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Abstract

We use matched employer-employee data to consider the impact of the tewsiven in the
job ladder on wage and earnings growth in the U.S. from 1996 to 2015 eWsdap an accounting
method that measures how earnings changes experienced by workeémg wrato and up the job
ladder contribute to aggregate growth in earnings. While the higher rater&évg changing em-
ployers during expansions tends to increase overall earnings gnoariemployment transitions
offset most of the gains. As a result, the relatively high growth seen in tael#0s and 2015
is largely driven by the earnings pattern of job stayers. We further tigage the contribution
of employer-to-employer transitions and find large “match effects” leadeatgr gains in hours

than wages.
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1 Introduction

Aggregate wage and earnings growth in the U.S. has beenistugjgce the late 1990s, only showing
signs of a recovery in 2015. A number of papers have propdsddhistoric lows in the rate at which
workers change employers explain this stagnation, paténby inhibiting movement to higher pay-
ing jobs. While a slowdown of workers moving along this jobdad may impact earnings through
a variety of mechanisms, the main evidence provided in sugbdhese arguments has been a high
degree of correlation between wage growth and measurespgbgment transitions.

In this paper, we develop an accounting framework that nreasuow earnings changes expe-
rienced by workers moving onto and up the job ladder contigiltba the aggregate. We apply this
accounting method to universe-level matched employern@rep data and decompose overall earn-
ings growth into components based on type of labor reallmeats well as by changes in hours and
wages. The primary goal of this paper is to determine thenéxtewhich the recent slowdown in
the job ladder explains the lack of wage and earnings grob$ieiwved in the U.S. between 2000 and
20142 To further investigate increases workers exhibit when ghanjobs, we estimate the quality
of employer-employer matches and assess how aggregaiagsarours, and wages evolve across
labor market conditions.

Our empirical analysis reveals several striking findingse€ gains from employer-to-employer
transitions have a limited ability to explain sluggish éags growth in the U.S.We find workers
who change jobs experience substantial increases in garriours, and wages. However, they do
so consistently throughout our time series, regardlesshaftver they transition during a period of
relatively high growth or not. Sustained earnings growtkesteed in the U.S. during the late 1990s
and 2015 is instead driven by job stayers. We attribute thesgaade by employer-to-employer
transitions to time-invariant match effects. Moreover,ileitmuch of the literature has focused on

IPotential mechanisms include the relationship betweenr leallocation and productivity-enhancing growth (Halti
wanger, Hyatt, and McEntarfer 2017), efficiency wages togmelabor turnover (Salop 1979), and the role of rejected
offers when workers can seek bids through counter-offessté®Vinay and Robin, 2002). For evidence on the correla-
tion between wage growth and labor reallocation rates, aberfman and Justiniano (2015), Hyatt and McElroy (2017),
Karahan et al. (2017), and Moscarini and Postel-Vinay (20While these papers suggest labor reallocation rates drive
wage growth, both series are procyclical and may be drivelaliyr market or other economic conditions. Alternatively,
some papers have explored the possibility that earningsagewhanges could drive employer-to-employer transitions
For example, Hyatt et al. (2016), Hyatt and Spletzer (20463 Molloy, Smith, and Wozinak (2017) consider changes
over time in returns to tenure and changing jobs, explofirgaossibility that lower returns to transitioning may aauo
for lower employer-to-employer transitions.

2Barlevy (2002) proposed the reduced likelihood of movingmproved job matches during recessions might lower
average match quality and recent evidence in Cairo, Hyatt, Zhao (2016), Haltiwanger et al. (2017), and Crane,
Hyatt, and Murray (2017) show employment share at the lowdcditide job ladder where workers receive lower earnings
increases during and after recessions.

3See Moscarini and Postel-Vinay (2017) for a review of theljmtaler literature.



how wages adjust across the business cycle, we find hourdlgt@g an equally important role in
accounting for how earnings evolve over time.

We begin our paper by introducing a new method of accountmgyfowth in earnings, hours,
and wages. Following Topel and Ward (1992), we compare owtsdoefore and after employer-to-
employer transitions to measure increases associatedahitbhanges and distinguish these gains
from those of employees who work for the same employer. WhijgeTand Ward (1992) only apply
their accounting method to a set of continuously employerkers, we propose an extension of their
method that follows Daly and Hobijn (2016) and account farefrom and exit to nonemployment.

Decomposing aggregate earnings growth in this way revhatgshe pace of worker movements
along the job ladder does not drive the overall earningdl ievthe economy. While employer-to-
employer transitions add about 1.4% during times of econ@rpansions and recessions, this is
effectively canceled by nonemployment transitions whigbstract roughly 1.4% in the average quar-
ter? By contrast, job stayers contribute little throughout tmeetiseries but their earnings increases
account for far more of both cyclical earnings growth andraggte earnings gains in the late 1990s
and 2015. These findings suggest appeals to Topel and Wa8@)(i€garding the importance of
employer-to-employer transitions for individual earrsrgpins should be used with caution when at-
tempting to understand changes in aggregate earningsingaistagnation in the U.S. between 2000
and 2014 may be predominantly caused by the contributioreclirdng labor reallocation rates, but
only indirectly so®

Our accounting method also shows the cyclical job ladderasavorkers from jobs that offer
low hours to those that provide more hours. Most of the egsgmins associated with employer-
to-employer transitions are due to changes in hours raktzar wages. This evidence supports the
existence of a cyclical hours job ladder as workers leaveHows jobs for ones that offer greater
hours much more frequently than the reverse. Our finding édtomji and Paxson (1986) and more
recently Chetty et al. (2011), who highlight how frictionstn job matches restrict the feasible
choice of hours.

To better capture worker earnings growth associated withements onto and up the job ladder,
we model earnings as a function of aggregate labor markelittoms using a linear regression. This
specification was first employed by Bils (1985) to emphasizei@w hires wages adjust to changesin
unemployment, relative to job stayer wages. More rece@iytler and Trigari (2009) use survey data
to measure this excess responsiveness of new hire wagesdsdifjgestive evidence that it is driven

4The net difference rarely exceeds 0.2%.
SFor example, through rejected offers or employers offeeifigiency wages to reduce employee turnover.



by persistent worker-firm match effe&sUsing our linked employer-employee dataset, we confirm
their finding for both new hires from other employers and néseshfrom nonemploymertt. We
also disentangle whether cyclical earnings changes adomi@antly driven by increases in hours or
gains in wages and find stronger evidence of hours adjustameog new hires than wage adjustment
among firms.

We then combine our decomposition with our regression esgémto distinguish between transi-
tory and persistent factors affecting aggregate earnirmsth. We find match effects associated with
employer-to-employer transitions and hires from nonemplent are critical in accounting for the
contribution of the job ladder. Match effects persist tlgloout the spell of the employer-employee
match but vary in the aggregate across the business cycl® dhanges in the types of employment
spells that are active. In particular, we note match effactdower for job spells that began during the
time period following the Great Recession when employegftgeloyer transitions dropped to historic
lows. We also explore the role of the unemployment rate ahdratbservable parameters and find
they only account for a small fraction of changes in aggeegatcomes. For job stayers, we show
their substantial increases in earnings are captured byntuel's estimated residual. This finding
provides rich motivation for future quantitative work tlzan provide a more structural framework of
the mechanisms that underlie the earnings changes of jpbrsta

The remainder of the paper proceeds as follows. In Sectioe 2lescribe the matched employer-
employee data and how we prepare that data for analysis.clin8e3, we document how earnings,
hours, and wages evolve in the U.S. over the years 1996-2ldtfnguishing between components
attributable to job stayers, employer-to-employer triamss, and entry from and exit to nonemploy-
ment. In Section 4, we present evidence from a regressiomefr@rk that includes job-level match
effects. In Section 5, we incorporate the fitted values framregression estimates into our decompo-
sition to explore the separate roles of match quality, olzdde characteristics, and the unemployment
rate. A brief conclusion follows in Section 6.

6A couple of recent contributions also highlight the role aftoh effects. A paper by Hagedorn and Manovskii (2013)
documents an empirical relationship between wages and lativeulabor market tightness over the life of a particular
employer-employee match. The authors conclude that sinckens move from worse to better matches more quickly in
better labor markets, much of the measured cyclical relatip between unemployment and wages is driven by match
guality. A similar argument is made by Gertler, Huckfeldtddrigari (2016), who find employer-to-employer transigo
rather than hires from nonemployment, account for the excgdicality in new hire wages. While we find different result
regarding the role of nonemployment hires in wage cycligathe authors’ proposal that cyclical match effects lead t
much of the apparent excess cyclicality of new hire wagesriamly confirmed here.

"Procyclical increases in estimated match effects likeljloime two mechanisms, movement of workers to better
quality job matches as well as otherwise similar jobs th&grajreater compensation. In practice, we are not able to
distinguish between the two. Martins, Solon, and ThomagZP@demonstrate entry-level wages respond to the business
cycle, which suggests these responses reflect compenshtioges apart from changes in job quality.



2 Data

The data come from the infrastructure files maintained byutfe Census Bureau’s Longitudinal
Employer-Household Dynamics (LEHD) program and are dbsdrin Abowd et al. (2009). They
consist of total quarterly earnings reported by employerstates, who in turn provide these data to
the U.S. Census Bureau as part of the Local Employment Dyndedesal-state partnership.
Development of the LEHD data has allowed for the integratibjob-to-job flows and their asso-
ciated earnings, as defined in Hyatt et al. (2017). A job ituthed in the job-to-job flows universe if
an individual received wage and salary compensation fajohefor at least two consecutive quarters
and the sum of earnings in those quarters is greater thanmhefearnings received for any other job
held during the same two quartérsnstances when a worker changes the employer that is dominan
among consecutive quarter jobs by leaving a job with one eyapland starting a job with another em-
ployer in the same quarter are called employer-to-emplogesitions. These employer-to-employer
transitions exclude spurious identifier changes identiigdg the methodology outlined in Benedetto
etal. (2007) and Abowd et al. (2009). We also identify wosk&ho transition into and out of nonem-
ployment and call them employment-to-nonemployment antemployment-to-employment flows,

respectively

2.1 Data on Earnings, Hours, and Wages

As mentioned above, the LEHD infrastructure files includ@adm total quarterly earnings reported
by employers. However, they do not include the total numbdrours worked. As a result, we

cannot calculate worker wages direcffyMoreover, we do not know if total quarterly earnings were
received for work completed during the entire quarter, oy a portion of it. To associate earnings
with a job, we therefore rely on a “full quarter” earnings cept that underlies the published LEHD
data; see Abowd et al. (2009), Hahn et al. (2017), and Hyadt.e2017) When jobs span three
consecutive quarters, we assume employees worked the emtidle quarter and the total earnings
from that quarter are their quarterly earnings rate. Werrefehis quarterly earnings rate as “full

8Such jobs are somtimes called “dominant among consecutiaer jobs”.

9Note this means, relative to the definitions in Hyatt et aQ1(?), our employer-to-employer transitions only include
those that are “within-quarter” where workers receive #ays from both the old and new dominant employer in the
quarter of transition. Transitions where employees seépdram jobs with one employer and start jobs with another
employer in the subsequent quarter, called “adjacenttgrigob-to-job transitions, are categorized as flows intal a
from nonemployment since they generally include a shol sp@onemployment. However, the findings reported here
are not sensitive to whether adjacent-quarter flows argoaed as employer-to-employer transitions or transgimto
and from nonemployment.

10see Kurmann and McEntarfer (2017).



guarter earnings.”

While LEHD full quarter earnings are obtained when jobs sgdeast three quarters, job-to-job
transitions as in Hyatt et al. (2017) are determined basethborinant among consecutive quarter jobs
which span at least two quarters. While there is mostly opetlaere are instances when the latter
does not have the former. Earnings are therefore attachjed-to-job flows in the following manner.
For jobs that span two quarters, earnings are deemed migsargobs that span three quarters, we
use earnings from the middle quarter. For jobs that spandoarters, we average earnings from the
middle two quarters. For jobs that span more than four gugrtee average the pair of full quarter
earnings closest to the quarter of interest.

This corresponds to the full quarter earnings definitionsjdb-to-job flows specified in Hyatt
et al. (2017) and can additionally be applied to job stayarsvall as transitions into and from
nonemployment. Formal definitions are presented in AppeAdlibut an overview is as follows.

If the maximal source of earnings for workezomes from employey at timet, then we sayljj; = 1,
otherwised;jt = 0. We define transition types by comparing the dominant eyeplat timet, dijt,
with the dominant employer at time- 1, djj;_1. If dijt—1 = dijt = 1, then worker is a job stayer and
st = 1. If workeri has two distinct employergandk (i.e., j # k) such thatij;—1 = 1 anddj = 1,
then that worker made an employer-to-employer transitimudlly a voluntary quit) from employer
j to employeik andgi; = 1. Some workers are employed at titgut not at time — 1 and sadj; = 1
for somek butdij;_; = 0Vj. Such nonemployment-to-employment transitions are @ehoyn;; = 1.
Likewise, some workers are employed at time1 but not at time. For such workers transitioning
from employment to nonemploymemt,; 1 = 1 for somej butd; = 0 Vk andrj; = 1.

We also explore the contribution of hours and wage changeartauings growth. Since most of
the states in our sample do not have hours data for the emtieeperiod, we rely on an imputation
of hours to obtain an hours time series for the years 1996-20We use data from four LEHD
states that collect employer-reported data on employeeshouconstruct our imputation mode.
Note that employers repolnburs paid rather tharhours worked so the cyclicality of hours may not
line up exactly with measures from household surveys suthea€urrent Population Survey. For a
comparison of our data series to other available data onrmeg;rhours, and wages, see Appendix C.

LFor details of our imputation of hours, see Appendix B.
12These states are Minnesota, Oregon, Rhode Island, and My&shi



2.2 Analysis Datasets

We use two datasets for our analysisThe first uses a one percent sample of a set of four states
that have data on worker hours, whenever available, fron6 1020154 While this dataset does
not rely on imputation, it is an unbalanced panel of statasakier-represents more recent years due
to data availability. The second dataset uses a one peraenies of a set of eleven states that have
data available consistently from 1996 to 2025AIlthough hours are mostly imputed for this dataset,
it possible to present time series evidence for this setadést All figures in this paper therefore use
the eleven state dataset. It is possible that labor forcgosition effects bias the results for the four
states relative to the country as a whole or the businesg.cyldlis is not an issue with results for
the eleven states as our hours imputation relies on a missimgjtionally at random assumption that
essentially reweights the observed data by the likely hasssciated with workers who have a given
set of observable characteristics.

In what follows, we present evidence from both datasets ed@rpossible. Comparison of point
estimates from both data sources should provide a rangeiofates on the cyclicality of earnings,
hours, and wage growth in the presence of uncertainty frowor lanarket composition and imputation.

3 The Evolution of Average Earnings, Hours, and Wages

We now turn to the evolution of earnings, hours, and wageganegate. Here, we propose and imple-
ment a method of accounting for each of these that distihggishanges associated with job stayers
from changes associated with employer-to-employer triangirs and nonemployment entrants and
exiters.

3.1 Accounting Method

Consider the evolution of an average of individual workemesgs, hours, and wages, generically
denoted byy;; related to dominant employers from tinhe- 1 to timet. Recall that by comparing
dominant employer statuj;_; at timet — 1 andd at timet, workers are in one of four categories
Gt € {st,Git,rit,Nit}, which denote binary indicator variables wheggeindicates a job stayer who
remains employed by the same employgr,indicates a worker who has an employer-to-employer

13Basic summary statistics are available in Appendix Table D1

14The data use agreement under which this research was ceddulates restrictions on the release of state-specific
results, so results for our four states with hours data avaye pooled overall states, and only regression outpubisish

15These states are California, Colorado, Idaho, lllinoisng&s, Maryland, Montana, North Carolina, Oregon, Wash-
ington, and Wisconsin.



transition between times— 1 andt, rj; indicates a worker has left employment for nonemployment,
andnj; indicates a previously nonemployed worker entered empéosymSince an average equals
the weighted sum of its components’ averages, we can exfiiesshange in the average of our
variables of interest from time— 1 to timet, Ay; = y; — y;_1, in terms of the share of employment
for each type and its average for times 1 andt..1® Let the total number of job stayers, employer-
to-employer transitions, separations to nonemploymemd, entrants from nonemployment &g

Q:, R, andN, respectively. Then the number of workers employeBis; = S + Q + R at time
t—1andD; = § + Q: + N at timet. All changes in employment are consequently due to net entry
from nonemployment. IN: > R, then entrants from nonemployment outnumber separatats an
employment increases. Likewise,Nf < R;, employment decreases. Given this notation, we can
express the change in average as:

AV — ZiStYit +2iGitYit + ZiMiYit  ZiStYit—1 — ZiGtYit—1 — ZifitYit—1
Dt Dt—1

[ / J/

earnings at time earnings at timeé—1

(1)

Separating counts by transition type gives us:

AﬁziziStYit_i_iziQitYit NeZimyit S Zistyie-1 & ZiGiYie-r R Zirieyie—1
D & Dt @& Dt N D1 S Di-1 Di-1 R

Since job stayers and workers undergoing employer-to-@yeplransition are employed in tinhe- 1
and timet, we can regroup terms by separating their relative corttahuo the change in the average
from the relative change in their shares. This allows us ts®r growth in our variables of interest
due to factors other than changes in labor market compositde call the change in the category
average the “intensive margin” and the change in the cayegjware the “extensive margin.” We then
have:

A)Tt _ % - % ZiStAyit + % + % 2 anyit n
2 S 2 Q
intensive margin
(E_ S ) Zise Vit +Yi-1) | (%_ Q ) Zici (Yie+yi1) | NeZilye R Zineies
Dt Dt -1 23 Dt Dt -1 2Qt Dt Nt Dt 1 Rt

~ .
extensive margin

[\

(.

16we examine the change in log earnings. Since log earningspar@ximately equal to percentage changes, this aids
in the interpretation of these results. A log transfornmatieduces the influence of very high earners and describegeha
closer to changes in median earnings. Define change in wagdsoairs analogously.



We can now express the change in the aggregate as the sumaafnébution associated with job
stayers, the contribution associated with employer-t@leger transitions, and the sum of the move-
ments into and out of nonemployment plus the change in sHargeb stayers and employer-to-
employer transitions, such that:

S S Q& Q
Ay — DL Do ZistAYie | BT Doy Zdielyie N (Zmeyies o) RO (ZiNder o )
“=-—""> s 2 Q& D N Y Dy R W

job stayers emp.-to-emp. nonemp.-to-emp. and emp.-to-nonemp.

N

4

wherey; is the weighted average for job stayers and workers undeggam employer-to-employer
transition, i.e.

i = S (ZiSt (Yit +yit1)) L@ (Ziqit (Yit +yit1)) .
S+Q 25 S+ 2Q
The formulation for the growth ig in equation (2) makes an intuitive distinction between trspec-
tive contributions of job stayers, workers undergoing eayiet-to-employer transitions, and workers
transitioning into and out of nonemployment. Essentialgch component contributes a weighted
average. For job stayers, the change in the average is tedtipy the average share of job stayers.
Similarly, for employer-to-employer transitions, the nga in the average is multiplied by its average
share. Nonemployment transitioners move from having noiegs and not contributing to the aver-
age to having earnings and contributing to the averagecerxgrsa. Their impact is therefore related
to how different they are from workers who are continuoushptyed in timeg andt + 1. The fre-
guency of entry from or exit to nonemployment scale the dtifee to arrive at the total contribution
to growth iny.

3.2 Job Stayers, Employer-to-Employer Transitions, and Nonemployment

We now examine the evolution of earnings, hours, and wagesreenced by workers moving onto

and up the job ladder. Using the accounting method detaileitie previous section, we decom-
pose overall growth into contributions made by job stayersployer-to-employer transitions, and

nonemployment transitions, each weighted by their aveshgee as defined in equation (2). Figure 1
displays our result$’

170f the series displayed in Figure 1, the overall earningsvtir@and job stayers series demonstrate significant noise,
especially when compared to the employer-to-employer flamegsnet employment margin series. This volatility is seem-
ingly absent in series showing average compensation anthgarin the U.S. However, such a comparison is misleading
as the former is a log series while the latter are typicaliglle series. Moreover, both are usually seasonally adjuste



We first consider overall growth in earnings, shown by thedaie in Panel 1(a). During the late
1990s, aggregate earnings increased by 0.3% to 0.9% in madegs. The U.S. then entered a period
of sluggish earnings growth, with gains slowing to just abaero at the start of the 2001 recession
and remaining there until the Great Recession when theydufil to -0.6%. Signs of a recovery
first appeared in 2015 when quarterly increases reached 0.9%

Our key finding is that earnings gains associated with engulty-employer transitions only have
a limited ability to explain earnings growth in the aggregaflo see this in Panel 1(a), we note
that employer-to-employer transitioners (the dash da&)liexperience proportionately higher earn-
ings changes, generally in the high single digits or low deutigits, that consistently add 0.7% to
1.8% to overall earnings growth each quatferAt the same time, the net contribution of entrants
from and exiters to nonemployment (the dash line) is negativorkers entering employment from
nonemployment start with very low earnings relative to imbents that exit to nonemploymet.
This “extensive margin” considerably reduces aggregateimgs gains by 0.5% to 1.8% each quar-
ter, especially during the expansion years of the late 198@s employment growth was the most
rapid. On average, the contributions of employer-to-eygdransitions and nonemployment transi-
tions are both 1.4% in absolute magnitude, but the formewsgige while the latter is negative. Since
the cyclical properties of both series mirror each otheirtbontributions largely cancel each other at
any point in the time series.

We therefore conclude earnings gains associated with ppest (the dotted line) account for
most of the growth in aggregate earnings in the late 1990@mh8, despite making a much smaller
contribution than employer-to-employer transitions. Btrer, the two series only differ from each
other when gains associated with workers changing em@@ret the net employment margin vary in
size. These differences are greatest during the Great Recegdsen earnings changes associated with
nonemployment transitions declined by 0.2% more in mageithan those associated with employer-
to-employer transitions increaséSmaller differences are present late in expansions wheis ggi
employer-to-employer transitions exceed those of erdrintn and exiters to nonemployment. At
those times, overall earnings growth slightly exceedsdhgib stayers.

This finding expands upon Daly and Hobijn (2016), who showekiensive margin of nonem-
ployment entry offsets much of the real earnings growthhbatted to the “continuously employed”

18Note that the employer-to-employer contribution quargiiee earnings change and frequency of transitions. Less
than ten percent of workers undergo employer-to-emplog@isttions.

19see Daly and Hobijn (2016). Recall the number of entranteens the number of exiters because the number of
employed is increasing.

2This differs from the 2001 recession even though the cantidh of employer-to-employer transitions is roughly the
same during both recessions because the contribution @mmoloyment transitions is greater in magnitude during the
Great Recession than the 2001 recession.



during economic downturns. We confirm the importance of tlieresive margin but find entry from
and exit to nonemployment does not offset the contributigolm stayers and employer-to-employer
transitions. Instead, the extensive margin only tendsrgels offset the contribution of employer-
to-employer transitions. The difference in results mayXyganed by the fact that Daly and Hobijn
(2016) classify continuously employed workers in a manhatis more consistent with our definition
of employer-to-employer transitions. As a result, empiapeemployer transitions in our employer-
employee match data have a much smaller employment shateveeio job stayers than Daly and
Hobijn (2016) find in survey data. Moreover, they observeilsinearnings increases for job stay-
ers and employer-to-employer transitions, whereas we liadittter experience larger earnings gains
than the former. By properly accounting for job stayers, waashverage earnings growth tends to
be driven more by job stayers than workers changing empdoyer

We next explore the hours and wage components of earninganel$1(b) and 1(c). Panel 1(b)
looks at hours growth, overall and broken down into its congmas, while Panel 1(c) shows overall
wage growth and the contributions of its components. Agapedpours growth moves in a similar
manner as changes in overall earnings but is more muted rticydar, we find hours changes ranged
in value from -0.1% to 0.3% during the 1990s and were subsghlyuminor until the Great Recession
when their growth rates declined 0.3%. The economic regofadiowing the Great Recession was
met with small increases in hours until 2015 when hours gietv#%6. Meanwhile, aggregate wage
growth generally tracks the pattern observed for overatiiags growth but somewhat diverges from
it after the Great Recession. While aggregate earnings gristhturns positive in 2012 and then
substantially increases in magnitude in 2015, overall wgage/th is not positive until 2015.

Comparing hours and wages in Panels 1(b) and 1(c), we find theilmation of hours exceeds
that of wages when accounting for the earnings growth ofviddals changing employers. While
employer-to-employer transitions add to gains in both eggte hours and wages, their contribution
to overall hours is substantially larger than their conttign to overall wages. Hours for these work-
ers consistently increase by 0.5% to 1.4% per quarter, ceedp@a 0.1% to 0.5% per quarter for
wages. This result suggests workers changing employerasaciated with larger gains in hours
than wages, meaning earnings growth for these workers méetber explained by moves to jobs
with greater hours than those with higher wages. It alsoigsfihe existence of a job ladder in hours
that transitions workers from jobs with limited hours to golvith more hours. While a discussion
of the mechanisms responsible for an active job ladder inshsubeyond the scope of this paper,
our finding does imply the existence of search frictions gustthent costs that make hours changes

10



Figure 1: Average Change and Contribution by Component

(a) Log Earnings
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Notes: All series are log series that have been seasorgjligtad and Henderson-filtered using x12. Earnings and
wages series are presented in log 2014 constant dollarde8lageas indicate recessions. Overall indicates the total
change. Stayers indicates the component attributablestolthnge for job stayers multiplied by the average share of
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attributable to the difference between entrants and esatertiplied by the average share of entrants and exiters and
the change in share of employment where data are observaittipled by the average for that quarter.
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within a job more costly for a worker than moving to a job witlpferred hours schedufé. We
also find that despite the gains that overall hours growtbrsffo aggregate earnings growth, it does
not always offset wage losses. Following the Great Rece#sidd10-2011, small increases in hours
observed did not make up for the declines in wage losses agrégate earnings did not change.

We also find evidence of a job ladder in hours for nonemploytrtransitions. Entrants from and
exiters to nonemployment consistently have a negativeibomion to growth in both aggregate hours
and wages, confirming entrants from nonemployment haverlbawrs and wages than those entering
nonemployment. While this contribution has a comparabl&epato that of its earnings counterpart,
it does not similarly offset the contribution of employerémployer transitions to either aggregate
hours or wage growth. For wages, the average differencedestwontributions is approximately
0.3%, with the largest differences observed after recassiOne reason for this could be more muted
increases in wages for employer-to-employer transitiemsgd such periods, which effectively means
wage losses from nonemployment transitions bring down trawoverall wages. This countercycli-
cal dampening effect is consistent with the extensive mangige accounting exercise of Daly and
Hobijn (2016). Our results are similar but somewhat lesgicgic®® Daly and Hobijn find the exten-
sive margin in their data subtracts slightly more than 2.88mfwages on an annual basis, which is
roughly what we find when our results are annualized. Howavwstead of becoming slightly positive
in the wake of the Great Recession, we find the quarterly netattlon reaches 1.0% and does not
make a material positive contribution to wagés.

Lastly, we noted earlier that large gains in earnings forgtatyers were driving earnings growth
in the late 1990s and 2015. To see if this is due to increadasurs, wages, or both, we compare the
dotted lines in Panels 1(b) and 1(c) and find job stayersvedéiigher wages, but not substantially
more hours, during these time periods. Specifically, wagetr averages 0.6% while hours growth
averages -0.1%* Similar to what we observed for earnings, we find the contigiouof employer-
to-employer transitions to aggregate wage growth was lfgehe extensive margin. Job stayers
therefore largely drive wage growth during the expansiartee late 1990s and 2015. In the following
section, we further explore how growth in individual eagsnhours, and wages vary over the business
cycle.

21see Altonji and Paxson (1986) and Chetty et al. (2011) fah&rranalysis of how frictions within matches restrict
the choice of hours.

225ee Daly and Hobijn (2016), page 30, Figure 4. Note Daly anbijH¢2016) are interested in median earnings,
hours, and wages, while we are interested in the averagebf ea

23some of this may be accounted for by the fact that our timeesemalysis involves a Henderson filter that takes a
moving average across quarters.

24This yields an average earnings growth during these pedb@$% illustrated in Panel 1(c).
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4 Regression with Employer-Employee Match Effects

We now introduce employer-employee match effects into eession framework that measures how
earnings, hours, and wages vary with the unemploymentkatBenote worker earnings, hours, or
wages byt for workeri at timet. The purpose of this model is capture the cyclicality of widlial
worker earnings as workers move onto and along the job latidefollow the empirical specification
of Bils (1985) and the literature that follows in assumingivlial change in earnings, hours, or
wages can be captured by the following reduced-form stzidramework:

Yit = Ut (Y1 + it Vo + Nity3) + Xit B + Uit. (3)

Parametey, captures how the dependent variable changes with the unogmeht rate in a manner
that is common to all workers with earnings at timeéWe also include parameters that capture the
extent to which workers who are newly hired in quatteray have earnings that change differentially
with the unemployment rate, as most studies that regressigaror wages on the unemployment rate
have found new hire earnings respond more to the unemplayraen Following Haefke, Sonntag,
and van Rens (2013) and Gertler, Huckfeldt, and Trigari (208€ distinguish between new hires
from another employey; or nonemployment;,. The variablesy andn; are dummy variables as de-
fined in the previous Section and have marginal effgcendys, respectively. Note these interaction
terms meary; can be interpreted as the change specific to job-stayers yheind y5 are measures
of excess cyclicality relative to job stayers. We also idela row vector of time-varying observable
characteristics;; with marginal effects given by the vect@, which include age, job tenure, and
dummy variables that indicate whether a worker is newlycirem another employer or nonem-
ployment, whether it is the last quarter of a specific empl@maployee match by type of new hire,
as well as time trends and seasonal effects that are speqifarticular transition types. The residual

Uit iIs assumed to be additively separable into two components:

Uit = it + &it, (4)

&t is the i.i.d. error term and;; is an effect that persists over time. We allow to take one of two
forms. In our first set of specifications, we follow Bils (1985)d most of the related literature and
assumen;j; = d;, that is, each person has a time-invariant effect. In thi® can empirical strategy
that uses either person-specific fixed effects or estimheesrst difference of equation (3) will yield

unbiased estimates of the parameters of intgresh, andys. In our second set of specifications, we
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allow ajt = ajj for any match between persoand employer that exists at time, as proposed by
Gertler and Trigari (2009).

The latter set of specifications allows any particular eiygleemployee match to have its own
effect. Under the assumption of this specification, the ddesh specification can be biased if the
deviation of the estimated person effect from the true meffgttd; — aj; is related to the dependent
variable of interesy;; and the unemployment rate. This would mean conventionamhatts ofy;, o,
and s from a person-specific fixed effects or first difference sggtare biased. There is reason to
believe this is the case. First, match effects are, by assompelated with the dependent variables
of our regressions. Second, there is ample recent evidemweHaltiwanger et al. (2017) and related
studies that find movement from worse to better job matcheisyclical, suggesting average match
effects may be higher when the unemployment rate is lowereileeless, match effects will pick up
a variety of effects, including match quality and any peesit effects of labor costs as in Kudlyak
(2014). In practice, we will not be able to distinguish amdéimgse mechanisms.

In Table 1, we show the main results of our regressions ofiegsnhours, and wages on the
unemployment rate. We first list the first difference speatfan since it is commonly found in the
literature (See Pissarides, 2009). The specifications pattson-specific fixed effects and match
effects are in the adjacent columf?s.We find the earnings, hours, and wages of job stayers are
procyclical across all model specifications and datasetis earnings increasing by 0.8% to 1.8% and
hours and wages growing 0.2% to 0.9% in response to a onerpeénceease in the unemployment
rate?® Moreover, the proportionate cyclicality of earnings isajee than either of its components.
While not the focus of Bils (1985) and related literature, tmelifig that job stayer wages respond
to the unemployment rate is consistent with previous finglighich also report results of similar
magnitudes.

Cyclicality of new hires from another employgg or nonemployment;; can be expressed by
summing the parameter estimate for job stayers with thepeetive parameter estimate for excess
cyclicality. All specifications indicate the earnings, neuand wages of new hires are procyclical, but
we find very different estimates across our various spetifice. Most studies following Bils (1985)
employ a first difference specification, and such estimat®wurveyed by Pissarides (2009) who
concludes wages of new hires decline by three percent foy @& percentage point increase in the
unemployment rate. Our finding that wages respond from 22684+ 0.2%) to 4.4% (38%-+ 0.6%)

25Because we are interested in estimating an effect assdaidtie each employer-employee match for our later work,
our results in Table 1 use all workers. However, most of tleediure impose a maximum nonemployment duration when
including hires from nonemployment. We do this in Append&ble E1, and obtain results similar to those in Table 1.
26see rows labeled “Baseline” which contain estimates of Hrametew, the earnings change for job stayers.
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Table 1: Earnings, Hours, and Wages Regressed on the UnemghbyRate

First Difference Person-specific Fixed Effects Match-dpeEixed Effects
Earnings Hours Wages Earnings Hours Wages Earnings Hours gedVa

Four States with Observed Hours Data,
Unbalanced Panel of Sates

Baseline —0.009** —0.007* —0.002*  —0.018** —0.009** —0.009**  —0.009** —0.005"* —0.004"*
() (0.001)  (0.001)  (0.001) (0.000)  (0.000)  (0.000) (0.000)  (0.000)  (0.000)
New hire: ~ —0.035** —0.014"* —0.020"*  —0.019** —0.013** —0.006**  —0.003** —0.005"*  0.003**
Emp. §5) (0.004)  (0.004  (0.003) (0.001)  (0.001)  (0.001) (0.001)  (0.001)  (0.001)
New hire: ~ —0.090** —0.060"* —0.026**  —0.016** —0.012** —0.003**  —0.004** —0.005**  0.002"**
Nonemp. {5)  (0.004)  (0.004  (0.002) (0.001)  (0.001)  (0.001) (0.001)  (0.001)  (0.000)

Eleven States with Earnings 1996-2015,
Mostly Imputed Hours and Wages

Baseline —0.008** —0.003** —0.006"*  —0.014** —0.006** —0.009**  —0.009** —0.002°* —0.007"**
() (0.000)  (0.000)  (0.000) (0.0000  (0.000)  (0.000) (0.0000  (0.000)  (0.000)
New hire: ~ —0.062** —0.029** —0.033**  —0.018* —0.012** —0.006"*  —0.003** —0.004** 0.000
Emp. () (0.002  (0.002  (0.002) (0.000)  (0.000)  (0.000) (0.000)  (0.000)  (0.000)
New hire: ~ —0.068** —0.023** —0.038*  —0.013** —0.010"* —0.004"*  —0.004** —0.004** 0.000
Nonemp. 5)  (0.001)  (0.002  (0.002) (0.000)  (0.000)  (0.000) (0.000)  (0.000)  (0.000)

Regressions were run using two analysis datasets. The tab sesults are from regressions using non-imputed, disggged earnings, hours, and wages data
from four states. The bottom set of results are from regoessuising non-imputed, disaggregated earnings data antfyrimoputed, disaggregated hours and
wages data from eleven states. Regressions were run usirgj diffierence specification as well as with person-spefied effects and match-specific fixed
effects. Additional control variables for all three spemitions include age, job tenure, and various dummy vamsahlgt indicate whether a worker is newly hired
from another employer or nonemployment, whether it is tlsé daarter of a specific employer-employee match by type wfhiee, and specific time trends and
seasonal effects that are specific to particular transffipes. Earnings and wages series are presented in log 26&thoodollarsy; is the parameter estimate for
the seasonally-adjusted national unemploymentugtand provides the responsiveness of job stayers the parameter estimate for the interaction term of the
seasonally-adjusted national unemployment rate and adlag fiew hire from an employer-to-employer transitigg, i.e., the responsiveness of employer-to-
employer transition hires relative to stayeysis the parameter estimate for the interaction term of them®ly-adjusted national unemployment rate and a flag
for flows from nonemployment to employmentyj;, i.e., the responsiveness of new hire from nonemployméative to stayers * denotes statistical significance
at the 10% confidence level, ** at the 5% confidence level, @t 1%.



aligns with the literature, although this is on the highed efithe range of surveyed estimates. The
response of hours to the unemployment rate has fewer regeneoints in the prior literature for
comparison, but we find hours respond to increases in the piogment rate in a somewhat lower
range of 1.3% to 3.2%. The change in earnings is approxign#tel sum of the response of hours
and wages, and is larger than each. Using person-specifitdffects generally yield lower estimates
of the wage and hours cyclicality of new hires than the firffiedence specification, which is the
most commonly used strategy, with point estimates rangiog f1.2% to 1.5% for wages and 1.6%
to 2.2% for hours. Nevertheless, estimates with personHfspéixed effects still suggest substantial
excess cyclicality of new hires relative to job stayershidot new hires from employer-to-employer
transitions as well as hires from nonemployment.

Controlling for employer-employee match effects yield velifferent estimates of the excess
cyclicality of new hires relative to the first difference goerson-specific fixed effects specifications,
consistent with the previous findings of Gertler and Trig2€09). In our four state dataset, which
does not have imputed hours or wages, new hire wages areyi@gsatthan job stayers, although
still slightly procyclical. In our eleven state specifi@atj new hire wages are found to be no different
than those of job stayers. In contrast, hours are still mpeéaal for new hires relative to job stayers,
although the magnitude is lower in the range of 0.6% to 1.0%e differences in the responsiveness
of hours versus wages suggest the excess cyclicality ofatrergys of new hires is driven by hours.

These results indicate match effects account for the exxyedigality of new hire wages in the
empirical work that follows Bils (1985). Interpreting thefsedings requires consideration of some
technical nuances, which we describe here. After contiglior a time-invariant effect that persists
throughout an employer-employee match, excess cyclicatinew hire wages necessarily reflects
earnings responses to the unemployment rate that arettngnshny transitory effect of the unem-
ployment rate at the start of the job match has either notefilean offsetting effect on wageés$.This
means all of the measured excess cyclicality of new hirggivelto job stayers reflects a relationship
between the unemployment rate at the start of the job matthhenpermanent component of wages
that persists throughout the employer-employee match.

Recall these employer-employee match effects may be driyawd mechanisms. One mech-
anism is the fundamental quality (or productivity) of pamtar employer-employee matches, em-
phasized in the recent work of Hagedorn and Manovskii (2@t8) Gertler, Huckfeldt, and Trigari

2"We concede that an offsetting transitory effect of the urlegipent rate is somewhat surprising. We can only
speculate as to the mechanisms that might lead to this palterffiect, but if the frequency and magnitude of hiring
bonuses are not in general directly tied to salaries or enémoonditions, then this would lead to a transitory offieett
effect of the unemployment rate. Given data limitationsareunable to test that mechanism here.
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(2016). During recessions, workers may be less likely toenato matches that are a better fit for
them. On the other hand, it may be that labor is simply leslycdsring recessions due to labor
market slack and diminished worker bargaining power, and #were is a long-term contract for
compensation at the start of a job, then the quality or prindticof the match does not necessarily
have an explanatory effect. The latter mechanism has Hlgdeegn explored by Shimer (2005) and
Pissarides (2009) as a method of resolving the employnmaatiNty puzzle, highlighting how labor
market search models struggle to have employment rathemthges respond to changes in economic
conditions.

On their own, our results do not allow us to distinguish betwenatch quality and bargaining
power associated with labor market tightness. One tesposexd by Gertler, Huckfeldt, and Trigari
(2016), is to measure whether new hire wages of workers in@mpto-employer transitions are
more responsive to the unemployment rate than those of whieed from nonemployment. They
argue that, if wage cyclicality is driven by employer-toq@oyer transitions, then this indicates the
cyclical job ladder, which is generally understood to mowerkers from less productive to more
productive matches, explains measured wage cyclicaligrtl&, Huckfeldt, and Trigari (2016) im-
plement this test using data from the Survey of Income andr@ro Participation and find the excess
wage cyclicality of new hires is driven by employer-to-eoy@r transitions rather than hires from
nonemployment. Our matched employer-employee data ddesonfirm their results and we find
instead that the wage response of hires from nonemploymeirilar to that of workers undergoing

an employer-to-employer transition.

5 Maitch Effects and Average Earnings, Hours, and Wages

We now incorporate the fitted values from our regressionyamainto our decomposition in order to
identify how earnings, hours, and wages evolve in ways tleeassociated with changes in the unem-
ployment rate, match effects, and other observable clarsints, using our estimation of equation
(3). Note estimates in Table 1 show the cyclicality in equa(3) relative to overall cyclicality.

5.1 Incorporating Regression Estimates into the Decomposition

We measure the extent to which match effects, the unemplolyraée, and other observable char-
acteristics account for growth in earnings, hours, and wagde do so, we substitute our estimated
parameter vectors of these components from equation @eupation (2). The average change for

job stayer can be expressed as follows:
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whereAx;; = Xt — Xit_1 IS the change in the vector of observable characteristara timet — 1 to
timet, Aui = Uit — Uit—1 IS the analogous change in the unemployment vagtet { Ui, Gt Uit, NitUit },
andAgj; = & — &¢_1 is the change in the estimated residual. Note that, by aectgin, stayers never
have any change in match effects (since they are constaahjoemployer-employee combination),
so this line is equal to zero throughout the time series. Tmribution of job stayers to the overall

average defined in equation (2) requires the tgi%t’?—l, which denotes weighting by their average
share of total transitions.

We can write a similar expression for growth associated witiployer-to-employer transitions
weighted by their transition shares:
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where the change in estimated match effects is denotédiy= ai; — Git_1.

To obtain the contribution of nonemployment, we compar@iegs, hours, and wages of these
transitioners with those of all other workers. For workeogng from having no earnings to positive
earnings in time, we have the following relationship for average growth viatggl by their transition
shares:
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whereX; is a row vector of average observable characteristicis a row vector of unemployment
interacted with job transition type); is an average of fitted match effects, aiads an average of
fitted residuals, where the average of each element geltedemoted byg; is

G- S (ZiSt(git+git—1))+ Q (ziQit(git‘f—git—l))‘
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For employment-to-nonemployment transitions, we havéath@wing relationship for average growth
weighted by their transition shares:

Refzirityier o\ R (Ziriie—1 o\ 5, R (Zfitlie-1 ) o
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5.2 The Role of Match Effects, the Unemployment Rate, and Other Observ-

able Characteristics

The results of this decomposition for earnings, hours, aages are shown in Figures 2, 3, and
4, respectively. We show this decomposition for job stayerpiation (5)), employer-to-employer
transitions (equation (6)), and net employment flows (dqud¥) minus equation (8)). Each type has
a panel comparing its time series from the baseline decatigros Figure 1, labeled “Total,” to lines
showing the contribution of match effects, the unemploytmate, other observable characteristics,
and a residual. Each of these four components are equal toteleprior to seasonal adjustment and
taking a moving average, and differences due to teegest adjustments are small.

First, consider how earnings for stayers evolve in Pangl d{ae unemployment rate contributes
procyclically, adding 0.2% to 0.4% to earnings growth dgrexpansions but subtracting 0.1% to
0.5% during recessions. Meanwhile, changes in observdialecteristics always contribute posi-
tively, about 0.3% to 0.4%. This is natural since job tenure age for stayers go up over time and
both are associated with earnings increases. There is yt$ioadity in this line as it falls to 0.0%
after the Great Recession. This is a longer-term consequ#ribe decline in hiring rate that occurs
during and persists after recessions: since recessiothsddewer low-tenure workers (see Hyatt and
Spletzer 2016) and returns to job tenure are greatest @aaljob spell, stayers as a group accumulate
less returns to job tenure during downturns.

The residual, which necessarily includes anything notwapt in equation (3), also plays an
importantrole. Itis persistently negative from 0.0% to%,®ffsetting much of the earnings increases
associated with changes in the unemployment rate and obis&rvable characteristics. It appears
earnings growth following the Great Recession is due to uesictors?® In the previous section, we

28hile an exhaustive attempt to model cyclical earnings charig beyond the scope of this paper, it may be useful
to provide some guidance for the level and time series ptiggenf the residual line. As stated above, these necegsaril
capture features of the process that determines earnitgsh(are unobservable to an econometrician) but are natiegbt
in the empirical specification in equation (3). The persistevel difference most likely reflects the fact that we only
allow returns to job tenure to increase, and do not have &sponding “time from exit” series, as well as any failure to
capture the true polynomial to capture returns to job teitsedf. Furthermore, we only allow for excess sensitivitte
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Figure 2. Earnings Growth: Regression-Based Decomposition
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Notes: All series are log series that have been seasordjligtad and Henderson-filtered using x12. Earnings series
are presented in log 2014 constant dollars. Shaded areigstimdecessions. Total indicates the total change for
the given job transition type. Match Effects the componetitbaitable to employer-employee match effects. Un-
employment the component attributable to the seasond|lysted national unemployment rate. Other Observables
the component attributable to other observable charatitey including age, job tenure, and dummy variables that
indicate whether a worker is newly hired from another emeitayr nonemployment, whether it is the last quarter of
a specific employer-employee match by type of new hire, akagdime trends and seasonal effects that are specific
to particular transition types. Residual the componenibatible to the remainder.
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noted earnings growth among stayers was accompanied byamageot hours growth. In comparing
the panels for stayers in Figures 2-4 (Panels 2(a), 3(a)), 4(appears observed earnings growth was
accompanied by wage growth that was also due to residuairrditéan cyclical factors. In contrast, any
persistent increase in hours growth appears to be due teahpfectors following the Great Recession
with substantial transitory effects due to residual sosiafevariation as seen in Figure 3(a).

The evolution of earnings when workers undergo an emplty@mployer transition is quite dif-
ferent from that of job stayers and is shown in Panel 2(b)s ®&iargely due to earnings changes asso-
ciated with increased match effects, which explain aboét 80the level and variation in the overall
contribution to total earnings change. On average, matectsfcontribute about 1.0% throughout
the time series, going as high as 1.5% in the late 1990s. Haises to 0.5% during recessions with
no recovery to pre-recession levels after the 2001 reagbsiba recovery to pre-recession levels after
the Great Recession. This procyclical behavior is due botlicikers changing jobs more rapidly
during expansions and match effects resulting in largeesmses during expansions. Unemployment
slightly offsets these gains: when a worker begins a newyaballow for new hires to have excess
sensitivity to the unemployment rate and have a persisegative effect by construction. However,
this contribution is typically near zero so not much is dffséncreases associated with other ob-
servable characteristics are approximately 0.1% to 0.28baae procyclical. This procyclicality is
primarily due to workers aging as well as our inclusion of @-guarter penalty associated with the
last quarter of a particular job for all new hires and the safigally higher seasonality associated
with the earnings of job changers since different transitygpes were allowed to have different sea-
sonal effects. The residual line is small but also genegadlsitive at 0.0% to 0.2% with occasional
short-term declines.

In comparing earnings growth to the time series for hoursveages in subsequent figures, it is
clear both wages and hours are sources of earnings growgimiolioyer-to-employer transitioners. In
particular, Figure 3(b) and 4(b) show match effects are kegccounting for hours and wage growth
following the Great Recession. We interpret these resultsllsvs. Employer-to-employer transi-
tions constitute a substantial portion of earnings growtthe aggregate economy. These transitions

unemployment rate in the first quarter of a particular jold tiere may be analogous earnings changes that occur atthe en
of a job spell. Temporary increases may be due to omittedbtas and model misspecification. The temporary increases
in the unemployment rate may be due to earnings adjustmémg benlinear in the unemployment rate: for example,
an adjustment from 7% unemployment to 6% may not cause wagasrease much, but when the unemployment rate
changes from 5.5% to 4.5%, the labor market might be quite igd so job stayers may accumulate additional earnings.
The earnings increase in the late 1990s may also be assbuidteincreases in labor productivity. Finally, we would
expect to see countercyclical increases in the residua¢ iflhemployment rate affects earnings in an asymmetric enann
specifically, if earnings increase more as the unemploymatatdecreases than they fall when it rises, which wouldoccu
if there are some downward rigidities in the wage and houtmgeprocess.
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Figure 3: Hours Growth: Regression-Based Decomposition
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as time trends and seasonal effects that are specific taydarttransition types. Residual the component attridatab
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are accompanied by both wage and hours increases, but renssage substantially larger in mag-
nitude. In attempting to account for these increases, wehitds gains for employer-to-employer
transitioners are accounted for by improvements in timariawit match effects across employer pairs
that result in increases in hours for transitioning work@itsese increases in hours appear larger than
any associated increases in wages and represent a chaneelrfings growth that is usually not
considered in search and matching models. In particulagngee this represents evidence of a job
ladder in hours that has typically been ignored in the lttee

Panel 2(c) shows the contribution of movements to and fromemployment to growth. Like
employer-to-employer transitioners, earnings changsscested with match effects for exiters and
entrants tract the overall contribution quite closely argl&n most of the level and intertemporal
movement. However, rather than being positive, they havefietting effect, subtracting around
1.5% from earnings change on average. Only during the Grezd3mn does this decrease in mag-
nitude to 0.75%. However, it returns to 1.5% by 2012 and rasiere. All other mechanisms have a
much smaller role. The unemployment rate has a persisteagjgitive effect of 0.1% to 0.2%, mostly
due to new hires - in this case, new entrants - having excewsitisgy to the unemployment rate.
There are two main channels for the small increase in theofdllee unemployment rate during and
after recessions. First, the (albeit small) excess seitgidf new hires increases during recessions
even as such workers enter less frequently. To understanskttond channel, recall the unemploy-
ment penalty for exiters relative to all workers enters tkeainposition with a negative sign; see
equation (2). Since we do not allow for excess sensitivitgxiters to the unemployment rate in
equation (3), exiters look more like other workers duringessions via this channel so the general
intuition that more exiters increases the average doegupy.e0ther observable characteristics have
a negative effect of 0.1% to 0.2% during expansions but aipesine of 0.0% to 0.3% during and
immediately following the two recessions. Finally, we ntitat workers see hours gains over the life
of the employment spell.

Figure 3(c) highlights how hours of new workers are lowenthaurs of exiting workers. At the
same time, Figure 3(b) shows subsequent employer-to-gmpi@ansitions see further hours growth.
We interpret these results as evidence of a job ladder insheliere hours of new hires from nonem-
ployment are typically higher than those of exiters and sgbent employer-to-employer transitions
increase worker hours further. What drives the increase iumg¥ The decomposition graphs show
a large role for match effects. The contribution of entraand exiters to overall hours growth is
largely due to differences in match effects between ergrantl exiters. Notice that, like employer-
to-employer transitions, there is substantial contriuto wages, as seen in Figure 4(c). In particular,
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Figure 4. Wage Growth: Regression-Based Decomposition
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Notes: All series are log series that have been seasordjligtad and Henderson-filtered using x12. Wage series are
presented in log 2014 constant dollars. Shaded areas iadexessions. Total indicates the total change for thengive
job transition type. Match Effects the component attribleao employer-employee match effects. Unemployment
the component attributable to the seasonally-adjustédmredtunemployment rate. Other Observables the component
attributable to other observable characteristics, iriolgidge, job tenure, and dummy variables that indicate veneth
worker is newly hired from another employer or nonemploytnemether it is the last quarter of a specific employer-
employee match by type of new hire, as well as time trends easbmal effects that are specific to particular transition
types. Residual the component attributable to the remainde
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match effects are particularly important in accountingviages among entrants being lower than ex-

iters.

5.3 Average Earnings, Hours, and Wages and the Unemployment Rate

Another way to determine whether changes in earnings adgopr@antly driven by gains in hours

or wages is to compare covariances of earnings, hours, agdsasith the unemployment rate. In
this section, we present these correlations in Table 2, meghlts for more detailed components of all
aggregate outcomes presented in the rows.

We find overall earnings (denoted Ry;) decline when the unemployment rate goes up, but the
change is quite small. A one percentage point increase iartbeployment rate causes earnings to
decline by about 0.4%. Comparing the first column with the sd@nd third, we find almost 60% of
this is accounted for by changes in hours and the remaindegaiog in wages.

We further break down earnings growth into contributionsaior reallocation type, as defined in

sl 8
equation (2), and find that consistent with Figures 2 to 4ctimgribution of stayers' =1 295 and

X, x
employer-to-employer transition[’é%% are generally procyclical. However, more than 60%
of their combined increase is offset by the net contribubbrentrants from% (% —)”4) and

exiters to%t <% —Vt> nonemployment. To gain insight on changes in outcomes @aterage
worker, we divide each of these contributions by their reipe average shares and recover their
unweighted contributions. Average employment shares are not incladeskeparate rows in the table
but can be recovered by dividing contributions by their uighted counterparts. We therefore see
that the contribution of job stayers to aggregate earningsts, and wages growth is only about ten
percent smaller than their unweighted gains (denoted b;eﬂme%). Since most employees are
job stayers in any given quarter, their share of employn%é@tt + %) does not vary substantially
over time and is always between 85% and 9®%ln contrast, employer-to-employer transitions
have weighted and unweighted changes in earnings that aséadlly different in magnitude. This
suggests workers changing employers see large increasgasnimgs and their contribution to the
overall average is not as large as that of job stayers beadubeir small employment share. For
completeness, we also show covariance calculations foamstand exiters, whose weighted and
unweighted covariances differ in both magnitude and signekample, entrants see a countercyclical
earnings contribution of 0.6%, but their unweighted eagsiare procyclical at -0.7%. This suggests

differences in covariance structure in both average ennpéoy sharesg‘; for entrants an(% for

29For rates at which workers stay at the same employer, moweaind out of nonemployment, and transition between
employers, see Appendix Figure D3.
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Table 2. Regression of Components with Changes in the UnemplayRuate

Component Formula Earnings Hours Wages
Overall AVt -0.448 -0.257 -0.192
Stayers Lﬁﬂ% -0.665 -0.231 -0.434
Outcome Change ZS&% -0.749 -0.261 -0.488
Observables ~ Ziagub -0.081 -0.019 -0.063
Unemployment w -0.926 -0.265 -0.661
Emp.-to-Emp. tﬁl% -0.455 -0.307 -0.147
Outcome Change =%t -6.982 -4.252 -2.730
Observables M“QIM -0.525 -0.361 -0.165
Match Effects % -6.610 -4.100 -2.510
Unemployment ZiGtaut? -1.122  -0.486 -0.636
Nonemp.-to-Emp. %(%”ﬁ"l) 0.583 0.179 0.405
Outcome Change Z"i-1 g -0.694 -2.687 1.993
Observables (zi”i;jft*l — xt) B -0484 -0.318 -0.166
Match Effects ~ 2Mdict g 1.191 -0.657 1.848
Unemployment (Zi”"N‘j"—l —Gt> y 0678 -0.344 -0.333
Emp.-to-Nonemp.  — B (2t 0.088  0.103 -0.015
Outcome Change zi”tRyt"*l — 5866 2.779 3.088
Observables (it —%)B 0179 0.263 -0.085
Match Effects ~ Zfdi-1 _ & 5997 3319 2678

Unemployment (%—U&)V 0554 0.222 0.332

Notes: Bivariate regression of the changes in the compsrmenthe unemployment rate on percentage point changes
in the unemployment rate. All point estimates were muktiglby 100 to reduce the number of significant digits.

exiters) as well as unweighted earnings changes.

To again determine whether changes in hours or wages amp@tionately driving these con-
tributions, we compare the first column with the second amdl.thFor job stayers, we find both
their weighted and unweighted contributions to earningsvgjn are driven more by changes in wages
than hours. Increases in wages contribute almost twice a$ rasi gains in hours, predominantly
because of cyclical factors cagtured by changes in the ulbgment ratew rather than other
observable characteristié@éﬂ. About 70% of the 0.9% decline in earnings associated withea o
percentage point increase in the unemployment rate comesvilages. By contrast, contributions of
employer-to-employer transitions appear to be mostlyedriy cyclical changes in hours. Looking
at unweighted earnings growth alone, 60% is accounted fagduys in hours. This again confirms
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our striking finding of a job ladder in hours among workerg ttizange employers. Moreover, our
results show match effects play a large role in this, acéogrior 95% of the unweighted change in
earnings. In contrast, cyclical factors summarized by themployment rate and other observables
amount to 8% and 16%. Similar results are obtained for howtlsrages. Match effects also largely

account for changes in earnings, hours, and wages for ¢ntxad exiters.

6 Conclusion

We use matched employer-employee data to investigate hewettent slowdown in the job ladder
accounts for sluggish wage and earnings growth observed 2@00 to 2014. To do so, we propose
an accounting framework that decomposes earnings growilcomponents based on type of labor
reallocation as well as by changes in hours and wages. Weethetoy a linear regression model to
estimate how individual earnings changes can be capturgabliyjatch effects and cyclical sources.
Ultimately, we combine our accounting method and regressiodel to distinguish between the
effects that transitory and persistent factors have oneggge growth in earnings.

Our results have several implications for the literaturestFwe address the role of employer-to-
employer transitions in driving aggregate earnings groviththeir seminal paper, Topel and Ward
(1992) argue these transitions are a key driver of earniagssdor individual workers. This view
has been recently expanded to explain patterns of growtlggnegate earnings by Moscarini and
Postel-Vinay (2016) among others. We find that earningssgom employer-to-employer transi-
tions cannot account for aggregate earnings growth siregeate often offset by the contribution of
nonemployment transitions.

We also explore how aggregate wage and earnings growth ehareg expansions and reces-
sions. Daly and Hobijn (2006) recently found the primaryeriof aggregate real wage growth is
the “intensive” margin, made up of job stayers and emplagegmployer transitions, and their gains
during recessions tend to be offset by the net losses exgedeby entrants from and exiters to
nonemployment. In contrast, our results suggest job stayather than employer-to-employer tran-
sitions, mainly account for aggregate earnings growthrdurecessions because the contribution of
employer-to-employer transitions is consistently offisgtthe contribution of nonemployment tran-
sitions. Differences in findings are primarily due to our aied employer-employee dataset being
better able to distinguish between the contributions madelb stayers and employer-to-employer-
transitions. Looking futher into observed growth patteansong job stayers, we find they are not
accounted for by cyclical factors as a substantial resickrahins.
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Finally, we find wage growth is not the key determinant of wlial employer-to-employer
switch decisions. Most economic models of on-the-job defocus on wages and make the reason-
able assumption that workers prefer jobs offering higheyesa Our analysis shows that, in addition to
wage consideration, many of these transitions are maddamaboworker-firm match with a preferred
hours allocation. This is consistent with the existenceiofibns within job matches that restrict the
feasible choice of hours (Altonji and Paxson, 1986). We talethat, as a result, abstracting from
hours choice in the literature following Burdett (1978) andahovic (1979) is a significant limitation
when accounting for aggregate earnings growth patterns.

Taken as a whole, this paper underscores the need for futiznatitptive research to establish
the mechanisms at work behind these results. For exampkg, mchanisms account for the large
residual obtained when estimating the contribution of m@son cyclical factors for job stayers? We
hope this paper provides motivation for future work and ppeha set of moments that can be used to
estimate formal models exploring these mechanisms.
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Appendices

A Definitions

This appendix provides definitions of employment and egstoncepts used in this paper and fol-
lows the notation in Abowd et al. (2009) and Hyatt et al. (201Zet w;jj; denote earnings for
individual i from employerj in quartert. If an individual has reported earnings from an employer
in a given quarter andy;j; > 0, then we infer the individual worked for the employer ant tis
employment relationship a job.

A.1 Basic Employment Concepts

Following Hyatt et al. (2017), we consider the subset of jtis span two consecutive quarters.
Formally, these are:

b — 1, if wijt—1 > 0 andw;jt > 0
"7 Y0, otherwise.

Moreover, we only allow workers to have at most one job pertgnaSince LEHD administrative
records lack employment start and end dates, we cannatglissh between a worker holding mul-
tiple jobs and a worker transitioning between jobs in a gigaarter. We therefore determine where
workers are earning the most and call this the dominant jobma&lly, this is:

1, if bjj;=1and
Wijt +Wijt—1 > Wikt +Wik—17K
s.t.bix =1and #k

0, otherwise.

dijt =

We then compare dominant employers across quarters artifydenen a job transition has occurred.
For the study of earnings, it is also useful to introduce thecept of full quarter jobs. Full quarter
jobs span three consecutive quarters, such that:

. 1, ifwjj—1 > 0 andw;j; > 0 andwiji11 >0
"7 Y0, otherwise.

For these jobs, we assume employees worked the entire ngdditer and use total earnings from
that quarter as their quarterly earnings rate.

We can now define four employment concepts: job stayers, ®mapto-employer transitions,
flows into nonemployment, and flows from nonemployment. Wealao define earnings associated
with these concepts. Note that while all full quarter jobs eonsecutive quarter jobs, not all con-
secutive quarter jobs are full quarter jobs. We therefos&ricd our employment concepts to subsets
where full quarter earnings are available for tihesl andt for job stayers and employer-to-employer

32



transitions, time — 1 for workers exiting employment, and timhéor workers entering employment.

A.1.1 Job Stayers

Job stayers are workers who do not change employers andaliaghe same dominant job in times
t andt + 1. Formally,

S — 1, if dombjj; = 1 anddombjji;1 =1
70, otherwise.

Since job stayers are employed by the same employer in timdst, andt + 1, they at minimum

have full quarter earnings observations in titmg=or our analysis, we consider job stayers with at

least four quarters of consecutive earnings. This meameatery least we have full quarter earnings

observations in timesandt + 1.

A.1.2 Employer-to-Employer Transitions

Workers undergoing an employer-to-employer transitiohilek a change in dominant job, moving
from an old employer in timeto a new employer in time+ 1. Note that in time, they are receiving
earnings from both employers, suggesting they separatedtfre old employer and started employ-
ment with the new employer in the same quarter. Hyatt et aD172 consequently refer to these
transitions as “within-quarter” job-to-job flows®® For this paper, we consider the subset of these
transitions where full quarter earnings are available fihlthe old and new dominant job. Formally,
our employer-to-employer transitions are those where:

,  if dombjjy = 1 anddombyjs 1 =1
andfjji_1 =1andfye 1 =1
andj #k

0, otherwise.

Gijkt =

A.1.3 Nonemployment Transitions

There are two types of nonemployment transitions. If a woHad a dominant job in timé but
not in timet + 1, then the worker transitioned from employment to nonemplent. Likewise, if a
worker does not have a dominant job in timbut does in timd + 1, then the worker transitioned
from nonemployment into employment during tirheFor this analysis, we consider the subset of
nonemployment transitions that have full quarter earnoiggervations.

Flows into nonemployment in quarteare those where:

3ONote we consider transitions where earnings from the oldeyepare observed in the quarter immediately preceding
the first quarter when earnings at the new employer are obddéovbe flows into and out of nonemployment since they
commonly contain short spells of nonemployment. Hyatt et(aD17) refer to these transitions as “adjacent-quarter”
job-to-job flows.
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1, if dombjj; =1 andfjj;_1=1

anddomb; ;1 # 1V,
rijg =4 1, if dombjj; = 1 andfjj;_1 =1

anddombjy; 1 = 1 andfj, = 0 andfj,,1 =0
0, otherwise.

Flows from nonemployment into employment in quattbave full quarter earnings when:

1, if dombikHl =1land fikt+1 =1

anddomby;; # 1V
Nikk = 1, if dombjjy =1 andfiji_1=1

anddomb;; .1 = 1 andfj = 0 andfj, 1 =0
0, otherwise.

A.2 Earnings

When both quarters in a consecutive quarter pair have fulltguaarnings, we use the average of
the two as earnings for that job. Otherwise, if only one hdisquarter earnings, then we use that
guarterly earnings rate. Earnings are defined as follows:

Wiet sl - jf e = 1 andfig = 1 andfigy1 = 1
) Wikt if if djg=1andfyq=1 andfikt+1 =0
B Wi, if if diye =1 andfie =0 andfig g = 1
0, otherwise.

This helps to ensure symmetry. Consider the following examplor a job stayer in timewhose
dominant job spans four quarters from timne 2 to timet + 1, we calculate earnings change from
timet to timet+ 1 as the difference between the average of full quarter egsrrom timeg and
t — 1 and the average of full quarter earnings from tirhesl andt. Since full quarter earnings for
timet cancel, earnings change ends up being the difference igdaliter earnings between quarters
t+ 1 andt — 1, divided by two. Now, take the case of an employer-to-eggidransition where the
old job spans from timé — 2 to timet and the new job spans from timdo timet + 2. Earnings
change is equal to the difference between the full quarteriregs for the new job in timé+ 1 and
the old job in timet — 1. Both calculations thus use full quarter earnings from traes quarters to
estimate earnings growth, despite being for differentsygigob transitions.

Finally, we note that each definition presented in this sectias an hours analogue, which we
do not list here to save space and avoid redundancy. Eachtidefialso has a wage analogue. To
calculate wages, each positive earnings measure is dibygl@édurs.
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B Imputation of Hours Worked

For states that do not have hours data in our eleven statesefathours observations are imputed
based on models estimated on observations from four statieslata on hourgaid between 1994
and 2016. This is done separately for each job transitioa ¢yprhe model is then simulated from
the posterior predictive distribution of parameters anduted values of hours are drawn, see Rubin
(1987).

The model takes the following form:

hitc = Zitc07 + MitcOy + Gitc 06 + Qitc 05 + Hitc

where hjic denotes log hours worked for individualestimated for quarter and job transitiorc.
The matrixZ is a vector of individual-specific characteristics (sexe,agge-squared, education,
race, and ethnicity) with marginal effeat, M is a vector of employment characteristics (industry
group, firm age group, and firm size group) and worker earnfagd earnings-squared and -cubed)
with marginal effectsoy;, Gitc is a vector of destination geography characteristics émehours
worked in state and state unemployment rate) with margifie¢ts og, Qi is a vector of calendar
guarter characteristics (quarter dummies and the numberadys in quarter with a lead and a lag)
with marginal effectsyé, andpiic is an i.i.d. error term. All continuous variables are defiiretibgs.

The point estimates from a diagnostic regression are peohvid Table B1 where is defined over
stayers, employer-to-employer transitions, and entrfamtexposition. The regressions estimated in
the model are done on a finer level of disaggregation befoyeamaraging is done as detailed in
Appendix A. These disaggregated regressions are not sgpbdre since our three labor transition
types already show evidence of substantial explanatoryepow

It is important to point out some limitations in our hours g@. We do not allow for any state-
fixed effects that account for systematic differences irrdpaid across states beyond those accounted
for by observable explanatory variables such as worker deapiic and firm characteristics. Further-
more, if states have idiosyncratic components that havdfect en cyclical fluctuations on earnings,
hours, and wages, then these components are magnified thifmiggours impute. In Appendix C, we
further evaluate the quality of our hours impute by commaoanr hours and wage series with those
available from other available sources.
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Table B1: Destination Hours Impute - Point Estimates

Stayers Emp. to Emp. Entrants
Destination Earnings —0.502** —0.246"* —1.143**
(0.012 (0.067) (0.037
Destination Earninds ~ 0.281* 0.235** 0.367**
(0.001) (0.009 (0.005)
Destination Earnings —0.017** —0.014* —0.021**
(0.000) (0.000) (0.000)
Tenure —0.020** 0.000 Q000
(0.000 - -
Age —0.011 —0.023** —0.017**
(0.000) (0.000) (0.000)
Age?/1000 0098+ 0.218** 0.148**
(0.000) (0.000) (0.000)
CPS Avg. Hours —0.001 0.006** 0.003
(0.000) (0.003 (0.002
Unemployment Rate —0.001** 0.000 Q00Z**
(0.000) (0.001) (0.001)
Quarter —0.002** —0.005** —0.006"**
(0.000) (0.000) (0.000)
Quartef /1000 0012** 0.032** 0.038**
(0.000) (0.000) (0.000)
Spring —0.005** 0.013** 0.016*
(0.001) (0.004) (0.003
Summer —0.010"* 0.012** 0.030**
(0.001) (0.004) (0.003
Fall —0.007* 0.001 Q015
(0.001) (0.004) (0.003
No. of Fridays 0008+ 0.014* 0.005
(0.001) (0.006) (0.005)
R? 0.642 0660 Q747

Notes: Variables included in the diagnostic regressiomiotiincluded in the table above are dummy variables for
worker demographics (sex, race, level of completed eduthtind destination firm chracteristics (industry group,
firm age group, firm size category). Stayers indicates jopesta Emp. to Emp. indicates employer-to-employer
transitions. Entrants indicates workers entering empkaynfrom nonemployment. * denotes statistical significance
at the 10% confidence level, ** at the 5% confidence level, atdt 1% confidence level.
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C Comparability of LEHD Earnings, Hours, and Wages to Other
U.S. Data Sources

Figure C1 shows the trend in earnings for our eleven statesgditand compares it with other earn-
ings series available from sources like the Current EmplayrBéatistics (CES), Current Population
Survey (CPS), Employer Cost of Employee Compensation Sun@i @, and the Quarterly Census
of Employment and Wages (QCEW). While there are notable diffese between the various earn-
ings series’!, all of them trend upward and have sharp increases durintateel 990s. Our series
shows higher levels of wage and salary compensation frontogtens than others, with the exception
of ECEC'’s total compensation line, which includes employeeekits like health insurance and is
therefore greater on a per-worker basis, and the LEHD QWI IlHewever, it also tracks both the
Average Weekly Wage (QCEW) and LEHD QWI series fairly closglfhis suggests the differences
we see in the figure can generally be attributed to differentdata sources and tabulation strategies.
We additionally ran correlations between all of the seried @vo cyclical indicators, the real GDP
and the unemployment rate, and find our earnings series ignmatady procyclical. In contrast, the
Average Weekly Wages and LEHD QWI series are much more prioeyebhile the other series are
nearly acyclical or even slightly countercyclical. Seel€abl.

Table C1: Correlations - Earnings

Source Series Real GDP Unemployment Rate
LEHD 11 State Avg Quarterly Earnings 0.458 -0.351
LEHD 4 State  Avg Quarterly Earnings 0.481 -0.381
LEHD QWI Avg Quarterly Earnings 0.732 -0.556
QCEW Avg Weekly Wages 0.610 -0.382
CES Avg Weekly Earnings 0.013 0.053
CPS Median Weekly Earnings -0.175 0.327
ECEC Wages and Salary -0.142 0.200
ECEC Total Compensation -0.125 0.177

Notes: Real GDP is the first difference of the log of the seabpmadjusted and Henderson-filtered real GDP and is
in log 2014 constant dollars. Unemployment Rate is the fifsrénce of the log of the seasonally-adjusted national
unemployment rate. Correlations with these cyclical iathcs were calculated using the first difference of the log
of the seasonally-adjusted and Henderson-filtered eassiaiges from 1996Q1 to 2015Q4. All earnings series are in
log 2014 constant dollars.

In Figure C2, we present our imputed hours series from ouealstate data set alongside hours
series available from the CES and CRSNe also include our non-imputed hours series from our

31These have been noted by Abraham, Spletzer, and Stewa®)(1&9well as Champagne, Kurmann, and Stewart
(20186).

320f these, we expect our series to be most similar to the Aeevdgekly Wage series created as part of the Quarterly
Census of Employment and Wages (QCEW) and the Average MoR#rlyings series from LEHD’s Quarterly Workforce
Indicators (LEHD QWI). All three rely on the QCEW and use umaeelevel, employer-reported total wage and salary
payments calculated from administrative records. Therfice between them primarily lies in the types of jobs idetl
in the average. The Average Weekly Wage series counts jobsawborkers are employed during the week of the 12th in
the third month of the quarter while the Average Monthly Hags series from the LEHD QWI includes all jobs that span
at least three consecutive quarters. Our series is edgeattibset of the latter as it includes diiminant jobs that span
at least three consecutive quarters.

33The CPS hours series is created from microdata availabie ireJMS (Flood et al., 2017).
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Figure C1: Trends in Average Compensation and Earnings in t8e 996-2015
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Notes: All values are in 2014 constant dollars and have beasomally adjusted and Henderson-filtered using x12.
Shaded areas indicate recessions. CES indicates the CEmgrloyment Statistics’ average weekly earnings series fo
production and nonsupervisory employees in the privattoganultiplied by 13. CPS indicates the Current Population
Survey’s median usual weekly earnings series for full-tivege and salary workers in all industries and occupations
who are 16+ years old, multiplied by 13. ECEC WS indicates thgpleyer Costs of Employee Compensation Survey’s
cost per hour worked (wages and salaries) series of alltprivalustry employees for all occupations, multiplied by
13 and 34.5. ECEC Comp. indicates the Employer Costs of Brapl@€ompensation Survey’s cost per hour worked
(total compensation, including wages and salaries andfib@oapensation) of all private industry employees for all
occupations, multiplied by 13 and 34.5. QCEW indicates theeBu of Labor Statistics’ average weekly earnings series
of all employees in the private sector, multiplied by 13. LERWI indicates the LEHD Quarterly Workforce Indicators’
average monthly earnings series of employees with stabt j@e. worked with the same firm throughout the quarter),
multiplied by 3. LEHD 11 State indicates our average eammsgyies from our eleven state sample.
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Table C2: Correlations - Hours

Source Series Real GDP Unemployment Rate
LEHD 11 State Avg Quarterly Hours 0.372 -0.430
LEHD 4 State  Avg Quarterly Hours -0.303 -0.076
CES Avg Weekly Hours 0.597 -0.685
CPS Avg Weekly Hours (Full-Time) 0.351 -0.356
CPS Avg Weekly Hours 0.701 -0.712

Notes: Real GDP is the first difference of the log of the seabpmadjusted and Henderson-filtered real GDP and is
in log 2014 constant dollars. Unemployment Rate is the fifigrénce of the log of the seasonally-adjusted national
unemployment rate. Correlations with these cyclical iathies were calculated using the first difference of the log of
the seasonally-adjusted and Henderson-filtered houesssieoim 1996Q1 to 2015Q4.

four state data set, which is shown here from 2011Q3 on asstaata for the four states are only
complete beginning in that quarter. Overall, our imputedre®eries appears to be comparable to the
three outside hours series between 2000 and 2014. It liesstently above the CES line and below
the two CPS lines and exhibits similar behaviors with allegindicating hours remained constant
until the 2007-2009 recession when they declined. While th8 CEPS (Full-Time), and CPS lines
exhibit larger drops in hours than our imputed hours seakkshow a slight recovery in hours after
2010. Outside 2000-2014, our imputed series shows shamases in hours when the other lines are
mostly flat. However, we believe this difference in trenda$ due to the quality of our hours impute
as our non-imputed series also increases at a similar rtare28fL4. Correlations between these hours
series and the cyclical indicators show the CES and CPS seedsghly procyclical while the CPS
(Full-Time) and our imputed hours series are much less ses@ are shown in Table C2.

Figure C3 shows our imputed wage series from our eleven statesgt as well as other wage
series available from the CES and ECEC. Also included is ourimguted wage series from our
four state data set, again only shown from 2011Q3 on whenshaatia are complete. Our imputed
wage series is similar in trend to the others in the figure.liAls suggests wages rose on average
during the late 1990s and were mostly flat afterwards. Whaeother series show a slight increase in
wages during the 2007-2009 recession, our imputed semggests wages remained roughly the same.
However, all lines do display a slight increase in wages ateihd of the time series. Our imputed
series is substantially higher than the others, with thepgttan of the ECEC'’s total compensation line,
but it is similar in level to our non-imputed series suggestur hours impute is functioning well.
Correlations in Table C3 between these wage series and theatyoticators reveal our imputed and
non-imputed series are procyclical while those from the CEEEECEC are countercyclical.
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Figure C2: Trends in Average Hours in the U.S., 1996-2015
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Notes: All values have been seasonally adjusted and Hemdéiered using x12, unless indicated otherwise below.
Shaded areas indicate recessions. CES indicates the CEmgsloyment Statistics’ average weekly hours series for
production and nonsupervisory employees in the privat®geaoultiplied by 13. CPS (Full-Time) indicates the Cuttren
Population Survey’s seasonally adjusted average totaktaiwork series for workers in all industries who are 16+ggea
multiplied by 13. CPS indicates the Current Population 8yisrhours worked last week series, multiplied by 13; the
average was calculated directly from the microdata (se tekHD 11 State indicates our average imputed hours series
from our eleven state sample. LEHD 4 State indicates ougeéenon-imputed hours series from our four state sample.
This series begins in 2011Q3 when the hours data for the fate data set is complete.
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Figure C3: Trends in Average Wages in the U.S., 1996-2015
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Notes: All values are in 2014 constant dollars and have bearamally adjusted and Henderson-filtered using x12.
Shaded areas indicate recessions. CES indicates the CEmgrloyment Statistics’ average hourly earnings series fo
production and nonsupervisory employees in the privat®seuultiplied by 13. ECEC WS indicates the Employer Costs
of Employee Compensation Survey'’s cost per hour worked éaagnd salaries) series of all private industry employees
for all occupations, multiplied by 13. ECEC Comp. indicattes Employer Costs of Employee Compensation Survey’s
cost per hour worked (total compensation, including wagessalaries and benefit compensation) of all private inglustr
employees for all occupations, multiplied by 13. LEHD 11t8tadicates our average imputed wage series from our
eleven state sample. LEHD 4 State indicates our averagénmau:ed wage series from our four state sample. This series
begins in 2011Q3 when the hours data for the four state dats semplete.
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Table C3: Correlations - Wages

Source Series Real GDP Unemployment Rate
LEHD 11 State Avg Quarterly Wages 0.446 -0.267
LEHD 4 State  Avg Quarterly Wages 0.303 -0.146
CES Avg Hourly Earnings -0.279 0.363
ECEC Hourly Cost of Wages and Salaries -0.142 0.200
ECEC Hourly Cost of Compensation -0.125 0.177

Notes: Real GDP is the first difference of the log of the seabpmadjusted and Henderson-filtered real GDP and is
in log 2014 constant dollars. Unemployment Rate is the fifigrénce of the log of the seasonally-adjusted national
unemployment rate. Correlations with these cyclical iathies were calculated using the first difference of the log of
the seasonally-adjusted and Henderson-filtered wagesgesia 1996Q1 to 2015Q4. All wage series are in log 2014
constant dollars.

D Earnings and Employment Shares Over Time by Transition
Type

Summary statistics that document the basic features ofaurdtate and eleven state data sets are
shown in Table D1. Each dataset detailed below consists négercent sample from the employed
population in each group of states. See Section 2.2 for alekkiasting of the states found in each

group.
Table D1: Summary Statistics

Statistic Overall Stayers Emp. to Emp. Residual
Four Sates with Observed Hours Data,
Unbalanced Panel of Sates

Average Earnings 12097 12559 7981 7923
Average Hours 438 445 383 369
Average Wages 27 28 21 21
Average Employment Share 100 85 4 12

Eleven Sates with Earnings 1996-2015,
Mostly Imputed Hours and Wages

Average Earnings 12203 12905 8042 6812
Average Hours 438 461 393 337
Average Wages 29 30 21 20
Average Employment Share 100 81 4 15

Notes: Summary statistics are presented for two analysiseis. The top set are of the non-imputed earnings, hours,
and wages data from four states. The bottom set are of thénmauted earnings data and mostly imputed hours and
wages data from eleven states. Sample size is the numbeigolypersons (PIKs) from 1996Q1 to 2015Q4. Average
Earnings, Hours, and Wages are the averages of quarterggasefrom 1996Q1 to 2015Q4. Quarterly averages are
calculated as the average of the means in quarters t andvietage Employment Share is the average employment
share from 1996Q1 to 2015Q4. Overall indicates the oveveltage. Stayers the average for job stayers. Emp. to
Emp. the average for those changing employers. Residualrage for those entering and exiting nonemployment.

While we focus on growth in earnings for the majority of our lgss, it is useful to document
the earnings levels data that is the basis for our analysigré D1 shows average earnings for job
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stayers, employer-to-employer transitions, and flows amd out of nonemployment. Job stayers in
timest — 1 andt have the highest average earnings and exhibit incrememaases from time— 1

to timet. These increases are smallest during economic downturdiedted by shaded areas). The
next to highest earnings levels are found in the earningstpfg-job flows in time. These earnings
tend to be markedly higher, about $3,000 more, than earfiimgse same workers in time- 1. The
remaining lines show earnings of workers transitioning ianhd from nonemployment. Earnings of
exiters in timet — 1 tend to be about $500 greater than earnings of entrantét tiwhich can be
attributed to tenure and composition effects. Figure D2vshiie same figure in logs.

Since we decompose earnings growth into change in averagm@s and change in shares by
type of job transition, it is also important to look at how doyment shares have changed over the
past two decades. In Figure D3, we see employment is gepe@ihinated by job stayers. In the
late 1990s, this group of workers made up roughly 86% of eymént. This share subsequently
increased by about 3%, largely due to a level shift after th@l2recession, and has remained just
under 90% since 2010. Meanwhile, the share of employerpl@yer transitions fell from 5% in the
late 1990s to a low of 3% after the 2007-2009 recession. Ishhsequently returned to levels seen
before the 2001 recession and is approximately 5% againshi&ees of entrants and exiters started
at roughly 9% of employment in the beginning of the time sehat have decreased, mostly during
recessions, to 7%.

For workers who have full quarter earnings in tintesl andt, i.e. job stayers and employer-to-
employer transitioners, itis also important to note thieares vary depending on whether employment
at timet — 1 ort is used as the denominator. In the U.S., employment tygigatiws from timet — 1
to timet, so employment shares by type of job transitions, and camesgty contributions to the
average, change even though the numerator remains the $aietter understand this, consider job
stayers. When employment grows, the number of job stayelisnmttremains the same but their
share is lower when the denominator is employment in tic@mpared to employment in tinte- 1.

In Figure D3, we see the solid blue line is generally lowenttiee red line. This is similarly the case,
although to a far smaller degree, for employer-to-empldngarsitioners.
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Figure D1: Average Quarterly Earnings for Stayers and Ttangrs in the U.S., 1996-2015
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Notes: All data are presented in 2014 constant dollars, amdeasonally-adjusted and Henderson-filtered using x12.
Shaded areas indicate recessions. Stayers Earnings at thdizates the earnings of job stayers in titne Stayers
Earnings at time — 1 indicates the earnings of job stayers in titrel. Emp. to Emp. Earnings at tinténdicates the
earnings of employer-to-employer transitions in timeEmp. to Emp. Earnings at tinte- 1 indicates the earnings of
employer-to-employer transitions in time- 1. Entrants Earnings at timeindicates the earnings of workers entering
employment from nonemployment in tinte Exiters Earnings at timé— 1 indicates the earnings of workers exiting
employment into nonemployment in tinhe- 1.
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Figure D2: Average Quarterly Log Earnings for Stayers arah3itioners in the U.S., 1996-2015
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Notes: All data are presented in log 2014 constant dollaid aae seasonally-adjusted and Henderson-filtered usiag x1
Shaded areas indicate recessions. Stayers Log Earninigeaindicates the log earnings of job stayers in tim&tayers
Log Earnings at time — 1 indicates the log earnings of job stayers in timel. Emp. to Emp. Log Earnings at time
t indicates the log earnings of employer-to-employer titgoss in timet. Emp. to Emp. Log Earnings at time- 1
indicates the log earnings of employer-to-employer ttéonss in timet — 1. Entrants Log Earnings at tinhéndicates the
log earnings of workers entering employment from nonemplegt in timet. Exiters Log Earnings at time— 1 indicates
the log earnings of workers exiting employment into nonewplent in timet — 1.
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Figure D3: Share of Employment Transitions, 1996-2015
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Notes: All data are seasonally-adjusted and Hendersenefiltusing x12. Shaded areas indicate recessions. Stayers
Share of Employment at time— 1 indicates the number of job stayers divided by employmeninet — 1. Stayers
Share of Employment at tintendicates the number of job stayers divided by employmetitiet. Emp. to Emp. Share

of Employment at time — 1 indicates the number of employer-to-employer trans#tidivided by employment in time
t—1. Emp. to Emp. Share of Employment at titriedicates the number of employer-to-employer transitidingled by
employment in time. Exiters Share of Employment at timhe- 1 indicates the number of workers exiting employment
into nonemployment divided by employment in tiine 1. Entrants Share of Employment at titnedicates the number

of workers entering employment from nonemployment dividg@&mployment in time.
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E Additional Results

In Table E1, we apply a common sample selection techniquel#tes at least back to Bils (1985) and
drops nonemployment transitions that have a relativelyg ldaration. We also drop recalls. Regres-
sions run on this restricted sample have some small difte®relative to our main results in Table 1.
New hires from nonemployment appear to respond differeotighanges in the unemployment rate
from new hires from other employers. This is especially appiin the first difference specification,

where earnings of new hires from nonemployment respond mumte strongly to changes in the

unemployment rate.

The average change in earnings, hours, and wages in lexeels/aszomponent is shown in Figure
E1l. The main differences relative to Figure 1 are the coutioins of nonemployment and employer-
to-employer transitions to earnings and wages. In levadsemployment transitions detract and
employer-to-employer transitions contribute compagdyivess to earnings and wage growth. In con-
trast, the relative contributions to hours are qualitdgigemilar to the results in logs. This is a natural
consequence of the log transformation, which gives propaately more weight to changes in earn-
ings and wages for workers who earn relatively little. Foaraple, a roughly 10% proportionate
earnings change from an employer-to-employer transitioraflow-earnings worker will contribute
more to the average after a log transformation than beforesd& earnings gains are still driven by
gains in hours.
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Table E1: Unemployment Rate Regressions: Dropping Recallt@mgl Nonemployment Spells

First Difference Person-specific Fixed Effects Match-dpeEixed Effects
Earnings Hours Wages Earnings Hours Wages Earnings Hours gedVa

8v

Four States with Observed Hours Data,
Unbalanced Panel of Sates

Baseline —0.008** —0.007** —0.002*  —0.018** —0.009** —0.009**  —0.009** —0.005"* —0.004"*
() (0.001)  (0.001)  (0.000) (0.000)  (0.000)  (0.000) (0.000)  (0.000)  (0.000)
New hire: ~ —0.035** —0.014** —0.020"*  —0.019** -0.012** -0.006**  —0.003** —0.005**  0.002**
Emp. §5) (0.004)  (0.004  (0.003) (0.001)  (0.001)  (0.001) (0.001)  (0.001)  (0.001)
New hire: ~ —0.097** —0.051"** —0.038*  —0.014** —0.008"* —0.005"*  —0.004** —0.004** 0.000
Nonemp. )  (0.004)  (0.004  (0.003) (0.001)  (0.001)  (0.001) (0.001)  (0.001)  (0.001)

Eleven States with Earnings 1996-2015,
Mostly Imputed Hours and Wages

Baseline —0.008** —0.003** —0.006"*  —0.014** —0.006** —0.009**  —0.009** —0.002°* —0.007"**
() (0.000)  (0.000)  (0.000) (0.0000  (0.000)  (0.000) (0.0000  (0.000)  (0.000)
New hire: ~ —0.062** —0.029** —0.033**  —0.018* —0.012** —0.006"*  —0.003** —0.004** 0.000
Emp. () (0.001)  (0.002  (0.002) (0.000)  (0.000)  (0.000) (0.000)  (0.000)  (0.000)
New hire: ~ —0.10I** —0.028** —0.060**  —0.014** —0.007"* —0.007**  —0.003** —0.002** —0.001"**
Nonemp. 5)  (0.002)  (0.002)  (0.002) (0.000)  (0.000)  (0.000) (0.000)  (0.000)  (0.000)

Regressions were run using two analysis datasets. The tab sesults are from regressions using non-imputed, disggged earnings, hours, and wages data
from four states. The bottom set of results are from regoessuising non-imputed, disaggregated earnings data antfyrimoputed, disaggregated hours and
wages data from eleven states. Regressions were run usirgj diffierence specification as well as with person-spefied effects and match-specific fixed
effects. They were further restricted to exclude flows tofaoch nonemployment that were recalls to a previous job asagehose that involved nonemployment
spells longer than five quarters. Additional control valéstfor all three specifications include age, job tenure\amgbus dummy variables that indicate whether
a worker is newly hired from another employer or nonemploytnehether it is the last quarter of a specific employer-eyge match by type of new hire, and
specific time trends and seasonal effects that are specifiart@ular transition types. Earnings and wages seriepragented in log 2014 constant dollass.

is the parameter estimate for the seasonally-adjustedratinemployment rate, and provides the responsiveness of job staygrss the parameter estimate
for the interaction term of the seasonally-adjusted naliomemployment rate and a flag for a new hire from an emplayemployer transition g, i.e., the
responsiveness of employer-to-employer transition hiekgive to stayersys is the parameter estimate for the interaction term of them@®ally-adjusted national
unemployment rate and a flag for flows from nonemployment tpleymentu;nit, i.e., the responsiveness of new hire from nonemployméative to stayers *
denotes statistical significance at the 10% confidence, l&vat the 5% confidence level, and *** at 1%.



Figure E1: Average Change and Contribution by Component, ielsev
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Notes: All series have been seasonally-adjusted and Heonldittered using x12. Earnings and wages series are
presented in 2014 constant dollars. Shaded areas indeeztesions. Overall indicates the total change. Stayers
indicates the component attributable to the change for japess multiplied by the average share of job stayers.
Emp. to Emp. indicates the component attributable to thegh#&or employer-to-employer transitions multiplied by
the average share of employer-to-employer transitions&ENE indicates the sum of the component attributable to
the difference between entrants and exiters multipliechieyatverage share of entrants and exiters and the change in
share of employment where data are observable multipligtidogverage for that quarter.
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