—Pissarides model with
endogenous job destruction and sticky wages generates only negligible compositional
shifts.!® In this section, I show that belief frictions combined with wage-rigidity-induced
separations can replicate the observed compositional changes in unemployment—particularly
the strong cyclicality of high-wage separations during downturns.

Heterogeneity in worker beliefs at the time of hiring generates dispersion in nego-
tiated wages. Workers with more optimistic beliefs are hired at higher wages but also

13Mueller (2017) evaluates several theoretical explanations, including models with match-specific pro-
ductivity and endogenous separations, wage rigidity and inefficient separations, and compensating dif-
ferentials for unemployment risk. Among these, models featuring lower match-specific productivity for
high-ability workers or tighter credit constraints during recessions can replicate the qualitative pattern ob-
served in the data, though both have important limitations.

39



Figure 8: Pre-displacement wage and unemployment
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face higher separation risks because their wages lie closer to the firm’s reservation thresh-
old. Following a negative productivity shock, layoffs disproportionately affect these high-
wage workers. As a result, the pool of unemployed shifts toward higher-wage individu-
als, causing the average pre-displacement wage to rise.

By contrast, individual beliefs play a smaller role in shaping job-finding rates, which
are primarily determined by firms’ vacancy-posting decisions based on the overall distri-
bution of wages among potential new hires. Because workers differ only in their beliefs
at the time of bargaining, their job-finding rates remain largely similar across belief types.

Figures 8 and 9 compare impulse responses across three model specifications: full in-
formation, worker and firm learning, and learning with dispersion in beliefs. Figure 8
plots the pre-displacement wage of workers who experienced endogenous separations
alongside the unemployment rate. Figure 9 shows the responses of quits, layoffs, and
exogenous job destruction. In all specifications, quits play a negligible role in total sepa-
rations. Exogenous job destruction (green shaded area) decreases during the recession as
employment declines and fewer workers remain at wages above the exogenous separa-
tion threshold.

Even without dispersion in worker beliefs, wage rigidity generates a distribution of
wages, and firms begin laying off high-wage workers as the economy enters a recession.
However, dispersion in worker beliefs substantially amplifies the cyclicality of layoffs.
Greater dispersion increases the share of layoffs in total separations, thereby strengthen-
ing the cyclical correlation between pre-displacement wages and unemployment.

Under full information, the pre-displacement wage jumps up immediately after the
negative shock hits, then declines steadily, while unemployment rises slowly for a few
months before recovering. This pattern generates a negative correlation between pre-
displacement wages and unemployment at the onset of the recession—the opposite of
what we observe in the data. After incorporating learning for both workers and firms,
the pre-displacement wage and unemployment rate move in the same direction as firms
adjust layoffs with a lag. However, the contribution of layoffs to total job separations re-
mains moderate. Once I include dispersion in worker beliefs, layoffs of high-wage work-
ers become substantially more important, thereby explaining the compositional shifts to-

ward high-wage workers during recessions.

5.4 Heterogeneous Transition Patterns

Recently, a growing literature find evidence for substantial heterogeneity across work-
ers using a range of statistical methods (Hall and Kudlyak (2019), Ahn and Hamilton
(2020), Gregory et al. (2025), Ahn et al. (2023)). Both survey and administrative data show
that fluctuations in the aggregate unemployment rate are disproportionately driven by
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Figure 9: Composition changes in job separations
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a small segment of the population. While most individuals are consistently employed,
a subset of workers experiences frequent transitions between employment and unem-
ployment. These workers have lower job-finding rates and are more likely to separate
from jobs once hired, making them significantly more vulnerable to unemployment. Im-
portantly, observable industry affiliations and demographic characteristics explain only a
small fraction of this variation, suggesting that unobserved heterogeneity plays a central
role. I propose that differences in beliefs about aggregate productivity help explain this
residual heterogeneity.

5.4.1 Model with two types of workerss

Workers may update their beliefs about aggregate productivity at different speeds due
to variation in information frictions or inattention to economic news. To capture this, I
extend the baseline model to allow for heterogeneity in learning rates and examine the
resulting implications for labor market dynamics.

I introduce two groups of workers: one with a higher learning rate, 'yhigh = 0.2, rep-
resenting 64% of the labor force, and another with a lower learning rate, ’ylow = 0.02,
comprising the remaining 36%. The weighted average learning rate across these two
groups equals 0.085, consistent with the baseline calibration. Firms update their beliefs
with ¢/ = 0.5. Let 2"8" and 2/°” denote the mean beliefs of the two groups, respectively.
As in the baseline model, each worker i receives an idiosyncratic belief draw #;; centered

around the time-varying mean of their group:

a1 = 2% Nz — 2[) (25)

~5l sl 1 sslow
2 =820 + Nz — 85Y) + (26)

5.4.2 Heterogeneous response in layoffs and job finding rates

Panel (a) of Figure 10 plots the evolution of average beliefs following a negative produc-
tivity shock. The blue dashed line corresponds to workers with a lower learning rate
(v“ = 0.02), while the red dotted line corresponds to workers with a higher learning
rate (7Y = 0.2). Workers with slower belief updating experience larger layoffs, sharper
declines in job-finding probabilities, and higher unemployment rates.

At the onset of a recession, workers with slower belief adjustment remain overly op-
timistic about aggregate conditions and consequently demand higher wages. This be-
havior has two main effects. First, when new matches form, these workers negotiate

higher wages and capture a larger share of the surplus from firms. Second, because such
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Figure 10: IRF: heterogeneous learning Rates
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Note: This figure presents the impulse response functions of aggregate labor market variables in a model
featuring heterogeneous household beliefs and learning. Dashed and dotted lines denote mean responses
across 10,000 simulated paths. The red dotted line represents workers with a learning rate of v = 0.2,
while the blue dashed line depicts workers with a slower learning rate of v = 0.02. Firms also update
their beliefs sluggishly, with a learning rate of 4/ = 0.5. Source: Model simulations.
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high-wage contracts are less sustainable during downturns, they face a higher likelihood
of subsequent layoffs. Firms are willing to hire these workers initially, anticipating that
they can terminate the match later if conditions deteriorate. Quantitatively, workers with
slower belief updating experience an increase in job separation rates approximately 0.01
percentage point higher than the other group.

Differences in belief updating also influence job-finding dynamics. When workers are
overly optimistic, their wage demands may exceed firms’ reservation wages, leading to
rejected offers. Consequently, workers with slower belief updating rates face lower job-
finding rates and longer unemployment durations. Quantitatively, the drop in job-finding
rates for the low—learning-rate group is more than twice that of the high-learning-rate
group.

Driven by differences in both job separations and job-finding rates, unemployment
becomes increasingly concentrated among workers with lower learning rates. On aver-
age, their unemployment rate is about 0.5 percentage points higher than that of workers
with higher learning rates.

6 Conclusion

There is ample empirical evidence that workers” and firms’ beliefs about the state of the
economy often deviate from reality. To understand how systematic biases and idiosyn-
cratic noise in beliefs shape wage dynamics, labor market flows, and aggregate responses
to shocks, this paper develops a general equilibrium search-and-matching model with
two key departure from standard DMP models: (1) heterogeneity and asymmetry in be-
liefs, (2) wage-rigidity-induced endogeneous separations.

The model accounts for several empirical patterns that standard frameworks strug-
gle to explain. First, it offers a novel mechanism to address the Shimer puzzle, demon-
strating how asymmetric information between firms and workers—combined with adap-
tive learning—amplifies the responses of labor market variables to productivity shocks.
Second, the model predicts a gradual decline in the job-finding rate and replicates the
observed persistence of unemployment following transitory shocks. These dynamics
emerge from gradual belief updating and endogenous separations. Third, the model
helps explain the compositional shift in unemployment observed in the data, where the
pool of unemployed becomes increasingly concentrated among workers with high resid-
ual wages.

The framework also sheds light on heterogeneous employment transitions across indi-
viduals. Workers with more sluggish beliefs tend to demand higher wages during reces-

sions and are therefore more likely to be laid off during recessions. Consequently, these
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individuals experience higher unemployment rates compared to other workers.

The insights that the model delivers open several promising avenues for future re-
search. For example, empirical evidence suggests that worker beliefs affects their job-
search intensity (Mitra (2024)). It would be interesting to consider on-the-job search and
heterogeneous searching intensity in this model. Mukoyama et al. (2018) documents that
search intensity is countercyclical. Then at the beginning of the recessions, workers who
remain optimistic take time to increase their searching intensity, thus further reduces the

job-finding rates and amplifying the response in unemployment.
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7 Model Appendix

7.1 Wage Bargaining Proofs

This section provides formal proofs for the equilibrium characterization of the wage bar-
gaining game described in Section 3.4. I establish three results: (1) under perfect informa-
tion, the bargaining game yields the standard Nash bargaining solution; (2) under asym-
metric information, firms have an incentive to misrepresent their beliefs, leading workers
to rely solely on their own perceptions; and (3) with heterogeneous worker beliefs, the
equilibrium features either immediate acceptance or bargaining failure, depending on
whether the worker’s wage demand is acceptable to the firm.

LEMMA 1. Under perfect information, the following strategy constitutes the unique

subgame perfect Nash equilibrium of the wage determination game:

* The worker offers wage x* in the first stage and accepts all wages greater than or

equal to y* in the second stage.

* The firm accepts all wages less than or equal to x* in the first stage and demands

wage y* in the second stage.

where x* and y* satisfy W(x*) — U = ¢S and W(y*) — U = 0. Hence, the solution
to this game coincides with a standard Nash bargaining solution in which the worker’s
bargaining power equals @. Note that I omit the subscript i here, since under perfect
information, all workers hold the same belief, which aligns with the true state z.

Proof: 1 solve the game by backward induction, beginning at the third stage when
the firm makes a counteroffer. At this stage, the worker accepts all wages greater than
or equal to y provided that W(y) — U > 0. Anticipating this acceptance rule, the firm
demands a wage y* such that W(y*) — U = 0, thereby extracting the entire matching
surplus.

Moving to the second stage, the firm knows that if it rejects the worker’s offer, the
expected payoff is (1 — 8)S with probability (1 — @) (the match survives with this prob-
ability). Therefore, the firm accepts only wage offers less than or equal to x*, where
J(x*) = (1 —9)S. This implies W(x*) — U = 95, giving the worker exactly their tar-
get surplus share.

Finally, at the first stage, the worker—knowing that the firm will not accept any wage
higher than x*—offers exactly x* to secure a positive payoff W(x*) — U = 9S. This strat-
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egy profile yields the Nash bargaining outcome, where the worker obtains share ¢ of the
total surplus.

LEMMA 2. Under asymmetric information, firms have an incentive to misrepresent
their beliefs when making counteroffers. As a result, workers cannot extract informa-
tion from the firm’s counteroffer and must rely solely on their own beliefs when making
decisions.

Proof: Suppose, toward a contradiction, that there exists an equilibrium in which the
firm always truthfully reveals the current state when making a counteroffer. In this sce-
nario, the firm would make an offer y such that W(y) — U is arbitrarily close to zero,
ensuring that the worker always accepts while allowing the firm to extract the maximum
possible surplus. The worker would perfectly infer the true current state from the firm’s
wage offer and always accept in the final stage.

However, this cannot be an equilibrium because the firm always benefits from deviat-
ing to an even lower counteroffer. By offering y* < y, the firm captures a larger surplus:
J(y*) > J(y). Although this lower wage may leave the worker worse off than remaining
unemployed, the worker—still believing the firm is truthfully revealing the state—would
accept the offer, lacking any way to verify whether the firm is being truthful.

Since the firm always has an incentive to deviate from truthful revelation, no equilib-
rium with truthful counteroffers can exist. Therefore, workers must recognize that the
firm’s counteroffer contains no credible information and must rely exclusively on their

own beliefs when evaluating wage offers.

LEMMA 3. If workers have idiosyncratic noisy beliefs as described in Section 3.5, then
the following strategy constitutes a Perfect Bayesian Nash equilibrium that satisfies the

Intuitive Criterion:

* The worker offers £7* in the first stage and accepts offers greater than or equal to
77" in the second stage.

* The firm accepts offers less than or equal to x** in the first stage and demands
min{§;*, x**} in the second stage.

where £7*, x**, §*, and y** satisfy W(£7*) — U; = (1 - 9)S(%*), W(x**) — U = ¢S, and
J(y**) = 0, respectively.
This equilibrium features two possible outcomes: either the firm immediately accepts

the worker’s initial offer (if it yields positive surplus to the firm), or the bargaining game
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ends in disagreement with the match dissolving (if the worker’s belief is sufficiently op-
timistic that even their lowest acceptable wage would generate negative surplus for the
firm).

Proof: 1 begin at the third stage when the firm makes a counteroffer. At this stage, the
worker accepts any wage y provided that the expected net value of working IE[W;(y) — U;]
is positive, based on the worker’s subjective belief.

The firm can infer the worker’s belief Z; from the initial offer and can therefore de-
duce the worker’s lowest acceptable wage 7. If this wage yields positive surplus to the
firm—that s, if J(77*) > 0—the firm demands exactly 77*, extracting all the surplus while
ensuring the worker accepts.

However, if the worker is sufficiently optimistic that J(7*) < 0, the firm is better
off keeping the vacancy open and searching for a new match in the next period rather
than hiring this worker at any wage the worker would accept. In this case, the firm

7y Kk

demands y** > §7* such that J(y**) = 0. Because the worker relies only on their own
belief (by Lemma 2), the worker recognizes that this counteroffer leaves them worse off
than unemployment and rejects it, causing the match to dissolve.

Moving to the second stage, the firm knows that rejecting the worker’s offer yields
an expected payoff of (1 — @) times the total surplus (conditional on the worker’s belief)
if a match eventually forms. Therefore, the firm accepts in the second stage all wages
less than or equal to £7*, where J(£*) = (1 — ¢#)S(£;*). Given this acceptance rule, the

Ok K
X

worker offers exactly £/ in the first stage.

Note that £7* is not necessarily the lowest offer the firm would accept across all work-
ers. If the worker is overly optimistic such that J(£}*) < 0, the firm rejects this offer. The
game proceeds to the third stage, where—as established above—the firm makes a coun-
teroffer that the worker rejects, and the match dissolves. More generally, the firm accepts
all wages greater than or equal to x** where J(x**) = 0, which serves as a lower bound
on acceptable wages independent of the worker’s belief.

This characterization establishes that the equilibrium admits only two outcomes: ei-
ther immediate acceptance of the worker’s initial offer (when beliefs are sufficiently aligned)
or bargaining failure (when the worker is too optimistic). No equilibrium features itera-
tive back-and-forth negotiation, because workers recognize that the firm cannot credibly

convey information through counteroffers.
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7.2 Solution Algorithm

The model is solved using value function iteration. The solution exploits the property
that each worker believes that the firm’s belief is centered around his own belief.

Worker’s Problem. From the worker’s perspective, the problem involves computing
perceived value functions based on subjective beliefs about productivity and market con-

ditions. The algorithm proceeds as follows:

1. Initialization. Discretize the belief space over the same grid used for productivity,
with N grid points. Make an initial guess for the wage schedule w(%), which maps
each belief level Z to a bargained wage. A natural initial guess is the Nash bargaining

solution under full information.

2. Value Function Iteration. Given the current wage schedule w(Z) and the belief dis-
tribution G, solve for the worker’s perceived value functions by iterating on the
Bellman equations (8)-(9) until convergence. This yields three value function matri-

ces:
1(2,w), W(Ew), and U(2),

where J(Z, w) represents the worker’s perception of the firm’s match value at belief 2
and wage w, W(Z, w) is the employed worker’s value, and U(Z) is the unemployed
worker’s value. Each worker solves a hypothetical firm problem to infer the per-

ceived job-finding rate f(f) and the firm’s perceived reservation wage @/ (2).

3. Wage Adjustment. The diagonal elements of the value matrices, where w = w(Z2),
correspond to newly formed matches. For each belief level Z, check whether the
current wage schedule satisfies the surplus-sharing condition from the bargaining

game:
W(zw(2) -U(Z) 2 8(J(2w(2)) + W(Zw(2)) - U(Z)),

where ¢ denotes the worker’s bargaining power (equivalently, the target surplus

share).

e If the worker’s actual share exceeds the target, the current wage is too high;

decrease w(Z) by a small step.

e If the worker’s actual share falls short of the target, the current wage is too low;

increase w(Z) by a small step.
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This adjustment ensures that the wage schedule is consistent with the bargaining
outcome described in Section 3.4.

4. Convergence. Repeat steps 2 and 3 until the wage schedule w(Z2) and the value func-
tions jointly converge, measured by the maximum absolute change falling below a
tolerance threshold. The resulting wage schedule w?(2) represents the equilibrium

bargained wage as a function of worker beliefs.

Firm’s Problem. The firm observes true productivity z and the actual distribution of
worker beliefs G. Given the equilibrium wage schedule w? (%) obtained from the worker’s
problem, the firm’s value functions satisfy equations (11)-(12).

I solve for the firm'’s value of a filled job ] (z, w) using value function iteration over the
productivity grid z and wage grid w. The firm evaluates matches by integrating over the
distribution of worker beliefs, recognizing that different workers will negotiate different
wages based on their heterogeneous beliefs.

A key property of the steady-state equilibrium simplifies the computation: because the
mean worker belief coincides with true productivity in steady state, the belief distribution
in the worker’s problem (centered around Z) aligns with the true distribution (centered
around z). This implies that the firm’s perceived match value from the worker’s problem

coincides with the firm’s actual match value:
J(z,w) = J(2,w) when z=2.

This property allows me to use the value functions computed in the worker’s problem
when solving the firm’s problem.

The free entry condition (12) pins down the equilibrium labor market tightness 0 by
setting the value of a vacancy equal to zero. This completes the characterization of the

steady-state equilibrium.
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7.3 Additional Results from the Baseline Model

Figure 11 compares the wage distribution in simulations without aggregate shocks. Un-
der full information, wage rigidity is the sole source of wage dispersion, resulting in a rel-
atively narrow distribution. Under dispersed beliefs, wages exhibit substantially greater
dispersion, with a wider distribution centered around the mean. This greater dispersion
increases the mass of workers earning wages near the layoff threshold, making employ-

ment relationships more fragile and leading to higher separation rates during recessions.

Figure 11: Wage distribution under full information and dispersed beliefs

(a) Full information (b) Dispersed beliefs
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Note: This figure presents the wage distribution from model simulations in the absence of aggregate pro-
ductivity shocks. The vertical line in each panel indicates the layoff threshold. The full information case
(left panel) assumes all workers and firms share common beliefs about aggregate productivity, while the
dispersed beliefs case (right panel) allows for heterogeneous beliefs across workers.
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Figure 12: Average Wage of All Employed Workers
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This figure presents additional impulse response functions corresponding to Figure 6 for aggregate labor
market variables under alternative belief specifications. Solid and dashed lines show mean responses across
twenty thousand simulated paths. The blue dashed line represents the full information benchmark, the
black solid line represents the model with worker learning only, and the red solid line represents the model
with both worker learning and belief dispersion. Source: Model simulations.
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7.4 Full Information Benchmark

This section presents the value function equations for the full-information benchmark
model, which incorporates two-sided lack of commitment but abstracts from belief fric-
tions. Under full information, both workers and firms observe the true aggregate produc-
tivity z and share common expectations about future states. The corresponding summary
statistics and impulse response functions are discussed in the main text.

Firm’s problem. The value of a filled job paying wage w when productivity is z satis-

ties
J(z,w) =z—w+ B(1—-05)E [/\Il(wr(z') < w)max{J(z',w),0}

(27)
+ (1= )], P ()]

If the match survives exogenous destruction (probability 1 — ), three outcomes are possi-
ble. With probability A, the current wage carries forward to the next period. The worker
quits if the wage falls below their reservation wage w’(z’); otherwise, the firm compares
the value of continuing the match to the value of posting a vacancy. With probability
(1 — M), the wage is renegotiated to w?(z').

Free entry drives the value of a vacancy to zero:

V(z) = —x + BBq(0)] (2, w(2')) = 0 (28)

where « is the vacancy posting cost and g(6) is the vacancy filling rate.
The firm’s reservation wage is the maximum wage at which the firm is indifferent

between continuing the match and posting a vacancy:
@/ (z) = sup{w : J(z,w) = 0}. (29)

Worker’s problem. The value of employment at wage w when productivity is z satis-

fies

W(z,w) = w -+ /3113{ {(5 +(1-8)Al(w > wf(z’))} u(z')
+ (1= )M (w < @ (2)) max{W(z',w), U(z')} (30)

+(1-6)(1— A)W(z’,wB(z’))}
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The worker receives wage w in the current period. If the job survives exogenous destruc-
tion, the worker may be laid off (if w > @/ (2')), may choose to quit (if w < w'(z')), or
may renegotiate the wage.

The value of unemployment satisfies

U(z) = b+ BE{ f(OW(Z,wP(2)) + (1= f(0))U(Z) | (1)

where b is the unemployment benefit and f(0) is the job-finding rate.
The worker’s reservation wage is the minimum acceptable wage at which the worker

is indifferent between employment and unemployment:
w'(z) =inf{w : W(z,w) = U(z)}. (32)

Wage determination. Workers and firms bargain over the true matching surplus
S = ]+ W — U, following the same game shown in Figure 4. Because both parties share
common information about the aggregate state, there is no disagreement in wage negoti-
ations, and all meetings result in successful match formation. The bargained wage w®(z)
satisfies the surplus-sharing condition

W(z,wB(2)) — U(z) = 85(z2), (33)

where ¢ denotes the worker’s bargaining power.
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7.5 Extension: Common Beliefs for Continuing Workers

This section examines the role of belief dispersion among continuing workers. In the
baseline model presented in the main text, continuing workers draw heterogeneous be-
liefs centered around their employer’s belief about aggregate productivity. This extension
simplifies the belief structure by assuming that all continuing workers share their firm’s
common belief exactly.

This modification has two main implications. First, it eliminates belief dispersion
among workers who renegotiate wages, reducing overall wage dispersion in the econ-
omy. Second, it isolates the contribution of belief heterogeneity at the hiring stage, allow-
ing us to assess how much of the model’s amplification mechanisms operate through new
hires versus incumbent workers.

I present the modified value functions below, followed by simulation results compar-
ing this specification to the baseline model. Because workers” value functions for em-
ployment and unemployment remain unchanged from the baseline, I focus on the firm’s
problem, which is directly affected by the modified belief structure among continuing
workers.

Firm's problem. The firm observes the true aggregate productivity z and the distribu-
tion of worker beliefs G. The value of a filled job with a worker earning wage w satisfies

Jz,w) =z —w+ B(1—8)E [/\Il(wr(z’) < w)max{](z,w), V(z')}

(34)
+(1-N)J(Z, 0 ()]

Relative to the full-information case, the firm must now account for the possibility that
workers may quit if their reservation wage rises above the current wage w. The firm
compares the value of continuing the match to the value of posting a new vacancy when
deciding whether to lay off the worker.

The value of a vacancy incorporates the distribution of worker beliefs:
V(z) = =+ BEq(8) [ max{J(z,w (%)), V()}dG =0 (35)
Zj
When a firm meets an unemployed worker, the negotiated wage w®(2;) depends on the

worker’s individual belief Z;. The firm forms a match only if the resulting value of the
tilled job exceeds the value of keeping the vacancy open. The expected value of a new
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hire integrates over the distribution of worker beliefs G. Free entry drives the value of a
vacancy to zero, which pins down the equilibrium labor market tightness 6.
The firm’s acceptable wage set is defined as

{w:w <@ (z) and J(z, @/ (z)) = 0}, (36)

where @/ (z) denotes the firm’s reservation wage—the maximum wage at which the firm
is willing to continue the match.

Worker’s problem. Each worker i forms a subjective belief Z; about aggregate produc-
tivity. Based on this belief, the worker computes perceived value functions by solving a
hypothetical equilibrium in which the firm shares the worker’s belief and the distribution
of worker beliefs is centered on Z;, denoted by G;.

The worker’s perceived value of a filled job satisfies

JZ,w) =2—w+B(1—-0)E [/\Il(wr(il) < w)max{J(2',w),V(¢)}

(37)
+ (1= A)(E, 0P ()]
where If denotes the expectation operator conditional on the worker’s subjective belief

about the stochastic process for productivity.
The worker’s perceived value of a vacancy determines the perceived job-finding rate

£(0):
V(2) = —x+ ﬁq(é)]ﬁﬁ max{J (£, w" (%)), V(£)}dG =0 (38)
Zi

where § is the labor market tightness perceived by the worker, and G is the perceived
distribution of beliefs among other workers.
The set of wages the worker perceives as acceptable to the firm is

{w:w < ®f(2)and J(2,2/(2)) = 0}, (39)

where @/ (2) is the worker’s perceived firm reservation wage. Workers use this perceived
reservation wage when forming expectations about layoff probabilities and when decid-
ing whether to accept wage offers.

The worker’s value of employment and unemployment, as well as the worker’s own
reservation wage, are defined analogously to the full-information case but evaluated us-
ing the perceived value functions and perceived labor market tightness.
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7.5.1 Results

Table 8 presents business cycle statistics for the model variant in which continuing work-
ers share their firm’s belief, eliminating belief dispersion among incumbent workers. The
key result is that removing belief dispersion for continuing workers substantially reduces
wage dispersion and, consequently, dampens the volatility of job separations.

Panel D shows that with belief dispersion limited to new hires only, the separation rate
volatility is 0.017—approximately half the baseline model’s 0.031 (Table 5, Panel D). This
difference directly reflects the reduced wage dispersion in the economy: when continuing
workers who renegotiate wages all share the firm’s belief, renegotiated wages are concen-
trated around a common value rather than dispersed. As a result, fewer workers end up
with wages near the firm’s layoff threshold, leading to smaller separation responses dur-
ing downturns.

By contrast, volatility in the job-finding rate and unemployment remain largely un-
changed. Panel D shows a job-finding rate volatility of 0.138 (versus 0.140 in the baseline)
and unemployment volatility of 0.109 (versus 0.119 in the baseline). This confirms that the
amplification of job creation operates primarily through sluggish belief updating among
new hires, which generates sticky wages at the hiring stage regardless of whether contin-
uing workers hold dispersed beliefs.

Panels E and F, which incorporate firm learning, reinforce this pattern. With firm
learning rate y* = 0.2, separation rate volatility falls to 0.006— half the baseline model’s
0.012. Meanwhile, job-finding rate and unemployment volatility remain comparable to
the baseline specification.

These results isolate the distinct roles of belief dispersion at different margins. Be-
lief dispersion among new hires primarily amplifies job creation volatility through wage
stickiness at the hiring stage. Belief dispersion among continuing workers primarily am-
plifies job destruction volatility by widening the wage distribution and placing more
workers near layoff thresholds. Together, both sources of dispersion are necessary to
generate the full extent of labor market volatility observed in data.

Figure 15 presents impulse response functions for the model variant in which contin-
uing workers share their firm’s belief. The figure confirms that eliminating belief disper-
sion among continuing workers substantially dampens the response of job separations
while leaving job creation dynamics largely unchanged.

Panel (a) plots the belief paths. The green solid line shows true productivity, which
declines by approximately 1 percent following the shock. The orange dotted line repre-
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Table 8: Standard Deviation and Autocorrelation for Labor Market Variables

u f s 0
Panel A: Data
Standard Deviation 0.103 0.053 0.067 0.229
Quarterly Autocorrelation 0.934 0.871 0.773 0.936
Panel B: Full Info
Standard Deviation 0.023 0.020 0.011 0.040
Quarterly Autocorrelation 0.796 0.717 0.509 0.717
Panel C: HH Learning
Standard Deviation 0.108 0.139 0.014 0.278
Quarterly Autocorrelation 0.769 0.595 0.585 0.595
Panel D: HH Learning + Dispersion
Standard Deviation 0.109 0.138 0.017 0.277
Quarterly Autocorrelation 0.771 0.603 0.434 0.603
Panel E: HH Learning + Dispersion + Firm Learning (vF = 0.5)
Standard Deviation 0.086 0.105 0.012 0.209
Quarterly Autocorrelation 0.802 0.688 0.551 0.688
Panel F: HH Learning + Dispersion + Firm Learning (yf = 0.2)
Standard Deviation 0.049 0.058 0.006 0.115
Quarterly Autocorrelation 0.845 0.748 0.669 0.748
Panel G: HH Learning + Dispersion + Firm Learning (yf = 4@ = 0.1)
Standard Deviation 0.015 0.021 0.002 0.042
Quarterly Autocorrelation 0.656 0.270 0.503 0.270

Notes: Results from model simulations and empirical summary statistics for aggregate produc-
tivity, labor market tightness, unemployment rate, job-finding rates and separation rates. All vari-
ables are reported in logs as deviations from an HP trend with smoothing parameter 1600. Panel A
provides value in data from 1976:1-2019:1V. Panel B reports the value for a full information model
with two-sided lack of commitment. Panel C reports the values with only learning for workers.
Panel D adds dispersion in beliefs to the model used in panel C. Panel E-G also reports the model’s

sensitivity to different learning rates for firms.
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sents the average belief of workers, which adjusts gradually through adaptive learning
with rate 7y, = 0.085. As in the baseline model, workers remain overly optimistic at the
onset of the recession and overly pessimistic during the recovery.

Panels (c) and (d) show that the responses of job-finding rates and new hires are nearly
identical across specifications. The blue dashed line (full information) and the red solid
line (worker learning only) replicate the patterns from the baseline model. The yellow
dotted line, which adds belief dispersion limited to new hires, overlaps almost completely
with the red line. The job-finding rate falls by approximately 3 percentage points in both
cases, and new hires decline by a similar magnitude. This confirms that amplification
in job creation operates primarily through sluggish belief adjustment among new hires,
regardless of whether continuing workers hold dispersed beliefs.

In contrast, panel (e) reveals a substantial difference in layoff responses. Under full
information (blue dashed line), layoffs increase by approximately 0.04 percentage points.
With worker learning but no belief dispersion (red solid line), the layoff response is nearly
identical to the full-information case. However, when belief dispersion is introduced
for new hires only (yellow dotted line), layoffs rise by approximately 0.08 percentage
points—roughly double the full-information benchmark but still substantially smaller
than the baseline model’s 0.15 percentage point increase (Figure 6, Panel e).

This difference reflects reduced wage dispersion in the current specification. When
continuing workers renegotiate wages, they all share the firm’s belief, causing renegoti-
ated wages to concentrate around a common value. By contrast, in the baseline model,
continuing workers draw dispersed beliefs centered on the firm’s belief, generating ad-
ditional wage dispersion even among incumbents. This wider wage distribution places
more workers near the firm’s layoff threshold, amplifying separation responses when
productivity falls.

Panel (f) shows that total separations follow a similar pattern to layoffs. The re-
sponse under the yellow dotted line (dispersion for new hires only) lies between the
full-information benchmark and the baseline model with full belief dispersion. Panel
(b) confirms that these differences in separation dynamics translate into differences in
unemployment volatility, though the magnitudes are modest: the peak unemployment
increase is approximately 0.5 percentage points with limited dispersion, compared to 0.6
percentage points in the baseline model.

Overall, Figure 15 demonstrates that belief dispersion among continuing workers ac-

counts for a substantial portion of separation rate amplification in the baseline model.
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Figure 14: IRF of key labor market variables: Only HH Learning
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This figure presents impulse response functions for aggregate labor market variables in a setting where job
stayers share a common belief with the firm and features no dispersion. Solid and dashed lines report mean
responses across twenty thousand simulated paths. The blue dashed line represents the full information
benchmark, the red solid line represents the model with worker learning only, and the black dotted line
represents the model that incorporates worker learning and belief dispersion for new hires. Source: Model
simulations.
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Without this dispersion, layoffs remain closer to the full-information benchmark, even
when new hires negotiate wages based on heterogeneous beliefs. This result underscores
the importance of wage dispersion arising from both hiring and continuation margins in

generating realistic job separation dynamics.

Figure 15: IRF of key labor market variables: Only HH Learning
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This figure presents additional impulse response functions for aggregate labor market variables in a setting
where job stayers share a common belief with the firm and features no dispersion. Solid and dashed lines
denote mean responses across 20,000 simulated paths. The blue dashed line represents the full-information
benchmark; the red solid line corresponds to the model with worker learning only; and the black dotted
line depicts the model incorporating both worker learning and dispersion in beliefs for new hires. Source:
Model simulations.
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8 Empirical Appendix

I draw on micro-level evidence from the Michigan Survey of Consumers (MSC) and the
Survey of Consumer Expectations (SCE). This appendix describes the data sources, vari-
able construction, and presents additional empirical results.

8.1 Michigan Survey of Consumers

The Michigan Survey of Consumers (MSC) is a nationally representative survey that has
measured U.S. household sentiment since the late 1940s, with its modern monthly format
beginning in January 1978. Each month, the survey samples a new, independent cross-
section of approximately 500 to 1,300 households. Although the MSC does not track indi-
vidual respondents over time, it offers one of the longest and most consistent time series
on population-wide expectations.

The MSC includes a qualitative question on unemployment expectations:

"How about people out of work during the coming 12 months — do you think that
there will be more unemployment than now, about the same, or less?”

Respondents may answer “more unemployment,” “less unemployment,” “about the

same,” or “don’t know.”

8.1.1 Response patterns

Figures 16 and 17 report the proportion of households in each response category from
January 1978 to March 2024, without and with sample weights, respectively. I restrict my
calibration sample to January 1978 through January 2020. The data reveal large fluctua-
tions in the share expecting “more unemployment” during recessions, with peaks during
the early 1980s, 2008-2009, and 2020 downturns. A consistently high fraction of respon-

dents expects no change in normal times.

8.1.2 Time-varying dispersion in beliefs

Figure 18 plots the time-varying dispersion in household beliefs, constructed as described
in Section X of the main paper. Disagreement about expected changes in the unemploy-
ment rate tends to rise sharply during downturns and gradually decline during expan-

sions. Outside of recession periods, dispersion remains relatively stable. The highest

69



Figure 16: Qualitative Responses to Changes in Unemployment Rate (unweighted)
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This figure shows the monthly share of respondents expecting unemployment to rise, fall, or remain the
same from January 1978 to March 2024. Each survey answer is unweighted. Source: Michigan Survey of
Consumers.
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Figure 17: Qualitative Responses to Changes in Unemployment Rate (weighted)
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This figure shows the monthly share of respondents expecting unemployment to rise, fall, or remain the
same from January 1978 to March 2024. Each survey answer is weighted by the weight variable in the data.
Source: Michigan Survey of Consumers.
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Figure 18: Qualitative Responses to Changes in Unemployment Rate (weighted)

1 — Standard Deviation

Time-varying dispersion in beliefs

T T T T T
1980m1 1990m1 2000m1 2010m1 2020m1
Months

This figure shows the standard deviation in household beliefs about changes in unemployment rate. De-
tails about the time-varying dispersion in beliefs is described in section 3.1. Source: Michigan Survey of
Consumers.

level of disagreement occurred during the COVID-19 recession, though not all periods of
elevated disagreement coincide with NBER-dated recessions.

8.2 Survey of Professional Forecasters
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Figure 19: Perceived and Realized Unemployment Changes: MSC and SPF
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This figure compares households’ expected change in the unemployment rate from the MSC with the corre-
sponding expectation from the SPF and the realized change in unemployment. The blue dotted line repre-
sents the MSC series, the green solid line represents the realized value, and the yellow solid line represents
the SPF forecast which is calculated as the average across individual forecasters. Shaded areas indicate
NBER recessions. All series are standardized for comparability.
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Figure 20: SPF Forecasts of Expected Change in Unemployment: Average Forecaster vs.
Mankiw-Reis Measure
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This figure compares two measures of expected changes in the unemployment rate from the SPF. The red
dotted line shows expectations constructed by averaging individual forecasters, while the yellow dashed
line shows the average expectation constructed using the method in Mankiw et al. (2003). The green solid
line reports the realized change in the unemployment rate twelve months ahead.
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8.3 Survey of Consumer Expectations

The Survey of Consumer Expectations (SCE) is a monthly, internet-based survey con-
ducted by the Federal Reserve Bank of New York since June 2013. Each month, approx-
imately 1,300 households are surveyed. Respondents participate in a rotating panel for
up to twelve months, enabling researchers to observe both cross-sectional variation and
individual dynamics over time.

Active panel members who have participated in an SCE monthly survey within the
prior three months are eligible for the Labor Market Survey, which focuses on labor mar-
ket expectations and behaviors. Fielded three times per year (March, July, and November)
since 2014, each household may participate in the labor market module between one and

three times. Table 9 lists the questions used in this paper.

8.3.1 Sample construction and list of questions

I begin with 32,178 observations from the Labor Market Survey that contain valid (non-
missing) reservation wage information. All reported wages are converted into weekly
amounts. For respondents who report hourly wages, I assume a standard work schedule
of 40 hours per week. Figure 21 shows the distribution of reservation wages below $4,000

per week.
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Figure 21: Qualitative Responses to Changes in Unemployment Rate (weighted)
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This figure shows distribution of reservation wages from the SCE Labor Market Survey.
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