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Abstract

Burning coal is known to have environmental costs; this paper quantifies the
local environmental costs of transporting and storing coal at U.S. power plants for
the sample period 2002-2012. We first demonstrate that a 10% increase in coal
stockpiles (number of deliveries) results in a 0.07% (0.16%) increase in the average
concentration of fine particulates (PM2.5) for locations up to 25 miles away from,
and downwind from, plants. We next assess the impacts of PM2.5 on average adult
and infant mortality rates using coal stockpiles and deliveries as instruments for
PM2.5. Our findings within this instrumental variables framework indicate that a
10% increase in PM2.5 leads to a 1.1% (6.6%) increase in average adult (infant)
mortality rates; comfortingly, these causal estimates are similar in magnitude to the
epidemiological estimates used by the USEPA in their regulatory impact analyses.
Our estimated increase in mortality rates implies local environmental costs of $183
($203) per ton of coal stockpiled (delivered); to put this in perspective, the average
power plant paid roughly $48 per ton for coal during our sample period. These
sizable but highly localized environmental costs of coal transportation and storage
disproportionately impact the economically disadvantaged communities living near
coal-fired power plants.
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1 Introduction

The reliance on coal as an energy source has a multitude of well-known environmental

consequences.1 Burning coal emits global pollutants which contribute to climate change

as well as criteria air pollutants which affect the health status of local populations. Min-

ing coal can cause acid mine drainage and the ecological impacts of mountaintop removal

are significant. As a result of these different environmental impacts, coal is subject to a

plethora of regulatory constraints. For example, the effects of current mining operations

as well as abandoned mine sites are managed by the Surface Mining Control and Recla-

mation Act of 1977. Transportation of coal by trains, trucks, or barges is governed by

fuel and emission standards set by the United States Environmental Protection Agency

(USEPA). Finally, the combustion of coal for power generation and manufacturing is

regulated by the Clean Air Act. Seemingly every stage of the supply chain from coal

production at mines to coal burned by power plants is subject to a policy constraint.

Despite this thicket of environmental regulations relevant to coal, our paper uncovers

an as yet unstudied dimension of coal use that we argue requires policy intervention:

the environmental consequences of the coal purchase and storage behavior of U.S. power

plants. We first demonstrate that coal deliveries to power plants and the level of coal

stockpiles held at these plants result in statistically significant increases in the concen-

trations of fine particulates (PM2.5) within 25 miles of these plants.2 This highly local

but sizable effect of coal procurement on ambient PM2.5 levels provides local, state, and

federal regulators with a new lever they can use to comply with the National Ambient

Air Quality Standards (NAAQS) established by the Clean Air Act. Moreover, large

quantities of coal are also stored, transported, and handled at coal mines and coal export

terminals. Coal export terminals in particular are located in densely populated coastal

cities such as Los Angeles, Houston, and Baltimore. An empirical connection between

coal delivery, storage, and ambient PM2.5 can inform the ongoing debate regarding the

potential adverse health impacts of coal terminals on local communities.3

1See NRC (2010) for a comprehensive report on the environmental externalities associated with energy
use.

2Jaffe et al. (2015) studies the emissions of diesel particulate matter (DPM) and coal dust from
trains in the Columbia River Gorge in Washington State; they find that the passage of a diesel powered
open-top coal train results in nearly twice as much respirable PM2.5 compared to the passage of a
diesel-powered freight train not carrying coal in an open hopper.

3There is staunch local opposition to two proposed coal export terminals in Washington (near Belling-
ham and Longview) as well as a proposed terminal in Oakland due in part to concerns surrounding the
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We also test for a causal relationship between mortality rates and exposure to PM2.5

using coal deliveries and stockpiles as instruments for PM2.5 exposure. Few empirical

relationships have a more significant bearing on environmental policy evaluation than

the link between PM2.5 and mortality. For example, the USEPA has repeatedly found

that the vast majority of the benefits from the Clean Air Act come from reductions in

mortality risk due to decreased PM2.5 exposure ((EPA, 1999); (EPA, 2010)). Thus, the

estimated magnitude of the benefits from any policy designed to reduce air pollution is

quite sensitive to which PM2.5/mortality estimate is used (EPA, 2010). We demonstrate

this point by quantifying the monetary social costs of plants’ coal purchase and storage

behavior using the same approach as the USEPA’s benefit-cost analyses of the Clean Air

Act. This calculation relies on our estimated relationship between coal procurement and

PM2.5, the relationship between PM2.5 and mortality rates, as well as standard valuation

techniques to monetize changes in mortality. We consider two different estimates of

the link between PM2.5 and mortality rates: our estimate versus the epidemiological

estimate currently used by the USEPA. Though our PM2.5/mortality-rate relationship is

not markedly different in magnitude from existing epidemiological estimates, the resulting

local environmental costs of coal procurement differ substantially based on which of the

two estimates is used.

Our paper combines several sources of data for the sample period 2002-2012. First,

we use monthly, plant-level data on coal purchases and stockpiles provided by the Energy

Information Administration (EIA). These coal procurement data are linked to monthly

average PM2.5 concentration levels at roughly 1,000 monitored sites across the United

States, which are collected from the Air Quality System (AQS) database maintained

by the Environmental Protection Agency (EPA). Weather conditions play a large role

in dictating PM2.5 levels; moreover, wind speed, wind direction, and precipitation are

important determinants of the extent to which coal stockpiles and coal deliveries generate

PM2.5. Due to this, our analysis incorporates monthly meteorological data collected from

roughly 1,600 monitors across the United States from the National Climatic Data Center

(NCDC). Finally, we assess the extent to which PM2.5 affects mortality using county-by-

month specific mortality rates provided by the Centers for Disease Control and Prevention

negative health consequences from coal dust; these proposed terminals have not been built as of March
2017. Moreover, the city of Oakland voted to ban the transport and storage of large coal shipments
within their jurisdiction; a recent New York Times article (Fuller, 2016) provides more details regarding
this ban.
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(CDC Wonder, 2016).

To estimate the impact of coal stockpiles and coal deliveries on local PM2.5 con-

centration levels, we specify a spatial econometric framework that matches air quality

(AQ) monitoring stations to coal-fired power plants within a given distance radius. This

framework allows us to test for the distance at which plants’ coal purchase and storage

behavior ceases to affect pollution levels. We find that a 10% increase in coal stockpiles

(number of deliveries) results in a 0.06% (0.12%) increase in average PM2.5 concentration

levels for coal-fired power plants within 25 miles of their matched air quality monitor. In

contrast, there is no statistical link between coal procurement (for either coal stockpiles

or deliveries) and PM2.5 levels for plants beyond 25 miles of their matched air quality

monitor; the effect of coal procurement on PM2.5 concentration levels is highly local-

ized.4 This is intuitive, given that the emissions from coal stockpiles, coal handling, and

trains delivering coal all occur at ground level and are therefore not likely to be entrained

in upper-level winds. In contrast, the effects of coal combustion on PM2.5 are regional

because the emissions from coal combustion are typically released from tall smokestacks.

Importantly, we find no link between locally monitored carbon monoxide and either

coal stored or delivered using the same empirical framework; this provides strong evidence

that our estimated relationship between coal procurement and PM2.5 is not capturing

any combustion-based source of PM2.5 emissions such as the coal burned by power plants

or the fuel burned by the trains, trucks, and barges carrying coal to power plants. Finally,

our estimated effects of coal procurement on PM2.5 are higher: 1) for areas downwind

from a plant, and 2) for lower levels of precipitation.5 These empirical results using

spatiotemporal variation in weather, our placebo tests considering carbon monoxide, as

well as our battery of controls give us confidence that we have causally identified how

coal stored and delivered affects PM2.5.

We next estimate the impact of PM2.5 concentration levels on mortality rates using

the coal stored at, and obtained by, power plants as instruments for PM2.5 exposure.

4Clay, Lewis and Severnini (2015) examines the economic benefits versus environmental costs of coal-
fired power plant openings in the United States from 1938-1962; they similarly find that the local air
pollution costs from coal-fired power plants were concentrated primarily within 30 miles of these plants.

5There is a growing literature that utilizes wind direction to identify how local air pollution affects
economic and environmental outcomes; among others, this identification strategy is used by Anderson
(2015) to examine how long-term air pollution exposure affects mortality, Herrnstadt and Muehlegger
(2015) to study the effect of air pollution on crime, and Deryugina et al. (2016) to investigate how air
pollution affects health outcomes and health utilization for the elderly.
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This instrumental variables (IV) strategy relies on the assumption that a plant’s coal

procurement behavior is unlikely to affect local mortality rates except through its effect

on PM2.5 exposure. We argue that this identifying assumption is likely to hold, thus

asserting that our paper presents a novel identification strategy for the causal relationship

between PM2.5 and mortality rates. Our analysis consider mortality rates associated

with different causes of death: deaths due to the cardiovascular system, deaths due

to the respiratory system, and deaths due to the nervous system. We also examine

total number of deaths of any type, both for people over 30 years old (“adults”) and

children aged 0 to 4 (“infants”). Finally, deaths due to external causes such as accidents

are considered as a placebo test. Our specifications include a bevy of controls as well

as county-year fixed effects. We find an economically small (and sometimes negative)

association between PM2.5 and mortality rates if we simply estimate this relationship

using ordinary least squares. However, the effects of PM2.5 on all of the aforementioned

mortality rates, excepting the external-cause mortality rate, are positive, statistically

significant, and economically significant when we instrument using the monthly level of

coal stockpiles and the monthly number of coal deliveries from nearby power plants. Of

particular note, we find that a 10% increase in PM2.5 leads to a 1.1% (6.6%) increase in

average overall adult (infant) mortality rates.

Our estimated semi-elasticities indicate that a one microgram per cubic meter in-

crease in PM2.5 causes a 1% increase in adult mortality. The findings from the two

epidemiological studies most commonly used by the EPA indicate a mortality response

between 0.6% and 1.3% per unit of PM2.5 (Krewski et al. (2009); Lepeule et al. (2012)).

Previous empirical research reports that the damages from air pollution are significant

in magnitude and that these damages are mostly due to increased mortality risk from

exposure to PM2.5.
6 However, recent work in economics has challenged the causal basis

for the link between exposure to PM and the adverse effects on mortality risk reported

in epidemiological studies.7 Thus, we contribute both to the economics literature testing

for a causal relationship between PM2.5 and mortality rates as well as the epidemiolog-

ical literature used by policymakers such as the EPA to quantify the impacts of PM2.5

emissions. Our IV results also provide further empirical evidence that there is a link

6This empirical literature includes NRC (2010), EPA (2010), Muller, Mendelsohn and Nordhaus
(2011), and Muller (2014).

7This work includes (among others) Currie, Neidell et al. (2005), Currie, Neidell and Schmieder
(2009), and Chay and Greenstone (2003).
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between PM2.5 concentration levels and plants’ coal procurement behavior.

Finally, we combine our estimates of the effect of coal procurement on PM2.5 with

our IV estimates of the effect of PM2.5 on mortality rates in order to calculate the

increased number of deaths from coal deliveries and storage. These health risks are

monetized using the value of statistical life (VSL) approach that is standard both for

academic studies and federal regulatory impact analyses ((EPA, 1999); (EPA, 2010)).

We calculate that the local environmental cost of PM2.5 increases from coal stockpiles is

$182.67 per ton of coal stockpiled; the local air pollution cost per ton of coal delivered

is $202.51. Roughly 75% of this social cost is due to adult mortality while 25% is from

infant mortality since far more adults are exposed to PM2.5 relative to infants. Our air

pollution cost estimates are sizable given that the average U.S. coal-fired power plant

pays roughly $48 per ton for coal, stockpiles 212,781.6 tons of coal and has 106,235 tons

of coal delivered to it each month. However, if we translate tons of coal to MWh of

electricity, our local air pollution costs are $95.51 per MWh-equivalent of coal stored

and $103.12 per MWh-equivalent of coal delivered. Levy, Baxter and Schwartz (2009)

finds that the social cost of increased PM2.5 exposure from coal being burned is roughly

$230 per MWh. Thus, our empirical estimates of the local environmental damages from

purchasing and storing coal are sizable, but not unreasonably so when compared to

estimates of the local air pollution costs of burning coal. Finally, unlike the environmental

impacts from burning coal, the local air pollution costs of transporting and storing coal

are borne primarily by people living within 25 miles of coal-fired power plants. Given

that people living in census tracts with power plants have lower per-capita incomes and

educational attainment on average relative to residents of census tracts without power

plants, the highly localized environmental costs of coal procurement disproportionately

affect economically disadvantaged communities.8

Summarizing, our paper has two primary contributions. First, we inform the policy

debate surrounding the environmental impacts of coal transportation and storage at

coal mines, power plants, and export terminals. Second, we quantify the relationship

between PM2.5 and mortality rates; this estimated relationship is arguably the most

important component of any cost-benefit analysis of any environmental policy designed

8Davis (2011) similarly finds that neighborhoods near fossil-fuel fired power plants have lower average
household income and educational attainment using restricted-access census microdata from 1990 and
2000.
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to improve air quality. Moreover, many purely economic policies also have the unintended

consequence of affecting air quality. For example, Jha (2017) argues that U.S. coal-

fired electricity generation plants facing output price regulation hold larger stockpiles

of coal on-site for the same level of coal consumption and receive more deliveries per

month for the same quantity of coal purchased relative to plants facing electricity market

mechanisms. The results from our paper indicate that this regulatory-induced increase

in coal stockpiles and number of deliveries has environmental costs in addition to the

economic costs documented in Jha (2017). This example demonstrates that the debate

surrounding even purely economic policy questions, such as whether electricity generation

should be provided under regulation versus markets, must account for the environmental

impacts of the different policies.

The remainder of the paper proceeds as follows. In Section 2, we elaborate on the

physical process underlying how plants’ coal purchase and storage behavior can result in

higher PM2.5 concentration levels. Section 3 describes the data sources and the method-

ology used to estimate the relationship between plants’ coal procurement behavior and

PM2.5 concentration levels, while Section 4 presents the empirical results demonstrating

that increases in coal purchase and storage behavior lead to increases in PM2.5 concen-

tration levels. Our instrumental variables approach for identifying the effect of PM2.5

concentration levels on mortality rates is discussed in Section 5. In Section 6, we quan-

tify the local environmental health costs of increases in average mortality rates due to

PM2.5 emissions from coal purchased and stored. Finally, we conclude in Section 7 by

illustrating how our findings can be applied to a variety of other policy contexts, such

as the environmental costs of coal dust at mines and export terminals as well as the en-

vironmental impacts of distortions to plant-level coal purchase and stockpiling behavior

due to the structure of output price regulation.

2 Economic and Environmental Background

2.1 Input Coal Procurement Behavior of U.S. Power Plants

Coal-fired power plants burn coal in order to heat water into steam that drives the

turbines used to generate electricity. These power plants typically run continuously;
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their electricity generation does not vary substantially day-to-day. Plants inject their

electricity into the transmission grid where it is distributed regionally to where electricity

is needed; thus, short-term fluctuations in electricity demand near a coal-fired power

plant do not map directly into its electricity generation. Jha (2017) describes the factors

underlying the coal purchase and storage behavior of U.S. coal-fired power plants; these

factors include regional electricity demand, spot coal prices, and natural gas prices. All

of these factors vary regionally rather than local to the power plant. We argue based on

this that plant-level electricity demand (and thus plant-level coal procurement) is unlikely

to be affected by local economic conditions. This assertion is important because local

mortality rates are undoubtedly correlated with unobserved local economic conditions,

which is why we identify increases in mortality rates due to increases in PM2.5 using coal

delivered and stored as instruments.

Power plants purchase the majority of their input coal from long-term contracts with

coal suppliers, purchasing the remainder from spot markets. They also store large quan-

tities of coal on-site to hedge against coal price and supply risks; these coal inventories

are very rarely resold in practice.9 Coal is not homogeneous; coal mined from different

regions of the United States differs in heat content, sulfur content, ash content, distance

from mine to plant, etc. Coal-fired power plants primarily value the heat content of coal;

burning a ton of coal with a higher heat content generates a larger amount of output elec-

tricity. Sulfur content and ash content are important primarily for their environmental

impacts. Finally, roughly 67 percent of coal is transported via rail. The remaining coal

is shipped via barge (12%), trucks (10%) and various other modes of transportation used

primarily for short distances (ex: conveyors, pipelines, etc.).10 The local environmental

costs of coal delivered to a power plant can differ substantially based on the mode of

transportation.

9This lack of resale is due primarily to the fact that coal transportation infrastructure is designed
to bring coal to power plants rather than away from them; therefore, coal becomes very costly to resell
once it’s in a plant’s stockpile.

10These statistics are for the year 2013 and come from EIA’s “Today In Energy”:
http://www.eia.gov/todayinenergy/detail.cfm?id=16651.
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2.2 Environmental Impacts of U.S Coal-fired Generation

It is well-known that NOx, SO2, and PM2.5 emissions result in elevated mortality risk

among exposed populations. Earlier work has shown that U.S. coal-fired power plants

emit significant levels of NOx, SO2, and PM2.5 when burning coal; these emissions

caused approximately 27,000 deaths in the United States in 1999. Emissions-induced

deaths resulting from power plants burning coal fell to roughly 9,500 in 2011 due to

differences in the type of coal burned by plants as well as the increased prevalence of

scrubbing technology (Muller, 2014).

While the environmental costs of burning coal are well-documented (NRC and NAS,

2010), this paper explores the local environmental costs of emissions from coal stockpiles

and coal deliveries. We posit two mechanisms for emissions from coal stockpiles. The

first is wind erosion. Wind blowing over uncovered coal stockpiles entrains fine particu-

lates; these passive, or fugitive, dust emissions become a constituent of ambient PM2.5.

Second, coal stockpiles emit volatile gases. Specifically, coal in open stockpiles undergoes

oxidation, which releases a set of pollutants including hydrocarbons and sulphuric gases

(Zhang, 2013). The gases result in the formation of secondary organic PM2.5 that is a

constituent of the ambient PM2.5 collected at monitoring stations.

Roughly 67 percent of coal is delivered by train; the coal carried by these trains is

typically in uncovered freight cars. Barges and trucks carrying coal are also typically

uncovered. Finally, there is a significant coal handling process at the power plant any

time coal is delivered, which includes moving the coal from the train to different places

within the plant site, separating “light dust” from the coal, and crushing the coal in

order to make it suitable for burning.11 Thus, we expect coal deliveries to result in

increased PM2.5 levels due to wind erosion (dust entrainment), gaseous discharge and

the movement of coal piles around the plant. Additionally, trains run on diesel fuel;

burning diesel is also associated with increased PM2.5 concentration levels. Thus, the

burning of diesel may be another factor determining the local environmental costs from

coal deliveries.

Our empirical strategy does not distinguish between the two types of passive emissions

(dust entrainment and gaseous discharges) from coal stockpiles; PM2.5 emissions resulting

11An article on Electrical Engineering Portal (Raman, 2012) provides a brief description of the coal
handling process at power plants.
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from both of these mechanisms increase mortality rates in local populations and thus

contribute to local environmental health costs. Similarly, we do not disentangle how

much of the PM2.5 increase from coal deliveries comes from passive PM2.5 emissions from

coal piles versus emissions from the coal handling process when coal is delivered, as both

of these factors contribute to the local environmental costs of transporting coal. However,

we provide empirical evidence that our effect of coal procurement (either stockpiles or

deliveries) on PM2.5 does not result from the combustion of any fuel; our effect is not

driven by either the coal burned by the power plant or the diesel or gasoline burned

by the trains, barges and trucks transporting coal. To be clear, these combustion-based

sources do emit PM2.5, but we focus on the local environmental costs at the power plant

from purchasing and storing coal in this paper.

3 Local Environmental Impacts of Coal Procure-

ment: Data and Methodology

This section describes the data used to estimate the link between plant-level coal pro-

curement behavior (coal stockpiles and number of deliveries) and PM2.5 concentration

levels at nearby air quality monitors. We also present the empirical framework used to

measure this relationship, which includes specifying our set of controls for alternative

sources of PM2.5, such as burning coal, as well as other factors that increase or decrease

PM2.5 for a given set of sources such as wind speed, wind direction, and precipitation.

3.1 Data Sources

We use monthly, plant-level data from 2002-2012 on end-of-month fuel inventories and

fuel purchases from the Energy Information Administration (EIA).12 Regarding plants’

coal purchases, we have order-level data on the month of purchase, quantity purchased,

delivered price, heat content, sulfur content, ash content, and the coal’s county of orig-

ination. Finally, we only consider electricity generation plants whose primary business

purpose is the sale of electricity to the public; this excludes plants that also sell signif-

12The data regarding fuel inventories for 2002-2012 are confidential; we obtained a research contract
from the EIA in order to use these restricted-access data.
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icant quantities of heat (“combined heat and power plants”) as well as commercial and

industrial plants that generate electricity for their own use.

We also use the Air Quality System (AQS) data provided by the Environmental

Protection Agency (EPA). This publicly available database includes hourly readings of

ambient PM2.5 concentrations at roughly 1,000 monitored sites across the contiguous

United States. We aggregate these data to obtain monthly average PM2.5 levels for each

air quality monitor for the sample period 2002-2012.

Our meteorological controls come from the quality controlled local climatological data

(QCLCD) collected by the National Climatic Data Center (NCDC). These data include

hourly wind speed and direction, dry bulb temperature, wet bulb temperature, dew-point

temperature, relative humidity, station pressure, and precipitation at approximately

1,600 U.S. locations. We aggregate these data to the meteorological monitor/month-

of-sample level by taking time-weighted averages over hours of dry bulb temperature,

wet bulb temperature, dew-point temperature, relative humidity, and station pressure;

we use the meteorological monitor/month-of-sample level sum of hourly precipitation.

Wind speed is an important factor in determining both how much PM2.5 is generated

from various sources as well as how this PM2.5 is dispersed. Thus, we also control for the

(5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95) hourly percentiles of wind speed, calculated over

all hours-of-sample for each meteorological monitor/month-of-sample. Finally, we use the

wind-speed weighted monthly average wind direction measured at each meteorological

monitor; the results presented below differ very little if we instead take an un-weighted

average.

We additionally control for a variety of other factors that can affect the PM2.5 con-

centration reading at an air quality monitor in each month. First, the EPA’s Continuous

Monitoring Emissions System (CEMS) collects hourly data for each plant on SO2, CO2,

and NOx emissions (in tons) resulting from coal burned; we sum these hourly data to the

monthly level and control for the total SO2, CO2, and NOx emissions for each plant in

each month-of-sample. We also control for the total monthly quantity of coal purchased

by each plant as well as the total monthly electricity generation produced by each plant;

both variables come from EIA data.

The AQS database provides the latitude and longitude for each air quality monitor,

the NCDC database provides the latitude and longitude (as well as wind direction in each
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month-of-sample) for each meteorological monitor, and the EPA eGrid database provides

the latitude and longitude for each coal-fired power plant. We use these variables in order

to merge air quality monitors to coal-fired power plants and meteorological monitors.

3.2 Data Merge

We merge each air quality monitor i to meteorological monitors and coal-fired power

plants as follows:

1. For each month-of-sample, we find all meteorological monitors within M miles of

air quality monitor i. We take a weighted average of the meteorological data (for

example, wind speed and wind direction) across these meteorological monitors for

each air quality monitor i, where we weight by the inverse of the distance between

the air quality monitor and the meteorological monitor.13

2. If M = 25 miles, we consider all coal-fired power plants less than 25 miles away

from air quality monitor i. If M = 50 miles, we consider all coal-fired power plants

between 25 miles and 50 miles away from air quality monitor i.

Thus, our unit of observation is an air quality monitor/power plant pair for each

month-of-sample, emphasizing that each air quality monitor can be linked to multiple

power plants for a given month-of-sample. We examine how the effects of coal stockpiles

and number of deliveries on PM2.5 concentration levels decay with distance by separately

estimating these effects for plants within 25 miles of their corresponding air quality

monitor versus plants between 25 miles and 50 miles away from their corresponding air

quality monitor. We also show how the effect of coal procurement on PM2.5 varies with

the relative wind direction between air quality monitor and power plant (read: upwind

versus downwind) as well as locally-monitored precipitation levels. We provide further

details on our data sources and data construction in Appendix Section B.

13Our empirical results do not differ substantially if we instead take an un-weighted average of the
meteorological data.
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3.3 Empirical Framework

We are interested in estimating the effect of coal stockpiles held by coal-fired power plants

on local PM2.5 concentration levels. We consider both “Log-Log” and “Levels-Levels”

specifications. Our Log-Log specification for how coal stockpiles impact PM2.5 levels is:

log(PM2.5i,t + 1) = αc,t + θi,p + log(CSp,t)γi,p + log(

Pi,t∑
k=1,k 6=p

CSk,t)ψ +Xi,p,tβ + εi,p,t (1)

where a unit of observation is an air quality monitor i and a coal-fired power plant p

in month-of-sample t. Pi,t is the number of coal-fired power plants merged with each air

quality monitor i in each month t.

We control for the total level of coal stockpiles across all plants k 6= p so that the

log(CSp,t) term doesn’t capture positive correlations in stockpile increases across plants.

For example, if a one ton increase in coal stockpiles at plant p is typically associated

with a 0.5 ton increase in coal stockpiles at plant q, we do not want to include the effect

of the 0.5 ton increase at plant q on PM2.5 in our estimate of γi,p. We also control for

a wide variety of alternative factors that affect local PM2.5 levels, such as annual sulfur

content and ash content of coal purchased by the plant, monthly quantity of coal received

by the plant, monthly number of coal deliveries to the plant, the plant’s monthly total

electricity generation, the plant’s monthly total SO2, CO2, and NOx emissions from coal

burned (in tons), wind speed, dry bulb temperature, wet bulb temperature, dew-point

temperature, relative humidity, station pressure, and precipitation. Finally, we include

fixed effects for each county-of-air-quality-monitor/month-of-sample (αc,t) and air quality

monitor/power plant (θi,p). We report a specification considering one overall coefficient

(γi,p ≡ γ), as well as specifications allowing γi,p to vary by relative wind direction and

precipitation.14

Our goal is to estimate how the level of PM2.5 measured by a given air quality monitor

is affected by a one ton increase in coal stockpiles at a given plant, controlling for all of

the other factors listed above. The Log-Log specification in Equation 1 implies that this

14Coal-fired power plants only stock-out in roughly 0-5% of the months-of-sample for which we observe
them; thus, we drop observations with zero stockpiles. The empirical results are similar if we keep
these zero stockpile observations in the sample; for these specifications, we include log(CSp,t + 1) and
1(CSp,t > 0) (an indicator variable for coal stockpile levels greater than zero) rather than log(CSp,t).
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partial effect in levels for observation (i, p, t) is:

ˆdPM2.5i,t

dCSp,t

= γ̂i,p(
PM2.5i,t + 1

CSp,t

)

We also estimate a Levels-Levels specification in order to report partial effects in levels.

This Levels-Levels specification, presented below, additionally serves as a sensitivity check

of the functional form relating coal stockpiles to PM2.5:

PM2.5i,t = αc,t + θi,p + CSp,tγi,p + (

Pi,t∑
k=1,k 6=p

CSk,t)ψ +Xi,p,tβ + εi,p,t

This specification includes the same set of controls as listed above; the partial effect

associated with coal stockpiles is simply γ̂i,p in the Levels-Levels case.

Finally, we also estimate both the Log-Log and Levels-Levels specifications replacing

coal stockpiles (CSp,t) with the number of coal deliveries (NDp,t) arriving at plant p

in month-of-sample t.15 We control for the same factors as described above, with the

obvious exception of the number of deliveries (our dependent variable); our number of

deliveries specifications instead control for coal stockpiles. We estimate these specifi-

cations both controlling for the total monthly quantity received and not controlling for

quantity received in order to explore the extent to which PM2.5 emissions stem from an

additional ton of coal delivered versus an additional delivery (no matter how much coal

is delivered).

For all specifications, our standard errors are clustered at the air quality monitor level

and we weight our regressions by the inverse distance between air quality monitor and

power plant.16

15We consider log(NDp,t + 1) for the Log-Log specifications given that there are a non-trivial number
of plant/month-of-sample observations where there are zero deliveries (read: the plant did not purchase
coal in that month-of-sample).

16We re-ran our regressions: 1) weighting each observation by the inverse of the number of power
plants matched to each air quality monitor, and 2) not weighting at all. Our empirical findings are very
similar for both of these alternative weighting schemes; these results are available upon request.
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4 Local Environmental Impacts of Coal Procure-

ment: Empirical Findings

In this section, we present our regression results regarding the link between coal pur-

chase/stockpiling behavior and PM2.5 concentration levels. We find that a 10% increase

in coal stockpiles (number of deliveries) results in a 0.06% (0.12%) increase in average

PM2.5 concentration levels for populations within 25 miles of power plants. We find no

average effect of either number of deliveries or coal stockpiles on PM2.5 when examining

plants farther than 25 miles away from their corresponding air quality (AQ) monitor.

This is intuitive, given that the wind erosion and volatile emissions from coal piles at

or near ground level can only travel so far. The decay of our effect after 25 miles also

makes clear that we are primarily capturing the effect of coal deliveries at the power

plant rather than all along the route from origin mine to destination power plant.

We should also expect more severe increases in PM2.5 concentrations for local popu-

lations downwind from coal piles and train deliveries (read: the wind is blowing from the

coal pile to the local population). Consistent with this intuition, we estimate that the

average PM2.5 increase from coal purchase and storage behavior is larger for AQ moni-

tors that are downwind of nearby coal-fired power plants. Also, precipitation is known

to reduce ambient PM2.5 concentration levels; we show that the average PM2.5 increases

from both coal stockpiles and number of deliveries are lower for higher levels of precipita-

tion. Finally, we consider a variety of robustness checks in order to demonstrate that our

empirical results are not driven by the emissions from the coal burned by power plants

or the fuel burned by trains, barges, or trucks delivering coal to the power plant. For ex-

ample, carbon monoxide (CO) is emitted when any fuel is burned; we demonstrate that

there is no effect of either coal stockpiles or number of deliveries on CO at any distance

bandwidth. Summarizing, we have confidence that we’ve identified a causal relationship

between coal procurement (coal stockpiles and deliveries) and PM2.5 for three reasons.

First, we find no effect of coal procurement on CO as expected. Moreover, our regression

specifications control for an extensive array of other factors that affect PM2.5. Finally,

consistent with predictions from the environmental science literature, we find that coal

procurement results in higher levels of PM2.5 for AQ monitors downwind of power plants

and observations with low levels of precipitation.
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4.1 Overall Effect of Coal Stockpiles and Number of Deliveries

on PM2.5 Concentrations

The top (bottom) panel of Table 1 displays the results from the Levels-Levels (Log-Log)

specification with the number of coal deliveries arriving at each plant in each month-

of-sample as the covariate of interest. The summary statistics corresponding to all re-

gressions discussed in this section are in Appendix Tables A.1 and A.2. The unit of

observation for all regressions in this section is an air quality monitor/power plant pair

in a given month-of-sample.

We find that an additional delivery results in an increase in monthly average PM2.5

levels of 0.018 micrograms per cubic meter (ug/m3) when we restrict our sample to plants

within 25 miles of their corresponding air quality (AQ) monitor. This regression model

explains nearly 85% of the variation in ambient PM2.5 readings. Similarly, the bottom

panel of Table 1 indicates that a 10% increase in number of deliveries is associated with

a 0.12% increase in average PM2.5 concentration levels at AQ monitor/power plant pairs

within 25 miles of each other. The effect of coal deliveries on PM2.5 is statistically sig-

nificant for the 25 mile bandwidth for both the Levels-Levels and Log-Log specifications.

However, we find no statistical link between average PM2.5 concentration levels and num-

ber of deliveries for either the Levels-Levels or Log-Log specifications when focusing on

plants between 25 and 50 miles from their corresponding AQ monitors.17 This result in-

dicates that we are capturing the effect of coal being delivered to the power plant rather

than the PM2.5 emissions from coal piles in open train hoppers all along the route from

origin coal mine to destination power plant.

Coal deliveries may increase PM2.5 concentration levels in a number of ways, in-

cluding wind erosion and gaseous emissions from coal transported in uncovered piles,

coal handling at the power plant, and the fuel burned by the trains, barges, and trucks

delivering coal. However, the combustion of any fuel emits carbon monoxide as well

as PM2.5, and we show below in Section 4.4 that there is no statistical link between

carbon monoxide (CO) and number of deliveries. This rules out any combustion-based

explanation for our effect such as the burning of coal by power plants or the burning of

17We also ran all of our regressions for plants between 50-100 miles and 100-200 miles away from their
AQ monitors. We do not find a statistically significant effect for these distance bandwidths for most
specifications, which is unsurprising given that we demonstrate that our effect of coal procurement on
PM2.5 decays even for distances farther than 25 miles away.
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Table 1: Overall Effect of Number of Deliveries on PM2.5 Concentration

Dependent Variable: PM2.5i,t

Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
NDp,t 0.0180** 0.0011

(0.0085) (0.0048)

Observations 48,521 92,886
R-squared 0.847 0.824

Dependent Variable: log(PM2.5i,t) + 1
Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
log(NDp,t + 1) 0.0124** 0.0034

(0.0053) (0.0034)

Observations 47,169 90,535
R-squared 0.849 0.829

Notes: This table presents the regression results regarding the link between number of deliveries and
PM2.5 concentration levels. The top panel of this table regresses number of deliveries on PM2.5 (in
micrograms per cubic meter) in levels; the bottom panel of this table regresses number of deliveries
on PM2.5 in logs. A unit of observation for these regressions is plant/air quality monitor/month-of-
sample. We restrict our sample to plants within 25 miles of their air quality (AQ) monitor in Column
1 and we restrict our sample to plants between 25 and 50 miles of their AQ monitor in Column 2.
Standard errors are clustered by air quality monitor and are reported in parentheses. ***,**,* denote
statistical significance at the 1%, 5%, and 10% level, respectively. We control for quantity received,
coal stockpiles, and sum of deliveries from other plants. We also include meteorological controls,
EPA emissions controls, coal quality controls, and thermal generation controls. Finally, we include
facility code/AQ monitor fixed effects and county-of-AQ-monitor/month-of-sample fixed effects. We
weight observations by the inverse of the distance between air quality monitor and plant for these
regressions. See Section 3.3 for more details regarding our regression specification. See Appendix
Tables A.1 and A.2 for the summary statistics associated with these regressions.

fuel by the trains, barges, and trucks delivering coal. Also, the effect of the quantity of

coal delivered on PM2.5 is not statistically significant in either the Levels-Levels or the

Log-Log specifications presented in Table 1. This provides evidence that it is the act

of delivering coal rather than the quantity of coal delivered that generates the majority

of our estimated increase in local PM2.5 concentration levels.18 As described in Section

2.2, the coal handling and preparation process at power plants is quite involved. PM2.5

emissions can be generated during many stages of this process, including when power

18We also present the effect of number of deliveries on PM2.5 emissions without controlling for total
quantity of coal delivered in Appendix Table A.3. We see from this table that there is a statistically
significant and positive effect of number of deliveries on PM2.5 for plants within 25 miles of their AQ
monitor. Moreover, this effect has similar size whether or not we control for quantity delivered (0.0180 in
Table 1 versus 0.0146 in Appendix Table A.3 for the Levels-Levels specification). This provides further
evidence that the majority of our effect of coal deliveries on PM2.5 comes from an additional shipment
rather than more coal being delivered in a given shipment.
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plant managers extract light dust from coal, crush coal to make is suitable to burn, or

simply move coal around on-site. Based on the empirical evidence provided above, our

effect of the number of deliveries on PM2.5 is likely driven by the handling of coal at

power plants rather than wind erosion/gaseous emissions from open coal piles on trains,

barges, and trucks or the fuel burned by these modes of transportation.

The top panel of Table 2 reports the results from the Levels-Levels specification where

the size (in tons) of the coal stockpiles held at each power plant in each month-of-sample

is the covariate of interest. A one ton increase in coal stockpiles increases ambient PM2.5

levels by 1.02e-06 ug/m3 when only plants within 25 miles of their corresponding air quality

(AQ) monitor are included. However, we find no statistical link between coal stockpiles

and PM2.5 when focusing on plants between 25 and 50 miles of their AQ monitor. We

should expect this given that the PM2.5 emissions from the wind erosion of stationary coal

stockpiles at ground level and the volatile emissions from these coal piles can only travel

so far. The bottom panel of Table 2 shows the estimated elasticities from the Log-Log

specification for the coal stockpile models. We see that a 10% increase in coal stockpiles

results in a 0.06% increase in average PM2.5 concentration levels for plants within 25

miles of their AQ monitor, but there is no statistical link between coal stockpiles and

PM2.5 for plants between 25 and 50 miles of their AQ monitors.

4.2 The Effects of Coal Stockpiles and Number of Deliveries on

PM2.5 Concentrations By Wind Direction

In this subsection, we interact the covariate of interest (number of deliveries in Table

3 and coal stockpiles in Table 4) with the relative bearing from coal-fired power plant

to air quality (AQ) monitor. A relative bearing of 0◦ means that the wind is blowing

directly from the power plant to the AQ monitor, while a relative bearing of 180◦ means

that the wind is blowing directly from the AQ monitor to the power plant. For each

plant/air quality (AQ) monitor pair in each month-of-sample, we code the AQ monitor

as “downwind” from the plant if their relative bearing is less than 90◦ and code the AQ

monitor as “upwind” from the plant if their relative bearing is greater than 90◦.

The top panel of Table 3 shows that, for the sample restricted only to plants within

25 miles of each AQ monitor, the partial effect of number of deliveries on PM2.5 is statis-
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Table 2: Overall Effect of Coal Stockpiles on PM2.5 Concentration

Dependent Variable: PM2.5i,t

Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
CSp,t 1.02e-06*** 3.18e-08

(2.26e-07) (1.06e-07)

Observations 48,521 92,886
R-squared 0.847 0.824

Dependent Variable: log(PM2.5i,t) + 1
Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)

log(CSp,t) 0.0061** -0.0016
(0.0031) (0.0018)

Observations 47,169 90,535
R-squared 0.849 0.829

Notes: This table presents the regression results regarding the link between coal stockpiles and
PM2.5 concentration levels. The top panel of this table regresses coal stockpiles (in tons) on PM2.5

(in micrograms per cubic meter) in levels; the bottom panel of this table regresses coal stockpiles
on PM2.5 in logs. A unit of observation for these regressions is plant/air quality monitor/month-of-
sample. We restrict our sample to plants within 25 miles of their air quality (AQ) monitor in Column
1 and we restrict our sample to plants between 25 and 50 miles of their AQ monitor in Column 2.
Standard errors are clustered by air quality monitor and are reported in parentheses. ***,**,* denote
statistical significance at the 1%, 5%, and 10% levels respectively. We control for quantity received,
number of deliveries, and sum of coal stockpiles from other plants. We also include meteorological
controls, EPA emissions controls, coal quality controls, and thermal generation controls. Finally,
we include facility code/AQ monitor fixed effects and county-of-AQ-monitor/month-of-sample fixed
effects. We weight observations by the inverse of the distance between air quality monitor and plant
for these regressions. See Section 3.3 for more details regarding our regression specification. See
Appendix Tables A.1 and A.2 for the summary statistics associated with these regressions.

tically significant and positive for monitors downwind from plants, but not statistically

significant for monitors upwind of plants. Moreover, the effect for the 25 mile bandwidth

for downwind monitors in Table 3 (0.0244) is larger than the overall average effect across

both upwind and downwind AQ monitors reported in Table 1 (0.0180). We should ex-

pect more severe increases in PM2.5 concentrations for local populations downwind from

coal deliveries given that PM2.5 particulates are carried from the power plant to the AQ

monitor by these downwind currents. Finally, we find no link between the number of coal

deliveries and PM2.5 for plants between 25 and 50 miles away from their AQ monitor,

regardless of whether they are upwind or downwind from their AQ monitor.

The bottom panel of Table 3 shows the results for the directional models expressed

in terms of elasticities between number of deliveries and PM2.5. As with the Levels-

Levels specification, we find a positive and statistically significant elasticity only for AQ
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Table 3: Effect of Number of Deliveries on PM2.5 Concentration: Upwind vs.
Downwind

Dependent Variable: PM2.5i,t

Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
NDp,t×

Monitor Downwind from Plant 0.0244** 0.0039
(0.0100) (0.0047)

Monitor Upwind from Plant 0.0110 -0.0021
(0.0105) (0.0066)

Observations 48,521 92,886
R-squared 0.847 0.824

Dependent Variable: log(PM2.5i,t) + 1
Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
log(NDp,t + 1)×

Monitor Downwind from Plant 0.0163*** 0.0042
(0.0056) (0.0036)

Monitor Upwind from Plant 0.0089 0.0026
(0.0058) (0.0036)

Observations 47,169 90,535
R-squared 0.849 0.829

Notes: This table presents the regression results regarding how the link between number of deliveries
and PM2.5 concentration levels varies with wind direction. The top panel of this table regresses
number of deliveries on PM2.5 (in micrograms per cubic meter) in levels; the bottom panel of
this table regresses number of deliveries on PM2.5 in logs. In both panels, number of deliveries is
interacted with the relative bearing between power plant and air quality monitor. A relative bearing
of 0◦ means that the wind is blowing directly from the power plant to the AQ monitor, while a
relative bearing of 180◦ means that the wind is blowing directly from the AQ monitor to the power
plant. For each plant/air quality (AQ) monitor pair, we code the AQ monitor as “downwind” from
the plant if their relative bearing is less than 90◦ and code the AQ monitor as “upwind” from the
plant if their relative bearing is greater than 90◦. A unit of observation for these regressions is
plant/air quality monitor/month-of-sample. We restrict our sample to plants within 25 miles of
their air quality (AQ) monitor in Column 1 and we restrict our sample to plants between 25 and
50 miles of their AQ monitor in Column 2. Standard errors are clustered by air quality monitor
and are reported in parentheses. ***,**,* denote statistical significance at the 1%, 5%, and 10%
level, respectively. We control for quantity received, coal stockpiles, and sum of deliveries from
other plants. We also include meteorological controls, EPA emissions controls, coal quality controls,
and thermal generation controls. Finally, we include facility code/AQ monitor fixed effects and
county-of-AQ-monitor/month-of-sample fixed effects. We weight observations by the inverse of the
distance between air quality monitor and plant for these regressions. See Section 3.3 for more details
regarding our regression specification. See Appendix Tables A.1 and A.2 for the summary statistics
associated with these regressions.
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monitors that are both within 25 miles of their plant and downwind from their plant.

We find no effect of number of deliveries on PM2.5 for: 1) plants between 25 and 50 miles

from their AQ monitor, or 2) AQ monitors upwind from their plant. As expected, the

downwind elasticity reported for the 25 mile bandwidth in Table 3 (0.0163) is larger than

the corresponding overall estimate reported in the bottom panel of Table 1 (0.0124).

The top panel of Table 4 displays the results for the directional models in which

the size of coal stockpiles (in tons) is the independent variable of interest. We see a

similar pattern in empirical results as with the number of deliveries regressions. First,

the interaction terms between coal stockpiles and the dummy variable for (relative) angles

between 0◦ to 90◦ is positive and statistically significant for plants less than 25 miles away

from their AQ monitor for both the Levels-Levels (top panel) and Log-Log (bottom panel)

specifications. The estimated coefficients for downwind AQ monitors are larger than the

corresponding estimates for upwind AQ monitors for both the less than 25 miles (Column

1) and between 25-50 miles (Column 2) distance bandwidths. However, neither the

upwind nor downwind coefficient estimates are statistically significant for plants between

25 and 50 miles from their AQ monitor. Finally, the estimated coefficient for downwind

monitors in Table 4 (1.14e-06) is larger than the corresponding overall estimate reported

in Table 2 (1.02e-06). We draw the exact same conclusions when examining the Log-Log

specification presented in the bottom panel of Table 4 as described above for the Levels-

Levels specification. PM2.5 particulates are generated both from wind blowing over coal

piles as well as from the volatile gases emitted by these piles. Our empirical findings are

consistent with the fact that these PM2.5 particulates are transported from power plant

to AQ monitor via downwind currents.

4.3 The Effect of Coal Stockpiles and Number of Deliveries on

PM2.5 Concentrations Interacted with Precipitation

In this subsection, we interact monthly, plant-level number of deliveries and coal stock-

piles with the logarithm of monthly total precipitation as measured by the set of meteo-

rological monitors within M miles of the plant’s corresponding air quality (AQ) monitor.

For example, if there are four meteorological monitors within M miles of a given AQ

monitor, we take the monthly sum over the hourly data on precipitation for each mete-

orological monitor and then take the inverse-distance weighted average over all four of
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Table 4: Effect of Coal Stockpiles on PM2.5 Concentration: Upwind vs. Downwind

Dependent Variable: PM2.5i,t

Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
CSp,t×

Monitor Downwind from Plant 1.14e-06*** 6.53e-08
(2.17e-07) (1.23e-07)

Monitor Upwind from Plant 9.18e-07*** 9.82e-09
(2.81e-07) (1.06e-07)

Observations 48,521 92,886
R-squared 0.847 0.824

Dependent Variable: log(PM2.5i,t) + 1
Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
log(CSp,t)×

Monitor Downwind from Plant 0.0067** -0.0015
(0.0031) (0.0018)

Monitor Upwind from Plant 0.0056* -0.0017
(0.0030) (0.0018)

Observations 47,169 90,535
R-squared 0.849 0.829

Notes: This table presents the regression results regarding how the link between coal stockpiles
and PM2.5 concentration levels varies with wind direction. The top panel of this table regresses
coal stockpiles (in tons) on PM2.5 (in micrograms per cubic meter) in levels; the bottom panel of
this table regresses coal stockpiles on PM2.5 in logs. In both panels, coal stockpiles are interacted
with the relative bearing between power plant and air quality monitor. A relative bearing of 0◦

means that the wind is blowing directly from the power plant to the AQ monitor, while a relative
bearing of 180◦ means that the wind is blowing directly from the AQ monitor to the power plant.
For each plant/air quality (AQ) monitor pair, we code the AQ monitor as “downwind” from the
plant if their relative bearing is less than 90◦ and code the AQ monitor as “upwind” from the
plant if their relative bearing is greater than 90◦. A unit of observation for these regressions is
plant/air quality monitor/month-of-sample. We restrict our sample to plants within 25 miles of
their air quality (AQ) monitor in Column 1 and we restrict our sample to plants between 25 and
50 miles of their AQ monitor in Column 2. Standard errors are clustered by air quality monitor
and are reported in parentheses. ***,**,* denote statistical significance at the 1%, 5%, and 10%
levels respectively. We control for quantity received, number of deliveries, and sum of coal stockpiles
from other plants. We also include meteorological controls, EPA emissions controls, coal quality
controls, and thermal generation controls. Finally, we include facility code/AQ monitor fixed effects
and county-of-AQ-monitor/month-of-sample fixed effects. We weight observations by the inverse of
the distance between air quality monitor and plant for these regressions. See Section 3.3 for more
details regarding our regression specification. See Appendix Tables A.1 and A.2 for the summary
statistics associated with these regressions.

these monitors for each month-of-sample.19 We consider M = 25 for the within 25 mile

19We weight by the inverse of the distance between the AQ monitor and each meteorological monitor;
the empirical results are very similar if we take an unweighted average instead.
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bandwidth specifications and M = 50 for the 25-50 mile bandwidth specifications.

The top panel of Table 5 shows that an increased number of coal deliveries generates

less additional PM2.5 at higher levels of precipitation. This is intuitive because local

pollution levels are known to decrease with rainfall due to “wet deposition”: PM2.5

particulates are brought from the atmosphere to the ground by rain. Thus, if transporting

and delivering coal generates a given amount of PM2.5, less of this PM2.5 remains in the

atmosphere for higher levels of monthly total precipitation. It is especially striking that

there is a positive and statistically significant effect of number of deliveries on PM2.5

even for plants between 25-50 miles from their AQ monitor when there is zero monthly

total precipitation; PM2.5 can remain in the air and thus travel greater distances if there

is no rainfall to bring these fine particulates to the ground.20 We draw exactly the same

conclusions as described above for the Levels-Levels specification when examining the

results from the Log-Log specification presented in the bottom panel of Table 5.

Table 6 displays the results interacting monthly total precipitation with coal stock-

piles. As with the number of deliveries, if a one ton increase in coal stockpiles translates

into a given level of PM2.5, we should expect less of this PM2.5 to remain in the atmo-

sphere for higher levels of precipitation due to wet deposition. We find that this intuition

holds for both the top panel (Levels-Levels specification) and bottom panel (Log-Log

specification) of Table 6. Namely, we see from Table 6 that the interaction term between

coal stockpiles and monthly precipitation is statistically significant and negative for both

the less than 25 miles and the 25-50 mile distance bandwidths. As before, we see that

there is a positive and statistically significant effect of coal stockpiles on PM2.5 even

for plants between 25-50 miles away from their AQ monitor when there is zero monthly

total precipitation; this highlights the importance of rainfall in reducing the level of local

ambient PM2.5 concentration levels.

4.4 Robustness Checks and Sensitivity Analyses

One potential concern with our empirical specification is that our estimates capture the

PM2.5 increases from burning coal rather than purchasing and storing it. We consider two

20We find positive and statistically significant increases in PM2.5 from coal procurement (both number
of deliveries and coal stockpiles) even for plants between 100 and 200 miles from their AQ monitors if
there is no precipitation in the entire month; these results are available upon request.
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Table 5: Effect of Number of Deliveries on PM2.5 Concentration: Interacted with
Precipitation

Dependent Variable: PM2.5i,t

Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
NDp,t×

Constant 0.0593*** 0.0298***
(0.0141) (0.0065)

log(Precipitation+ 1) -0.0303*** -0.0217***
(0.0086) (0.0042)

Observations 48,521 92,886
R-squared 0.847 0.824

Dependent Variable: log(PM2.5i,t) + 1
Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
log(NDp,t + 1)×

Constant 0.0286*** 0.0218***
(0.0066) (0.0037)

log(Precipitation+ 1) -0.0124*** -0.0135***
(0.0037) (0.0020)

Observations 47,169 90,535
R-squared 0.849 0.829

Notes: This table presents the regression results regarding how the link between number of deliveries
and PM2.5 concentration levels varies with precipitation. The top panel of this table regresses
number of deliveries on PM2.5 (in micrograms per cubic meter) in levels; the bottom panel of
this table regresses number of deliveries on PM2.5 in logs. In both panels, number of deliveries is
interacted with the log of total monthly precipitation (measured in inches); we include months-of-
sample with zero precipitation by adding one to our total monthly precipitation variable. A unit
of observation for these regressions is plant/air quality monitor/month-of-sample. We restrict our
sample to plants within 25 miles of their air quality (AQ) monitor in Column 1 and we restrict
our sample to plants between 25 and 50 miles of their AQ monitor in Column 2. Standard errors
are clustered by air quality monitor and are reported in parentheses. ***,**,* denote statistical
significance at the 1%, 5%, and 10% level, respectively. We control for quantity received, coal
stockpiles, and sum of deliveries from other plants. We also include meteorological controls, EPA
emissions controls, coal quality controls, and thermal generation controls. Finally, we include facility
code/AQ monitor fixed effects and county-of-AQ-monitor/month-of-sample fixed effects. We weight
observations by the inverse of the distance between air quality monitor and plant for these regressions.
See Section 3.3 for more details regarding our regression specification. See Appendix Tables A.1 and
A.2 for the summary statistics associated with these regressions.

robustness checks in order to rule out this concern. First, we include more flexible controls

for the monthly total thermal generation at each coal-fired power plant; in particular,

we control for linear, quadratic, and cubic terms for monthly thermal generation as well
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Table 6: Effect of Coal Stockpiles on PM2.5 Concentration: Interacted with
Precipitation

Dependent Variable: PM2.5i,t

Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
CSp,t×

Constant 1.65e-06*** 4.59e-07***
(2.59e-07) (1.02e-07)

log(Precipitation+ 1) -4.67e-07*** -3.07e-07***
(1.29e-07) (5.57e-08)

Observations 48,521 92,886
R-squared 0.847 0.824

Dependent Variable: log(PM2.5i,t) + 1
Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
log(CSp,t)×

Constant 0.0116*** 0.0045***
(0.0030) (0.0016)

log(Precipitation+ 1) -0.0048*** -0.0048***
(0.0009) (0.0004)

Observations 47,169 90,535
R-squared 0.850 0.830

Notes: This table presents the regression results regarding how the link between coal stockpiles
and PM2.5 concentration levels varies with precipitation. The top panel of this table regresses coal
stockpiles (in tons) on PM2.5 (in micrograms per cubic meter) in levels; the bottom panel of this
table regresses coal stockpiles on PM2.5 in logs. In both panels, coal stockpiles are interacted with
the log of total monthly precipitation (measured in inches); we include months-of-sample with zero
precipitation by adding one to our total monthly precipitation variable. A unit of observation for
these regressions is plant/air quality monitor/month-of-sample. We restrict our sample to plants
within 25 miles of their air quality (AQ) monitor in Column 1 and we restrict our sample to plants
between 25 and 50 miles of their AQ monitor in Column 2. Standard errors are clustered by air
quality monitor and are reported in parentheses. ***,**,* denote statistical significance at the 1%,
5%, and 10% levels respectively. We control for quantity received, number of deliveries, and sum of
coal stockpiles from other plants. We also include meteorological controls, EPA emissions controls,
coal quality controls, and thermal generation controls. Finally, we include facility code/AQ monitor
fixed effects and county-of-AQ-monitor/month-of-sample fixed effects. We weight observations by
the inverse of the distance between air quality monitor and plant for these regressions. See Section
3.3 for more details regarding our regression specification. See Appendix Tables A.1 and A.2 for the
summary statistics associated with these regressions.

as logged monthly thermal generation. Our empirical results including these controls

(presented in Appendix Tables A.4 and A.5) are very similar to those presented above,

indicating that variation in electricity generation is not driving our findings regarding
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the relationship between PM2.5 and coal procurement (read: coal stockpiles and number

of deliveries).

We also consider carbon monoxide (CO) as our dependent variable rather than PM2.5.

Combustion of any fuel (be it coal, diesel, or gasoline) emits both PM2.5 and CO. Thus,

we would expect to see a positive association between coal procurement and CO if our

empirical findings are due to combustion-based sources such as the burning of coal or the

burning of diesel or gasoline from the trains, barges and trucks carrying coal. Instead, we

find in Table 7 that there is no statistically significant link between changes in number

of deliveries and local PM2.5 concentration levels for either the within 25 miles or the

25-50 mile distance bandwidths. Similarly, Table 8 demonstrates that there is not a

statistically significant, positive association between coal stockpiles and carbon monoxide

concentration levels.21 Tables 7 and 8 provide strong evidence that our effect of coal

stockpiles and number of coal deliveries on PM2.5 is not coming from any alternative

source based on combustion. This rules out many of the potential confounding sources

of our findings, including the burning of coal or the burning of fuel by trains, barges, or

trucks delivering coal.

One may also be concerned that our empirical results are driven by weighting our

regressions by the inverse distance between air quality monitor and power plant. To

alleviate this concern, we re-ran our analyses: 1) weighting each observation by the

inverse of the number of power plants matched to each air quality monitor, and 2) not

weighting at all. We find very similar results for both of these alternative weighting

schemes; these empirical results are available upon request.

5 The Effect of PM2.5 on Mortality Rates

The previous section estimated the impact of coal procurement on PM2.5. This sec-

tion quantifies the impact of PM2.5 concentration levels on mortality rates using coal

stockpiles and number of deliveries as instruments for PM2.5. We first describe our data

on mortality rates. We next specify the ordinary least squares (OLS) and instrumental

21The coefficient estimate on coal stockpiles is statistically significant at the 10% level for the 25-50
mile bandwidth for the Levels-Levels specification (top panel, Column 2). However, this coefficient
estimate is negative rather than positive (increased coal stockpiles lead to lower CO) and its magnitude
is not economically significant.
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Table 7: Overall Effect of Number of Deliveries on CO Concentration

Dependent Variable: COi,t

Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
NDp,t -0.0004 0.0006

(0.0019) (0.0010)

Observations 14,190 27,461
R-squared 0.865 0.809

Dependent Variable: log(COi,t) + 1
Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
log(NDp,t + 1) -0.0003 -0.0032

(0.0045) (0.0054)

Observations 13,812 26,709
R-squared 0.866 0.824

Notes: This table presents the regression results regarding the link between number of deliveries
and carbon monoxide (CO) concentration levels. The top panel of this table regresses number of
deliveries on carbon monoxide (in parts per million) in levels; the bottom panel of this table regresses
number of deliveries on carbon monoxide in logs. A unit of observation for these regressions is
plant/air quality monitor/month-of-sample. We restrict our sample to plants within 25 miles of
their air quality (AQ) monitor in Column 1 and we restrict our sample to plants between 25 and
50 miles of their AQ monitor in Column 2. Standard errors are clustered by air quality monitor
and are reported in parentheses. ***,**,* denote statistical significance at the 1%, 5%, and 10%
level, respectively. We control for quantity received, coal stockpiles, and sum of deliveries from
other plants. We also include meteorological controls, EPA emissions controls, coal quality controls,
and thermal generation controls. Finally, we include facility code/AQ monitor fixed effects and
county-of-AQ-monitor/month-of-sample fixed effects. We weight observations by the inverse of the
distance between air quality monitor and plant for these regressions. See Section 3.3 for more details
regarding our regression specification. See Appendix Tables A.1 and A.2 for the summary statistics
associated with these regressions.

variables (IV) regression frameworks used to measure the impact of PM2.5 on mortality

rates due to different causes. Finally, we present our empirical results for both OLS and

IV specifications. Summarizing our findings, we see an economically small (and some-

times negative) association between PM2.5 and mortality rates when examining the OLS

results. However, the effect of PM2.5 on mortality rates is positive, statistically signif-

icant, and economically significant when we instrument using monthly plant-level coal

stockpiles and number of deliveries. Among other results, we find that a 10% increase in

PM2.5 leads to a 1.1% (6.6%) increase in average overall adult (infant) mortality rates.

One potential criticism of our coal procurement instruments is that power plants

respond to electricity demand, and electricity demand is correlated with local economic

outcomes and therefore local health outcomes. However, coal-fired power plants largely
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Table 8: Overall Effect of Coal Stockpiles on CO Concentration

Dependent Variable: COi,t

Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
CSp,t 1.26e-08 -5.23e-08*

(3.60e-08) (2.81e-08)

Observations 14,190 27,461
R-squared 0.865 0.810

Dependent Variable: log(COi,t) + 1
Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
log(CSp,t + 1) -0.0002 -0.0023

(0.0041) (0.0030)

Observations 13,812 26,709
R-squared 0.866 0.824

Notes: This table presents the regression results regarding the link between coal stockpiles and
carbon monoxide (CO) concentration levels. The top panel of this table regresses coal stockpiles (in
tons) on carbon monoxide (in parts per million) in levels; the bottom panel of this table regresses
coal stockpiles on carbon monoxide in logs. A unit of observation for these regressions is plant/air
quality monitor/month-of-sample. We restrict our sample to plants within 25 miles of their air
quality (AQ) monitor in Column 1 and we restrict our sample to plants between 25 and 50 miles
of their AQ monitor in Column 2. Standard errors are clustered by air quality monitor and are
reported in parentheses. ***,**,* denote statistical significance at the 1%, 5%, and 10% levels
respectively. We control for quantity received, number of deliveries, and sum of coal stockpiles from
other plants. We also include meteorological controls, EPA emissions controls, coal quality controls,
and thermal generation controls. Finally, we include facility code/AQ monitor fixed effects and
county-of-AQ-monitor/month-of-sample fixed effects. We weight observations by the inverse of the
distance between air quality monitor and plant for these regressions. See Section 3.3 for more details
regarding our regression specification. See Appendix Tables A.1 and A.2 for the summary statistics
associated with these regressions.

run continuously during our sample period, with little month-to-month variation in their

electricity generation. Moreover, the electricity produced by power plants goes into the

electricity transmission grid; this electricity generation is distributed regionally. Hence,

coal-fired power plants typically do not respond to month-to-month variation in local

electricity demand. This in turn makes it unlikely that power plants’ coal purchase

and storage behavior affects local health outcomes through the channel of local economic

outcomes correlated with electricity demand. As such, we argue that this setting provides

a novel strategy for identifying the causal relationship between PM2.5 and mortality rates.
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5.1 Data Sources For Mortality Rate Regressions

We collect monthly, county-level total number of deaths by category from the Centers

for Disease Control and Prevention (CDC); these categories are deaths related to the

cardiovascular, respiratory, or nervous systems, deaths due to external causes, and total

number of deaths by age group. We present results considering only people who are older

than 30 years old (“adults”), as this is the sub-population considered in epidemiological

studies such as Krewski et al. (2009). We also provide the empirical results counting

deaths of people of all ages in Appendix A; these all-age results are very similar to

those presented below for the ages 30+ subpopulation. Finally, our empirical results

demonstrate that infants (children ages 0-4) are especially vulnerable to the mortality

risk associated with PM2.5 increases.

We also use annual, county-level population data by age group from the Survey of

Epidemiology and End Results (SEER) collected by the National Bureau of Economic

Research (NBER) website.

5.2 Empirical Framework

We estimate the following specification relating mortality rates to local PM2.5 concen-

trations:

log(
Deathsc,t
Popc,y

) = αc,y + log(PM2.5i,t + 1)γ +Xi,p,tβ + εi,p,t (2)

where c indexes the county where air quality monitor (AQ) i is located, p indexes a coal-

fired power plant linked to AQ monitor i, t indexes the month-of-sample, and y indexes

the year-of-sample. This specification includes the same set of controls Xi,p,t as described

in Section 3 as well as county-of-AQ-monitor/year fixed effects (αc,y). We estimate this

equation separately for each type of mortality rate (cardiovascular, respiratory, nervous,

external, total, and infant).

The first-stage regression for our instrumental variables (IV) specification is:

log(PM2.5i,t + 1) = δc,y + log(CSp,t + 1)θ1 + log(NDp,t + 1)θ2 +Xi,p,tη + εi,p,t

In particular, we instrument for log(PM2.5 + 1) in Equation 2 with both log(CSp,t) and

log(NDp,t +1). As with the OLS framework, we estimate this IV specification separately
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for each type of mortality rate. Our standard errors are clustered by air quality monitor

and we weight by population for both OLS and IV specifications.22 Finally, we focus on

plants within 25 miles of their corresponding air quality monitor, as we found that there’s

a statistical link between coal procurement and PM2.5 for this distance bandwidth but

not the 25-50 mile distance bandwidth in Section 4.

5.3 Empirical Results

The top panel of Table 9 lists the empirical results when regressing mortality rate on

PM2.5 concentrations using the OLS framework described in the previous subsection.

We run separate regressions for the mortality rates associated with the cardiovascular

system, the respiratory system, the nervous system, all adult deaths, and external causes

such as accidents. The summary statistics for the regressions in this subsection are

relegated to Appendix Section A. Interpreting the first column of Table 9, we find that

a 10% increase in PM2.5 concentration levels corresponds to a 0.09% increase in the

cardiovascular mortality rate on average. Column 2 indicates that a 10% increase in

PM2.5 is associated with a 0.16% average increase in the rate of deaths due to the

respiratory system. The OLS coefficient estimates in Columns 1 and 2 are statistically

significant but economically small. However, Column 3 shows a negative and statistically

significant association between PM2.5 exposure and the nervous system mortality rate,

while the coefficient estimate on log(PM2.5 + 1) is not statistically significant in the total

mortality rate regression (Column 4). The mortality rate due to external causes such as

accidents should not be related to PM2.5 concentration levels; however, the OLS results

in Column 6 show a negative and statistically significant association between the external

mortality rate and PM2.5.

In contrast, the bottom panel of Table 9 provides the empirical results relating PM2.5

concentration levels to mortality rates for the instrumental variables (IV) specification.

As with the OLS results, we find a positive and statistically significant link between PM2.5

concentration levels and both cardiovascular and respiratory mortality rates. However,

the estimated coefficients in Columns 1 and 2 are much larger for the IV specification

relative to the OLS specification; the IV findings indicate that a 10% increase in PM2.5

concentration levels results in a 1.3% (4.7%) average increase in the cardiovascular (res-

22Our empirical results are similar if we do not weight by population.
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Table 9: PM2.5 on Mortality Rate: 25 Mile Bandwidth for Adults

OLS Specification
VARIABLES Cardio MR Resp. MR Nervous MR Total MR External MR

log(PM2.5 + 1) 0.009** 0.016*** -0.018** 0.003 -0.024***
(0.004) (0.006) (0.009) (0.003) (0.007)

Observations 42,988 36,961 29,122 44,021 30,255
R2 0.911 0.717 0.790 0.919 0.753

IV Specification
VARIABLES Cardio MR Resp. MR Nervous MR Total MR External MR

log(PM2.5 + 1) 0.134*** 0.469*** 0.239** 0.109*** -0.104
(0.039) (0.094) (0.097) (0.027) (0.086)

Observations 42,093 36,203 28,558 42,965 29,741
R2 0.903 0.609 0.769 0.908 0.752

Notes: This table presents the OLS and IV results regarding the link between PM2.5 concentration
levels and adult (ages 30+) mortality rates. The top panel of this table regresses the log of PM2.5 on
county/month specific mortality rates, while the bottom panel of this table uses both coal stockpiles
and number of deliveries as instruments for PM2.5 when assessing the impact of PM2.5 on mortality
rates. A unit of observation for these regressions is plant/air quality monitor/month-of-sample. We
restrict our sample to plants within 25 miles of their air quality (AQ) monitor. Standard errors
are clustered by air quality monitor and are reported in parentheses. ***,**,* denote statistical
significance at the 1%, 5%, and 10% levels respectively. We control for quantity received and
also include meteorological controls, EPA emissions controls, coal quality controls, and thermal
generation controls. We include county-of-AQ monitor/month-of-sample fixed effects as well. We
weight observations by the population of the county where the AQ monitor is located for these
regressions. See Section 5.2 for more details regarding our regression specification. See Appendix
Table A.6 for the summary statistics associated with these regressions.

piratory) mortality rate. Moreover, the IV coefficient estimates in Columns 3 and 4 are

positive and statistically significant as expected; we find a positive link between PM2.5

exposure and both nervous system mortality rates as well as total mortality rates. Using

the IV framework, there is not a statistically significant relationship between the external

mortality rate and PM2.5 exposure in Column 5; this finding is consistent with the in-

tuition that the probability of death due to external causes such as accidents should not

change substantially with PM2.5 concentration levels. Thus, this lack of a relationship be-

tween PM2.5 and the external mortality rate provides evidence that we are not capturing

some other source of variation that simultaneously increases both PM2.5 concentration

levels and mortality rates.23

23We obtain similar results if we only use coal stockpiles as an instrument rather than both coal
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We focus on the overall mortality rate for the subsample of people over 30 years

old because the USEPA typically uses the association between PM2.5 levels and overall,

post-30 mortality rates reported by Krewski et al. (2009) or Lepeule et al. (2012) in its

regulatory impact analyses for PM2.5.
24 For example, Lepeule et al. (2012) reports that a

1 ug/m3 increase in PM2.5 is associated with a 1.4% increase in overall, post-30 mortality

rates. The annual mean PM2.5 reading in 2014 was 8.4 ug/m3; at this mean PM2.5 level,

a 1 ug/m3 increase in PM2.5 amounts to a 11.9% increase in PM2.5 levels. This suggests

an elasticity of 0.014
0.119

= 0.12 based on the coefficient estimate reported by Lepeule et al.

(2012). The estimate of the all-cause, post-30 mortality elasticity with respect to PM2.5

implied by Lepeule et al. (2012) (0.12) is quite similar to our elasticity estimate (0.11).

However, PM2.5 levels have fallen since the Lepeule et al. (2012) study was published.

For example, the annual average PM2.5 level was 12.47 ug/m3 in 2008; a 1 unit change

in PM2.5 from the 2008 annual average level implies an elasticity of 0.18. However,

we obtain an elasticity of 0.006
0.119

= 0.05 if we instead do the same calculation using the

results from Krewski et al. (2009). Summarizing, our IV estimate of the all-cause, post-

30 mortality elasticity with respect to PM2.5 (which in 0.11) is slightly smaller than the

Lepeule et al. (2012) estimate (either 0.12 based on the 2014 average or 0.18 based on the

2008 average) but larger than the Krewski et al. (2009) estimate (which is 0.05 based on

the 2008 average). The fact that our estimated elasticity of mortality rate with respect

to PM2.5 is of the same magnitude as these epidemiological studies lends credence to the

USEPA analyses which make use of these studies.

Finally, we focus on the effect of PM2.5 on the mortality rates for children ages 0 to

4 (“infants”) in Table 10. Infants are known to be especially vulnerable to the negative

health effects from PM2.5. Consistent with this intuition, we see from the IV results in

the bottom panel of Table 10 that the average increase in infant mortality from a 1%

increase in PM2.5 (0.66%) is much larger than the corresponding average increase in adult

mortality rates (0.11%). Finally, we see from the top panel of Table 10 that ordinary least

squares does not identify a positive link between PM2.5 and infant mortality, highlighting

both the necessity of our instrumental variables identification strategy based on coal

procurement as well as the strength of the statistical link between coal procurement and

PM2.5 concentration levels.

stockpiles and number of coal deliveries (see Appendix Table A.8).
24The empirical results for the full population (see Appendix Table A.7) are quite similar to the results

described above for the over-30 subpopulation.
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Table 10: PM2.5 on Infant Mortality Rate: 25 Mile Bandwidth for Ages 0-4

OLS Specification
VARIABLES Total Infant MR

log(PM2.5 + 1) -0.012
(0.016)

Observations 11,291
R2 0.648

IV Specification
VARIABLES Total Infant MR

log(PM2.5 + 1) 0.657***
(0.030)

Observations 11,085
R2 0.442

Notes: This table presents the OLS and IV results regarding the link between PM2.5 concentration
levels and total infant (ages 0-4) mortality rate. The top panel of this table regresses the log of
PM2.5 on county/month specific total infant mortality rate, while the bottom panel of this table
uses both coal stockpiles and number of deliveries as instruments for PM2.5 when assessing the
impact of PM2.5 on infant mortality rate. A unit of observation for these regressions is plant/air
quality monitor/month-of-sample. We restrict our sample to plants within 25 miles of their air
quality (AQ) monitor. Standard errors are clustered by air quality monitor and are reported in
parentheses. ***,**,* denote statistical significance at the 1%, 5%, and 10% levels respectively.
We control for quantity received and also include meteorological controls, EPA emissions controls,
coal quality controls, and thermal generation controls. We include county-of-AQ monitor/month-of-
sample fixed effects as well. We weight observations by the population of the county where the AQ
monitor is located for these regressions. See Section 5.2 for more details regarding our regression
specification. See Appendix Table A.6 for the summary statistics associated with these regressions.

6 Local Environmental Health Costs of Coal Pro-

curement

We estimated the effect of coal procurement on PM2.5 in Section 4. The previous section

measured the effect of local PM2.5 concentration levels on mortality rates. This section

combines those two estimates; we translate the increases in PM2.5 from coal stockpiles

and deliveries into total number of deaths and ultimately calculate the social cost from

those deaths in dollars per ton using the Value of Statistical Life (VSL) approach. We

also present two alternative methods of calculating social costs as sensitivity analyses.

First, we use a concentration-response relationship from the epidemiological literature in

order to translate our estimated PM2.5 increase from coal procurement into total adult
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deaths. This alternative approach does not use our estimates of the effect of PM2.5 on

mortality rates. We also present social costs in life-years lost per ton of coal stockpiled or

delivered, allowing the reader to choose their own VSL when calculating social costs in

dollars per ton. Summarizing our primary findings, we calculate that a one ton increase

in coal stockpiles has local environmental costs of $182.67 while a one ton increase in the

quantity of coal delivered has local environmental costs of $202.51. Roughly 75% (25%)

of these social costs come from adult (infant) mortality due to the greater number of

adults exposed to the PM2.5 increases relative to infants.

6.1 Translating Partial Effects to Local Environmental Costs:

Methodology

In Section 4, we measured the extent to which fugitive and gaseous emissions from coal

deliveries and coal stockpiles have an effect on ambient PM2.5 levels. We quantify the

local health costs of such emissions in this section. We focus exclusively on mortality

risk because prior research has shown that the majority of damage from PM2.5 expo-

sure is due to elevated mortality risk (EPA (1999); Muller, Mendelsohn and Nordhaus

(2011)). This aspect of the analysis relies on plant-level average partial effects linking

coal stockpiles and deliveries to PM2.5. We denote these partial effects ∆PM2.5CS
p for

coal stockpiles and ∆PM2.5ND
p for number of deliveries, which we obtain by averaging

our air quality monitor/plant/month-of-sample level partial effects from Section 4 over

air quality monitors and months-of-sample for each power plant p. We divide the partial

effect from an additional delivery by the number of tons in the delivery in order to derive

a comparable marginal emissions figure for a ton of coal delivered versus a ton of coal

stockpiled. Summarizing, these partial effects translate a ton of coal stored or delivered

into PM2.5 increases in micrograms per cubic meter. We focus on ∆PM2.5CS
p in the

description below purely for ease of exposition.

We also rely on our estimated impact of PM2.5 on average adult and infant mortality

rates from Section 5; we denote these impacts ∆MRadult and ∆MRinfant. ∆MRadult and

∆MRinfant are based on estimated semi-elasticities converting PM2.5 in micrograms per

cubic meter into percentage changes in average adult and infant mortality rates. The

following equation formally describes how we calculate the total number of adult deaths
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from coal procurement induced increases in PM2.5 concentration levels:

Mp =
13∑
a=1

MRc,a(∆MRadult)(∆PM2.5CS
p )POPc,a (3)

where MRc,a is the mortality rate of age group a in the county c where power plant p is

located. We collect data on baseline mortality rates from the Centers for Disease Control

and Prevention (CDC) for the year 2011; these mortality rate data are provided in 13

age groups. For POPc,a, we use 2010 U.S. census block level population data in order

to find the total number of people in age group a living in census blocks in county c

whose centroid is within 25 miles of power plant p.25 We partially aggregate the Census

population data in order to match the age group designations used by the CDC for the

mortality rate data.

The result of multiplying population times mortality rate gives us total number

of deaths for each age group; we use the partial effects we estimated in Section 4

(∆PM2.5CS
p ) as well as the semi-elasticities we estimated in Section 5 in order to cal-

culate the total number of adult deaths (Mp) attributable to increased PM2.5 exposure

stemming from coal stockpiles.

The equation describing how to calculate total number of infant deaths is:

Mp = MRc(∆MRinfant)(∆PM2.5CS
p )POPc,infant

where POPc,infant is the population of children ages 0 to 4 (“infants”) living in census

blocks both within 25 miles of power plant p and in the same county c as power plant p.

MRc is the county-level infant mortality rate.

As a sensitivity analysis, we also use the concentration-response relationship estimated

in Krewski et al. (2009) in order to map the effect of coal stockpiles on PM2.5 into total

number of adult deaths. This approach, specified below, does not use our estimates of

the relationship between PM2.5 and mortality rates:

Mp =
13∑
a=1

POPc,aMRc,a(1−
1

exp(ρ∆PM2.5CS
p )

)

25In practice, this census block based population is typically only slightly smaller than county-level
population because the median county land area in the United States is 640 square miles (2010 Census).
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where ρ is a statistically estimated parameter reported by Krewski et al. (2009). Both

population (POPc,a) and mortality rates (MRc,a) are the same as defined above for

Equation 3.

The next step is quantifying the cost in dollars of these deaths. We employ the Value

of a Statistical Life (VSL) methodology for this conversion (Viscusi and Aldy, 2003),

using a VSL of $9.85 million based on the regulatory impact analyses for air pollution

conducted by the USEPA. The monetary marginal damage due to emissions from an

additional ton of coal stockpiled at plant p is given by:

MDCS
p = MCS

p V SL

We also calculate the life-years lost due to coal procurement induced increases in

PM2.5 concentration levels. To do this, we employ data on conditional life expectancy

by age group from the National Vital Statistics Reports (U.S. 2011 Life Tables). In our

VSL-based approach, we assume that an additional death in a given age group due to

increases in PM2.5 results in the loss of full life expectancy for that age group. In contrast,

life-years lost are calculated as the change in mortality risk for a given age group due to

PM2.5 increases times the conditional life expectancy of that age group. As an example,

if pollution exposure at a given location increases mortality risk for a given age group by

5%, then the years of life lost due to this pollution exposure is 0.05 times the conditional

life expectancy for that age group.

6.2 Translating Partial Effects to Local Environmental Costs:

Empirical Results

We calculate the local environmental health costs due to increases in PM2.5 emissions

from coal stockpiles and number of deliveries using the methodology discussed above. We

report social cost estimates based on the Log-Log specifications that account for the wind

direction between air quality monitor and coal-fired power plant;26 we focus on the partial

effects for plants within 25 miles of their corresponding air quality (AQ) monitor. Table

26Our social cost estimates are similar in magnitude if we instead use the Levels-Levels specifications
(Appendix Table A.9) or if we instead use the Log-Log specifications that fail to account for wind
direction (Appendix Table A.10).
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11 shows the results from these social cost calculations for the median plant; we present

the median social cost rather than the average social cost as the plant-level distribution

of these social costs is right-skewed. Column 1 of this table uses the link between PM2.5

and mortality estimated in Krewski et al. (2009) for adults (ages 30+), Column 2 of

this table uses our estimate of the effect of PM2.5 on overall adult mortality rates, and

Column 3 uses our estimate of the effect of PM2.5 on overall infant (ages 0-4) mortality

rates.

We see from Column 2 of the top panel of Table 11 that the monetary damage

per ton of coal stockpiled (delivered) due to increased adult mortality rates is $141.17

($159.73). The additional social cost from coal stockpiles (number of deliveries) due to

infant mortality is $41.50 ($42.78) per ton. Though a 1% increase in PM2.5 results in a

higher percentage increase in infant mortality rates relative to adult mortality rates, the

health cost for infants is smaller than the health cost for adults because the population

of adults is substantially larger than the population of infants. Our social cost estimates

for adults are substantially larger when we use our estimated effect of PM2.5 on adult

mortality rate rather than the effect estimated in Krewski et al. (2009), which makes sense

given that we estimate a larger effect of PM2.5 on adult mortality than Krewski et al.

(2009). However, our social cost estimates are slightly smaller than those found in Lepeule

et al. (2012), indicating that our estimates are not unreasonably large when compared to

the epidemiological literature. This highlights the importance of the relationship between

PM2.5 and mortality rates in quantifying the local environmental costs of air pollution;

even small differences in the PM2.5/mortality rate relationship used to calculate social

costs result in large differences in these social costs.

These per-ton local environmental damages from coal stockpiles and number of de-

liveries are quite large given that the average plant pays roughly $48 per ton for coal,

stockpiles 212,781.6 tons of coal and has 106,235 tons of coal delivered to it. However,

the middle panel of Table 11 presents our social costs on a per-MWh basis rather than

a per-ton basis; we convert tons of coal burned to MWh of electricity generated using

monthly, plant-level data on coal consumption (in tons) and electricity generation (in

MWh). Our estimates of the per-MWh social costs summing across both adults and in-

fants from storing (delivering) coal are $95.51 ($103.12). As a basis for comparison, Levy,

Baxter and Schwartz (2009) reports a median social cost (across roughly 400 plants) of
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about $140 per MWh for PM2.5 increases due to the combustion of coal; this translates

to roughly $230 per MWh if we adjust for the value of statistical life (VSL) used in our

paper versus the VSL used in Levy, Baxter and Schwartz (2009). Burning coal emits sig-

nificantly more PM2.5 than storing and transporting coal; it is thus comforting that our

local environmental health cost estimates for coal purchased and stored are substantially

smaller than the local environmental health costs estimated for coal burned.

Table 11: Local Environmental Costs of Coal Procurement

Air Pollution Costs: Dollars Per Ton
Adult: Krewski et al. (2009) Adult: IV Regression Infant: IV Regression

CSp,t 79.90 141.17 41.50
NDp,t 90.41 159.73 42.78

Air Pollution Costs: Dollars Per MWh
Adult: Krewski et al. (2009) Adult: IV Regression Infant: IV Regression

CSp,t 42.16 74.51 21.00
NDp,t 45.08 79.64 23.48

Air Pollution Costs: Life-Years Per 10,000 Tons
Adult: Krewski et al. (2009) Adult: IV Regression Infant: IV Regression

CSp,t 1.08 1.90 3.32
NDp,t 1.27 2.24 3.42

Notes: This table presents the local environmental costs of coal stockpiles and number of deliveries
for the median plant in our sample. We use the partial effects of coal stockpiles and number of
deliveries on PM2.5 based on the Log-Log specification accounting for the relative bearing between
power plant and air quality monitor from Section 4; we average over air quality monitors and
months-of-sample to obtain plant-specific partial effects. Column 1 of each panel uses the link
between PM2.5 estimated in Krewski et al. (2009) for adults (ages 30+), Column 2 of each panel
uses our own estimated link between PM2.5 and adult mortality from Section 5, and Column 3
uses our estimated link between PM2.5 and infant (ages 0-4) mortality. The top panel of this table
presents local environmental costs per ton of coal stockpiled and delivered. The middle panel of this
table presents social costs per MWh-equivalent of coal stockpiled and delivered; we convert tons of
coal to MWh of electricity by taking plant-specific total number of tons of coal burned and dividing
by total electricity generated. We use a value of statistical life of 9.85 million dollars to quantify
the costs in dollars of the increased mortality from coal procurement based PM2.5 for these top two
panels. Finally, the bottom panel presents social costs in life-years per 10,000 tons stockpiled and
delivered.

We also see from Table 11 that the local environmental damages from storing coal

are smaller than the local environmental costs of delivering coal. Our effect of number of

deliveries on PM2.5 primarily captures the emissions from coal handling and preparation

at the power plant; the effect of coal stockpiles on PM2.5 is due to the wind erosion and

gaseous emissions from stationary stockpiles. Thus, our empirical findings are consistent

with the notion that the air pollution costs from displacing coal should be larger than
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the air pollution costs from a stationary coal pile.

The bottom panel of Table 11 presents our local environmental cost estimates in life-

years per-10,000 tons. Focusing on Column 2, we see that a 10,000 ton increase in coal

stockpiled (delivered) results in roughly 1.90 (2.24) life-years lost for adults.27 Table 11

tells us that a 10,000 ton increase in coal stockpiles results in 0.1433 (= 141.17
9850000

× 10, 000)

deaths; this means that roughly 13.26 (= 1.90
0.1433

) life-years lost equals a death due to

the increased PM2.5 exposure from coal stockpiles. Thus, the reader can pick either a

different value of statistical life (VSL) or a different conversion rate between life-years

lost and deaths in order to scale up or scale down our local environmental cost estimates.

Figure 1: Damages Per Ton of Coal Stockpiled Across the U.S.

Notes: This figure displays the geographic dispersion across the United States of our plant-specific
estimates of the local environmental damages from increased PM2.5 exposure due to a one ton
increase in coal stockpiles. We use the effect of coal stockpiles on PM2.5 based on the Log-Log
specification accounting for the relative bearing between power plant and air quality monitor from
Section 4; we average over air quality monitors and months-of-sample to obtain a plant-specific
partial effect. We calculate damages based on our own estimated link between PM2.5 and adult
mortality from Section 5. We use a value of statistical life of 9.85 million dollars to quantify the
costs in dollars of the increased mortality from coal procurement based PM2.5.

Figure 1 displays the geographic dispersion across the United States of our plant-

27We draw exactly the same conclusions if we present our findings on a per-GWh basis rather than a
per-10,000 ton basis (see Appendix Table A.11).
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Table 12: Census Tract Summary Statistics: With versus Without a Power Plant

Tracts with a Plant Tracts without a Plant
Average Std. Dev. Average Std. Dev.

Prop. with a Bachelor’s Degree 0.19 0.17 0.24 0.19
Per-Capita Income 18,536 6,380.70 21,070.9 11,530.13

Median Family Income 45,926.54 15,812.66 50,490.47 24,277.27

Notes: This table presents census-tract level summary statistics separately for the 632 tracts with a
coal-fired power plant located within their borders versus the remaining 64,874 census tracts that do
not have a coal-fired power plant within their borders. The tract-level proportion of residents with
a bachelor’s degree, per-capita income, and median family income are collected from the 2000 U.S.
Census. The locations of coal-fired power plants are collected from the eGrid database constructed
by the USEPA.

specific estimates of the local environmental damages from increased PM2.5 exposure

due to a one ton increase in coal stockpiles. This figure highlights that the environmen-

tal costs of coal stockpiling are highly local; most counties do not have a power plant

located in them, and thus do not incur any local environmental costs from plants stock-

piling coal. Figure 1 also shows that local environmental damages are higher in areas

with higher populations; for example, we see particularly high health costs associated

with coal stockpiles in the Northeastern region of the United States. Figure 2 demon-

strates directly that our estimates of the per-ton local environmental costs from coal

stockpiling increase with total county-level adult population. This figure also shows that

the distribution of local environmental health costs are right-skewed; for example, we

estimate extremely large air pollution costs per ton of coal stockpiled in Cook County

(which contains Chicago).

Finally, the average census tract with a coal-fired power plant within its boundaries

has a lower median family income, a lower per-capita income, and a lower proportion of

residents with a bachelor’s degree relative to the average census tract without a coal-fired

power plant; these tract-level averages, calculated using data from the 2000 U.S. Census,

are displayed in Table 12. This evidence suggests that the highly localized environmental

impacts of coal transportation and storage are borne disproportionately by economically

disadvantaged communities.28

28Our empirical evidence is corroborated by Davis (2011), which finds that neighborhoods near fossil-
fuel fired power plants have lower average household incomes and educational attainment using restricted-
access census microdata from 1990 and 2000.
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Figure 2: Damages Per Ton Stockpiled versus Total Population
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Notes: This scatterplot shows the relationship between county-level adult (ages 30+) population
and our plant-specific estimates of the local environmental damages from increased PM2.5 exposure
due to a one ton increase in coal stockpiles. The adult population of the county where each coal-fired
power plant is located comes from the 2010 U.S. Census. We use the effect of coal stockpiles on
PM2.5 based on the Log-Log specification accounting for the relative bearing between power plant
and air quality monitor from Section 4; we average over air quality monitors and months-of-sample
to obtain a plant-specific partial effect. Damages are calculated based on our own estimated link
between PM2.5 and adult mortality from Section 5. We use a value of statistical life of 9.85 million
dollars to quantify the costs in dollars of the increased mortality from coal procurement based PM2.5.
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7 Conclusion and Policy Implications

Reliance on coal as an energy source is known to have environmental consequences all

along the supply chain from coal produced at mines to coal burned at power plants. This

paper uncovers a new dimension of coal use, the coal purchase and storage behavior of

U.S. power plants, that requires environmental policy intervention. We first quantify

the effect of coal deliveries and coal stockpiles on local ambient air pollution. Next, this

variation in local air pollution from coal procurement is used to identify the link between

PM2.5 and mortality rates. Finally, we combine our estimates with the methodology

utilized by the USEPA in their regulatory impact analyses in order to calculate the

per-ton social costs from plants’ coal purchase and storage behavior.

This paper demonstrates that the storage and conveyance of coal contributes to am-

bient PM2.5; thus, local, state, and federal air quality regulators have a new policy lever

they can use to comply with the National Ambient Air Quality Standards. Our analysis

also aids in the design of policies that manage the local environmental consequences of

any large scale coal transport or storage decision. As will be demonstrated below, this

is especially important for coal export terminals given that these terminals are located

in densely populated areas and transport and store large quantities of coal. Finally, our

results can be used to assess the local environmental consequences of even purely eco-

nomic policies. As an example of this, power plants subject to output price regulation

hold larger quantities of coal on site on average relative to plants facing electricity mar-

ket mechanisms (Jha, 2017); our findings indicate that this results in higher local PM2.5

concentration levels around regulated power plants. We argue that this environmental

cost should be included in assessments of utility rate regulation.

Summarizing our primary results, we find that a 10% increase in coal stockpiles

(number of deliveries) results in a 0.06% (0.12%) increase in PM2.5 concentration levels

on average. These PM2.5 concentration increases are more severe for: 1) local populations

downwind from coal-fired power plants, and 2) areas/months with less precipitation.

However, the combustion of any fuel, whether it’s coal burned by the power plant or

the fuel burned by the trains, barges, and trucks carrying coal, emits both PM2.5 and

carbon monoxide (CO). We show that there is no statistical effect of either coal stockpiles

or number of deliveries on carbon monoxide (CO), providing strong evidence that our

estimated increase in PM2.5 from coal procurement is not driven by combustion-based
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sources of PM2.5.

We next estimate the effect of PM2.5 on mortality rates, separately for mortality

rates based on cardiovascular system deaths, respiratory system deaths, nervous system

deaths, overall adult (people ages 30+) deaths, overall infant (children ages 0-4) deaths,

and deaths from external causes such as accidents. Ordinary least squares (OLS) re-

gressions of PM2.5 exposure on mortality rates yield economically small and sometimes

negative coefficient estimates. In contrast, we see positive, statistically significant, and

economically significant effects of PM2.5 exposure on mortality rates (excepting the ex-

ternal cause mortality rate) if we instrument for PM2.5 with coal stockpiles and number

of coal deliveries. The positive effect of PM2.5 exposure on mortality rates is especially

large for infants. Our elasticity estimate of the overall adult mortality rate with respect

to PM2.5 based on our new identification strategy is roughly in line with those used by

policymakers such as the USEPA to assess the environmental costs of PM2.5 exposure.

Thus, we provide evidence that these policy analyses are not significantly over-stating or

under-stating the effects of PM2.5 on mortality rates.

Finally, we combine our estimates of the average increase in PM2.5 from coal pro-

curement and the average increase in mortality rates from PM2.5 in order to quantify

the social costs of coal stockpiles and deliveries. In particular, we calculate the total

number of adult and infant deaths from coal procurement based PM2.5 emissions and

use the Value of a Statistical Life approach to monetize this mortality. Our results in-

dicate that health costs are roughly $183 ($203) per ton of coal stockpiled (delivered).

These local environmental costs are sizable given that U.S. coal-fired power plants pay

roughly $48 per ton for coal on average. However, our estimates are not unreasonably

large given that the per-MWh local damages from delivering and storing coal ($95.51 per

MWh-equivalent for storing coal and $103.12 per MWh-equivalent for delivering coal) are

substantially smaller than the local environmental damages from burning coal (roughly

$230 per MWh from Levy, Baxter and Schwartz (2009)).

The economic costs of simple PM2.5 mitigation strategies, such as covering coal stock-

piles or the rail cars containing coal, are almost certainly small when compared to the

environmental costs incurred by the economically disadvantaged communities living near

coal-fired power plants and railroad tracks. Moreover, a policy requiring that coal piles

be covered does not require significant coordination across jurisdictions because the en-
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vironmental impacts of coal purchase and storage behavior are highly local; for example,

the vast majority of the local environmental costs from a plant’s coal storage and han-

dling behavior are incurred in the jurisdiction where this plant is located. This stands

in direct contrast to proposed policy interventions for global pollutants such as the CO2

emissions generated when coal is burned. Thus, local environmental policies designed

to mitigate the PM2.5 emissions from coal procurement are likely easier to enact and

implement relative to policies designed to mitigate global or regional pollutants such as

CO2 or SO2. Finally policies targeting the PM2.5 emissions from coal procurement may

be a low-cost method to comply with the National Ambient Air Quality Standards.

The local environmental health costs from coal handling and storage apply more

broadly than our examination of U.S. coal-fired power plants. The terminals exporting

coal, the railroads used to transport coal, and the mines that produce coal are also likely

to be associated with increased PM2.5 exposure from dust emissions. To demonstrate

this, we combine our estimates of the effect of coal storage on local PM2.5 with data

from SNL Financial on the location of coal export terminals and the monthly quantity

of coal stored at the terminals in order to provide a rough estimate of the social costs

from these facilities. Using the methodology described in the previous section, we find

local environmental costs of $325 per ton of coal stored at a terminal. This value is

considerably larger than the effect from coal stockpiles at power plants primarily because

export terminals are located in or near large cities while power plants tend to be in rural

areas. The data report 36 terminals in the coterminous United States, each of which

hold an average of roughly 29,900 tons of coal. Our back-of-the-envelope estimate of

the monthly damage from export terminals due to PM2.5 exposure is $350 million which

amounts to $4.2 billion annually. This exercise demonstrates that the adverse impacts

on community health from coal export terminals are likely to be significant.

Finally, even purely economic policies may have environmental consequences; thus,

the environmental impacts of different policy options must be included in any cost-

benefit analysis. For example, 75% of U.S. coal-fired electricity generation was produced

under output price regulation in 2015. Jha (2017) finds within a matched difference-

in-differences framework that, relative to plants facing electricity market mechanisms,

regulated plants: 1) hold roughly 13% more coal stockpiles controlling for coal con-

sumption, and 2) receive roughly 13% more deliveries per month controlling for quantity
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purchased.29 Our paper demonstrates that these regulatory distortions to coal procure-

ment behavior have environmental costs in addition to the economic costs documented

in Jha (2017). Namely, we estimate that a one ton increase in coal stockpiles has an

air pollution cost of $182.67, while coal deliveries generate social costs of $202.51 per

ton. For our 2002-2012 sample of plants within 25 miles of an air quality monitor, regu-

lated plants on average hold 261,999.8 tons of coal and receive 135,436.5 tons of coal per

month; there are 193 regulated plants in our data. Thus, the monthly air pollution costs

across all regulated plants of the 13% increase in coal stockpiles due to the structure of

output price regulation is approximately $1.2 billion (= 182.67×193×0.13×261, 999.8).

The equivalent calculation for coal deliveries yields an estimate of monthly damages of

roughly $700 million (= 202.51 × 193 × 0.13 × 135, 436.5). Annualizing this figure, the

total damages from coal stockpiles (coal deliveries) are $14 billion ($8 billion). Jaramillo

and Muller (2016) estimates that electric power generation in the United States (in-

cluding both coal and natural gas plants) produced damages of roughly $230 billion in

2002 and $170 billion in 2011 (both magnitudes are in 2014 dollars). Hence, our aggre-

gate estimates of the air pollution damages from increases in coal procurement at power

generation facilities due to output price regulation range between 10% and 13% of the

aggregate damages from combustion at these power plants.
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A Additional Tables and Figures

A.1 Additional Tables and Figures: Coal Procurement and

PM2.5

Table A.1: Summary Statistics: Plants less than 25 Miles from AQ Monitor

Variable Obs Mean Std. Dev.
PM2.5 (in ug/m3) 47,169 11.760 3.934

Stockpiles (in tons) 47,169 212,781.6 244,681.8
Number of Deliveries 47,169 2.899 3.628

Quantity Received (in tons) 47,169 106,235 123,238.9
Distance (in miles) 47,169 8.678 6.953

Relative Angle (in degrees) 47,169 87.915 55.813
Precipitation (in inches) 47,169 3.442 3.838

Dry Bulb Temp. (in degrees Fahrenheit) 47,169 53.334 17.491
Dew Point Temp. (in degrees Fahrenheit) 47,169 42.612 16.773
Wet Bulb Temp. (in degrees Fahrenheit) 47,169 48.036 15.873

Relative Humidity (percentage) 47,169 70.448 7.780
Station Pressure (in hundredths of an inch) 47,169 29.256 1.012

5% Wind Speed (in miles-per-hour) 47,169 0.328 0.842
95% Wind Speed (in miles-per-hour) 47,169 15.874 3.541

Num. of Plants per AQ Monitor 29,453 1.602 0.841

Notes: This table presents the summary statistics for the regressions regarding the effect of coal
procurement (coal stockpiles and number of coal deliveries) on PM2.5 discussed in Section 4. A
unit of observation for these regressions is plant/air quality monitor/month-of-sample. We weight
observations by the inverse of the distance between AQ monitor and power plant for these summary
statistics. We restrict our sample to plants within 25 miles of their air quality (AQ) monitor for this
table.
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Table A.2: Summary Statistics: Plants between 25 and 50 Miles from AQ Monitor

Variable Obs Mean Std. Dev.
PM2.5 (in ug/m3) 90,535 12.412 4.150

Stockpiles (in tons) 90,535 327,299 402,177.1
Number of Deliveries 90,535 4.529 5.205

Quantity Received (in tons) 90,535 177,000.3 213,660.9
Distance (in miles) 90,535 36.528 7.276

Relative Angle (in degrees) 90,535 88.438 53.912
Precipitation (in inches) 90,535 3.539 4.616

Dry Bulb Temp. (in degrees Fahrenheit) 90,535 54.554 16.876
Dew Point Temp. (in degrees Fahrenheit) 90,535 43.920 16.389
Wet Bulb Temp. (in degrees Fahrenheit) 90,535 49.243 15.416

Relative Humidity (percentage) 90,535 70.619 6.860
Station Pressure (in hundredths of an inch) 90,535 29.322 0.744

5% Wind Speed (in miles-per-hour) 90,535 0.311 0.705
95% Wind Speed (in miles-per-hour) 90,535 14.907 3.345

Num. of Plants per AQ Monitor 45,283 1.999 1.412

Notes: This table presents the summary statistics for the regressions regarding the effect of coal
procurement (coal stockpiles and number of coal deliveries) on PM2.5 discussed in Section 4. A
unit of observation for these regressions is plant/air quality monitor/month-of-sample. We weight
observations by the inverse of the distance between AQ monitor and power plant for these summary
statistics. We restrict our sample to plants between 25 and 50 miles of their air quality (AQ) monitor
for this table.
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Table A.3: Number of Deliveries on PM2.5: No Quantity Received Control

Dependent Variable: PM2.5i,t

Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
NDp,t 0.0146* -0.0062

(0.0077) (0.0049)

Observations 48,521 92,886
R-squared 0.847 0.824

Dependent Variable: log(PM2.5i,t) + 1
Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
log(NDp,t + 1) 0.0069* -0.0053**

(0.0041) (0.0026)

Observations 47,169 90,535
R-squared 0.849 0.829

Notes: This table presents the regression results regarding the link between number of deliveries
and PM2.5 concentration levels not controlling for the total monthly quantity of coal delivered to
each power plant. The top panel of this table regresses number of deliveries on PM2.5 (in micrograms
per cubic meter) in levels; the bottom panel of this table regresses number of deliveries on PM2.5

in logs. A unit of observation for these regressions is plant/air quality monitor/month-of-sample.
We restrict our sample to plants within 25 miles of their air quality (AQ) monitor in Column 1
and we restrict our sample to plants between 25 and 50 miles of their AQ monitor in Column 2.
Standard errors are clustered by air quality monitor and are reported in parentheses. ***,**,* denote
statistical significance at the 1%, 5%, and 10% level, respectively. We control for coal stockpiles, and
sum of deliveries from other plants. We also include meteorological controls, EPA emissions controls,
coal quality controls, and thermal generation controls. Finally, we include facility code/AQ monitor
fixed effects and county-of-AQ-monitor/month-of-sample fixed effects. We weight observations by
the inverse of the distance between air quality monitor and plant for these regressions. See Section
3.3 for more details regarding our regression specification. See Appendix Tables A.1 and A.2 for the
summary statistics associated with these regressions.

53



Table A.4: Overall Effect of Number of Deliveries on PM2.5 Concentration: Additional
Generation Controls

Dependent Variable: PM2.5i,t

Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
NDp,t 0.0178** 0.0012

(0.0074) (0.0044)

Observations 48,521 92,886
R-squared 0.847 0.824

Dependent Variable: log(PM2.5i,t) + 1
Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
log(NDp,t + 1) 0.0123** 0.0034

(0.0048) (0.0030)

Observations 47,169 90,535
R-squared 0.849 0.829

Standard errors clustered by air quality monitor in parentheses

Facility Code/AQ Monitor Fixed Effects Included

AQ County/Month-of-Sample Fixed Effects Included

Sum of Deliveries from Other Plants Included

Meteorological and EPA Emissions Controls Included

Coal Quality, Quantity Received, and Thermal Generation Controls Included

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

Notes: This table presents the regression results regarding the link between number of deliveries
and PM2.5 concentration levels controlling flexibly for total monthly thermal generation. The top
panel of this table regresses number of deliveries on PM2.5 (in micrograms per cubic meter) in levels;
the bottom panel of this table regresses number of deliveries on PM2.5 in logs. A unit of observation
for these regressions is plant/air quality monitor/month-of-sample. We restrict our sample to plants
within 25 miles of their air quality (AQ) monitor in Column 1 and we restrict our sample to plants
between 25 and 50 miles of their AQ monitor in Column 2. Standard errors are clustered by air
quality monitor and are reported in parentheses. ***,**,* denote statistical significance at the 1%,
5%, and 10% level, respectively. We include a linear, quadratic, and cubic term for monthly thermal
generation as well as logged monthly thermal generation as controls in these regressions. We also
control for quantity received, coal stockpiles, and sum of deliveries from other plants. Finally,
we include facility code/AQ monitor fixed effects and county-of-AQ-monitor/month-of-sample fixed
effects. We weight observations by the inverse of the distance between air quality monitor and plant
for these regressions. See Section 3.3 for more details regarding our regression specification. See
Appendix Tables A.1 and A.2 for the summary statistics associated with these regressions.
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Table A.5: Overall Effect of Coal Stockpiles on PM2.5 Concentration: Additional
Generation Controls

Dependent Variable: PM2.5i,t

Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)
CSp,t 1.02e-06*** 3.13e-08

(2.05e-07) (8.32e-08)

Observations 48,521 92,886
R-squared 0.847 0.824

Dependent Variable: log(PM2.5i,t) + 1
Dist. Bandwidth (≤ 25 Miles) (25-50 Miles)

log(CSp,t) 0.0061** -0.0016
(0.0029) (0.0016)

Observations 47,169 90,535
R-squared 0.849 0.829

Notes: This table presents the regression results regarding the link between coal stockpiles and
PM2.5 concentration levels controlling flexibly for total monthly thermal generation. The top panel
of this table regresses coal stockpiles (in tons) on PM2.5 (in micrograms per cubic meter) in levels;
the bottom panel of this table regresses coal stockpiles on PM2.5 in logs. A unit of observation for
these regressions is plant/air quality monitor/month-of-sample. We restrict our sample to plants
within 25 miles of their air quality (AQ) monitor in Column 1 and we restrict our sample to plants
between 25 and 50 miles of their AQ monitor in Column 2. Standard errors are clustered by air
quality monitor and are reported in parentheses. ***,**,* denote statistical significance at the 1%,
5%, and 10% level, respectively. We include a linear, quadratic, and cubic term for monthly thermal
generation as well as logged monthly thermal generation as controls in these regressions. We also
control for quantity received, number of deliveries, and sum of deliveries from other plants. Finally,
we include facility code/AQ monitor fixed effects and county-of-AQ-monitor/month-of-sample fixed
effects. We weight observations by the inverse of the distance between air quality monitor and plant
for these regressions. See Section 3.3 for more details regarding our regression specification. See
Appendix Tables A.1 and A.2 for the summary statistics associated with these regressions.
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A.2 Additional Figures/Tables: Mortality Rate Regressions

Table A.6: Mortality Rate Summary Statistics: 25 Mile Bandwidth

Variable Obs Mean Std. Dev.
Mortality Rate: Cardio (Per 1,000 People) 42,093 0.413 0.106

Mortality Rate: Respiratory (Per 1,000 People) 36,203 0.106 0.031
Mortality Rate: Nervous (Per 1,000 People) 28,558 0.054 0.018

Mortality Rate: Total (Per 1,000 People) 42,965 1.167 0.223
Mortality Rate: External (Per 1,000 People) 29,741 0.063 0.021

Population 42,965 1,282,459 1,119,970
PM2.5 (in ug/m3) 42,965 12.704 3.959

Stockpiles (in Tons) 42,965 173,513.4 210,923.6
Number of Deliveries 42,965 3.479 3.114

Infant Mortality Rate: Total (Per 1,000 People) 11,085 0.021 0.006

Notes: This table presents the summary statistics for the OLS and IV regressions regarding the link
between PM2.5 concentration levels and mortality rates discussed in Section 4. A unit of observation
for these regressions is plant/air quality monitor/month-of-sample. We weight observations by the
population of the county where the AQ monitor is located for these summary statistics. We restrict
our sample to plants within 25 miles of their air quality (AQ) monitor for this table. All of the
mortality rates listed are for adults (ages 30+) except for the total mortality rate for infants (ages
0-4).
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Table A.7: PM2.5 on Mortality Rate: All Ages/25 Mile Bandwidth

VARIABLES Cardio MR Resp. MR Nervous MR Total MR External MR

log(PM2.5 + 1) 0.0088** 0.0138** -0.0163* 0.0023 -0.0257***
(0.0036) (0.0055) (0.0086) (0.0028) (0.0065)

Observations 42,996 37,054 29,489 44,027 33,708
R2 0.916 0.735 0.800 0.926 0.773

Standard errors clustered by air quality monitor in parentheses

County of AQ Monitor/Year-of-Sample Fixed Effects Included

Meteorological and EPA Emissions Controls Included

Coal Quality, Quantity Received, and Thermal Generation Controls Included

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

VARIABLES Cardio MR Resp. MR Nervous MR Total MR External MR

log(PM2.5 + 1) 0.134*** 0.461*** 0.196** 0.117*** -0.0739
(0.0377) (0.0887) (0.0850) (0.0286) (0.0648)

Observations 42,101 36,293 28,921 42,965 33,079
R2 0.908 0.636 0.787 0.914 0.773

Standard errors clustered by air quality monitor in parentheses

County of AQ Monitor/Year-of-Sample Fixed Effects Included

Meteorological and EPA Emissions Controls Included

Coal Quality, Quantity Received, and Thermal Generation Controls Included

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

Notes: This table presents the OLS and IV results regarding the link between PM2.5 concentration
levels and mortality rates considering people of all ages. The top panel of this table regresses
the log of PM2.5 on county/month specific mortality rates, while the bottom panel of this table
uses both coal stockpiles and number of deliveries as instruments for PM2.5 when assessing the
impact of PM2.5 on mortality rates. A unit of observation for these regressions is plant/air quality
monitor/month-of-sample. We restrict our sample to plants within 25 miles of their air quality
(AQ) monitor. Standard errors are clustered by air quality monitor and are reported in parentheses.
***,**,* denote statistical significance at the 1%, 5%, and 10% levels respectively. We control for
quantity received and also include meteorological controls, EPA emissions controls, coal quality
controls, and thermal generation controls. We include county-of-AQ-monitor/month-of-sample fixed
effects as well. We weight observations by the population of the county where the AQ monitor is
located for these regressions. See Section 5.2 for more details regarding our regression specification.
See Appendix Table A.6 for the summary statistics associated with these regressions.
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Table A.8: PM2.5 on Adult Mortality Rates Using only CSp,t as an Instrument

VARIABLES Cardio MR Resp. MR Nervous MR Total MR External MR

log(PM2.5 + 1) 0.0086** 0.0156*** -0.0179** 0.0027 -0.0234***
(0.0036) (0.0055) (0.0088) (0.0027) (0.0070)

Observations 42,988 36,961 29,122 44,021 30,255
R2 0.911 0.717 0.790 0.919 0.753

VARIABLES Cardio MR Resp. MR Nervous MR Total MR External MR

log(PM2.5 + 1) 0.230*** 0.473*** 0.0721 0.182*** 0.0088
(0.0465) (0.0984) (0.0875) (0.0359) (0.0811)

Observations 42,093 36,203 28,558 42,965 29,741
R2 0.885 0.607 0.788 0.886 0.754

Notes: This table presents the OLS and IV results regarding the link between PM2.5 concentration
levels and adult (ages 30+) mortality rates. The top panel of this table regresses the log of PM2.5

on county/month specific mortality rates, while the bottom panel of this table uses coal stockpiles
as an instrument for PM2.5 when assessing the impact of PM2.5 on mortality rates. A unit of
observation for these regressions is plant/air quality monitor/month-of-sample. We restrict our
sample to plants within 25 miles of their air quality (AQ) monitor. Standard errors are clustered
by air quality monitor and are reported in parentheses. ***,**,* denote statistical significance at
the 1%, 5%, and 10% levels respectively. We control for number of deliveries, and quantity received.
We also include meteorological controls, EPA emissions controls, coal quality controls, and thermal
generation controls. Finally, we include county-of-AQ-monitor/month-of-sample fixed effects. We
weight observations by the population of the county where the AQ monitor is located for these
regressions. See Section 5.2 for more details regarding our regression specification. See Appendix
Table A.6 for the summary statistics associated with these regressions.
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A.3 Additional Results: Quantification of Local Environmental

Damages

Table A.9: Local Environmental Costs of Coal Procurement: Levels-Levels Specification

Air Pollution Costs: Dollars Per Ton
Adult: Krewski et al. (2009) Adult: IV Regression Infant: IV Regression

CSp,t 95.04 167.91 39.42
NDp,t 33.50 59.19 14.82

Air Pollution Costs: Dollars Per MWh
Adult: Krewski et al. (2009) Adult: IV Regression Infant: IV Regression

CSp,t 46.48 82.12 19.49
NDp,t 18.87 33.34 8.03

Air Pollution Costs: Life-Years Per 10,000 Tons
Adult: Krewski et al. (2009) Adult: IV Regression Infant: IV Regression

CSp,t 1.23 2.17 3.15
NDp,t 0.46 0.81 1.18

Notes: This table presents the local environmental costs of coal stockpiles and number of deliveries
for the median plant in our sample. We use the effect of coal stockpiles (number of deliveries) on
PM2.5 based on the Levels-Levels specification accounting for the relative bearing between power
plant and air quality monitor; we average over air quality monitors and months-of-sample to obtain
a plant-specific partial effect. Column 1 of each panel uses the link between PM2.5 estimated in
Krewski et al. (2009) for adults (ages 30+), Column 2 of each panel uses our own estimated link
between PM2.5 and adult mortality from Section 5, and Column 3 uses our estimated link between
PM2.5 and infant (ages 0-4) mortality. The top panel of this table presents local environmental costs
per ton of coal stockpiled and delivered. The middle panel of this table presents social costs per
MWh-equivalent of coal stockpiled and delivered; we convert tons of coal to MWh of electricity by
taking plant-specific total number of tons of coal burned and dividing by total electricity generated.
We use a value of statistical life of 9.85 million dollars to quantify the costs in dollars of the increased
mortality from coal procurement based PM2.5 for these top two panels. Finally, the bottom panel
presents social costs in life-years per 10,000 tons stockpiled and delivered.
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Table A.10: Local Environmental Costs of Coal Procurement Not Accounting For Wind
Direction

Air Pollution Costs: Dollars Per Ton
Adult: Krewski et al. (2009) Adult: IV Regression Infant: IV Regression

CSp,t 74.94 132.40 39.37
NDp,t 89.81 158.66 42.81

Air Pollution Costs: Dollars Per MWh
Adult: Krewski et al. (2009) Adult: IV Regression Infant: IV Regression

CSp,t 39.23 69.31 19.68
NDp,t 45.36 80.13 21.05

Air Pollution Costs: Life-Years Per 10,000 Tons
Adult: Krewski et al. (2009) Adult: IV Regression Infant: IV Regression

CSp,t 1.03 1.81 3.15
NDp,t 1.16 2.04 3.42

Notes: This table presents the local environmental costs of coal stockpiles and number of deliveries
for the median plant in our sample. We use the effect of coal stockpiles (number of deliveries) on
PM2.5 based on the Log-Log specification that does not account for the relative bearing between
power plant and air quality monitor; we average over air quality monitors and months-of-sample to
obtain a plant-specific partial effect. Column 1 of each panel uses the link between PM2.5 estimated
in Krewski et al. (2009) for adults (ages 30+), Column 2 of each panel uses our own estimated link
between PM2.5 and adult mortality from Section 5, and Column 3 uses our estimated link between
PM2.5 and infant (ages 0-4) mortality. The top panel of this table presents local environmental costs
per ton of coal stockpiled and delivered. The middle panel of this table presents social costs per
MWh-equivalent of coal stockpiled and delivered; we convert tons of coal to MWh of electricity by
taking plant-specific total number of tons of coal burned and dividing by total electricity generated.
We use a value of statistical life of 9.85 million dollars to quantify the costs in dollars of the increased
mortality from coal procurement based PM2.5 for these top two panels. Finally, the bottom panel
presents social costs in life-years per 10,000 tons stockpiled and delivered.

Table A.11: Local Environmental Costs of Coal Procurement In Life-Years: Per GWh

Adult: Krewski et al. (2009) Adult: IV Regression Infant: IV Regression
CSp,t 0.06 0.11 0.17
NDp,t 0.06 0.11 0.19

Notes: This table presents the local environmental costs of coal stockpiles and number of deliveries
for the median plant in our sample. We use the partial effects of coal stockpiles and number of
deliveries on PM2.5 based on the Log-Log specification accounting for the relative bearing between
power plant and air quality monitor from Section 4; we average over air quality monitors and months-
of-sample to obtain plant-specific partial effects. This table presents social costs in life-years per
GWh-equivalent of coal stockpiled (delivered); we convert tons of coal to GWh of electricity by
taking plant-specific total number of tons of coal burned and dividing by total electricity generated.
Column 1 of each panel uses the link between PM2.5 estimated in Krewski et al. (2009) for adults
(ages 30+), Column 2 of each panel uses our own estimated link between PM2.5 and adult mortality
from Section 5, and Column 3 uses our estimated link between PM2.5 and infant (ages 0-4) mortality.
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B Data Appendix

This Appendix section describes the data used in this paper as well as the data construc-

tion process in detail.

B.1 Data Sources: PM2.5 and CO Concentration Levels

We use the Air Quality System (AQS) data provided by the United States Environmental

Protection Agency (USEPA). This publicly available database includes hourly readings

of ambient PM2.5 concentrations at roughly 1,000 monitored sites across the contiguous

United States. We aggregate these data to monthly average PM2.5 levels for each air

quality monitor for the sample period 2002-2012. Similarly, the AQS data includes hourly

readings of carbon monoxide (CO) concentrations at roughly 700 monitored sites across

the contiguous United States. As with PM2.5, we aggregate these data to monthly average

CO levels for each air quality monitor for the regressions in Section 4.4. Importantly,

the AQS database also provides the latitude and longitude for each PM2.5 monitor and

CO monitor.

These hourly, monitor-level PM2.5 and CO data are available at:

http://aqsdr1.epa.gov/aqsweb/aqstmp/airdata/download files.html.

B.2 Data Sources: Coal Procurement

We collect monthly, plant-level data on end-of-month coal inventories, total monthly coal

consumption, and total monthly generation from Forms EIA-906 (for 2002-2007) and

EIA-923 (for 2008-2012).30 Data on coal stocks for 2002-2012 are considered proprietary;

we obtained a research contract with the Energy Information Administration (EIA) in

order to use these data for our analysis.

We construct coal purchase quantities, prices, number of deliveries, sulfur content and

ash content from Forms EIA-423 (2002-2007) and EIA-923 (2008-2012).31 The variables

in this purchase dataset include month of purchase, quantity purchased, delivered price,

30Monthly, plant-level total coal consumption and monthly, plant-level total electricity generation are
available at: http://www.eia.gov/electricity/data/eia923/.

31This purchase dataset is available at: http://www.eia.gov/electricity/data/eia423/ for pre-2008 data
and http://www.eia.gov/electricity/data/eia923/ for post-2008 data.
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heat content, sulfur content, ash content, county of origin, and whether the delivery came

from a long-term contract or the spot market. These data are at the “order level”; an

“order” as defined by these forms is based on the following criteria:

“Data on coal received under each purchase order or contract with a supplier should be

reported separately. Aggregation of coal receipt data into a single line item is allowed if

the coal is received under the same purchase order or contract and the purchase type,

fuel, mine type, State of origin, county of origin, and supplier are identical for each

delivery.”

In some specifications, we consider the “number of deliveries” to a plant in each month,

as measured by the number of orders each plant reports on the form for each month-of-

sample. Thus, our measure for the number of deliveries may be under-estimated to the

extent that deliveries under the same purchase order are aggregated as described in the

above quotation.

We only consider electricity generation plants whose “primary business purpose is the

sale of electricity to the public”32; this excludes plants that also sell significant quantities

of heat (“combined heat and power plants”) as well as commercial and industrial plants

that generate electricity for their own use.

The EPA eGrid database provides the latitude and longitude for each coal-fired power

plant; this database is located at: http://www.epa.gov/energy/egrid.

B.3 Data Sources: Meteorological Variables

Our meteorological controls come from the quality controlled local climatological data

(QCLCD) collected by the National Climatic Data Center (NCDC); these data include

hourly wind speed and direction, dry bulb temperature, wet bulb temperature, dew-point

temperature, relative humidity, station pressure, and precipitation at approximately

1,600 U.S. locations. We aggregate these data to the meteorological monitor/month-

of-sample level by taking time-weighted averages over hours of dry bulb temperature,

wet bulb temperature, dew-point temperature, relative humidity, and station pressure;

we use the meteorological monitor/month-of-sample level sum of hourly precipitation.

32This quotation is from the EIA Form 923 data dictionary.
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Wind speed is of primary importance to quantifying the local environmental costs as-

sociated with coal procurement as wind blowing over coal stockpiles and coal deliveries

generates PM2.5. Thus, we also control for the (5, 10, 20, 30, 40, 50, 60, 70, 80, 90,

95) hourly percentiles of wind speed, calculated over all hours-of-sample for each mete-

orological monitor/month-of-sample. Finally, we use the wind-speed weighted monthly

average wind direction measured at each meteorological monitor. Importantly, the NCDC

database also provides the latitude and longitude for each meteorological monitor.

These hourly, monitor-level, meteorological data are available at:

http://www.ncdc.noaa.gov/orders/qclcd/.

B.4 Data Sources: SO2, CO2, and NOx Emissions from Coal

Combustion

The EPA’s Continuous Monitoring Emissions System (CEMS) collects hourly data for

each plant on SO2, CO2, and NOx emissions (in tons) resulting from coal burned; we

sum these hourly data to the monthly level and control for the total SO2, CO2, and NOx

emissions for each plant in each month-of-sample.

These hourly, plant-level data on emissions from coal burned are available at:

http://ampd.epa.gov/ampd/.

B.5 Data Merge

We merge each air quality monitor i to meteorological monitors and coal-fired power

plants as follows:

1. For each month-of-sample, we find all meteorological monitors within M miles of

air quality monitor i. We take a weighted average of the meteorological data (for

example, wind speed and wind direction) across these meteorological monitors for

each air quality monitor i, where we weight by the inverse of the distance between

the air quality monitor and the meteorological monitor.

2. If M = 25 miles, we consider all coal-fired power plants less than 25 miles away

from air quality monitor i. If M = 50 miles, we consider all coal-fired power plants
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between 25 miles and 50 miles away from air quality monitor i.

Thus, our unit of observation is an air quality monitor/power plant pair for each

month-of-sample, emphasizing that each air quality monitor can be linked to multiple

power plants for a given month-of-sample. We examine how the effects of coal stockpiles

and number of deliveries on PM2.5 concentration levels decay with distance by separately

estimating these effects for plants within 25 miles of their corresponding air quality

monitor versus plants between 25 miles and 50 miles away from their corresponding air

quality monitor.
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