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Abstract

We study the nature of firm pay dynamics. To this end, we propose a statistical model that
extends the seminal framework by Abowd, Kramarz, and Margolis (1999a) to allow for id-
iosyncratically time-varying firm pay policies. We estimate the model using linked employer-
employee data for Sweden from 1985 to 2015. By drawing on detailed firm financials data,
we show that firms that become more productive and accumulate capital raise pay, whereas
firms lower pay as they add workers. A secular increase in firm-year pay dispersion in Sweden
since 1985 is accounted for by greater persistence of firm pay among incumbent firms as well

as greater dispersion in firm pay among entrant firms, as opposed to more volatile firm pay.
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1 Introduction

A burgeoning literature studies the role of firm heterogeneity in accounting for worker-level la-
bor market outcomes, in particular for the distribution of pay.! A large strand of this literature
builds on the seminal two-way firm and worker fixed effect framework by Abowd, Kramarz, and
Margolis (1999a, henceforth AKM), which allows researchers to separately identify unobserved,
time-invariant worker and firm pay heterogeneity. While this framework has greatly expanded
our understanding of the working of the labor market, it rests on the strong assumption that firm
pay is constant over time. In contrast, canonical models of firm dynamics postulate that firms
pass through aggregate or firm-level productivity shocks to workers’ pay (Moscarini and Postel-
Vinay, 2013; Coles and Mortensen, 2016). This raises a sequence of important questions: Does an
assumption that firm pay is fixed understate the contribution of firms toward earnings inequality?
Exactly how dynamic is firm pay? And why do firms adjust their pay over time?

To answer these questions, we develop a statistical model that allows us to study firm pay
dynamics. To this end, we extend the seminal AKM framework to allow for idiosyncratically time-
varying firm pay via a set of flexible firm-year fixed effects (henceforth FEs). The key advantage of
our model is that it allows us to relax the assumption of constant firm pay, on which the seminal
AKM framework relies. We show that, analogous to the usual notion of a connected set (Abowd
et al.,, 2002), the firm-year FE model is identified for a set of firms and workers that are linked
through worker transitions between firm-years.

To quantify the importance of firm-year pay heterogeneity, we estimate a firm-year FE specifi-
cation on 31 years of Swedish linked employer-employee data from 1985-2015. Our estimates im-
ply that firm-year FEs are not constant, but quite persistent. For instance, in an unbalanced panel,
the autocorrelation between firm pay in year t and t + 10 is 0.75. At the same time, we document
that firm pay does change in response to changes in firm fundamentals. Moreover, the nature of
such changes in firm pay is consistent with the predictions of common models of firm dynamics,
in which firms share some of their marginal product of labor with workers.? For instance, holding

tixed size and capital, a firm that becomes more (labor) productive raises pay; the same is true for

1See Card et al. (2018) for a recent overview of this literature. For example, Card et al. (2013b) argue that increasing
dispersion in pay across firms accounts for a significant share of the overall trend of increasing wage inequality in
Germany, while Alvarez et al. (2018) find that a compression in firm pay was an important factor behind a large decline
in earnings inequality in Brazil over the past decades.

2For instance because labor markets are characterized by frictions, giving firms monopsony power over workers.



a firm that accumulates capital (holding fixed size and productivity). In contrast, holding fixed
capital and productivity, a firm lowers pay as it grows (although the correlation between changes
in pay and changes in size depends on the time horizon and is not always statistically different
from zero).

Turning to inequality patterns, results based on plug-in estimates indicate that firm-year FEs
account for 17 percent of the overall variance of log monthly earnings. To address limited-mobility
bias in the estimated variances of the fixed effects, we adopt the leave-one-out bias correction pro-
posed by Kline et al. (2020, henceforth KSS). Under the KSS bias correction, we find that firm-year
FEs account for 16 percent of the variance of log monthly earnings, similar to our baseline esti-
mates. In contrast, when firm pay heterogeneity is assumed to be fixed, firms account for 12 (11)
percent of the variance of log monthly earnings under the plug-in method (KSS bias correction).
Hence, allowing for within-firm fluctuations in pay raises the statistical contribution of firms to-
ward earnings inequality by roughly 40 percent.

Under the plug-in method (KSS bias correction), the contribution of the worker FEs toward
overall earnings inequality rises from 37 (30) percent when firm pay heterogeneity is assumed
fixed, to 41 (37) percent when firm pay is allowed to vary. Hence, the increasing explanatory
power of firms under the firm-year FEs specification does not appear to come at the expense of a
smaller statistical role of workers. Two times the covariance between worker and firm-year (firm)
FEs accounts for three percent of earnings inequality in the firm FEs model and zero percent in
the firm-year FEs model, with similar results under both the plug-in method and the KSS bias
correction. From this, we conclude that the firm-year FEs model assigns a greater statistical role
for firms in accounting for earnings dispersion primarily at the expense of a lower variance of the
residual.

We apply our estimated framework to understand changes in earnings inequality in Sweden
over the past 31 years. Dispersion in firm-year pay has increased over this period, mirroring find-
ings of increased dispersion in pay between firms in, for instance, Germany (Card et al., 2013b)
and the US (Song et al., 2018). Moreover, we show that although temporary fluctuations in firm
pay is a nontrivial source of overall firm pay dispersion, the increase in firm pay dispersion is
accounted for by a higher persistence of shocks among incumbent firms as well as greater pay dis-
persion among firms already at entry, as opposed to a higher dispersion in post-entry innovations

to firm pay. These findings are made possible by the application of our firm-year FEs model and



would have remained hidden in analyses based on a static firm FEs model.
Altogether, our findings suggest that firm pay is dynamic and, although more persistent over
shorter time horizons, varies substantially over 31 years of Swedish data in ways that are tied to

economically meaningful firm characteristics.

Related literature. The increasing availability of administrative linked employer-employee datasets
has spurred a large empirical literature on the determinants of worker and firm heterogeneity
in wage determination. The econometric framework commonly employed in this literature is
the seminal two-way FEs model by AKM, which identifies worker and firm FEs separately from
workers switching employers over time. Many studies have built on this framework and high-
lighted the importance of firm FEs in explaining both cross-sectional patterns of wage dispersion
and time trends in wage dispersion. To study cross-sectional wage dispersion, an econometrician
would commonly estimate the AKM model within a fixed time window (Abowd et al., 1999b,
2002; Card et al., 2018; Sorkin, 2018; Bassier et al., 2021). To study time trends in wage dispersion,
previous work has estimated AKM models within rolling time windows and compared cross-
sectional estimates across time windows (Card et al., 2013b; Song et al., 2018; Alvarez et al., 2018).
We complement this literature with a model that allows for idiosyncratically time-varying firm
pay.

To allow for firm-specific fluctuations in pay seems natural in light of a large parallel litera-
ture studying the pass-through of firm-level shocks to worker-level outcomes (Van Reenen, 1996;
Guiso et al., 2005; Lemieux et al., 2009; Card et al., 2013a; Kline et al., 2019; Garin and Silvério, 2019;
Kehrig and Vincent, 2019; Chan et al., 2019; Moser et al., 2019). Much of this literature is concerned
with estimating rent-sharing elasticities for incumbent workers who remain employed. Recent ex-
ceptions include Lamadon (2016) and Friedrich et al. (2019), who explicitly model worker mobility
between firms. Relative to previous work, our empirical approach has the advantage that, first,
we do not need to take a stance on the sources of the fluctuations in firm pay and, second, we
obtain worker selection-corrected estimates of firm pay that exploit information on both stayers
and movers over time.

In contemporaneous work, Lachowska et al. (2020) develop a similar framework for estimat-
ing firm-year pay heterogeneity with leave-one-out bias corrections based on the method by KSS,

which they apply to data from the US state of Washington from 2002-2014 (i.e., 13 years). Our



works share the application of such a framework to study time trends in firm pay. Notable aspects
that distinguish our work from theirs include our use of data covering a significantly longer time
period from 1985-2015 (i.e., 31 years), our analysis of detailed firm financials data, and our appli-
cation linking firm pay dynamics to inequality trends in Sweden. Our application demonstrates
that a dynamic model of firm pay can shed new light on important issues relating to earnings
inequality in relation to worker and firm heterogeneity.

Our empirical findings also help discipline a new generation of structural models of firm het-
erogeneity in the labor market. While, traditionally, a large class of models have assumed that
firm heterogeneity in pay and underlying characteristics such as productivity is fixed (Burdett and
Mortensen, 1998; Bagger and Lentz, 2018; Engbom and Moser, 2021), a new generation of models
allows for rich dynamics of firms in the labor market (Moscarini and Postel-Vinay, 2012; Lise and
Robin, 2017; Moscarini and Postel-Vinay, 2018; Bilal et al., 2019; Elsby and Gottfries, 2019). These
models are silent about the nature of wage setting, as only the value or surplus of a match is the-
oretically pinned down. Our rich set of empirical facts on firm pay dynamics can help discipline
the wage setting side of these models, which is of great interest for further structural work tying

together firm dynamics and worker-level outcomes, including pay.

Outline. The rest of the paper is structured as follows. Section 2 describes the linked employer-
employee and firm financials data from Sweden. Section 3 introduces the firm-year FEs model.
Section 4 analyzes our estimates of firm-year FEs and compares them to estimates from the canon-
ical firm FEs model. Section 5 applies the firm-year FEs model to shed new light on changes in

Swedish earnings inequality in relation to firm pay dynamics. Finally, Section 6 concludes.

2 Data

In this section, we describe our data sources, discuss variable definitions and sample selection,
present general summary statistics, and take a first look at firm pay dynamics in the data.
2.1 Data Sources

To study firm pay dynamics, we link three administrative registers to create a linked employer-

employee dataset covering the near-universe of workers and firms in Sweden. The underlying



data are originally reported to Swedish government agencies and subsequently consolidated by
the Swedish statistical agency, Statistiska Centralbyrdn (SCB), to make them available in anonymized
form to approved researchers. These data have some advantages over comparable data available
in the US and many other countries. Notably, they contain information on the characteristics of
essentially all workers, firms, and jobs in the economy, including detailed firm financials for a
subperiod of substantial length.?

The Registerbaserad Arbetsmarknadsstatistik (RAMS) dataset contains information on the uni-
verse of employment biographies, including a measure of monthly earnings as well as firm and
establishment identifiers to link workers, firms, and establishments. The RAMS covers all em-
ployment spells ever active at some point between 1985-2015.

The Longitudinell Integrationsdatabas for Sjukforsikrings- och Arbetsmarknadsstudier (LISA) and
Longitudinell Databas om Utbildning, Inkomster och Sysselsittning (LOUISE) databases provide de-
tailed demographic information on all individuals aged 16-70 between 1985-2015, including work-
ers’ gender, year of birth, and their educational degree.*

Finally, we obtain firm financials data from the Foretagens Ekonomi (FEK). The FEK is available
for close to the universe of Swedish firms since 1997. Prior to 1997, FEK covers a nonrandom
sample of primarily large firms. To sidestep these compositional changes, we focus our analysis
of firm financials to the 1997-2015 subperiod, while continuing to use the full period 1985-2015
for other statistical analyses. While FEK provides some information at the establishment level, we

focus on the more comprehensive firm-level data throughout this paper.®

2.2 Variable Definitions

Our main outcome variable of interest throughout the analysis is monthly earnings, defined as
mean monthly gross earnings over an individual’s main employment spell each year (henceforth
“earnings”). This earnings measure falls somewhere in between annual earnings (i.e., the sum
of all labor income in an employemnt spell each year, regardless of the months of employment

or hours worked) and hourly wages (i.e., labor income per hour worked in an employment spell

3Appendix A.1 presents additional information on the main datasets.

“The detailed demographic data from LISA start in 1990. We obtain earlier records—including gender, year of birth,
and educational degree—from the predecessor to LISA, namely LOUISE, prior to 1990.

5A "firm" in the Swedish administrative data is similar to the concept of an EIN number in US administrative data
sets—it may have multiple establishments, but there are also instances of firms sharing ownership through a parent
holding company.



each year) in that it accounts for the extensive, but not the intensive, margin of employment. For
workers with multiple employment spells per year, we select a worker’s main employment spell,
defined as the employment with the highest earnings in each year. Earnings are deflated using
Sweden’s national consumer price index. Before estimating wage equations, we also demean all
data by subtracting gender-education-specific means from log earnings each year.®

Other variables are constructed as follows. We take worker age and gender directly from LISA
and LOUISE. Using information from LISA and LOUISE, we fix education within an individual to
the highest degree received at any point during our panel over 31 years. To this end, we aggregate
educational attainment into five categories, roughly corresponding to the US equivalents of less
than high school, high school, some college, college, and postgraduate studies. The RAMS data,
which contain the universe of employment spells, allows us to calculate the number of workers
per firm as well as to create right-censored measures of firm age and tenure within worker-firm
matches. Lastly, the FEK contains information on value added and the book value of a firm’s
capital stock.

Since the remainder of our analysis will be concerned with firms, it is worth noting that the
notion of a firm in the Swedish administrative data is based around tax-registered employment
centers, making it similar to the notion of a firm in comparable US datasets (i.e., similar to a US
employment identification number, or EIN).

While the Swedish administrative data are exceptionally rich in many regards, one particular
drawback is worth noting: The data lack information on work hours for much of the population.
Since 1992, data on hours worked are regularly collected only for a fairly homogeneous subset of
public sector employers and for large firms with more than 500 employees. Smaller employers
are randomly sampled each year, making it difficult to adapt the data to our longitudinal analysis.
For these reasons, our analysis abstracts from hours worked. To the extent that firms change their
work hours in a coordinated fashion over time, this means that some of the empirical variation in

firm pay that we estimate may reflect such variation in work hours.”

®In theory, a set of (gender-education-specific) year FEs could be included in the estimation. However, the inclusion
of (gender-education-specific) year FEs requires a normalization on the set of firm-year FEs to be estimated, which turns
out to be prohibitively expensive in terms of computational power required for the KSS leave-one-out bias correction.
Related work by Lachowska et al. (2020) omits all controls from their analysis.

7See also Lachowska et al. (2020) for an analysis of quarterly earnings versus hourly wages using administrative
linked employer-employee data from the US state of Washington.



2.3 Sample Selection

We focus on individuals between 20 and 59 years in age. In our baseline empirical analysis, we
study the full period 1985-2015. When we subsequently link firm pay dynamics to firm financial
outcomes, we restrict attention to the subperiod 1997-2015, corresponding to the years for which
we have close-to-complete coverage of the FEK data.?

Because the employment register data cover all employment spells, including part-time jobs,
a non-trivial share of spells are associated with relatively low levels of reported earnings. To limit
the impact of outlier observations, we drop the bottom five percent of earnings in each year. While
we think this truncation is reasonable, we have experimented with more and less stringent cutoffs
without substantially affecting our results.

We restrict our analysis to the largest leave-one-out connected set of workers and firms as in
KSS, details of which we discuss below. In practice, this restriction drops a significant share of
(mostly small and sparsely connected) firms while retaining a relatively larger share of workers
and worker-years. Finally, when implementing the KSS correction for wage variance components,
but not otherwise, we further drop a small share of singleton worker observations, consisting of

workers that are observed for only a single year from 1985-2015.

2.4 Summary Statistics

Table 1 summarizes the data in our sample. In total, the merged dataset comprises almost 90
million individual-year observations, over six million unique workers, over two million firm-
years, and close to 300 thousand unique firms. The average worker age is just below 40 years,
around 19 percent hold a higher-education degree, and men constitute a slight majority among
Swedish workers in our sample.

Figure 1 summarizes the evolution of the earnings distribution in Sweden between 1985 and
2015. Panel (a) of Figure 1 shows the variance of demeaned log earnings. After a steady increase
between 1985 and 2004, the variance decreased slightly and then stabilized from around 2006
onwards. Apart from these long-term trends, there were noticeable upticks in the variance around
1993 and 2009, corresponding to the Swedish financial crisis of the early 1990s and the global

financial crisis of the late 2000s.

8For our analysis of the subperiod 1997-2015 using firm financials, we continue to draw on our estimates of the
baseline wage equation for the full period 1985-2015.



Table 1. Summary statistics

Mean St.d.

Panel A. Worker-level variables

Worker age (years) 39.676 11.254

Share with college degree 0.191 0.393

Share female 0.481 0.500
Panel B. Firm-level variables

Capital, log(K) 15.803 1.757

Size, log N 2.051 1.200

Labor productivity, log(Y/N) 13.124 0.590
Panel C. Observations

Number of worker-years 88,789,349

Number of unique workers 6,223,729

Number of firm-years 2,115,349

Number of unique firms 274,297

Note: Panels A and B are for 1985-2015; Panel B is for 1997-2015. Panel A shows worker-level outcomes; Panel B shows firm-level
outcomes (i.e. not employment-weighted). All individuals aged 20-59 who earn above the bottom fifth percentile of earnings in a year.
College degree refers to a Bachelor’s degree or higher. Capital is the book value of assets in log real SEK, size is the log of the average
number of employees of a firm during the year, and labor productivity is value added per worker in log real SEK per employee, where
value added is the sum of annual sales minus costs of intermediates. Source: FEK, LISA, LOUISE, and RAMS.

Panel (b) of Figure 1 sheds further light on these inequality trends by showing percentiles of
the log real earnings distribution, normalized to 0 in 1985. There was widespread real earnings
growth throughout the period from 1985 to 2015 except for three episodes: the Swedish financial
crisis from 1990-1994, the 2000-2003 recession, and the aftermath of the more recent global finan-
cial crisis from 2008-2010. Gradually throughout this period, earnings growth at higher earnings
percentiles (e.g., the P95 and the P90) significantly outpaced that at lower earnings percentiles
(e.g., the P5 and P10). For example, the P5 of the real earnings distribution grew by 37 log points,
while the P95 grew by 68 log points over the period from 1985-2015. An exception to this pattern
is that the P25 grew slightly faster than, say, the P50 or the P75.



Figure 1. Evolution of the earnings distribution in Sweden, 1985-2015
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Note: panel (a) shows the variance of demeaned log earnings from 1985 to 2015; panel (b) shows percentiles of the log real earnings
distribution, normalized to 0 in 1985. Source: LISA, LOUISE, and RAMS.

2.5 Summarizing Raw Firm Pay Dynamics

A long literature has taken the view that firms are dynamic objects, both at the intensive margin—
e.g., pay, number of employees, and productivity—and at the extensive margin—entry and exit.
To corroborate this view, we start by establishing some patterns of firm dynamics in Sweden be-
tween 1985 and 2015.

Table 2 presents autocorrelations of raw (i.e., not controlling for any other covariates) firm-level
mean log earnings in year t = 1985, ...,2015 and future year 7 = ¢,...,2015. According to the
unweighted firm-level statistics in Panel A, the one-year correlations are between 0.611 and 0.812.
The unweighted 30-year correlation between 1985 and 2015 is 0.409. Looking at the employment-
weighted worker-level statistics in Panel B, the one-year correlations are between 0.736 and 0.922
and the 30-year correlation between 1985 and 2015 is 0.623. Together, these statistics suggest two
insights. First, firm pay is persistent but not permanent. Second, employment tends to be concen-
trated at firms that have more persistent pay.

These observations are consistent with the view that firm pay evolves over time, and that there
is substantial heterogeneity in firm pay dynamics. However, there are two possible explanations
for the observed pattern of firm pay dynamics. On one hand, these patterns may reflect changes
in firm pay policies that either respond to the idiosyncratic firm-level state or otherwise respond

with a firm-specific loading to the aggregate state. On the other hand, these patterns may reflect



changes over time in firms’ composition of workers, which would show up as fluctuations in raw
firm-level mean log earnings. The contribution of this paper, which we flesh out in Section 3, is
to propose and implement a framework that distinguishes between these two sources of firm pay

dynamics: changes in firm pay policies versus changes in worker composition.

10
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Table 2. Autocorrelation of firm-level mean log earnings at various lag lengths

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Panel A. Unweighted
1985 1.000 0.728 0.673 0.619 0.535 0515 0497 0476 0472 0484 0487 0480 0476 0469 0458 0443 0445 0428 0424 0423 0418 0421 0418 0398 0402 0413 0419 0422 0416 0416 0.409

1986 1.000 0.729 0.641 0559 0535 0509 0487 0476 0487 0489 0478 0476 0473 0462 0448 0442 0430 0421 0423 0422 0421 0426 0402 0401 0414 0418 0422 0407 0410 0.407
1987 1.000 0711 059 0565 0535 0503 0486 0493 0494 0489 0482 0481 0476 0461 0450 0439 0435 0437 0429 0434 0434 0422 0412 0418 0432 0426 0416 0416 0415
1988 1.000 0.650 0.600 0.562 0.519 0503 0504 0501 0497 0490 0484 0477 0470 0457 0443 0434 0432 0422 0427 0427 0410 0404 0421 0433 0426 0416 0408 0411
1989 1.000 0.611 0.543 0494 0477 0477 0470 0461 0457 0452 0438 0424 0414 0405 0404 0390 0.394 0395 0389 0371 0370 0370 0382 0.386 0377 0378 0374
1990 1.000 0.634 0569 0539 0538 0.522 0.511 0.502 0494 0475 0462 0455 0438 0432 0428 0431 0426 0428 0415 0412 0412 0423 0418 0407 0412 0418
1991 1.000 0.675 0.625 0.604 0593 0.573 0.554 0.542 0.530 0.515 0.507 0492 0484 0476 0465 0467 0463 0456 0.451 0455 0462 0457 0.443 0453 0.454
1992 1.000 0.682 0.638 0.619 059 0569 0557 0537 0.524 0.513 0.501 0492 0484 0471 0475 0468 0461 0458 0466 0470 0464 0454 0460 0457
1993 1.000 0.705 0.655 0.633 0.603 0584 0560 0.537 0.527 0.518 0.514 0499 0482 0475 0469 0465 0463 0465 0477 0466 0454 0464 0.462
1994 1.000 0722 0.671 0.643 0.617 0588 0568 0.550 0.546 0.541 0.521 0.516 0.508 0.503 0.491 0483 0490 0495 0478 0473 0471 0.467
1995 1.000 0746 0.694 0.663 0.629 0.601 0584 0581 0572 0.552 0.543 0.536 0.535 0.525 0512 0517 0518 0.506 0.500 0.502 0.493
1996 1.000 0757 0.702 0.662 0.628 0.609 0595 0582 0570 0.556 0.546 0.546 0.534 0.523 0.523 0.521 0.511 0.502 0.510 0.497
1997 1.000 0.761 0.695 0.663 0.634 0.616 0.606 0590 0.586 0.576 0.572 0.555 0.545 0.549 0.545 0.535 0.525 0530 0.521
1998 1.000 0.757 0.699 0.665 0.646 0.633 0.615 0.602 0590 0.586 0.567 0.556 0.561 0.553 0.544 0.533 0.535 0.528
1999 1.000 0.756 0.702 0.675 0.655 0.638 0.626 0.613 0.609 0.585 0.569 0.573 0.565 0.560 0.559 0.558 0.547
2000 1.000 0.767 0.713 0.688 0.664 0.652 0.639 0.638 0.612 0.595 0.590 0.585 0.577 0.568 0.573 0.560
2001 1.000 0777 0.729 0.704 0.681 0.662 0.658 0.631 0.620 0.611 0.608 0.596 0.592 0.594 0.578
2002 1.000 0.783 0.736 0.708 0.688 0.676 0.650 0.632 0.626 0.617 0.607 0.604 0.603 0.590
2003 1.000 0.788 0.742 0.710 0.694 0.668 0.646 0.637 0.632 0.625 0.617 0.612 0.600
2004 1.000 0.794 0741 0718 0.687 0.662 0.652 0.645 0.633 0.624 0.623 0.609
2005 1.000 0792 0747 0712 0.688 0.669 0.663 0.650 0.639 0.637 0.626
2006 1.000 0799 0742 0715 0.690 0.684 0.665 0.652 0.652 0.640
2007 1.000 0.803 0.750 0.720 0.710 0.691 0.676 0.671 0.656
2008 1.000 0.802 0.740 0.729 0.707 0.688 0.681 0.668
2009 1.000 0.786 0.752 0.726 0.702 0.692 0.676
2010 1.000 0.806 0.764 0.738 0.720 0.700
2011 1.000 0.811 0.768 0.744 0.726
2012 1.000 0.810 0.769 0.744
2013 1.000 0.812 0.765
2014 1.000 0.807
2015 1.000

Panel B. Weighted
1985 1.000 0.852 0.803 0.753 0.700 0.704 0.692 0.702 0.678 0.655 0.725 0.649 0.706 0.691 0.677 0.630 0.663 0.632 0.603 0.613 0.627 0.629 0.635 0573 0595 0.622 0.660 0.656 0.665 0.674 0.623

1986 1.000 0.832 0.758 0.699 0.710 0.695 0.688 0.670 0.638 0.698 0.629 0.680 0.672 0.649 0.616 0.647 059 0.605 0.608 0.627 0.633 0.636 0.580 0.602 0.633 0.648 0.638 0.642 0.653 0.604
1987 1.000 0.783 0.730 0.725 0.706 0.694 0.670 0.618 0.691 0.627 0.672 0.672 0.653 0.619 0.655 0.624 0.607 0.618 0.635 0.641 0.644 0.596 0.614 0.636 0.650 0.635 0.638 0.647 0.603
1988 1.000 0.768 0.746 0.711 0.681 0.653 0573 0.665 0.602 0.662 0.667 0.642 0.618 0.641 0.595 0.585 0.593 059 0597 0.617 0.614 0.622 0.615 0.622 0.612 0.625 0.632 0.587
1989 1.000 0736 0.700 0.660 0.627 0.575 0.640 0.587 0.635 0.638 0.615 0.592 0.606 0.571 0.570 0.571 0575 0587 0599 0588 0588 0593 059 0.589 0.599 0.607 0.562
1990 1.000 0753 0.699 0.675 0.622 0.678 0.619 0.664 0.664 0.621 0.607 0.623 0.590 0.577 0.585 0.591 0.601 0.615 0592 0.602 0612 0615 0.609 0.611 0.621 0.577
1991 1.000 0785 0737 0670 0.729 0.672 0.711 0.711 0.671 0.646 0.678 0.626 0.637 0.623 0.628 0.632 0.641 0.614 0.623 0.639 0.644 0.636 0.656 0.655 0.625
1992 1.000 0793 0727 0.768 0.704 0.745 0.746 0712 0.697 0.713 0.624 0.641 0.628 0.625 0.630 0.638 0.607 0.619 0.636 0.632 0.623 0.636 0.639 0.598
1993 1.000 0.782 0.813 0.718 0.760 0.765 0.694 0.696 0.700 0.631 0.643 0.626 0.619 0.612 0.619 0.593 0.603 0.615 0.614 0.603 0.610 0.618 0.577
1994 1.000 0.840 0.763 0.763 0.773 0.665 0.672 0.666 0.635 0.657 0.641 0.629 0.645 0.649 0.619 0.631 0.643 0.638 0.627 0.628 0.635 0.590
1995 1.000 0816 0.831 0837 0773 0771 0768 0.699 0.714 0.697 0.688 0.699 0.707 0.675 0.685 0.699 0.692 0.685 0.683 0.696 0.644
1996 1.000 0.873 0.837 0777 0.760 0.769 0.698 0716 0.702 0.690 0.696 0.702 0.666 0.683 0.693 0.691 0.681 0.683 0.693 0.645
1997 1.000 0.859 0.788 0.765 0.773 0.696 0715 0.701 0.681 0.686 0.691 0.655 0.674 0.682 0.679 0.671 0.671 0.677 0.631
1998 1.000 0.828 0.815 0.808 0.738 0.757 0.743 0716 0.722 0.732 0.694 0.703 0.713 0.701 0.694 0.698 0.706 0.662
1999 1.000 0.859 0.844 0.760 0.782 0.759 0.754 0.759 0.760 0.717 0.729 0.742 0.729 0.720 0.720 0.721 0.673
2000 1.000 0.874 0.790 0.800 0.779 0.775 0772 0775 0.729 0.740 0.750 0.737 0.728 0.737 0.745 0.700
2001 1.000 0.816 0.813 0.789 0.779 0.769 0.772 0.724 0.737 0.745 0.734 0.720 0.735 0.738 0.695
2002 1.000 0.869 0.843 0.822 0.815 0810 0.762 0.770 0.780 0.768 0.756 0.767 0.773 0.726
2003 1.000 0.886 0.863 0.853 0.848 0.801 0.805 0.816 0.803 0.797 0.807 0.816 0.766
2004 1.000 0.898 0.880 0.869 0.820 0.828 0.835 0.825 0.816 0.816 0.824 0.774
2005 1.000 0.905 0.883 0.840 0.845 0.849 0.839 0.827 0.818 0.830 0.782
2006 1.000 0911 0860 0864 0.866 0.860 0.847 0.828 0.837 0.789
2007 1.000 0.891 0.884 0.886 0.878 0.864 0.850 0.858 0.817
2008 1.000 0.903 0.868 0.859 0.845 0.824 0.833 0.796
2009 1.000 0.897 0.884 0.871 0.848 0.854 0.816
2010 1.000 0.920 0.897 0.875 0.878 0.839
2011 1.000 0922 0.895 0.894 0.857
2012 1.000 0915 0.904 0.863
2013 1.000 0.920 0.887
2014 1.000 0.904
2015 1.000

Note: Autocorrelation of average log earnings at firm j in year t and average log earnings at firm j in year T > t. Panel A: Not weighted by employment. Panel B: weighted by a firm’s average employment during the years in which it is active.
Source: LISA, LOUISE, and RAMS.



Next, we turn to firm survival rates. An important margin of adjustment among firms is the
decision to stay in business or shut down (Haltiwanger et al., 2013). To illustrate the importance
of this margin in our context, Table Al in Appendix A.2 shows the share of Swedish firms in
year t = 1985, ...,2015 who survive until year T = ¢,...,2015, both unweighted (Panel A) and
weighted (Panel B). Two key insights emerge from this analysis. First, there is a large amount of
business turnover in the form of firm exit. Second, employment tends to be concentrated at firms
that are less likely to exit. These points are important to keep in mind when we study unbalanced

versus balanced panels in the remainder of the analysis.

3 Measuring Firm Pay Dynamics

In this section, we introduce a statistical model of firm pay dynamics by building on the semi-
nal econometric framework due to AKM. Our goal is to estimate empirical firm pay dynamics
while controlling for worker composition. Economic theories predict that pay policies may be
heterogeneous across firms due to labor market frictions (Burdett and Mortensen, 1998), compen-
sating differentials (Rosen, 1986), or both (Morchio and Moser, 2019). Related theories predict that
firm pay policies may change idiosyncratically due to pass-through of aggregate or firm-level pro-
ductivity shocks (Moscarini and Postel-Vinay, 2013; Coles and Mortensen, 2016), changes in firm

financial conditions (Moser et al., 2019), or firm life-cycle dynamics (Babina et al., 2019).

3.1 Econometric framework: The Firm-Year FEs Model

We posit the following firm-year FEs model for pay of individual i in year t while employed at
firmj = J(i, t):

Yijp = i + P + X B+ €ijt, 1)

where y;;; is log earnings, «; is a worker FE, 9;; is a firm-year FE, Xj; is a vector of time-varying
worker controls with coefficient vector B, and ¢;;; is an error term.
Our object of interest in equation (1) are the firm-year FEs, ¢;;, which we interpret as time-

varying firm pay policies.” These time-varying firm pay policies take the form of log-additive pay

Note that Pj; in theory also contains a year FE, although for all practical purposes the variation in the average
firm-year FEs in a year across years is effectively zero. The reason is that we demeaned earnings by subtracting gender-
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premia for any worker i at a given physical firm j in some year ¢.

The specification in equation (1) controls for time-varying observable worker characteristics
(Xir), including a restricted set of age dummies specific to gender-education groups.'’ Due to the
well-known problem of collinearity between age, cohort, and time, it is not feasible to include
unrestricted age dummies or a linear term in age (Card et al., 2018). Rather than imposing a func-
tional form (usually second- or higher-order polynomial in age) and an exact peak of the pay-age
profile (usually a few years before retirement age) as in previous work, we normalize age dum-
mies to be constant between ages 45 to 54 based on the raw earnings profile being approximately
flat around those ages. This has the advantage of estimating more flexible life-cycle pay profiles
that are allowed to vary freely outside of the normalization window.!!

In addition to accounting for observable worker characteristics (Xj;), the inclusion of worker
FEs («;) in equation (1) allows us to separately control for unobservable but permanent worker het-
erogeneity, including the wage component due to constant worker ability. Accounting for worker
heterogeneity has proven to be of first-order importance in a number of contexts, including labor
markets where heterogeneous workers are not uniformly allocated across firms (Card et al., 2013b;
Alvarez et al., 2018; Song et al., 2018). These controls are crucial because without them it would
be impossible to tell apart true changes in firm pay policies from changes in worker composition
along unobserved dimensions. In this sense, our estimates of time-varying firm pay policies (;;)
are correcting for time-varying worker selection based on permanent worker heterogeneity («;).

Finally, ¢;j; is an error term satisfying the usual strict exogeneity condition: [E[e;;|, jt, X;] = 0.
Extending the argument in Card et al. (2013b) to our firm-year FEs model, a key issue for identi-
fication is whether the (composite) error term is orthogonal to the vector of firm-year identifiers
in the matrix form of our wage equation. A sufficient condition for the latter to hold is that the
assignment of workers across firms obeys a strict exogeneity condition with respect to ¢;;;, namely
P[] (i,t) = j|eij] = P[] (i,t) = j] for all i and t. This assumption is consistent with worker mo-
bility based on worker identity and the identity of all firm-years in the economy. However, as in

the original AKM model, it rules out mobility based on the residual ¢;;.

education-year-specific means from raw log earnings before estimating wage equation (1).

10As a robustness check, we have estimated a variant of this specification including a set of tenure dummies, without
any noticable changes to the resulting variance decomposition. Because our computed tenure variable is right-censored,
we prefer the above specification as a baseline as it allows us to estimate a consistent model over the entire 1985-2015
period.

11 An additional advantage of this method is that, ex-post, the researcher can check for discontinuities or kinks in the
estimated life-cycle age profiles around the flat region in order to validate the identifying assumption of a flat part.
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3.2 Relation to the Firm FEs Model

The simple but important difference between our specification in equation (1) and the original
specification due to AKM is that our specification allows for time-varying firm-year FEs (;;) in-
stead of permanent firm FEs (¢;), as in AKM and a vast follow-up literature, which have estimated

wage equations of the following type:

Vi = & + ¢ + XitB + €ijt, (2)

where y;j; is log earnings, «; is a worker FE, ; is a firm FE, Xj; is a vector of time-varying worker
controls with coefficient vector B, and ¢;j; is an error term. Relative to the firm FEs model in
equation (2), our framework represents a generalization of the canonical econometric framework
due to AKM by relaxing the assumption of constant firm pay policies.

An advantage of the firm-year FEs model over the traditional AKM model with firm FEs is
that the former reduces to the latter if in reality firm pay policies are time invariant.!> Conversely,
the AKM model with firm FEs is misspecified if true firm pay policies are time varying.

A popular alternative approach to estimating changes in the variance of AKM wage compo-
nents is a rolling time window model (Card et al., 2013b; Alvarez et al., 2018; Lachowska et al.,
2020). The rolling time window model repeatedly estimates firm FEs models within (overlap-
ping) subperiods. A potential advantage of the rolling time window approach is that, in principal,
it allows for time-varying unobserved worker heterogeneity. However, one of its disadvantages
is that, to the extent that one observes within-firm (within-worker) variation in estimated firm
(worker) FEs across time windows, the model is generally misspecified.

In Section 4.1, we compare firm-year FEs estimated over the whole period with firm FEs and,

separately, firm-year FEs estimated over separate subperiods.

3.3 Identification of the Firm-Year FEs Model

Identification of the firm-year FEs model proceeds analogously to that of the firm FEs model due
to AKM. The only material difference is that the notion of a “physical firm” in the firm FEs model

is replaced with a “firm-year” in the firm-year FEs model. To see this, it will be useful to revisit

12Subject to the caveat that the connected sets may differ in the two models. In practice, the difference in the con-
nected sets across the two models is minor.
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the definition of connectedness first in the context of the two-way effects model by AKM and then
in the context of our firm-year FEs model.!?

First, recall the notion of a connected set in the context of the firm FEs model due to AKM.
Identification of the firm FEs model is obtained within connected sets of observations, where con-
nections are formed through worker mobility across physical firms (Abowd et al., 2002). Physical
firms can exist for multiple years, connected sets are defined by switches between physical firms,
and workers moving between physical firms constitute switches. Firm FEs within a connected set
are relative to the FE of one normalized physical firm. Intuitively, conditional changes in pay as
workers switch physical firms identify relative firm pay policies.

We now transpose the notion of a connected set to our firm-year FEs model. Identification
of the firm-year FEs framework is obtained within connected sets, where connections are formed
through worker mobility across firm-years. Physical firms switch identity each year, connected
sets are defined by switches across firm-years, and repeat worker observations (including stayers
at physical firms) constitute switches. Firm-year FEs within a connected set are relative to the FE
of one normalized firm-year. Intuitively, conditional changes in pay as workers switch firm-years
identify relative firm pay policies.

Figure 2 illustrates identification of connected sets in the firm-year FEs model with two periods
(indexed t = 1,2) and two firms (indexed A and B) with two employees each (shown as circles). If
all workers stay at their original employer, as in panel (a), then two connected sets are formed, one
around each physical firm over time. In contrast, if some workers switch across physical firms,
as in panel (b), the connected set spans the set of firm-years connected through worker mobility.
Since separate identification of worker and firm-year components of pay requires connectedness,
we are looking for the largest set of firm-years and workers in a connected set such as that illus-
trated in panel (b) of Figure 2. Note that this notion of a connected set is a subtle extension of that

in AKM after replacing “firm” in their framework with “firm-year” in our setting.'*

I3Further details and formal definitions of connectedness are contained in Appendix B.1.

4For the original AKM model with firm FEs, Card et al. (2013b) provide a battery of specification checks, including
an event study around workers moving between employers in different firm FEs quantiles. While insightful in a firm
FEs context, where firm pay policies are assumed to be constant, such an event study design cannot be directly extended
to our setting where, across two years, all workers are considered movers between firm-years.
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Figure 2. Illustrating identification of the connected set(s)

(a) Two connected sets (b) One connected set
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Note: Solid rectangles represent firm-years, with firm A in blue and firm B in orange. Solid and hollow circles represent workers,
with worker 1 in solid blue, worker 2 in hollow blue, worker 3 in solid orange, and worker 4 in hollow orange. Vertical dashed lines
represent time, with period t = 1 to the left and period t = 2 to the right. Solid arrows represent worker transitions across firm-years.
Dashed rectangles represent the connected set(s) formed by worker transitions across firm-years.

Two qualifications are in order. First, because our later analysis partly relies on a leave-one-
out bias correction due to KSS, which requires elimination of individual worker-firm matches in
the data, we restrict our attention to the largest leave-one-out connected set. A leave-one-out
connected set is a connected set that remains connected—so that the sample of workers and firms
does not change—after eliminating any worker-firm match among the leave-one-out connected
set. Second, because the largest connected sets in general differ between the firm FEs model and
the firm-year FEs model—although in practice the difference is minor—we restrict attention to the
largest connected set in the firm-year FEs model to be consistent when we compare models. It is
straight-forward to see that the (leave-one-out) connected set of the firm-year FEs model is a weak

subset of that associated with the firm FEs model.
4 Understanding Firm Pay Dynamics
We now use the statistical framework from the previous section to study firm pay dynamics.

4.1 Cross-Model Comparison of Conditional Means and Percentiles

A natural first question to ask is: To what extent do our estimated firm-year FEs align with a set of
alternatively estimated firm FEs? To assess this, Figure 3 plots conditional means of firm-year FEs
against firm FEs and vice versa. Panel (a) shows the projection of firm-year FEs onto firm FEs in

a binned scatter plot. The estimated coefficient is 1.004 with a standard error of 0.003, making the
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slope statistically indistinguishable from unity at conventional levels.!” This suggests that model
misspecification due to the omission of firm-year FEs does not materially affect the estimated
fixed component of firm pay, which is closely approximated by the mean firm-year FE. Notably,
this result is similar to that in Lachowska et al. (2020) for the US state of Washington. However,
the test in panel (a) is inconclusive with regards to whether or not firm-year FEs matter over and
above firm FEs, since any variation in firm-year FEs around the constant firm FE is purged here.

Conversely, panel (b) of Figure 3 shows the projection of firm FEs onto firm-year FEs in a
binned scatter plot. Unlike in panel (a), we estimate a coefficient of 0.818 with a standard error
of 0.015, which lies significantly below unity. Together with the previous result, this suggests that
there is substantial temporary variation in firm-year FEs around the estimated fixed component
of firm pay. The intuition behind this result is similar to the attenuation effect that other transitory
variation in independent (but not in dependent) variables has on estimated regression coefficients,
for example in the context of classical measurement error.

In this context, the kind of transitory variation in firm-year FEs that these results suggest is not
a bug but a feature of the exercise. Researchers may be interested precisely in transitory fluctua-
tions in firm pay around a fixed level, for example due to (transitory or persistent) productivity
shocks. In fact, we show below in Section 4.4 that most of the additional variation contained in
firm-year FEs is not accounted for by limited mobility bias. In Section 4.3, we show that fluctu-
ations in firm-year pay are significantly tied to variation in firm performance, specifically labor

productivity.

15Note that we do not adjust standard errors to reflect first-stage estimation error. However, given the size of the data
as well as the comparison between the plug-in variance versus KSS bias-corrected variance of our estimates shown
below in Section 4.4, we suspect that such an adjustment would not materially affect our conclusions.
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Figure 3. Comparison between firm FEs, firm-year FEs, and firm-level mean earnings

(a) Firm-year FEs vs. firm FEs (b) Firm FEs vs. firm-year FEs
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Note: Figure shows binned scatter plots of mean firm-year FEs against firm FEs (panel (a)) and of mean firm FEs against firm-year
FEs (panel (b)). Linear ordinary least squares fit lines are shown as colored solid lines. Source: LISA, LOUISE, and RAMS.

4.2 Firm Pay Mobility

To shed further light on the nature of firm pay dynamics, Figure 4 plots the autocorrelation of
firm pay in year t with firm pay in year t + 7, for 0 < 7 < 30. Panel (a) shows the employment-
unweighted autocorrelation for either an unbalanced panel of firms or a balanced panel of firms
(i.e. restricting attention to firms in the sample for the entire 31 year period). Panel (b) repeats
the analysis instead weighting by employment (using average employment during the years the
firm is active). For visual clarity, Figure 4 takes the (equally weighted) average across all initial
years t. Table 3 provides the full set of autocorrelations and autocovariances by initial year t and
subsequent year ¢ + T for the employment-weighted balanced panel.'®

The autocorrelation of firm pay dips between year t and t + 1, and subsequently declines at
a close to proportional rate. These patterns are broadly consistent with firm pay being well ap-
proximated as the sum of a persistent AR1-process and a transitory i.i.d. process. Comparing
our findings with those in Lachowska et al. (2020), who focus on the employment-weighted auto-
correlation in a balanced 13-year panel, the autocorrelation of firm pay in Sweden over a 13 year
period is 0.82, whereas they measure it to be 0.74. That is, we measure firm pay to be more persis-
tent than what they find. The two numbers, however, are not directly comparable, as they require

firms to be active at least 13 years while we require them to be active 31 years. In the unbalanced

16See Appendix C.1 for results using the weighted versus unweighted and balanced versus unbalanced panels.
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employment weighted panel, the 13 year autocorrelation is 0.71. Hence broadly, we measure a
similar degree of persistence in firm pay in Sweden and the US state of Washington.

The persistence of firm pay is lower in the unweighted panel, indicating that employment
is concentrated among firms who change pay by relatively less. Whether the unweighted or
weighted autocorrelation is more relevant depends on whether a researcher takes a firm or worker
level perspective. In any case, the fact that the autocorrelation continues to decline at a close to
proportional rate up to age 30 indicates that firm pay truly is dynamic, in the sense that it does
not appear to have a perfectly persistent component. We also note based on the autocovariances
in Table 3 that firm pay dynamics appear to be non-stationary over this period, in the sense that

the diagonal terms are increasing over time (we discuss this further in the next section).

Figure 4. Autocorrelation of firm-year effect in year t and year t + 7
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Note: Autocorrelation of firm pay in year t with firm pay in year t + 7, for 0 < 7 < 30. Panel (a): employment-unweighted
autocorrelation for either all firms or a balanced panel of firms, i.e. those firms that remain in the sample for the entire 31 year
period. Panel (b): employment-weighted autocorrelation for either all firms or a balanced set of firms. Weights correspond to average
employment during the years the firm is active. The figure is constructed based on the underlying data in Tables 3, C1, C2 and C3
collapsed across all initial years t with equal weight given to each year t. Source: LISA, LOUISE, and RAMS.
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Table 3. Autocorrelation and autocovariance of firm-year FEs at various lag lengths—employment-weighted, balanced panel

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Panel A. Autocorrelation
1985 1.000 0935 0920 0.870 0.795 0.817 0.859 0.869 0.858 0.852 0.864 0.862 0.856 0.846 0.826 0.806 0.806 0.754 0.770 0.757 0.762 0.759 0.752 0.705 0.712 0.715 0.712 0.699 0.668 0.683 0.626
1986 1.000 0937 0877 0795 0.825 0.870 0872 0.862 0.853 0.862 0.859 0.853 0.844 0.825 0.806 0.806 0.758 0.771 0.759 0.766 0.762 0.756 0.709 0.713 0.718 0.716 0.702 0.669 0.684 0.628
1987 1.000 0.896 0.807 0.838 0.882 0.879 0.869 0.858 0.870 0.864 0.859 0.851 0.834 0.818 0.818 0.769 0.781 0.771 0.778 0.775 0.768 0.721 0.726 0.730 0.726 0.710 0.677 0.691 0.637
1988 1.000 0.858 0.841 0.871 0.865 0.859 0.846 0.855 0.849 0.846 0.839 0.824 0.811 0.812 0.760 0.777 0761 0.769 0.765 0.760 0.713 0.721 0.732 0.723 0.713 0.685 0.695 0.639
1989 1.000 0.777 0.804 0.794 0.789 0.777 0.784 0781 0.781 0.775 0.762 0.753 0.753 0.703 0.725 0.706 0.714 0.713 0.708 0.673 0.669 0.682 0.670 0.662 0.636 0.647 0.592
1990 1.000 0.871 0856 0.843 0.825 0.838 0.829 0.824 0816 0791 0774 0.778 0.733 0.746 0.733 0.738 0.734 0.726 0.675 0.685 0.693 0.689 0.677 0.647 0.649 0.600
1991 1.000 0935 0922 0.89 0904 0.897 0.892 0.882 0.862 0.848 0.848 0.799 0.814 0.800 0.810 0.805 0.797 0.747 0.755 0.765 0.759 0.747 0.710 0.726 0.664
1992 1.000 0.940 0913 0922 0910 0.905 0.890 0.867 0.846 0.850 0.794 0.809 0.794 0.803 0.797 0.785 0.735 0.744 0.748 0.743 0.733 0.699 0.715 0.657
1993 1.000 0935 0934 0924 0920 0909 0.890 0875 0.873 0.825 0.839 0.827 0.833 0.828 0.816 0.767 0.780 0.787 0.785 0.776 0.747 0.759 0.701
1994 1.000 0943 0931 0925 0914 0.893 0876 0.875 0.824 0.836 0.824 0.830 0.825 0.814 0.763 0.781 0.783 0.783 0.770 0.740 0.753 0.695
1995 1.000 0967 0958 0946 0924 0910 0907 0.850 0.870 0.852 0.861 0.856 0.848 0.793 0.808 0.809 0.808 0.797 0.762 0.777 0.717
1996 1.000 0967 0956 0935 0920 0918 0.865 0.883 0.869 0.875 0.871 0.864 0.810 0.825 0.826 0.827 0.815 0.782 0.796 0.736
1997 1.000 0969 0947 0935 0932 0.879 0901 0.884 0.888 0.884 0.875 0.820 0.838 0.840 0.840 0.831 0.799 0.812 0.750
1998 1.000 0959 0949 0945 0.892 0914 0.897 0901 0.89 0.889 0.834 0.852 0.856 0.856 0.848 0.818 0.829 0.767
1999 1.000 0951 0947 0.893 0916 0903 0906 0904 0.895 0.839 0.856 0.861 0.864 0.854 0.827 0.840 0.778
2000 1.000 0970 0919 0947 0930 0.935 0932 0927 0.865 0.888 089 0898 0.889 0.869 0.878 0.824
2001 1.000 0.927 0955 0941 0943 0939 0933 0.873 0.897 0905 0906 0.895 0.881 0.884 0.837
2002 1.000 0930 0914 0912 0909 0900 0.840 0.870 0.880 0.878 0.869 0.852 0.855 0.809
2003 1.000 0962 00957 00953 00947 0.884 0911 0924 0920 0910 0.892 0.901 0.846
2004 1.000 0972 0962 0952 0.889 0917 0930 0927 0913 0.895 0.904 0.847
2005 1.000 0976 0968 0906 0930 0944 0941 0923 0904 0913 0.857
2006 1.000 0974 0910 0932 0948 0945 0927 0905 0917 0.855
2007 1.000 0925 0944 0959 0954 0937 0915 0928 0.872
2008 1.000 0946 0914 0910 0.893 0.869 0.884 0.829
2009 1.000 0.950 0943 0927 0905 0919 0.864
2010 1.000 0974 0958 0937 0948 0.891
2011 1.000 0970 0950 0.959 0.905
2012 1.000 0.959 0.957 0.899
2013 1.000 0.952 0.933
2014 1.000 0.927
2015 1.000
Panel B. Autocovariance

1985 0.023 0.022 0.021 0.020 0.021 0.019 0.019 0.019 0.020 0.021 0.022 0.023 0.023 0.023 0.022 0.022 0.022 0.021 0021 0021 0.022 0.021 0.022 0.021 0.021 0.020 0.020 0.020 0.019 0.019 0.017
1986 0.023 0.021 0.020 0.020 0.019 0.019 0.019 0.020 0.021 0.022 0.023 0.023 0.023 0.022 0022 0.021 0.021 0.021 0.021 0.021 0.021 0.022 0.021 0.020 0.020 0.020 0.020 0.019 0.019 0.017
1987 0.021 0.020 0.020 0.019 0.018 0.019 0.019 0.020 0.021 0.022 0.022 0.022 0.021 0021 0021 0.020 0.020 0.021 0.021 0.021 0.021 0.021 0.020 0.020 0.019 0.019 0.018 0.018 0.017
1988 0.023 0.022 0.019 0.019 0.019 0.020 0.021 0.022 0.022 0.022 0.022 0.022 0.022 0021 0021 0021 0021 0021 0.021 0.022 0.021 0.020 0.021 0.020 0.020 0.019 0.019 0.017
1989 0.028 0.020 0.019 0.019 0.021 0.021 0.022 0.023 0.023 0.023 0.023 0.023 0.022 0.022 0022 0022 0022 0022 0023 0.022 0.021 0.022 0.021 0.021 0.020 0.019 0.018
1990 0.024 0.019 0.019 0.020 0.020 0.022 0.022 0.022 0.022 0021 0021 0021 0.021 0.021 0.021 0.021 0.021 0.021 0.020 0.020 0.020 0.020 0.019 0.019 0.018 0.017
1991 0.021 0.019 0.020 0.021 0.022 0.022 0.023 0.023 0022 0022 0021 0021 0.021 0.021 0.021 0.021 0.022 0.021 0.020 0.020 0.020 0.020 0.019 0.019 0.017
1992 0.021 0.021 0.021 0.023 0.023 0.023 0.023 0.022 0022 0022 0021 0021 0021 0.022 0021 0.022 0.021 0.020 0.020 0.020 0.020 0.019 0.019 0.017
1993 0.024 0.023 0.024 0.025 0.025 0.025 0.024 0.024 0.023 0.023 0023 0023 0024 0023 0024 0023 0.023 0.023 0.022 0.022 0.022 0.021 0.019
1994 0.026 0.026 0.026 0.026 0.026 0.025 0.025 0.025 0.024 0.024 0.024 0.025 0.024 0.025 0.024 0.024 0.024 0.023 0.023 0.022 0.022 0.020
1995 0.029 0.028 0.029 0.029 0.028 0.028 0.027 0.026 0.027 0.026 0.027 0.027 0.027 0.026 0.026 0.026 0.025 0.025 0.024 0.024 0.022
1996 0.030 0.030 0.030 0.029 0.029 0.028 0.027 0.028 0.028 0.028 0.028 0.028 0.028 0.027 0.027 0.026 0.026 0.025 0.025 0.023
1997 0.031 0.030 0.029 0.030 0.029 0.028 0.029 0.029 0.029 0.029 0.029 0.028 0.028 0.028 0.027 0.027 0.026 0.026 0.024
1998 0.032 0.030 0.030 0.029 0.029 0.029 0.029 0.030 0.029 0.030 0.029 0.029 0.029 0.028 0.028 0.027 0.026 0.025
1999 0.031 0.030 0.029 0.029 0.029 0.029 0.029 0.029 0.030 0.029 0.028 0.028 0.028 0.028 0.027 0.026 0.025
2000 0.032 0.030 0.030 0.031 0.031 0.031 0.031 0.031 0.030 0.030 0.030 0.030 0.030 0.029 0.028 0.027
2001 0.031 0.030 0.030 0.030 0.030 0.030 0.031 0.030 0.030 0.030 0.029 0.029 0.029 0.028 0.026
2002 0.033 0.031 0.031 0.031 0.030 0.031 0.030 0.030 0.030 0.030 0.029 0.029 0.028 0.027
2003 0.032 0.032 0.032 0.031 0.032 0.031 0.031 0.031 0.031 0.031 0.030 0.029 0.027
2004 0.034 0.033 0.032 0.033 0.032 0.032 0.032 0.031 0.031 0.031 0.030 0.028
2005 0.034 0.033 0.034 0.033 0.032 0.032 0.032 0.032 0.031 0.030 0.028
2006 0.033 0.034 0.033 0.032 0.032 0.032 0.032 0.031 0.030 0.028
2007 0.036 0.034 0.034 0.034 0.033 0.033 0.032 0.031 0.030
2008 0.038 0.035 0.033 0.033 0.033 0.032 0.031 0.029
2009 0.035 0.033 0.033 0.033 0.032 0.031 0.029
2010 0.035 0.034 0.033 0.033 0.032 0.030
2011 0.034 0.033 0.033 0.032 0.030
2012 0.035 0.033 0.032 0.030
2013 0.035 0.032 0.032
2014 0.032 0.030
2015 0.033

Note: Correlation between the firm-year FE in year t and the firm-year FE in year t + 7, for T = 0,1,...,30, in a balanced panel of firms (i.e. firms that remain in the sample for the entire 31-year panel). Weighted by a firm’s average employment.
Source: LISA, LOUISE, and RAMS.



4.3 Drivers of Firm Pay Dynamics

To what extent is firm pay tied to economically meaningful markers of firm performance? To
address this question, we exploit the rich Swedish data on firm financials for a subset of our data
that covers the near-universe of firms since 1997.

Specifically, we estimate the following second-stage equation:
Vi = Ziy+vp, (3)

where I/P\]'t are the estimated firm-year FEs, Zj; is a vector of firm characteristics with loading vector
7, and vj; is an error term. We consider as independent variables Zj; in (3) capital, firm size, and
productivity (i.e., labor productivity or value added per worker), all in logs. We anchor our choice
of independent variables in common firm dynamics models, which predict that these measures are
key determinants of a firm’s marginal product of labor and—to the extent that firms pass on some
of their marginal product of labor to workers’” remuneration—firm pay. We consider versions of
(3) in both levels and one, three, five and 10 year within-firm differences. All specifications control
for year FEs and two-way clustered standard errors by firm and year.!” To deal with outliers in
the difference specifications, we winsorize the independent variables at the bottom and top five
percent of firm-years.'® Finally, we weigh firm-years by a firm’s average employment during the
years when it is active.

The first five columns of Table 4 present results from univariate regressions. Firms with a
higher capital stock, larger firms, and more productive firms pay more. The cross-sectional es-
timates imply that a firm with one percent more capital pays 0.036 percent more, a one percent
larger firm pays 0.026 percent more, and a one percent more productive firm pays 0.138 percent
more.

Turning to the within-firm variation, a firm that increases its capital stock by one percent year-
on-year raises pay by 0.021 percent, a firm that grows by one percent reduces pay by 0.004 percent,
and a firm that becomes one percent more productive pays 0.026 percent more. As the lag length

grows, the point estimates on changes in capital and productivity rise, while that on firm size

17Note that we do not adjust standard errors to reflect first-stage estimation error. However, given the size of the data
as well as the comparison between the plug-in variance versus KSS bias-corrected variance of our estimates shown
below in Section 4.4, we suspect that such an adjustment would not materially affect our conclusions.

18The non-winsorized results in Appendix D.1 are qualitatively similar but quantitatively somewhat less pro-
nounced.
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is non-monotone. The strengthening relationship between changes in firm pay and productivity
as the horizon lengthens is consistent with the presence of measurement error in productivity or
temporary fluctuations that are not passed on to pay to the same extent as permanent changes.
The second part of Table 4 shows results from multivariate regressions, controlling simulta-
neously for either the levels of or changes in capital, size and productivity. The cross-sectional
point estimate on capital rises when controlling for size and productivity, consistent with capital
increasing a firm’s marginal product of labor and thus firm pay. Size, all else equal, reduces a
firm’s marginal product of labor and hence pay, due to decreasing returns to scale in production.
Finally, productivity is positively associated with pay, with the point estimate implying that a one
percent more productive firm pays around 0.068 percent more, holding capital and size fixed.
Turning to within-firm changes, firms raise pay as they accumulate capital, controlling for
changes in size and productivity. This pattern gradually strengthens as the lag length increases to
approach the cross-sectional estimate for the 10-year difference specification. In contrast, the point
estimate on changes in size, controlling for changes in capital and productivity, is either negative
or not statistically different from zero. Finally, the relationship between changes in productivity
and firm pay, controlling for changes in capital and size, gradually strengthens as the lag length
increases to approach the cross-sectional estimate—the point estimate on the 10-year difference is
0.057 versus 0.068 in the cross-section. These patterns are consistent with firms sharing some of
their higher productivity with workers (but also consistent with, for instance, firms paying more

to induce higher effort by workers, leading to higher productivity).
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Table 4. Firm pay and firm fundamentals

Univariate Multivariate

Level 1-year 3-year  5-year 10-year Level 1-year 3-year  5-year 10-year
Capital 0.036 0.021 0.031 0.033 0.037 0.052 0.020 0.024 0.027 0.044

(0.002) (0.002)  (0.003) (0.003) (0.006) (0.003) (0.004)  (0.002) (0.003) (0.007)
Size 0.026 -0.004 0.018 0.018 0.007 -0.031 -0.011 0.006 0.003  -0.019

(0.003) (0.005)  (0.005) (0.005) (0.007) (0.003) (0.007)  (0.005) (0.005)  (0.008)
Productivity 0.138 0.026 0.040 0.047 0.071 0.068 0.022 0.035 0.042 0.057

(0.008) (0.005)  (0.004) (0.006) (0.010) (0.005) (0.005)  (0.004) (0.006) (0.009)
R? 0.286 0.004 0.011 0.017 0.039
Firm-years 1,222,124 1,022,078 763,506 578,336 270,955 1,222,124 1,022,078 763,506 578,336 270,955

Note: Univariate and multivariate regression results based on equation (3). The univariate results show the regression coefficient and standard error in parentheses for one independent
variable at a time. The multivariate results show the regression coefficients when all independent variables are included in a joint regression. The column labeled “level” shows results
when both the dependent and independent variables are contemporaneous. The remaining columns labeled “N-year,”, for N = 1,3, 5,10, shows the N-year within-firm difference in the
dependent variable on N-year within-firm difference in the independent variable. For the difference specifications, the independent variables are winsorized at the 5th bottom and top
percentiles. All specifications control for year fixed effects. Firm-year FEs are estimated in the pooled 19852015 sample. Standard errors in parenthesis are two-way clustered by firm
and year (but not adjusted to reflect first-stage estimation error). Regressions are weighted by average firm employment across the years in which a firm is active. Source: LISA, LOUISE,
RAMS, and FEK.



To further analyze the correlation between productivity and firm pay, we estimate a distributed
lag framework of firm pay on productivity including up to 10 years of lagged productivity, current

productivity, and four years of future productivity, controlling for firm and year FEs:

4
Wi = ak Y, PaVAPW vy (4)
where @t are the estimated firm-year FEs from equation (1), « is a constant, VAPW; ; is log value
added per worker with corresponding loading -, and vj; is an error term.

After estimating equation (4), we use the estimated lagged coefficients on productivity to-
gether with the empirical autocorrelation of productivity to predict the dynamic impact of a one
standard deviation sudden shock to productivity on firm pay. To be clear, we use the word “im-
pact” even though our estimates should not be interpreted as causal—they simply reflect the dy-
namic correlation between firm pay and productivity.

Figure 5 plots the results from this exercise. Panel (a) shows the shock process we feed in to
productivity—a one standard deviation sudden increase in value added per worker at time 0 that
subsequently dissipates as in the data. Productivity is persistent, with a half life of over 10 years,
mirroring the high persistence of firm pay that we documented in Section 4.2.

Panel (b) plots the estimated coefficients on the lags of productivity in solid blue. We label this
as the marginal impact of productivity in year 0 on firm pay in year ¢, since it reflects the estimated
impact holding fixed productivity in all other years. The increase in productivity raises pay up
to eight years after the shock, holding fixed subsequent productivity, indicating that even if the
increase in productivity is fully transitory, the impact on pay is persistent. Of course, productivity
is persistent in the data. The dashed red line shows the cumulative impact of a one standard
deviation change in productivity at time zero on firm pay, taking into account the fact that the
change in productivity only dissipates slowly. A one standard deviation increase in productivity
at time O that dissipates as in the data is associated with 2.5 log points higher firm pay eight years
after the initial increase in productivity. Given that the cross-sectional variance of firm-year FEs is

0.048, this increase in pay corresponds to 0.11 standard deviations of firms pay.

24



Figure 5. Impulse response function of firm pay to productivity

(a) Productivity process (b) Firm pay
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Note: Estimated impulse response of firm pay to a one-standard deviation change in log value added per worker at time 0 that
dissipates as in the data. Panel (a) shows the estimated process for productivity, which we compute as log value added per worker in
the data. Panel (b) shows the resulting estimated process for firm pay. “Marginal effect” is the estimated elasticity of firm pay in year
t to log value added per worker in year 0. “Cumulative effect” is estimated firm pay in year ¢ in response to a one standard deviation
increase in log value added per worker in year 0 that dissipates as in the data. Source: LISA, LOUISE, RAMS, and FEK.

4.4 Variance Decompositions

Extending the firm FE approach used by a large strand of the literature, we decompose the vari-
ance of log earnings (y;;) based on the estimating equation (1) into components due to permanent
worker pay heterogeneity («;) and firm-year pay heterogeneity (i;;), their covariance, and other

terms:??

Var (yijt) = Var (®;) + Var (@t) +2 x Cov(a;, @'t) +2x ZCOV (-,-) + Var (:C«\ijt) , (5)

where Var(-) denotes the variance operator, X denotes the estimate of some variable X, and
Cov (-, -) represents the remaining variances and covariances.?’

A challenge in estimating the variance components in equation (5) above is that the underlying
fixed effects a; and p;; are estimated with noise when working with finite data—more specifically,

a finite number of workers switching across firms in the firm FEs model due to AKM, or across

19Gee also Abowd et al. (1999a), Card et al. (2013b), Card et al. (2016), Alvarez et al. (2018), Sorkin (2018), and Song et
al. (2018).

2gpecifically, the term Y Cov (-,-) consists of the sum of (co-)variances B/Cov (X;;) B/2, the sum of covariances
between @; and each entry in X;;, and the sum of covariances between 1]1\# and each entry in Xj;. It is worth noting
that our KSS bias correction does not provide bias-corrected estimates of any terms contained in }_Cov (-, -). For this
reason, these additional terms are omitted from the variance decomposition below.
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tirm-years in our firm-year FEs model. The reason for this is that, while AKM show that estimates
of a; and ¥;; are unbiased under the usual conditions, nonlinear transformations of the estimates
are generally biased. Intuitively, a linear transformation (e.g., the mean) of mean-zero error real-
izations cancel out in expectations, while nonlinear transformations (e.g., the variance) of mean-
zero error realizations do not. In the literature, this incidental parameter problem is commonly
referred to as “limited-mobility bias” (Abowd et al., 2004; Andrews et al., 2008, 2012; Bonhomme
et al., 2020). To get around limited-mobility bias, we implement the recently developed “leave-
one-out” bias correction by KSS. Their framework delivers unbiased and consistent estimates of
the variance components akin to those in equation (5) while allowing unrestricted patterns of
heteroskedasticity in the error term ¢;;—see KSS and Lachowska et al. (2020) for details of their
econometric procedure.

Table 5 presents results from the decomposition in equation (5) under both the standard plug-
in estimates and the KSS bias-corrected estimates. As noted above, to be consistent across models
both the firm FEs and firm-year FEs models are estimated in the largest connected set under the
firm-year FEs model. Consistent with typical findings in the literature, in an accounting sense
worker FEs is the single most important factor behind earnings dispersion. Across our various
specifications—firm or firm-year FEs under either the plug-in or KSS bias-correction method—
worker FEs account for 8-12 log points or 30—41 percent of earnings dispersion.

Firm FEs account for just over three log points or 11-12 percent of earnings dispersion. Allow-
ing firm pay to vary over time raises the statistical role of firms to 4-5 log points or 16-17 percent
of overall dispersion. That is, letting firm FEs vary flexibly between years raises the explanatory
power of firms by roughly 40 percent. Of course, it is not surprising per se that allowing for greater
flexibility in the firm FEs will raise the estimated importance of firms. Yet we view the increase in
the explanatory power of firms as large enough to warrant modeling firm pay as dynamic.

For comparison, the covariance term remains small across all specifications, accounting for
between zero and three percent of earnings dispersion. Although the estimated correlation be-
tween worker and firm FEs remains positive, it falls from 0.14-0.18 in the firm FEs specifications
to 0.01-0.02 in the firm-year FEs specifications.

Consistent with the argument that the plug-in estimates are biased, the variance of firm FEs
and firm-year FEs falls with the KSS bias-correction. The decrease is, however, relatively modest.

If anything, the variance of the worker FEs declines by more with the KSS correction. The covari-
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Table 5. Variance decomposition based on firm FEs vs. firm-year FEs

Plug-in estimates KSS bias-correction
Firm Firm-year Firm Firm-year
Panel A. AKM variance decomposition
Var(yijr) 0.284 0.288 0.284 0.288
(% total) (100.0%)  (100.0%) (100.0%)  (100.0%)
Var(«;) 0.104 0.116 0.084 0.105
(% total) (36.6%) (41.0%) (29.7%) (37.1%)
Var(tﬁjt) 0.034 0.048 0.032 0.044
(% total) (11.9%) (17.0%) (11.2%) (15.6%)
2xCov(@;, Pj) 0.009 0.000 0.009 0.001
(% total) (3.0%) (0.1%) (3.3%) (0.4%)
Panel B. Descriptive statistics

Corr(a;, g?jt) 0.144 0.005 0.180 0.017
Worker-years 88,789,349 88,789,349 88,427,072 88,427,072
(% of population) (77.7%) (77.7%) (77.4%) (77.4%)
Firm-years 2,115,349 2,115,349 2,115,349 2,115,349
(% of population) (34.0%) (34.0%) (34.0%) (34.0%)
Unique workers 6,223,729 6,223,729 5,861,452 5,861,452
(% of population) (79.5%) (79.5%) (74.9%) (74.9%)
Unique firms 274,297 274,297 274,297 274,297
(% of population) (31.9%) (31.9%) (31.9%) (31.9%)

Note: The variance decomposition is based on earnings equation (5): y;jt = &; + ¢t + Xt + €;jr. The resulting variance decomposition
is Var (y;;) = Var (&;) + Var (lﬁj,) +2x Cov(ﬁ,-,@t) +2Y.Cov (-,-) + Var (&;). The largest connected set is stated in terms of the
fraction of worker-years. Both the firm and firm-year models are estimated in the largest connected set under the firm-year FEs
model. The KSS bias-corrected estimates are estimated from essentially the same sample, but have a small number of singleton
worker observations removed. Source: LISA, LOUISE, and RAMS.

ance between worker and firm FEs also rises with the KSS bias-correction, but the increase is again
relatively modest. We take these patterns to indicate that the Swedish panel is sufficiently long to

limit the amount of the bias with the plug-in estimates.

4.5 Variance Decompositions Revisited: The Role of the Time Horizon

In contemporaneous work, Lachowska et al. (2020) estimate a similar firm-year FEs AKM model as
we do using linked employer-employee data from the US state of Washington for 2002-2014. They
argue that the improvement in the statistical contribution of firms to overall earnings dispersion
when allowing firm FEs to vary over time is relatively minor. Although our two complementary

studies differ in several aspects—they study the US state of Washington and we study Sweden,
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we use average monthly earnings while they use either quarterly income or hourly pay, etc—we
believe that an important difference is the length of the panel. In particular, they use 13 years of
data while we use 31 years of data. It is natural to expect a larger deviation between the firm FEs
model and the firm-year FEs model as the length of the panel increases.

To assess this hypothesis, Table 6 shows results from the firm FEs model and the firm-year FEs
model as the length of the panel increases. We present estimates under both the plug-in method
(panel A) and KSS bias-corrected estimates (panel B). The variance of firm FEs and firm-year
FEs aligns closely in a two year panel, deviating by 2-3 percent. Already in a four year panel,
however, the deviation is of the order of 10 percent, with the exact number depending somewhat
on the time period and specification. In an eight year panel, the variance of firm-year FEs is 18-30
percent greater than that of firm FEs, which rises gradually to 3944 percent in the 31 year panel.

As noted above, it is not surprising that the variance of firm-year FEs is greater than that of
tirm FEs. Moreover, it is natural that the variance of firm-year FEs relative to firm FEs rises as the
length of the panel increases. The key question is how much greater the variance of firm-year FEs
is and how quickly the divergence relative to the firm FEs model appears. Our results suggest that
the assumption of fixed firm pay may be "good enough" in a two-year panel, but less appropriate
when the length of the panel exceeds eight years.

In light of this finding, an alternative would be to estimate the firm FEs model in overlapping
sub-periods of length shorter than eight years. We stress, however, that by pooling data from
many years, measurement error is presumably lower in the firm-year FEs. Moreover, for some
applications—some of which we highlight further below—it is very useful to allow for year-to-

year fluctuations in firm pay.
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Table 6. Variance of the firm-year/firm FEs as the length of the panel increases

2 years 2 years 4 years 4 years 8 years 8 years 16 years 16 years 31 years
Panel A. Plug-in estimates
Var(t/}j) 0.037 0.065 0.027 0.050 0.023 0.044 0.033 0.041 0.034
Var(lﬁjt) 0.038 0.067 0.030 0.055 0.030 0.053 0.041 0.053 0.048
Difference (%) 3.0 3.1 12.1 9.9 29.8 20.4 26.8 29.9 43.8
Panel B. KSS bias-corrected estimates
Var(lﬁj) 0.023 0.043 0.020 0.040 0.020 0.039 0.030 0.038 0.032
Var(l,lAth) 0.024 0.044 0.023 0.043 0.025 0.046 0.037 0.048 0.044
Difference (%) 29 1.8 13.0 7.6 29.6 17.6 23.2 25.6 39.1
Panel C. Descriptive statistics
Firm-years 82,615 124,824 273,459 369,630 635,362 779,230 1,248,627 1,434,161 2,115,349
Unique firms 47,443 69,094 94,250 118,702 144,339 162,086 203,919 214,926 274,297
Years 1985-1986 2014-2015 1985-1988 2012-2015 1985-1992 2008-2015 1985-2000 2000-2015 1985-2015
Note: The variance decomposition is based on earnings equation (5): yi = a&; + ¥j; + Xitp + ¢€;3. The resulting variance decomposition is Var (yiﬁ) = Var (a;) 4+ Var (@ﬁ) +2 X

Cov(®;, lﬁjt) +2Y Cov (:,-)+ Var (Eijt). Both the firm and firm-year models are estimated in the largest connected set under the firm-year FEs model. The KSS bias-corrected estimates
are estimated from essentially the same sample, but have a small number of singleton worker observations removed. Earnings have been demeaned in each year to remove any aggregate

time trends. Source: LISA, LOUISE, and RAMS.



4.6 Time-Varying Firm Heterogeneity or Time-Varying Worker Heterogeneity?

Our firm-year FEs model represents a generalization of the workhorse econometric framework
due to AKM in that we allow firm pay policies to vary freely each period. At the same time, our
specification continues to restrict unobserved worker heterogeneity. Clearly, allowing unobserved
worker heterogeneity to vary freely each period is not sensible since such a model would be fully
saturated—worker-year FEs would account for 100 percent of the wage variation. Therefore, some
constraint on unobserved worker heterogeneity is generally (i.e., not specific to our goal of esti-
mating firm pay dynamics) necessary.

As in AKM, the specific restriction that we impose on unobserved worker heterogeneity is
that it is permanent (note, though, that we allow flexibly for separate life-cycle trends by gender-
education groups). To the extent that worker heterogeneity is not permanent but persistent, the
assumption that it is fixed may be a reasonable approximation, at least in short panels. Over
longer time horizons, however, it is possible that our measures of firm pay dynamics under this
restriction conflate time-varying unobserved worker heterogeneity with true firm pay dynamics.

To assess the consequence of our assumption of permanent worker heterogeneity for our es-
timates of firm pay dynamics, we first estimate our firm-year FEs model on the full period of 31
years of Swedish data from 1985-2015. Second, we run separate estimations of our firm-year FEs
model in four 8-year sub-periods (1985-1992, 1993-2000, 2000-2007, and 2008-2015). Finally, by
projecting one onto the other, we compare the two sets of normalized estimates—those using four

8-year sub-periods and those using the 31-year panel:*!

—~short _ —long

Yir =i 4o+ g, (6)

where @Short denotes the estimated firm-year FE from the 8-year sub-periods, @long denotes the
estimated firm-year FE from the full 31-year panel, J; denotes a year FE, and vj; is an error term. In
estimating equation (6), our interest lies in estimates of the coefficient 77, which we would expect
to be unity if the estimates from the two models were identical. In computing this estimate, we
cluster standard errors at the firm level. In addition to estimating the regression equation (6), we

also compute the correlation between the two firm-year pay estimates, after normalizing each set

2lFor the year 2000, we retain the estimates from the second time window (1993-2000), although we have experi-
mented with alternative arrangements without substantially affecting our results.

30



Table 7. Stability of firm-year FEs across models

1) (2)
7l 0.941 0.848
(0.005) (0.004)
Correlation 0.913 0.864

Specification Levels Differences

Note: Projection of firm-year FEs estimated in four 8-year sub-periods (1985-1992, 1993-2000, 2000-2007, 2008-2015) on the firm-year
FEs estimated on the pooled 1985-2015 sample. All specifications control for year FEs and are weighted by employment, with standard
errors clustered at the firm level. Source: LISA, LOUISE, and RAMS.

of estimates by partialing out year effects from each series. This analysis allows us to assess the
stability of our firm-year FEs estimates across models that either hold individual heterogeneity
constant or allow individual heterogeneity to vary over time.

Our findings in Table 7 suggest that the two sets of firm-year FEs estimates exhibit considerable
stability across models. In a regression of the sub-period firm-year FEs on the full panel firm-year
FEs in levels (column 1), we estimate a regression coefficient of 0.941 with a standard error of
0.005. Therefore, while the coefficient is statistically significantly below unity—indicating that
the estimates from the two models are not identical—the two are closely linked. Similarly, the
correlation between the two sets of estimates is 0.913, again suggesting that the two line up closely.

Estimating equation (6) in differences rather than levels is, perhaps, a stronger test of the sen-
sitivity of the estimated firm-year FE to the assumption that worker unobserved heterogeneity is
fixed. The results in differences (column 2) yield a regression coefficient of 0.848 with a standard
error of 0.004. While below the estimate in levels, the point estimate continues to suggest that the
two sets of estimates are strongly related. Analogously, the correlation between the two sets of
estimates in differences is 0.864, further corroborating this point. We conclude from this analy-
sis that our estimates of firm-year FEs are not substantially affected by allowing for unobserved

worker heterogeneity to change over time.

5 Using the Firm-Year FEs Model to Understand Changes in Swedish

Earnings Inequality

In this last section of the paper, we use our estimated firm-year FEs model to shed light on changes

in earnings inequality in relation to firm pay dynamics in Sweden between 1985 and 2015.
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5.1 Firm Pay Dynamics over Time

Panel (a) of Figure 6 decomposes the variance of log earnings based on our firm-year FEs model.
As noted earlier, Sweden has experienced an increase in earnings inequality over this period. This
increase is reflected in a modest rise in the variance of worker FEs (which given that worker FEs are

).22 The variance

assumed to remain fixed over this period is driven by entry and exit of workers
of firm-year FEs rises from about 0.03 in the late 1980s to 0.045 in the 2010s, while (two times)
the covariance between worker and firm-year FEs rises from around zero to 0.02. The remainder
of the increase in earnings dispersion is accounted for by observable worker characteristics (age,
education and gender) as well as the remaining covariance terms and the residual.

Naturally, one may be concerned that by not allowing worker FEs to change over time, our
estimation forces the overall increase in inequality over this period to load on the firm-year FEs.
Two observations lead us to believe that this is of less concern. First, our framework includes sep-
arate life-cycle slopes by education and gender, allowing for differential paths of life-cycle wage
growth by demographic groups. Hence, we are not assuming that pay, in expectation, remains
fixed as a worker ages. Second, we argued in Section 4.6 that the estimated firm-year FEs in the
pooled 1985-2015 population line up closely with those obtained in 8-year sub-periods. In this
sense, allowing worker FEs to change does not seem to much impact our estimated firm-year
FEs. We further corroborate this point in Appendix E by showing that the estimated increase in
the variance of firm-year FEs over this period is of similar magnitude if we instead estimate the

model in sub-periods, hence letting worker FEs vary over time.

5.2 Dissecting the Increase in Firm Pay Dispersion

The increase in firm pay dispersion over time in panel (a) could be accounted for by greater dis-

persion in firm pay changes over time, a higher persistence of changes to firm pay, or greater

22The U-shaped pattern of the variance of worker FEs likely arises because a worker in the early or late part of a
period on average spends fewer years in the sample due to left and right-censoring. To see this, consider a 3-year
sample consisting of 3 young workers who each turns 20 in one of the 3 years, i.e. one new worker enters the sample
in each year, and 3 old workers who each turns 59 in one of the 3 years, i.e. one of them exits the sample in each year.
The first year contains 1 young worker with 3 years in the sample and 3 old workers with 1,2 and 3 years in the sample,
respectively. The last year contains 3 young workers with 1, 2 and 3 years in the sample, respectively, and 1 old worker
with 3 years in the sample. The middle year contains 2 young workers with 2 and 3 years in the sample, respectively,
and 2 old workers with 2 and 3 years in the sample, respectively. Hence, the average number of years an observation
spends in the sample is (142 + 3+ 3) /4 = 2.25 in the first and last year, but (2 +2+ 3 +3)/4 = 2.5 in the middle year.
Consequently, in the presence of measurement error or temporary variation in pay, we may expect the worker FEs to
have a lower variance in the middle year (since it averages over more years of observation for the average worker).
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dispersion in firm pay upon entry. By allowing firm pay to change over time, our framework
offers the opportunity to differentiate across these alternative hypothesis.

In order to assess the drivers of increasing cross-sectional dispersion in firm pay over time,
panel (b) decomposes firm pay dispersion into a permanent and transitory part. We define the
permanent component as the first annual autocovariance of firm pay, and the transitory compo-
nent as the difference between overall cross-sectional variance in firm pay and the permanent
component. This back-of-the-envelope decomposition is motivated by a view that firm pay has
a permanent and transitory component, ¢;; = v; + ¢;;. Based on this simple decomposition, the
increase in firm pay dispersion appears to be permanent in nature. In contrast, the variance of the
transitory component has—after an initial increase in the late 1980s—declined.

Panel (c) contains an alternative look at changes in firm pay dynamics. Specifically, it plots the
variance of the one-year and the five-year innovation to firm pay over time. Consistent with the
lack of an increase in the temporary component in panel (b), there is no evidence of an increase in
the variance to one-year innovations to firm pay. In fact, if anything there is some weak support
for the notion that one-year volatility in firm pay has declined over this period. The variance of
five-year innovations is higher than that of one-year innovations, consistent with the presence of a
persistent component of firm pay that gradually builds up over time. There is not much evidence
of an increase in the variance of five-year innovations over time. Yet due to the decline in the
variance of the one-year innovations, the gap between the variance of the five-year and one-year
innovations has risen over time. This is suggestive of a higher persistence of changes over time.
Consistent with this conjecture, Appendix E.2 finds that the autocorrelation of firm pay has indeed
risen over time.

In addition to a rise in the persistence of firm pay changes, there is also evidence that firm
pay dispersion is higher already at firm entry in more recent years relative to 30 years ago, as
illustrated by panel (d). Specifically, the figure plots the cross-sectional variance of firm pay by
firm age and firm year of birth, offering two main take-aways. First, dispersion in firm pay tends
to decline as a cohort of firms ages. Second, more recent cohorts of firms are more unequal at each
point over their life-cycle. Indeed, this higher entry inequality appears to be an important driver

of the overall increasing cross-sectional dispersion in firm pay over this period.

33



Figure 6. Changes in firm pay dispersion over time

(a) AKM decomposition (b) Total, permanent, and transitory components
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Note: Panel (a) plots the AKM variance decomposition over time. Panel (b) plots the first annual autocovariance of firm-year FEs

(permanent component) and the difference between the overall variance of firm-year FEs and the permanent component (transitory

component). Panel (c) plots the variance of one-year and five-year differences in firm-year FEs. Panel (d) plots the variance of

firm-year FEs by firm age and year of entry. All panels use the plug-in method and weigh by employment. Source: LISA, LOUISE,

and RAMS.

To summarize, our firm-year FEs model allows us to link changes in earnings inequality to

firm pay dynamics. Without a dynamic framework, it is impossible to separate the permanent

versus transitory components of firm pay, to analyze the dispersion of changes in firm pay, and to

measure changes in firm pay over the firm life-cycle. By highlighting the strengths of our firm-year

FEs model, the results above point in several interesting directions for future work.
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6 Conclusion

A key assumption that underlies a large literature building on the seminal two-way FEs frame-
work by AKM is that firm pay policies are fixed. In this paper, we relax this assumption by propos-
ing, quantifying, and applying a model of firm pay dynamics featuring firm-year FEs, which ac-
counts for idiosyncratically time-varying firm pay policies. An application of the firm-year FEs
framework sheds new light on the drivers of increasing dispersion in firm pay in Sweden.

We use our expanded framework to document that firm pay heterogeneity is persistent, but
not permanent, with an autocorrelation of firm pay over 10 years of 0.75. At the same time, firm
pay does change over time. Moreover, the nature of changes in firm pay in response to changes
in firm fundamentals is consistent with predictions of benchmark firm dynamics models. For
instance, firms that become more productive raise pay. In terms of understanding inequality,
allowing for fluctuations in firm pay implies a roughly 40 percent greater role for firms in overall
inequality, relative to a model that restricts firm pay policies to be constant. We find that the
difference between a firm-year FEs model and one with firm FEs is increasing in the time horizon
over which the model is estimated. Finally, we show that increasing dispersion in firm pay is
an important factor behind increasing earnings inequality in Sweden over the past 30 years. The
increasing dispersion in firm pay is driven by greater permanent dispersion in pay across firms,
which in turn is accounted for by greater persistence of pay among incumbent firms and higher
tirm pay dispersion at firm entry.

An interesting avenue for future research will be to explore the implications of our empirical
findings for equilibrium models of worker and firm dynamics, for the underlying sources of firm

pay dynamics, and for designing optimal social insurance policies.
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A Appendix: Data

A.1 Detailed Dataset Descriptions

Worker demographics data (LISA and LOUISE). The LISA and LOUISE databases contain an-
nual data on all adults who are registered in Sweden on December 31 of a given year. For each year,
the variable list includes year of birth, gender, highest completed education in a given year includ-
ing field of study and graduation year, municipality of residence, marital status, number and age
of children, and a unique, anonymized individual identifier. We aggregate years of education into
tive categorical groups, which are defined as whether an individual completed had (1) up to nine
years of schooling (Swedish primary school), (2) up to two years of upper secondary high school,
(3) up to three years of upper secondary high school, (4) up to two year post-secondary education,

and (5) three year and longer post-secondary education, including graduate studies.

Employment register data (RAMS). The RAMS database contains information about all job
spells in Sweden since 1985, including gross annual earnings for each spell, start and end month
of the employment spell, worker type (employee or self-employed), and some information on the
employer, including location and whether it is private or public (in the latter case distinguishing
between municipality, region or national government). These data are reported by firms on behalf
of workers to Swedish tax authorities for the purpose of tax collection. As such, they arguably suf-
fer from little measurement error. Through unique firm, establishment and individual identifiers,
we are able to link these spell data to characteristics of individuals and firms from LISA, LOUISE,
and FEK.

Besides calculating monthly gross earnings, we also use these data to impute a measure of firm
age, based on the year in which the first individual appeared in the firm. As in many administra-
tive data sets, firm and establishment identifiers sometimes change for reasons such as changes
in ownership, etc. We assign a consistent firm and establishment ID by exploiting longitudinal

information contained in worker flows.

Z3For two employers with at least five employees, if a set of workers of size greater than than half of the workforce of
employer j in year t constitutes more than half of the workforce of employer j’ in year t + 1, then we classify employers
jand j as the same firm.
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Firm financials data (FEK). The FEK database contains a rich set of annual income and balance
sheet data on firms and establishments. SCB collects some form of these data since 1968. Data
since 1985 are made available for research purposes. Up to 1997, data were collected only for the
largest firms and a sample of smaller firms. Over the 1997-2002 period, coverage was gradually
expanded to cover the universe of private sector firms in Sweden.?*

The data contain information about firms’ sector, revenues, input costs, compensation of em-
ployees, assets (long-term and short-term), liabilities (long-term and short-term), equity, invest-
ments, etc. Based on these data, we construct a measure of real value added per worker by sub-
tracting costs of intermediates from total sales, converting the difference to real values using the
national CPI, and dividing this by total annual firm employment. We similarly proceed to con-

struct real per-worker measures of assets, liabilities, equity and investment.

A.2 Additional Statistics on Firm Dynamics

Firm survival rates. Table A1l presents survival rates by firm cohorts between 1985 and 2015.
According to the firm-level (“unweighted”) statistics in Panel A, between 9.2 and 14.6 percent of
all firms exit between two consecutive years. Around 82.6 percent of all firms in 1985 exit by 2015.
Looking at the worker-level (“weighted”) statistics in Panel B, between 2.0 and 6.2 percent of all
employment is reallocated due to firm exit between two consecutive years. Around 43.3 percent of
all employment in 1985 is at firms that exit by 2015. Together, these statistics suggest two insights.
First, there is a large amount of business turnover in the form of firm exit. Second, employment

tends to be concentrated at (older and more productive) firms that are less likely to exit.

2Data also exist at the level of establishments since 2004, but since both time coverage and the economic content of
these data are more limited, we focus on firms as the relevant employer concept.
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Table Al. Share of firms in year t which are active in year T > t

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Panel A. Unweighted
1985 1.000 0.893 0818 0746 0.680 0.635 0592 0.544 0498 0465 0438 0416 0395 0374 0355 0.335 0317 0298 0285 0274 0263 0250 0241 0232 0224 0207 0199 0.191 0.185 0.179 0.174
1986 1.000 0.89 0.808 0.732 0.681 0.633 0580 0530 0493 0463 0440 0418 0395 0375 0354 0335 0315 0301 0289 0277 0263 0253 0244 0236 0217 0209 0201 0.194 0.188 0.182
1987 1.000 0.883 0792 0732 0.676 0618 0563 0522 0490 0465 0440 0415 0395 0373 0353 0.332 0317 0304 0291 0277 0266 0256 0247 0227 0219 0210 0204 0.196 0.191
1988 1.000 0.878 0.802 0736 0.668 0.606 0.560 0526 0499 0471 0444 0421 0398 0377 0354 0338 0324 0310 0295 0283 0273 0263 0242 0233 0223 0216 0209 0.202
1989 1.000 0.891 0.808 0.726 0.655 0.604 0.567 0.536 0506 0476 0451 0426 0403 0378 0361 0345 0331 0315 0302 029 0279 0256 0246 0.237 0230 0221 0215
1990 1.000 0.880 0.778 0.696 0.639 0.597 0.564 0531 0499 0473 0446 0421 0396 0378 0361 0345 0.329 0315 0304 0292 0268 0257 0.247 0240 0231 0.224
1991 1.000 0.862 0762 0.695 0.647 0.609 0573 0537 0507 0479 0452 0425 0405 0386 0369 0352 0.337 0324 0311 0285 0274 0263 0.255 0.246 0.239
1992 1.000 0.864 0778 0721 0.675 0.633 0592 0558 0526 0496 0466 0444 0423 0405 0385 0368 0.354 0341 0311 0299 0287 0278 0.268 0.260
1993 1.000 0.881 0.806 0.751 0.701 0.654 0.615 0.578 0.545 0.511 0486 0462 0441 0420 0401 0386 0371 0339 0325 0312 0302 0291 0282
1994 1.000 0.889 0818 0.758 0.704 0.660 0.620 0.582 0.546 0.518 0.493 0470 0447 0427 0410 0394 0359 0345 0331 0.320 0.309 0.299
1995 1.000 0.897 0.821 0.757 0.707 0.661 0.621 0581 0.550 0.522 0498 0473 0451 0433 0415 0379 0364 0350 0338 0326 0.316
1996 1.000 0.894 0.816 0.758 0.706 0.660 0.616 0583 0.553 0.527 0.500 0478 0458 0.439 0401 0385 0369 0357 0344 0.333
1997 1.000 0.889 0.817 0.755 0.703 0.654 0.618 0.585 0.557 0.528 0.503 0482 0462 0422 0405 0389 0376 0362 0.350
1998 1000 0.894 0817 0754 0.699 0.658 0622 0591 0560 0533 0511 0489 0446 0428 0410 0396 0.382 0.369
1999 1000 0.889 0811 0.747 0700 0.659 0.624 0590 0562 0.536 0513 0468 0449 0430 0415 0399 0.386
2000 1.000 0.887 0.804 0749 0.702 0.663 0.625 0594 0566 0541 0493 0472 0452 0436 0420 0.406
2001 1.000 0885 0813 0.757 0712 0.670 0.635 0.605 0577 0525 0502 0480 0463 0446 0431
2002 1.000 089 0826 0772 0724 0.685 0.651 0.621 0564 0539 0515 0496 0476 0.460
2003 1.000 0.899 0832 0776 0731 0.694 0.660 0598 0571 0545 0525 0.504 0.486
2004 1.000 0903 0.833 0780 0738 0.701 0.633 0.603 0575 0552 0.530 0.511
2005 1.000 0.899 0834 0784 0740 0.667 0.634 0.604 0579 0.555 0.534
2006 1.000 0905 0.842 0790 0.708 0.670 0.638 0.610 0.584 0.562
2007 1.000 0906 0.840 0.747 0.704 0.667 0.637 0.608 0.584
2008 1.000 0905 0.794 0745 0.704 0.669 0.638 0.612
2009 1.000 0.854 0792 0.744 0.704 0.670 0.640
2010 1.000 0.896 0.831 0.781 0.738 0.702
2011 1.000 0.901 0.836 0.784 0.743
2012 1.000 0.904 0.839 0.789
2013 1.000 0.904 0.841
2014 1.000 0.908
2015 1.000
Panel B. Weighted

1985 1.000 0.980 0955 0935 0913 0899 0879 0.845 0.809 0.780 0.742 0735 0.726 0712 0.673 0.660 0.649 0.641 0.633 0.626 0.613 0.610 0.605 0.602 0598 0592 0586 0.582 0574 0570 0.567
1986 1.000 0971 0947 0923 0906 0886 0851 0817 0784 0745 0.737 0726 0713 0.675 0.661 0.649 0.640 0.631 0.623 0.610 0.606 0.601 0.598 0594 0587 0582 0578 0570 0.567 0.564
1987 1.000 0959 0933 0914 0.891 0855 0821 0789 0751 0741 0729 0714 0.676 0.662 0.650 0.640 0.631 0.620 0.606 0.602 0.596 0.593 0588 0582 0576 0573 0564 0.562 0.558
1988 1.000 0969 0945 0921 0.884 0.847 0813 0773 0762 0749 0.734 0.694 0.678 0.665 0.656 0.645 0.634 0.620 0.615 0.607 0.603 0599 0.592 0584 0580 0571 0.568 0.565
1989 1.000 0972 0943 0903 0.864 0.828 0788 0775 0761 0746 0.704 0.689 0.676 0.666 0.655 0.643 0.629 0.623 0.614 0.610 0.605 0.598 0590 0586 0577 0.574 0.570
1990 1.000 0965 0919 0878 0.839 0799 0.784 0.769 0753 0.712 0.697 0.681 0.671 0.659 0.648 0.633 0.627 0.617 0.613 0.608 0.601 0.592 0.585 0576 0.573 0.569
1991 1.000 0948 0901 0861 0818 0.804 0788 0769 0728 0.711 0.695 0.685 0.671 0.659 0.643 0.637 0.628 0.624 0.618 0.611 0.602 0.594 0.585 0.582 0.578
1992 1.000 0945 0903 0.856 0.839 0.820 0799 0759 0.738 0.720 0.708 0.690 0.676 0.660 0.653 0.643 0.638 0.632 0.625 0.616 0.609 0.600 0.596 0.592
1993 1.000 0951 0901 0.880 0.858 0.834 0791 0769 0.750 0.736 0.716 0.702 0.685 0.676 0.666 0.660 0.654 0.647 0.637 0.629 0.620 0.616 0.611
1994 1.000 0938 0914 0889 0.865 0.829 0806 0785 0771 0749 0.733 0716 0.695 0.684 0.678 0.671 0.663 0.654 0.645 0.636 0.631 0.627
1995 1.000 0971 0944 0916 0866 0.840 0817 0.802 0.778 0.761 0.743 0.720 0.709 0.702 0.694 0.686 0.676 0.667 0.657 0.652 0.647
1996 1.000 0969 0.939 0886 0858 0.833 0817 0793 0775 0.757 0.734 0.722 0.714 0.704 0.696 0.686 0.677 0.666 0.661 0.655
1997 1.000 0.965 0.908 0.873 0.847 0.830 0805 0.787 0.768 0.744 0.732 0.724 0.714 0.705 0.695 0.686 0.675 0.669 0.663
1998 1.000 0.938 0.901 0.872 0.853 0.827 0808 0788 0.763 0.750 0.742 0.731 0.722 0.710 0.701 0.689 0.683 0.677
1999 1.000 0.958 0.926 0904 0874 0854 0831 0806 0791 0781 0.770 0.760 0.748 0.738 0.726 0.719 0.713
2000 1.000 0.963 0.938 0.906 0.880 0.856 0.829 0.813 0803 0791 0.780 0767 0.757 0.745 0.737 0.731
2001 1.000 0970 0936 0.908 0.881 0.853 0836 0.826 0813 0.802 0788 0777 0.764 0.756 0.749
2002 1.000 0962 0932 0903 0874 0.856 0.845 0.832 0818 0.804 0793 0779 0.770 0.763
2003 1.000 0966 0.936 0904 0.885 0.874 0860 0846 0.831 0.819 0.805 0.795 0.788
2004 1.000 0966 0932 0912 0.899 0.885 0870 0.853 0.840 0.825 0.815 0.807
2005 1.000 0963 0940 0925 0910 0.893 0876 0.863 0.847 0.836 0.827
2006 1.000 0974 0958 0939 0921 0903 0889 0871 0.860 0.850
2007 1.000 0980 0.960 0.940 0.921 0.906 0.889 0.876 0.865
2008 1.000 0977 0954 0933 0918 0.899 0.886 0.874
2009 1.000 0974 0952 0934 0915 0.900 0.888
2010 1.000 0975 0955 0.934 0918 0.904
2011 1.000 0977 0954 0937 0.922
2012 1.000 0.974 0.955 0.939
2013 1.000 0.978 0.960
2014 1.000 0.979
2015 1.000

Note: Table shows the fraction of firms in year t who are active in year T > t for 1985 < t,7 < 2015, either unweighted (Panel A) or weighted by average firm-level employment across years in which a firm is active (Panel B). Source: RAMS
1985-2015.



B Appendix: Measuring Firm-Year Pay Heterogeneity

B.1 Details of identification

In this section, we provide details of model identification discussed in Section 3.3 by formalization
the definition of a connected set in the context of both the original AKM model and our firm-year
FE model. To this end, let workers be indexed by i € Z, let firms be indexed by j € J, and let
years be indexed by t € 7. Thenlet ] : Z x T — J denote the function identifying for each

worker i in year ¢ their current employer j = J(i, ).

Definition of connected set in AKM framework. Given (Z,7,T,]J(-)), consider the induced set

of transitions between physical firms given by
EMM = L(j,j)eT* | €Lt € Tstj=]Gt)Aj=]t)}.

Now consider the (undirected) graph GAKM = (7, £4KM) consisting of the vertex set J and the

edge set EAKM A connected set of firms are the vertices of a maximally connected subgraph of

GAKM  That is, the connected set of firms containing a given firm j € J is given by

CHM=J{ccT|jeCnv(,j")eC:3iel I " eTstj=]0t)N/" =]0t")}.
The connected set of worker-years containing a given worker-year (i,f) € Z x T is defined as
J(it)

CAKM — {(i’, F) eI x T | ], ) € cAKM }

Definition of connected set in firm-year FE framework. The definition of a connected set in the
firm-year FE framework proceeds analogously to that in the original AKM framework. Given

(Z,J,T,](+)), consider the induced set of transitions between firm-years given by
E={(G1), (. ) e (T xT)|JieIstj=]Gt)Aj=]3Gt)}.

Now consider the (undirected) graph G = (J x T, &) consisting of the vertex set J X 7 and the

edge set £. A connected set of firms are the vertices of a maximally connected subgraph of G. That
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is, the connected set of firms containing a given firm-year (j,t) € J x T is given by
Ci=U{CCT=xT|Gt) e CAV((,t), (" t") eC*:TieIstj =]G )N =]3t")}.
The connected set of worker-years containing a given worker-year (i,t) € Z x T is defined as

Cip = {0 #) €TXT |, ¥), ) € Crinys } -

Detailed illustrations. Figure Bl illustrates 5 cases of identification of connected sets in the firm-
year FE model with two periods (indexed t = 1,2) and two firms (indexed A and B) with two
employees each (shown as circles). Panels (a) and (b) are reproduced from Figure 2 and discussed
in Section 3.1. The remaining panels show cases with firm entry and exit, and with worker entry
and exit.

Panel (c) illustrates the case of Firm B exiting after period 1 and Firm C appearing as a new en-
trant in period 2. At the same time, all workers from the exiting Firm B are observed transitioning
between periods to the entering Firm C. In this case, two connected sets are formed: one around
Firm A across periods, the other around Firm B in period 1 and Firm C in period 2. Indeed, this
case is isomorphic to that in panel (a) without firm entry or exit. The reason for this is that in the
firm-year FE model, “physical firms” change identity every year, so only the allocation of workers,
but not entry and exit of firms, is a meaningful distinction.

Panel (d) illustrates the case of firm entry and exit as in panel (c) but with additional worker
mobility between Firm B in period 1 and Firm A in period 2 (and also mobility between Firm A
in period 1 and Firm C in period 2, although this is redundant). As a result, one connected set
is formed around all firm-years. For the same reason as in the previous paragraph, this case is
isomorphic to that in panel (b) without firm entry or exit.

When does a firm-year not form part of a larger connected set? The answer is: whenever it is
not connected through worker mobility to any other firm-years. Panel (e) illustrates such a case
with worker entry and exit (an analogous example could be constructed with firm entry and exit).
Firm B exists for both periods but no worker is observed switching from Firm B in period 1 to
any other firm in period 2, and similarly no worker is observed switching to Firm B in period 2
from any other firm in period 1. As a result, both Firm B in period and Firm B in period 2 are

disconnected from the rest of the economy, that is, they each lie in a singleton connected set.
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Figure B1. Illustrating identification of the connected set(s), details

(a) Two connected sets (b) One connected set
l..____' ______ .;.____,‘ I,---ﬁ-------;.___\\
:FirmA . _— . FirmA:C red et {FirmA . > . FirmA:

_ onnected se -

g =1 —_— (t=2) | p t=1) (t=2) 4
L QIO N AR
(FmmmER=—=TnTT S H 1 1 j Connected set

—_— 1
:FirmB . . FlrmB:COnnectedsetz :FirmB . O Firm B |
7| O)— (O]} Xl (o) o (O
s————r ______ -I____— ‘————r——————ﬁ_—d———,

t=1 t=2 t=1 t=2
¢) Two connected sets with firm entry & exit d) One connected set with firm entry & exit
y y
l..____' ______ .;.____,‘ ,,___='_______:.___~\
:FirmA ’ . FirmA:c ted set 1 {FirmA . I . FirmA}
- onnected se - _

p =1 —_— (t=2) | ] t=1) (t=2) 4
L QIO N AR
R e Y " 1 1 j Connected set

— 1
:FirmB . . Firmc:Connectedsetz ] Firm B . O Firmc:
{)(0)— O] 7 L (0)]—|0)
~____r_____h|#___— \-___I.______‘.I#__..'

t=1 t=2 t=1 t=2

(e) One connected set and two disconnected sets with
worker entry & exit

i Connected set

o o iy,

\————r—

Disconnected Disconnected

t=2

Note: Solid rectangles represent firm-years, with firm A in blue and firm B in orange. Solid and hollow circles represent workers,
with worker 1 in solid blue, worker 2 in hollow blue, worker 3 in solid orange, and worker 4 in hollow orange. Vertical dashed lines
represent time, with period t = 1 to the left and period t = 2 to the right. Solid arrows represent worker transitions across firm-years.
Dashed rectangles represent the connected set(s) formed by worker transitions across firm-years.
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C Appendix: Understanding Firm Pay Dynamics
C.1 Autocorrelations in weighted versus unweighted and balanced versus unbalanced
panels

Tables C1, C2 and C3 show the autocorrelation and autocovariance of firm pay in year t and year

t+ 7, for all years t = 1985,...,2015and T = 0,1, ..., 30, in a weighted but unbalanced, balanced

but unweighted, and unweighted and unbalanced sample, respectively.
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Table C1. Autocorrelation and autocovariance of firm-year FEs at various lag lengths—employment-weighted, unbalanced panel

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Panel A. Autocorrelation
1985 1.000 0.873 0.839 0.794 0.726 0.743 0.733 0.699 0.732 0.731 0.791 0732 0772 0.745 0.751 0.726 0.729 0.690 0.676 0.688 0.692 0.696 0.686 0.634 0.647 0.654 0.669 0.659 0.632 0.643 0.594
1986 1.000 0.861 0.797 0.729 0.747 0737 0.697 0733 0.724 0.781 0.726 0.762 0.736 0.741 0.726 0.729 0.692 0.690 0.692 0.703 0.709 0.695 0.651 0.660 0.669 0.671 0.659 0.629 0.644 0.594
1987 1.000 0.805 0.742 0.745 0.733 0.693 0719 0.699 0.767 0.716 0.752 0.731 0.734 0.722 0.723 0.695 0.681 0.692 0.704 0.714 0.703 0.657 0.668 0.678 0.680 0.665 0.634 0.646 0.601
1988 1.000 0769 0.757 0.726 0.676 0.699 0.644 0742 0.677 0736 0.729 0.719 0.709 0.708 0.670 0.667 0.669 0.679 0.688 0.688 0.653 0.667 0.675 0.670 0.659 0.637 0.644 0.600
1989 1.000 0.721 0.690 0.641 0.658 0.634 0.698 0.639 0.692 0.688 0.676 0.668 0.663 0.629 0.641 0.639 0.650 0.658 0.654 0.622 0.623 0.641 0.631 0.625 0.601 0.610 0.566
1990 1.000 0.741 0.688 0.706 0.675 0.735 0.673 0.725 0.715 0.687 0.671 0.671 0.636 0.625 0.636 0.646 0.653 0.644 0599 0.612 0.630 0625 0612 0.584 0.590 0.553
1991 1.000 0.760 0.764 0.723 0.787 0.720 0.768 0.758 0.740 0.722 0.728 0.688 0.701 0.694 0.707 0.711 0.705 0.667 0.678 0.703 0.696 0.688 0.657 0.669 0.623
1992 1.000 0.784 0.740 0.789 0.714 0.761 0.745 0.724 0709 0.704 0.674 0.684 0.675 0.678 0.689 0.677 0.638 0.648 0.670 0.653 0.646 0.622 0.630 0.592
1993 1.000 0.777 0.808 0.705 0.766 0.762 0.734 0.730 0.719 0.688 0.697 0.684 0.682 0.682 0.673 0.636 0.648 0.670 0.660 0.654 0.636 0.646 0.609
1994 1.000 0.841 0.760 0.777 0.778 0.700 0.704 0.690 0.689 0.697 0.684 0.684 0.691 0.685 0.641 0.647 0.670 0.659 0.647 0.627 0.634 0.597
1995 1.000 0.795 0.821 0.826 0773 0774 0756 0.730 0.734 0.719 0.721 0.729 0.724 0.676 0.676 0.699 0.684 0.676 0.652 0.665 0.624
1996 1.000 0.863 0.834 0790 0.781 0.774 0.740 0.752 0.739 0.740 0.746 0.741 0.688 0.700 0.719 0.717 0.705 0.681 0.694 0.653
1997 1.000 0.871 0.816 0.802 0.795 0.757 0.774 0.762 0.755 0.761 0.756 0.705 0.719 0.735 0.734 0.725 0.702 0.710 0.672
1998 1.000 0.843 0.828 0.817 0.780 0.794 0.783 0.771 0.775 0.774 0721 0.730 0.747 0742 0.733 0.715 0.722 0.682
1999 1.000 0.854 0.837 0.786 0.802 0.783 0.783 0.791 0.785 0.726 0.742 0.755 0.753 0.744 0.727 0.730 0.689
2000 1.000 0.863 0.808 0.821 0.802 0.804 0.807 0.809 0.746 0.760 0.771 0.768 0.762 0.753 0.758 0.720
2001 1.000 0.833 0.835 0.814 0.808 0.810 0.813 0.751 0.767 0.778 0.776 0.766 0.762 0.758 0.726
2002 1.000 0.859 0.832 0.817 0819 0816 0755 0.770 0.787 0.779 0.771 0.770 0.770 0.735
2003 1.000 0.862 0.844 0.841 0.836 0.777 0.790 0.808 0.800 0.795 0.793 0.795 0.759
2004 1.000 0.880 0.864 0.853 0.791 0.808 0.825 0.821 0.811 0.804 0.806 0.770
2005 1.000 0.885 0.864 0.807 0.819 0.831 0828 0.816 0.806 0.808 0.776
2006 1.000 0.893 0.827 0.836 0.847 0.849 0.836 0.819 0.822 0.786
2007 1.000 0.859 0.854 0.864 0.862 0.850 0.836 0.837 0.803
2008 1.000 0.870 0.831 0.828 0.814 0.796 0.797 0.764
2009 1.000 0.866 0.855 0.841 0.821 0.823 0.789
2010 1.000 0.894 0.873 0.855 0.853 0.818
2011 1.000 0.899 0.875 0.869 0.836
2012 1.000 0.896 0.878 0.842
2013 1.000 0.890 0.861
2014 1.000 0.880
2015 1.000
Panel B. Autocovariance

1985 0.033 0.028 0.026 0.026 0.024 0.023 0.022 0.022 0.024 0.023 0.026 0.025 0.025 0.025 0.025 0.024 0.023 0.022 0.022 0022 0022 0.022 0.022 0.022 0.021 0.021 0.021 0.020 0.019 0.019 0.017
1986 0.033 0.026 0.026 0.024 0.023 0.022 0.022 0.024 0.023 0.025 0.025 0.025 0.025 0025 0024 0.023 0.023 0.022 0.022 0.023 0.023 0.023 0.022 0.022 0.021 0.021 0.021 0.019 0.019 0.017
1987 0.032 0.025 0.024 0.022 0.022 0.021 0.024 0.022 0.025 0.024 0.025 0.024 0.024 0024 0023 0.023 0.022 0.022 0.023 0.022 0.022 0.022 0.021 0.021 0.021 0.020 0.019 0.019 0.017
1988 0.036 0.027 0.025 0.024 0.022 0.025 0.022 0.025 0.025 0.026 0.026 0.025 0.025 0.024 0023 0023 0023 0023 0.023 0.023 0.023 0.023 0.022 0.021 0.021 0.020 0.020 0.018
1989 0.039 0.025 0.024 0.023 0.025 0.023 0.026 0.026 0.026 0.027 0.026 0.026 0.025 0.024 0.024 0024 0024 0024 0.024 0.024 0.023 0.023 0.022 0.022 0.021 0.020 0.019
1990 0.035 0.025 0.023 0.025 0.023 0.026 0.025 0.026 0026 0025 0024 0024 0.023 0.022 0.022 0.023 0.023 0.022 0.022 0.022 0.021 0.021 0.020 0.019 0.018 0.017
1991 0.037 0.025 0.027 0.025 0.027 0.027 0.027 0.027 0026 0026 0025 0024 0.024 0.024 0.024 0.024 0.024 0.024 0.023 0.023 0.022 0.022 0.021 0.020 0.019
1992 0.039 0.030 0.026 0.028 0.028 0.028 0.027 0.027 0.026 0.025 0024 0024 0024 0024 0024 0024 0.023 0.023 0.023 0.022 0.022 0.020 0.020 0.019
1993 0.048 0.032 0.033 0.031 0.031 0.032 0.030 0.030 0.028 0.028 0.027 0.027 0.027 0026 0.026 0.026 0.025 0.025 0.025 0.024 0.023 0.023 0.021
1994 0.046 0.035 0.034 0.033 0.033 0.030 0.030 0.029 0.028 0.028 0.028 0.028 0.028 0.028 0.027 0.026 0.026 0.025 0.025 0.024 0.023 0.022
1995 0.047 0.038 0.036 0.037 0.034 0.033 0.032 0.031 0.030 0.030 0.030 0.030 0.030 0.029 0.028 0.028 0.027 0.027 0.026 0.025 0.023
1996 0.056 0.040 0.038 0.036 0.035 0.034 0.033 0.032 0.032 0.032 0.032 0.032 0.031 0.030 0.030 0.029 0.029 0.027 0.027 0.025
1997 0.050 0.041 0.038 0.037 0.036 0.034 0.034 0.034 0.034 0.033 0.033 0.032 0.032 0.031 0.030 0.030 0.029 0.028 0.027
1998 0.051 0.040 0.039 0.037 0.036 0.035 0.035 0.035 0.03¢ 0.03¢4 0.033 0.033 0.032 0031 0.031 0.030 0.029 0.027
1999 0.052 0.041 0.039 0.037 0.036 0.035 0.035 0.035 0.034 0.033 0.033 0.032 0.031 0.031 0.030 0.029 0.027
2000 0.053 0.042 0.039 0.038 0.038 0.037 0.036 0.036 0.035 0.034 0.034 0033 0.032 0.032 0.031 0.029
2001 0.052 0.041 0.039 0.039 0.038 0.037 0.037 0.035 0.035 0.034 0.033 0.033 0.032 0.031 0.029
2002 0.053 0.042 0.040 0.039 0.038 0.038 0.036 0.036 0.035 0.034 0.033 0.033 0.032 0.030
2003 0.052 0.043 0.041 0.039 0.039 0.037 0.037 0.036 0.034 0.034 0.034 0.033 0.031
2004 0.053 0.043 0.041 0.040 0.038 0.038 0.037 0.036 0.035 0.035 0.034 0.032
2005 0.053 0.043 0.041 0.040 0.039 0.038 0.037 0.036 0.036 0.034 0.033
2006 0.051 0.043 0.040 0.039 0.039 0.037 0.037 0.036 0.035 0.033
2007 0.052 0.043 0.042 0.040 0.039 0.038 0.037 0.036 0.034
2008 0.056 0.046 0.041 0.039 0.038 0.037 0.036 0.034
2009 0.056 0.043 0.040 0.039 0.038 0.037 0.035
2010 0.053 0.042 0.041 0.039 0.038 0.036
2011 0.049 0.042 0.040 0.038 0.036
2012 0.050 0.042 0.040 0.038
2013 0.051 0.042 0.039
2014 0.048 0.040
2015 0.047

Note: Table shows rank correlations for firm-year FEs at various lag lengths for an unbalanced vs. balanced panel of firms. Weighted by a firm’s average employment. Source: LISA, RAMS.
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Table C2. Autocorrelation and autocovariance of firm-year FEs at various lag lengths—employment-unweighted, balanced panel
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Panel A. Autocorrelation
1985 1.000 0.778 0.745 0.699 0.590 0.580 0.578 0.566 0.535 0.543 0.541 0.534 0524 0507 0494 0479 0459 0445 0442 0426 0416 0414 0407 0380 0.381 0.363 0.364 0.353 0.327 0.323 0.296
1986 1.000 0.789 0.720 0.603 0599 0.600 0583 0547 0.551 0.551 0.536 0.528 0.511 0.505 0480 0469 0453 0449 0436 0432 0421 0417 0388 0386 0369 0372 0362 0.333 0.328 0.305
1987 1.000 0.786 0.656 0.644 0.645 0.623 0588 0576 0.586 0.571 0.557 0.541 0.534 0.516 0.500 0484 0478 0465 0454 0450 0442 0419 0411 0392 0393 0381 0352 0.347 0.331
1988 1.000 0711 0.681 0.672 0.649 0.618 0.607 0.613 0.602 0.589 0.569 0.553 0.536 0.519 0495 0489 0475 0468 0463 0458 0430 0420 0408 0408 0395 0.368 0.360 0.343
1989 1.000 0.645 0.630 0.594 0.558 0.551 0551 0536 0537 0514 0497 0477 0467 0446 0447 0429 0429 0424 0416 0387 0381 0362 0361 0353 0330 0326 0.305
1990 1.000 0721 0677 0.622 0.607 0.608 0.591 0.584 0.561 0.540 0.518 0.509 0.486 0483 0459 0457 0457 0454 0416 0413 0402 0401 0389 0.360 0.353 0.335
1991 1.000 0787 0712 0.678 0.667 0.645 0.630 0.619 0.598 0.573 0.564 0.537 0.529 0513 0514 0509 0502 0472 0466 0462 0453 0434 0.409 0407 0.387
1992 1.000 0.780 0.724 0.710 0.679 0.663 0.641 0.624 0.602 0.581 0.553 0.541 0.524 0.524 0.521 0507 0476 0475 0.463 0461 0450 0.424 0421 0.395
1993 1.000 0.796 0.749 0714 0.693 0.668 0.639 0.616 0.596 0.570 0.562 0.545 0.533 0.526 0514 0483 0485 0474 0474 0461 0436 0435 0.409
1994 1.000 0.804 0.757 0.738 0.705 0.678 0.656 0.631 0.606 0.600 0.578 0.572 0.560 0.547 0517 0514 0505 0509 0.489 0461 0451 0419
1995 1.000 0.830 0.792 0.755 0.720 0.694 0.671 0.642 0.637 0.612 0.608 0.594 0.581 0545 0548 0536 0532 0515 0487 0480 0.449
1996 1.000 0.837 0.791 0.755 0.719 0.699 0.659 0.654 0.635 0.629 0.618 0.610 0.569 0.571 0.554 0.549 0.535 0505 0504 0.467
1997 1.000 0832 0786 0.749 0.722 0.683 0.673 0.649 0.646 0.635 0.624 0.580 0.582 0.567 0.562 0.550 0.521 0.510 0.479
1998 1.000 0832 0778 0.752 0.714 0700 0.677 0.669 0.654 0.646 0.602 0.605 0.596 0.586 0.567 0.535 0.536 0.499
1999 1.000 0.828 0.788 0.742 0.728 0.700 0.690 0.680 0.671 0.624 0.618 0.607 0.603 0.587 0.558 0.551 0.515
2000 1.000 0.840 0.781 0.759 0.724 0.720 0.704 0.693 0.648 0.646 0.630 0.641 0.616 0.592 0.583 0.550
2001 1.000 0.829 0791 0.756 0.738 0.727 0.712 0.669 0.671 0.649 0.656 0.630 0.604 0.600 0.564
2002 1.000 0.831 0780 0.764 0.740 0.715 0.673 0.677 0.653 0.660 0.636 0.611 0.604 0.568
2003 1.000 0835 0799 0776 0.748 0.695 0.699 0.678 0.687 0.659 0.636 0.625 0.588
2004 1.000 0.837 0793 0.766 0.707 0.708 0.690 0.693 0.667 0.645 0.627 0.585
2005 1.000 0.840 0.808 0.750 0.746 0.726 0.723 0.701 0.668 0.658 0.614
2006 1.000 0.848 0775 0770 0.746 0.747 0.719 0.686 0.678 0.632
2007 1.000 0.823 0.800 0.770 0.769 0.739 0.703 0.701 0.656
2008 1.000 0.838 0.764 0.763 0.735 0.703 0.693 0.652
2009 1.000 0.822 0.803 0.773 0.739 0.727 0.688
2010 1.000 0.847 0.815 0.771 0.752 0.707
2011 1.000 0.855 0.805 0.783 0.736
2012 1.000 0.848 0.815 0.762
2013 1.000 0.844 0.776
2014 1.000 0.831
2015 1.000
Panel B. Autocovariance

1985 0.061 0.048 0.043 0.039 0.038 0.034 0.032 0.031 0.032 0.032 0.032 0.032 0.031 0.029 0.028 0.027 0.025 0025 0025 0025 0023 0.023 0.023 0.022 0.022 0.020 0.020 0.020 0.019 0.018 0.018
1986 0.062 0.046 0.040 0.039 0.035 0.034 0.032 0.032 0.033 0032 0032 0031 0030 0029 0027 0.026 0.026 0.025 0.025 0.024 0.024 0.023 0.022 0.022 0.021 0.021 0.020 0.019 0.019 0.018
1987 0.054 0.041 0.039 0.035 0.034 0.032 0.033 0.032 0.032 0032 0031 0030 0029 0027 0026 0.026 0.025 0.025 0.024 0.023 0.023 0.023 0.022 0.021 0.021 0.020 0.019 0.019 0.018
1988 0.051 0.041 0.036 0.034 0.033 0.033 0.033 0.033 0.032 0.032 0.030 0.029 0.028 0.026 0026 0025 0025 0.024 0.023 0.023 0.023 0.022 0.021 0.021 0.020 0.019 0.019 0.019
1989 0.066 0.039 0.037 0.034 0.034 0.034 0.034 0.033 0.033 0.031 0.030 0.028 0.027 002 0026 0026 0025 0.025 0.024 0.023 0.023 0.021 0.021 0.021 0.020 0.019 0.019
1990 0.056 0.039 0.036 0.035 0.035 0.034 0.034 0033 0031 0030 0028 0.027 0.026 0.026 0.025 0.025 0.024 0.024 0.023 0.023 0.022 0.021 0.021 0.020 0.019 0.019
1991 0.051 0.040 0.038 0.037 0.036 0.035 0.034 0.033 0.031 0030 0.029 0.028 0.027 0.027 0.027 0.026 0.025 0.025 0.024 0.024 0.023 0.022 0.022 0.021 0.021
1992 0.050 0.041 0.039 0.038 0.036 0.035 0.034 0.032 0031 0029 0028 0.027 0.027 0.027 0.026 0.025 0.025 0.024 0.024 0.023 0.023 0.022 0.022 0.021
1993 0.057 0.046 0.042 0.041 0.040 0.037 0.035 0.033 0.032 0.031 0030 0030 0.029 0.028 0.028 0.027 0.027 0.026 0.025 0.025 0.024 0.024 0.023
1994 0.058 0.046 0.044 0.043 0.040 0.038 0.036 0.034 0.034 0.033 0033 0032 0.030 0.030 0.029 0.029 0.028 0.028 0.027 0.026 0.025 0.024
1995 0.056 0.047 0.045 0.042 0.039 0.037 0.036 0.035 0.034 0.034 0.033 0.032 0.031 0.030 0.030 0.029 0.028 0.028 0.027 0.026 0.026
1996 0.057 0.048 0.045 0.042 0.039 0.037 0.036 0.036 0.035 0.034 0.033 0.033 0.032 0.031 0.030 0.030 0.029 0.028 0.028 0.027
1997 0.057 0.047 0.043 0.041 0.039 0.038 0.037 0.036 0.035 0.034 0.03¢ 0.032 0.032 0.031 0.030 0.030 0.029 0.028 0.028
1998 0.055 0.045 0.042 0.040 0.039 0.037 0.037 0.036 0.035 0.034 0.033 0033 0032 0031 0030 0.029 0.029 0.028
1999 0.053 0.044 0.041 0.039 0.038 0.038 0.036 0.035 0.035 0.034 0.033 0032 0031 0031 0.030 0.029 0.029
2000 0.052 0.043 0.041 0.039 0.038 0.038 0.036 0036 0034 0034 0033 0033 0.032 0.031 0.031 0.030
2001 0.050 0.043 0.040 0.039 0.038 0.037 0.036 0.035 0035 0033 0033 0032 0.032 0.031 0.030
2002 0.053 0.044 0.042 0.040 0.038 0.037 0.036 0.036 0.034 0034 0033 0.033 0.032 0.031
2003 0.052 0.044 0.042 0.040 0.038 0.037 0.037 0.035 0.035 0.034 0.034 0.033 0.032
2004 0.054 0.045 0.042 0.040 0.038 0.038 0.037 0.036 0.035 0.035 0.034 0.033
2005 0.052 0.043 0.042 0.040 0.039 0.038 0.037 0.036 0.036 0.035 0.034
2006 0.051 0.043 0.041 0.040 0.038 0.038 0.037 0.036 0.035 0.034
2007 0.051 0.043 0.041 0.039 0.039 0.038 0.037 0.037 0.035
2008 0.054 0.045 0.041 0.040 0.039 0.038 0.037 0.036
2009 0.053 0.043 0.042 0.040 0.040 0.039 0.038
2010 0.052 0.043 0.042 0.041 0.040 0.039
2011 0.050 0.044 0.042 0.041 0.040
2012 0.052  0.045 0.043 0.042
2013 0.054 0.046 0.043
2014 0.054 0.046
2015 0.058

Note: Table shows rank correlations for firm-year FEs at various lag lengths for an unbalanced vs. balanced panel of firms. Not weighted by employment. Source: LISA, RAMS.
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Table C3. Autocorrelation and autocovariance of firm-year FEs at various lag lengths—employment-unweighted, unbalanced panel

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Panel A. Autocorrelation
1985 1.000 0.745 0.692 0.638 0.540 0.522 0.503 0.484 0.476 0484 0490 0470 0.460 0442 0437 0417 0404 0390 0.380 0.379 0.365 0.365 0.361 0.335 0.328 0.319 0316 0.304 0.300 0.285 0.269
1986 1.000 0.737 0.656 0.562 0.538 0518 0498 0484 0490 0496 0477 0469 0453 0443 0425 0409 0400 0.390 0.388 0.381 0.374 0.372 0.353 0.338 0.328 0.324 0315 0299 0297 0277
1987 1.000 0.713 0592 0557 0534 0506 0489 0494 0501 0485 0476 0464 0453 0437 0419 0411 0.404 0401 0.397 0390 0.388 0.374 0359 0.346 0.348 0.328 0317 0315 0.303
1988 1.000 0.633 0581 0548 0511 0495 0496 0502 0486 0477 0462 0449 0441 0424 0406 0.395 0.395 0.384 0.383 0.384 0.360 0.348 0.348 0.344 0.328 0317 0.306 0.298
1989 1.000 0573 0513 0474 0456 0.457 0457 0437 0434 0421 0408 0392 0385 0369 0366 0.355 0.357 0.354 0347 0321 0315 0.307 0304 0298 0291 0284 0.265
1990 1.000 0.591 0.538 0.510 0.509 0.500 0.483 0.470 0.456 0.439 0422 0411 0393 0.383 0.385 0.379 0371 0368 0350 0.341 0327 0326 0311 0303 0298 0.285
1991 1.000 0.640 0592 0568 0562 0.535 0.515 0498 0484 0466 0456 0439 0428 0423 0408 0409 0400 0386 0384 0373 0362 0355 0347 0.339 0.327
1992 1.000 0.646 0.601 0587 0555 0529 0506 0489 0475 0461 0450 0432 0429 0417 0421 0404 0392 0390 0385 0368 0357 0.352 0343 0.334
1993 1.000 0.661 0.609 0584 0558 0534 0509 0483 0471 0465 0456 0444 0425 0413 0399 0390 0.390 0385 0.38 0371 0.357 0.365 0.347
1994 1.000 0.674 0.619 0595 0563 0538 0512 0492 0486 0479 0460 0453 0438 0431 0418 0409 0406 0404 0383 0377 0372 0352
1995 1.000 0.697 0.646 0.614 0579 0549 0528 0523 0512 0497 0488 0481 0473 0457 0446 0438 0427 0415 0400 0398 0.379
1996 1.000 0.714 0.656 0.613 0578 0557 0536 0524 0519 0503 0493 0486 0471 0465 0455 0444 0434 0415 0418 0.391
1997 1.000 0714 0.643 0.614 0580 0560 0547 0534 0527 0518 0506 0484 0478 0475 0465 0455 0434 0435 0414
1998 1.000 0712 0.652 0.617 0.594 0582 0562 0548 0538 0.530 0.505 0.498 0494 0481 0469 0450 0.448 0.426
1999 1.000 0712 0.654 0.619 0596 0579 0565 0560 0549 0527 0511 0.507 0491 0482 0474 0464 0.443
2000 1.000 0.724 0.660 0.635 0.607 0.595 0.586 0.583 0.557 0.540 0.533 0.523 0.512 0496 0492 0470
2001 1.000 0.727 0.668 0.643 0.619 0.610 0.607 0.579 0.569 0.556 0.551 0.535 0.525 0.515 0.491
2002 1.000 0.729 0.674 0.645 0.630 0.620 0592 0577 0570 0557 0547 0.532 0.525 0.501
2003 1.000 0.730 0.682 0.648 0.633 0.607 0588 0.582 0569 0559 0.542 0.531 0.507
2004 1.000 0.737 0.680 0.656 0.626 0.601 0593 0577 0565 0.548 0.542 0513
2005 1.000 0.735 0.685 0.652 0.628 0.605 0.594 0577 0559 0552 0.531
2006 1.000 0.748 0.686 0.656 0.632 0.624 0.603 0.582 0.579 0.558
2007 1.000 0.751 0.691 0.659 0.648 0.630 0.609 0.598 0.573
2008 1.000 0.751 0.679 0.665 0.640 0.617 0.606 0.586
2009 1.000 0.729 0.687 0.657 0.627 0.611 0.587
2010 1.000 0.741 0.694 0.662 0.640 0.616
2011 1.000 0.755 0.706 0.674 0.647
2012 1.000 0.759 0.707 0.671
2013 1.000 0.760 0.697
2014 1.000 0.758
2015 1.000
Panel B. Autocovariance

1985 0.087 0.058 0.051 0.046 0.042 0.038 0.037 0.036 0.038 0.037 0.036 0.036 0.034 0.033 0.031 0.029 0.028 0.027 0026 0027 0025 0025 0.024 0.023 0.023 0.020 0.020 0.019 0.019 0.018 0.017
1986 0.084 0.055 0.048 0.044 0.040 0.039 0.038 0.039 0.038 0.037 0.036 0.035 0.033 0.032 0.030 0.029 0.028 0.028 0.028 0.027 0.026 0.025 0.024 0.024 0.021 0.021 0.020 0.020 0.019 0.018
1987 0.082 0.052 0.045 0.041 0.039 0.038 0.038 0.037 0.036 0.036 0.035 0.033 0.032 0.030 0.029 0.028 0.028 0.028 0.027 0.026 0.025 0.025 0.024 0.022 0.022 0.020 0.020 0.020 0.019
1988 0.082 0.049 0.042 0.041 0.038 0.039 0.038 0.037 0.036 0.035 0.033 0.032 0.031 0.029 0.028 0.027 0.028 0.026 0.026 0.025 0.024 0.024 0.022 0.021 0.020 0.020 0.019 0.019
1989 0.090 0.046 0.042 0.039 0.039 0.038 0.036 0.035 0.035 0.033 0.031 0.030 0.029 0.027 0.027 0.027 0.026 0.026 0.024 0.023 0.023 0.021 0.020 0.020 0.020 0.019 0.018
1990 0.088 0.049 0.044 0.043 0.042 0.039 0.038 0.036 0.035 0.033 0.031 0.030 0.029 0.028 0.029 0.028 0.027 0.026 0.025 0.025 0.022 0.022 0.021 0.020 0.020 0.019
1991 0.101 0.055 0.051 0.047 0.044 0.042 0.040 0.038 0.036 0.034 0.033 0.032 0.032 0.031 0.029 0.029 0.028 0.027 0.028 0.025 0.023 0.023 0.023 0.022 0.022
1992 0.108 0.060 0.052 0.048 0.046 0.043 0.040 0.038 0.036 0.034 0.034 0.033 0.033 0.031 0.030 0.029 0.028 0.029 0.026 0.024 0.024 0.024 0.023 0.022
1993 0.123  0.065 0.055 0.053 0.050 0.046 0.043 0.040 0.038 0.038 0.038 0.037 0.034 0.033 0.031 0.031 0.032 0.029 0.028 0.027 0.026 0.027 0.026
1994 0.119 0.065 0.058 0.055 0.050 0.046 0.043 0.041 0.041 0.040 0.039 0.037 0.036 0.034 0.033 0.034 0.031 0.029 0.028 0.028 0.028 0.026
1995 0.110 0.067 0.059 0.054 0.049 0.045 0.043 0.043 0.041 0.041 0.039 0.038 0.036 0.035 0.035 0.032 0.030 0.029 0.029 0.029 0.027
1996 0.120 0.071 0.062 0.055 0.051 0.048 0.046 0.045 0.045 0.042 0.040 0.039 0.038 0.039 0.035 0.033 0.032 0.032 0.032 0.030
1997 0.120 0.071 0.060 0.055 0.051 0.049 0.048 0.047 0.045 0.043 0.041 0.040 0.041 0.037 0.035 0.034 0.034 0.034 0.032
1998 0.115 0.069 0.060 0.055 0.052 0.051 0.049 0.046 0.044 0.042 0.041 0.042 0.038 0036 0.035 0.034 0.034 0.032
1999 0.114 0.068 0.059 0.055 0.052 0.051 0.048 0.046 0.044 0.042 0.042 0.039 0036 0035 0.036 0.035 0.033
2000 0.113 0.070 0.061 0.058 0.054 0.051 0.049 0.047 0.045 0.045 0.042 0.039 0.038 0.038 0.037 0.035
2001 0.114 0.072 0.063 0.059 0.055 0.052 0.050 0.047 0.048 0.044 0.042 0.040 0.040 0.039 0.037
2002 0.118 0.073 0.065 0.060 0.055 0.052 0.050 0.050 0.046 0.044 0.042 0.042 0.041 0.039
2003 0.118 0.074 0.065 0.059 0.055 0.052 0.052 0.048 0.045 0.044 0.043 0.042 0.040
2004 0.123 0.075 0.065 0.060 0.056 0.055 0.051 0.047 0.046 0.045 0.044 0.042
2005 0.120 0.073 0.063 0.059 0.059 0.052 0.049 0.047 0.047 0.046 0.043
2006 0.111 0.071 0.063 0.061 0.055 0.052 0.049 0.048 0.047 0.045
2007 0.111 0.072 0.067 0.059 0.055 0.052 0.051 0.050 0.047
2008 0.114 0.078 0.063 0.059 0.055 0.053 0.052 0.050
2009 0.126 0.074 0.064 0.060 0.057 0.055 0.052
2010 0.119 0.072 0.065 0.062 0.059 0.055
2011 0.110 0.073 0.067 0.062 0.058
2012 0.113 0.076 0.068 0.063
2013 0.117 0.078 0.069
2014 0.117 0.078
2015 0.116

Note: Table shows rank correlations for firm-year FEs at various lag lengths for an unbalanced vs. balanced panel of firms. Not weighted by employment. Source: LISA, RAMS.



D Appendix: Understanding Firm Pay Dynamics

D.1 Drivers of Firm Pay Dynamics

Table D1 repeats the analysis in Section 4.3 but without winsorizing the sample at the bottom and
top five percent of observations in the regression in changes. Results are qualitatively similar,
but somewhat less pronounced quantitatively. The likely reason is that the variables in changes

contain some extremely large values (in absolute terms).
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Table D1. Firm pay and firm fundamentals—non-winsorized results

Univariate Multivariate

Level 1-year 3-year  5-year  10-year Level 1-year 3-year  5-year  10-year
Capital 0.036 0.011 0.019 0.021 0.026 0.052 0.011 0.018 0.023 0.038

(0.002) (0.002) (0.002)  (0.002)  (0.004) (0.003) (0.004) (0.002)  (0.003)  (0.006)
Size 0.026 -0.003 0.003 0.001 -0.007 -0.031 -0.004 -0.002 -0.006 -0.020

(0.003) (0.010) (0.006)  (0.007)  (0.006) (0.003) (0.010) (0.006)  (0.006)  (0.006)
Productivity 0.138 0.013 0.018 0.024 0.041 0.068 0.011 0.015 0.019 0.026

(0.008) (0.005) (0.005)  (0.006)  (0.008) (0.005) (0.004) (0.004)  (0.005)  (0.006)
R? 0.286 0.003 0.009 0.016 0.045
Firm-years 1,222,124 1,022,078 763,506 578,336 270,955 1,222,124 1,022,078 763,506 578,336 270,955

Note: Univariate and multivariate regression results based on equation (3). The univariate results show the regression coefficient and standard error in parentheses for one independent

variable at a time. The multivariate results show the regression coefficients when all independent variables are included in a joint regression. The column labeled “level” shows results

when both the dependent and independent variables are contemporaneous. The remaining columns labeled “N-year,”, for N = 1, 3,5, 10, shows the N-year within-firm difference in

the dependent variable on N-year within-firm difference in the independent variable. All specifications control for year fixed effects. Firm-year FEs are estimated in the pooled 1985-

2015 sample. Standard errors in parenthesis are two-way clustered by firm and year (but not adjusted to reflect first-stage estimation error). Regressions are weighted by average firm
employment across the years in which a firm is active. Source: LISA, LOUISE, RAMS, and FEK.



E Appendix: Using the Firm-Year FEs Model to Understand Changes

in Swedish Earnings Inequality

This appendix contains additional details about the time series trends in firm pay in Sweden.

E.1 AKM decomposition in sub-periods

Figure E1 illustrates the variance decomposition based on the firm-year FEs framework estimated
within four sub-periods. The variance of the worker FEs rises by roughly four log points over this
period, primarily between the first and second sub-period.Yet allowing for changes in the worker
FE over time does not much change the estimated increase in the variance of firm-year FEs. In
particular, in both the pooled panel and the sub-period specification, the variance of firm-year FEs
rises by roughly two log points (although there are some differences in the timing of the increase).
We conclude that allowing for worker FEs to change over time does not materially change our

conclusion regarding the increase in firm pay dispersion in Sweden over this period.

Figure E1. AKM variance decomposition over time in subperiods
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Note: AKM variance decomposition based on the firm-year FEs specification in four 8-year sub-periods, 1985-1992, 1993-2000, 2000—
2007 and 2008-2015 using the plug-in method. Source: LISA, LOUISE, and RAMS.

E.2 Autocorrelation of firm pay over time

Figure E2 shows that the autocorrelation of firm pay has risen over time in Sweden, consistent
with a greater divergence between the variance of 1-year innovations to firm pay and 5-year inno-

vations to firm pay in Figure 6.
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Figure E2. AKM variance decomposition over time in subperiods

Autocorrelation of firm pay
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Note: First annual autocorrelation of firm pay. All statistics are employment-weighted and use the plug-in method. Source: LISA,
LOUISE, and RAMS.
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