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Introduction

Opioid use has become a major health crisis in the United States.

Figure |1: Death Rate by Opiond Types
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Data Source: Center of Disease Control Mean weighted by population

Death Code: Any opioid (T40.0-T40.4, T40.6). opium (T40.00, heroin (T40.1), natural and semisynthetic opioids (140.2),

methadone (T40.3), and synthetic opioids other than methadone (T40.4)

Non-Opioid: Include other records with underlving cause of death being identified as overdose death, e.g. Cocaine (T40.3)

Death rates from opioid overdoses have
risen especially rapidly as shown in Figure 1.
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® Opioid mortality is geographically concentrated

Figure 2: Geographical Distribution of Opioid Mortality
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Data Source: Center of Disease Control
County level data taken in year 2016, Map created by authors.

East coast, Rust Belt regions,
and the Southwest in Figure 2.

Appalachian region: has
been especially hard hit.

Economies are heavily dependent
on coal mining.
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@ The U.S. energy market has been undergoing a massive transformation.

_ o _ Figure 3: Energy Consumption In Electricity Sector, by Energy Source
Coal, once the dominant fuel source for electricity generation
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Data Source: U.S. Energy Information Administration
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O Decline in coal-related employment in U.S.

Overall Decline in coal demand, a 28% decrease in total
production and a 34% decline in coal-related employment in U.S.

Coal production in the United States has been shifting from
Eastern coal mines (Appalachian regions ) to Western regions(the

Powder River Basin).

4 N

Eastern coal mines

the higher sulfur content

lower productivity

primarily underground mined coal

4 N

Western coal mines

the lower sulfur content
higher productivity

primarily surface mined coal
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Figure 4: Employment Change by Regions and Mine Tvpes
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Show:
The decline in coal mining employment since 2000.

The job loss in underground mines is much larger.

More layoffs of coal miners from both surface and
underground mines in the Appalachian regions.
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Two opinions

“abandoned by coal, swallowed by opioids.”—— “deaths of despair” hypothesis

- N s ~N g h
worsening economic facing stressful economic abuse drugs

& environment ) — ! and social condition ) _ | drug crisis )
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The positive relationship between coal mining activity and opioid death

e ™
more coal

mining activity
\ Y

)

-

more workplace injuries

~

)

decreasing

coal mining activity
has contributed to
the drug crisis,

-

the prevalence of opioid
5 painkillers in the community

policies to reduce reliance on coal could
indirectly help reduce opioid addiction and
mortality.
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® Study
the relationship between opioid death rates and county coal mining activity.
Dependent variable: the opioid overdose death rate

The key independent variable: the share of coal miners in the county labor force

Potential endogeneity in the labor share IV
constructing a Bartik-style variable to instrument for coal mining employment.

Main conclusion: In the coal-producing counties
The share of coal miners in the workforce increases 1%----- the opioid mortality by 0.192%.

The impact is stronger among underground than surface coal mines.
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Background

@ Reason: overdose death rates have risen dramatically over the past two decades.

—— ey ——

a heightened focus on pain management (M EBEIENSEEW)

aggressive marketing by drug companies (FAATREHEH)

proliferation of powerful synthetic opioids (3871715 B F3E2a9%894 &%)

o the coal industry has experienced the most severe decllne In the history of mining in the
United States. (l%f:*/fj'll_ J_TE x “'E)_)E E%‘ =S E’J )

o |dea of “deaths of despair.”

rising unemployment and declining economic conditions in Appalachian coal mining communities higher rates of

opioid addiction and death. (KMERRYRE_EFFILL7FIRIAVRIR Al Be S AN A 2525Y)_ BN TRIELHI EF)




Background

® heterogeneous effect of
employment growth and wage

changes on opioid overdoses In
dlfferent industries. (FLMIEAN

Y XTI ASE T Br] 72258
E%EEE%W)

® it is also possible that work related
injuries could also drive increased
opioid use.
@K =PSENEEEIEESIE TS
LYHY{EFBTENN)

Underground coal mining is an especially
hazardous occupation requiring workers to spend

long periods of time in cramped working conditions.

Figure 5: Incident Rate Non-fatal Injunies and Illness of Coal Industry in 2017
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Data Source: Burean of Labor Sratistics, U.S. Department of Labor, Survey of Occupational Injuries and Hlinesses, in cooperation
with participating state agencies.

NAICS Code: Coal mining, 2121, Underground coal mining, 212112, Surface coal mining 212111.
All comparison berween same NAICS level.

The incidence rates represemt the mumber of injuries and illnesses per 100 full-time workers and were calculated as:
INVEH Ix 200,000 where .
N : number of injuries and ilinesses.

EH : total howrs worked by all emplovees during the calendar vear.

200.000: base for 100 equivalent full-time workers tworking 40 howrs per week, 50 weeks per vear).
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Background

® the prescription rate of opioid in the Appalachian region is almost

double the prescription rate in other regions.

(FayE2 RS2V X B 38299 RIRL 5 =R T L -2 Attt

o )

® Starting from 2013, the prescription rate of opioids
has been decreasing dramatically. This is because
states began to review Prescription Drug Monitoring
Program (PDMP) data and implement pain clinic
regulation.
(M2013:EJ g, BIARAYIRIL S REREITE, X
ERAZMNAEFEELSTAENITL (PDMP) £iE
H LR Eln R nE )
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Figure 6: Prescription Rate in Appalachian and Other Regions
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Data Sovrce: CDC Opioid Prescription Map.
Prescriprion Rate: Opioid prescriptions written for every 100 Americans

® Appalachian region had abnormally high opioid death rates.
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Background

® The difficult working environment may contribute to injuries or chronic pain that leads to increased reliance on painkillers,
including opioids. (

Z
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EINERBESEE kIR, NMSEIILELS (&M RZR5Y)) BOEMEE. )

® |n addition, the culture of coal mining may make it difficult for injured coal miners to take time off from work, especially
as jobs are being cut back due to reduced demand for Appalachian coal. (V&8 AT REEMARIET T AMELUS
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® The relationship between opioid use and labor force participation is complex.
Mutual effects between employment and opioid usage. (Fr]FZ5254089(5F
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Conceptual Framework

The total number of underground coal miners dropped by 45%

The number of surface coal miners by 41%

Concentrated on male workers with educational outcomes of
high school degree (GREFMFEFEERTEESHRIUT
FHAEMETA)

Figure 7: Age Distribution of Coal Miners

Dara Source: Current Popularion Survey.

70% of the coal miners are between 25 and 50 years old




Conceptual Framework

® Opinions 1

The loss in coal employment has led to broader spillover effects
which have suppressed overall economic growth in the relevant
regions. (ERMIVAIRADSE T B ZRNEHSM, i 7EX
X HBEBEFTIRER. )

“deaths of despair” hypothesis

declining coal production could lead to higher rates of opioid use and
mortality.

VR B TR AL SR S FRSRRISE TR Lt

] _E_Ly@\

Figure 8: Employment Level Change In the United States
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Conceptual Framework

& Opinions 2

According to the same documentary by PBS, the Appalachian region :
doctors often prescribe more opioid than patients actually need
Patients (no matter real or not) can sell their exceeded prescription to addicts.

This increases the prevalence of opioids in the illegal market

Former coal miners no longer need to take opioid painkillers to stay in their position
The prevalence of opioid in the local community is going to decrease

lead to less opioid death.

These results combined should induce a positive relationship between coal mining activity and opioid
death.
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1. Baseline Model

Empirical Methods

a simple fixed-effect model
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Empirical Methods

2. Subgroup Analysis

the heterogeneous effects by gender

Men to be more sensitive to changes in coal mining act|V|ty than female death rates.

(SBIER A9 IR T ERXT IR FHRR SRR I PSR T EREE R )

Indirect effects on female death rates

the heterogeneous relationships across different age groups

differential impacts between underground coal mining and surface mining.

underground coal mining should have a stronger relationship with opioid death than

surface coal mining. (3t NEE RS RS RIE T RIK R M ELEER IR 52)




V. Data



Data

1. Mortality Data

All County Micro data compiled by the National Center for Health Statistics from data provided by the 57 vital
statistics jurisdictions through the Vital Statlstlcs Cooperative Program based on data reported on death certificates
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Figure 9: Death By Overdose In The United States
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the increase in deaths due to overdoses over this period and the sharp
Increase in the proportion due to opioids.
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Data

1. Mortality Data

Figure 10: Drug Overdose Death, by Opiod Category
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Data

1. Mortality Data

Figure 11: Opioid Overdose Death Rate, by Age Gr,

Table 1: Summary Statistics of Opioid Death by Gender

Total ME : ch §
Deaths per Deaths per Deaths per
Year Number 100,000 Number 100,000 Number 100,000
2000 8342 1.60 6092 2.39 2250 0.85
2001 9420 1.77 77 2.56 2743 1.01
2002 11842 2.19 8103 3.05 3739 1.36
2003 12938 2.33 8801 324 4137 1.47
2004 13756 2.4 0113 3.30 4643 1.62
2005 14918 2.65 0757 3.53 5161 1.80
2006 17545 3.02 11600 4.06 5045 2.01
2007 18516 3.15 11935 4.13 6581 2.20
2008 19580 3.30 12761 4.37 6819 2.20
2009 20421 34l 13134 4.46 7287 2.39
2010 21086 3.48 13355 149 7731 2.51
2011 22782 3.73 14459 4.81 8323 2.68
2012 23166 3.77 14734 4.87 8432 2.70
2013 25051 4.04 15997 5.24 0054 2.87
2014 28647 4.57 18420 5.08 10227 3.21
2015 33089 5.24 21671 6.97 11418 3.56
2016 2249 6.63 28498 9.09 13751 4.25

Data Sonrce: CDC Mortaliny data
Death Code: Any opiold (T40.0-T40.4, T40.6), heroin (T40.1), nanoal and semisynthertic opioids (T40.2), methadone (T40.3), and
synthetic apiolds other than methadone (T40.4).

Data Source: Center of Disease Control (CDC) Mortality dara.
Deaths per 100,000: average county opioid death rate weighted by rotal popul
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Data

v

2. Coal Production Data

2000-2016EBE— &Y £ lgEiEREEREEEESE (EIA)

Table 2: Output and Emplovment by Mine Type
the Appalachian region covers between 80 and 90 percent of the

- - - - - Total Surface md

pro;j:lumgg C(;a mlneis m\t'he L nlted/_States Zl‘or any g,leen year. ~ o e Jowl\  Dndows  Duoe)  DIatioee

v ELNT = F{F o[—FE80%ZF!|90% B4 =) 2001 1125.9 70.4 7453 29.7 380.6 107

(Bm‘ 41:17@ 'Iijll{EmJ} 1 1j - 80 /0:|:_J90 /OE,\J__}}J_L%E)_o ) 2002 1093.3 68.8 7359 299 3574 389

2003 1070.8 64.8 T18.0 28.3 352.8 36.4

2004 11111 67.5 T43.5 29.3 367.6 38.2

2005 1130.8 712.6 162.2 31.0 368.6 41.5

2006 1162.0 76.0 803.0 32.7 3590 433

2007 1145.5 74.3 793.7 3l6 3518 427

2008 1170.4 80.3 8133 34.8 357.1 45.5

2 1072.2 81.2 740.2 35.0 332.1 46.2

i i i 2010 1082.5 79.6 7454 33.1 337.2 46.5

Prloductlon from sgrfallc.:e mines is nearly double that of underground i ot S esein = okl p

mines despite their hiring fewer workers. 2012 1015.1 83.3 672.7 329 3424 504

2013 9829 74.6 6412 28.7 3417 459

R —_ —_ . N iy — e 2014 998 .4 69.6 643.7 26.6 354.7 43.0

BRX FE/ I FE ™ RE, REMIERRIIARD, 2015 §95.6 613 $88.7 24. 3068 7.1

47.9 4754 20.3 252.1 27.6

Data Source: El4-7A.
Owirpuit is in million short tons; Emplovees is in thousand people.
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Data

/

3.0ther Data Sources

LEMRIEE (ACS) SRR TN TS BT RN SRR

AOBERNAOZIENSS 551 E(BLS) IR EUE.

Coal and non-coal producing counties.

The mean opioid death rate in coal-producing counties is nearly twice
that of non-coal-producing counties.

Coal producing counties have a higher unemployment rate, lower
population density, on average.

Educational attainment rates are slightly lower as well.

HAHEES AR EREE S A,
PR S YIS R LR R B AT,
FRETIRIREE, AOBERE. SHEREHRE.

Table 3: Summary Statistics

National  Coal Producing Non-Coal Producing
Death Rate(Opioid) per 100k 6.903 12.607 6.540
(9.283) 15.882 8.570

Death Rate(Any) per 100k 12.590 20.820 12.068
(12.289) (17.960) (11.643)

Share Of Coal Miners 0.003 0.047 0.000
(0.020) (0.066) (0.000)

Output(Million Tons) 0.328 5.493 0.000
(6.729) (27.020) (0.000)

Unemployment Rate 6.820 7.530 6.773
(2.956) (2.694) (2.966)

Median Household Income 44.786 40.474 45.059
(11.886) (9.621) (11.964)
Population Density 262.135 08.517 272.527

TI755.237) (159.247) (1809.180)

Male Population Ratio 0.500 0.499 0.500
(0.022) (0.016) (0.023)

Age Group 20-39 Ratio 0.237 0.241 0.237
(0.044) (0.033) (0.044)

Age Group 40-59 Ratio 0.277 (0.282 0.277
(0.027) (0.022) (0.027)

High School Diploma Rate 83.547 81.359 83.686
(7.364) (8.204) (7.285)

Bachelor's Degree Rate 19.336 15.798 19.561
(8.762) (7.263) (8.801)

Observations 34509 2061 32448

Year Range: 2006-2016. Standard Errors in Parentheses. Coal mining counties are
counties that produced coal in any vear of our sample
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Results

Table 4: OLS Results by Gender Groups the interql LéaR';ti:e range impact
mpact

_ ( pact)

Whole Population Male Female
 Share of Coal Miners
Effect 51.886%** 43.905* 59.357%%%
SE. (16.608) (25.988) (17.667) 3
IQR I 0.427 0.299 0.801 _ (Zd=0 Bs)xIQR
E?"u-ﬂc]il:im 0. 1'5"' 0. 1"9 #9'5 (2) IQR ImpaCt N SJ’mecSlian
Lags
= i
e . —— RO EE BN 25 RIEER BT 595 (AT S
SE (35.416) (29.621) BAPT R E8 Yy medianB98 4t

IQR Impact 0.212 . 0.258
Elasncity 0. ll"i 0. ] 15

Lags

—
Eﬁm:! 55.490*%* 34912 76.155%%¢
S.E. (23.435) (36.628) (22.174)
IQR Impact 0.233 0.121 0.525
Elasticity 0.119 0.06 0.22
Lags 3 3 3

Year Range: 2006-2016.

Includes vear fixed effect, coomny fived effect, state-byv-vear fived effect.

Effect is the linear combination of all lagged terms.

Stamdard errors clustered at coumty level in parentheses, *** p<0.01, ** p<0.05, *p<0.1.



Results The top panel

results focusing on the share of all coal

miners in the labor force.
Table 4: OLS Results by Gender Groups

o . . .
Whole Population Male Female 1% increase in the share of coal miners is

—— 1 associated with an increase in the mortality rate of

SE. 5508 - 0.52 per 100,000. &
IQR Impact 427

Elasticity 192 0.129 0.296

Lags 3 3 3

= el
Miners elasticity of 0.192:

Effect 13.476%** 89.600** 34.663*

S.E. (25.416) (43.784) (29.621)

IQR Impact 0.212 0.214 0.258

Elasticity 0.115 0.111 0.115 comparable between men and women:

Lags 3 3 3 . . . )
ShareorSurtaceNmers | ———————————————————— women —elasticily of the response Is higher;
Effect 55.400%* 34912 76.155%%+ more precisely

S.E. (23.435) (36.628) (22.174)

IQR Impact 0.233 0.121 0.525

Elasticity 0.119 0.06 0.22

Lags 3 3 3

Moving from the 25th to the 75th percentile in
Year Range: 2006-2016.

Includes vear fived effect, county fived effect, state-bv-vear fixed effect. labor fO rce share increases the o P loid mortal Ity

Effect is the linear combination of all lagged terms. rate by 1/3 for men and 4/5 for women. 2/5for the
Standard errors clustered ar coumty level in parentheses, *** p<0.01, ** p<0.05, *p<0.1. _ :
population as a whole.

Sl HIEY25% EFEI75%, B4R R 3Rz54 50T 218N
7113, ZIEEINT4/5, BERENAOXLIEINN T 2/5,




Results

Effect

S.E.

IQR Impact
Elasticity
Lags

Table 4: OLS Results by Gender Groups

Opioid Death Rate
Whole Population Male Female

b ,,_,_,_,Y e
51.886*** 43 005* 0 35TH*
(16.608) (25.988) (17.667)
0427 0.299 0.801]
0. l'g" -'u;.ﬁ

ﬁ
Miners

Effect

S.E.

IQR Impact
Elasncity
Lags

{"'"'I-Hﬁ]'
0.212
Dll'rL

[-l‘-"S-l}
0.214
l)lll

"*}ﬁ"l]
0.258
’[‘-'ll"i

Share of Surface Miners —

Effect

S.E.

IQR. Impact
Elasticity
Lags

Year Range: 2006-2016.

55.490** 34912
(23.435) (36.618) (22.174)
0.233 0.121 0.525
0.119 0.06 0.22
3 3 3

ﬁ lﬂﬁi#l

Includes vear fived effect, county fived effect, state-bv-vear fixed effect.
Effect is the linear combination of all lagged terms.
Standard ervors clustered at county level in parentheses, *** p<0.01, ** p<0.05, *p<0.1 .

The next panel

effect is now larger

The elasticities and IQR impacts are smaller

e

comparable between men and women, £Z

That increased mining activity increases the
female opioid death rate suggests an
indirect impact of coal mining on mortality
given the very small number of women
coal miners.



Results

Table 5: OLS Results by Age Groups

Opioid Death Rate
Under 20 40-59
Share of Coal Miners 20 39I—LIA E Eél]r] = )L%E:l Ek
Effect 73.714%* 18.847 ~O0JL YsZHRIE Hx

S.E.

[QR. Impact
Elasticity
Lags

(18.358)

0.326
3

Share of
Underground Miners

Effect

S.E.

IQR Imypact
Elasticity
Lags

"l"“". ]gi LR

(91.307)
0.477
0.237

3

5.795
(62.969)
0.011

0.005
3

!ﬂ -ﬁﬂ

27.398)

0.126

Share of Surface
Miners

Eftect

S.E.

[QR lmpact
Elasticity
Lags

52.94]1
(63.441)
0.133
0.062
3

109.024**
(51.011)
0.313
0.134

Year Range: 2006-2016.

Includes vear fived effect, county fived effect, state-byv-vear fived effect.

Effect is the linear combination of all lagged terms.

Standard errors clustered at county level in parentheses, *** p<0.01, ** p<0.05, * p<0.1 .
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Further Results

. Instrumental Variable Approach with a Bartik Instrument
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construct the Bartik-style variable for coal employment as:
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Further Results

Table 6: IV Results with Bartik Instrument, by Gender Groups

OPiuid Death Rate

the impact is now larger

4

8] SR LT

Year Range: 2006-2016.

Includes vear fixed effect, county fixed effect, state-by-vear fixed effect.

Effect is the linear combination of all lagged terms.

Standard Errors are obtained by bootstrap in parentheses, **% p<<(0.01, ** p<0.05, * p<0.1.

Whole Pnpulﬂtiuu Male Female

Share of Coal Miners
Effect 113.153%%% 125.802%% 103.839%
S.E. (22.763) (36.625) (62.059)
IQR Impact 0.931 0.857 1.401
Elasticity 0.420 0.371 0.517

| Lags 3 3 3
Share of Underground Miners
Effect 260.8]13%%* 208.114%%% 230.268
S.E. (51.391) (78.990) (140.589)
IQR Impact 0.751 0.711 1.088
Elasticity 0.407 0.370 0.483
Lags 3 3 3
Effect 199 51 7%%% 216.698%%% 188.765%
S.E. (40.822) (67.604) (110.546)
IQR Impact 0.838 0.753 1.301
Elasticity 0.429 0.37 0.545
Lags 3 3 3
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Further Results

Table 7: IV Results with Baruk Instrument. by Age Groups

. E—
Under 20 20-39 40-59 Above 60

Share of Coal Miners . _. . ... I

- =1 ] aR(eew 130 ]| Yene \ — N =
o s poi o =208 (%205 LU RERRRZESN, fAITHISZIm—EERK
IQR Impact 1.910

Elasticty -1.920 0.719
Lags 3 : 3

A |
Effect =19, 780%** 781.863%** 144.297*
S.E. (30.793) (275.736) (81.676)
IQR Impact . 1.541]
Elasucity -1.726 0.698 .05
Lags 3 , 3 3
O —
Effect 69 558%* 145.289 595.799%%+
S.E. (23.770) (153.857) (213.968)
IQR Impact . 0.365 1.713
Elasticaty -2.071 0.171 0.732
Lag 3 3 3
Year Range: 2006-2016.
Includes vear fived effect, coumty fived effect, stare-bv-vear frved effecr.
Effect is the linear combinarion of all lagged terms
Standard Errors are obtained by bootstrap in parentheses, *** p<0.01, ** p<0.05, * p<0.1.




Further Results

2. Underlying Mechanism

Table 8: Opioid Prescription Rates

Dpioid Prescription Rate

OLS IV

Share of Coal Miners
Effect 66.363 132.069
S.E. (72.562) (94.346)
IQR Impact 0.039 0.077
Elasticity 0.026 0.052
Lags 3 3
]
Effect 222919+ 273.461
S.E. (122.590) (204.869)
IQR Impact 0.046 0.056
Elasuciry 0.037 0.046
Lag 3 3
Share of Surface Miners
Effect 0.433 253.447
S.E. (83.191) (175.554)
IQR Impact 0.003 0.076
Elasucity 0.002 0.058
Lags 3 3

Year Range: 2006-2016.
Inciudes vear fived effect, county fived effect, state-bv-vear fived effect.

Effect is the linear combination of all lageed terms.

For OLS, standard errors clustered at county level in parentheses.

For IV, standard errors obrained by bootsrrap in parentheses *** p<0.01, ** p<0.05, *p<0.1 .

The estimated coefficients, however, are
not statistically significant for the most part.

While suggestive, we would not want to
argue that we have found a smoking gun
mechanism. (BABREREX, BEIIAE
;;r“*iﬁ HA DR HE T —FEREC S,
I, )




Further Results

3. Contrasting Coal Mining with Retailing

Table 9: Retailing Sector Regressions. by Gender Groups

Opioid Death Rate
‘Whole Population Male Female
Share of Retail
Effect -5.146 -16.067%* 6.541
S.E. (5.650) (7.301) (7.891)
IQR Tmpact -0.025 -0.066 0.053
Elasticity -0.049 -0.122 0.084
Lags 3 3 3
Year Range: 2006-2016.
Includes vear fixed effect, county fixed effect, state-byv-vear fixed effect.
Effect is the linear combination of all lagged terms.
Standard errors clustered at county level in parentheses, *** p<0.01, ** p<0.05, * p<0.1 .
Table 10: Retailing Sector Regressions. by Age Groups
Opioid Death Rate
Under 20 20-39 40-59 Above 60
Share of Retail
Effect -4.462 -22.854% -1.273 7.644
S.E. (3.630) (13.607) (12.405) (8.658)
IQR Impact : -0.068 -0.004 :
Elasticity -0.590 -0.119 -0.007 0.340
Lags 3 3 3 3

Year Range: 2006-2016.

Includes vear fixed effect, county fixed effect, state-byv-vear fixed effect.

Effect is the linear combination of all lagged terms.

Standard errors clustered at county level in parentheses, *** p<<0.01, ** p<0.05,

*p<0.1.
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VIIl. Conclusion



Conclusion

The results suggest that a higher share of coal miners among the local total workforce is
associated with a higher opioid death rate.

(BHEEPFEIIIFHIET TAGEGEK, B AsRAYIb T =E. )

This conclusion is the opposite of what mainstream media would claim.

(FC S ERGRRNEEAER )

Bartik-style instrumental variable to control for potential endogeneity between employment
and opioid abuse.

(TEZEEHIHANR A 3229¥)in RRBTERN EE)

Estimates from the |V regressions are larger and more statistically significant than those of
OLS for men.

(IVEFEHETHELOLSXI BRI FAYIITHEE KB EE)

increasing coal mining activity——more workplace injuries——higher opioid prescription
rates—— a consequent greater prevalence of opioids in the community

TEURRYIRS, AAREBEH—SHIIRE FRGHF ARSI = 2Z RRNIEAX KRS RRITIE.
ANRALERIE T AKFRIEEE, KRR LU TERIERASHT.

HEN T SRR T A B E MR T IRUL,

EEREREAREZINIBX ERERERKEIHM A X0 R BRAE AR R AERBEREE,
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