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1 Introduction

The notion that the value of local public goods should capitalize into housing values can

be traced back to the seminal work of Rosen, 1974. This hedonic pricing approach has

subsequently been used to estimate the value of many (quasi) non-market goods. These

estimates are particularly important in assessing the value of environmental quality since

benefits estimation is needed to justify regulatory actions (Congressional Research Service,

2017). The empirical literature on this subject spans a wide range of pollutants that include

solid waste, criteria air pollutants, and air toxins to name a few (e.g. Chay and Greenstone,

2005; Greenstone and Gallagher, 2008; Haninger, Ma, and Timmins, 2017; and Currie et al.,

2015). It is also worth noting that this corpus of research deploys a varied set of econometric

approaches, some of which are more susceptible to bias due than others (see Bishop et al.,

2020 for a good overview).

In this paper, we build upon this literature by exploiting transaction-level housing data

to estimate the impacts of changes in air quality resulting from a recent and pervasive

phenomenon – the retirement of coal-fired power plants. Over the past 15 years, the United

States has witnessed an unprecedented decline in coal-fired energy production. Since 2005,

total coal generation has fallen by 25% and more than 30% of plants have seen at least

one generating unit retire. At the same time, transmission constraints and other factors

often mean that new energy generation sources are built nearby to closing ones, creating

alternative sources of pollution (Burney, 2020). Indeed, in our sample, we see that on

average counties near closing coal units experience little change in generation levels, but a

large shift in generation mix. Thus, the health, employment, and blight effects from closures

and the degree to which they manifest in housing values should reflect the net effect from

these changes.

Our approach builds upon the seminal work of (Burney, 2020), who showed that closures

led to reductions in pollution and mortality in the county that housed that power plant. We

exploit the fact that pollution travels considerable distances from the plant (Changotra et al.,

2021), to implement a difference-in-differences design, which compares changes in outcomes

for individuals that vary in their proximity to a closing coal-fired unit. This allows us to

examine the differential impacts of closures on pollution, health and employment. Since

housing prices should capitalize both health and employment effects, we can then explore

whether they do so at the same rate across geographies to see whether the salience of a

closure, which is presumably higher for homeowners closer to the plant, influences valuations.

We begin our analysis with a focus on health and find that counties near a closing unit

experience large mortality improvements following shutdown. Specifically, relative to coun-

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
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ties between 30 and 45 miles away from a shutdown, counties whose population centroids

are within 15 miles of a shutdown experience a 2.77% decline in cardiovascular mortality,

while those that are 15-30 miles away experience a 1.47% decline. Counties within 15 miles

of a shutdown also experience a small (albeit insignificant) decrease in respiratory mortality.

Consistent with the etiology of disease resulting from power-plant pollution, neither group

of counties experiences differential changes in non-cardiovascular, non-respiratory mortality

after unit closure. These results are robust to the inclusion of additional covariates, including

pre-closure generation levels, demographics, and mortality rates.

Next, we examine local economic impacts at the county-level. We find no evidence for

economically meaningful effects on either major economic outcomes or local mining in the

two years following plant closure, regardless of distance from the plant, suggesting that

the local economic effects of power plant shutdowns are negligible. This finding provides

additional support that the observed mortality changes are caused by changes in pollution

and not other social or economic factors caused by power plant shutdowns. It also suggests

that our housing analysis estimates can largely be viewed as a measure of willingness to pay

for health.

Turning to our housing analysis, we find that housing values begin to increase within

6-10 months after retirement, but those effects are limited to those houses within 15 miles

of the closing unit. Moreover, that effect is only significant for complete plant retirements

(as opposed to partial ones), yielding an approximate increase in housing values of 5%.

That there are no capitalization effects beyond 15 miles, despite the notable health effects

at that distance, along with the absence of effects even quite close to the plant when the

closure is partial, underscores the importance of subjective perceptions in shaping market-

mediated price effects. These sorts of informational market failure have potentially far

reaching implications for the broader literature focused on pollution and housing values and

the welfare implications that are often derived from them.

The rest of this paper proceeds as follows. Section 2 provides background on the size and

speed of the US energy transition and the pollutants associated with this energy generation.

Section 3 describes our data and empirical strategy. Section 4 presents our results and

Section 5 concludes.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
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2 Background

2.1 US Energy Transition

Since 2005, US coal-fired generation has fallen by roughly 25% and more than one-fourth of

all plants have had at least 1 unit come offline. The causes of this decline are multi-faceted

and range from increased competition from natural gas (Johnsen, LaRiviere, and Wolff,

2017), energy demand shocks (Linn and McCormack, 2017), competition from renewables

(Fell and Kaffine, 2017) and increasingly strict regulatory policies (Krumholz, 2018).

The top left figure of Figure 1 shows the cumulative proportion of Acid Rain Program coal

plants operating in 2004 with at least one unit retired by year. By the end of the period,

around 30% of plants have had at least one unit retire. The remaining plots show the

probability of retirement as a function of 2004 unit SO2 pollution rate, unit age, and average

monthly 2004 unit generation. Older, smaller and more polluting plants are much more

likely to have a unit retire. These findings motivate our identification strategy: given the

significant differences in retiring and non-retiring plants, we restrict our analysis to retiring

plants only.

2.2 Pollutants and health

Coal-fired power generation may adversely affect human health through a number of chan-

nels. First, coal-fired power plants emit high quantities of SO2 and NOX. These molecules

act as precursors to PM 2.5, which has been found to negatively affect human health across

a wide variety of epidemiological and economic settings (EPA, 2018). In particular, PM 2.5

has been found to aggravate cardiovascular and respiratory disease, increasing the risk of

heart attacks and respiratory failure (Dominici et al., 2006). Some epidemiological studies

have also found that sulfur dioxide alone can have independent effects on cardiovascular and

respiratory mortality (Katsouyanni et al., 1997), while NOX acts as a precursor to ozone,

which has been found to lead to increased respiratory and cardiovascular mortality (Bell

et al., 2004).

In addition to the increase in particulate matter created by plant emissions, transporting

coal to existing plants can also be a substantial source of PM 2.5 through emissions from

trucks and trains. Coal plants’ storage of fuel stocks and waste can also adversely affect

human health. For instance, Jha and Muller (2017) find that increases in coal stockpiles

increase local PM 2.5 levels, leading to higher rates of adult and infant mortality.

At the same time, power plants fueled by natural gas also emit significant quantities of

PM 2.5 (Brewer et al., 2016). Since many of these coal-fired units are replaced with natural

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
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gas units (a claim that we will confirm directly with our data), the health effects of coal unit

retirements should be viewed as the net improvements associated with the transition from

coal to gas. Since the primary channel through which health is harmed is either respiratory

or cardiovascular impairment regardless of the fuel source, our primary analyses in this paper

will look at the effects of closures on respiratory and cardiovascular mortality, while treating

all other causes of death as a placebo outcome.

3 Data and Empirical Strategy

3.1 Empirical Strategy

The goal of this paper is to estimate the mortality effects of coal unit closures. To do this, we

need to construct a valid counterfactual for areas surrounding a coal unit closure subsequent

to the unit closing. Using either areas surrounding non-closing plants or areas without coal

plants is problematic as these counties differ from closing counties on a number of important

dimensions. As an alternative strategy, we instead perform an event study design using only

counties surrounding coal plants that closed (or are planning to close). To further control

for area differences that may be correlated with the timing of closings, we compare counties

closer to the closing with those that are located further away. Following Clay, Lewis, and

Severnini (2016), we compare counties within and beyond 30 miles from a closing unit as we

expect most of the direct health effects of closure to be within this radius.

Specifically, for each county we identify the first retirement that is within a 45 mile radius

of the county’s population centroid.1 We then compare mortality changes in counties that

are within 15 miles of the closing unit and within 15–30 miles of the closing unit to counties

that are 30–45 miles from the closing unit. Accordingly, we estimate:

Yct = γPostct +
D∑
b=1

βbPostct ∗ Ic(dist = b) + αc + δd(c)t + ϵct (3.1)

where c indexes counties, d(c) indexes census divisions (which contain counties), t indexes

month x year and b indexes distance bins where b ∈ ([0, 15), [15, 30), [30, 45)). This specifica-

tion non-parametrically estimates the effect of being various distances from the closing coal

unit relative to the omitted distance bin (30–45 miles). If we assume conservatively that

the coal unit has no mortality effect on counties whose population centroid is more than 30

miles away from the closing unit, the variables βb describe the mortality effect of being in

1This also restricts our sample to counties whose population centroid is within 45 miles of a coal unit
closing during our sample period.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
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distance bin b. The inclusion of month x year x census division effects implies that we are

controlling for any time-variant trends in our outcomes within a census division. We cluster

standard errors at the plant level.

The identifying assumption of these approaches is that there is no unobserved factor cor-

related with both mortality and a coal unit’s closing that disproportionately affects counties

close to the closing plant following closure. We attempt to empirically check this assump-

tion in several ways. First, we examine whether counties different distances from the closing

units have differential mortality trends prior to closing. This tests whether farther counties

serve as a valid control group for those closer to closing plants. Under this assumption, we

estimate the following:

Yct =
T∑

m=−T

γmIct(t−τ = m)+
T∑

m=−T

D∑
b=1

βbmIct(t−τ = m)∗Ic(dist = b))+αc+δd(c)t+ϵct (3.2)

where m indexes months relative to closure and τ is time of closure.

Second, if observed mortality differences are the result of coal unit closures, we should see

closure have little effect on non-respiratory, non-cardiovascular mortality outcomes. Accord-

ingly, we use non-respiratory, non-cardiovascular mortality as a placebo outcome to examine

if areas differentially close to the closure are experiencing shifts in overall mortality that

may be unrelated to the change in coal generation. Third, if results are not being driven

by baseline differences across counties different distances away from the closing units, then

coefficients should not change when we introduce baseline covariates interacted with time as

covariates. We include these controls as robustness checks for each of our primary models.

Finally, if this assumption is valid, then we should not see differential changes in other eco-

nomic outcomes following a unit shutdown for counties close to the closing unit. We check

this empirically using changes in employment, wages, population and income as outcome

variables.

Figure 2 shows the counties included in our sample broken down by distance bin. Our

analysis is focused on the Eastern half of the United States as this is where the bulk of the

country’s coal generation is located. We also compare baseline characteristics of counties

by their distance from a closing unit in Table 1. Counties are largely comparable across

distance bins, though mortality and poverty are marginally lower in the middle distance bin.

Since we see the largest mortality improvements in the closest counties, and we do not see

changes in non-pollution related deaths following plant closure, we are reassured that our

results are from the closures themselves and not due to mortality trends in the surrounding

communities unrelated to plant closures.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
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3.1.1 Closures and Home Prices

We examine the effect of plant closures on home prices using both a repeat sales framework

and a cross-sectional hedonic regression.

Ln(Price)isdpt = βbIbipPostpt + αbis + τpt +Ddt + εispt (3.3)

We examine the log price of home i in distance bin b state s and school district d associated

with plant p in year-month t. In the hedonic regressions, we control for home characteristics

by state and distance bin by plant. Home characteristics include binned number of bedrooms,

bathrooms, square footage, lot size, year built, property type, roof type, and heat type.

All categories include an indicator for missing values. The vector τpt contains plant by

year by month fixed effects to control for any time-varying characteristics of homes and

markets surrounding plants. Ddt controls for district by year effects to account for possible

changes in tax revenue from plant closures that may pass through to home prices.(Fraenkel

and Krumholz, 2022) The coefficient β on Postpt ∗ Iip is our coefficient of interest and

describes how home prices change in the period following plant closure within distance bins

of ([0, 15), [15, 30), [30, 45)). These distance bins match the distance bins used in the health

analysis. In additional specifications we test smaller distance bins and continuous distance.

We cluster standard errors at the plant level.

3.2 First Closings

Many counties are nearby multiple units that close during our study time period. Using each

closing as a unique event would introduce bias into our estimation because many months

would enter into our analysis multiple times, sometimes as pre-closing and sometimes as

post-closing. Instead, we choose to define the closing event for each county as the first

closing within a 45 mile radius of the county’s population centroid in the years 2005-2017.2

This empirical strategy means we only capture the reduced form effect of a closing. Because

closings are serially correlated, we capture both the effect of the original closing and the

effect of subsequent closings. On average, each “first closing” represents the closing of

2.08 units within a plant because in many plants multiple units close in close proximity.

Additionally, each county is exposed to an average 1.1 closing plants in the years following

the first shutdown because closings among nearby plants are serially correlated. Thus, each

closing should be thought of as the average effect of 2.29 units closing over the two years

following first shutdown.

2Almost no coal units closed between 1998-2005.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
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This allows for two interpretations of our results. First, they can simply be interpreted

as the reduced-form effect of a county’s first unit shutdown. Second, they can be scaled

down by 2.29 to find the average effect of any unit shutdown under the assumption that

later shutdowns have the same effect as earlier ones. For clarity of language, we refer to the

effect of a first unit closing over the subsequent sections, but it is important to remember

that this actually represents 2.3 units closing over the time period we are studying.

In the housing analysis, we consider separately plants that had all units close and partial

closings of plants that had a unit close while others remained in operation. A plant is

defined as partially closed if at least one generator is still operating in the year following the

retirement year. We identify continued operation by looking at units that continue to report

operating capacity and air pollution.

3.2.1 Unit of Analysis

In the health analysis, we use counties as the primary unit of analysis as counties are the most

granular geographic level for which we have mortality data. For each county, we identify

the first coal-fired generator closure within a 45 mile radius of the county’s 2000 population

centroid. Our choice follows Clay, Lewis, and Severnini (2016) who study the opening of US

coal plants in the postwar era. Clay, Lewis, and Severnini (2016) assert that the majority of

pollution will fall within 30 miles (50 kilometers) of a coal unit. Accordingly, we use counties

30-45 miles away from the closing unit as a control group.

Because counties have large differences in populations, we choose to population weight our

health results using 2005 county population. We do this for three reasons—first, population-

weighting provides the policy-relevant parameter as it identifies the effect of closure on the av-

erage affected person rather than the average affected county. Second, this person-level effect

allows for a more direct comparison with our housing results. Third, population-weighting

improves our ability to detect an underlying mortality effect from random month-to-month

variation in mortality Counties with low population have substantial month-to-month vari-

ation in mortality rates because mortality is a relatively rare event in small counties. Giving

these counties the same weight as large counties would introduce substantial noise into our

analysis.

In the housing analysis, we use a separate transaction-level dataset that allows us to

greatly improve the geographic precision of our results. We are able to identify homes at the

coordinate level and examine effects of closure both within distance bins and in continuous

distance. The housing results are implicitly population weighted as plants with more homes

nearby have more transactions that appear in the analysis.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
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3.3 Data

Data for this project comes from four primary sources. Mortality data come from the

2005-2015 National Center for Health Statistics’ restricted-use mortality file. These data

contain detailed information on all deaths in the United States within this time window

including month and year of death, cause of death and the deceased’s home county. We use

these data to create cause-specific mortality rates for each county for every month-year.3

Specifically, we examine three causes of death: cardiovascular, respiratory and all other

(total−cardiovascular−respiratory). Together, cardiovascular and respiratory deaths make

up approximately 42% of all deaths.

Data on unit fuel-type, pollution control adoption, generation and pollution levels comes

from the EPA’s Continuous Emissions Monitoring System (CEMS). We use all plants covered

by the Acid Rain Program, which covers the vast majority of US coal units with nameplate

capacity greater than 25 megawatts.

Data on generator retirements comes from EIA form 860, which lists retirement dates for

each retiring generator. We restrict our sample of retiring units to only those with a 2005

nameplate capacity above 25 MW. 415 coal plants were covered by the acid rain program

and used coal to generate electricity in 2004. Among these 138 had at least one unit that

retired or planned to retire before 2018. A further 33 plants had retiring coal units, but

were uncovered by the Acid Rain Program and so were excluded from our sample. We

finally dropped all plants with no coal production in 2004, the year before our sample period

begins, resulting in an additional 33 plants being excluded. Ultimately, we examine the

effects of closure on 383 plants spread across 40 states of which 134 had at least one unit

that retired before 2018.

Data on annual county demographic and economic characteristics comes from the US

Census Bureau intercensal estimates of age and population, the Small Area Income and

Poverty Estimates (SAIPE) and the Quarterly Census of Employment and Wages (QCEW).

Data on home sales come from Zillow-ZTRAX. A detailed description of how we assemble

the housing data can be found in Appendix A. Some plants cannot be included in our

analyses because there are too few housing transactions near them or because they are in

non-disclosure states.4

3We use county of residence, not county of death as the locator variable because we are interested in
changes of death due to everyday exposure. County of death may be dictated by the hospital in which the
deceased sought care.

4We include home sales transactions in AL, AZ, CA, CO, CT, DE, FL, GA, IL, IN, IA, KY, MD, MA,
MI, MN, NE, NV, NH, NJ, NY, NC, OH, OK, PA, RI, SC SD, TN, VA, WV, and WI. Figure A1 shows
plants that are included in the housing analysis.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
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4 Results

4.1 Generation and Pollution

We begin by examining the effect of a coal unit retirement on local generation and pollu-

tion. Although a shutdown by definition decreases generation and pollution at that unit, a

county could see no net change (or even an increase) if other units nearby (or in the same

plant) increased generation in response to the shutdown. In particular, we are interested in

differences in exposure to generation by a county’s distance to the retiring unit.

Accordingly, for the purposes of this analysis, our outcome variables are generation and

pollution among units within 30 miles of a county population centroid, where the literature

suggests much of the pollution harms takes place (Burney, 2020) (EPA, 2005). We then

compare changes in these outcome variables before and after closing between counties that

are 0-30 miles away from the closing unit, and counties that are 30-45 miles away from the

closing unit (omitted value).

Table 2 shows the results of estimating equation 3.1 with generation as an outcome. When

we examine changes in coal generation within 30 miles of a unit closure, we observe declines

in exposure to coal generation of roughly 100,000 MwH/month relative to counties 30-45

miles from the plant, or about 25% of average coal generation. However, this decline is

entirely compensated by increased natural gas production; total power generation within 30

miles of the plants see little meaningful change.5

This fact is important for interpretation; rather than the effect of removing a generating

unit with all else held constant, all estimates should be thought of as the reduced-form effect

of a shutdown, which includes any compensating generation from surrounding natural gas

plants to make up for the loss in capacity. This is also the policy relevant parameter. As

these results show, shutdowns do not happen in a vacuum, but instead cause other local

units to increase output. The policy-relevant mortality and housing effects are not simply

the effect of the shutdown, but the effect of the shutdown net the effect of new nearby

generation sources that come online to make up for the lost capacity. This effect is precisely

what we are estimating here.

In Table 2, Columns 4 and 5 show the change in pollution caused by the shutdown. Despite

the total level of generation within 30 miles of a closing unit remaining relatively similar,

SO2 and NOX emissions from electricity-generation units within 30 miles of the population

centroid fall by around 60%-70% after closure relative to control counties. This reflects the

fact that much of the compensating generation is from natural gas, which has much lower

5This effect is driven by a relatively small number of plants. Around one-third of counties experience
changes in natural gas generation after unit shutdown, but these changes are large.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
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emission rates.

Figure 3 shows these results in event study form. There are two important takeaways

from these figures. First, there does appear to be some ramp-down in the months prior to

shutdown. Beginning about a year before unit closure, we see decreases in generation and

pollution. Second, the size of this ramp down is dwarfed by the large decline that occurs

around the closure date. Importantly, any ramp down would lead to an underestimation

of mortality effects as the difference between pre and post closure is smaller than the true

difference in pollution exposure over a longer time horizon.

4.2 Adult Mortality

We next examine the effect of these generation and pollution declines on adult mortality.

Table 3 shows our primary results. The even columns show the effects on the mortality rate,

while the odd columns show the effect on the log transformation of the mortality rate. Both

specifications show that a unit closing significantly decreases cardiovascular mortality. Being

within 15 miles of a closing unit leads to a .46 cardiovascular deaths/100,000 population

reduction in mortality (a 2.8% decline, p < .01), while being within 15–30 miles of a closing

unit leads to a .35 fewer cardiovascular deaths/100,000 population (a 1.5% decline, p < .05).

There appears to be little effect on overall respiratory mortality; this may be because many

respiratory deaths are reflective of longer-term exposure. Respiratory deaths are also a rarer

event, making a change harder to detect.

Columns (7) and (8) show the effect of the coal unit closure on non-respiratory, non-

cardiovascular mortality. Pollution from coal plants largely affects respiratory and cardio-

vascular health in the short-run, thus we would not expect closure to have any effect on

non-cardiovascular, non respiratory deaths. That is precisely what we see here; the effects

of closure are small, statistically insignificant and do not vary systematically with distance.

This provides additional support that the observed effects are due to unit closures and not

other factors correlated with both closures and overall death rates.

Figure 4 shows the effects of closure on cardiovascular, respiratory, and all other mortality

in event study form for counties less than 30 miles (relative to being 30-45 miles from the

closing unit) before and after unit shutdown. Prior to unit shutdown, the effect on cardiovas-

cular mortality is consistently small, insignificant and demonstrates no clear pre-trend. After

closure, we can see an immediate downward shift in mortality, which persists for much of the

rest of the period. Although estimates are quite noisy, the shift in mortality at the month

of closure and the lack of a pre-trend nevertheless provides additional evidence that the

observed results unlikely to be driven by differential underlying trends in mortality between

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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close and far counties. The figures for respiratory and non-respiratory, non-cardiovascular

mortality show no clear trends, again supporting the idea that counties exposed to unit

closures did not have differential trends in mortality prior to shutdown.

Appendix Table A1 tests the robustness of these effects to the inclusion of a large number

of covariates. Columns (1) and (5) include plant-specific time trends. Columns (2) and (6)

include 2004 income and population variables interacted with year x month to control for

any differential mortality trends that may occur in counties with demographic or economic

profiles. Columns (3) and (7) add baseline generation, sulfur dioxide pollution and NOX

pollution interacted with year x month to control for any differential trends that might

occur between counties with different underlying exposure to generation. Columns (4) and

(8) control for 2004 respiratory mortality and cardiovascular mortality interacted with year

x month to control for different trends that might occur between counties with different

underlying baseline mortality levels. The coefficients on both cardiovascular and respiratory

mortality remain nearly the same in each of these three specifications, increasing confidence

that our results are not driven by underlying differences between counties.

Appendix Table A2 shows the robustness of estimates to different weighting schemes and

bandwidths. Columns (1) and (5) show the results of using unweighted regressions. Con-

sistent with the expected measurement error in mortality rates for small counties, observed

effects decline slightly and standard errors increase appreciably, but the effect on cardio-

vascular mortality remains highly economically (but not statistically) significant (.38 death

decline/100,000 population, p=.131). Columns (2) and (6) show the results using a bal-

anced panel; the results remain largely unchanged.6 Columns (3) and (7) show the results

using a 1 year bandwidth. The effects on cardiovascular mortality and respiratory mortality

are roughly the same. Columns (4) and (8) show results using a 3 year bandwidth. Both

cardiovascular and respiratory mortality effects shrink slightly, but remain economically sig-

nificant. The decrease in cardiovascular mortality remains significant for counties within 15

miles of a closing unit.

Finally, Appendix Table A3 shows these effects differentially by age, broken down by

individuals over-65 and under-65. Cardiovascular mortality effects appear to be roughly

uniform across age groups in percentage terms. Both over-65 and under-65 individuals

within 15 miles of the closing unit see cardiovascular mortality fall by roughly 2%, although

the effect is only statistically significant for elderly individuals.7 Interestingly, unit closure

does appear to lead to declines in respiratory mortality for middle-aged individuals, but not

6This restricts our sample to plants that closed between 2007 and 2013.
7This effect is similar for both groups in percentage terms but only significant for the elderly, possibly

due to the higher baseline cardiovascular mortality.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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the elderly. Individuals under 65 living in a county within 15 miles from the closing unit see

a .07/100,000 population decrease in respiratory mortality or a 4% decline.

4.3 Economic Changes

Unit closings may affect local economies in two principal ways that may affect housing values.

First, coal unit closures may lead to unemployment among unit workers. However, since coal

plants are relatively capital intensive, unit closures are unlikely to have a meaningful effect

on employment in all but the most rural areas. Second, if a coal plant is linked to a nearby

mine, unit closures may lead to negative demand shocks for local coal, leading to increased

unemployment among miners.8 Again, this is a largely rural phenomenon and, because we

weight by population, is unlikely to affect our main results.

Table 4 shows the primary results of this analysis. Wages and employment effects are

uniformly small, relatively precisely estimated and do not vary systematically with distance,

suggesting that economic effects are not driving the observed results. There is some sugges-

tive evidence that the counties closest to the plant see a small (≈ 4%) decline in utility and

transportation employment, but this effect is both highly insignificant and much too small

to have a meaningful effect on local economic health.

We next consider the possibility that coal plant closures may have had effects on nearby

coal mines. Using quarterly data on mining employees and production by county, we test

this hypothesis by comparing county-level mining outcomes before and after unit closure in

counties close to the closure relative to those 30-45 miles away. As Table 5 shows, there is

no evidence that local mining production, local mining employees or local mining hours fell

after unit closure. All point estimates are both economically and statistically insignificant.

In general, it appears that unit closures do not cause economic changes in a way that

could explain the capitalization results that we present in the next section. These results

also provide additional support for our empirical strategy since underlying differences across

near and close counties (and counties experiencing differential retirement timings) do not

differ in their economic experiences during the coal transition.

4.4 Home Prices

To examine the extent to which the coal unit retirement effects (i.e. health effects) are capi-

talized into home prices, we look at how home sales prices evolve following unit retirements.

Figure 5 shows a monthly event study of home price changes comparable to the analyses

in Figures 3 and 4. For homes within 15 miles of a plant, we see prices start to increase

8For plants that convert to NG, there could also be a temporary increase in employment in construction.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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6-10 months following unit retirement. Figure 6 considers the event study over a longer time

horizon. This figure plots the effect of log distance from plant interacted with year relative

to unit retirement. Following closure, homes closer to plants appreciate relative to those

farther away in a manner that persists up to 8 years after the unit retirement.

Table 6 shows our core housing results based on the main specification 3.3 using a repeat

sales analysis. As can be seen in Column 1, the retirement of at least one coal-unit at

a plant leads to an approximately 3% increase in home prices for homes within 15 miles

of the retiring plant. Columns 2 and 3 then illustrate that this effect is entirely drive

by full retirements, which bump the housing appreciation figure to 5%. Despite the large

pollution reductions associated with partial closure, we do not see a home price effect for

partial closure. Similarly, homes within 15-30 miles of the retiring unit, which experience

considerable health improvements as a result of the closure, experience no commensurate

change in housing values. This pattern of results remains unchanged, with strikingly similar

coefficients, when based on a cross-sectional comparison (see Appendix Table A4).9

Further confirming that effects are concentrated very close to the retiring plant, Appendix

Table A5 repeats the analysis of Table A4 using smaller bins. The effect of closure is

concentrated among houses within 20 miles of the plant, and the effect for plants less than

10 miles away is statistically significantly larger than that for houses in the 10-20 mile bin.

4.5 Valuing Health

We are now ready to calculate the implicit value that households place on a statistical life.

To be clear, this exercise requires a number of assumptions so our final estimates should

be interpreted accordingly. We begin with the numbers for cardiovascular and respiratory

deaths based on column 5 of Table 3, which indicate that coal unit shutdowns leads to 0.51

fewer cardiovascular and respiratory deaths/100,000 population per year among counties

0-15 mi from the shutdown and 0.315 fewer cardiovascular deaths/100,000 population per

year among counties 15mi-30mi from the shutdown. 10. Since this risk will be priced at the

household level, we need to convert this individual annual risk into a household one. The

average household size in the U.S is 3.4 (Fry, 2019) so this translates into a total reduction

in mortality risk of 0.00001734 and 0.00001071 per household per year, respectively.

Our calculation of the corresponding increase in housing values is based on the results

summarized in Table 6. Here we see that average pre-closure housing values are $217,535
9Figure A2 shows effects by plant. While the estimates are noisy, the trend of larger positive home price

improvements for full closures is clear.
10It is important to note that we are only attributing lives saved to a coal plant closure based on data

from the two years following the closure.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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for homes with 15 miles of retiring unit and $233,046 for homes between 15 and 30 miles

of the closing unit. For those close to the plant, housing values increase by approximately

3 percent while those further away appreciate at as statistically insignificant 0.3 percent.

Combining these figures suggest that homes with 15 miles of the decommissioned coal unit

appreciated by $6526 while those further away experience an imprecisely estimated increase

of $649. Since the health risks are annual, we we need to convert this capitalization value into

an annual cost. We do so by annuitizing that value into a a price based on the opportunity

cost of capital of %5 (the average mortgage rate during our study period). In the end, this

translates into an annual price per household of $326 for those within 15 miles of the plant

and $32 for those between 15 and 30 miles of the plant.

Armed with these annual risk reductions and additional costs per household, we can

provide a rough estimate for the willingness to pay to avert death, or the value of a statistical

life. Our results suggest that those homeowners within 15 miles of the plant have a VSL

of $18.8M. In contrast, those with homes between 15 and 30 miles of the plant have an

imprecisely estimated VSL of $0, or if we utilize the statistically insignificant point estimate

of housing price effects for this group then a VSL of $2.99M.

This estimate for those within 15 miles of a plant is approximately double the estimate

used by EPA (EPA, 2015) while the figure for those within 15-30 miles is quite close to

the lower end of the range found in a meta-analysis summarizing a range of estimate in the

literature (Viscusi and Aldy, 2003). More importantly, this result really drives home the

important role of perceptions when using revealed preference data to determine the value

of statistical life. While the improvement in health risk for those further from the plant is

slightly smaller than for those immediately adjacent, the big driver of these differences in

how those risks capitalize. Our findings are consistent with the notion that those further

from the plant are largely unaware of the health benefits and thus do not price them into

housing values.

5 Conclusion

The past two decades have witnessed an unprecedented transition from coal to gas-fired pow-

erplants in the United States. We exploit data on this transition to examine the health and

economic impacts of these changes and estimate how those changes capitalize into housing

values. Using a difference-in-differences design, we find that individuals in counties whose

population centroid is within 30 miles of a plant that closes at least one coal-fired unit ex-

perience 1.5-2% declines in cardiovascular mortality following shutdown. While these health

improvements appear to capitalize into housing values, they only do so for homes within 15

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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miles of the plant. Based on our back-of-the-envelope calculation, our results suggest that

those within 15 miles of the plant have a value of statistical life (VSL) of $18.8M while those

between 15-30 miles of the plant have a VSL of $2.99M. Given the absence of employment or

wage effects from shutdowns, the most plausible explanation for these differences in capital-

ization is differences in perceived risks. This point is reinforced by the fact that capitalization

effects only occur when coal-unit retirements are complete rather than partial, suggesting

that the visibility of these changes may play an important role in pricing outcomes.

This idea of inattention and risk salience is well established in the psychological and behav-

ioral economic literature (e.g. Johnson and Tversky, 1983; Slovic, 1995; Bordalo, Gennaioli,

and Shleifer, 2012; Gabaix, 2019), but appears under-explored in the environmental eco-

nomics and hedonics literature. Moreover, this pattern of results does not appear to be

unique to our setting. Recent work on air toxins using a very different empirical strategy has

also found that health impacts extend beyond the geographic range of capitalization around

the locations of toxic plants (Currie et al., 2015), though this geographic mismatch was not

the focus of their paper.

On the one hand, these finding are quite intuitive. Buyers of homes many miles from a

pollution source are unlikely to view them as a factor when bidding on a property. Indeed,

we implore the reader to name the major pollution sources more than 15 miles from their

current residence. On the other hand, it is important to note that it is not necessary to know

the source of pollution to have it priced into a property. Knowledge of the levels of pollution

in a given location should be sufficient for capitalization. Yet, despite the considerable

availability of publicly available data on air quality and the proliferation of cheap residential

air quality monitors that can provide hyper-localized information, this does not appear to

have reached a large enough audience to make a significant impact on housing prices for

those properties further away from the primary pollution sources.

This raises a number of important questions. First, if perceived risk plays an important

role in shaping housing prices across geographies, along what other dimensions might this

vary? How might education or other demographics alter the wedge between subjective and

objective beliefs? Second, why is this heterogeneity not resolved through market arbitrage,

such that we settle on a singular risk premium that lies somewhere between belief extremes?

Finally, if hedonic estimates are highly sensitive to differences in inter-individual ‘experi-

ences’, then what does this imply about cross-sectional approaches to estimation? Might

they help explain some of the inconsistencies in the literature (Smith and Huang, 1995)?

Together, these questions comprise a future research agenda. Regardless, it is clear that

much more work is needed to better understand the perception production function and

how that influences the standard interpretation of housing hedonic studies as a measure of

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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willingness to pay for non-market goods (Rosen, 1974). It also points to potentially fruitful

collaborations between environmental and behavioral economists.
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Figure 1: Unit Retirements

Figure shows probability that a plant has at least one unit retired as function of year, average year of
operation, 2004 SO2 pollution rate (SO2 Tons/MwH) and average monthly 2004 generation. The universe
of plants considered are all plants with at least one coal-fired generating unit in the Acid Rain Program
and with positive coal-fired generation in 2004.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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Figure 2: County Year of First Closure (2005-2017)

Figure shows each county by retirement (or proposed retirement) year of first retiring unit within 50 km of
the county population centroid. Counties in gray experienced no closures among units included in the Acid
Rain Program within the study time period.

Figure 3: Changes in generation and emissions before and after closure

Figure shows generation and pollution emissions from power plants within 30 miles of a county centroid for
counties experiencing closures among units within 45 miles of their population centroid in the 2 years
before and after the closure. All coefficients come from a regression of the outcome variable on a
months-since-closure indicator interacted with an indicator for whether the county population centroid is
within 30 miles of the closing unit (relative to being 30-45 miles away), a year x month x census division
fixed effect and county fixed effects. All regressions are weighted by 2005 county population and all
standard errors are clustered at the county-level.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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Figure 4: Changes in mortality before and after closure

Figure shows mortality rates for counties experiencing closures in the 2 years before and after the closure.
All coefficients come from a regression of the outcome variable on a months since closure indicator
interacted with a distance bin indicator for less than 30 miles from closing plant (relative to 30-45 miles), a
year x month x census division fixed effect and county fixed effects. Respiratory deaths are defined as
deaths with an ICD-10 code prefix of “J” , cardiovascular deaths are defined as deaths with an ICD-10
code prefix of “I.” All regressions are weighted by 2005 county population and all standard errors are
clustered at the county-level.

Figure 5: Home Price Effects of Unit Retirement: 0-15 miles vs 15-60 mi

Figure shows how home prices change for repeat sales within 2 years of a closure. All coefficients come from a regression of log home price on the
interaction of being within 30 km of a plant and indicators for months since closure and property fixed effects. Homes .5-60km from a retiring
plant are included.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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Figure 6: Home Price Effects by Continuous Distance

Figure shows how home prices change with increasing distance from plant following closure. All coefficients come from a regression of log home
price on the interaction of years since closure and log distance from plant. The regression includes fixed effects for home sold and
plantXyearXmonth fixed effects. Homes .5-60km from a retiring plant are included.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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Table 1: Predictors of county distance from plant

(1) (2) (3) (4) (5)
Ln(Pop 2004) LN(Inc 2004) % Pov. 2004 Ln(Card Mort 2004) Ln(Resp Mort 2004)

15-30 mi -0.254 0.0385 -0.0101∗ -0.0830∗ -0.0491
(0.267) (0.0354) (0.00582) (0.0438) (0.0492)

<15 mi 0.142 0.00681 -0.00228 -0.0548 -0.00109
(0.279) (0.0377) (0.00661) (0.0438) (0.0740)

Observations 944 944 944 944 944
Adjusted R2 0.175 0.094 0.069 0.225 0.095
Dep. Var. Mean 12.78 10.80 0.120 3.169 1.820
Population Weighted Yes Yes Yes Yes Yes

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

This table shows how various county-level variables predict the year of a county’s first coal unit retirement
within a 45 mi radius of the county population centroid. All regressions include census division fixed effects.
Standard errors are clustered at the plant level.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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Table 2: Effect of unit closure on generation and pollution

(1) (2) (3) (4) (5)
VARIABLES Coal Gen NG Gen Total Gen SO2 Tons NOX Tons

Post X < 30 mi -107855.9*** 97955.0* -39321.4 -1093.3*** -322.8***
(26355.6) (57361.7) (65488.2) (333.2) (103.7)

Observations 36576 36576 36576 36576 36576
R2 0.954 0.909 0.937 0.890 0.900
Population Weighted Y Y Y Y Y
Dep. Var. Mean 463928.1 260620.2 761301.9 1341.7 591.1

Clustered standard errors in parentheses

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

This table shows the effects of a coal unit closure within 30 miles of a county population centroid on coal
generation, natural gas generation, total generation, SO2 tons produced and NOX tons produced within a
30 mile radius of the county population centroid in the two years before and after a coal unit closure. We
include controls for county fixed-effects and year x month x census division fixed effects. All standard errors
are clustered at the closing plant level and regressions are weighted by 2005 county population.

Table 3: Effect of unit closure on local mortality

(1) (2) (3) (4) (5) (6) (7) (8)
Tot Card ln(Card Mort) Resp Mort ln(Resp Mort) Card + Resp ln(Card + Resp) All Other Mort ln(All Other)

Post X 15-30 mi -0.353∗∗ -0.0147∗∗ 0.0387 0.0188 -0.315∗∗ -0.00750 -0.000345 0.00496
(0.142) (0.00678) (0.0783) (0.0119) (0.146) (0.00584) (0.221) (0.00558)

Post X <15 mi -0.463∗∗∗ -0.0277∗∗∗ -0.0471 -0.00622 -0.510∗∗ -0.0219∗∗∗ 0.184 0.00650
(0.158) (0.00801) (0.0786) (0.0137) (0.188) (0.00760) (0.311) (0.00700)

Observations 36549 35950 36549 32898 36549 36272 36549 36420
Dep. Var. Mean 21.93 3.022 6.627 1.786 28.56 3.290 40.09 3.648
Population Weighted Yes Yes Yes Yes Yes Yes Yes Yes

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

This table shows the effects of a coal unit closure on total cardiovascular mortality rate, total respiratory
mortality rate, total cardiovascular + respiratory mortality rate, and all-other-cause mortality rate within
45 mile radius of the county population centroid in the two years before and after a coal unit closure. All
distance bin indicators are relative to the 30mi-45mi distance to closing unit category. We include controls
for county fixed-effects and year x month x census division fixed effects. All standard errors are clustered at
the state level and all regressions are population-weighted. Respiratory deaths are defined as deaths with an
ICD-10 code prefix of “J” , cardiovascular deaths are defined as deaths with an ICD-10 code prefix of “I.”

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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Table 4: Effect of unit closure on local economic outcomes

(1) (2) (3) (4) (5) (6)
Mean Empl. Mn Empl. Ln(Mine+Util Emp.) Avg. Wage Ln Avg. Wage Ln(Mine +Util Wage)

Post X 15-30 mi 2371.8 0.000449 0.00416 3.717 0.00230 -0.00104
(4857.4) (0.00329) (0.0709) (2.493) (0.00201) (0.0171)

Post X <15 mi 3577.8 -0.00173 -0.0473 1.679 0.000582 -0.00612
(4582.3) (0.00297) (0.0813) (2.831) (0.00249) (0.0219)

Observations 13185 13183 6872 13185 13183 6872
Adjusted R2 1.000 1.000 0.952 0.928 0.967 0.815
Dep. Var. Mean 391964.1 12.00 6.382 974.7 6.849 7.359
Population Weighted Yes Yes Yes Yes Yes Yes

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

This table shows the effects of a coal unit closure on economic outcomes within a 100 km radius of the
county population centroid in the two years before and after a coal plant closure. Ln employment and ln
wage are measured quarterly and taken from the Quarterly Census of Employment and Wages (QCEW).
Ln population and ln median income are measured annually and taken from the census’ Small Area Income
and Poverty Estimates (SAIPE). All distance bin indicators are relative to the 60km-100km distance to
closing unit category. We include controls for county fixed-effects and year x month x census division fixed
effects. All standard errors are clustered at the county-level and all regressions are population-weighted.

Table 5: Effect of unit closure on local mining outcomes

(1) (2) (3) (4) (5) (6)
Coal Mine Emp Ln(Coal Mine Emp) Hrs Worked Ln(Hrs Worked) Coal Prod. Ln(Coal Prod.)

Post X 15-30 mi 2.521 -0.00696 2870.6 0.00169 -1929.7 0.00414
(4.998) (0.0267) (3462.3) (0.0287) (5425.0) (0.345)

Post X <15 mi 5.872 0.0251 3117.9 0.0239 635.2 0.184
(5.841) (0.0186) (4302.2) (0.0323) (3052.0) (0.181)

Observations 13185 10492 13185 10492 13185 1410
Dep. Var. Mean 110.7 4.209 58727.9 10.35 44157.4 11.74
Population Weighted Yes Yes Yes Yes Yes Yes

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

This table shows the effects of a coal unit closure on mining employment and production outcomes within
a 45 mile radius of the county population centroid in the two years before and after a coal plant closure.
We include controls for county fixed-effects and year x quarter x census division fixed effects. All standard
errors are clustered at the closing plant level and all regressions are population-weighted.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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Table 6: Home Price Effects by Full vs Partial Closure: Repeat Sales

(1) (2) (3)
Ln Price Ln Price Ln Price

<15 mi × Post Retire 0.0299∗∗ 0.0500∗∗∗ -0.0126
(0.0145) (0.0176) (0.0198)

15-30 mi × Post Retire 0.00300 0.0119 -0.00829
(0.0107) (0.0144) (0.0132)

Partial Both No Yes
Time Range All All All
N 5235351 2983326 2252025
# of clusters 73 42 31
Adjusted R2 0.776 0.763 0.771

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

This table shows the effect of a coal unit retirement on home prices. Homes within .5 - 45 miles of the
plant and transactions from 6 years before to 8 years after the retirement are included. Regression includes
yearXmonthXplant fixed effects. Standard errors are clustered at the plant level.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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Figure A1: Included Plants

Figure shows plants included in the health and housing analyses.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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Figure A2: Effect by Plant

Figure shows the coefficient on the .5-15 mi X post bin from the hedonic regression run separately by plant.

Table A1: Effect of Closure on Mortality Rate: Varied Bandwidths and Weighting

(1) (2) (3) (4) (5) (6) (7) (8)
Tot Card Tot Card Tot Card Tot Card Resp Mort Resp Mort Resp Mort Resp Mort

Post X 15-30 mi -0.331∗∗ -0.345∗∗∗ -0.399∗∗∗ -0.419∗∗∗ 0.0721 0.0605 0.0106 0.0495
(0.142) (0.120) (0.126) (0.133) (0.0746) (0.0719) (0.0730) (0.0713)

Post X <15 mi -0.581∗∗∗ -0.358∗∗∗ -0.515∗∗∗ -0.532∗∗∗ -0.0335 0.0299 -0.0691 -0.0341
(0.145) (0.135) (0.133) (0.136) (0.0851) (0.0660) (0.0803) (0.0736)

Observations 36088 36549 36549 36549 36088 36549 36549 36549
Adjusted R2 0.705 0.709 0.708 0.711 0.520 0.520 0.517 0.521
Dep. Var. Mean 21.81 21.93 21.93 21.93 6.595 6.627 6.627 6.627
Time x Closing Plant FE Yes No No No Yes No No No
Time x 04 Demo FE No Yes No No No Yes No No
Time x 04 Gener. FE No No Yes No No No Yes No
Time x 04 Mort Rate No No No Yes No No No Yes

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

This table shows the effects of a coal unit closure on total cardiovascular mortality rate, total respiratory
mortality rate, and other cause death rate within a 45 mile radius of the county population centroid in the
two years before and after a coal unit closure. All distance bin indicators are relative to the 30mi-45mi
distance to closing unit category. All regressions include controls for county fixed-effects and year x month
x census division fixed effects. All standard errors are clustered at the closing plant level and all regressions
are population-weighted. Respiratory deaths are defined as deaths with an ICD-10 code prefix of “J” ,
cardiovascular deaths are defined as deaths with an ICD-10 code prefix of ”I.”

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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Table A2: Effect of Closure on Mortality Rate: Baseline Controls

(1) (2) (3) (4) (5) (6) (7) (8)
Tot Card Tot Card Tot Card Tot Card Resp Mort Resp Mort Resp Mort Resp Mort

Post X 15-30 mi -0.101 -0.303∗∗ -0.384∗∗ -0.232 -0.170 0.0587 0.0224 -0.00503
(0.258) (0.134) (0.170) (0.152) (0.206) (0.0717) (0.0968) (0.0654)

Post X <15 mi -0.382 -0.442∗∗∗ -0.459∗∗∗ -0.408∗∗ -0.176 -0.0528 -0.0173 -0.0796
(0.252) (0.143) (0.163) (0.159) (0.208) (0.0888) (0.0965) (0.0876)

Observations 36549 26092 19938 56006 36549 26092 19938 56006
Adjusted R2 0.345 0.750 0.702 0.709 0.224 0.547 0.516 0.515
Dep. Var. Mean 25.70 21.66 21.91 22.03 8.887 6.360 6.657 6.626
Population Weighted No Yes Yes Yes No Yes Yes Yes
Balanced Panel No Yes No No No Yes No No
Event Window 2 Yrs 2 Yrs 1 Yr 3 Yr 2 Yrs 2 Yrs 1 Yr 3 Yr

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

This table shows the effects of a coal unit closure on total cardiovascular mortality rate, total respiratory
mortality rate, and other cause death rate within a 45 mi radius of the county population centroid in the
two years before and after a coal unit closure. All distance bin indicators are relative to the 30mi-45mi
distance to closing unit category. All regressions include controls for county fixed-effects and year x month
x census division fixed effects. All standard errors are clustered at the closing plant level and all regressions
are population-weighted. Respiratory deaths are defined as deaths with an ICD-10 code prefix of “J” ,
cardiovascular deaths are defined as deaths with an ICD-10 code prefix of “I.”

Table A3: Effect of unit closure on local mortality by age

(1) (2) (3) (4) (5) (6)
+65 Card +65 Resp +65 All Other <65 Card <65 Resp <65 All Other

Post X 15-30 mi -2.250∗∗ 0.446 0.0522 -0.0624 0.00831 -0.0229
(0.946) (0.423) (1.201) (0.0504) (0.0306) (0.0954)

Post X <15 mi -2.562∗∗∗ 0.287 1.001 -0.123 -0.0688∗∗ 0.119
(0.830) (0.522) (1.338) (0.0808) (0.0286) (0.155)

Observations 36549 36549 36549 36549 36549 36549
Adjusted R2 0.570 0.331 0.520 0.414 0.229 0.546
Dep. Var. Mean 131.7 41.25 199.5 4.811 1.176 15.33
Population Weighted Yes Yes Yes Yes Yes Yes

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

This table shows the effects of a coal unit closure on over 65 and under 65 total cardiovascular mortality
rate, total respiratory mortality rate, and all other cause death rate within a 100 km radius of the county
population centroid in the two years before and after a coal unit closure. All distance bin indicators are
relative to the 30mi-50mi distance to closing unit category. We include controls for county fixed-effects and
year x month x census division fixed effects. All standard errors are clustered at the closing plant level
and all regressions are population-weighted. Respiratory deaths are defined as deaths with an ICD-10 code
prefix of “J” , cardiovascular deaths are defined as deaths with an ICD-10 code prefix of “I.”

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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Table A4: Home Price Effects by Full vs Partial Closure: Hedonic Controls

(1) (2) (3)
Ln Price Ln Price Ln Price

<15 mi × Post Retire 0.0352∗∗∗ 0.0460∗∗∗ 0.00215
(0.0121) (0.0148) (0.0117)

15-30 mi × Post Retire 0.0104 0.0125 0.00850
(0.00781) (0.0117) (0.00945)

Partial Both No Yes
Time Range All All All
Repeat No No No
N 9066578 5429225 3629022
# of clusters 73 42 31
Adjusted R2 0.604 0.633 0.539

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

This table shows the effect of a coal unit retirement on home prices in a repeat sales framework. Homes
within .5 - 45 miles of the plant and transactions from 6 years before to 8 years after the retirement are
included. Regression includes hedonic by state, yearXmonthXplant, distance bin by plant, and district by
year fixed effects. Hedonics include square footage bins, indicators for number of bedrooms and bathrooms,
lot size bins, home size bins, heat type, roof type, and land use. Missing hedonics are replaced with an
indicator. Standard errors are clustered at the plant level.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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Table A5: Home Price Effects by Full vs Partial Closure : Smaller Bins

(1) (2) (3)
Ln Price Ln Price Ln Price

30 - 40 mi × Post Retire -0.00304 -0.000111 -0.00550
(0.0129) (0.00763) (0.0285)

20 - 30 mi × Post Retire 0.00439 0.00601 0.00245
(0.0138) (0.0143) (0.0273)

10 - 20 mi × Post Retire 0.0226 0.0314∗∗ 0.00641
(0.0153) (0.0153) (0.0290)

<10 mi × Post Retire 0.0433∗∗∗ 0.0531∗∗∗ 0.0231
(0.0146) (0.0144) (0.0289)

Partial Both No Yes
Time Range All All All
Repeat No No No
N 9089004 5443807 3636842
# of clusters 73 42 31
Adjusted R2 0.607 0.636 0.542

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

This table shows the effect of a coal unit retirement on home prices in a repeat sales framework. Homes
within .5 - 45 miles of the plant and transactions from 6 years before to 8 years after the retirement are
included. Regression includes hedonic by state, yearXmonthXplant, distance bin by plant, and district by
year fixed effects. Hedonics include square footage bins, indicators for number of bedrooms and bathrooms,
lot size bins, home size bins, heat type, roof type, and land use. Missing hedonics are replaced with an
indicator. Standard errors are clustered at the plant level.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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A ZTRAX Database

Home sales data come from the Zillow ZTRAX database and are merged to assessment
records using parcel ID. We restrict sales to properties categorized by Zillow as residential
and use very similar criteria to those in Graff Zivin and Singer, 2022 as shown in Table A6.
Included sales are non-foreclosures with a deed type that does not reflect a transfer between
family members, an inheritance, or another non-market transfer of property as listed in Table
A7. These sample restrictions are designed to capture arm’s length transactions. Foreclosures
are transactions flagged by Zillow as foreclosures, as well as tax deeds, foreclosure deeds,
commissioner’s deeds, redemption deeds, deeds in lieu of foreclosure, receiver’s deeds, sheriff’s
deeds, beneficiary deeds, notices of sale, and notices of lease pendens. This is a liberal
definition of foreclosure that includes the first notice of foreclosure.
For all sale types, we assume that a house will only transact once in a 93 day window.11

We define a transaction event as beginning with the first time a parcel transacts. If another
transaction is recorded within the next 93 days, that transaction is considered part of the
initial transaction, and we check for another transaction within the following 93 days, until
a 93 day period with no transaction activity passes.12 The transaction date is coded as
the date of the first event. The price is the maximum price observed over the transaction
window. We additionally restrict our sample to transactions where this maximum price is
more than $1000.
Home characteristics come from historical and current assessment data. When a list

a construction or remodel year that is after the sale, or when construction and remodel
information is not available, hedonics from the most recent assessment prior to the sale are
used. As in (Graff Zivin and Singer, 2022), we verify that house coordinates match across
assessments and are consistent with the listed county. We check the listed coordinates against
the vailidated coordinates in (Graff Zivin and Singer, 2022).
Transaction and assessment data originate from county governments. Because data are

provided at the county level, the years in which counties enter our sample differ even within a
state. However, we cannot simply use the first year a county has a transaction in the data as
the year in which data becomes available for a county because many counties include a small
minority of transactions (< .1% of housing units) for many years in the past before reporting
all transactions. Accordingly, we identify the starting year for each county in the following
way. We first identify all years in which a county had a greater than 300% increase in sales
(off a minimum of a base of 5 transactions). This threshold is chosen because it is greater
than any increase we would expect to observe in the course of normal annual fluctuations
and therefore is likely driven by changes in reporting. We then define a county’s initial year
as the most recent year in which there was a greater than 300% increase observed in our
data (or the first year transactions are recorded if >300% increase never occurred). We drop
all transactions prior to our empirically-defined “start year” from our analysis.

11Many transaction records only provide a month and year of sale. The 93 day window allows for any
three month window regardless of month length.

12Many events have multiple transactions recorded in the ZTRAX database due to mortgage changes,
adjustments, multiple foreclosure notices, etc.

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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Table A6: Retained and removed property types

Retained property types Removed property types
AP – Apartment Building AG – Agricultural
CD – Condominium CI – Commercial & Industrial
MF – Multi-Family Dwelling (2-4 Units) CM – Commercial
MH – Manufactured Home CP – Cooperative
MX – Mixed Use EX – Exempt
NW – New Construction GV – Government
PD – Planned Unit Development IM – Improved Land
RR – Residential IN – Industrial
SR – Single Family Residence MB – Mobile Home

RC – Recreational
UL – Unimproved Land/Lot
VL – Vacant Land/Lot

Notes: The table lists the retained and removed property types. Missing property types are also retained.

Table A7: Intra-family and gift document types

Doc. type code Document type Data type
AFDL Affidavit - Death of Life Tenant (termination of life interest)) D
AFDR Affidavit - Death of Trustee/Successor Trustee D
AFDT Affidavit - Death of Joint Tenant D
AFSJ Affidavit - Surviving Joint Tenant D
AFSS Affidavit - Surviving Spouse D
AFSV Affidavit - Survivorship D
AFTD Affidavit - Transfer on Death D
BFDE Beneficiary Deed D
EXDE Executor’s Deed/Executrix’s Deed D
GDDE Guardian’s Deed D
LFDE Life Estate Deed/Deed Reserving Life Estate D
GFDE Gift Deed D
GFGR Gift Grant Deed D
GFWD Gift Warranty Deed D
INTR Intrafamily Transfer & Dissolut D
JTDE Joint Tenancy Deed D
RFDE Referees Deed D
SVDE Survivorship Deed D
SVWD Survivorship Warranty Deed D
TFDD Transfer on Death Deed D

Data provided by Zillow through the Zillow Transaction and Assessment Dataset (ZTRAX). More information on accessing the data can be found at
http://www.zillow.com/ztrax. The results and opinions are those of the author and do not reflect the position of the Zillow Group.
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