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Abstract

How have coal workers been affected by, and responded to, the transition away
from coal as the dominant source of electricity production in recent decades? Using
newly linked longitudinal administrative records containing the population of W-2
workers in the United States between 2005 and 2019, we evaluate the transitional con-
sequences of the decline of coal. First, we present new facts about the characteristics,
earnings, and employment trajectories of coal workers. Second, we quantify worker-
level responses to the decline of coal. We find that, on average, coal workers most
exposed to the decline received lower cumulative earnings and spent fewer years em-
ployed than observationally similar workers with less exposure to the decline. Losses
are driven by years in which workers do not work in mining and extraction activi-
ties but remain in their local labor markets. We find little evidence that coal workers
are less geographically mobile than other workers; however, relocating to other labor

markets does little to mitigate losses.

*This Version: January 2024. Correspondence: eleanorkrause@fas.harvard.edu. Affiliations: Colmer—Department of Economics,
University of Virginia, USA; Krause—Harvard Kennedy School, USA; Lyubich—U.S. Census Bureau, USA; Voorheis—U.S. Census
Bureau, USA. All errors and omissions remain our own. Any opinions and conclusions expressed herein are those of the authors
and do not necessarily reflect the views of the U.S. Census Bureau. The Census Bureau’s Disclosure Review Board and Disclosure
Avoidance Officers have reviewed this data product for unauthorized disclosure of confidential information and have approved the
disclosure avoidance practices applied to this release, authorization number CBDRB-FY23-CES019-022.



1 Introduction

Transitioning away from fossil fuels is critical for reducing carbon emissions and mitigat-
ing climate change, but it presents significant risks to workers and communities histor-
ically reliant upon these traditional industries. Given the high spatial concentration of
fossil fuel resources, and coal in particular, the labor market consequences of shifts in en-
ergy demand tend to also be spatially concentrated. The ongoing shift away from coal as
a dominant source of electricity production has been particularly challenging for coal-
dependent communities, with consequences including reduced local employment, in-
creased rates of transfer receipt, and declining local revenue (Morris et al., 2019; Hanson,
2022; Blonz et al., 2023; Krause, 2023), but these community-level responses are consistent
with many possible dimensions of worker-level adjustment. Coal workers may remain
employed in coal-related activities but earn lower wages, switch to alternative employ-
ment in different sectors or different labor markets, or transition into non-employment.
Workers may do so quickly or remain unemployed until they secure new employment. If
migration costs are high, it will be costly for workers to find a comparable job in another
location. This will be compounded if search costs increase with distance to the labor
market. If workers search for a new job in their current location, their ability to regain
employment quickly will depend on the labor demand for their skills. Distinguishing
between these various margins of adjustment is essential to understanding the transi-
tional costs associated with the decline of coal, and for informing efforts to minimize the
distributional consequences of broader shifts in the energy system away from fossil fuel

sources across the labor force.

In this paper, we present new evidence on precisely how coal workers have re-
sponded to declining coal demand, examining the degree and speed at which different
margins of adjustment occur. Our approach leverages linked employer-employee data
from the U.S. Census Bureau and Internal Revenue Service (IRS) on the universe of indi-
viduals who earned wages from establishments in the coal mining industry between 2005
and 2019. We combine these data with the 2005-2019 employment histories of a large ran-

dom sub-sample of individuals working in other industries, who serve as a comparison



group. Using these data, we first present new facts on who works in coal mining, offer-
ing a comprehensive portrait of workers” demographic characteristics, their earnings and
income profiles, their locations of residence, and we describe how the characteristics of
coal workers have evolved over time as some workers separate from the industry. Sec-
ond, we quantify the consequences of the decline in coal on both intensive and extensive
margins of adjustment, examining the impact on workers’” cumulative earnings and em-
ployment, as well as the roles that sectoral and geographic mobility play in attenuating

these impacts.

Our empirical approach exploits differential worker-level exposure to the “coal shock,”
which began in earnest following 2011. Between 2011 and 2016 alone, coal mining em-
ployment declined by over 50 percent nationally, as national demand for coal waned in
favor of less expensive natural gas made widely accessible thanks to major advances in
hydraulic fracturing technology (Kolstad, 2017; Linn and McCormack, 2019; Davis et al.,
2022). Our analysis leverages the fact that workers with greater “attachment” to the coal
mining industry in the years preceding the coal shock are relatively more exposed to
this macroeconomic shift in demand for coal, where attachment is defined based on a
worker’s employment history in the industry. The richness of our data enables us to com-
pare observationally similar workers who differ only in the number of years in which they
report earnings from coal mining establishments in the pre-shock period. This approach
draws on the research design used by Autor et al. (2014), who examine how exposure to
import competition from China (the “China shock”) impacted individual workers” em-
ployment and earnings trajectories between 1992 and 2007. While the contemporary coal
shock affected a relatively small share of the United States workforce, the geographic
concentration of coal mining activity may exacerbate the consequences associated with
shocks to the industry. Adverse effects on local demand and limited outside options may
impose additional barriers to adjustment. As the broader clean energy transition disrupts
other relatively concentrated extractive and energy-intensive industries, the experience

of coal workers may preview that of workers in other exposed industries.

We find that, between 2012 and 2019, workers who were most exposed to the coal



shock suffered large earnings losses and spent more months in non-employment than
observationally similar workers who did not work in coal or worked in coal for fewer
years in the pre-shock period. On average, exposed coal workers — who worked full-
time for the coal mining industry in the years leading up to the contemporary coal shock
— experienced a decline in cumulative earnings amounting to 1.17 times their 2007-2011
average annual earnings over the 2012-2019 period. Both the extensive and intensive
margins played a role in these earnings declines, as exposed coal workers worked at least
one-quarter of a year less than observationally similar workers, and suffered earnings
losses in the years in which they were employed on the order of 13 percent per year relative

to their 2007-2011 annual earnings.

We find substantial heterogeneity in the consequences of this decline in coal. Ex-
ploring various margins of adjustment, we estimate that aggregate earnings and employ-
ment losses are attenuated by years in which exposed coal workers remain in “Mining,
Quarrying, and Oil and Gas Extraction” (NAICS code 21) activities, although they do
earn around 9 percent less per year in this industry between 2012 and 2019 relative to
their 2007-2011 annual earnings. While the attenuation effect is largely driven by years in
which workers remain working for their 2011 firm, i.e., are not displaced, we also see cu-
mulative earnings increases for years in which workers separate from their pre-treatment
firm but remain employed in the industry. These workers experience an increase in total
earnings equivalent to 0.5 times their 2007-2011 average annual earnings over the 2012-
2019 period. By contrast, workers who move into different industries experience substan-
tial declines in earnings amounting to 2.7 times their 2007-2011 average annual earnings
over the 2012-2019 period, and work 2.2 fewer years. During the years in which they
are working in different industries, exposed workers earn about 30 percent less per year

relative to their average 2007-2011 earnings in coal.

We do not find strong evidence that coal workers are less geographically mobile than
non-coal workers, however, relocating does not appear to attenuate aggregate losses. Ex-
posed coal workers suffer earnings losses both inside and outside of their initial Commut-

ing Zones (CZs), although aggregate earnings losses are driven by years in which workers



remain inside of their initial CZs and outside of their initial industries. Compared to ob-
servationally similar workers, we estimate that exposed coal workers experience a decline
in earnings equivalent to 2.3 times their 2007-2011 average annual earnings and work 1.8
fewer years in different industries inside of their initial CZ. They experience a decline in
earnings equivalent to 0.4 years” worth of earnings and work one-third of a year less in
different industries outside of their initial CZ. The effect of exposure on the intensive mar-
gin of earnings per year of employment is roughly similar for years employed inside and
outside of one’s initial CZ, conditional on industry of employment. What is clear is that
losses are driven by workers who separate from the industry but do not relocate. To the
extent that the clean energy transition redirects employment opportunities toward non-
mining sectors outside of the labor markets traditionally built on extractive industries,

subsequent transitional costs for exposed workers may be particularly large.

We contribute to several strands of literature. First, we contribute to the literature
on the labor market consequences of energy transitions. Much of the work on energy
transitions identifies the consequences of these shifts for communities traditionally depen-
dent upon fossil fuels (Black et al., 2002, 2003, 2005; Jacobsen and Parker, 2016; Morris
et al., 2019; Hanson, 2022; Krause, 2023). Together, these studies provide compelling evi-
dence that adverse shifts in energy demand negatively impact affected communities, with
consequences ranging from large declines in total employment and average wages to in-
creased reliance on government transfers. However, the extent to which these aggregate
losses simply reflect shifts in the population composition versus real losses incurred by lo-
cal residents remains unclear. We provide systematic and comprehensive evidence on the
margins of adjustment through which individual workers respond following the substan-
tial and persistent reduction in demand for coal beginning after 2011. Because we have
detailed residential and employment histories for all W-2 workers, our data allow us to
decompose the aggregate consequences along important margins of adjustment. Overall,
our findings show that adjustment margins such as reallocation to other industries and
labor markets provide limited mitigation of transitional costs for workers most exposed

to the decline in coal.



We also contribute to the broader literature on the transitional costs of labor de-
mand shocks. This literature has documented that the earnings losses associated with
job displacement in other settings can be substantial and persistent, and are exacerbated
when the event occurs in a distressed labor market or during an economic downturn
(Topel, 1990; Blanchard and Katz, 1992; Jacobson et al., 1993; Davis and von Wachter, 2011;
Walker, 2013; Autor et al., 2014; Notowidigdo, 2020; Lachowska et al., 2020; Schmieder et
al., 2023). Existing work has tended to focus on the consequences of “trade shocks” (Au-
tor et al., 2014; Pierce and Schott, 2016; Acemoglu et al., 2016; Hakkala and Huttunen,
2016; Keller and Utar, 2023) or environmental regulations (Greenstone, 2002; Walker,
2011, 2013), which are less regionally concentrated than coal. Autor et al. (2014) docu-
ment that the industry-level effects of the “China shock” are not capturing geographic
variation in worker’s trade exposure. By contrast, geographic variation is important in
this context — while coal employment makes up a small share of total employment, it ac-
counts for a meaningful share of local employment in coal-rich regions. To the extent that
negative labor demand shocks substantively reduce local demand, this may exacerbate
the consequences for workers by reducing opportunities for workers to reallocate within
their local labor market. In contexts where employment is regionally concentrated, the
consequences of negative labor demand shocks are intensified for directly affected work-
ers, who have fewer margins of adjustment to manage the consequences. Consistent with
this, we find little evidence that reallocation across industries within the local labor mar-

ket mitigates the transitional costs for affected workers.

The remainder of this paper is organized as follows. We describe the construction
of our data in section 2. In section 3, we present new facts about the demographic char-
acteristics, earnings, and geographic distribution of coal workers, and describe the ways
in which these characteristics have evolved over time. We also present facts about job
separations in coal mining and describe how earnings and income evolve with these sep-
arations. In section 4, we detail our quasi-experimental approach and present estimates

of the worker-level response to the coal shock. Section 5 concludes.



2 Data

Building on the data linkage infrastructure in Colmer et al. (2022), we combine the Cen-
sus Environmental Impacts Frame (Voorheis et al., 2023) with administrative tax records
(Forms W-2 and 1040) and nationally representative household surveys to construct a bal-
anced panel of the 2005-2019 employment, wage, and location histories of all individuals
whose primary source of earnings in any year during the 15-year period of study was at

an establishment in the coal mining industry.

We identify “coal mining” establishments in the Census Bureau’s County Business
Patterns Business Register (CBP-BR) and Longitudinal Business Database (LBD) as those
with NAICS codes 2121 (coal mining) or 213113 (support activities for coal mining). We
identify all employers (indexed by IRS Employer Identification Numbers, EIN) associ-
ated with these coal mining establishments using EIN-establishment links in the Business
Register. Between 2005 and 2019, there were at most about 1,700 distinct coal mining es-
tablishments in a given year, but the number of coal mining establishments has declined

precipitously over time (Figure 1).

We begin with the set of all individuals in the Environmental Impacts Frame (EIF)
from 2005 to 2019. The EIF is a curated microdata infrastructure that constructs con-
sistent residential histories for nearly the entire US Population using several sources of
administrative data available within the Census Bureau. We link the EIF to the universe
of IRS Form W-2s in each year so that we can identify the set of workers ever employed
at coal mining establishments based on the EIN on the worker’s W-2 tax form, defining
the worker’s employer based on the W-2 form with the highest annual earnings. If an
EIN-year pair includes multiple establishments, we link the worker to the establishment

that is geographically closest to the worker.'

Our relevant set of individuals are then individuals whose W-2 earnings came from

a coal mining establishment in at least one year over the 2005-2019 period. We construct

!We define geographic proximity based on the straight-line distance between the latitude and longitude
of the worker in the EIF and the establishment in the CBP-BR.



a panel dataset for these individuals by combining the EIF and W-2s, so that we have the
entire 2005-2019 employment histories of these workers (including years in which they
do not work for coal establishments) as well as their residential histories over this period.
To this employer-employee panel, we link information on firm characteristics? from the

Longitudinal Business Database (LBD), including employment, revenue and industry.

We link this balanced panel to two additional datasets to attach demographic char-
acteristics. We link all individuals in the panel to the Demographic spine of the EIF
(Voorheis et al., 2023), which includes basic demographic information (age, race, eth-
nicity, and sex). Additionally, for a sub-set (about 20 percent) of individuals who ever
responded to the American Community Survey (ACS), we link detailed demographic in-
formation from the survey, including education, occupation (at survey response), marital

status, and family structure.

Between 2005 and 2019, around 233,000 individuals worked for coal mining estab-
lishments as their primary source of W-2 earnings in at least one year. Because we define
a worker’s place of employment by the NAICS code of his or her establishment, our def-
inition of “coal mining” employment will include individuals engaged in support roles
within the establishment as well as individuals directly employed as coal miners. We
will also capture individuals who work only part-time or relatively few hours in the in-
dustry, as long as it is their primary source of W-2 earnings in any given year. Over
this 15-year period, the number of individuals working for coal mining establishments as
their primary source of earnings peaked at over 110,000 in 2011, and then fell by about
50 percent over the next several years (Figure 1).> Other work has shown that the large-
scale decline in demand for coal observed over this period was macroeconomic in nature,

driven largely by the sudden introduction of inexpensive natural gas made available by

2In most cases, EINs are the same as the LBD firm concept, but some large firms own multiple employer
entities that have separate EINs.

3The annual number of coal workers in our data set is larger than the number estimated from the CBP
data or other official government statistics. This is likely because we will capture workers who work very
little in a given year, as long as income from the coal mining establishment is greater than income earned
at other employers. Appendix Figure A1 compares the total number of coal miners in our dataset to that
derived from the CBP. The number of coal miners in the CBP is similar to that derived from the mine-level
data offered by the Mine Safety and Health Administration (MSHA).



hydraulic fracturing technology (Kolstad, 2017; Linn and McCormack, 2019; Coglianese
et al., 2020; Davis et al., 2022).* We refer to this period of declining coal demand, begin-

ning in earnest after 2011, as the “coal shock.”

Figure 1: Total coal mining establishments & employment, 2005-2019
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Note: This Figure shows the total number of coal mining establishments (on the left axis) and total coal
mining employment (on the right axis) between 2005 and 2019. Workers are identified as coal miners if
their primary employer (in terms of total earnings) in a given year was a coal mining establishment. Coal
mining establishments are defined as those with NAICS codes 2121 and 213113. Source: Public Use County
Business Patterns data

For most analyses, we restrict our sample from the universe of coal workers to only
those individuals born between 1955 and 1985, such that they are between the ages of
20 and 64 for the entire duration of the 2005-2019 period (around 154,000 workers). We
define this group of workers as our primary sample. For our quasi-experimental analy-
ses, we add to this coal worker panel the 2005-2019 histories of a random sub-sample of
individuals who responded to the 2019 ACS - a large, nationally representative sample.
We construct these individuals” employment and earnings histories identically as the coal
worker panel. The sub-sample is constructed by taking a random 10-percent sample of

these ACS respondents who were born between 1955 and 1985. For all statistics and anal-

“Coglianese et al. (2020) show that 92 percent of the total decline in coal production between 2008 and
2016 could be attributed to the declining price of natural gas relative to coal, with environmental regulations
accounting for an additional six percent.



yses that consider the evolution of earnings and AGI, we omit the very small number of

workers who report negative AGI from the sample.

3 The coal workforce

We begin by describing the characteristics of coal workers, including demographic char-
acteristics, a summary of earnings and income, and their location of residence. We then
describe job separations from coal mining establishments and present descriptive evi-

dence on the evolution of earnings and income with these separations.

3.1 Who works in the coal industry?

General demographic and earnings characteristics of coal and non-coal workers are pro-
vided in Table 1. Age, earnings, and Adjusted Gross Income (AGI) refer to 2011 values,
with earnings and AGI adjusted to 2019 dollars using the CPI-U deflator. The statistics
in column 1 are based on our primary sample, which includes all workers born between
1955 and 1985 — so that they are ages 26 to 56 in 2011 — who worked for a coal min-
ing establishment as their primary source of earnings at some point during the period of
analysis. Column 2 restricts to “full-time” workers born between 1955 and 1985 actively
working for a coal mining establishment in 2011.> Column 3 provides summary statis-
tics for full-time non-coal workers born between 1955 and 1985, drawn from the random

sub-sample of ACS respondents.

Coal workers are more likely to be male, white, and less likely to have a college de-
gree than full-time non-coal workers. Only 11% of full-time coal workers born between
1955 and 1985 in 2011 had a college degree, compared to 40% of non-coal workers.® De-

spite having lower educational attainment, the average full-time coal worker received

>We define a worker as “full-time” if their earnings in a given year are greater than what they would
earn by working 1,600 hours (about 30 hours per week) at the federal minimum wage. In 2011, this means
that they report earning at least $11,600.

®Educational attainment, homeownership, and sex reported in Table 1 are drawn from the subset of
workers who took this survey between 2005 and 2019 and thus they are based on the year in which the
respondent took the survey, which may differ from 2011.



Table 1: Characteristics of workers (2011)

1) 2) 3)
Ever worked for coal Full-time coal worker Full-time non-coal worker
Male 89.36 91.31 55.59
(30.83) (28.17) (49.69)
Non-Hispanic white 89.82 91.76 68.63
(30.23) (27.49) (46.4)
College degree 13.57 10.93 39.19
(34.25) (31.2) (48.82)
Homeowner 82.49 85.97 78.67
(38) (34.73) (40.96)
Age 40.7 41.4 41.2
9.2) 9.2) 9.0)
Wages ($10,000s) 74.8 86.6 66.2
(211.4) (265.8) (119.2)
AGI ($10,000s) 97.5 105.2 99.9
(325.2) (310.2) (207.6)
Observations 154,000 76,000 122,000

Source: ACS 2005-2019 linked with the Environmental Impacts Frame, IRS W-2s and Census Business
Register. Sex, educational attainment, and homeownership status are drawn from ACS. Non-coal workers
were identified from the 2019 ACS, and thus educational attainment, homeownership, and sex in column
3 reflect these 2019 reported values. These characteristics in columns 1 and 2 are measured in the year in
which the respondent took the survey, which may differ from 2011. The number of observations used to
compute the means for the variables indicated may differ from the total number of observations indicated
in columns 1 and 2, as only about 20 percent of coal workers are matched to the ACS, and some workers
who ever worked for coal (column 1) have missing wages or AGI in 2011. The sample in column 1 includes
all workers born between 1955 and 1985 who worked for a coal mining establishment as their primary
source of earnings in any year during the 2005 to 2019 period. The sample in column 2 restricts to full-time
coal workers, defined in the text. The sample in column 3 is full-time, non-coal workers drawn from the
10% ACS sample. Statistics in column 3 are weighted by the person weights in the ACS. Earnings and AGI
have been adjusted to 2019 dollars. Standard deviations are in parentheses.

roughly $20,000 more in total wages (W-2 earnings) and had an adjusted gross income of
$5,000 more than non-coal workers. That coal offers relatively high wages to individuals
with relatively low levels of educational attainment previews the potentially disruptive

consequences that contractions in demand for coal may have for exposed workers.

Due to the high spatial concentration of coal deposits, the geography of coal min-
ing employment tends to be highly concentrated as well, with large concentrations of
workers in Central Appalachia and parts of the Mountain West. Figure 2 maps the con-

centration of coal mining employees as a share of total employment in 2011 across the
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continental United States. County-level coal mining employment is from the Mine Safety
and Health Administration (MSHA), where employment is based on the county in which
the coal mine is located. Total employment is retrieved from the public Quarterly Cen-
sus of Employment and Wages (QCEW) data.” While 50 percent of counties with any coal
employment hosted relatively few numbers of coal workers (median=16 coal workers per
1,000 employees), the right tail of the distribution is very concentrated. A county at the
95t percentile of the distribution among counties with any coal mining employment had
227 coal mining workers per 1,000 employees. A county at the 99" percentile had 361 coal
workers per 1,000 employees. This “right tail” is predominately composed of counties in
Eastern Kentucky and West Virginia. As a share of the U.S. coal workforce in 2011, the
largest numbers of coal workers were located in West Virginia (hosting 26% of the coal

workforce), Kentucky (20%), Pennsylvania (9%), Wyoming (7%), and Virginia (6%)."

Coal communities are typically situated in more rural settings where the local econ-
omy has centered around coal extraction and processing. Employment opportunities out-
side coal are often limited due to the lack of outside options within the community and
the relative distance to more urban areas (Partridge et al., 2013; Carley et al., 2018). Given
these considerations, the adjustment costs associated with local labor demand shocks may
be higher in these communities than those associated with labor demand shocks experi-

enced in more urban or economically diversified contexts.

3.2 Job separations in coal

As indicated by Figure 1, the number of coal workers declined substantially over the 2005-
2019 period. Here, we describe separations from coal mining establishments, including

the number and frequency of these separations as well as descriptive evidence on the

"We use previously released aggregate statistics for these maps to avoid additional disclosure from our
microdata, noting that while these aggregate statistics deviate slightly from the confidential Census data,
there are no qualitative differences between aggregates from the internal microdata and the public use
statistics.

8Individual workers might commute across county or state lines to work in coal mines. These state-level
statistics are based on mine-level data from the MSHA and thus do not capture the location of residence of
the worker, but the location of employment. Our individual-level data distinguishes between location of
residence and location of employment.

11



Figure 2: Coal share of employment, 2011
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Note: Figure shows the coal mining share of total employment in 2011. Coal mining employment is defined
as the number of workers employed at coal mines in the county, based on data from the MSHA. Total
employment is retrieved from the QCEW. Source: public data from MSHA and QCEW

evolution of earnings and income prior to and following these separations.

3.2.1 Separations from coal mining establishments

Of the 233,00 workers whose primary labor income was earned at a coal mining estab-
lishment in at least one year during the 2005-2019 period, 178,000 (76%) separated from
coal at some point during the 15-year period. We define a separation from the industry
as transitioning from a state in which a coal mining establishment is a worker’s primary
source of earnings to one in which it is not. This separation could occur because the
worker transitions to working for a non-coal establishment or because the worker transi-
tions into a state of not earning wages (e.g., to enter unemployment or retirement). Many
workers transition into and out of working for a coal mining establishment over the sam-
ple period. To summarize the timing of these separations, we define the final separation
as the final year in which the worker transitions away from coal over the study period.

Figure 3 shows a histogram of these final separations for the universe of coal workers in

12



the U.S. who separated from the industry at least once over the 15-year period. The year
indicates the final year in which the worker’s primary earnings were drawn from the coal
mining industry. We omit the final year of our sample, 2019, to avoid the mechanical

classification of it being a worker’s final year in coal.

Figure 3: Final separations from the coal industry by year, 2005-2018
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Note: Final year is defined as the final fiscal year in which the worker’s primary earnings were drawn
from the coal mining industry over the sample period. All separated workers includes all workers whose
primary earnings were drawn from the coal mining industry in any year over the 2005-2019 period who
separated from the industry over the sample period. “Born 1955-1985” further restricts this sample to
individuals born between 1955 and 1985. Source: ACS 2005-2019 linked with the Environmental Impacts
Frame, IRS W-2s, and Census Business Register.

As indicated in Figure 3, 2011 was the peak “final” year in coal mining. After 2011,
the frequency of separations was more evenly distributed across years. This is consistent
with the conclusions drawn from Figure 1, which showed that total coal mining employ-

ment declined steadily after 2011.

Our data indicate that the aggregate number of workers employed by the coal min-
ing industry in any given year largely understates the number of workers who have at

some point relied upon the industry as a major source of labor income. The full sample of
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workers whose primary source of earnings came from the industry in any year between
2005 and 2019 (233,000) is over twice as large as the number of coal workers employed in
2011 (110,000), when the industry reached its contemporary peak. It is nearly 6 times as
large as the number of coal workers employed today.” This suggests that there is some
degree of churn in the coal workforce, with many workers only employed in the indus-
try for brief spells. Figure 4 plots the total number of years a worker was employed in
coal mining as the primary source of earnings over the 2005-2019 period. Over half of
the workers worked for a coal mining establishment as their primary employer for fewer
than four years over the 15-year period. This conclusion is insensitive to restricting to
the primary sample of workers born between 1955 and 1985. Of this restricted sample,
56% worked in coal for fewer than four years over the 15-year period. This figure likely
understates total tenure, as many workers might continue working for the industry in a
part-time capacity while earning greater income at a non-coal employer, and many work-
ers likely have employment histories in the industry that precede 2005. Still, this indicates

that a large share of workers are only marginally attached to the industry.

To what extent were these non-coal years characterized by non-employment rather
than employment in other industries? If the latter, what industries served as the primary
sources of earnings? For each worker in the panel, we determine the modal 2-digit NAICS
industry that served as the worker’s primary source of earnings across non-coal years. We
include non-employment as its own category, defined as reporting no W-2 earnings. For
example, if the worker’s primary earnings came from coal for eight years, manufacturing
for five years, and management for two years, the modal non-coal industry would be clas-
sified as manufacturing. If the worker’s primary earnings came from coal for three years,
construction for two years, and the worker reported no W-2 earnings in the remaining ten

years, the modal industry would be classified as non-employment.

For 38 percent of all coal workers, most non-coal years were characterized by non-

employment, defined as reporting earning zero wages to the IRS. Particularly young in-

% According to the most recent Annual Coal Report released by the EIA, there were 39,518 employees at
coal mines in 2021.
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Figure 4: Number of years worked in coal, 2005-2019
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Note: The value on the X-axis indicates the number of years a worker’s primary earnings were drawn from
the coal mining industry between 2005 and 2019. All coal workers refers to all workers whose primary
earnings were drawn from the coal mining industry in any year over the 2005-2019 period. “Born 1955
1985” further restricts this sample to individuals born between 1955 and 1985. Source: ACS 2005-2019
linked with the Environmental Impacts Frame, IRS W-2s, and Census Business Register.

dividuals who are enrolled in school at the beginning of the period or older individuals
who enter retirement by the end of the period could confound interpretation of this re-
sult. To avoid this, we recalculate the modal non-coal industry for the primary sample of
workers born between 1955 and 1985, who would be between the ages of 20 and 64 for
the duration of the 2005-2019 period. Figure 5 reports the major industries from which
coal workers received earnings in non-coal years for this primary sample. We identify
the specific 2-digit industry (sector) if it served as the modal, non-coal industry for at
least 4.5 percent of workers, and group the remaining industries into the “other” cate-
gory. Among this group of coal workers born between 1955 and 1985, non-employment
remains the modal non-coal “industry” for the plurality of individuals (27 percent). Be-

sides non-employment, the most common non-coal industries are manufacturing (12%),
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Figure 5: Modal industry during non-coal years, workers born 1955-1985
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Note: Sample includes all workers whose primary earnings were drawn from the coal mining industry in
any year over the 2005-2019 period. Modal industry refers to the most frequent industry from which the
worker earned his or her primary wages in the years in which coal was not the primary source of earn-
ings. Non-employment is included as an “industry” of employment when calculating modal industry of
employment. Industries are defined based on 2-digit NAICS codes: Mining (21), Construction (23), Man-
ufacturing (31-33), Transportation and warehousing (48—49), Management of Companies and Enterprises
(55), Administrative and Support and Waste Management and Remediation Services (56). Other includes
all other 2-digit NAICS codes. Source: ACS 2005-2019 linked with the Environmental Impacts Frame, IRS
W-2s, and Census Business Register.

construction (10%), and mining (9%)."

The evidence presented in this section, indicating that coal employment has declined
substantially since its peak in 2011, is consistent with other work that uses publicly avail-
able data to examine the evolution of coal mining employment in recent decades. The
richness of our data allows for several other insights. First, aggregate statistics substan-
tially understate the number of individuals who relied on the industry as their primary
source of earnings at some point. The number of individuals in our coal worker panel is
about double the number of workers employed in coal during its peak year over the sam-

ple period. Second, many workers appear only marginally attached to the industry, work-

0These correspond to 2-digit NAICS codes 31-33, 23, and 21, respectively.
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ing for coal for relatively few years over the 2005-2019 period. Finally, non-employment
is highly prevalent. The modal employment activity for the plurality of individuals in
our coal worker panel during the years in which they did not work for coal was non-

employment, again, defined as reporting no W-2 earnings.

3.2.2 Descriptive evidence on the evolution of earnings and income with separations

How do earnings and income evolve following firm separations in the coal industry? In
this section, we offer descriptive evidence on this evolution, focusing on the primary sam-
ple of coal workers born between 1955 and 1985. To summarize the evolution of earnings
and income from each separation we describe the impulse response function using the
local projections approach (Jorda, 2005, 2023). Specifically, for each worker-year observa-
tion, we define the difference in outcomes at different time horizons, compared to t — 1:
Ay, 14+5. This allows us to explore multiple separation events, rather than restricting to
the “first event” a worker experiences, or requiring us to “stack” events for each worker.
For a given switching event at time ¢, Switch;;, we then trace out the conditional mean of
income or earnings in the periods before and after the switch, relative to ¢ — 1. We define
a separation or “switch” event as one in which a worker “switches” firms and switches
from working in coal to not working in coal.'’ Non-employment is classified as a firm
category, so a worker will be characterized as “switching” firms if he or she transitions

into non-employment.'?

Our empirical specification for this descriptive analysis reflects a bivariate regression

1This is a relatively conservative measure of separation from the coal industry. Not included in this defi-
nition are workers who switch from a coal establishment to a non-coal establishment but remain employed
at the same firm. Because we match workers to establishments based on the EIN codes of the firms from
which they received their primary earnings and use geographic location to determine a worker’s establish-
ment in the relatively rare cases for which multiple establishments are associated with the same firm in a
given year, there is likely greater measurement error associated with within-firm “switching.” Our results
are qualitatively similar to using a relatively broader definition of separations which identifies separations
based only on whether the worker is associated with a coal establishment or not.

12We base our definition of firm on the firm ID as classified by the LBD. In most cases, this is the same as
the firm’s EIN code. However, if a firm has multiple employer entities (EINs), the firm ID will differ from
the EIN code. Identifying a firm “switch” based on EIN code produces nearly identical results to those
presented here.
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estimated for each time horizon, h,
AYirn = BhSwitchy + e (1)

where Ay, is the change in outcome y for worker i in year ¢ + h relative to ¢t — 1.
We consider two outcome variables: W-2 earnings (wages) and adjusted gross income
(AGI)."”® Switch, is an indicator equal to one if worker i switches firms away from coal in
year ¢, and zero otherwise."* We cluster standard errors at the worker level. Our results
are robust to two-way clustering at the worker- and firm-level. We estimate equation 1
using the primary sample of coal workers with non-negative AGI born between 1955 and
1985.

Figure 6: Separations from Coal and the Evolution of Earnings and Income
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Note: This figure plots the bivariate relationship between a firm separation and the evolution of earnings
and income 5 years on either side of the separation event. The event is defined as the year of separation.
Separations may include switches into non-employment. The sample is limited to workers born between
1955 and 1985 with non-negative AGI. Each estimate is the result of a separate bivariate regression esti-
mated for each time horizon as presented in equation 1. Panel a) presents the association between a sepa-
ration event and W-2 earnings. Panel b) presents the association between a separation event and adjusted
gross income. Shading reflects 95 percent confidence interval. Standard errors are clustered at the worker.
Source: ACS 2005-2019 linked with the Environmental Impacts Frame, IRS W-2s, and Census Business Reg-
ister.

BEarnings and AGI are missing for worker-year observations in which the worker reported no W-2 or
1040, respectively. Observations for which both variables are missing are omitted. We impute AGI as
reported earnings when AGI is missing but earnings are observed. We impute earnings as zero when
earnings are missing but AGI is observed. Our results are robust to not imputing these values.

14Because we cannot observe the month in which a worker leaves coal, we define the switch event as
the final year in which the worker still reports earnings from the coal industry. For example, if a worker
separates from a coal mining establishment in October 2016, 2016 will be defined as the “switch” event.
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Figure 6 presents the evolution of earnings and income following a coal separation
event. We document that firm separations from coal mining are associated with relatively
large declines in earnings and income that persist well beyond the initial separation event.
In the year of separation, workers experience an immediate decline in earnings of $12,000
relative to the previous year. Overall income appears to be buffered in the separation
year, which likely reflects a combination of unemployment insurance, severance pay, and
“hardship withdrawals” from 401k accounts. Both earnings and income in the follow-
ing period continue to fall and do not fully recover over the next 5 years. Peak earnings
losses are $30,000 per year in the year after and stabilize at around $20,000 lower than the
year prior to separation. Adjusted gross income declines by $22,000 and remains persis-
tently lower in the years following separation. We do not observe the number of hours or
months worked and so cannot distinguish the extent to which workers’ earnings trajecto-
ries are explained by reductions in work versus reductions in wage rates. In extensions,
we find that the inclusion of worker-, year-, and/or state-year fixed effects has very little

effect on the conditional means.

These patterns are descriptive, capturing the unconditional variation in the data
rather than the causal effects of separation. Workers might leave the industry for bet-
ter job opportunities elsewhere, introducing an upward bias in the relationship between
displacement and subsequent earnings. When workers are laid off, the decision to lay
one worker off rather than another may be correlated with factors that shape their future
earnings potential. Descriptively, however, the evidence presented indicates that indi-
vidual workers who separate from jobs in the coal mining industry experience relatively
large earnings and income losses which ultimately fail to recover to their pre-separation

peaks. In the following section, we explore this conjecture more systematically.

4 Quasi-experimental Evidence: Margins of Adjustment

The “coal shock” has been a multi-year episode of waning demand for the resource, to

which the industry and workers likely adapted and adjusted along various margins. Job
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loss is one consequence of declining demand, but the characteristic job loss event study
is not well-suited to capture all of the possible transitional dynamics associated with the
coal shock because it is only one margin of adjustment. Drawing upon the research de-
sign introduced by Autor et al. (2014) — who evaluate the consequences of rising import
penetration on affected workers — we characterize the incidence of the coal shock on cu-
mulative earnings, years of employment, and changes in earnings when employed. We
also explore changes in earnings within the firm or at other firms within the same indus-
try, industry switching, and location switching. We evaluate how the consequences of the
coal shock are influenced by these different margins of adjustment. Here, we focus on the
evolution of W-2 earnings (wages) and employment, but our conclusions are qualitatively

similar if we look at broader measures of income as well.

4.1 Empirical approach

Our empirical approach leverages the fact that some workers are more or less exposed to
the large-scale, macroeconomic decline in demand for coal beginning after 2011 (i.e., the
“coal shock”) based on their labor market experience in, or attachment to, the industry.
Workers with greater tenure at coal mining establishments in the years just prior to coal’s
decline (2007-2011) are more “attached” to the industry, and therefore relatively more
exposed to the coal shock that followed."> We examine how this measure of exposure to
the coal shock affects cumulative earnings and employment between 2012 and 2019 by
estimating the following specification for all workers who worked “full-time” between

2007 and 2011:

Eir = Bo + B11[Coal; 2007-11] + X;,(ﬁ + 05 + €ir )
In equation 2, Ei; = 3.1 o1y gt reflects the cumulative earnings of worker i between
itQ

2012 and 2019, normalized by his or her average annual earnings between 2007 and 2011,
Ej;,- This measure of cumulative earnings captures the entirety of a worker’s labor mar-

ket activity following the coal shock. By normalizing this value to pre-shock earnings

>This identification strategy is similar in spirit to Autor et al. (2014), which leverages the fact that some
workers were more or less exposed to the effects of rising import penetration based on their initial industry
of employment.
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E;,, we can observe how exposure to the shock influences the evolution of a worker’s
earnings. We also consider several other outcome variables: the cumulative number of
years employed between 2012 and 2019, cumulative earnings per year employed between
2012 and 2019 (again, normalized by average annual earnings between 2007 and 2011),
and the cumulative number of years the worker lives in his or her 2011 commuting zone

(CZ) between 2012 and 2019.

We limit our analysis to individuals in the combined coal and non-coal panel of
workers with non-negative AGI born between 1955 and 1985 and who worked “full-time”
in all five of these pre-shock years (2007 to 2011), where full-time is defined as reporting
earnings in excess of what one would earn by working at least 1,600 hours at the federal
minimum wage. We also omit a small number of workers who died during the sample
period and whose location could not be determined, leaving a final sample of around
173,000 individuals.'® The primary independent variable of interest is 1[Coal; 2007-11], a
dummy variable indicating whether worker i’s primary employer was a coal mining
establishment in all five pre-shock years. In an alternative specification, we define the
primary independent variable as a continuous variable indicating the number of years
between 2007 and 2011 for which the worker’s primary employer was a coal mining es-
tablishment, as detailed in Appendix Section B.2. The conclusions of our analysis are not
sensitive to this choice of specification. Of the final sample, 26,000 individuals worked
tull-time for a coal mining establishment in all five pre-shock years, and thus serve as the
“treated” group of workers most exposed to the subsequent coal shock.'” The remain-
ing “control” workers have less or no attachment to the coal industry in these pre-shock
years and are thus less exposed to the subsequent coal shock.'® We control for a rich set
of worker-level controls X; ;, which includes the worker’s age, the log of average annual
wages between 2007 and 2011, the interaction of average wages with the worker’s age,

the change in average annual wages between 2007 and 2011, the number of years the

16Sample sizes are rounded to the nearest 1,000 in line with Census disclosure rules.

YCharacterizing pre-shock years as 2005 to 2011 and limiting the sample to workers who worked full-
time during this entire seven-year period has no substantive impact on the conclusions.

8The vast majority of control workers have no attachment to (i.e., tenure in) the coal industry in the five
pre-shock years, and a small fraction worked in the coal industry for fewer than five years.
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worker worked at his or her 2011 firm between 2007 and 2011, 8 bins of establishment
size (based on 2011 establishment), and a dummy variable indicating whether the worker
ever worked for a coal establishment during our panel. We also include state fixed ef-
fects, 6,."” We cluster standard errors on the worker’s firm, as measured in 2011, to allow
for correlation in the error terms among workers who are initially employed in the same

firm.%°

This identification strategy compares workers who are ex-ante observationally simi-
lar, but have varying attachment to the coal mining industry in the pre-shock period, and
thus varying exposure to the subsequent macroeconomic decline in coal demand. The
main identifying assumption underlying this strategy is conditional independence — con-
ditional on the rich set of individual-level control variables, exposure to the coal shock
is as good as randomly assigned. That is, after accounting for differences in observable
worker characteristics including age, pre-period wages, and pre-period work experience,
our strategy assumes that workers with more tenure in the coal industry during the pre-
shock period have the same earnings and employment potential as workers with less or
no tenure in the coal industry, and observed differences in earnings and employment tra-
jectories between 2012 and 2019 are attributable to the fact that the macroeconomic shock
diminished demand for coal workers as opposed to similar workers working in other

industries.

One might imagine that the most tenured coal workers could be less exposed to the
adverse consequences of contractions in the coal industry compared to coal workers with
slightly less tenure in terms of years worked for the industry, if the most tenured workers
are the last to experience pay cuts or layoffs. Omitting workers whose primary employer
was a coal mining establishment in at least one year, but fewer than five years, between

2007 and 2011 does not substantively impact the estimates presented below. Given that

“In Appendix Section B.1, we include an additional control variable that captures a worker’s spatial
proximity to local coal shocks in other labor markets. The conclusions drawn from this specification are
broadly similar to those drawn from the primary analysis.

20We can also cluster on the worker’s CZ in 2011 to allow for correlation in the error terms among workers
who are initially employed in the sample labor market. This does not change the interpretation of the
coefficients.
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these workers are partially exposed to the coal shock, and thus may also experience its
resulting employment and earnings consequences, our primary estimates likely reflect a
lower bound of the consequences of coal shock exposure. The conclusions are also robust
to defining exposure based on a continuous measure of tenure in the pre-shock years, as

detailed in Appendix Section B.2.

Another potential concern is that while treatment is defined at the individual level,
given the high spatial concentration of coal mining activity, it is possible that some other
(non-coal) demand shock differentially affected highly coal-dependent communities over
this period. For example, if coal-rich regions were differentially exposed to the Great
Recession, tenured coal workers might suffer from the persistent consequences of this
economic event on employment absent the macroeconomic decline in coal (Yagan, 2019).
While this could be a concern in other settings, the labor markets most affected by the
Great Recession — Sun Belt states including California and Florida and Rust Belt states
including Michigan and Indiana — do not overlap with regions in which coal is concen-
trated. Further, the inclusion of state fixed effects will absorb any idiosyncratic state-level
shocks that might influence earnings and employment. If residual within-state variation
in the long-run effects of the Great Recession affected coal workers more than non-coal

workers, we would overstate the effect of the coal shock, and vice-versa.

The coefficient estimate of ; measures the effect of greater exposure to the coal
shock, defined based on a worker’s tenure in the coal industry during the pre-shock
years, on the outcome of interest. Importantly, it does not measure the effect of dislo-
cation from the industry itself. Some tenured coal workers will continue working in the
industry. This approach enables us to determine the degree to which exposure to the coal
shock induces reduced employment and earnings, and thus the degree to which workers
are affected along both extensive and intensive margins. If workers can costlessly transi-
tion into new jobs in other industries or labor markets, we should expect aggregate earn-
ings and employment losses to be minimal. If, however, coal workers have developed
industry-specific skills or face substantial labor market or migration frictions, transitional

costs may be substantial.
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4.2 Results

Table 2 reports the central estimates of 3; in equation 2, reflecting the association between
“coal shock” exposure and cumulative earnings (column 1), the number of years with
positive earnings (column 2), earnings per year (column 3), and the number of years that

the worker lives in their 2011 CZ (column 4) — an indicator for differential mobility.

Table 2: Exposure to coal shock and the evolution of earnings, 2011-2019

(1) (2) (3) (4)
Cumulative # of years w/ Earnings per # of years in
earnings earnings >0 year employed 2011 CZ
1[00@[1’2007—11] -1.].74:*’M -0.252**’F -0.129’PM 0.133***
(0.096) (0.035) (0.011) (0.039)
Controls v v v v
State FE v v v v
Observations 173,000 173,000 172,000 173,000

The outcome variables are defined over the 2012 to 2019 period. Cumulative earnings and earnings per
year employed are normalized to average annual wages between 2007 and 2011. The primary independent
variable is a dummy variable indicating whether or not the worker’s primary earnings were drawn from
the coal industry in all five years between 2007 and 2011. All regressions include the full set of worker-
level controls from equation 2. Robust standard errors in parentheses are clustered on the worker’s firm in
2011. Source: ACS 2005-2019 linked with the Environmental Impacts Frame, IRS W-2s and Census Business
Register.

*** p<0.01, ** p<0.05, * p<0.1

The estimates presented in Table 2 show that greater exposure to the “coal shock,”
as defined by tenure in the industry in the years preceding the shock, is associated with
relatively large earnings losses between 2012 and 2019. Compared to observationally sim-
ilar workers who were less attached to the industry in the pre-shock period and thus less
exposed to the shock, exposed coal workers experience a decline in cumulative earnings
thatis 1.17 times their 2007-2011 annual wage over the 2012-2019 period — more than one
year’s worth of annual earnings (column 1). The negative coefficients in columns 2 and
3 show that this cumulative earnings effect can be accounted for by both reductions in
the number of years workers are employed as well as reductions in earnings when em-
ployed. We estimate that, on average, more exposed coal workers experienced 0.25 fewer

years of work between 2012 and 2019 compared to observationally similar workers (col-
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umn 2), and a 13 percent reduction in earnings during the years that they are employed
(column 3).?! Tt is important to note that we are unable to distinguish whether earnings
reductions are driven by reductions in working hours or reductions in earnings per hour
worked. In column 4, we estimate that, on average, more exposed workers spend 0.13
additional years — approximately 7 weeks — living in their 2011 CZs between 2012 and
2019. While statistically significant, the magnitude of this effect is small, indicating that
the geographic mobility of exposed coal workers is not substantively different from ob-

servationally similar workers.

4.2.1 The Role of Reallocation

Does reallocation across industries or regions modify the aggregate earnings and em-
ployment losses experienced by exposed coal workers? In Table 3, we decompose the
total observed earnings and employment effect of exposure to the coal shock (replicated
in column 1) into total earnings or years of employment between 2012 and 2019 observed
at the worker’s initial (2011) employer (column 2), total earnings or years of employment
observed at other firms in the same 2-digit industry (column 3), and total earnings or
years of employment observed outside of the 2-digit industry entirely (column 4). As an
illustration, consider a worker who spends 2 years at the same (2011) firm, before sepa-
rating and becoming unemployed for a year and then moving into a different industry
for the remainder of the 2012-2019 period. Their cumulative earnings and cumulative
years of employment while at the same firm will be captured in column 2. They will have
zero cumulative earnings or cumulative employment in column 3 because they exited the
industry, and their earnings and years of employment from their remaining years will
be reflected in the outcome variable measured in column 4. Alternatively, a worker may
move to a different firm within the same industry in 2012 and remain within the industry
for the remaining period. All of their earnings and employment will be reflected in col-
umn 3. In each case, we compare treated workers to control workers in the same category,

e.g., in column 3 we compare cumulative earnings and employment during the years in

2lThere are fewer observations in column 3 because the outcome variable is not observed for workers
who are never employed between 2012 and 2019.
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which coal workers are at different firms in the “Mining, Quarrying, and Oil and Gas
Extraction” sector to the cumulative earnings and employment of control workers during

which they are at different firms but in their 2011 2-digit industry.

These categories are exhaustive of all possible forms of employment, such that the
coefficient estimates in columns 2, 3, and 4 of Panels A and B sum to the coefficient esti-
mate in column 1 of the corresponding Panel. These estimates are not additive for Panel
C (earnings per year employed), because the outcome variable is not observed in years in
which a worker does not report any earnings in a given category. The estimates in column

1 correspond to those in columns 1 through 3 of Table 2.

We estimate that the workers most exposed to the coal shock experience substan-
tially reduced earnings outside of their initial 2-digit industry, but not within their initial
2-digit industries. The point estimate in Panel A of column 2 indicates that more exposed
coal workers earned an additional year’s worth of earnings between 2012 and 2019 from
their initial (2011) firm compared to control workers. The estimate in Panel B of column
2 indicates that this is driven by additional years of employment. We estimate that more
exposed coal workers worked an additional 1.225 years for their initial firms between
2012 and 2019 compared to control workers. They do, however, experience a 9 percent
reduction in earnings per year of employment within the firm. This indicates that the
intensive margin — reduced earnings within firm — is a relevant margin of adjustment. In
column 3, we document that exposed coal workers earn an additional half year of cumu-
lative earnings and 0.7 years of additional employment at different firms within the same
2-digit industry compared to control workers; however, exposed coal workers earn 10
percent less per year of employment. That is, exposed coal workers earn and work more
in aggregate within “Mining, Quarrying, and Oil and Gas Extraction” than comparable
workers earn and work in their initial industries between 2012 and 2019, but they experi-
ence reduced earnings per year of employment. The estimates in column 4 reveal that the
reductions in cumulative earnings and employment observed in column 1 are driven by
years in which workers are observed outside of their initial 2-digit industries. Exposed

coal workers experience a decline in cumulative earnings that is 2.7 times their 2007-2011
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Table 3: Exposure to coal shock and earnings and employment by employer and industry

(1) (2) ) (4)
All employers Same industry Diff. industry
Same firm Diff. firm

Panel A: Cumulative earnings

]l[CO(lli’Q(](ﬁ-H] _1.174*** 1.001*** 0.511*** -2.687*W
(0.096) (0.177) (0.097) (0.232)
Panel B: Cumulative employment
1 [CO&ZZ‘72007-11] _0.252*** 1 .225*“ 0‘700*** 2.1 76***
(0.035) (0.167) (0.103) (0.193)
Panel C: Earnings per year of employment
1[Coal; 2007-11] -0.129™ -0.093™ -0.101™ -0.295™
(0.011) (0.010) (0.014) (0.021)
Controls v v v v
State FE v v v v
Obs. (Panels A and B) 173,000 173,000 173,000 173,000
Obs. (Panel C) 172,000 128,000 58,500 112,000

The outcome variables are defined over the 2012 to 2019 period. Cumulative earnings and earnings per
year employed are normalized to average annual wages between 2007 and 2011. The primary independent
variable is a dummy variable indicating whether or not the worker’s primary earnings were drawn from
the coal industry in all five years between 2007 and 2011. All regressions include the full set of worker-level
controls from equation 2. Panels A and B retain the full set of observations described in the bottom row of
the table. N ~ 172,000, 128,000, 58,500, and 112,000 in columns 14 of Panel C. Column 1 shows aggregate
effect on cumulative earnings and employment. Columns 24 decompose these effects into employment
and earnings obtained at the worker’s 2011 employer versus other employers, and within versus outside
of the worker’s 2011 industry, defined at the 2-digit NAICS code. Robust standard errors in parentheses
are clustered on the worker’s firm in 2011. Source: ACS 2005-2019 linked with the Environmental Impacts
Frame, IRS W-2s and Census Business Register.

*** p<0.01, ** p<0.05, * p<0.1

annual wage over the 2012-2019 period — almost three years” worth of annual earnings —
outside of their initial 2-digit industries. This can be explained by both large reductions in
the years of employment — 2 fewer years — and an almost 30 percent reduction in earnings

per year of employment.

One advantage of our data is that we are able to identify a worker’s location in all

years of the data, including years of non-employment. Column 4 of Table 2 provided ev-
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idence to suggest that exposed coal workers are marginally less mobile than observation-
ally similar workers. In Table 4, we evaluate the extent to which employment intersects
with geographic mobility to attenuate the cumulative earnings losses among exposed coal
workers. Here, we decompose the total observed worker-level effect of the coal shock ex-
posure on earnings and employment (column 1) into years observed within the CZ in
which the worker was employed in 2011 (column 2) and years observed in a different CZ

(column 3).

Table 4: Exposure to coal shock and earnings and employment by location

(1) 2) 3)
All CZs Same CZ Different CZ
Panel A: Cumulative earnings
]]_[OOCLZZ"QO(W-H] -1.174:*“ -0.877*** -0.297***
(0.096) (0.089) (0.045)
Panel B: Cumulative employment
]1[00&[@2007-11] _0.252*** _0101* -0.151***
(0.035) (0.051) (0.036)
Panel C: Earnings per year of employment
]1[00@[1‘72007-11] -0.129*** -0.124*** -0.145“’6
(0.011) (0.010) (0.015)
Controls v v v
State FE v v v
Obs. (Panels A and B) 173,000 173,000 173,000
Obs. (Panel C) 172,000 166,000 35,000

The outcome variables are defined over the 2012 to 2019 period. Cumulative earnings and earnings per
year employed are normalized to average annual wages between 2007 and 2011. The primary independent
variable is a dummy variable indicating whether or not the worker’s primary earnings were drawn from
the coal industry in all five years between 2007 and 2011. All regressions include the full set of worker-
level controls from equation 2. Column 1 shows aggregate effect on cumulative earnings and employment.
Columns 2-3 decompose these effects into employment and earnings obtained in the 2011 CZ of residence
versus other CZs. Robust standard errors in parentheses are clustered on the worker’s firm in 2011. Source:
ACS 2005-2019 linked with the Environmental Impacts Frame, IRS W-2s and Census Business Register.

*** p<0.01, ** p<0.05, * p<0.1

The negative coefficients in all cells imply that, on average, exposed coal workers

experience reduced earnings, spend fewer years employed, and receive fewer earnings
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per year employed, compared to observationally similar workers, whether they remain
in their 2011 labor market or not. Geographic mobility alone is not sufficient to fully
mitigate the consequences of the coal shock. These estimates do not imply, however, that
geographic mobility is unimportant. Coal mining is highly spatially concentrated, and
most coal communities lack comparable employment opportunities. If coal workers have
highly industry-specific skills and few alternative local employment opportunities that
reward these skills, relocation might improve earnings and still yield reduced cumulative
earnings compared to less exposed workers who relocate. Comparing the estimates in
columns 2 and 3 of Panel A demonstrates that the negative effect of coal shock exposure
on cumulative earnings received within a worker’s 2011 CZ is approximately three times
larger than the effect on cumulative earnings received outside of the worker’s CZ, i.e,,
approximately three-quarters of the effect of exposure to the “coal shock” on cumulative

earnings is driven by years spent inside of the worker’s 2011 CZ versus outside of the CZ.

In Table 5, we investigate both forms of reallocation simultaneously. We decompose
the total observed worker-level effect of coal shock exposure (column 1) into total earn-
ings or years of employment observed within the worker’s 2011 industry and CZ (column
2), total earnings or years of employment observed within the 2011 CZ but in a different
industry (column 3), total earnings or years of employment observed in a different CZ but
within the same industry (column 4), and total earnings or years of employment observed

outside of the worker’s 2011 industry and CZ.

The coefficients in Table 5 provide a more nuanced assessment of the role that sec-
toral and geographic mobility play in attenuating or exacerbating the earnings and em-
ployment declines associated with exposure to the coal shock. As in Table 3, remaining
in one’s 2011 industry offsets the cumulative earnings and employment declines for ex-
posed workers. This is true whether employment occurs within or outside of the initial
CZ, although the magnitude of the coefficient is much larger for years employed within
the 2011 CZ. Column 3 indicates that cumulative earnings and employment losses for ex-
posed coal workers are almost entirely driven by years in which workers remain in their

2011 CZ but exit their 2011 industry. Exposed coal workers earn much less and work
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Table 5: Exposure to coal shock and earnings and employment by sector and CZ

(1) (2) ) (4) )
All employers Same CZ Different CZ
Same ind. Diff. ind. Sameind. Diff. ind.

Panel A: Cumulative earnings
]l[CO(lli’Q(](ﬁ-H] -1.174*** 1.417*** _2.294*** 0096*’e _0.393***
(0.096) (0.185) (0.222) (0.030) (0.029)

Panel B: Cumulative employment

%%

1[Coal; 2007-11] -0.252 1.781™ -1.882™ 0.143™ -0.294™
(0.035) (0.170) (0.191) (0.027) (0.021)
Panel C: Earnings per year of employment

1[Coal; 2007-11] -0.129™ -0.095™ -0.301™ -0.106™ -0.270™
(0.011) (0.010) (0.022) (0.013) (0.019)

Controls v v v v v

State FE v v v v v
Obs. (Panels A and B) 173,000 173,000 173,000 173,000 173,000
Obs. (Panel C) 172,000 140,000 101,000 22,000 24,000

The outcome variables are defined over the 2012 to 2019 period. Cumulative earnings and earnings per
year employed are normalized to average annual wages between 2007 and 2011. The primary independent
variable is a dummy variable indicating whether or not the worker’s primary earnings were drawn from
the coal industry in all five years between 2007 and 2011. All regressions include the full set of worker-
level controls from equation 2. Column 1 shows aggregate effect on cumulative earnings and employment.
Columns 2-5 decompose these effects into employment and earnings obtained in the 2011 CZ of residence
versus other CZs, and within versus outside of the worker’s 2011 industry, defined at the 2-digit NAICS
code. Robust standard errors in parentheses are clustered on the worker’s firm in 2011. Source: ACS 2005-
2019 linked with the Environmental Impacts Frame, IRS W-2s and Census Business Register.

*** p<0.01, ** p<0.05, * p<0.1.

fewer years in different industries within their initial CZs than observationally similar
workers. The point estimates in Panel B imply that exposed coal workers spend 1.9 fewer
years employed in their initial CZ but outside of their 2011 industry (column 3), and 0.3
fewer years employed outside of their CZ and outside of their 2011 industry (column 5).
That aggregate losses are driven by years in which workers remain in their 2011 CZ but
are not employed in their initial industry likely reflects the limited alternative employ-

ment opportunities available in many coal communities.
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While the estimates in Panel B indicate that the extensive margin (non-employment)
contributes to cumulative earnings losses, earnings losses during years of employment
are also important. Panel C reveals that exposed coal workers suffer declines in earnings
per year across all industry-location pairs, and the reduction in earnings per year em-
ployed in a different 2-digit industry is approximately three times larger than the reduc-
tion within the same industry, regardless of whether it is observed inside or outside of a
worker’s initial CZ. Taken together, these results imply that geography may influence the
magnitude of the extensive margin of adjustment — with few employment opportunities
outside of the industry in coal communities, exposed coal workers work fewer years out-
side of their initial industry in their initial CZ. However, geography does not play a large
role in shaping the intensive margin of adjustment — conditional on switching industries,

former coal workers earn similar wages inside and outside of their initial CZs.

4.2.2 The role of industrial sector in offsetting losses

The evidence so far indicates that workers more exposed to the large-scale decline in
demand for coal beginning in 2011 suffered large earnings and employment losses if they
were not able to continue working in mining and extraction activities. In this section, we
explore the extent to which other industries offer differential opportunities to separated
coal workers. Specifically, we explore whether the consequences for workers who move
into different industries depend on whether industries are “high wage” and whether they

depend on local demand.

We ftirst explore whether entering other “high-wage” industries attenuates the ag-
gregate earnings losses. In Table 6, we decompose the total observed worker-level effect
of coal shock exposure (column 1) into earnings and employment changes by geographic
location, industry, and the industry wage level. Columns (1), (2), and (5) remain the same
as columns (1), (2), and (4) from Table 5. We define “high-wage” industries as those that
pay the same or more than the “Mining, Quarrying, and Oil and Gas Extraction” industry,
and “low-wage” industries as those that pay less. We calculate industry wages at the 2-

digit NAICS code by taking the mean earnings for workers in our sample who worked
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full-time in 2005.” Based on this strategy, four industries were “high-wage” industries
compared to the mining industry (NAICS code 21): utilities (22), information (51), finance
and insurance (52), professional, scientific, and technical services (54), and management

(55).23

Table 6 shows that coal workers” aggregate losses are not attenuated by earnings and
employment observed in these “high-wage” industries. If anything, cumulative losses
are driven by years observed in higher-wage industries. This does not imply that coal
workers who switched into these industries did not experience earnings gains relative
to working in coal. Rather, it implies that exposed coal workers experienced aggregate
losses in cumulative earnings and employment in these industries compared to less ex-
posed workers. We observe that it is rare for coal workers to transition into these “high-
wage” industries. Only one of these industries appears in Figure 5, which showed that
management served as the modal non-coal industry for about 5.6% of coal workers born
between 1955 and 1985. Coal workers are more likely to transition into relatively low-
wage industries. This could be due to the fact that coal workers’ skills do not necessarily
translate into the demands of these other high-wage industries, or because job opportuni-
ties in these high-wage industries are relatively scarce in the labor markets in which coal
workers reside. We see that cumulative earnings and cumulative employment losses are
smaller for workers during years in which they are observed in different CZs, regardless

of whether the industry is high-wage or not.

Our final decomposition exercise considers potential heterogeneity in earnings and
employment trajectories based on the extent to which industry depends on local demand.

We define industries as tradable, non-tradable, construction, or other. The definition of

22 Again, we define a worker as “full-time” if their earnings are greater than what they would earn by
working 1,600 hours (about 30 hours per week) at the federal minimum wage. In 2005, the minimum wage
was $5.15, so this implies workers who reported earnings of at least $8,240. We code “missing” NAICS
codes (typically agriculture or government) as a single industry.

ZWe do not condition on education in determining these high-wage industries. Coal miners have rela-
tively low levels of educational attainment compared to workers employed in these “high-wage” industries.
The only industry that paid higher wages than the mining sector to individuals with less than a college de-
gree in 2005 is utilities. Conducting this analysis with utilities as the only high-wage, non-mining sector
yields similar conclusions to that in 6.
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Table 6: Exposure to coal shock and earnings and employment by geographic location
and industrial sector

(1) 2) 3) (4) (5) (6) (7)

All Same CZ Different CZ
Same industry Yes No No Yes No No
High-wage industry - Yes No - Yes No

Panel A: Cumulative earnings
1[Coal; 5007-11) 11747 14177 1471 -0.823™  0.096° -0.270™ -0.123"
(0.096) (0.185) (0.138) (0.197) (0.030) (0.021) (0.019)

Panel B: Cumulative employment
1[C oal2~72007_11] -0.252""  1.781™ -1.201" -0.681"" 0.143™ -0.200™ -0.094"
(0.035) (0.170) (0.120) (0.175)  (0.027)  (0.014) (0.018)

Panel C: Earnings per year of employment
1[Coal; 2007-11] -0.129™  -0.095™ -0.259"" -0.260"" -0.106"" -0.271"" -0.203™
(0.011)  (0.010) (0.058)  (0.020) (0.013) (0.045) (0.019)

Controls v v v v v v v
State FE v v v v v v v
Obs. (Panels A and B) 173,000 173,000 173,000 173,000 173,000 173,000 173,000
Obs. (Panel C) 172,000 140,000 51,000 79,500 22,000 10,500 19,000

The outcome variables are defined over the 2012 to 2019 period. Cumulative earnings and earnings per
year employed are normalized to average annual wages between 2007 and 2011. The primary independent
variable is a dummy variable indicating whether or not the worker’s primary earnings were drawn from
the coal industry in all five years between 2007 and 2011. All regressions include the full set of worker-
level controls from equation 2. Column 1 shows aggregate effect on cumulative earnings and employment.
Columns 2-7 decompose these effects into employment and earnings obtained in the 2011 CZ of residence
versus other CZs, within the 2011 industry of employment versus outside of this industry, and within a
high-wage industry versus outside of a high-wage industry. High-wage industries include utilities, infor-
mation, finance and insurance, professional, scientific, and technical services, and management. Robust
standard errors in parentheses are clustered on the worker’s firm in 2011. Source: ACS 2005-2019 linked
with the Environmental Impacts Frame, IRS W-2s and Census Business Register.

** p<0.01, ** p<0.05, * p<0.1

these categories follows Mian and Sufi (2014), who define retail- and restaurant-related
industries as non-tradable, and industries that show up in global trade data as tradable.
Specifically, tradable industries are classified as 4-digit NAICS industries for which im-
ports plus exports equal at least $10,000 per worker or $500M total. Non-tradable indus-
tries include the retail sector and restaurants, and construction includes 4-digit indus-

tries related to construction, real estate, or land development. Other includes all other
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4-digit industries.”* Mining activities are defined as a tradable industry. This exercise is
motivated by the observation that local industries may be differentially exposed to the
spillover effects of local employment declines in the coal industry. Non-tradable indus-
tries that rely on local demand may be more vulnerable to the negative spillovers asso-
ciated with declining local labor market opportunities in other industries (Moretti, 2011;
Aragoén and Rud, 2013; Mian and Sufi, 2014). Given that coal workers do not appear to be
differentially more mobile than non-coal workers, their earnings and employment trajec-

tories in non-mining industries may be dictated to some degree by these local spillovers.

Table 7 reports this decomposition exercise. Noting that coal mining is classified
as a tradable industry, the point estimates in column 2 are consistent with the evidence
presented in the earlier decomposition exercises. Cumulative earnings and employment
losses for exposed coal workers are offset by employment within the tradable industry
category. The largest contribution to reductions in cumulative earnings and employment
comes from employment in the “other” category. The point estimate in column 5 of Panel
B indicates that exposed coal workers spend 1.5 fewer years employed in “other” in-
dustries within their initial CZ than observationally similar workers. Panel C provides
additional insight into how earnings may be affected by employment opportunities in
these different sectors. We estimate that reductions in earnings during years of employ-
ment are substantially larger when workers are engaged in non-tradable, construction,
and other industries than when they are engaged in tradable industries. Comparing the
point estimates in columns 2 and 3 of Panel C indicates that the reduction in earnings per
year employed is about twice as large for years employed in “non-tradable” industries
compared to years employed in “tradable” industries. Of note, we do not see meaningful
differences in earnings per year of employment when comparing within industrial cate-
gory across labor markets, indicating that indirect reductions in local demand may not be
a substantial driver of the intensive margin of earnings losses relative to the direct effect

on workers. Still, adverse local spillovers could contribute to the extensive margin by

20Other includes many service-oriented industries, including accommodations, education, health care
and social assistance, and other services. The precise definitions of each category are provided in the sup-
plemental materials in Mian and Sufi (2014).
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Table 7: Exposure to coal shock and earnings and employment by sector, geographic
location, and industry wage

(1) @) ®) (4) ©) (6) 7) ) ©)

All Same CZ Different CZ
Tradable Yes No No No Yes No No No
Non-tradable No Yes No No No Yes No No
Construction No No Yes No No No Yes No

Panel A: Cumulative earnings
1[Coal; 2007-11] -1.174™  1.034™  0.033 -0.320" -1.625" -0.030  0.004 -0.082"" -0.189
(0.096) (0.141) (0.026) (0.056) (0.096) (0.024) (0.003) (0.020)  (0.023)

ok

Panel B: Cumulative employment
1[Coal; 2007-11] -0.252™"  1.674™  0.025 -0.292™ -1.508™ 0.088™  0.002 -0.068" -0.174™
(0.035) (0.119) (0.024) (0.052) (0.094) (0.023) (0.003) (0.017) (0.017)

Panel C: Earnings per year of employment
1[Coal; 2007-11] -0.129™ -0.123™ -0.251" -0.214™ -0.288"™ -0.148™ -0.235"" -0.257" -0.239
(0.011) (0.011) (0.028) (0.015) (0.026) (0.016) (0.037) (0.023) (0.019)

skt

Controls v v v v v v v v v
State FE v v v v v v v v v
Obs. (Panels A and B) 173,000 173,000 173,000 173,000 173,000 173,000 173,000 173,000 173,000
Obs. (Panel C) 172,000 89,000 12,000 25500 124,000 17,000 2,500 6,000 24,500

The outcome variables are defined over the 2012 to 2019 period. Cumulative earnings and earnings per
year employed are normalized to average annual wages between 2007 and 2011. The primary independent
variable is a dummy variable indicating whether or not the worker’s primary earnings were drawn from
the coal industry in all five years between 2007 and 2011. All regressions include the full set of worker-
level controls from equation 2. Column 1 shows aggregate effect on cumulative earnings and employment.
Columns 2-9 decompose these effects into employment and earnings obtained in the 2011 CZ of residence
versus other CZs, and within versus outside of different industrial sectors, defined in the text. Robust
standard errors in parentheses are clustered on the worker’s firm in 2011. Source: ACS 2005-2019 linked
with the Environmental Impacts Frame, IRS W-2s and Census Business Register.

*** p<0.01, ** p<0.05, * p<0.1

reducing employment opportunities within an affected labor market.

5 Conclusion

After its contemporary peak in 2011, U.S. coal mining employment fell dramatically,
largely driven by the changing price of natural gas relative to coal. This “coal shock”
offers a novel setting to explore how exposed workers are affected by the shifting labor
market opportunities associated with a changing energy landscape. By leveraging rich

administrative data on the universe of coal workers between 2005 and 2019, we provide

35



systematic and comprehensive evidence on the consequences of, and responses to, the

decline of coal by individual workers in the United States.

On average, we estimate that between 2012 and 2019, workers most exposed to the
coal shock experienced a decline in cumulative earnings that exceeded an entire year’s
worth of earnings, worked about one-quarter of a year less, and earned about 13 per-
cent less per year compared to observationally similar workers. Non-employment is the
primary activity for the plurality of individuals in years in which workers are separated

from coal.

Decomposing these aggregate effects across firms, industries, and geographies, we
show that reallocating across industries and labor markets does not attenuate the adverse
consequences of the shock. Aggregate losses are driven by years in which exposed coal
workers are not engaged in mining and extraction activities but remain in their initial
labor market. We find evidence that exposed coal workers are only marginally less ge-
ographically mobile than observationally similar workers, and that relocation does not
attenuate the effect of exposure on earnings per year employed. This suggests that geo-
graphic barriers are unlikely to be the sole factor influencing workers’ intensive margin
of earnings losses. Whether workers remain in the same labor market or relocate, they
earn approximately 30 percent less per year employed when working outside of mining
and extraction activities compared to observationally similar workers who switch indus-
tries. In addition, we estimate that reductions in earnings per year employed in industries
relatively more dependent on local demand are similar whether or not these years are
observed inside or outside of the initial CZ, indicating that reductions in local demand
arising from the coal shock are not a first-order driver in explaining the intensive margin
of earnings losses. By contrast, exposure to the coal shock yields differential effects on
aggregate earnings and employment in non-mining industries that vary by labor market,
with aggregate impacts driven by years in which workers do not relocate, suggesting that

geography might play a role in influencing the extensive margin of adjustment.

The recent decline in demand for coal provides a preview of the disruption that fu-
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ture contractions in demand for fossil fuels may cause for exposed workers. The clean
energy transition is poised to reduce demand for fossil fuels, as well as energy-intensive
industries, both of which have historically provided high wages in labor markets offer-
ing few alternative employment opportunities. When workers are not able to remain
attached to the industries in which they might have developed firm- or industry-specific
skills (Neal, 1995), the transitional costs appear to be substantial. The results in this paper
are consistent with the presence of relatively large labor market frictions that prevent the
smooth adjustment to the energy transition, and indicate that both skill and geographic
mismatch may be playing important roles in influencing workers’ earnings and employ-
ment trajectories. Understanding the extent to which barriers to re-skilling can be reme-
diated in practice will be important in determining the welfare consequences of the clean

energy transition for workers in legacy sectors.
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Appendix

A Appendix Figures

Figure Al: Coal establishments & employment, 2005-2019, administrative data versus
CBP data
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Note: This figure shows the total number of coal mining establishments (on the left axis) and total coal
mining employment (on the right axis) between 2005 and 2019, separately based on the (rounded) adminis-
trative data used in this paper and based on the publicly available data from the CBP. Workers are identified
as coal miners if their primary employer (in terms of total earnings) in a given year was a coal mining es-
tablishment. Coal mining establishments are defined as those with NAICS codes 2121 and 213113.



B Margins of adjustment: Alternative specifications

B.1 Spatial spillovers

Labor supply is responsive not only to the economic conditions in a local labor market
but also to those conditions in possible alternative destinations (Borusyak et al., 2022).
Relatedly, local labor demand depends on local economic conditions as well as the eco-
nomic conditions in proximate labor markets (Adao et al., 2019; Redding, 2022). Our
primary empirical strategy detailed in section 4.1 defines “exposure” to the coal shock
based on an individual worker’s tenure in the coal mining industry. This strategy ex-
ploits the fact that individuals with a relatively greater attachment to the industry will
be relatively more exposed to the national collapse in demand for coal. While tenure in
the industry is certainly a key factor influencing whether a worker will be affected by this
macroeconomic coal shock, geographic location will also play a large role. Tenured coal
workers living in regions with relatively large concentrations of coal mining employment
may suffer from the individual consequences of the coal shock, as well as the broader

consequences the shock has on the local community.

To address these spatial spillovers, we add to equation 2 a control variable that re-
flects regional exposure to the coal shock. This variable for worker i in CZ j, ¢;;, is a

gravity-weighted measure of the CZ’s proximity to other regions’ coal shock exposure:

Gij = Z Ve chc/ x Coal™ 3)
cEg J
where C'0oal??® is the coal mining employment share of the population in county ¢’ # ¢

in 2005. This variable serves as a county’s exposure to the subsequent “coal shock” that
began in earnest around 2011." The intuition is that communities in which coal was rela-
tively more concentrated preceding the large-scale decline in demand for coal were rela-

tively more exposed to this macroeconomic coal shock.” We weight this exposure variable

'The coal mining employment share of the population is highly correlated over time. Using instead the
2011 coal share to identify exposure to the shock, for example, yields similar results.

2This exposure variable can be thought of as the “share” in a single industry Bartik shift-share instru-
ment, where the “shift” is the macroeconomic shift in demand for coal, which is common to all counties
(Bartik, 1991; Goldsmith-Pinkham et al., 2020; Krause, 2023).
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by w., which reflects the spatial proximity, or gravity-weighted distance, between county

cand ¢ # ¢
N.D_}
Zk NkDJ,f

where N is the 2005 population of county ¢/, D, is the distance (in miles) between county

(4)

Wee! =

cand ¢, and ¢ is the trade-cost elasticity, which — following Autor et al. (2021) — we
set equal to 5. The weight 7. reflects the population of county ¢, and thus we take a

population-weighted average of 3 w, s x Coal?>® for all counties ¢ in CZ j to generate

Gij-

The variable ¢;; thus reflects a weighted sum of all other CZ’s exposure to the coal
shock. We define this variable for worker i based on the CZ j in which he or she lived in

2011.

Table B1: Exposure to coal shock and the evolution of earnings, controlling for spatial
proximity to coal shocks

(1) (2) ) (4)
Cumulative  # of years Earnings  # of years in
earnings w/ earnings per year 2011 Cz
>0 employed
1[Coal; 2007-11] -0.981™ -0.196™ -0.109™ 0.063™
(0.089) (0.032) (0.010) (0.039)
Controls v v v v
Spatial proximity control (¢;;) v v v v
State FE v v v v
Observations 173,000 173,000 172,000 173,000

The outcome variables are defined over the 2012 to 2019 period. Cumulative earnings and earnings per
year employed are normalized to average annual wages between 2007 and 2011. The primary independent
variable is a dummy variable indicating whether or not the worker’s primary earnings were drawn from
the coal industry in all five years between 2007 and 2011. All regressions include the full set of worker-
level controls from equation 2, as well as the control for spatial linkages defined in 3. Robust standard
errors in parentheses are clustered on the worker’s firm in 2011. Source: ACS 2005-2019 linked with the
Environmental Impacts Frame, IRS W-2s and Census Business Register.

** p<0.01, ** p<0.05, * p<0.1

Table Bl reports the coefficient estimates ; from equation 2 with the inclusion of

this control for the CZ’s spatial proximity to the coal shock. The point estimates can be
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compared to the central estimates presented in Table 2. The magnitude of the coefficients
on cumulative earnings and employment is between 15 and 22 percent smaller than the
central estimates with the inclusion of this control. This indicates that controlling for the
indirect effects of shocks in related labor markets indeed dampens the direct effects of the
individual-level shock exposure Addo et al. (2019). The magnitude of the coefficient on
the number of years spent living in the same CZ is about 50 percent smaller. That this
migration-related response is quantitatively influenced by the inclusion of this control
is consistent with Borusyak et al. (2022), who demonstrates that shocks facing potential

alternative labor markets locations will influence an individual’s migration decisions.

While slightly smaller in magnitude, the conclusions drawn from this exercise are
similar to those drawn from the primary specification. The primary specification can
be thought of as revealing the direct effect of being a “tenured” coal worker, relatively
more exposed to the coal shock, on future earnings and employment. Controlling for the
indirect effects of spatial linkages somewhat attenuates this direct effect of individual-
level exposure, confirming that the economic conditions in related labor markets also
influence an individual’s earnings and employment trajectory. While we have omitted
the results from this paper, controlling for spatial linkages does not alter the conclusions
drawn from the decomposition exercises reported in Tables 3 through 7. If anything,
controlling for spatial proximity to other coal shocks exacerbates the differences across
columns in these exercises. For example, the difference between cumulative earnings and
employment declines garnered in the same industry versus a different industry are larger
when controlling for spatial linkages. This likely reflects the fact that communities with
greater spatial proximity to the coal shock have relatively fewer alternative employment

opportunities outside of the industry that offer comparable wages.

B.2 Continuous definition of coal shock exposure

Our primary measure of individual-level “exposure” to the coal shock, 1[Coal; 2007-11],
is a dummy variable characterizing whether or not the worker worked for coal in all

tive years between 2007 and 2011. This is a relatively conservative measure of exposure,



as some workers with relatively lesser tenure in the coal industry are still exposed to
the adverse labor market consequences of declining demand for coal. In an alternative
specification, we define exposure based on the number of years an individual works for
the coal mining industry as his or her primary source of earnings between 2007 and 2011,

as detailed in Appendix Section B.2. We estimate an analogous version of equation 2:
Eir = Bo + 51 (Y i 2007-11) + X;052 + Eir )

where Y C; 5007-11 reflects the number of years between 2007 and 2011 that worker ¢’s pri-
mary earnings came from the coal industry. Now, /3, can be thought of as representing
the effect of an additional year of attachment to the coal industry in the years preceding
the coal shock, rather than reflecting the effect of a dichotomous definition of exposure.
We include the same set of worker-level controls and again limit our analysis to workers

who worked full-time in all five of these pre-shock years. The results from this exercise

Table B2: Exposure to coal shock and the evolution of earnings using alternative definition
of exposure

(1) () ) (4)
Cumulative  # of years w/ Earnings per # of years in
earnings earnings >0 year 2011 CZ
employed
# Years in coal, 2007-2011 -0.476™ -0.089™ -0.054™ 0.058™
(0.028) (0.008) (0.003) (0.011)
Controls v v v v
State FE v v v v
Observations 173,000 173,000 172,000 173,000

The outcome variables are defined over the 2012 to 2019 period. Cumulative earnings and earnings per
year employed are normalized to average annual wages between 2007 and 2011. The primary independent
variable is a continuous variable indicating the number of years in which the worker’s primary earnings
were drawn from the coal industry between 2007 and 2011. All regressions include the full set of worker-
level controls from equation 2. Robust standard errors in parentheses are clustered on the worker’s firm in
2011. Source: ACS 2005-2019 linked with the Environmental Impacts Frame, IRS W-2s and Census Business
Register.

** p<0.01, ** p<0.05, * p<0.1

are reported in Table B2. The point estimates reveal that an additional year of working

full-time for the industry in the years preceding the shock yields a decline in cumulative
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earnings between 2012 and 2019 of about one-half of the average annual earnings earned
during the 2007 to 2011 period. This additional year of attachment yields a decline in
the number of years worked between 2012 and 2019 of about 9% of a year, or almost 5
weeks, and a decline in earnings per year employed of 5.4 percent per year relative to the
2007-2011 annual wage. Again, exposed coal workers spend more years living in their
2011 CZ than less exposed workers. The qualitative conclusions are largely similar to
those drawn from the primary analysis. Exposure to the coal shock, defined based on a
worker’s tenure in the industry, yields relatively large earnings and employment losses

between 2012 and 2019, when the coal shock was in full force.
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