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ABSTRACT

Driven by climate and energy policy priorities in national and global contexts, coal phase-out is expected to improve public health
outcomes by reducing human exposure to air, water, and soil pollution and decreasing the number of workers in dangerous
mining conditions. However, the transition may also increase economic distress in mining communities leading to poorer health
outcomes—possibly offsetting the benefits of phasing out coal. We examine this hypothesis by assessing the relation between
coal production, working hours per miner, coal mining employment, and life expectancy in 3076 U.S. counties (97.9% of all U.S.
counties) from 2012 to 2019. We develop and apply a novel spatial modeling approach that combines the high-dimensional half-
panel jackknife fixed effects estimator with the spatial lag of X model and examine whether increases and decreases in each pre-
dictor are associated with life expectancy. We find that an increase in coal mining employment in adjacent counties increases life
expectancy in the focal county in the short and long run and vice versa for a decrease in employment, and that decreases in miner
labor hours in adjacent counties increase life expectancy in the short and long run in the focal county. We also find that effects
differ in Appalachia compared to the rest of the country—where increases in coal production are associated with decreases in life
expectancy and is also where the effects of coal mining employment are concentrated. These findings suggest that both increas-
ing and decreasing reliance on coal can negatively impact population health, and that these competing exposures underscore the
importance of a Just Transition away from fossil fuels.

1 | Introduction Coal employment has been on the decline in the U.S. for
nearly a century, while total production peaked in 2008 (see
Figure 1), according to the U.S. Energy Information Agency's

(EIA 2024a) Annual Coal Report and employment statistics

Coal produces various forms of air, water, and soil pollution
throughout its lifecycle. These exposures from coal are associ-

ated with a wide range of adverse population health outcomes,
such as cardiovascular disease, asthma, lung cancer, preterm
birth, mental illness, and mortality (Gohlke et al. 2011; Hendryx
et al. 2020; Henneman et al. 2023; Shindell et al. 2018). The to-
tality of these consequences has generated calls for a transition
away from coal use.

from the Mining Safety and Health Administration (2025).
These trends largely reflect the industry becoming more
capital-intensive. As underground mining stagnated and de-
clined, surface mining increased for much of the second half
of the 20th and early 21st centuries, leading to a peak in 2008.
The industry has also shifted spatially over time. For the first
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FIGURE1 | Coal production and employment, 1949-2023.

half of the 20th century, the coal industry was primarily con-
centrated in Appalachia but shifted to Wyoming as surface
mining was less labor-intensive and has lower levels of sulfur
(EIA 2025b). As of 2023, Wyoming is now responsible for the
largest volume of coal production of any state (approximately
40% of total U.S. production). Given these trends, the decline
of the coal industry is uneven across the U.S., with Central
Appalachia experiencing a 64% decrease in production com-
pared to 40% for the rest of the country (Bureau of Business
and Economic Research 2022).

Although coal production is on the decline, it still makes up
approximately 12% of total primary energy production—a
similar share to that of renewable energy (EIA 2024b). Coal is
considered economically important to many communities. Its
decline and the impact that this has on these communities is
an important issue in the energy transition literature and for
policymakers (Crowe and Li 2020). A growing movement to
combat the harmful impacts of the energy transition is the call
for a “Just Transition”, which argues for an equitable transition
to renewable energy (Carley and Konisky 2020). Specifically,
this framework recognizes that the transition away from fos-
sil fuels will burden communities historically reliant on these
industries, such as coal, for employment and government rev-
enue (Wang and Lo 2021). Proponents emphasize the princi-
ples of respect and dignity for vulnerable groups, fairness in
energy access and use, social dialogue, democratic consulta-
tion with relevant stakeholders, the creation of decent jobs,
social protections, and the need to promote more equitable
labor practices within the energy sector (Pathak et al. 2022;
Wang and Lo 2021).

Although conceptions of Just Transition consider the economic
stress resulting from shifts in the energy sector, the health effects
resulting from the economic stress produced from the transition
remain understudied. Without question, the Just Transition
framework does focus on addressing the adverse population
health impacts that workers and communities face from the fos-
sil fuel industry (Wang and Lo 2021). However, this framework
has come under attack on epistemic, substantive, and political
grounds. Epistemically, the framework has been criticized for
relying excessively on a narrow set of scientific expertise which
downplays and can even marginalize the lived experiences
of communities on the ground (Sovacool et al. 2025). Bidwell

and Sovacool (2023) also contend that epistemic differences in
the approach to community acceptance of energy technologies
can muddy visions of energy futures and obscure meaningful
tensions around justice perspectives and the degree of desired
change. Substantively, critics argue that it has not sufficiently
considered the adverse population health impacts from eco-
nomic stress stemming from fossil fuel sector phase-out in these
communities (i.e., an economic bust)! or that the framework
discourages collective, disruptive, and non-capitalist forms of
infrastructural transformation (Bouzarovski 2022). Politically,
the concept has been perceived by some, such as those in the
labor movement, as a tactic legitimating “climate delayism”
(Harry et al. 2024); others have argued that the concept has
been mobilized to weaken global climate policy targets (Jenkins
et al. 2020) or relies too much on top-down interventions from
the nation state rather than those bottom-up from local actors
(Routledge et al. 2018), such as community groups, local hospi-
tals and health professionals, or unions.

To offer a more epistemically coherent, substantive, and politi-
cally diverse perspective, we augment the Just Transition frame-
work to include a Social Determinants of Health component.
The Social Determinants of Health framework posits that the
local environment is an important determinant of population
health across five domains: economic stability, education ac-
cess and quality, health care access and quality, neighborhood
and built environment, and social and community context (U.S.
Department of Health and Human Services n.d.). In the con-
text of coal mining, the economic stability and neighborhood
environment are likely the most salient to consider. This aug-
mentation of the Just Transition framework to include Social
Determinants of Health allows us to theorize and analyze how
both the reliance on coal mining and the current transition away
from coal mining influences county-level life expectancy in the
U.S. We hypothesize that there are three primary pathways by
which mining may impact life expectancy and the overall health
of communities: (1) community exposure to air, water, and soil
pollution (i.e., the production pathway), (2) hazardous working
conditions (i.e., mining labor time pathway), and (3) job security
or loss (i.e., the employment pathway).

We use coal mining data from the U.S. Energy Information
Agency (2024), the most authoritative dataset related to coal
in the U.S., to assess whether these three pathways are associ-
ated with changes in county-level life expectancy from 2012 to
2019. Employing a novel modeling approach developed by the
authors—a combination of the spatial lag of X model with the
half-panel jackknife fixed effects estimator—we model the in-
creases and decreases in these processes in both focal and ad-
jacent counties and test for asymmetry to determine the extent
to which the effects of coal phase-out are similar in magnitude
to times when counties increase their reliance on coal. We find
that increases in coal mining employment are associated with
increases in life expectancy and decreases in coal mining em-
ployment are associated with decreases in life expectancy. These
results support our hypothesized employment pathway and
suggest that declining mining employment amplifies economic
distress in mining communities. We also find that decreases
in miner labor hours in adjacent counties increases life expec-
tancy in the short-and-long-run in the focal county, suggesting
that decreasing exposure time for workers produces meaningful
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FIGURE2 | Three pathways through which coal mining impacts life expectancy.

improvements in health outcomes. Although we do not find ev-
idence that changes in total coal production are associated with
changes in life expectancy for the whole sample of counties, we
do find that increasing coal production is associated with de-
creases in life expectancy in Appalachia. We also find that the
effects of coal mining employment on life expectancy are pri-
marily concentrated in Appalachia.? The framework, methodol-
ogy, and findings in this study make a novel contribution to our
understanding of the population health impacts of the current
energy transition. We conclude by placing our findings in con-
text with the call for a Just Transition away from fossil fuels.

2 | A Framework to Evaluate the Relation
Between Coal Mining and Life Expectancy

Coal produces population health risks across its entire life
cycle from mining to disposal (Buonocore et al. 2021; Epstein
et al. 2011; Gohlke et al. 2011; Hendryx et al. 2020; Henneman
et al. 2023). Here, we specifically focus on the extraction stage
of the life cycle (coal mining) and how it impacts life expectancy
at the U.S. county-level. We focus on mining because these com-
munities are at the center of the energy transition, and we use life
expectancy as an outcome given that it is a well-established indi-
cator of well-being that is widely used in the population health,
energy transition, and sustainable development literatures
(Dietz 2015, 2023; Dobis et al. 2020; Dwyer-Lindgren et al. 2017;
Jorgenson 2014; Thombs 2022b). Therefore, life expectancy
provides a natural link between these distinct research threads
and builds on the growing body of research examining the rela-
tion between the energy sector and population health (Fanning
et al. 2022; Roberts et al. 2020; Smith et al. 2013; Steinberger and
Roberts 2010; Vogel et al. 2021; Willis et al. 2023).

To evaluate this relation, we augment the Just Transitions frame-
work to include a Social Determinants of Health component that
focuses on three aspects of coal mining that we consider up-
stream social determinants by which coal mining can influence
life expectancy. Given that this analysis is contextualized within
the current energy transition, we consider not only the effects of
increases in coal mining but also the effects of phasing out coal
mining. Below, we discuss each pathway, how we expect an in-
crease or decrease in each pathway to affect life expectancy, and
why increases and decreases in each process may or may not be
asymmetric in their effects (see Figure 2).

The first pathway is what we refer to as the production path-
way, which is where air, water, and soil pollution from coal min-
ing produces poor population health outcomes. Prior research
shows that people living near coal mines tend to have higher
rates of cardiovascular disease, cancer, respiratory disease, and
dental disease (Hendryx and Ahern 2008; Hendryx and Luo
2015; Hendryx et al. 2020). Therefore, we expect that increases
in coal production lower life expectancy due to higher levels of
pollution from mining. Likewise, we expect that a decrease in
coal production has a symmetric effect on life expectancy due to
lower pollution levels.

The second pathway is related to work as a social determinant
of health. We hypothesize that increased mining labor time
will decrease life expectancy due to increased exposure to
dangerous working conditions that have short-term and long-
term effects in the form of mortality and morbidity from mine
collapses, fires, coal workers' pneumoconiosis (i.e., black lung
disease), chronic obstructive pulmonary disease, and silicosis
(Finkelman et al. 2021; Jorgenson et al. 2020). Similar to the
production pathway, we expect a decrease in mining labor time
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Average Life Expectancy and Coal Mines by County
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FIGURE 3 | Average life expectancy and coal mines by county. Average life expectancy is the mean from 2012 to 2019. Coal mine locations are

collected from the EIA's (2025a) Energy Atlas.

to have a proportionate effect to an increase due to less exposure
to dangerous working conditions.

The third pathway examines changes in economic well-being
stemming from mining employment. In contrast to the first
two pathways, we expect asymmetry. We do not expect an in-
crease in mining employment to be related to life expectancy
due to multiple effects that may cancel each other out. For
instance, increases in coal employment may increase wages
and provide economic security in areas with limited alterna-
tive economic opportunities (Lobao et al. 2016). Conversely,
the resource dependency and resource curse literatures argue
that economies overspecialized in resource extraction tend
to have lower economic growth and poorer overall economic
outcomes (Douglas and Walker 2017). Resource dependent
economies may become over-adapted to industry desires, and
extractive industries often crowd out other productive eco-
nomic activity (Freudenburg 1992; Mueller 2022; Tsvetkova
and Partridge 2017). As it relates to coal, studies examining
these effects find mixed evidence, suggesting that this as-
sociation is heterogeneous across regions in the U.S. (e.g.,
Appalachia compared to non-Appalachian counties) and time
(Betz et al. 2015; Lobao et al. 2016).

Regardless of whether coal mining improves economic well-
being, mining-dependent communities often have limited
economic alternatives to resource extraction and phase-
out can cause social and economic disruption (Svobodova
et al. 2022). Not only does the loss of mining jobs impact min-
ers directly, but mining sector decline has spillover effects into
the regional economy and other service sectors that support
mining and mining communities, such as prospecting, sur-
veying, and mapping (Black et al. 2005; Lobao et al. 2016). Job
loss can lead to economic distress, which is associated with
increases in stress, poor mental health, social isolation, sui-
cide, and substance misuse and may offset the improved pop-
ulation health impacts from coal phase-out and energy sector
busts (Ananat et al. 2017; Frasquilho et al. 2016; Monnat 2018;
Thombs 2022b; Thombs and Willis 2025; Willis et al. 2025).
Scholars in development studies, political science, and en-
ergy studies have termed this process “social disarticulation”,
where pressures on a community to change their economic

structure, find new employment, or relocate, dismantle the
vibrant patterns of social organization, interpersonal ties,
and kinship groups that tie communities together (Bidwell
and Sovacool 2023; Milgroom and Ribot 2020; Sovacool and
Valentine 2011). Thus, we hypothesize that a decrease in em-
ployment has a larger magnitude impact on life expectancy in
the adverse direction compared to the impact of an increase in
employment on life expectancy.

Below, we first describe the data we use to operationalize each
pathway and describe the novel spatial modeling approach we
developed and applied to the data. We subsequently assess the
effect of an increase and decrease in each pathway on life expec-
tancy in U.S. counties. Further, we examine the extent to which
these effects differ by region of the U.S., as prior literature high-
lights the historical role of coal and the different mining prac-
tices in Appalachia compared to the rest of the country.

3 | Data and Methods
3.1 | Data and Sample

Our dependent variable is county-level life expectancy at
birth obtained from the Institute for Health Metrics and
Evaluation (2022) (see Figure 3). To facilitate the use of spa-
tial econometrics, we use a balanced panel data sample of 3076
counties (97.9% of all counties) from 2012 to 2019 (8 years) for the
48 contiguous U.S. states and the District of Columbia (24,608
observations). Within the contiguous U.S., 31 counties with
missing life expectancy data were excluded from the analyses
(Nebraska: 12; Texas: 8; Colorado: 3; Montana: 3; North Dakota:
2; Idaho: 1; Nevada: 1; and New Mexico: 1).

Our three independent variables of interest are total coal
production, labor hours per miner, and coal mining employ-
ment. We aggregated to the county-level from mine-level data
obtained from the U.S. Energy Information Agency (2024).
Total coal production data are measured in million short
tons. Labor hours per miner are calculated by aggregating
labor hours from each mine to the county-level and dividing
them by county-level mining employment (and expressed in
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thousands of hours per employee). Lastly, coal mining em-
ployment is calculated by aggregating the average number of
workers at each mine (refuse, underground, and surface) to
the county-level and dividing it by the total number of jobs
available in the county (BEA 2024).3

To model and test for asymmetry, we follow standard practices
in the literature (Shin et al. 2014; Thombs et al. 2022) and de-
compose each relevant variable into partial sums around a
threshold of zero:

where x; represents the partial sum of the positive changes in
x, and x;, is the negative partial sum of x. After estimating the
model, we use a Wald test to determine whether the coefficients
of the two sums are equivalent. If they are statistically differ-
ent then there is evidence of asymmetry. We generate the partial
sums with the community contributed xtasysum command in
Stata (Thombs 2022c¢).

We include control variables that capture county-level de-
mographic and economic characteristics: the percentage of
the population with health insurance, the percentage of the
population that is non-Hispanic white, the percentage of the
population over 65, the percentage of the population with a
bachelor's degree, an index of economic distress consisting
of median household income, the poverty rate, and the em-
ployment population ratio.* We constructed the economic dis-
tress index using Anderson's (2008) generalized least squares
index construction method, which we implement using the
community contributed swindex command in Stata (Schwab
et al. 2020). This approach uses a weighting scheme that gives
more weight to less correlated measures and less weight to
more correlated measures. We originally included the county-
level Gini coefficient, but its inclusion gave median household
income a negative weight, suggesting that income inequality
did not add new information. Therefore, we omitted this vari-
able from the final model.

The control variables are taken from the American
Community Survey's 5-year estimates and imported into Stata
using the community contributed getcensus command (Center
on Budget and Policy Priorities 2023).> The last year of each
5-year period is treated as the annual observation for that spe-
cific year in the dataset. For example, the values for the year
2022 correspond to the five-year estimates for the 2018-2022
period.

The summary statistics for the dependent and independent
variables are presented in Table 1. On average, coal producing
counties have a lower life expectancy of 1.6 years compared to
the typical U.S. county. They also tend to be more economi-
cally distressed (0.464 index score relative to the national av-
erage of 0), less educated (17% with a bachelor's degree relative

to the national average of 21%), and have a higher percentage
of residents who are white (90% relative to the national aver-
age of 84%). Coal producing counties also tended to experi-
ence a decline in all three key coal sector measures over the
2012-2019 period (see Table 2), with coal mining employment
decreasing the most often of the three measures (52.54% of
the time).

3.2 | Econometric Modeling

We estimate models using the half-panel jackknife fixed ef-
fects (HPJ-FE) estimator (Chudik et al. 2018), implemented
via Thombs (2023) community contributed xthpj program in
Stata. Although the traditional two-way fixed effects estima-
tor is the workhorse approach in the panel data modeling lit-
erature, its use has three potential limitations in the context
of this study. First, it assumes the regressors are strictly ex-
ogenous, meaning that there is no feedback between the de-
pendent variable and the regressors (Chudik et al. 2018), and
this is likely an unrealistic assumption given that it is possi-
ble that life expectancy (and worse health in general) impacts
economic conditions. The failure to account for this depen-
dency may lead to biased results (Chudik et al. 2018). Second,
the two-way fixed effects estimator can perform poorly when
the number of units is large relative to the time dimension,
largely due to the well-known Nickell bias that is produced
when a lag of the dependent variable is included in the model
(Nickell 1981). Chudik et al. (2018) further show that the esti-
mator is biased if any of the regressors are weakly exogenous,
regardless of whether a lag is included in the model. Third, the
two-way fixed effects estimator does not account for spatial
autocorrelation, which can produce spurious results (Pace and
LeSage 2010). Accounting for spatial autocorrelation is import-
ant in the context of this study because county-level exposures
do not necessarily align with population locations (Casey and
Willis 2024), and people employed in the coal industry are not
necessarily employed in the county that they live in. Given
that we are not using individual-level data, the inclusion of
spatial lags is necessary to proxy for these processes.

To address these issues, we expand upon the HPJ-FE estimator
developed by Chudik et al. (2018). The HPJ-FE is a simple ex-
tension of the traditional fixed effects estimator and works by
taking the full sample and splitting each panel in half. Using
the beta estimate for the full sample () and the two-halves (5*
and f), the estimate of the half-panel jackknife beta is 23-V2
(B*+BY). To address the issue of spatial autoregression, we in-
clude spatial lags of the independent variables in the models.
The inclusion of spatial lags of the regressors is known as the
spatial lag of X (SLX) model and performs well relative to alter-
natives such as the spatial Durbin or spatial autoregressive mod-
els (Riittenauer 2022). The SLX model has the additional benefit
of being simpler than other spatial models and can be combined
with more traditional panel data modeling approaches that use
ordinary least squares.

We estimate a dynamic model (an autoregressive distributed
lag model with the lag of the dependent variable) to capture
long-run effects that transpire over time. We also allow for
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TABLE1 | Summary statistics.

Full sample (3076 counties)

Coal producing counties (214 counties)

Variable Mean SD Between SD  WithinSD  Mean SD Between SD  Within SD
Life expectancy 77.355 2.553 2.541 0.254 75.767 2.620 2.612 0.263
Production 0.279 5.668 5.610 0.816 4.003 21.146 20.961 3.094
Production (Pos.) 0.039 0.433 0.344 0.262 0.564 1.547 1.189 0.994
Production (Neg.) —0.091 1.552 1.210 0.971 -1.301 5.749 4.424 3.683
Labor hours/ 0.122 0.501 0.479 0.145 2.638 4.322 4.077 1.456
employee
Labor hours/ 0.027 0.179 0.146 0.103 0.395 1.149 0.916 0.696
employee (Pos.)
Labor hours/ —0.045 0.279 0.227 0.163 -1.321 2.888 2.426 1.574
employee (Neg.)
Employment 0.184 1.323 1.266 0.384 1.708 0.896 0.722 0.534
Employment (Pos.) 0.028 0.320 0.261 0.184 0.356 0.551 0.407 0.373
Employment (Neg.) —0.092 0.833 0.722 0.415 —0.596 0.835 0.582 0.600
Economic distress 0.000 1.000 0.985 0.175 0.464 1.012 1.002 0.156
Health insurance 87.429 5.625 5.016 2.549 88.198 5.377 4.492 2.969
(%)
BA (%) 20.620 9.169 9.060 1.420 16.961 7.567 7.487 1.196
White (%) 83.714 16.240 16.181 1.409 89.991 12.254 12.250 0.831
Over 65 (%) 17.375 4.455 4.312 1.123 17.145 3.055 2.871 1.062
Spatial Lags
Production 0.280 2.395 2.370 0.347 1.728 3.047 2.996 0.590
Production (Pos.) 0.040 0.225 0.183 0.131 0.318 0.512 0.393 0.329
Production (Neg.) —0.093 0.695 0.546 0.430 —0.693 1.133 0.848 0.754
Labor hours/ 0.127 0.359 0.352 0.066 1.040 0.639 0.616 0.174
employee
Labor hours/ 0.027 0.101 0.083 0.059 0.202 0.244 0.167 0.178
employee (Pos.)
Labor hours/ —0.045 0.161 0.131 0.092 -0.319 0.360 0.241 0.267
employee (Neg.)
Employment 0.175 0.822 0.794 0.213 1.717 2.350 2.232 0.751
Employment 0.027 0.163 0.130 0.099 0.261 0.498 0.364 0.341
(Pos.)
Employment —0.089 0.531 0.462 0.261 —0.936 1.686 1.412 0.925
(Neg.)
Economic distress 0.031 0.801 0.794 0.108 0.468 0.847 0.844 0.089
Health insurance 87.450 4.672 4.081 2.275 88.201 4.289 3.328 2.714
(%)
BA (%) 20.656 6.261 6.186 0.971 17.280 4.785 4.714 0.876
White (%) 83.637 13.350 13.326 0.829 90.310 9.147 9.153 0.484
Over 65 (%) 17.344 2.989 2.820 0.994 17.366 2.106 1.851 1.013

Note: For the full sample, total observations=24,608; N=3076; T =38, and for coal producing counties, total observations=1712; N=214; T=8.
Abbreviations: BA, bachelor of arts; Neg., negative partial sum; Pos., positive partial sum; SD, standard deviation.
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TABLE 2 | Frequency (%) of increases, decrease, and no change in
each coal measure.

Increase Decrease No change
Production 33.6% 49.6% 16.8%
Labor hours/ 40.5% 44.7% 14.8%
employee
Employment 32.8% 52.5% 14.7%

county-specific trends, which proxy for other unobserved time-
varying factors that may not be captured by the control vari-
ables, such as county-level policy changes or changes in the
local disease environment. We initially estimated a model and
tested whether each coal-related measure is asymmetric. The
Wald tests indicate that the effects are symmetric, except for the
indirect effects for coal production and labor hours per miner
(see Appendices A and B). Based on this finding, our reported
model only includes the partial sums of the spatial lags for the
increase and decrease of these variables. This means that the
coefficient for the symmetric variables can be interpreted as the
effect in absolute terms of an increase or decrease in the vari-
able. We estimate the following model with the partial sums of
each coal-related measure:

short-and-long-run county life expectancy. However, we do not
find evidence that changes in total coal production (the produc-
tion pathway) are related to changes in life expectancy.

Regarding the employment pathway, the indirect and total ef-
fects of an increase and decrease in coal mining employment
are statistically significant. The findings indicate that if coal
mining employment increases by one percentage point on av-
erage in neighboring counties, that life expectancy increases by
0.101years (95% CI: 0.058, 0.144) in the focal county in the short
run and 0.157 (95% CI: 0.089, 0.255) in the long run. The total
effect is a 0.115year increase (95% CI: 0.069, 0.161) in life expec-
tancy in the short run and a 0.178year increase (95% CI: 0.105,
0.251) in the long run. Given this variable is symmetric, this
finding also means that a decrease in coal mining employment
leads to a proportional decrease in life expectancy.

Turning to labor hours per miner (the mining labor time path-
way), we find that a decrease, but not an increase, in mining
hours is associated with changes in life expectancy. More spe-
cifically, a 1000 h decrease in working hours per miner in neigh-
boring counties is associated with a 0.100year increase (95%
CI: 0.012, 0.188) in life expectancy in the focal county in the
short-run and a 0.155year increase (95% CI: 0.18, 0.292) in the

Life Expectancy; , = 4, Life Expectancy;,_; +#; Production; , + ,Labor Hours/Employee;

+ f;Employment; , + f, Economic Distress;, + fsHealth Insurance(%); ; + fs BA(%); ; + f; White(%); ,

+ pg0ver 65(%); , + WXO; , +a; T+ay +e;,,

where 4, is the autoregressive coefficient for the lag of the de-
pendent variable, f, — fis are the direct effects, while WX9; , is a
vector of spatial lags modeling the indirect effects. W is a queen
contiguity matrix standardized using row normalization. ay; T is
the county-specific trend term, a,; controls for county-specific
fixed effects that capture time-invariant and average differences
between counties (e.g., geography, political, economic, and insti-
tutional history), time fixed effects (u,) control for time-specific
factors that vary over time but are constant across counties (e.g.,
recessions, changes in federal policy, innovations in medical
technologies), and ¢;, is the error term. The long-run effect is
calculated by dividing each coefficient by 1-4,(Pickup 2015;
Thombs 2022a).6

4 | Results

The results are reported in Table 3.7 The direct effect is the
change in life expectancy associated with a change in a variable
within a county, while the indirect effect is the change in life
expectancy due to changes in a variable in neighboring counties
(i.e., the spillover effect). The total effect is the sum of the direct
and indirect effects, and the reported standard errors are esti-
mated using the delta method (estimated with the nlcom com-
mand in Stata).

The results partially support our hypothesized pathways. In
particular, we find that increases and decreases in coal mining
employment (the employment pathway) and decreases in labor
hours per miner (the mining labor time pathway) influence

long-run. The total effect is a 0.099 year increase in the short-run
(95% CI:0.005, 0.194) and a 0.154 year long-run increase (95% CI:
0.006, 0.301) in life expectancy.

We do not find strong evidence that increases and decreases in
total coal production (the production pathway) influence life ex-
pectancy. The total effects of each are associated with decreases
in life expectancy, but the results were imprecise.

4.1 | Appalachia Compared to the Rest of the U.S

Next, we compare the effect of each pathway in Appalachia com-
pared to the rest of the U.S. using an interaction between each
pathway measure and an indicator variable (=1 if Appalachia,
=0 otherwise) (Table 4). These results indicate that Appalachian
counties experience changes in the coal sector differently than
the rest of the country. Across the three measures, we find that
increases in coal production in adjacent counties have a nega-
tive effect on life expectancy in Appalachian counties compared
to having no effect in non-Appalachian counties, and that the
effect of coal employment on life expectancy is also greater in
Appalachia.

For Appalachian counties, we find that a one million short
ton increase on average in neighboring counties is associated
with a 0.444 year decrease (95% CI: —0.706, —0.182) in life ex-
pectancy in the focal county in the short run and a 0.684 year
decrease (95% CI: —1.092, —0.275) in the long run. Similarly,
if coal mining employment increases by one percentage point
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on average in neighboring counties, life expectancy increases
by 0.136years (95% CI: 0.054, 0.219) in the focal county in the
short run and 0.210years (95% CI: 0.081, 0.339) in the long
run (and vice versa for a decrease in employment). These ef-
fects are statistically equivalent to zero in non-Appalachian
counties.

5 | Discussion and Conclusion

This study contributes to our understanding of how the cur-
rent transition away from coal impacts life expectancy in U.S.
counties. We augmented the Just Transitions framework with
a Social Determinants of Health lens and argue that there are
three primary pathways by which the reliance on, and the tran-
sition away from, coal mining impacts life expectancy (the pro-
duction, mining labor time, and employment pathways). We
operationalize these pathways using mine-level data that is
aggregated to the county level across the U.S., and we examine
to what extent these relations differ in Appalachia compared to
non-Appalachian counties, paralleling differences in mining be-
tween these regions.

We develop and apply a novel spatial modeling approach and
test whether increases and decreases in each pathway are as-
sociated with life expectancy and whether these effects are
asymmetric. The results provide mixed support for our three
pathways. We find strong evidence that increases in coal
mining employment are associated with increases in life ex-
pectancy and decreases in coal mining employment are asso-
ciated with decreases in life expectancy. These results support
our hypothesized employment pathway, and they suggest
that declining mining employment amplifies economic dis-
tress in mining communities. Other recent research suggests
that fossil fuel sector busts may be associated with increased
working-age mortality (Thombs and Willis 2025), and that this
finding may be partially driven by increases in deaths from
drugs, alcohol, and suicide (i.e., “deaths of despair”) stemming
from increased economic distress (Carriere et al. 2019; Kerr
et al. 2017; Monnat 2018; Zhang and Monnat 2024). Although
we hypothesized that increases in coal mining employment
could be associated with life expectancy in either direction,
the positive association observed here could be due to higher
wages and other benefits from employment in areas with lim-
ited alternative economic opportunities (Black et al. 2021;
Lobao et al. 2016). It could also be a function of the time period
being examined, as prior research finds that the relationship
between coal employment and economic well-being fluctuates
over time (Lobao et al. 2016).

We also find that decreases in miner labor hours in adjacent
counties increase life expectancy in the short-and-long-run
in the focal county, suggesting that decreasing exposure time
for workers produces meaningful improvements in health out-
comes. Although we do not find evidence that changes in total
coal production are associated with changes in life expectancy
for the whole sample of counties, we do find that increasing coal
production is associated with decreases in life expectancy in
Appalachia. These findings are likely due to Appalachia hav-
ing more mines and greater mine density than the Western coal
region. We also find that the effects of coal mining employment

on life expectancy are primarily concentrated in Appalachia,
which is likely due to mining being more labor-intensive in this
region.

Our findings have significant implications related to the current
energy transition. In particular, the results suggest that mining
employment loss adversely impacts health. This finding sup-
ports arguments made by the Just Transition framework, which
calls for a planned transition away from fossil fuels to maximize
the social and environmental benefits of the transition. It should
be noted, however, that the concept of a Just Transition has be-
come increasingly contested among workers, policymakers, ac-
tivists, and academics (Banerjee and Schuitema 2022; Ciplet and
Harrison 2020; Stevis 2023). What is considered “just” can cre-
ate tensions among different groups, which can cause initiatives
founded on just transition principles to fail to deliver (Banerjee
and Schuitema 2022; Cha 2020; Ciplet and Harrison 2020;
Sovacool et al. 2022).

Our results further contribute to this discourse by indicating
that ensuring continuation of employment as part of a Just
Transition framework may be an effective way to mitigate
reductions in life expectancy due to losses of employment
from coal mining. Although the resulting economic distress
on workers and communities from mining employment loss
is fundamental to conceptions of a Just Transition, the health
effects resulting from economic distress remain an understud-
ied issue. Failing to account for the health effects could impede
the principles of distributive justice (the fair distribution of
costs and benefits of the transition) and restorative justice (re-
pairing the harm caused by the transition) that are central to
the concept of a Just Transition (Heffron and McCauley 2018;
Sovacool et al. 2016). As shown in our results, economic dis-
tress translates into adverse health outcomes in the form of
lower life expectancy. These findings provide further justifi-
cation as to why a Just Transition is pivotal for the well-being
of communities at the center of the transition. Specifically,
our results indicate that maintaining employment, through
the development and support of low-carbon industries, is an
important strategy to reduce the health impacts of loss of em-
ployment. Policies should focus on transitioning workers into
low-carbon sectors, increasing labor protections, protecting
state and local government revenues from the transition, and
investing in social welfare programs to transition a carbon-
free economy in a just and equitable manner (Cha et al. 2021).

When interpreting the results of our study, there are two key
limitations to consider. The primary limitation of this study
is that the data are aggregated to the county-level. Given that
individuals may not work in the county in which they live,
we sought to address this issue using spatial lags. However,
this approach is only a proxy, and it does not disentangle as-
sociations at smaller geographical units, let alone infer to the
individual-level. As feasible, future research should consider
individual-level data to assess how living in proximity to coal
mines and working in the sector impacts health outcomes.
Furthermore, future research should consider specific causes
of death to further develop our understanding of the relation
between changes in mining employment and mortality, such
as deaths related to drugs, alcohol, and suicide (Case and
Deaton 2020; Monnat 2018; Zhang and Monnat 2024), as well
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as exploring how these associations differ across counties,
given the significant heterogeneity in mortality rates across
the country.

In conclusion, this study advances our understanding of the
population health impacts of the current energy transition
in the U.S. Although the coal sector is detrimental to public
health, the economic distress stemming from mining employ-
ment loss also adversely affects health in regions that rely on
the coal industry. By incorporating the Social Determinants
of Health lens, these findings speak to the need for a Just
Transition away from coal that addresses issues of equity,
risks of social disarticulation, the longstanding issue of dis-
investment, and lack of economic security and opportunity in
mining communities. This study also provides evidence that
employment support may be a useful strategy to prevent loss
of life expectancy due to unemployment.
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Endnotes

LClinicians in these communities have documented their concerns around
the growth of extractive economies on population health for decades
(Bacigalupi and Freudenberg 1983; Becker 2018; Bougsty et al. 1983).

2We define Appalachia according to the definition used by the
Appalachian Regional Commission (2024).

3The total jobs data for Wise County, Virginia includes Wise County
and Norton, VA.

4 At the request of a reviewer, we include total employment as an addi-
tional control variable and find the results are substantively the same
(see Appendix C).

5The life expectancy estimates are based on modeled data that include
post-secondary education, income, poverty, nativity, and population den-
sity as covariates (see GBD US Health Disparities Collaborators 2022), so
we also estimate models without any control variables. The results are
nearly identical and are available upon request.

%We estimate additional models without spatial lags and find that the
effects are substantively similar with the exception that the coal min-
ing employment variable is statistically significant at the 0.05 level
but is similar in magnitude to the results reported in Table 3 (see
Appendix D).

7As sensitivity analyses, we estimate the same model for life ex-
pectancy in four-year intervals (e.g., ages 1-4, 10-14, 15-19, etc.)
and find that these effects are consistent across age groups except
for the 80-84 group where the indirect effect for mining employ-
ment is not statistically significant. These results are reported in
Appendices E-G.
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