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

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

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. 

Coal, once the dominant fuel source for electricity generation

Technological advances in natural gas production

A sharp fall in the price of natural gas

Replaced by natural gas as the largest fuel source for electricity production. 
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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).

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

Eastern coal mines 
the higher sulfur content 

lower productivity

Western coal mines 
the lower sulfur content 

higher productivity

primarily underground mined coal primarily surface mined coal
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  

worsening economic 
environment

facing stressful economic 
and social condition

abuse drugs
drug crisis

more coal 
mining activity 

more workplace injuries the prevalence of opioid 
painkillers in the community

The positive relationship between coal mining activity and opioid death

decreasing 
coal mining activity 
has contributed to 
the drug crisis,

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

a heightened focus on pain management（对疼痛管理的高度重视）

aggressive marketing by drug companies（制药公司的激进营销）

proliferation of powerful synthetic opioids（强力合成阿片类药物的扩散）

the coal industry has experienced the most severe decline in the history of mining in the 
United States. （煤炭行业经历了美国采矿史上最严重的衰退）

Idea of “deaths of despair.”

rising unemployment and declining economic conditions in Appalachian coal mining communities ————higher rates of 
opioid addiction and death. （失业率的急剧上升和经济状况的衰退可能导致阿片类药物上瘾和死亡的比例上升）
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heterogeneous effect of 
employment growth and wage 
changes on opioid overdoses in 
different industries.（就业增长和
工资变化对不同行业阿片类药物过
量的异质性影响）

it is also possible that work related 
injuries could also drive increased 
opioid use. 
（工作有关的伤害也可能导致阿片类
药物的使用增加）

Underground coal mining is an especially 
hazardous occupation requiring workers to spend 
long periods of time in cramped working conditions. 

劳动统计局2017年记录的同一NAICS级别上，全部行业的非致死性工伤和疾病排名
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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.
（从2013年开始，阿片类药物的处方率急剧下降。这
是因为各州开始审查处方药监测计划（PDMP）数据
并实施疼痛临床监管）

劳动统计局2017年记录的同一NAICS级别上，全部行业的非致死性工伤和疾病排名

the prescription rate of opioid in the Appalachian region is almost 
double the prescription rate in other regions.
（阿巴拉契亚地区阿片类药物的处方率几乎是其他地区处方率的
倍。）

Appalachian region had abnormally high opioid death rates. 
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劳动统计局2017年记录的同一NAICS级别上，全部行业的非致死性工伤和疾病排名

The difficult working environment may contribute to injuries or chronic pain that leads to increased reliance on painkillers,
including opioids. （困难的工作环境可能导致受伤或慢性疼痛，从而导致对止痛药（包括阿片类药物）的依赖性增加。）

The relationship between opioid use and labor force participation is complex.
Mutual effects between employment and opioid usage.（阿片类药物的使用与劳动力参与之间相互影响）

In 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.（煤矿文化可能使受伤的煤矿工人难以请
假，特别是由于阿巴拉契亚煤炭需求减少，工作岗位正在减少。）
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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（负面就业冲击主要集中在具有高中及以下
学历的男性工人）

70% of the coal miners are between 25 and 50 years old
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阿巴拉契亚地区的就业趋势，有无煤炭生产和美国其他地区:
2010年后，全国就业率呈上升趋势，除了阿巴拉契亚那些不再生产（或
从未生产） 煤炭的县。

The loss in coal employment has led to broader spillover effects 
which have suppressed overall economic growth in the relevant 
regions. (煤炭就业的减少导致了更广泛的溢出效应，抑制了相关
地区的整体经济增长。)

“deaths of despair” hypothesis

declining coal  production could lead to higher rates of opioid use and 
mortality. 
煤炭产量下降可能导致阿片类药物使用率和死亡率上升

Opinions 1
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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 

a simple fixed-effect model

（1）𝑦𝑦𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑆𝑆𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝑆𝑆𝑖𝑖𝑖𝑖−1 + ⋯+ 𝐴𝐴𝑋𝑋𝑖𝑖𝑖𝑖 + 𝛿𝛿𝑡𝑡 + 𝜆𝜆𝑖𝑖 + 𝜃𝜃𝑠𝑠𝑠𝑠 + 𝜀𝜀𝑖𝑖𝑖𝑖

𝑦𝑦𝑖𝑖𝑖𝑖是县i在t年阿片类药物死亡率（每10万居民的死亡人数），
𝑆𝑆𝑖𝑖𝑖𝑖是煤炭工人占当地全部就业人数的比例——表明煤矿开采在当地经济中起到很重要的作用
𝑋𝑋𝑖𝑖𝑖𝑖是协变量的向量组，
𝛿𝛿𝑡𝑡是时间固定效应，
𝜆𝜆𝑖𝑖是县固定效应，
𝜃𝜃𝑠𝑠𝑠𝑠是州-年固定效应——将处方药监测计划（PDMP）和医疗补助等政策对经济状况的影响纳入其中
将县失业率和家庭收入中位数作为协变量，解释当地经济状况，人口密度作为城镇化的代理变量。
加入县人口统计学变量，性别、年龄分布和受教育程度。
单个煤矿规模的变化和县本身规模的变化
加入就业比例滞后项——就业模式改变引起的阿片类药物死亡率

双向因果关系产生内生性——疼痛和阿片类药物使用对当地就业的影响。这表明由于误差项和煤矿
就业比率之间的相关性，OLS估计可能存在偏差。使用IV方法解决。
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the heterogeneous effects by gender

Men to be more sensitive to changes in coal mining activity than female death rates.
（男性阿片类药物死亡率对煤矿开采活动的变化比女性死亡率更敏感）
Indirect effects on female death rates

the heterogeneous relationships across different age groups

differential impacts between underground coal mining and surface mining. 

2. Subgroup Analysis 

underground coal mining should have a stronger relationship with opioid death than 
surface coal mining.(地下煤矿开采与阿片类物质死亡的关系应该比露天煤矿强)
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1.  Mortality Data

on the restricted data:预扣数据问题———漏报

the increase in deaths due to overdoses over this period and the sharp 
increase in the proportion due to opioids.
（因过量用药而死亡的人数增加，因阿片类药物而死亡的比例急剧增加。）

All County Micro data compiled by the National Center for Health Statistics from data provided by the 57 vital 
statistics jurisdictions through the Vital Statistics Cooperative Program based on data reported on death certificates 
for U.S.（由国家卫生统计中心根据57个生命统计管辖区通过生命统计合作计划提供的数据，根据美国居民死亡证书
上报告的数据编制的所有县微观数据）

基本的人口统计信息
一个潜在的死亡原因（UCOD）

多达20个多重死亡原因（MCOD）
公众使用的死亡率（WONDER）
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1.  Mortality Data

阿片类药物死亡人数有两次剧增:

一次是2010年以来海洛因导致的;
另一次是2013年以来除美沙酮以外的合成阿片类药物。

过去十年来，自然和半合成类阿片的死亡率一直在上升。
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1.  Mortality Data

性别分类:阿片类药物的死亡人数和死亡率，并说明男性的死亡率高于女
性。然而，女性的死亡率一直以比男性更快的速度增长。

按年龄组划分的阿片类药物死亡率：
显示了自2010年以来20至59岁年龄段成年人的死
亡率迅速上升。
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2.  Coal Production Data

2000-2016年的单一煤矿生产和就业数据来自能源信息管理局（EIA）

the Appalachian region covers between 80 and 90 percent of the 
producing coal mines in the United States for any given year. 
(阿巴拉契亚地区覆盖了美国任何一年80%到90%的生产煤矿。)

样本期间地表和地下矿山的产量和就业情况。

露天矿的产量几乎是地下矿的两倍，尽管他们雇佣的工人更少。

Production from surface mines is nearly double that of underground 
mines despite their hiring fewer workers. 



V Data

3.Other Data Sources

美国社区调查（ACS）中的家庭平均收入和受教育程度的县级数据

人口普查局的人口数据和劳工统计局(BLS)的就业数据。

我们把县分为产煤县和非产煤县。
产煤县阿片类药物的平均死亡率几乎是非产煤县的两倍。
产煤县平均失业率较高，人口密度较低。受教育程度也略低。

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. 
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the interquartile range impact 
(IQR Impact) 

（2）𝐼𝐼𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = ∑𝑠𝑠=03 𝛽𝛽𝑠𝑠 ×𝐼𝐼𝐼𝐼𝐼𝐼
𝑦𝑦𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

采矿活动的劳动比例从25分位数变到75分位数时各
县死亡率中位数变化y_median的百分比。
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results focusing on the share of all coal 
miners in the labor force.

elasticity of 0.192：

1% increase in the share of coal miners is 
associated with an increase in the mortality rate of 
0.52 per 100,000.显著

comparable between men and women：
women —elasticity of the response is higher；

more precisely  

Moving from the 25th to the 75th percentile in 
labor force share increases the opioid mortality 
rate by 1/3 for men and 4/5 for women,   2/5for the 
population as a whole. 

劳动力比例的25%上升到75%，男性阿片类药物死亡率增加
了1/3，女性增加了4/5，或者说整个人口大约增加了2/5。
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The next panel

The elasticities and IQR impacts are smaller

comparable between men and women，显著

effect is now larger 

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.
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20-39岁人口的影响是四者中最大
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1.  Instrumental Variable Approach with a Bartik Instrument

当地的阿片类药物流行可能对该地区煤矿的劳动力就业产生负面影响。

construct the Bartik-style variable for coal employment as：

𝐵𝐵𝑗𝑗𝑗𝑗 =
1
𝑃𝑃𝑗𝑗𝑗𝑗

�
𝑘𝑘

𝐿𝐿𝑗𝑗𝑗𝑗𝑡𝑡0 ×
∑𝑖𝑖∈ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐\𝑗𝑗 𝐿𝐿𝑖𝑖𝑖𝑖𝑖𝑖
∑𝑖𝑖∈ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐\𝑗𝑗 𝐿𝐿𝑖𝑖𝑖𝑖𝑡𝑡0

𝐵𝐵𝑗𝑗𝑗𝑗是j县，t年和煤炭类型编码k的工具变量（地面或地下）。
𝐿𝐿𝑘𝑘𝑘𝑘是t年煤炭类型编码k的国家就业水平，
𝑃𝑃𝑗𝑗𝑗𝑗是j县，t年的人口数，
𝐿𝐿𝑗𝑗𝑗𝑗𝑡𝑡0是j县煤炭类型k在基年（2006）𝑡𝑡0年的煤炭雇佣水平。

地方就业变化与国家就业变化相关，与地方冲击无关。这假设全国煤矿
业就业水平不受阿片类药物死亡率的局部冲击影响。
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the impact is now larger 

阿片类药物死亡 煤矿工人比例

𝐵𝐵𝑗𝑗𝑗𝑗𝑈𝑈𝑗𝑗𝑗𝑗

该县阿片类
药物死亡率
受到的冲击

大
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除20岁以下年龄组外，估计的影响一致较大
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2. Underlying Mechanism

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. (虽然有暗示意义，但我们不想
争辩说，我们已经找到了一种冒烟的枪支机
制。)
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3. Contrasting Coal Mining with Retailing 

零售业中的劳动力份额替换煤矿开采中的劳动力份额

预计零售劳动力份额对阿片类药物死亡率的边际影响较小

因为它的工资水平相似，但体力劳动要求较低。

负相关表明潜在的“绝望死亡”与较低的经济活动和较高的阿片类
药物死亡率有关。
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The results suggest that a higher share of coal  miners among the local total workforce is 
associated with a higher opioid death rate. 
（当地全部劳动力中的煤矿工人占比越大，阿片类药物死亡率越高。）

This conclusion is  the opposite of what mainstream media would claim. 
（结论与主流媒体的说法截然相反）

Bartik-style instrumental variable to control for potential endogeneity between employment 
and opioid abuse. 
（工具变量控制就业和阿片类药物滥用的潜在内生性）

Estimates from the IV regressions are larger and more statistically significant than those of 
OLS for men. 
（IV回归的估计值比OLS对男性回归的估计值更大更显著）

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

由于数据的限制，本研究没有进一步探讨煤矿开采活动和阿片类药物死亡率之间的正相关关系背后的机制。
如果可以获得个人水平的数据，未来可以进行更彻底的分析。
推测下岗煤矿工人已经被其他行业吸收。
看看煤炭替代产业较多的地区是否在煤炭开采活动和阿片类药物死亡率之间表现出不同关系将会很有趣。
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