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Recent empirical work has shown that recessions are characterized by more negatively
skewed earnings changes (e.g., Guvenen et al. (2014)) as well as larger and more persistent
earnings losses following job loss (e.g., Davis and von Wachter (2011) and Huckfeldt (2022)). In
this paper, we revisit the welfare cost of business cycles in light of this empirical evidence. To
do so, we develop a Bewley–Huggett–Aiyagari model in which workers face employment and
earnings risk consistent with these findings. Using the quantitative model, we find substantial
welfare gains from eliminating business cycles. On average, the gain is equivalent to nearly
5% of consumption, an economically large estimate relative to conventional calculations. These
gains arise primarily because recessionary job loss generates persistent earnings losses that pass
through to consumption and are difficult to self-insure. By contrast, in a nested version of the
model in which earnings changes no longer become more negatively skewed during recessions
and the scarring effect of job loss is equalized across recessions and expansions, the welfare
gain from eliminating business cycles is essentially zero.

We start by using a linked dataset that combines administrative W-2 earnings records with
survey responses from the Current Population Survey’s Annual Social and Economic Supple-
ment (CPS-ASEC) and employer information from the Longitudinal Business Database (LBD).
The W-2s allow us to trace workers’ earnings and employer histories over time, the CPS-ASEC
allows us to identify labor market outcomes that are unobserved in tax data (e.g., layoffs), and
the LBD allows us to characterize movements across the firm-pay distribution. Using these
linked data, we construct a series of empirical moments that characterize the nature of cyclical
earnings risk. Consistent with Guvenen et al. (2014), we find that the distribution of one-year
earnings changes becomes more negatively skewed during recessions: the lower half expands
while the upper half contracts. We then show that this reshaping of the earnings change distri-
bution is concentrated among workers whose primary employer changes.

Motivated by this result, we use our linked dataset to examine the labor market margins
associated with the expansion of downside earnings risk and the contraction of upside earn-
ings potential. On the downside, the CPS-ASEC allows us to identify layoffs, while the linked
W-2 records allow us to track workers’ subsequent earnings. We find that layoffs become more
common during recessions and that recessionary layoffs are followed by larger and more per-
sistent earnings losses. On the upside, we combine administrative employer histories with LBD
measures of firm pay to examine workers’ movements along the job ladder. We find that em-
ployer changes become less common during recessions and that, among workers who move
to higher-paying firms, the associated earnings gains are smaller. Together, these findings pro-
vide a labor market account of the recessionary shift toward negative skewness: large earnings
losses become more likely and more persistent, while opportunities for large gains become less
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common and the gains themselves shrink. Although several components of this evidence have
been documented separately, we bring them together in a common linked data environment
and use these empirical moments to discipline our quantitative model and evaluate the welfare
cost of business cycles.

Our quantitative framework is a Bewley–Huggett–Aiyagari style model in which workers
face employment risk in a labor market characterized by directed search (e.g., Menzio and Shi
(2011)). Workers are heterogeneous in their human capital as well as asset holdings and search
for jobs both while unemployed and employed. Workers direct their search across jobs that
differ in their wage piece rate, i.e., the share of match output paid to the worker as a wage. On-
the-job search gives rise to a job ladder, as employed workers search for jobs offering higher
piece rates. While employed, workers are subject to job separation shocks. Human capital
increases stochastically during periods of employment but can decline during unemployment
spells through either gradual depreciation (e.g., Ljungqvist and Sargent (1998)) or an obsoles-
cence shock that generates a larger and more persistent loss (e.g., Huckfeldt (2022)). Workers
partially self-insure against these risks through saving and borrowing, and while unemployed
workers receive a public insurance transfer from the government.

The economy is subject to aggregate labor productivity shocks, which directly affect match
output. Motivated by our empirical evidence, we allow the aggregate state to affect individual
labor market risk through three additional channels. First, the probability of job separation rises
when aggregate productivity is low, motivated by the rise in layoffs during recessions found in
the CPS-ASEC. Second, workers face a risk of human capital obsolescence when aggregate pro-
ductivity is low. We discipline this channel using the larger and more persistent earnings losses
that follow recessionary layoffs. Third, the cost of posting vacancies rises when aggregate pro-
ductivity is low, slowing both reemployment and movement up the job ladder. The cyclicality
of this channel is disciplined by the decline in employer switching during recessions.

Although we use the labor market moments described above to discipline the model, we
do not calibrate it to match how the distribution of one-year earnings changes evolves over
the business cycle. Instead, we use the recessionary shift toward negative skewness as a non-
targeted model validation exercise. The model reproduces both central features of the empirical
distribution: the lower tail expands and the upper tail contracts during recessions, indicating
that the model generates reasonable cyclical changes in individual earnings. Consequently, it
closely matches the overall increase in negative skewness observed in the data. For the welfare
analysis, however, matching earnings dynamics is not sufficient; the model must also capture
how income shocks are transmitted into consumption. To evaluate this margin, we turn to
Blundell et al. (2008) and apply their estimator to model simulated data. A 10% decline in per-
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manent income reduces consumption by 6.4% in the model, compared with 6.8% in the PSID.
Together, these validation exercises show that the model captures both the cyclical evolution of
earnings risk and its consequences for consumption.

With our calibrated model, we perform two main quantitative exercises. In the first, we
decompose the sources of the cyclical shift toward negative skewness. We conduct a series of
counterfactual exercises in which we remove the cyclical variation in job-separation risk, obso-
lescence risk, and vacancy posting costs one at a time, while leaving the remaining parameters
unchanged. We find that the cyclical increase in vacancy posting costs is the largest contributor
to negative skewness: removing its cyclicality reduces the recessionary shift toward negative
skewness by approximately 83%. This channel operates through both sides of the earnings
change distribution. Higher vacancy posting costs slow the reemployment of displaced work-
ers, increasing downside risk, while also reducing job-to-job mobility up the job ladder and
limiting opportunities for large earnings gains. When we remove all three cyclical mechanisms
jointly, the recessionary shift toward negative skewness is effectively eliminated.

Our second quantitative exercise is to revisit the welfare cost of business cycles in an envi-
ronment consistent with the empirical evidence on cyclical earnings risk. We evaluate welfare at
the beginning of a worker’s life, before their initial human capital is realized, and compare the
baseline economy with business cycles to an economy in which aggregate productivity shocks
are absent. Expressed as a consumption equivalent, the average welfare gain from eliminating
business cycles is 4.9%.1 To identify the source of this result, we repeat the welfare experiment
after removing each of the three cyclical labor market mechanisms individually and then all
three jointly. When all three are removed, the welfare gain from eliminating business cycles is
effectively zero.

The central determinant of these welfare costs is the persistence of the earnings risk gener-
ated by each mechanism. When a worker experiences human capital obsolescence following a
recessionary job loss, their earnings remain depressed even after they find a new job. Because
these persistent earnings losses pass through to consumption and are difficult to self-insure,
they are especially costly. Removing obsolescence risk lowers the welfare gain from eliminat-
ing business cycles from 4.9% to 1.2%, a reduction of approximately 75%. It also eliminates
most of the additional long-run earnings and consumption losses associated with recessionary
job loss and reduces the persistent earnings risk generated by business cycles by more than 75%.
By contrast, removing cyclical variation in job-separation risk changes the incidence of job loss
but leaves its persistent consequences largely intact, and therefore has a comparatively modest
welfare effect. Removing the cyclicality of vacancy posting costs improves reemployment and

1In a recent paper, Georgarakos et al. (2025) conduct a series of surveys across 13 advanced economies and find
that respondents are willing to give up approximately 6% of consumption to eliminate business cycle fluctuations.
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movement up the job ladder, but reduces the welfare cost by substantially less than removing
obsolescence risk. The mechanisms that shape one-year earnings skewness therefore need not
be those that matter most for welfare: vacancy posting costs primarily shape skewness, whereas
obsolescence is the main source of the welfare cost of business cycles. This difference arises be-
cause the welfare consequences of a recession depend not simply on how it reshapes short-run
earnings risk, but on whether it leaves persistent scars on workers’ earnings and consumption.

Literature. This paper contributes to the literature measuring the welfare cost of business cy-
cles. The canonical calculations of Lucas (1987) and Lucas (2003) find small welfare costs from
the aggregate consumption fluctuations faced by a representative household. Subsequent work
has revisited this conclusion using incomplete markets economies, where agents cannot fully
insure against idiosyncratic employment and earnings risk (e.g., İmrohoroğlu (1989), Atkeson
and Phelan (1994), Krusell and Smith (1999), Storesletten et al. (2001), Krusell et al. (2009)).
A central lesson of this literature is that welfare costs can be substantially larger when aggre-
gate conditions alter the distribution of idiosyncratic risk itself. In particular, Storesletten et al.
(2001) emphasize countercyclical variation in the dispersion of idiosyncratic risk, while Krebs
(2007) shows that cyclical variation in the persistent earnings losses following job displacement
can generate sizable welfare costs. Recent work has also examined the welfare implications
of higher-order income risk, including cyclical variation in skewness (e.g., Busch and Ludwig
(2024)).2 Within this literature, the paper most closely related to ours is Krebs (2007). Relative
to Krebs (2007), we make two main contributions: we model how directed search, labor-market
transitions, and human-capital dynamics jointly shape the distribution of earnings changes
over the business cycle, and embed the resulting model of the labor market into an incom-
plete markets economy with partial self-insurance and an empirically realistic pass-through of
income shocks to consumption.3

Our paper also contributes to the literature examining how workers’ earnings evolve over
the business cycle. One strand of this literature documents that the distribution of earnings
changes becomes more negatively skewed in recessions, as its lower tail expands and its upper

2Busch and Ludwig (2024) estimate cyclical higher-order moments of an exogenous income process and feed
them directly into a life-cycle consumption-savings model. We instead use linked employee–employer data to
connect cyclical earnings skewness to layoffs and job ladder mobility and discipline these channels in a directed
search model of the labor market. Our quantitative model generates the recessionary shift toward more nega-
tive earnings skewness, allowing us to distinguish the mechanisms that produce this shift from those that make
business cycles costly.

3Hairault et al. (2010) and Walentin and Westermark (2022) also study the welfare cost of business cycles in
labor market search models. The mechanism in Walentin and Westermark (2022) operates primarily through the
effects of cyclical employment flows on average employment and aggregate human capital. Our focus is instead on
how business cycles reshape workers’ uninsured earnings risk and how that risk passes through to consumption
when workers can partially self-insure through saving and borrowing.
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tail contracts (e.g., Guvenen et al. (2014), Busch et al. (2022), Guvenen et al. (2022), Arellano
and Bonhomme (2023), Guvenen et al. (2026), and references therein). Closely related, Carrillo-
Tudela et al. (2022) show that cyclical earnings skewness is concentrated among workers who
change employers and occupations and use a search model to trace these mobility patterns into
the lifetime earnings consequences of recessions. A separate strand of this literature documents
that job displacement produces large and persistent earnings losses that become substantially
more severe in recessions (e.g., Davis and von Wachter (2011), Huckfeldt (2022), Schmieder
et al. (2023)). We bring these strands together and complement the occupation centered anal-
ysis of Carrillo-Tudela et al. (2022) by using linked worker-employer data to distinguish the
layoff margin that expands downside earnings risk from the employer job ladder margin that
contracts upside earnings potential. We then embed these margins in an incomplete markets
economy with risk averse workers, allowing us to quantify how greater recessionary job loss
scarring and a weaker job ladder reshape earnings risk and how that risk passes through to con-
sumption and welfare. Our analysis reveals that the forces shaping cyclical earnings skewness
need not be those governing welfare: a weakening job ladder accounts for most of the change
in negative skewness, while persistent earnings losses following job loss account for most of
the welfare cost of business cycles.

Finally, our paper contributes to a recent literature using labor market search models to ac-
count for higher-order moments of earnings changes. In an economy without aggregate fluctua-
tions, Hubmer (2018) shows that a life-cycle job ladder model with human capital dynamics and
precautionary saving can reproduce the negative skewness and excess kurtosis documented by
Guvenen et al. (2021). We instead study how the earnings change distribution evolves over
the business cycle and the welfare consequences of that variation. Related work studies how
job ladder and human capital dynamics interact with household saving over the business cy-
cle (e.g., Alves (2025), Griffy and Rabinovich (2025)).4 We contribute by using linked worker-
employer data to discipline the layoff and job ladder mechanisms that reshape both tails of the
earnings change distribution, and then using the resulting model to quantify the consumption
equivalent welfare gains from eliminating business cycles.

1 Empirics

In this section, we document the evolution of individual earnings risk over the business cycle
and measure the labor market margins that discipline our quantitative model. We begin by

4More broadly, work combining labor market search with incomplete financial markets and household self
insurance includes Krusell et al. (2010), Nakajima (2012), Lise (2013), Herkenhoff (2019), Chaumont and Shi (2022),
Birinci and See (2023), Braxton and Taska (2025) and Kaas et al. (2026).
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documenting a central feature of earnings risk over the business cycle: during recessions, the
lower half of the distribution of one-year earnings changes expands while its upper half com-
presses, generating greater negative skewness. We then show that this reshaping is concen-
trated among workers who change primary employers and examine the labor market margins
underlying movements in each tail. On the downside, layoffs become more common, and lay-
offs occurring during recessions are followed by larger and more persistent earnings losses. On
the upside, primary-employer changes become less common, and the earnings gains associated
with moving up the firm-pay distribution decline.

Several components of this evidence have been documented separately. Guvenen et al.
(2014) show that earnings changes become more negatively skewed during recessions. Davis
and von Wachter (2011) and Huckfeldt (2022) document especially severe and persistent earn-
ings losses following displacement in a recession. Moscarini and Postel-Vinay (2016) and Halti-
wanger et al. (2018) show that the job ladder weakens during downturns, especially in the
aftermath of the Great Recession.5 We bring these facts together in a linked data environment
and interpret them jointly through the lens of a quantitative model. Together, they provide
the empirical foundation for our analysis of how labor market fluctuations reshape individual
earnings risk, which is central for evaluating the welfare cost of business cycles.

Data and Sample. Our primary earnings data come from the Social Security Administra-
tion’s Detailed Earnings Records (DER), which report annual job-level W-2 earnings from 1978
through 2019. We link these records to the Annual Social and Economic Supplement (ASEC)
to the Current Population Survey (CPS). The CPS-ASEC provides information on demograph-
ics, job characteristics, and labor market transitions not available in the administrative earnings
records.6 We further link workers’ employers to the Longitudinal Business Database (LBD),
which reports firms’ annual payroll and employment. This linked dataset uniquely enables us
to study the drivers of earnings fluctuations over the business cycle: the CPS-ASEC allows us to
identify survey reported labor market events, including layoffs, while the DER traces workers’
long-run earnings and employer histories and the LBD allows us to characterize movements
across the firm-pay distribution.

The linked sample consists of individuals appearing in the CPS-ASEC in 1987–1991, 1994,
and 1996–2020. For most individuals, the CPS-ASEC provides two consecutive years of detailed

5See also Moscarini and Postel-Vinay (2018) for a survey on how the job ladder evolves over the business cycle.
6The Census Bureau links CPS-ASEC respondents to the DER using Protected Identification Keys (PIKs), which

are anonymized identifiers derived from Social Security numbers. See Wagner and Layne (2014) for details on the
assignment of PIKs to survey and administrative records. Throughout the paper, we use “CPS,” “March CPS,”
and “ASEC” interchangeably to refer to the CPS-ASEC.
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information on demographics and labor market outcomes.7 The DER complements this short
survey panel with job level W-2 earnings and employer records from every year in which the
individual has W-2 earnings.8 We similarly use LBD firm characteristics in every year for which
a worker’s DER employer links to the LBD. Although the DER begins in 1978, our main analysis
covers 1987–2019, due to a large number of firm identifiers (EINs) changing in 1986.9

We measure annual earnings, denoted yi,t, as the sum of Box 1 earnings (wages, tips, and
bonuses) and Box 12 contributions to 401(k)-type accounts across all of a worker’s jobs. We
deflate earnings to 2005 dollars using the PCE price index. We restrict attention to workers with
a minimum degree of labor force attachment. An individual must have real annual earnings
above $3,350 in at least five, not necessarily consecutive, years and must exceed this threshold
in at least half of the years between the first and last year in which the threshold is met.10 We
further restrict the sample to men and women ages 25–60 and exclude workers whose self-
employment income exceeds 50 percent of total earnings in at least five years. Our primary
outcome is the one-year log earnings change,

∆ log yi,t = log yi,t − log yi,t−1.

We focus on one-year changes so that earnings outcomes align closely with the business cycle
conditions under which they occur.11 Following Guvenen et al. (2014), we classify 1991–1992,
2001–2002, and 2008–2010 as recession years; all other years are expansions.

Negative Skewness. We begin by reproducing in our linked sample the central finding of
Guvenen et al. (2014): the distribution of one-year earnings changes becomes markedly more
negatively skewed during recessions. To characterize the two sides of the distribution, Panel (a)
of Figure 1 plots the P50–P10 gap (red, dashed line with square markers), which measures the
distance from the lower tail to the median, and the P90–P50 gap (blue, solid line with circle
markers), which measures the distance from the median to the upper tail.12 Negative skewness

7We use CPS-ASEC sampling weights throughout the analysis.
8Braxton et al. (2025) assess the representativeness of the CPS-DER and show that it generates trends in earn-

ings inequality similar to those in the full universe of W-2 earnings records.
9See Olsen and Hudson (2009) for more details.

10We use $3,350 because this threshold allows an individual to qualify for a full year of Social Security credits
over the 1978–2019 period.

11Note that we only compute the change in log earnings if the worker exceeds the minimum earnings threshold
in both t− 1 and t. In the quantitative model, we will similarly ignore instances of full-year zeros in computing
log earnings changes.

12Due to Census Bureau disclosure rules, we do not report exact percentiles. For each p ∈ {10, 50, 90}, the value
labeled Pp is the CPS-weighted mean of one-year log earnings changes among workers whose weighted rank lies
between percentiles p− 1 and p + 1.
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Figure 1: Earnings Changes Over the Business Cycle

(a) All Workers (b) By Employer Change

Note: Panel (a) plots the P90–P50 and P50–P10 gaps in the distribution of one-year changes in log earnings. Panel (b) plots
the same gaps separately for workers who change primary employers and workers who remain with their primary employer.
Blue solid lines with circle markers denote the P90–P50 gap, while red long-dashed lines with square markers denote the
P50–P10 gap. In Panel (b), full-color filled markers denote employer changers, while lighter hollow markers denote employer
stayers. Shaded regions denote recession years: 1991–1992, 2001–2002, and 2008–2010.
Source: CPS-ASEC respondents from 1987–1991, 1994, and 1996–2020 linked to DER W-2 earnings from 1987–2019.

is reflected in a lower-tail gap that exceeds the upper-tail gap.
Both sides of the distribution change in recessions. The P50–P10 gap increases, on average,

from 0.279 in expansions to 0.329 in recessions, an expansion of 5.1 log points. Concurrently,
the P90–P50 gap falls, on average, from 0.283 to 0.259, a compression of 2.4 log points. Thus,
workers in the lower tail experience larger earnings declines during recessions, while workers
in the upper tail experience smaller earnings gains. The expansion of the lower half is quantita-
tively larger than the compression of the upper half, producing an overall shift toward negative
skewness.

We summarize this shift using Kelly skewness,

K =
(P90− P50)− (P50− P10)

P90− P10
.

Kelly skewness ranges from −1 to 1, with negative values indicating a longer lower tail. Aver-
age Kelly skewness falls from 0.008 in expansions to −0.117 in recessions, a recession-minus-
expansion change of −0.125. In Section 3.1, we will use these moments from the earnings
change distribution over the business cycle as a means to validate our quantitative model.

To highlight the labor market transitions associated with these cyclical dynamics, we divide
workers into job stayers and job switchers. We classify a worker as a job switcher in year t when
the worker’s primary employer differs between t− 1 and t, where the primary employer is the
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employer providing the worker’s largest amount of W-2 earnings in the year. Job stayers have
the same primary employer in both years. This annual measure of job switching is deliber-
ately broader than a direct employer-to-employer transition: it includes both direct moves and
employer changes separated by a spell of non-employment.13

Panel (b) of Figure 1 shows that the cyclical change in skewness is concentrated among
job switchers. The two percentile gaps for stayers are comparatively narrow and stable over
the business cycle. Among switchers, by contrast, the P50–P10 gap expands and the P90–P50
gap compresses in each recession, reproducing the aggregate pattern.14 This comparison high-
lights that the recessionary reshaping of the earnings change distribution is concentrated among
workers changing employers. This finding motivates both the use of search in the labor market
block of our quantitative model in Section 2 and our focus on labor market transitions in the
remainder of the empirical analysis.

The two movements underlying recessionary skewness point toward distinct, although over-
lapping, labor market margins. The expansion of the lower tail may reflect both an increase in
job loss and more severe earnings losses following layoff. The compression of the upper tail
may reflect fewer opportunities to change employers and smaller earnings gains from moving
up the job ladder. We examine these margins in turn.

Expanding Downside Earnings Risk. Figure 2 examines the extensive and intensive labor
market margins associated with the recessionary expansion of the lower tail: workers’ exposure
to layoff and the magnitude and persistence of their subsequent earnings losses. Panel (a) high-
lights the extensive margin, plotting the annual share of workers who report positive weeks
on layoff in the CPS-ASEC. The share is elevated in and around recessions and recedes dur-
ing subsequent expansions, indicating that workers are more likely to experience layoff during
downturns.15

Panel (b) turns to the intensive margin and asks whether layoffs occurring during recessions
are followed by larger and more persistent earnings losses.16 Exploiting the fact that most

13Panel (a) of Figure 3 plots our annual measure of job switching and illustrates its procyclicality. This pattern
has also been documented using higher frequency measures of employment-to-employment transitions, for which
an intervening non-employment spell is less likely to go unobserved (see, e.g., Fujita et al. (2024) and references
therein).

14In Figure 1, we use the change in log earnings over one year. We show in Appendix A.1 that we obtain
virtually identical results using the change in residual log earnings.

15The cyclicality of layoffs has been well known for some time. For example, using four different measures of
layoffs, Davis and von Wachter (2011) show that layoffs are highly countercyclical (see their Figure 1). See also the
recent work by Ellieroth and Michaud (2024). In Figure 2, we report the raw average for the share of individuals
who report positive weeks on layoff. In Appendix A.2, we show that this countercyclical pattern is not driven by
various observables of the individuals (e.g., age and gender). Fujita (2018) reports a similar result.

16Davis and von Wachter (2011) and Huckfeldt (2022) document especially large and persistent earnings losses
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Figure 2: Expanding Downside Earnings Risk

(a) Share Reporting Any Weeks on Layoff (b) Earnings Losses Following Layoff

Note: Panel (a) plots the annual share of workers reporting positive weeks on layoff in the CPS-ASEC. Panel (b) reports
the coefficients from Equation (1), estimated separately for recession and expansion reference years. The red, dashed line with
square markers denotes recessionary layoffs, and the solid blue line with circle markers denotes expansionary layoffs. Whiskers
denote 95 percent confidence intervals, where the standard errors are clustered at the worker level.
Source: CPS-ASEC respondents from 1987–1991, 1994, and 1996–2020 linked to DER W-2 earnings from 1987–2019.

individuals appear in the CPS-ASEC in two consecutive years, we classify a worker as laid off
in reference year t if the worker reports zero weeks on layoff in their first observation (year
t− 1) and positive weeks on layoff in their second (year t). Workers who report zero weeks on
layoff in both observations (i.e., in years t− 1 and t) form the control group. For both groups,
the reference year t determines whether the worker enters the recession or expansion sample.

We impose a common set of labor force attachment requirements on the treatment (layoff)
and control groups. In particular, workers must have earnings above the minimum cutoff in
t− 1 and in at least three of the five years from t− 5 through t− 1, as well as in at least one year
after t.17 We then use the linked DER records to trace earnings from five years before through
ten years after the reference year.

To estimate these earnings paths, we estimate a distributed lag regression separately for
workers laid off in expansions and recessions and their corresponding control groups. Let
k index years relative to the reference year, with k = 0 corresponding to the reference year.
Let Dk

i,t denote a dummy variable that is equal to one when worker i belongs to the laid off

following recessionary displacements. Davis and von Wachter (2011) exploit mass layoff episodes (in the spirit of
Jacobson et al. (1993)) using the universe of W-2 records, while Huckfeldt (2022) also uses survey based responses
from the Displaced Worker Supplement (DWS) and the Panel Study of Income Dynamics (PSID).

17These restrictions ensure meaningful labor force attachment before the reference year and exclude workers
for whom no subsequent earnings are observed after the reference year (e.g., due to retirement). Because the
dependent variable is log earnings, a worker-year enters the regression at a given horizon only when earnings
exceed the minimum cutoff in that year. In Section 3 we impose the same sampling restrictions on model simulated
data when we compare our model’s estimates of the impact of layoffs on future earnings to our empirical estimates.
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group and is observed k years relative to the year of layoff. For example, D−1
i,t is equal to one if

individual i in year t is one year prior to being laid off. All event-time indicators (Dk
i,t) are equal

to zero for workers in the control group. We estimate the following specification separately in
the recession and expansion samples:

log yi,t = γi + γt +
10

∑
k=−4

βkDk
i,t + εi,t. (1)

where γi denotes individual fixed effects, and γt denotes calendar-year fixed effects. We es-
timate equation 1 using data from five years before the reference year to ten years after. The
objects of interest are {βk}10

k=0, which summarize the impact of layoff on log earnings in the year
of layoff and subsequent years.

Panel (b) presents the estimates of βk for layoffs in expansions (blue, solid line with circle
markers) and recessions (red, dashed line with square markers). The figure shows that layoffs
are followed by large earnings losses in both recessions and expansions. However, the losses
associated with recessionary layoffs are considerably larger and more persistent. In the year
of layoff, the estimated earnings loss is 28.6 log points for recessionary layoffs, compared with
18.0 log points for expansionary layoffs. Five years after layoff, the estimated losses remain 16.7
log points following a recessionary layoff and 8.7 log points following an expansionary layoff.
Even ten years after layoff, the corresponding losses are 6.0 and 3.6 log points.

Taken together, the two panels demonstrate that the recessionary expansion of downside
earnings risk coincides with both greater exposure to layoff and more adverse long-run earn-
ings paths following layoff. We next examine the labor market margins that contribute to the
contraction of upside earnings potential in recessions.

Contracting Upside Potential. Like the expansion of downside risk, the contraction of upside
potential operates through the extensive and intensive margins. The upper tail compression
reflects a reduction in job switching on the extensive margin and smaller earnings gains, condi-
tional on switching, on the intensive margin.

We measure the extensive margin by tracking how the probability of changing (primary)
employers varies over the business cycle. Panel (a) of Figure 3 plots the probability that a
worker switches employers in a given year, where job switches are identified using changes in
employer identification numbers (EINs) from their primary firm.18 The figure reveals that the

18In Appendix A.3, we show that the cyclical behavior of switching employers is not driven by observables
of the worker. Additionally, the switching definition here captures both voluntary switches with employer-to-
employer transitions and involuntary transitions after layoff. Using CPS data on layoffs, we identify voluntary
switches as those that occur in the absence of a layoff. In Appendix A.3, we show that the same procyclical pattern
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Figure 3: Contracting Upside Potential

(a) Probability of Switching Employers (b) Mean One-Year Earnings Change by Move Type

Note: Panel (a) plots the probability that a worker switches employers between year t and t− 1. In panel (b), we
plot the mean one-year log earnings growth for each year, separately for upward (solid grey line with blue circle
markers), lateral (dashed grey line with green triangle markers) and downward moves (dashed grey line with red
square markers). We classify job switches by where a worker’s prior and destination employer fall in the quartiles
of the firm average pay distribution. Using the LBD, we compute firm average pay and rank firms by this measure
to compute firm pay quartiles. Source: Panel (a): 1987-1991, 1994, and 1996-2020 CPS-ASEC linked to DER W-2
earnings from 1987-2019. Panel (b): 1987-1991, 1994, and 1996-2020 CPS-ASEC linked to DER W-2 earnings and
LBD firm data from 1987-2019.

rate at which workers switch employers is procyclical. The average annual change rate is 18.0
percent in expansions and 17.1 percent in recessions, and the time series declines around each
of the three downturns in our sample. This pattern in switching probabilities demonstrates the
extensive margin mechanism, where recessions substantially reduce the frequency with which
workers change employers.

We next examine the intensive margin. Prior work documents that job-to-job transitions
up the job ladder constitute a primary source of wage growth (e.g., Topel and Ward (1992)).
However, this mechanism is itself subject to cyclical pressures: during recessions, workers are
less likely to make employer-to-employer transitions toward higher paying firms, and the wage
gains associated with job switching tend to weaken (e.g., Haltiwanger et al. (2018)). To measure
the intensive margin, we decompose switchers’ earnings outcomes based on their movement
across the firm average pay distribution, comparing their origin employer’s average pay to their
destination employer’s average pay. Using data from the LBD, we rank firms by firm average
pay and classify job switches by whether workers move up to firms in a higher pay quartile,
laterally within the same quartile, or down to a lower quartile. For each move type and year,

emerges when we use this measure of voluntary job switches.
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we compute mean one-year log earnings growth.19 Panel (b) of Figure 3 plots these series.
The ordering of earnings changes across move types is consistent with the notion of a job

ladder. Upward moves (blue, solid line with circle markers) are associated with positive earn-
ings changes, lateral moves (green, short dashed line with triangle markers) with comparatively
small changes, and downward moves (red, dashed line with square markers) with earnings de-
clines. More importantly for the upper tail, the earnings gains associated with upward moves
decline around each recession and contract especially sharply during the Great Recession. This
pattern is consistent with the evidence in Moscarini and Postel-Vinay (2016) and Haltiwanger
et al. (2018): downturns weaken the job ladder not only by reducing employer mobility, but
also by limiting workers’ gains from moving to higher-paying firms.

These findings establish that the recessionary contraction of upside potential reflects both
intensive and extensive margins: fewer workers switch employers in downturns, and those
who do switch experience substantially diminished earnings gains from upward moves. The
contraction along both margins generates the pronounced upper tail compression observed in
recession earnings distributions.

Taking Stock. Taken together, these findings point to labor market transitions as central to
the recessionary reshaping of individual earnings risk. On the downside, layoffs become more
common, and workers laid off during recessions experience larger and more persistent earnings
losses. On the upside, primary-employer changes become less common, and the earnings gains
associated with moving up the firm-pay distribution decline. These patterns are consistent with
the expansion of the lower tail and compression of the upper tail documented above, both of
which are concentrated among workers who change employers. This evidence provides the
empirical foundation for the quantitative analysis that follows. We next develop a model that
brings these labor market margins together and assesses their implications for cyclical earnings
risk and welfare.

2 Model

In this section, we develop a finite life-cycle, incomplete-markets model with directed job search
and aggregate productivity shocks. The model builds on Bewley–Huggett–Aiyagari environ-
ments with uninsured idiosyncratic risk, and incorporates a directed-search labor market in
which workers face employment risk and search both while unemployed and employed. We

19In Appendix A.3, we show that conditional on switching employers, the probabilities of moving up, down or
laterally in the firm pay distribution do not vary much over the business cycles. The one exception being a slight
decline in moving up during the Great Recession, and an increase in moving laterally.
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next describe the economic environment and then present the Bellman equations that charac-
terize the behavior of agents in the model.

Overview. Time is discrete and runs forever. There is a unit measure of workers and an en-
dogenous measure of firms. The economy features T ≥ 2 overlapping generations of risk-
averse workers, and each worker lives for T periods. Workers discount the future at rate
β ∈ (0, 1), and are heterogeneous in their human capital h and asset holdings a. Workers
direct their search for jobs in the labor market, both while unemployed and employed. Aggre-
gate labor productivity is denoted by y, and when a worker and firm are matched they produce
output f (y, h).

Worker Heterogeneity. Workers are either employed (e = E) or unemployed (e = U). Work-
ers differ in their human capital h ∈ [h, h]. Workers are subject to idiosyncratic human capital
shocks in the tradition of Ljungqvist and Sargent (1998). Initial human capital is drawn from a
distribution H(h) over support [h, h]. Employed workers’ human capital increases on average:
they gain ∆h units of human capital with probability ph,E. For an employed worker with human
capital h, the process for next-period human capital h

′
is as follows:

h
′
=

{
h + ∆h, with probability ph,E

h, with probability 1− ph,E

We denote this Markov process as HE(h′|h).
Unemployed workers face two types of risk in their human capital evolution. First, unem-

ployed workers face a gradual decay of their human capital so that their human capital, on av-
erage, decreases. Each period that an agent is unemployed, they lose ∆h units of human capital
with probability ph,U. The second form of human capital risk for the unemployed is human cap-
ital obsolescence as in Huckfeldt (2022). With probability ψ(y) an unemployed worker redraws
their human capital from a lower point in the human capital distribution. Formally, when hit
by the obsolescence shock, the unemployed worker draws a new level of human capital, which
we denote hobs, from the conditional distribution, Hobs(h). This distribution is derived from
the initial distribution H(h) but has support over [h, h], where h is the current human capital
of the unemployed worker.20 In Section 3, we discuss how we model the risk of the obsoles-
cence shock varying as a function of aggregate productivity (y). Combining the probability of

20We normalize Hobs(h) to integrate to 1.
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obsolescence and gradual decay, the human capital evolution for the unemployed is given by:

h
′
=


h, with probability (1− ph,U)(1− ψ(y))
h− ∆h, with probability ph,U(1− ψ(y))
hobs, with probability (1− ph,U)ψ(y)
hobs − ∆h, with probability ph,Uψ(y)

We denote this Markov process as HU(h′|h, y).
Matches between workers and firms are governed by piece rate contracts: a job specifies

a wage piece rate ω ∈ [0, 1], which determines the worker’s share of match output that they
receive as a wage. Agents have access to an asset market where they are able to save at the
risk-free rate r f , or borrow at an interest rate rb > r f . Let a ∈ [a, ā] denote the net asset position
of an individual.21

Labor Market. Workers direct their search across labor market submarkets that specify a fixed
piece rate ω for the duration of the match. Because search is directed, there is a separate labor
market tightness for each submarket indexed by a worker’s age t, assets a, human capital h,
piece rate ω, and the aggregate state y. Workers search either while unemployed or, with prob-
ability λe, while employed through on-the-job search.

Let M(s, v) denote a CRS matching function, where s is the measure of searching workers
in a submarket and v is the measure of vacancies posted in that submarket. Labor market
tightness is defined as the ratio of vacancies to searching workers, θ ≡ v/s. In a submarket
indexed by (t, a, h, ω, y), the worker job-finding rate is p(θt(a, h, ω, y)) = M(st(a,h,ω,y), vt(a,h,ω,y))

st(a,h,ω,y) ,

and the vacancy-filling rate for firms is p f (θt(a, h, ω, y)) = M(st(a,h,ω,y), vt(a,h,ω,y))
vt(a,h,ω,y) . Firms observe

a worker’s age, assets, human capital, and requested piece rate when forming matches, and
therefore post vacancies contingent on the full worker state vector and the aggregate state.22

Once matched, a worker–firm pair produces f (y, h). The worker receives a share ω of output
as wages, and the firm receives a share (1− ω). Matches end exogenously each period with
probability δ(y), which varies with aggregate productivity.23 In addition, employed workers
obtain the opportunity to search on-the-job with probability λe. Firms internalize that workers
may separate endogenously via on-the-job search, which affects the expected value of a match

21We assume that agents face the natural borrowing limit. In the quantitative model, we set ā so that agents
never reach ā in equilibrium.

22Allowing firms to condition on worker assets implies firms can forecast workers’ on-the-job search incentives,
which allows the model to be block recursive (e.g., Menzio and Shi (2011)).

23In Appendix B.5.1, we show that our results are robust to allowing the job separation probability to depend
upon human capital h in addition to aggregate productivity y.
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and hence vacancy creation. Finally, unemployed workers receive public insurance benefits
b > 0 from the government.24 The public insurance benefit is financed with a linear tax τ that
is levied on employed workers’ earnings.

Aggregate Productivity. The economy is subject to aggregate labor productivity shocks. Ag-
gregate productivity, denoted by y, follows a lognormal AR(1) process,

ln y′ = ρy ln y + ε′y, ε′y ∼ N (0, σ2
y ) (2)

which defines a Markov process with transition density G(y′|y).
The aggregate state of the economy is summarized by the distribution of workers across em-

ployment status, age, assets, human capital, wage piece rates, and aggregate productivity. We
show in Appendix B that the model is conditionally block recursive in the tradition of Menzio
and Shi (2011) and Chaumont and Shi (2022): individual decision rules depend on individual
states and the aggregate productivity shock, but not on the distribution of workers across states.
For this reason, in presenting the Bellman equations we omit the aggregate distribution from
the state space.

Timing. At the beginning of each period, aggregate productivity y and workers’ human capi-
tal h are realized, and firms post vacancies. Workers who enter the period employed then draw
the separation shock. If a worker’s match is destroyed, the worker becomes unemployed, re-
ceives the public insurance transfer b, and cannot search until the following period. If the match
survives, the worker receives an opportunity to engage in on-the-job search with probability λe.
Workers who enter the period unemployed, together with employed workers who receive an
on-the-job search opportunity, direct their search across labor market submarkets. Search and
matching then take place. Workers employed after the matching stage produce, while those
who remain unemployed receive the public insurance transfer. Finally, all workers make their
consumption–savings decisions and the period ends.

2.1 Bellman Equations

We now present the Bellman equations, which characterize the behavior of workers and firms
in the economy.

24The public insurance benefit represents all public transfers received by unemployed workers, as in Braxton
et al. (2024).
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Employed Worker. Let Vt,E(a, h, ω, y) denote the value of an employed worker of age t with
assets a, human capital h, piece rate ω > 0, and aggregate state y. In the current period, the
agent makes their consumption–savings decision subject to the borrowing limit a and receives
utility from consumption. At the start of the next period, shocks to aggregate productivity and
human capital are realized. After these shocks are realized, the agent enters the labor market.

Let Ṽt+1,E(a′, h′, ω, y′) denote the value at the beginning of the labor-market stage for a
worker who enters period t + 1 employed at piece rate ω. With probability δ(y′), the worker’s
match is destroyed. The worker then moves directly to unemployment with value Vt+1,U(a′, h′, y′)
and cannot search until the following period. If the worker avoids the job separation shock,
they receive an opportunity to engage in on-the-job search with probability λe. Conditional on
receiving this opportunity, the worker directs their search over the menu of wage piece rates.
With probability p(θt+1(a′, h′, ω′, y′)), the worker matches with a new firm that pays a piece
rate ω′, earns (1− τ)ω′ f (y′, h′) and continues with value Vt+1,E(a′, h′, ω′, y′). Conversely, with
probability 1 − λe p(θt+1(a′, h′, ω′, y′)), the employed worker does not match and remains at
their current piece rate ω with value Vt+1,E(a′, h′, ω, y′).

The value function for an employed worker satisfies,

Vt,E(a, h, ω, y) = max
a′≥a

u(c) + β E
[
Ṽt+1,E(a′, h′, ω, y′)

]
, ∀t ≤ T,

VT+1,E(a, h, ω, y) = 0,

subject to the budget constraint,

c + q(a′)a′ ≤ a + (1− τ)ω f (y, h),

where the bond price q(a′) is a function of an individual’s asset choice, such that

q(a
′
) = I{a′ < 0} 1

1 + rb
+ I{a′ ≥ 0} 1

1 + r f
, (3)

the laws of motion for human capital as well as the aggregate state

h′ ∼ HE(·|h), y′ ∼ G(·|y),
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and where the value of entering the labor market next period is given by

Ṽt+1,E(a′, h′, ω, y′) = δ(y′)Vt+1,U(a′, h′, y′)

+
(
1− δ(y′)

)
max

ω′∈[0,1]

{
λe p(θt+1(a′, h′, ω′, y′))Vt+1,E(a′, h′, ω′, y′)

+
[
1− λe p(θt+1(a′, h′, ω′, y′))

]
Vt+1,E(a′, h′, ω, y′)

}
.

Unemployed Worker. Let Vt,U(a, h, y) denote the value of an unemployed worker of age t
with assets a, human capital h, and aggregate state y. In the current period, the worker receives
the transfer to unemployed workers b and makes their consumption–savings decision. At the
start of the next period, shocks to aggregate productivity and human capital are realized, after
which the unemployed worker enters the labor market, where Ṽt+1,U(a′, h′, y′) denotes this
value of search.

The value function for an unemployed worker satisfies,

Vt,U(a, h, y) = max
a′≥a

u(c) + β E
[
Ṽt+1,U(a′, h′, y′)

]
, ∀t ≤ T,

VT+1,U(a, h, y) = 0,

subject to the budget constraint
c + q(a′)a′ ≤ a + b,

the bond pricing equation (3) and the laws of motion for human capital and the aggregate state

h′ ∼ HU(·|h, y′), y′ ∼ G(·|y),

where the value of entering the labor market as an unemployed worker is given by

Ṽt+1,U(a′, h′, y′) = max
ω′∈[0,1]

{
p(θt+1(a′, h′, ω′, y′))Vt+1,E(a′, h′, ω′, y′)

+
[
1− p(θt+1(a′, h′, ω′, y′))

]
Vt+1,U(a′, h′, y′)

}
.

Firms. Firms use a production technology f (y, h). When matched with a worker at piece rate
ω, the firm pays the worker a share ω of output and retains flow profits (1− ω) f (y, h). Let
Jt(a, h, ω, y) denote the value to a firm of being matched with an age t worker with assets a,
human capital h, piece rate ω, and aggregate state y.

At the start of the next period, aggregate productivity and human capital are realized.
The match is destroyed exogenously with probability δ(y′). Conditional on surviving, the
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worker receives an opportunity to search on-the-job with probability λe. The probability that
the worker leaves the firm via on-the-job search depends on their asset choice in the cur-
rent period as well as where the worker searches for a new match in the next period. Let
st+1 ≡ (a′, h′, ω, y′) denote the worker’s state at the time they make their on-the-job search de-
cision next period, and let ω̂t+1(st+1) denote the worker’s optimal directed-search choice. The
worker matches with a new firm with probability,

πt+1(a′, h′, ω, y′) ≡ p
(
θt+1

(
a′, h′, ω̂t+1(st+1), y′

))
,

If the worker matches via on-the-job search, the firm loses the worker and receives zero contin-
uation value. Otherwise, the match continues. The firm value function satisfies,

Jt(a, h, ω, y) = (1−ω) f (y, h)

+
1

1 + r f
E
[
(1− δ(y′))

(
1− λeπt+1(a′, h′, ω, y′)

)
Jt+1(a′, h′, ω, y′)

]
, ∀t ≤ T,

JT+1(a, h, ω, y) = 0,

subject to the laws of motion for the worker’s human capital and aggregate productivity

h′ ∼ HE(·|h), y′ ∼ G(·|y).

Firms may post vacancies in each labor market submarket indexed by (t, a, h, ω, y) at cost
κ(y). Free entry implies

κ(y) ≥ p f (θt(a, h, ω, y)) Jt(a, h, ω, y),

with complementary slackness. The free-entry condition binds in all submarkets with positive
vacancy posting.

Government. The government provides a public insurance transfer b to each unemployed
worker and finances these transfers with a proportional tax τ on labor earnings. We restrict the
tax rate to be constant across aggregate states and require the government’s budget to balance
in expectation under the invariant distribution of the stochastic economy. Let Γ denote the in-
variant distribution over worker states and aggregate productivity, and let Γt,E and Γt,U denote
the portions of this distribution corresponding to employed and unemployed workers of age t.
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The tax rate satisfies

b
T

∑
t=1

ˆ
dΓt,U(a, h, y) = τ

T

∑
t=1

ˆ
ω f (y, h) dΓt,E(a, h, ω, y). (4)

The left-hand side of equation (4) is average expenditure on public insurance transfers, while
the right-hand side is average tax revenue. Because τ is constant across aggregate states, the
government budget need not balance in every realization of aggregate productivity. Instead,
temporary surpluses and deficits average to zero under the invariant distribution. We abstract
from the fiscal account used to absorb these temporary imbalances.

2.2 Equilibrium

We conclude this section by defining equilibrium for our model economy. A recursive competi-
tive equilibrium for this economy consists of: (i) worker policy functions for savings and search,
{a′t,e(a, h, ω, y), ω

′
t,e(a, h, ω, y)}T

t=1; (ii) a labor market tightness function {θt(a, h, ω, y)}T
t=1; (iii)

a tax rate τ, and (iv) a stationary distribution of workers across states Γ, such that:

1. Given prices and the exogenous shock processes, the worker policy functions solve the
employed and unemployed workers’ dynamic programming problems.

2. Labor market tightness in each submarket satisfies the firms’ free-entry condition.

3. The tax rate clears the government’s budget constraint.

4. The distribution of workers across states, Γ, is consistent with individual policy functions
and the exogenous laws of motion.

The model’s equilibrium is conditionally block recursive (e.g., Menzio and Shi (2011) and
Chaumont and Shi (2022)).25 Conditional on a candidate tax rate τ, the block-recursive struc-
ture allows the worker and firm problems to be solved without reference to the aggregate dis-
tribution of workers across states. We then construct the invariant distribution Γ implied by
the equilibrium policy functions and exogenous shock processes and iterate on τ until the gov-
ernment budget constraint in equation (4) is satisfied. We next discuss the calibration of the
quantitative model.

25In Appendix B, we prove that the model is conditionally block recursive.
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3 Calibration

In this section, we discuss the calibration of the model. We calibrate the model using moments
computed in its stochastic steady state.26 Where possible, we estimate the model to match
moments from 1987–2019 to align with the timing of the empirical evidence in Section 1. While
the calibration is performed jointly, we discuss the moments that are most informative for each
model parameter.

Preferences and demographics. The model period is one quarter and workers live for T =

120 periods, which corresponds to 30 years of working. Workers enter the model as unem-
ployed and with zero wealth. They draw their initial human capital from an exponential dis-
tribution with shape parameter λH, which we calibrate to match the dispersion in earnings
among young workers. In particular, we calibrate the model to match the P75–P25 gap in log
earnings among workers between the ages of 25–29, which Braxton et al. (2024) estimate to be
0.660. Agents’ preferences over consumption are given by:

u(c) =
c1−σ

1− σ
.

We set the risk aversion parameter to a standard value, σ = 2. Workers discount the future with
discount factor β, which is calibrated to match the median of the net liquid asset to income ratio
(NLATI) as reported in the SCF. We measure the median of the NLATI distribution to be 5.2%
using data from the 1995-2013 waves of the SCF.27 We set the annualized risk-free rate r f to 4%,
and the interest rate on borrowing rb to 13.06% as in Braxton and Taska (2025).

Aggregate Productivity. We follow Herkenhoff (2019) and set the persistence of labor pro-
ductivity ρy = 0.8961 and the standard deviation of the shocks to labor productivity to be,
σy = 0.0055. We discretize the continuous AR(1) process using Rouwenhorst’s method with
n = 7 grid points.

26By stochastic steady state, we mean that aggregate labor productivity continues to fluctuate according to its
stationary stochastic process. We simulate an economy with 20,000 agents for 600 quarters, with agents living for
120 quarters. We discard the first 160 quarters as a burn-in period and compute model moments by averaging over
the remaining 440 quarters. In Appendix B.6, we present the solution algorithm for the quantitative model.

27As in Herkenhoff et al. (2024), to measure NLATI for each individual, we sum cash, checking, money market
funds, CDs, corporate bonds, government savings bonds, stocks, and mutual funds less credit card debt over
annual gross income.
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Labor Market. We use a CRS labor market matching function that returns well-defined job
finding probabilities:

M(s, v) =
sv

(sξ + vξ)1/ξ
.

We set the matching elasticity parameter to be ξ = 1.6 as in Schaal (2017). The vacancy posting
cost is allowed to vary with aggregate productivity according to:

κ(y) = κ exp(ηκ
y(y− ȳ)),

where ȳ denotes mean aggregate labor productivity. The cost of posting a vacancy governs the
speed at which workers can find jobs out of unemployment and climb the job ladder. Allowing
the vacancy posting cost to vary cyclically allows the speed at which workers climb the job
ladder to vary with the state of the economy. In particular, when ηκ

y < 0, the cost of posting
vacancies is higher when aggregate productivity is low, which slows workers in climbing the
job ladder. We calibrate κ to match the unemployment rate in expansions, which is 5.5% over
our time period. The parameter ηκ

y is calibrated to match the E-E transition rate in recessions,
which we measure to be 17.1% in our sample.28

Workers are exogenously separated from their firm each period at rate δ(y).29 Similar to
Birinci and See (2023), we model the probability of an exogenous job separation according to:

δ(y) = δ exp(ηδ
y(y− ȳ)).

We set δ = 0.05 to represent an average job destruction rate of 5%. We estimate this parameter
following the method of Shimer (2012); however, given the structure of the model we remove
temporary layoffs from inflows into unemployment.30 Incorporating cyclical variation in the

28We calibrate several parameters to match moments over the business cycle. Following Huckfeldt (2022), we
classify a model simulated period as a recession if its unemployment rate lies in the top 12% of the simulated
unemployment distribution; all remaining periods are classified as expansions. In the data, we use the same
definition for recessions as in Section 1, which classifies 1991–1992, 2001–2002, and 2008–2010 as recession years;
all remaining years from 1987-2019 are classified as expansions.

29In Appendix B.5.1, we consider an extended version of the separation probability δ(·) that depends upon
both aggregate productivity y and workers’ human capital h. We find that the quantitative results of the paper are
robust to this extension.

30Specifically, we construct the monthly separation probability excluding temporary layoffs as

st =
U<5

t+1ωntl
t+1

Et

(
1− 1

2 ft

) , ωntl
t+1 =

Lntl
t+1

Ltot
t+1

,

where U<5
t+1 is the number of workers unemployed for fewer than five weeks, ωntl

t+1 is the share of job losers not on
temporary layoff, Et is employment, and ft is the monthly job-finding probability. After removing temporary lay-
offs, the average monthly separation probability over 1994–2019 is 1.67%, which we map to the model’s quarterly
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exogenous destruction rate helps us match the unemployment rate in recessions. For negative
values of ηδ

y, more matches will be destroyed when aggregate productivity is low. We calibrate
the parameter ηδ

y to match the unemployment rate in recessions, which over the 1987-2019 time
period is 7.1%.

With probability λe, employed workers are able to engage in on-the-job search. We calibrate
λe to match the share of workers who make an employment transition in a given year during
expansions, which we estimate to be 18% in Section 1.

Transfers. Unemployed workers receive public insurance transfers b. This parameter is cali-
brated to match the total amount of transfers unemployed workers receive as a percent of lost
earnings upon job loss. Using the PSID, Braxton et al. (2024) find that transfers to the unem-
ployed replace 41.2% of lost income. In our baseline model, we assume that unemployed work-
ers receive transfers for the entire duration of their unemployment spell. In Appendix B.5.2, we
solve a version of the model where the UI component of transfers expires stochastically, as in
Mitman and Rabinovich (2015), to mimic the finite duration of UI benefits in the U.S. We show
that our results are robust to this extension.

Human Capital. Workers’ human capital evolves during periods of employment and unem-
ployment. Employed workers on average experience human capital gains while unemployed
workers on average lose human capital. With probability ph,E, an employed worker gains ∆h

units of human capital.31 The probability ph,E is calibrated to match the semi-elasticity of earn-
ings with respect to age. In our CPS-DER data, we estimate a regression of log annual earnings
on age, and recover a slope parameter of 0.009, indicating that, on average, earnings increase
by 0.9% per year.

In our quantitative model, unemployed workers experience two types of human capital
risk.32 The first is gradual decay. With probability ph,U, the unemployed worker loses ∆h units
of human capital. This probability is calibrated to match the earnings losses around job loss
during expansions. In Section 1, we estimated that 10 years after job loss, a laid-off individual’s
earnings remain 3.6% lower than the earnings of a non-laid-off individual. The second form
of human capital risk to the unemployed in the model is skill obsolescence. We allow for skill
obsolescence during periods of low aggregate productivity. Specifically, the probability of an

frequency as δ = 3× 1.67% = 5.0%. Finally, note that we begin the sample in 1994 for this moment to avoid the
effects of the 1994 CPS redesign on our estimates.

31The grid for human capital h ∈ {0.6, 0.7, . . . , 1.3, 1.4} as well as the step size ∆h = 0.1 between grid points
are taken as given.

32See Edin and Gustavsson (2008) for direct evidence that experiencing time away from work is associated with
skill loss.
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obsolescence shock is

ψ(y) =

ψ, if y < ȳ,

0, if y ≥ ȳ,

We calibrate the parameter ψ to match the size of earnings declines 10 years after layoff, which
in Section 1 we measured to be 6%.

Table 1 contains a summary of the model parameters, and Table 2 displays the calibrated
parameters and their calibration targets. The calibrated model matches the targeted moments
very well. In the next section, we provide a series of non-targeted moments to serve as a model
validation exercise.

Table 1: Model Parameters

Non-calibrated
Parameter Value Description

σ 2 Risk aversion
r f 4% Risk-free rate, annual
rb 13.06% Interest rate on borrowing, annual
δ 0.05 Average job destruction rate
ρy 0.8961 Autocorrelation of aggregate productivity
σy 0.0055 Standard deviation of aggregate productivity innovations
ξ 1.6 Labor matching elasticity
T 120 Lifespan in quarters

Jointly calibrated
Parameter Value Description

β 0.987 Worker discount factor
b 0.435 Public insurance transfer
κ 0.288 Cost of posting vacancy
λe 0.026 Probability of on-the-job search

ph,U 0.418 Probability human capital declines while unemployed
ph,E 0.079 Probability human capital increases while employed
ψ 0.169 Probability of obsolescence shock in low productivity states

λH 1.513 Exponential distribution parameter for initial human capital
ηδ

y -5.819 Exogenous destruction function, δ(y), slope of aggregate state
ηκ

y -70.711 Vacancy posting cost function, κ(y), slope of aggregate state

Note: Table presents model parameters for the baseline calibration of the quantitative model.
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Table 2: Model Calibration

Parameter Value Moment Data Model

β 0.987 P50 Net liquid assets to income 5.2% 7.9%
b 0.435 Transfer to income loss 41.2% 40.7%
κ 0.288 Unemployment rate in expansions 5.5% 5.7%
λe 0.026 E-E transition rate in expansions 18.0% 19.5%
ph,U 0.418 Earnings loss 10 years after job loss in expansion -3.6% -3.1%
ph,E 0.079 Semi-elasticity of earnings with respect to age 0.009 0.009
ψ 0.169 Earnings loss 10 years after job loss in recession -6.0% -6.9%
λH 1.513 Dispersion of initial earnings among young (P75–P25) 0.660 0.495
ηδ

y -5.819 Unemployment rate in recessions 7.1% 7.5%
ηκ

y -70.711 E-E transition rate in recessions 17.1% 19.2%

Note: Table presents the calibration of the quantitative model.

3.1 Model Validation: Non-Targeted Moments

In this section, we present a series of non-targeted moments, which serve as a model validation
exercise. We first examine the evolution of earnings risk over the business cycle in the quan-
titative model and compare it to the empirical patterns shown in Section 1. We then examine
the distribution of net liquid assets to income (NLATI), and then finally examine a series of
consumption moments.

Earnings Changes Over the Business Cycle. We begin by examining the distribution of earn-
ings changes over the business cycle in the stochastic steady state of the model. Table 3 reports
moments from the distribution of one-year log earnings changes during expansions and reces-
sions in the simulated data, together with their empirical counterparts from Section 1.

The model reproduces the two changes in the earnings growth distribution that generate
an increase in negative skewness during recessions. First, the upper half of the distribution
compresses: the P90–P50 gap declines by 2.4 log points in the data and by 2.0 log points in the
model. Second, the lower half expands: the P50–P10 gap increases by 5.1 log points in both the
data and the model. As a result, the earnings growth distribution becomes substantially more
negatively skewed during recessions. From expansions to recessions, Kelly skewness declines
by 0.125 in the data and by 0.116 in the model. The model also closely reproduces the modest
increase in overall dispersion, as measured by the P90–P10 gap. Thus, our quantitative model
is able to capture the feature of the data that recessions are characterized by a shift toward more
negative skewness in earnings changes.
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Table 3: Earnings Changes Over the Business Cycle: Model and Data

Expansion Recession Difference

Statistic Data Model Data Model Data Model

P90–P50 0.283 0.279 0.259 0.259 -0.024 -0.020
P50–P10 0.279 0.292 0.329 0.343 0.051 0.051

Kelly skewness 0.008 -0.023 -0.117 -0.139 -0.125 -0.116
P90–P10 0.561 0.572 0.589 0.603 0.027 0.031

Note: The table reports moments from the distribution of one-year log earnings changes during expan-
sions and recessions in the data and the quantitative model. Differences are calculated as recession minus
expansion. The empirical moments are those reported in Section 1; model moments are computed from the
stochastic steady state. See Section 3 for the classification of recessions and expansions in the simulated
data.

The preceding results are based on the stochastic steady state. We next conduct a time series
experiment to assess whether the model can reproduce the observed evolution of the earnings
growth distribution over particular historical episodes. Starting from the stochastic steady state,
we choose a sequence of aggregate productivity shocks so that the model reproduces the path of
the U.S. unemployment rate from 1987 to 2019.33 Although the unemployment path is imposed
in this experiment, no information about the time series of the earnings growth distribution is
used to construct the aggregate shock sequence. The resulting movements in the percentile gaps
of earnings changes and Kelly skewness are therefore non-targeted outcomes of the model.

Panel (a) of Figure 4 shows how the two tails of the earnings growth distribution respond
along this historical path. In each recession, the P50–P10 gap (orange, dashed line with square
markers) increases while the P90–P50 gap (blue, solid line with circle markers) declines. The
response is especially pronounced during the Great Recession, when the lower tail expands
sharply and the upper tail compresses. Both gaps subsequently move back toward their expan-
sionary values as the labor market recovers. Thus, the model maps variation in the depth and
persistence of aggregate downturns into corresponding time series variation in both tails of the
earnings growth distribution.34

Panel (b) compares the resulting time series of Kelly skewness (black, solid line with circle
markers) with its empirical counterpart (red, dashed line with square markers). The model
generates a local minimum in skewness during each of the three recessions and, consistent
with the data, produces by far the largest decline during the Great Recession. It also captures

33Appendix B.2 provides additional details on the construction of this experiment and reports the resulting
productivity shocks and the unemployment paths in the model and data.

34In Appendix B.2, we compare the model’s predictions for the time series of the P90–P50 gap as well as the
P50–P10 gap to their empirical counterparts over this time period.
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Figure 4: Time Series of Earnings Changes Over the Business Cycle

(a) Percentile Gaps of 1-Year Earnings Changes (b) Kelly Skewness

Note: Panel (a) reports the P90–P50 (blue, solid line with circle markers) and P50–P10 percentile (orange, dashed
line with square markers) gaps of one-year log earnings changes generated by the model along this same path,
by calendar year. Panel (b) plots Kelly skewness in the model (black, solid line) and the data (red, dashed line).
Shaded regions denote recession years, defined as 1991–1992, 2001–2002 and 2008–2010 as in Section 1.

the general return of skewness toward zero during expansions. While the model overstates
the extent of negative skewness in the Great Recession (and understates in the 2001 recession),
it is generally able to capture the timing and broad episode specific dynamics of the counter-
cyclical increase in negative skewness. Thus, we view the quantitative model as being able to
successfully capture the evolution of earnings changes over the business cycle.

Net Liquid Asset to Income Distribution. Next, we assess whether the model captures house-
holds’ capacity to self-insure against labor market risk using accumulated liquid wealth. Figure
5 compares the distribution of net liquid assets relative to income in the model (black, solid line
with circle markers) with that observed in the 1995–2013 waves of the SCF (red, dashed line
with x markers). Although the calibration targets only the median of this distribution, the
model closely tracks the data through the 70th percentile, including both the negative liquid-
asset positions at the bottom and the rise in liquid wealth across the middle of the distribution.
The model understates liquid asset holdings in the upper tail, with the gap widening above the
70th percentile. Nevertheless, its fit across the bottom 70 percent of the distribution indicates
that the model largely captures the liquid assets available to agents to use to insure themselves.
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Figure 5: Net Liquid Asset To Income Distribution

Notes: This figure presents model and data estimates on the distribution of net liquid assets to income. The black,
solid line represents estimates from the model, while the red, dashed line is from the 1995-2013 waves of the SCF.

Consumption Dynamics. Finally, we examine a series of moments related to the evolution
of consumption. A central driver of earnings fluctuations in the quantitative model is job loss.
Saporta-Eksten (2013) estimates that consumption declines by 8% following job loss. In our
quantitative model, the corresponding decline is 6.8%. More broadly, Blundell et al. (2008) pro-
vide a method for estimating the consumption response to a permanent income shock. Using
the PSID, they find that consumption declines by 6.8% in response to a 10% decline in perma-
nent income. Applying their estimator to model simulated data, we find that a 10% decline
in permanent income is associated with a 6.4% decline in consumption. These comparisons
highlight that our model produces reasonable consumption dynamics in response to income
fluctuations. We next use the quantitative model to decompose the sources of negative skew-
ness over the business cycle and the welfare cost of business cycles.

4 Decomposing Negative Skewness

Section 3.1 showed that the quantitative model closely reproduces the recessionary increase in
negative skewness in one-year earnings changes. We now use the model to identify the mech-
anisms generating this result. Three cyclical channels affect distinct margins of the earnings
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Figure 6: Decomposing the Cyclical Change in Earnings Skewness

Note: The figure reports the recession-minus-expansion difference in Kelly skewness for one-year log
earnings changes. More negative values indicate a larger shift toward negative skewness during re-
cessions. The black and orange bars report the data and baseline model, respectively. The remaining
bars report counterfactual specifications in which the indicated cyclical channel is removed while all
other calibrated parameters are held fixed. “No cyclicality” removes all three channels jointly. Model
moments are computed from the stochastic steady state; data moments are those reported in Section 1.

change distribution. First, obsolescence risk, ψ(y), increases the severity and persistence of
earnings losses following job loss in recessions. Second, job-separation risk, δ(y), increases the
incidence of job loss. Third, vacancy posting costs, κ(y), slow reemployment and reduce job-to-
job mobility, thereby prolonging earnings losses and limiting opportunities for large earnings
gains.

To quantify the contribution of each channel, we conduct a series of counterfactual exper-
iments in which we shut down one channel at a time. In each experiment, we hold all other
calibrated parameters fixed, solve the counterfactual model, and compute the recession-minus-
expansion difference in Kelly skewness, denoted by ∆K, in the stochastic steady state. We also
consider a counterfactual that removes all three channels jointly.35 Figure 6 presents the re-
sults, while Appendix B.3 reports the corresponding changes in the upper and lower tails of the
earnings change distribution.

35For each channel X, we measure its contribution as 1−
∣∣∆KNo,X

∣∣ /
∣∣∣∆KBaseline

∣∣∣. Because the channels interact,
the contributions from the individual counterfactuals need not sum to 100%.
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Obsolescence Risk. We first eliminate obsolescence risk by setting ψ(y) = 0 in every aggre-
gate state. The recession-minus-expansion difference in Kelly skewness then falls in magnitude
from −0.116 in the baseline model (orange bar) to −0.068 (blue bar), compared with −0.125 in
the data (black bar). Obsolescence risk therefore accounts for approximately 41% of the reces-
sionary decline in Kelly skewness.

This channel operates by making the earnings consequences of job loss more severe and per-
sistent in recessions. In the baseline model, workers laid off in recessions experience substan-
tially greater long-run earnings losses than workers laid off in expansions. Removing obsoles-
cence risk nearly eliminates this difference.36 Consequently, workers laid off during recessions
suffer smaller earnings losses and recover more quickly in the counterfactual. The recessionary
widening of the P50–P10 gap falls from 5.1 log points in the baseline model to 3.4 log points,
while the contraction in the P90–P50 gap falls from 2.0 to 0.8 log points. Thus, obsolescence risk
both thickens the left tail following job loss and suppresses the subsequent earnings rebound,
contributing to the cyclical movements in both halves of the distribution.

Job Separation Risk. We next remove the cyclical component of job separation risk by re-
placing δ(y) with its value at mean productivity, δ. In this counterfactual, the recession-minus-
expansion difference in Kelly skewness is −0.101 (green bar), compared with −0.116 in the
baseline model. Cyclical variation in job separation risk therefore accounts for approximately
14% of the recessionary decline in Kelly skewness.

The job separation channel operates almost entirely through the left tail of the distribution.
Without cyclical separation risk, the recessionary widening of the P50–P10 gap falls from 5.1 to
3.7 log points. In contrast, the contraction in the P90–P50 gap remains close to its baseline value:
2.3 log points in the counterfactual compared with 2.0 log points in the baseline model. Cycli-
cal separation risk therefore increases negative skewness primarily by increasing the number
of workers experiencing large earnings declines, rather than by materially changing the avail-
ability of large earnings gains.37

Entry Costs. Our third counterfactual removes the cyclical component of vacancy posting
costs by replacing κ(y) with its value at mean productivity, κ. The recession-minus-expansion

36In the baseline model, earnings losses ten years after job loss are 6.9% for workers separated in recessions and
3.1% for workers separated in expansions. With obsolescence risk removed, the corresponding losses are 3.2% and
2.8%.

37In the baseline model, the quarterly job separation rate is 4.9% in expansions and 5.3% in recessions. Using
the procedure described in Section 3, the corresponding empirical rates are 4.8% and 5.7%. When the cyclical
component of separations is removed, the model separation rate is approximately 5% in both expansions and
recessions.
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difference in Kelly skewness falls to only −0.020 (purple bar), an attenuation of approximately
83% relative to the baseline model. Entry costs are therefore the largest individual contributor
to cyclical negative skewness.

Unlike separation risk, the entry-cost channel operates strongly through both tails of the
earnings change distribution. When its cyclicality is removed, the recessionary widening of the
P50–P10 gap falls from 5.1 to 0.8 log points, while the contraction in the P90–P50 gap falls from
2.0 to 0.3 log points. Higher vacancy posting costs during recessions reduce vacancy creation
and slow the rate at which displaced workers find new jobs, adding mass to the left tail of
earnings changes. At the same time, they reduce job-to-job mobility and therefore eliminate
many of the large earnings gains that populate the right tail. By simultaneously increasing
downside risk and limiting upside opportunities, the cyclical increase in entry costs generates
most of the recessionary reshaping of the earnings change distribution.

Finally, when we remove all three channels jointly, the recession-minus-expansion difference
in Kelly skewness is only −0.002. Thus, the three channels jointly account for approximately
98% of the cyclical decline in Kelly skewness. We next use the quantitative model to examine the
welfare consequences of business cycles, as well as the role of each of the three cyclical channels
we investigated in the context of negative skewness. The importance of these cyclical channels
for welfare need not mirror their contributions to skewness. Kelly skewness summarizes the
shape of the one-year earnings change distribution, whereas welfare also depends on the per-
sistence of earnings losses and the extent to which those losses pass through to consumption.
We turn to those consequences next.

5 Welfare Cost of Business Cycles

We now use the quantitative model to measure the welfare cost of business cycles and decom-
pose that cost across the three cyclical labor-market channels identified in Section 4.

5.1 Welfare Measure

We evaluate welfare at the beginning of a worker’s life. Before entering the economy, the
worker has not yet realized their initial human capital draw, which is distributed according to
H(h). Conditional on drawing their human capital h, the worker enters the labor market as an
unemployed worker with zero assets. For evaluating welfare, we consider workers who enter
the economy at the median level of aggregate productivity, y1 = 1. Let WBC(h) ≡ ṼBC

1,U(0, h, 1)
denote the value of entering the labor market stage in the baseline economy with business cy-
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cles, conditional on initial human capital h. We compare this value with its counterpart in an
economy without business cycles. In this alternative economy, aggregate productivity remains
at its median value in every period, i.e., yt = 1 for all t, and we re-solve the model under this
restriction. Let WNC(h) ≡ ṼNC

1,U (0, h, 1) denote the corresponding value conditional on h.
For each initial human capital type, we express the welfare effect of eliminating business

cycles as a consumption equivalent. Let λ(h) denote the gross factor by which consumption
at every date and history in the baseline economy must be multiplied to make a worker with
initial human capital h indifferent between the baseline allocation and the allocation without
business cycles. Because utility is CRRA, this factor is given by,

λ(h) =
(

WNC(h)
WBC(h)

) 1
1−σ

. (5)

We aggregate these type specific consumption equivalents using the distribution of initial hu-
man capital:

λ̄ = ∑
h∈H

H(h)λ(h). (6)

The welfare cost of business cycles is reported as

100
(
λ̄− 1

)
. (7)

A positive value indicates there are welfare gains from eliminating business cycles and vice-
versa.38

To isolate the welfare role of the three channels, we repeat the calculation after removing
obsolescence risk, the cyclicality of job-separation risk, and the cyclicality of vacancy posting
costs, first individually and then jointly. For each specification, we compare the stochastic econ-
omy with its corresponding no business cycle economy. Because ψ(1) = 0, δ(1) = δ, and
κ(1) = κ, the economy with yt = 1 is identical across the five specifications. The counterfactu-
als therefore alter how labor market risk responds to aggregate fluctuations without changing
the common no business cycle benchmark. Because the channels interact in equilibrium, the
reductions generated by the individual counterfactuals need not sum to the joint effect.

38Appendix B.4 provides the derivation of the welfare effect of eliminating business cycles. Additionally, note
that throughout these experiments, we hold the labor income tax rate τ fixed at its baseline value. In particular,
we do not recalibrate the tax rate to balance the government budget after eliminating business cycles or removing
an individual cyclical mechanism. The unemployment transfer and all other parameters not directly altered by
a given experiment are also held fixed. Consequently, any change in the government’s budget constraint across
economies is neither rebated to nor collected from agents in the welfare calculation.
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5.2 Welfare Results

We first measure the welfare gains from eliminating business cycles in our baseline quantitative
model. Column (1) of Table 4 reports that the welfare gains of eliminating business cycles are
substantial in our quantitative model. In particular, we find that the average welfare gain of
eliminating business cycles is the equivalent of 4.9% of consumption. Our baseline measure
of welfare is an average across initial human capital levels. In Appendix B.4, we show that
agents with higher human capital have larger welfare gains from eliminating business cycles
compared to workers with lower human capital. In particular, for agents who start out at the
highest level of human capital the welfare gains for them are over 6%, while for the lowest
human capital workers the gains are approximately 2.5% of consumption.

While recent papers have found larger welfare gains from eliminating business cycles com-
pared to the seminal contributions of Lucas (1987) and Lucas (2003), the welfare gains we un-
cover from eliminating business cycles are to our knowledge among the largest in the litera-
ture. To understand the drivers of these large welfare gains from eliminating business cycles,
we next remove the cyclical components from our quantitative model and revisit the welfare
cost of business cycles.

Obsolescence Risk. We start by removing obsolescence risk from our quantitative model and
report the results in Column (2) of Table 4. With obsolescence risk removed, the welfare gain of
eliminating business cycles declines to approximately 1.2%, a reduction of 75%. Thus, obsoles-
cence risk is the central driver of the large welfare gains we uncover for eliminating business
cycles.

In Panel (B) of Table 4, we examine how removing obsolescence risk alters the cyclical be-
havior of a series of labor market moments. We find that the obsolescence channel does not
operate by changing the incidence of job loss: the recession-minus-expansion difference in the
quarterly separation rate remains essentially unchanged at 0.44 percentage points. Instead, ob-
solescence influences the persistence and severity of the losses that follow job loss. Removing
it reduces the additional earnings loss associated with recessionary job loss after ten years from
3.79 to 0.33 log points and the corresponding consumption loss from 4.72 to 1.18 log points. Ob-
solescence therefore has a large welfare effect because it transforms recessionary job loss into a
persistent reduction in earnings, which causes a decline in consumption.

To further examine how the obsolescence channel shapes our welfare results, we use model-
simulated data to estimate a persistent-transitory earnings process in both the economy with
business cycles and its no-cycle counterpart.39 Let QBC and QNC denote the estimated vari-

39Appendix B.4.3, we describe the persistent-transitory process and the estimated risk parameters in each spec-
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Table 4: Welfare Cost of Business Cycles

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

Baseline No ψ(y) No δ(y) No κ(y)
All three
removed

Panel A. Welfare cost of business cycles
Consumption-equivalent cost (%) 4.891 1.219 4.394 3.288 0.001
Reduction from baseline (%) — 75.1 10.2 32.8 100.0

Panel B. Recession-minus-expansion differences
Quarterly job-separation rate (p.p.) 0.45 0.44 −0.04 0.44 0.13
10-year earnings effect of job loss (log points) −3.79 −0.33 −2.85 −1.76 −0.52
10-year consumption effect of job loss (log points) −4.72 −1.18 −3.75 −1.92 0.03

Panel C. Cycle-induced increase in persistent earnings risk
100×

(
QBC −QNC) 0.356 0.086 0.318 0.221 0.003

Reduction from baseline (%) — 75.6 10.1 37.6 99.2

Notes: Panel A reports consumption-equivalent welfare cost of business cycles averaged over initial human-capital
types. Panel B reports recession-minus-expansion differences. Separation rates are quarterly. The earnings and
consumption entries report differences in the estimated effects of job loss ten years later; the underlying log co-
efficients are multiplied by 100 and reported in log points. Negative values indicate greater long-run scarring
following recessionary job loss. Panel C reports the cycle-induced increase in the variance of persistent earn-
ings innovations, 100×

(
QBC −QNC), estimated from model-simulated earnings. Panels A and C compare each

stochastic economy with its no-cycle counterpart, while Panel B compares recessions and expansions within model
simulated data. Columns (2)–(4) set ψ(y) = 0, δ(y) = δ(1), and κ(y) = κ(1), respectively; Column (5) imposes
all three changes jointly.

ances of persistent earnings innovations in the economies with and without business cycles,
respectively. Panel (C) of Table 4 reports the cycle-induced increase in persistent earnings risk,
measured as 100×

(
QBC −QNC). In the baseline model, this difference is 0.356, indicating that

business cycles increase the variance of persistent earnings innovations.40 Because persistent
shocks are difficult to insure and have long lasting effects on consumption, they are particularly
costly to households and induce stronger precautionary-saving responses (e.g., Braxton et al.
(2025) and the references therein). Removing obsolescence reduces the cycle-induced compo-
nent of persistent earnings risk by over 75%. This decline closely mirrors the 75% reduction
in the welfare cost of business cycles, providing direct evidence that obsolescence is costly pri-
marily because it transforms recessionary job loss into persistent earnings and consumption
losses.

Finally, in Appendix B.4 we show that obsolescence risk is key in generating the shape of

ification.
40In Appendix B.4.3 reports the levels of QBC and QNC for each specification in Table 4. We multiply the

difference over the business cycle (
(
QBC −QNC)) by 100 in the table for ease of presentation.
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welfare gains across the initial human capital distribution. With obsolescence risk removed
from the quantitative model, the profile of welfare gains from eliminating business cycles is
slightly declining in initial human capital, with the lowest human capital agents having welfare
gains of over 1%, while agents at the top of the distribution have gains of slightly under 1%.

Job Separation Risk. We next remove the cyclical nature of job separations and re-calculate
the welfare cost of eliminating business cycles in Column (3) of Table 4. Eliminating the cyclical
component of job separation risk effectively eliminates the recession-minus-expansion differ-
ence in separation rates. However, the long-run earnings and consumption consequences of
recessionary job loss remain substantial: after ten years, the recessionary declines are 2.85 log
points for earnings and 3.75 log points for consumption. As a result, the welfare cost falls
only from 4.9% to 4.4%, and the persistent earnings risk generated by business cycles falls by
approximately 10%. Thus, cyclical job separation risk matters through the incidence of costly
unemployment spells, but it does little to remove the persistent losses conditional on job loss.

Entry Costs. Our third experiment is to remove the cyclical nature of vacancy posting costs,
which impacts the speed at which workers climb the job ladder over the business cycle. In
Column (4) of Table 4, we find that removing the cyclical component of vacancy posting costs
leads to a welfare gain from eliminating business cycles of approximately 3.3% of consumption,
a reduction of 33% compared to baseline model. This counterfactual leaves the cyclical differ-
ence in separation rates essentially unchanged, but improves workers’ recovery following job
loss: the recessionary earnings penalty after ten years falls from 3.79 to 1.76 log points, and the
consumption penalty falls from 4.72 to 1.92 log points. More broadly, removing the cyclicality
of vacancy posting costs lowers the cycle-induced increases in persistent earnings risk by over
37%.

This result reveals a sharp contrast with the negative skewness decomposition presented
in Section 4. Cyclical vacancy posting costs account for approximately 83% of the recession-
ary shift in one-year earnings skewness, but only 33% of the welfare cost of business cycles.
Conversely, obsolescence risk accounts for a smaller share of the change in one-year skewness,
approximately 41%, but roughly 75% of the welfare cost. Vacancy posting costs strongly re-
shape both tails of the short-run earnings change distribution by influencing reemployment
and job-to-job mobility. Obsolescence is more important for welfare because it generates persis-
tent earnings losses that pass through to consumption. Accordingly, the welfare contributions
of the three channels track their contributions to the cycle induced increase in persistent earn-
ings risk much more closely than their contributions to one-year skewness.
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All Channels and Taking Stock. Finally, we perform an experiment where we remove all
three cyclical components of the model. With these components removed, the welfare gains of
eliminating business cycles are effectively zero. With these three channels removed, the scarring
effect of job loss on earnings and consumption declines substantially and are effectively equiv-
alized over the business cycle. Additionally, the cycle-induced increase in persistent earnings
risk is effectively eliminated.

These results highlight that there are substantial welfare gains from eliminating business
cycles and that the welfare cost is borne through persistent declines in earnings. In Appendix
B.5, we show these results are robust to a series of alternative modeling assumptions: (1) job-
separation rates that vary with human capital and (2) UI-benefit durations that vary over the
business cycle. While we abstract from policy considerations in this paper, our results high-
light that to mitigate the negative costs of business cycles policies need to aim to alleviate the
persistent earnings losses rather than merely providing temporary relief.

6 Conclusion

This paper revisits the welfare cost of business cycles in light of recent evidence on cyclical
earnings risk. Using linked worker–employer data, we show that recessions expand down-
side earnings risk while contracting upside earnings potential, and that this reshaping of the
earnings change distribution is concentrated among workers who change employers. We use
the associated layoff, earnings-scarring, and job-ladder moments to discipline an incomplete-
markets model with directed search. The calibrated model reproduces the recessionary shift to-
ward negative skewness and generates an empirically realistic pass-through of income shocks
to consumption. Eliminating business cycles in this environment generates an average welfare
gain equivalent to 4.9% of consumption. Decomposing this result reveals that cyclical vacancy
posting costs generate most of the short-run shift toward negative skewness, whereas human-
capital obsolescence following recessionary job loss accounts for roughly three-quarters of the
welfare cost. The persistence of the earnings risk generated by business cycles, rather than its
effect on one-year earnings skewness alone, is therefore central for welfare.

This distinction suggests rethinking how insurance is provided over the business cycle. Un-
employment insurance primarily replaces income while a worker is not employed, and discus-
sions of countercyclical insurance often focus on increasing the generosity or duration of these
benefits during downturns. Our results indicate, however, that the most costly consequences
of recessionary job loss can persist long after a worker becomes reemployed. Although we do
not characterize optimal policy, our findings suggest evaluating social insurance by its ability
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to protect consumption against long-run earnings risk, not only income loss during the unem-
ployment spell. This may call for complementing temporary income replacement with policies
that follow displaced workers into reemployment, such as wage-loss insurance or investments
that preserve and rebuild human capital. The central insurance problem posed by recessions
is therefore not only replacing income while workers are unemployed, but protecting them
against the persistent earnings scars that remain after they return to work.
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A Data Appendix

In this appendix, we present additional results supporting the empirical analysis in Section 1.
Section A.1 shows that the cyclical increase in negative skewness is robust to removing system-
atic earnings variation associated with age, gender, and calendar time. Section A.2 shows that
the countercyclical rise in layoff risk remains after adjusting for worker composition. Finally,
Section A.3 presents robustness checks for the procyclicality of primary-employer changes and
examines the direction of moves along the firm-pay ladder.

A.1 Additional Results: Negative Skewness

The baseline analysis in Section 1 measures earnings risk using one-year changes in log real
earnings. In this appendix, we examine whether the results are driven by systematic variation
in earnings associated with age, gender, or calendar time. We first residualize log real annual
earnings by removing age and birth cohort fixed effects following the approach in Guvenen
et al. (2014).

Figure 7 reproduces the analysis in Figure 1 using these residualized earnings changes.
Panel (a) shows that the cyclical movements in the two tails are virtually unchanged: the lower
tail expands during recessions while the upper tail compresses. Panel (b) recomputes the per-
centile gaps separately for workers who remain with their primary employer and those who
change primary employers. As in the baseline analysis, the cyclical reshaping of the distribu-
tion is concentrated among workers who change primary employers. Thus, the main findings
are not driven by systematic differences in earnings associated with age, gender, or calendar
time.

A.2 Additional Results: Expanding Downside Income Risk

The main analysis measures layoff risk using the annual share of workers who report positive
weeks on layoff. To assess whether its cyclical pattern reflects changes in worker composition,
we estimate a linear probability model in which an indicator for reporting positive weeks on
layoff is regressed on age (normalized to be mean zero) as well as gender, and calendar-year
fixed effects. Figure 8 plots the estimated calendar-year effects, with the regression constant
added back so that the series is expressed in probability units. The adjusted series closely
tracks the unadjusted layoff share: layoff risk rises in and around recessions and recedes during
subsequent expansions. Thus, the countercyclical pattern in layoff incidence is not explained
by changes in the age or gender composition of the sample.
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Figure 7: Additional Results: Negative Skewness in Residual Log Earnings Changes

(a) All Workers (b) By Employer Change

Note: Panel (a) plots the P90–P50 and P50–P10 gaps in the distribution of one-year changes in residualized log earnings.
Panel (b) plots the same gaps separately for workers who change primary employers and workers who remain with their
primary employer. Blue solid lines with circle markers denote the P90–P50 gap, while red long-dashed lines with square
markers denote the P50–P10 gap. In Panel (b), full-color filled markers denote employer changers, while lighter hollow
markers denote employer stayers. Shaded regions denote recession years: 1991–1992, 2001–2002, and 2008–2010.
Source: CPS-ASEC respondents from 1987–1991, 1994, and 1996–2020 linked to DER W-2 earnings from 1987–2019

A.3 Contracting Upside Potential.

This appendix presents three additional results on the contraction in upside potential. We first
show that primary employer changes remain procyclical after adjusting for worker composition
and when restricting attention to voluntary employer switches. We then examine the direction
of moves along the firm-pay ladder conditional on switching.

Composition-Adjusted Primary-Employer Changes. To account for changes in the composi-
tion of the workforce, we estimate a linear probability model in which an indicator for changing
primary employers is regressed on age (normalized to be mean zero), a gender indicator, and
calendar-year fixed effects. Panel (a) of Figure 9 plots the estimated calendar-year effects, with
the regression constant added back so that the series is expressed as an adjusted probability.
The adjusted series closely resembles the unadjusted primary-employer change rate reported
in the main text: employer changes decline in and around recessions and recover during sub-
sequent expansions. Thus, the procyclicality of primary-employer changes is not explained by
cyclical changes in the age or gender composition of the sample.

Primary-Employer Changes Unaccompanied by Layoff. Our baseline measure records any
change in a worker’s primary employer and therefore does not distinguish direct employer-to-
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Figure 8: Age and Gender Adjusted Layoff Risk

Note: A worker is classified as experiencing a layoff if the worker reports positive weeks on layoff in the CPS-ASEC. The figure
plots the calendar-year effects from a linear probability model that also controls for age (normalized to be mean zero) and gender
fixed effects. The regression constant is added to each calendar-year effect so that the series is expressed in probability units.
Shaded regions denote recession years: 1991–1992, 2001–2002, and 2008–2010. Source: 1987-1991, 1994, and 1996-2020
CPS-ASEC linked to DER W-2 earnings from 1987-2019.

employer transitions from employer changes following job loss. For example, a worker whose
primary employer changes from firm A in year t− 1 to firm B in year t is classified as changing
employers even if the worker was laid off from firm A before beginning work at firm B. To
examine the degree to which such transition impact the cyclicality of our baseline measure of job
swtiching, we construct a narrower measure that excludes employer changes accompanied by a
reported layoff. Specifically, using the responses in the ASEC, we identify voluntary transitions
as workers who did not experience layoff in t-1 or t and who switched employers.

Panel (b) plots the annual incidence of voluntary job switches in our sample. The resulting
series remains strongly procyclical, declining during recessions and recovering during expan-
sions. Its shorter time span reflects the requirement that workers be observed in two consec-
utive CPS-ASEC interviews, which is necessary to measure reported layoff in both years. Ad-
justing this narrower measure for age and gender composition produces the same qualitative
pattern.41

Direction of Primary Employer Changes. Finally, we examine whether the recessionary de-
cline in primary employer changes is accompanied by a change in the direction of those moves.

41We estimate the same linear probability model used in Panel (a), replacing the outcome with an indicator
for a primary-employer change unaccompanied by reported layoff. The resulting adjusted probabilities remain
procyclical and are omitted for brevity.
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Figure 9: Robustness of Procyclical Employer Changes

(a) Composition-Adjusted Employer Changes (b) Voluntary Switches

Note: Panel (a) plots the calendar-year effects from a linear probability model in which an indicator for changing primary
employers is regressed on age (normalized to be mean zero), a gender indicator, and calendar-year fixed effects. The regression
constant is added to each calendar-year effect so that the series is expressed as an adjusted probability. Panel (b) plots the
annual probability of a voluntary job switch. The series in Panel (b) covers 1995–2019 because constructing this measure
requires two consecutive matched CPS-ASEC interviews. Shaded regions denote recession years: 1991–1992, 2001–2002,
and 2008–2010.
Source: CPS-ASEC respondents linked to DER W-2 earnings. The underlying CPS-ASEC samples cover 1987–1991, 1994,
and 1996–2020; DER earnings cover 1987–2019.

Figure 10 plots the shares of primary employer changes that move up, laterally, or down the
firm-pay distribution. The conditional distribution exhibits little systematic cyclicality, with
no persistent reallocation across directions during the 1991–1992 or 2001–2002 recessions. The
Great Recession is the notable exception: the upward share falls from 31.3 percent in 2008 to
approximately 28.4 percent in 2009–2010, offset by an increase in the lateral share from 43.3
percent to approximately 46 percent, while the downward share remains near 25–26 percent.
Thus, outside the Great Recession, the recessionary decline in upward moves primarily reflects
lower overall employer mobility; during the Great Recession, it also reflects a lower probability
of moving up conditional on switching.

B Model Appendix

In this appendix, we provide additional theoretical, quantitative, and computational details for
the model. Section B.1 establishes that the equilibrium is conditionally block recursive, while
Section B.2 provides additional details on the time-series validation. Section B.3 reports the tail
movements underlying the decomposition of cyclical earnings skewness, and Section B.4 de-
rives the consumption-equivalent welfare measure and presents additional results on welfare
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Figure 10: Direction of Employer Changes, Conditional on Switching

Note: The figure plots the share of workers moving up, down and laterally on the firm pay distribution, conditional on
switching primary employers. Navy solid lines with circle markers denote upward moves, teal short-dashed lines with triangle
markers denote lateral moves, and cranberry long-dashed lines with square markers denote downward moves. Shaded regions
denote recession years: 1991–1992, 2001–2002, and 2008–2010.
Source: CPS-ASEC respondents from 1987–1991, 1994, and 1996–2020 linked to DER W-2 earnings and LBD firm
data from 1987–2019.

heterogeneity and persistent earnings risk. Section B.5 extends the model to allow separation
risk to vary with human capital and shows that the main quantitative conclusions remain ro-
bust. Finally, Section B.6 describes the solution algorithm.

B.1 Conditional Block Recursive Equilibrium

In this appendix, we show that the model equilibrium is conditionally block recursive, in the
spirit of Menzio and Shi (2011) and Chaumont and Shi (2022). Let Γ denote the distribution
of workers across individual states. Because the tax rate τ is determined by the government
budget constraint under the invariant distribution, we establish block recursivity conditional
on a fixed tax rate τ.42

Proposition 1. Fix a proportional labor income tax rate τ. In any recursive competitive equilibrium
conditional on τ, firm values, labor market tightness, worker value functions, and worker policy rules
depend on individual states, aggregate productivity, and τ, but not on the distribution of workers Γ.

Proof. We proceed by backward induction, holding τ fixed throughout. To simplify notation,
we suppress τ as an argument.

42Note that very similar proofs are reported in the Appendices to Braxton et al. (2024) and Braxton and Taska
(2025).
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Consider first the terminal period, t = T. Because continuation values are zero, the em-
ployed and unemployed workers’ consumption–savings problems depend only on their indi-
vidual states, aggregate productivity, and the fixed tax rate. Consequently, the terminal worker
value functions and savings rules are independent of Γ.

The terminal value to a firm of employing a worker is

JT(a, h, ω, y) = (1−ω) f (y, h),

which is also independent of Γ. The free-entry condition is

κ(y) ≥ p f (θT(a, h, ω, y)) JT(a, h, ω, y),

with equality in active submarkets. Thus, labor market tightness and the associated match-
ing probabilities are independent of Γ. Given these matching probabilities and the terminal
worker values, the workers’ directed search choices and labor market stage values are likewise
independent of Γ.

Now suppose that the worker and firm value functions, labor market tightness, and worker
policy rules at age t + 1 are independent of Γ. The worker problems at age t depend only on
current individual states, aggregate productivity, the fixed tax rate, the exogenous transition
processes, and the continuation values at age t + 1. The worker value functions and savings
rules at age t are therefore independent of Γ.

The firm’s value at age t depends on current output and its expected continuation value,
taking as given the worker’s savings rule and next-period on-the-job search policy. By the
induction hypothesis, each of these objects is independent of Γ, and hence so is Jt(a, h, ω, y).
Applying the free-entry condition,

κ(y) ≥ p f (θt(a, h, ω, y)) Jt(a, h, ω, y),

then implies that labor market tightness is independent of Γ. Given tightness and the worker
values at age t, the labor market stage values and directed search policies are also independent
of Γ.

Repeating this argument backward from t = T to t = 1 establishes that, conditional on τ,
firm values, labor market tightness, worker value functions, and worker policy rules do not
depend on the distribution of workers across states. Hence the equilibrium is conditionally
Block Recursive.
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Closing the government budget. For any candidate tax rate τ, let Γτ denote the invariant dis-
tribution generated by the corresponding conditional block recursive equilibrium. The equilib-
rium tax rate τ∗ satisfies

b
T

∑
t=1

ˆ
dΓτ∗

t,U(a, h, y) = τ∗
T

∑
t=1

ˆ
ω f (y, h) dΓτ∗

t,E(a, h, ω, y).

Thus, the invariant distribution is used to determine the equilibrium tax rate. Conditional on
a fixed τ, however, it does not enter the worker problems, the firm problem, or the free-entry
conditions.

B.2 Additional Results: Time Series Validation

This appendix provides additional details on the time series validation in Section 3.1. In this
exercise, we select a sequence of aggregate productivity states so that the model closely tracks
the cyclical component of the U.S. unemployment rate from 1987Q1 through 2019Q4. We then
evaluate the evolution of the earnings-growth distribution generated along this path.

We begin from the model solved at the baseline calibration of Section 3.43 The simulation
is initialized using the terminal cross section from the stochastic simulation used to calibrate
the model. To reduce dependence on the aggregate state in that terminal period, we first hold
aggregate productivity at its median value for 20 quarters.

We target the cyclical component of unemployment rather than its level. In particular, the
target in quarter t is

utarget
t = ū model +

(
udata

t − ū data
)

,

where ū model is the stochastic-steady-state unemployment rate and ū data is the 1987–2019 em-
pirical mean. Beginning in 1987Q1, we simulate each quarter under each of the seven possible
aggregate productivity states, holding fixed the entering cross section and the realized idiosyn-
cratic shocks. We select the state that produces the unemployment rate closest to utarget

t and
carry the resulting cross section forward to the next quarter. Because the aggregate-state grid
is discrete, the model does not reproduce the target exactly. For display, we shift the model
unemployment series by a constant equal to the difference between the data and model sample
means; this normalization affects only its level.

Figure 11 reports the resulting unemployment and productivity paths. Panel (a) shows that
the procedure closely reproduces the timing and magnitude of cyclical movements in unem-

43Because the equilibrium is block recursive, workers’ decision rules do not depend on the aggregate distribu-
tion of agents across states, and the model does not need to be re-solved for this exercise.
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Figure 11: Aggregate Inputs to the Time-Series Validation

(a) Unemployment Rate (b) Labor Productivity

Note: Panel (a) plots the quarterly unemployment rate in the model (black, solid line) and the data (red, dashed
line) over 1987Q1–2019Q4. The model series is shifted by the difference between the data and model sample
means. Panel (b) plots the selected path of aggregate labor productivity yt. Shaded regions denote recession years,
defined as 1991–1992, 2001–2002, and 2008–2010 as in Section 1.

ployment. Panel (b) reports the sequence of aggregate productivity states selected by the pro-
cedure. Importantly, no moments from the earnings-growth distribution are used to construct
this sequence. The percentile gaps and Kelly skewness reported in Section 3.1 are therefore
non-targeted outcomes of the model.

Figure 12 presents a comparison between the model and data for the two percentile gaps
underlying the movements in Kelly skewness. Across all three recessions, the P90–P50 gap
contracts while the P50–P10 gap expands in both the model and the data. The model also cor-
rectly identifies the Great Recession as producing the largest movements in both tails, although
it overstates their magnitude. The model does not capture every lower-frequency movement,
including the decline in the empirical P90–P50 gap late in the sample. Nevertheless, conditional
on the realized unemployment path, the quantitative model generates the timing and direction
of the cyclical changes in both tails of the earnings growth distribution.

B.3 Additional Results: Decomposing Negative Skewness

This appendix reports additional moments underlying the decomposition in Section 4. Table 5
separates the cyclical change in Kelly skewness into movements in the upper and lower halves
of the earnings change distribution. A negative change in the P90–P50 gap indicates that the
upper tail compresses during recessions, while a positive change in the P50–P10 gap indicates
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Figure 12: Percentile Gaps in Earnings Changes: Model and Data

(a) P90–P50 Gap (b) P50–P10 Gap

Note: Panel (a) plots the P90–P50 gap and panel (b) plots the P50–P10 gap in one-year log earnings changes. Each
panel compares the model generated along the selected productivity path (black, solid line with circle markers)
with the data (red, dashed line with cross markers). Neither empirical series is targeted in constructing the aggre-
gate productivity path. Shaded regions denote recession years, defined as 1991–1992, 2001–2002, and 2008–2010 as
in Section 1.

Table 5: Tail Components of Cyclical Earnings-Change Skewness

Recession Minus Expansion

Specification Kelly Skewness P90–P50 P50–P10

Data -0.1246 -0.0236 0.0507
Baseline Model -0.1162 -0.0198 0.0509

No ψ(y) -0.0682 -0.0077 0.0337
No δ(y) -0.1006 -0.0225 0.0368
No κ(y) -0.0202 -0.0034 0.0084
No cyclicality -0.0020 0.0005 0.0016

Note: Each entry reports the recession-minus-expansion difference in the indicated statistic for
one-year log earnings changes. Percentile gaps are reported in log units; multiplying by 100
gives log points. ‘No ψ(y)” eliminates obsolescence risk. ‘No δ(y)” and ‘No κ(y)” replace
the indicated functions with their values at mean productivity. ‘No cyclicality” implements all
three counterfactual changes jointly. All other calibrated parameters are held fixed.

that the lower tail expands.
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B.4 Additional Results: Welfare Experiment

In this appendix, we provide a series of additional results from the welfare experiment. In
B.4.1, we derive the consumption equivalent welfare measure used in Section 5. In Appendix
B.4.2 we examine the welfare gains to eliminating business cycles across the human capital
distribution. In Appendix B.4.3, we discuss how we use model simulated data to estimate a
persistent-transitory income process.

B.4.1 Derivations

Consider a worker who draws initial human capital h and enters the first period labor market
stage without a job, with zero assets and aggregate productivity y1 = 1. Let cBC

t (h, st) denote the
worker’s consumption at date t under the baseline allocation, where st denotes the history of
aggregate and idiosyncratic shocks through date t. Conditional welfare in the baseline economy
is

WBC(h) = ṼBC
1,U(0, h, 1)

= EBC
1

[
T

∑
t=1

βt−1
[
cBC

t (h, st)
]1−σ

1− σ

∣∣∣∣∣ h1 = h

]
. (8)

Similarly, WNC(h) = ṼNC
1,U (0, h, 1) denotes conditional welfare in the economy in which yt = 1

in every period.
For each h, define λ(h) as the gross factor that, when applied to consumption at every

date and history under the baseline allocation, makes the worker indifferent between the two
economies. It therefore solves

WNC(h) = EBC
1

[
T

∑
t=1

βt−1
[
λ(h)cBC

t (h, st)
]1−σ

1− σ

∣∣∣∣∣ h1 = h

]

= λ(h)1−σEBC
1

[
T

∑
t=1

βt−1
[
cBC

t (h, st)
]1−σ

1− σ

∣∣∣∣∣ h1 = h

]
= λ(h)1−σWBC(h). (9)

Rearranging gives

λ(h) =
(

WNC(h)
WBC(h)

) 1
1−σ

.

The reported aggregate consumption-equivalent factor is the average of these type-specific
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factors under the initial human-capital distribution:

λ̄ = ∑
h∈H

H(h)λ(h).

Accordingly, the welfare cost of business cycles, expressed as a percentage of consumption,
is 100(λ̄ − 1). Both WBC(h) and WNC(h) are computed directly from the labor market stage
value functions, so the calculation incorporates all future search outcomes and aggregate and
idiosyncratic shocks without requiring simulated consumption histories.

B.4.2 Welfare Cost of Business Cycles by Human Capital

Figure 13 reports the consumption-equivalent welfare gains of eliminating business cycles across
the initial human capital distribution. In the baseline model, the welfare cost increases sharply
with initial human capital, rising from 2.6% for workers with the lowest initial human capital
to 6.6% for workers with the highest initial levels of human capital. This gradient is driven
primarily by obsolescence risk. When the obsolescence channel is removed, welfare costs are
slightly declining across initial human capital. Removing obsolescence reduces the welfare cost
by approximately 50% for the lowest human capital workers but by nearly 85% for the highest
human capital workers. Conversely, removing the cyclicality of job separation risk shifts the
welfare profile down only modestly, while removing the cyclicality of vacancy posting costs
produces a larger reduction but leaves a pronounced positive gradient. Finally, when all three
cyclical labor market channels are removed, the welfare cost is essentially zero at every level of
initial human capital.

B.4.3 Income Process Estimation

To examine how business cycles affect persistent earnings risk, we estimate a persistent–transitory
income process using data simulated from the quantitative model. Because the labor search
model generates spells of full-year unemployment and therefore full years of zero earnings, we
use the income process developed in Braxton et al. (2025), which explicitly accommodates such
spells. Let yi,t denote residual log earnings for worker i in year t, and let li,t ∈ {0, 1} denote
employment status, where li,t = 0 if the worker is unemployed for the full year. We let zi,t and
ωi,t denote the persistent and transitory components of residual log earnings, respectively. The

51



Figure 13: Welfare Gains to Eliminating Business Cycles by Human Capital

Note: The figure reports the welfare gains of eliminating business cycles by initial human capital (x-axis).
The welfare gains of eliminating business cycles are reported in terms of lifetime consumption (y-axis).
‘No ψ(y)” eliminates obsolescence risk. ‘No δ(y)” and ‘No κ(y)” replace the indicated functions with
their values at mean productivity. ‘No cyclicality” implements all three counterfactual changes jointly.
All other calibrated parameters are held fixed.

income process is then given by,

yi,t =

zi,t + ωi,t, ωi,t ∼ N (0, R) , if li,t = 1,

·, if li,t = 0,
(10)

zi,t =

Fzi,t−1 + B + νi,t, νi,t ∼ N (0, Q) , if li,t = 1,

Fzi,t−1 + BU + νi,t, νi,t ∼ N (0, QU) , if li,t = 0.
(11)

where, R is the variance of transitory earnings shocks and F is the persistence parameter. The
parameters Q and QU are the variances of innovations to the persistent earnings component for
employed and unemployed workers, respectively, while B and BU allow the mean innovation
to the persistent component to vary with employment status. The initial persistent component
satisfies zi,0 ∼ N (0, Q0). Appendix B in Braxton et al. (2025) presents the moments which are
used to identify the parameters of the income process defined above, and we use these moments
for identification.
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Table 6: Estimated Variance of Persistent Earnings Innovations

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

Baseline No ψ(y) No δ(y) No κ(y)
All three
removed

With business cycles, QBC 0.0154 0.0128 0.0151 0.0141 0.0119
Without business cycles, QNC 0.0119 0.0119 0.0119 0.0119 0.0119

Notes: The table reports estimates of Q, the variance of innovations to the persistent earnings component for
employed workers, obtained by applying equations (10)–(11) to model simulated earnings. The first row uses
simulations from the economies with business cycles, while the second row uses simulations from the corresponding
no business cycle economies. Columns (2)–(4) remove obsolescence risk, the cyclicality of separation risk, and the
cyclicality of vacancy posting costs, respectively. Column (5) removes all three channels jointly. Panel (C) of
Table 4 reports the cycle-induced increase in persistent earnings risk, 100×

(
QBC −QNC), computed using the

unrounded estimates.

We estimate the income process separately using simulated earnings from each model econ-
omy and its corresponding no-business-cycle economy that are analyzed in Section 5. Let QBC

and QNC denote the estimated variance of persistent earnings innovations among employed
workers in the economies with and without business cycles, respectively. As discussed in Sec-
tion 5 the no business cycle economy is identical across all five specifications. Consequently,
QNC = 0.0119 in every column of Table 6.

Table 6 shows that the estimated variance of persistent earnings innovations rises from
0.0119 in the no-cycle economy to 0.0154 in the baseline economy with business cycles. Remov-
ing obsolescence lowers QBC to 0.0128, eliminating roughly three-quarters of the cycle-induced
increase in persistent earnings risk. By comparison, removing the cyclicality of separation risk
has only a modest effect on persistent risk, while removing the cyclicality of vacancy posting
costs produces an intermediate decline. When all three channels are removed jointly, QBC is es-
sentially equal to QNC. These estimates provide the levels underlying Panel (C) of Table 4 and
reinforce the main finding that the welfare contributions of the cyclical channels closely track
their effects on persistent earnings risk.

B.5 Quantitative Model Extensions

In this appendix, we consider two extensions to our baseline quantitative model. In Appendix
B.5.1, we allow the job separation probability to vary with a worker’s human capital. In Ap-
pendix B.5.2, we introduce finite UI benefit duration and allow its expected duration to vary
over the business cycle. We find that both the model’s fit to the cyclical earnings change distri-
bution and its estimated welfare cost of business cycles are robust to these extensions.
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B.5.1 Job Separation Risk by Human Capital

The baseline model assumes that, conditional on the aggregate state, the separation probability
δ(y) is common across workers. In this appendix, we relax this assumption and allow sepa-
ration risk to vary with workers’ human capital, h. We discipline the human capital gradient
using separation rates by prior earnings in the CPS and then reexamine the model’s implica-
tions for cyclical earnings skewness and welfare. The main quantitative results are robust to
this extension.

Data. We begin by estimating the relationship between prior earnings and job separation risk
using the linked CPS Basic Monthly files from 1994 through 2019. In a worker’s first outgoing-
rotation interview (the fourth month in sample) we record usual weekly earnings and assign
wage and salary workers aged 25–60 to an earnings decile. When the household returns to
the CPS nine months later, we use the matched monthly interviews to measure employment-
to-unemployment transitions and classify them by the reported reason for unemployment. To
remain consistent with the separation concept used in Section 3, we exclude temporary lay-
offs. Because these matched flow hazards are not directly comparable in level to the duration
based aggregate separation rate used in our calibration, we preserve their relative profile across
earnings deciles and rescale them to have an employment-weighted quarterly average of 5.0%.
Figure 14 shows that the resulting quarterly separation probability declines monotonically from
8.3% in the bottom earnings decile to 3.4% in the top decile. We use this 4.9 percentage point
bottom-to-top decile gap as the additional calibration target.

Model and calibration. We generalize the separation probability to depend on both human
capital and the aggregate productivity state:

δ(h, y) = δ exp
[
ηδ

h(h− h̄)
]

exp
[
ηδ

y(y− ȳ)
]

, (12)

where h̄ and ȳ are the average levels of human capital and aggregate productivity, respectively.
The parameter ηδ

y retains its baseline value and governs the cyclicality of separation risk, while
ηδ

h governs how separation risk varies across human capital. We discipline ηδ
h by replicating

the CPS design in model-simulated data. Specifically, we rank employed workers into deciles
based on earnings at an initial observation and measure separation risk three quarters later,
conditional on employment at that date. Setting ηδ

h = −1.35 reproduces the 4.9 percentage point
bottom-to-top decile gap observed in the CPS. All other parameters are held at their baseline
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Figure 14: Quarterly Job-Separation Probability by Lagged Earnings
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Notes: The figure reports quarterly job-separation probabilities by lagged-earnings decile using the
linked CPS Basic Monthly files, 1994–2019.

values.44

Negative skewness. Table 7 shows that allowing separation risk to decline with human capi-
tal leaves the model’s fit to the cyclical change in earnings skewness essentially unchanged. The
extended model generates a recession-minus-expansion change in Kelly skewness of −0.1202,
compared with −0.1246 in the data, and reproduces both the recessionary compression of the
upper tail and widening of the lower tail. The decomposition also delivers the same ranking
of mechanisms as the baseline specification. Holding vacancy-posting costs κ(y) fixed nearly
eliminates the skewness shift, reducing it to −0.0157, while removing the cyclicality of obso-
lescence and separation risk reduces it to −0.0638 and −0.0877, respectively. When all three
cyclical labor-market channels are removed jointly, the change in skewness is approximately
zero. Thus, introducing heterogeneity in separation risk does not alter either the model’s abil-
ity to reproduce the observed shift toward negative skewness or the conclusion that cyclical
vacancy-posting costs are its primary source.

Welfare. The large welfare cost of business cycles is also robust to allowing separation risk
to vary with human capital. Column (1) of Table 8 reports an average consumption-equivalent
welfare cost of 4.62%, only modestly below the 4.89% cost in the baseline model. Moreover,

44The model fit to the calibrated moments shown in Table 2 remains very good and the calibration table for this
estimation of the model is available upon request.
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Table 7: Decomposing Negative Skewness with Heterogeneous Job Separation Risk

Recession Minus Expansion

Specification Kelly Skewness P90–P50 P50–P10

Data -0.1246 -0.0236 0.0507
Model with δ(h, y) -0.1202 -0.0308 0.0375

No ψ(y) -0.0638 -0.0161 0.0199
No δ(y) -0.0877 -0.0318 0.0157
No κ(y) -0.0157 -0.0031 0.0059
No cyclicality 0.0020 0.0004 -0.0008

Note: This table presents the evolution of earnings risk over the business cycle in the version of the model where
the job separation probability is given by equation 12. Each entry reports the recession-minus-expansion difference
in the indicated statistic for one-year log earnings changes. Percentile gaps are reported in log units; multiplying
by 100 gives log points. ‘No ψ(y)” eliminates obsolescence risk. ‘No δ(y)” and ‘No κ(y)” replace the indicated
functions with their values at mean productivity. ‘No cyclicality” implements all three counterfactual changes
jointly. All other calibrated parameters are held fixed.

obsolescence remains the central welfare mechanism: removing ψ(y) lowers the welfare cost
to 1.21%, a reduction of 73.8%, and reduces the cycle-induced increase in persistent earnings
risk by 71.8%. Consistent with this interpretation, removing obsolescence substantially attenu-
ates the additional long-run earnings and consumption losses following recessionary job loss.
By comparison, removing the cyclicality of separation risk reduces the welfare cost by 10.5%,
while removing cyclical vacancy-posting costs reduces it by 34.4%. Removing all three chan-
nels jointly leaves an economically negligible welfare cost. Thus, even when low human cap-
ital workers face greater separation risk, the welfare cost of business cycles continues to arise
primarily because obsolescence transforms recessionary job loss into persistent earnings and
consumption losses.

Finally, we examine the robustness of the welfare cost of business cycles by initial human
capital. Figure 15 shows that the welfare cost is hump-shaped in initial human capital, ris-
ing from approximately 3.1% at the bottom of the distribution to a peak of roughly 5.4% near
the middle of the distribution before declining modestly to 4.9% at the very top. Removing
obsolescence eliminates this positive gradient and produces a welfare cost that declines with
human capital, confirming that obsolescence makes business cycles especially costly for high
human-capital workers, while their lower separation risk tempers the cost at the very top of the
distribution.
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Table 8: Welfare Cost of Business Cycles with Heterogeneous Job Separation Risk

(1) (2) (3) (4) (5)
Baseline

with δ(h, y) No ψ(y) No δ(y) No κ(y)
All three
removed

Panel A. Welfare cost of business cycles
Consumption-equivalent cost (%) 4.618 1.212 4.132 3.030 0.005
Reduction from baseline (%) — 73.8 10.5 34.4 99.9

Panel B. Recession-minus-expansion differences
Quarterly job-separation rate (p.p.) 0.42 0.37 0.00 0.46 0.11
10-year earnings effect of job loss (log points) −3.95 −0.49 −3.93 −2.49 0.60
10-year consumption effect of job loss (log points) −4.18 −0.81 −3.72 −1.96 0.53

Panel C. Cycle-induced increase in persistent earnings risk
100×

(
QBC −QNC) 0.385 0.108 0.341 0.226 0.007

Reduction from baseline (%) — 71.8 11.3 41.3 98.2

Notes: This table presents the welfare cost of business cycles in the version of the model where the job separa-
tion probability is given by equation 12. Panel A reports consumption-equivalent welfare cost of business cycles
averaged over initial human-capital types. Panel B reports recession-minus-expansion differences. Separation
rates are quarterly. The earnings and consumption entries report differences in the estimated effects of job loss
ten years later; the underlying log coefficients are multiplied by 100 and reported in log points. Negative values
indicate greater long-run scarring following recessionary job loss. Panel C reports the cycle-induced increase in
the variance of persistent earnings innovations, 100×

(
QBC −QNC), estimated from model-simulated earnings.

Panels A and C compare each stochastic economy with its no-cycle counterpart, while Panel B compares recessions
and expansions within model simulated data. Columns (2)–(4) set ψ(y) = 0, δ(y) = δ(1), and κ(y) = κ(1),
respectively; Column (5) imposes all three changes jointly.

B.5.2 UI Benefit Expiration

In this appendix, we assess the robustness of our quantitative results to finite and countercycli-
cal UI duration. Following Mitman and Rabinovich (2015), we allow the UI component of the
public insurance transfer to expire stochastically and let the expiration probability depend on
aggregate productivity. The model continues to reproduce the cyclical change in the earnings
change distribution, while both the magnitude and the mechanisms underlying the welfare cost
of business cycles are essentially unchanged.

Model extension. We divide unemployed workers into two states according to their UI eligi-
bility. An eligible unemployed worker receives the transfer b. After exhausting UI benefits, an
unemployed worker receives ξbb, where 0 ≤ ξb < 1; thus, (1− ξb) is the share of the public in-
surance transfer attributable to UI. At the beginning of the next period, after the aggregate state
y′ is realized but before search takes place, an eligible worker loses eligibility with probabil-
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Figure 15: Welfare Cost by Initial Human Capital with Heterogeneous Separation Risk

Notes: The figure reports the consumption-equivalent welfare cost of business cycles conditional on initial human
capital, h, in the version of the model where the job separation probability is given by equation 12. The calculations
use the same initial conditions and no-cycle counterfactual as the aggregate welfare exercise. The “No δ(y)”
specification fixes the aggregate-state component of δ(h, y) at its value at y = 1 while retaining the calibrated
human-capital gradient. “No cyclicality” removes the cyclicality of ψ(y), δ(h, y), and κ(y) jointly.

ity λb(y′). Exhaustion is absorbing within an unemployment spell, while eligibility is restored
upon reemployment. Consequently, every worker who separates into unemployment begins
the spell eligible.45

Let UE
t (·) and UX

t (·) denote the value functions of eligible and exhausted unemployed
workers. The consumption-savings problems faced by these unemployed workers are given

45We abstract from monetary eligibility requirements. See Birinci and See (2024) for evidence on variation in UI
eligibility requirements.
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by,

UE
t (a, h, y) = max

a′≥a
u(c) + β Ey′|y, h′|h

[(
1− λb(y′)

)
ÛE

t+1(a′, h′, y′)

+ λb(y′)ÛX
t+1(a′, h′, y′)

]
(13)

s.t. c + q(a′)a′ ≤ a + b,

UX
t (a, h, y) = max

a′≥a
u(c) + β Ey′|y, h′|h

[
ÛX

t+1(a′, h′, y′)
]

(14)

s.t. c + q(a′)a′ ≤ a + ξbb.

Conditional on eligibility status after the expiration draw, the worker solves

Ûi
t+1(a′, h′, y′) = max

ω′∈[0,1]
p
(
θt+1(a′, h′, ω′, y′)

)
VE,t+1(a′, h′, ω′, y′)

+
[
1− p

(
θt+1(a′, h′, ω′, y′)

)]
Ui

t+1(a′, h′, y′), i ∈ {E, X}. (15)

In the employed worker’s problem, UE
t+1(·) replaces Ut+1(·) following a separation. UI status

affects the worker’s outside option but not match output or the firm’s continuation value. The
firm’s problem and free-entry condition are therefore unchanged. Eligible and exhausted work-
ers face the same tightness within a given submarket, although they may direct their search
toward different submarkets. Because UI status is an individual state variable, the equilibrium
remains block recursive. The baseline model is nested as the special case λb(y) ≡ 0.

Calibration. We set ξb = 0.25 following Braxton et al. (2024) and retain the baseline value
of b. As in the main welfare exercises, we hold the tax rate τ fixed across the counterfactual
economies. We let D(y) denote the duration of UI benefits when the aggregate state is y. We set
D(y) = 26 weeks for y ≥ ȳ and set D(y) equal to 39, 79, and 99 weeks as productivity moves
through the three states below its mean, from mildest to most severe.46 A newly unemployed
worker receives full benefits during the first quarter of the spell. Consequently, if the aggregate
state were held fixed, the number of full-benefit quarters would have a geometric distribution

46The 26-week value approximates regular state UI. The remaining values add, respectively, the initial 13-
week EUC08 tier, the maximum 53 weeks available across EUC08 tiers, and the maximum 20 weeks of Extended
Benefits; see U.S. Department of Labor (2026). Actual extensions depend on state unemployment rates and federal
legislation, so their mapping to aggregate productivity is a reduced-form approximation.
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Table 9: Cyclical Earnings-Change Moments with UI Benefit Expiration

Recession Minus Expansion

Specification Kelly Skewness P90–P50 P50–P10

Data -0.1246 -0.0236 0.0507
Baseline with UI Exp. -0.1220 -0.0222 0.0515

No ψ(y) -0.0725 -0.0096 0.0339
No δ(y) -0.1142 -0.0275 0.0394
No κ(y) -0.0271 -0.0050 0.0107
No cyclicality -0.0027 -0.0000 0.0015

Note: This table presents the evolution of earnings risk over the business cycle in the version of the model where
the UI component of public insurance transfers expire stochastically over the business cycle. Each entry reports the
recession-minus-expansion difference in the indicated statistic for one-year log earnings changes. Percentile gaps
are reported in log units; multiplying by 100 gives log points. ‘No ψ(y)” eliminates obsolescence risk. ‘No δ(y)”
and ‘No κ(y)” replace the indicated functions with their values at mean productivity. ‘No cyclicality” implements
all three counterfactual changes jointly. All other calibrated parameters are held fixed.

on {1, 2, . . .} with mean 1/λb(y). We therefore set

λb(y) =
13

D(y)
,

which gives quarterly expiration probabilities of 0.500, 0.333, 0.165, and 0.131 for durations of
26, 39, 79, and 99 weeks, respectively.47

Results. Table 9 shows that allowing benefits to expire does not compromise the model’s fit
to the cyclical earnings change distribution. The model generates a recession-minus-expansion
change in Kelly skewness of −0.1220, compared with −0.1246 in the data, and closely repro-
duces both the contraction in the upper half and the expansion in the lower half of the distri-
bution. The decomposition exercise is also effectively unchanged. Holding vacancy costs fixed
across aggregate productivity realizations reduces the absolute change in Kelly skewness by
approximately 78%, while removing obsolescence risk reduces it by approximately 41%. Hold-
ing separation risk fixed has a much smaller effect, reducing it by approximately 6%. When all
three mechanisms are removed, the change in Kelly skewness falls to −0.0027, and both halves
of the earnings change distribution become nearly acyclical.

Table 10 shows that the welfare conclusions are similarly robust. Eliminating business cycles

47With stochastic aggregate productivity, D(y) is the expected duration implied by holding the current state
fixed, rather than the expected duration along the realized aggregate path. Because the hazard is updated with the
aggregate state, remaining eligibility lengthens when conditions deteriorate and shortens when they improve.
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Table 10: Welfare and Persistent Earnings Risk with UI Benefit Expiration

(1) (2) (3) (4) (5)
Baseline

with UI Exp. No ψ(y) No δ(y) No κ(y)
All three
removed

Panel A. Welfare cost of business cycles
Consumption-equivalent cost (%) 5.101 1.337 4.556 3.245 −0.047
Reduction from baseline (%) — 73.8 10.7 36.4 100.9

Panel B. Recession-minus-expansion differences
Quarterly job-separation rate (p.p.) 0.44 0.45 −0.04 0.44 0.13
10-year earnings effect of job loss (log points) −3.15 −0.17 −3.31 −2.33 −0.41
10-year consumption effect of job loss (log points) −4.06 −1.13 −4.33 −2.65 0.01

Panel C. Cycle-induced increase in persistent earnings risk
100×

(
QBC −QNC) 0.391 0.119 0.358 0.222 0.008

Reduction from baseline (%) — 69.5 8.5 43.1 97.9

Notes: This table presents the welfare cost of business cycles in the version of the model where UI component of pub-
lic insurance transfers expire stochastically over the business cycle. Panel A reports consumption-equivalent wel-
fare cost of business cycles averaged over initial human-capital types. Panel B reports recession-minus-expansion
differences. Separation rates are quarterly. The earnings and consumption entries report differences in the es-
timated effects of job loss ten years later; the underlying log coefficients are multiplied by 100 and reported in
log points. Negative values indicate greater long-run scarring following recessionary job loss. Panel C reports
the cycle-induced increase in the variance of persistent earnings innovations, 100 ×

(
QBC −QNC), estimated

from model-simulated earnings. Panels A and C compare each stochastic economy with its no-cycle counterpart,
while Panel B compares recessions and expansions within model simulated data. Columns (2)–(4) set ψ(y) = 0,
δ(y) = δ(1), and κ(y) = κ(1), respectively; Column (5) imposes all three changes jointly.

produces a consumption-equivalent welfare gain of 5.10%, close to the roughly 5% gain in the
benchmark model. Removing obsolescence risk lowers this gain to 1.34%, reduces the cycle-
induced increase in persistent earnings risk by 69.5%, and nearly eliminates the additional ten-
year earnings losses following recessionary job loss. Holding separation risk fixed has much
smaller effects, reducing the welfare cost by 10.7% and the increase in persistent risk by 8.5%.
Holding vacancy costs fixed produces intermediate reductions of 36.4% and 43.1%, respectively.
Thus, finite and countercyclical UI duration leaves intact the conclusion that the persistent con-
sequences of recessionary job loss, especially through human-capital obsolescence, account for
most of the welfare cost of business cycles.

B.6 Solution Algorithm

In this appendix, we present the algorithm used to solve the model presented in Section 2. We
discretize the aggregate productivity process using the Rouwenhorst method with ny = 7 grid

61



points and construct discrete grids for assets, human capital, and piece rates. Conditional on
a tax rate τ, the equilibrium is block recursive, allowing the household and firm problems to
be solved by backward induction without keeping track of the cross-sectional distribution of
workers. Solving the model proceeds in the following steps:

1. Taxes: Guess the labor-income tax rate τ.

2. Terminal-Period Firm Problem: Compute the value to a firm of a match with a worker in
the terminal period:

JT(a, h, ω, y) = (1−ω) f (y, h).

For each active submarket indexed by (T, a, h, ω, y), invert the free-entry condition

κ(y) = p f (θT(a, h, ω, y)) JT(a, h, ω, y)

to obtain labor market tightness θT(a, h, ω, y) and the associated worker job-finding prob-
ability p(θT(a, h, ω, y)).

3. Terminal-Period Consumption and Savings Problem: Solve the household’s consump-
tion and savings problem in the terminal period, conditional on employment status.

4. Terminal-Period Job Search: Using the job-finding probabilities implied by θT(a, h, ω, y),
solve the worker’s directed-search problem over piece rates.

5. Backward Induction: Repeat the preceding steps for ages T − 1, T − 2, . . . , 1.

6. Stochastic Steady State and Budget Balance: Given the resulting policy functions, we
simulate the economy to approximate its stochastic stationary distribution Γτ and check
whether the government budget constraint in equation (4) is satisfied.48 Because the tax
rate is constant across aggregate states, the government budget is required to balance on
average in the stochastic steady state rather than in every realization of aggregate pro-
ductivity. If the budget constraint is not satisfied, update τ, resolve the household and
firm problems, and simulate the economy again. Continue until the government budget
is balanced.

48We simulate an economy with 20,000 individuals for 600 quarters. Individuals live for T = 120 quarters and
are replaced by newborn workers upon reaching the terminal age. We discard the first 160 quarters as a burn-in
period and compute stochastic-steady-state moments using the remaining 440 quarters.
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