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Abstract

Samuel Lindgren (2021): Pollution, Health and Housing Markets: Essays on
the Consequences of Environmental Policy. Orebro Studies in Economics 46.

The objective of the thesis is to estimate the health and housing market
effects of environmental policies and estimate how these effects are dis-
tributed among individuals.

The first essay estimates the health effects of a noise mitigation program
that provided dwelling insulation and noise barriers. The analysis is based
on hospitalization records and an event study model that compares dis-
ease rates for residents in treated homes to residents with similar attributes
in untreated homes. Results show that noise mitigation reduced the risk
of a cardiovascular disease by 12-14 percent after ten years. Effects are
driven by a reduced risk of hypertension and stroke and occur primarily
among those with lower income and education levels.

The second essay investigates the impact of the same noise mitigation
program on property prices. Using records on sales prices and property
attributes in a difference-in-difference model, I estimate the price effect to
be 10-12 percent, with larger price effects for homes with poor initial
exterior quality. Price gains are smaller for top earners, since they sort to
high-quality properties that benefit less from noise mitigation.

The third essay examines how information about pollution affects
neighborhood composition and households' choice of housing quality.
Combining data on sales prices, property attributes and household de-
mographics, I find that the announcement of an airport concession re-
newal induced higher-income households to sort away from the area ex-
posed to airport pollution. Higher-income households that located to the
area selected homes with better quality. These results help reconcile mixed
findings on residential sorting behavior in the literature.

The fourth essay estimates the effect of shipping emission standards on
air quality and health. The tightening of the sulfur emission standard re-
duced concentrations of sulfur dioxide by 22 percent and fine particles by
6 percent. In the subsample with air quality readings, the risk of low birth-
weight dropped by 7 percent.
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1. Introduction

Noise and air pollution are two primary environmental problems affecting
health and welfare. The World Health Organization (2011) estimates that
in western Europe alone, noise pollution is responsible for an annual loss of
at least one million healthy life years. Ambient fine particles (PM,s) is the
fifth leading risk factor for deaths globally and accounts for 4.2 million
deaths per year (Cohen et al. 2017). The transportation sector is one of the
main sources of noise and air pollution. In Europe, transportation produces
more than 10 percent of the total emissions of fine particles and is respon-
sible for virtually all of the 100 million people exposed to harmful noise
levels, with the industrial sector accounting for a minor fraction (EEA
2019a; 2019b).

Policies that reduce noise and air pollution may therefore produce bene-
fits in terms of health and other measures of well-being. The benefits of
lower pollution levels may also be capitalized into housing values, as indi-
viduals are willing to pay a premium to live in areas with better environ-
mental quality (Chay and Greenstone 2005). Because exposure and vulner-
ability to pollution differ between individuals, the gains in housing values
and health due to pollution control are likely to be unevenly distributed
within a population (Hsiang et al. 2019). Assessments of the benefits of
pollution control is a key input to decision making in public policy. Such
assessments allow the cost of regulation to be compared with the benefits,
thus permitting policymakers to obtain a better understanding of which pol-
icy instruments are more cost-effective than others. Assessments of benefits
from pollution control also allow for an analysis of the incidence of benefits
between groups, which is a crucial component for policy design and welfare
analysis.

This thesis analyzes health and housing market consequences of environ-
mental policies. The thesis consists of four self-contained empirical essays
and focuses on noise and air pollution generated by the transportation sec-
tor. The overarching objective of the thesis is to estimate health and housing
market effects of environmental policies and estimate how these effects are
distributed among individuals. The empirical applications cover two envi-
ronmental policies: emission standards in shipping and road traffic noise
mitigation through instalments of dwelling insulation and noise barriers.
The subsequent section reviews the literature related to the essays, section
3 summarizes the essays and section 4 provides a discussion of the results.

SAMUEL LINDGREN Pollution, Health and Housing Markets 11



2. Background

2.1. Health effects of noise and air pollution

The adverse health effects of air pollution are well-documented in the eco-
nomics literature and health sciences (Currie and Walker 2019; U.S. EPA
2017, 2019). Respiratory and cardiovascular disorders occur when the air
pollutants are inhaled and enter the body's respiratory and circulatory sys-
tems. Transportation is responsible for a sizeable share of airborne emis-
sions. For instance, maritime transportation accounts for ten percent of all
emissions of sulfur dioxides (SO;). Research in economics has highlighted
the harmful health effects from air pollution generated by maritime traffic
(Moretti and Neidell 2011), road traffic (Anderson 2020; Currie and
Walker 2011) and air traffic (Schlenker and Walker 2015).

Policies that target traffic-generated air pollution may therefore result in
health benefits. One commonly applied policy is fuel standards, which set
limits on the permissible amount of air pollutants released. Automobile
emission standards are well-researched in economics and have been shown
to improve air quality and health (Aufhammer and Kellogg 2011; Marcus
2017). However, the impacts of emission standards for maritime transpor-
tation have received little attention in the economics literature, despite the
sector's sizeable contribution to global air pollution (Corbett and Kohler
2003).

There is also evidence of health being adversely affected by noise pollu-
tion. Noise exposure causes annoyance and sleep disturbances which in turn
trigger cognitive and physiological stress reactions (Miinzel et al. 2017). In
the long-term, these stress reactions can increase blood pressure and con-
tribute to the development of cardiovascular diseases like stroke and heart
attacks (van Kempen et al. 2018). Road traffic is the dominant source of
noise pollution. Of the population exposed to excessive traffic noise levels
in Europe, 80 percent is exposed to high levels of road traffic noise, while
railway, air traffic and industrial noise is responsible for the other 20 per-
cent (EEA 2019Db).

Measures that reduce road traffic noise may thus be beneficial to popu-
lation health. One possible noise control strategy are physical interventions,
such as noise barriers and dwelling insulation, that reduce noise exposure
by blocking and deflecting sound waves (Kloth et al. 2008). Empirical in-
vestigations find that such measures reduce annoyance and sleep disturb-
ance among residents, which suggests that cardiovascular health also could
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have been affected (Nilsson and Berglund 2006; Amundsen et al. 2011).
However, while epidemiological studies consistently document associations
between road traffic noise and health risks (van Kempen et al. 2018), there
is little direct evidence of changes in cardiovascular health due to noise in-
terventions (Brown and van Kamp 2017). Consequently, there is still uncer-
tainty about the effectiveness of noise control strategies.

The health benefits of pollution control are important on their own but
need to be monetized if they are to be compared to the cost of regulation. It
is useful to separate the welfare cost of adverse health into two components.
The first is the cost of illness, which is the value of the resources lost due to
a health problem. This component includes the cost of medicine and treat-
ment, typically measured by expenditures on health and social care (Schlen-
ker and Walker 2016; Deschénes et al. 2017). The cost of illness also in-
cludes the value of lost productivity associated with the health problem,
frequently measured as the value of foregone earnings (Black et al. 2007).
The other component of the welfare cost of adverse health is individuals'
cost of utility loss due to illness. This component reflects the monetary cost
of discomfort and pain associated with a disease (Freeman et al. 2014). In
the case of morbidity, i.e., nonfatal illness, individual's valuation of utility
loss is difficult to directly estimate in an econometric model, because of the
vast number of possible health states (Cameron 2014). Some researchers
instead describe health states using a one-dimensional index like quality-
adjusted life years (QALYs) and derive the value of utility loss using esti-
mates of individuals' willingness to pay for a QALY (Hammitt and Han-
inger 2017).

2.2. Housing market effects of noise and air pollution

Another way to measure the benefits of environmental policy is through the
housing market. A standard framework to motivate this approach is the
hedonic model by Rosen (1974). The model describes the market for a dif-
ferentiated product whose price depends on its attributes. In the case of
housing, these attributes include structural characteristics (e.g., square foot-
age) and neighborhood amenities (e.g., air quality). Home buyers thus pay
to live in an area with lower levels of air pollution and noise, just like they
pay for more square footage. The derivate of the housing price with respect
to an amenity gives the marginal price of that amenity implicit in the overall
price of the house. This is a key parameter in the hedonic model because of
its welfare interpretation. Buyers optimize by selecting a house so that their
marginal willingness to pay for each attribute equals its marginal implicit
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price. The hedonic model thus provides an explanation for why observed
differences in housing values due to an amenity like air quality can be inter-
preted as individuals' marginal willingness to pay for that amenity. Based
on this rationale, a large literature uses housing prices to infer individuals'
willingness to pay to reduce noise and air pollution (Nelson 2008; Pope
2008; Andersson et al. 2010; Chay and Greenstone 2005).

Studies also use housing prices as a measure of the wider set of welfare
effects generated by environmental policies (e.g., Lang and Cavanagh 2018;
Billings and Schnepel 2017). These applications include cases where the pol-
icy affects more than one environmental hazard, thus making it difficult to
use housing values to identify households' willingness to pay for individual
pollutants. For instance, instalments of noise barriers reduce residents' ex-
posure to both traffic-generated noise and air pollution (Baldauf et al.
2008). Environmental cleanups may also produce benefits that are addi-
tional to the pollution reduction. In the noise barrier example, home buyers
may want to pay a premium to avoid transaction costs associated with in-
stalling screens themselves (Gerarden et al. 2017). In addition, individuals
may place positive and negative values on the changes induced by the policy.
For example, home buyers may perceive noise barriers as a visual disamen-
ity and require a price discount to locate nearby (Bangjun et al. 2003).
Hence, changes in housing values are best interpreted as reflecting house-
holds' net valuation of all costs and benefits induced by the policy.

One unresolved question in the economics literature is the degree to
which housing prices capitalize the monetized health effects of pollution
control. Pollution-related health risks may fail to be capitalize into housing
prices if households are unaware of ambient pollution or its harmful health
impacts. Indeed, housing prices have shown to respond to information
about local pollution exposure, which suggests that households initially
were imperfectly informed (Pope 2008). The degree to which housing prices
capitalize health effects is relevant to the body of economics literature rely-
ing on housing prices to measure the welfare effects of environmental poli-
cies (e.g., Lang and Cavanagh 2018; Billings and Schnepel 2017). These
studies will understate the total benefits of pollution control if housing val-
ues fail to fully capitalize the health effects. The existing literature contains
few direct investigations of this topic. One exception is Currie et al. (2015)
who find that industrial plant emissions affect both local housing values and
the risk of low birthweight among nearby residents. Their estimated cost of
low birthweight is small compared to the estimated value of losses in the
housing markets.
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2.3. Distribution of benefits from environmental policy

The gains in housing values and health generated by an environmental pol-
icy are unlikely to be evenly distributed across individuals. There are at least
two reasons why disparities can arise. First, the policy may reduce pollution
levels by uneven quantities. For instance, gasoline content regulations that
reduce traffic-related air pollution have shown to generate larger air quality
and health improvements in areas closer to highways (Marcus 2017). Sec-
ond, a uniform pollution reduction may produce larger benefits to some
groups than others. One explanation for this case is that the marginal health
damage caused by pollution is larger at higher pollution levels (Hsiang et al.
2019). For example, Winebreak et al. (2009) find that health effects are
non-linear and increasing with the level of air pollution from shipping. An-
other explanation why a uniform pollution reduction could lead to uneven
health benefits is that the pollution-health relationship is stronger for indi-
viduals with poorer baseline health. A given pollution reduction thus pro-
duces larger health gains among individuals more vulnerable to pollution.
Jans et al. (2018) identify differences in initial health across households as
the key explanation for why air quality levels cause differential health effects
among infants.

The hedonic model by Rosen (1974) offers useful insights into which type
of groups could benefit more than others from environmental cleanups. In-
dividuals in the hedonic model select residential location according to their
willingness to pay for environmental quality, which depends on their pref-
erences and budget. It follows that pollution exposure will be higher for
individuals with lower preferences and ability to pay for environmental
quality, as proxied by their income and other measures of socioeconomic
status. Consistent with this prediction, many empirical investigations find
that pollution exposure declines with income (Ringquist 2005; Barnes et al.
2019). If baseline exposure is higher among individuals with lower socioec-
onomic status, they could benefit more than others from environmental reg-
ulations. A case in point is Bento et al. (2015) who find that air quality
standards produce larger increases in housing values among lower-income
homeowners, since they were living in areas experiencing the greatest reduc-
tions in air pollution.

On the other hand, the hedonic model also suggests that individuals ini-
tially exposed to higher pollution levels may not benefit from a cleanup in
the end. The model predicts that reductions in local pollution will attract
individuals with higher willingness to pay for environmental quality to the
neighborhood and push up local housing prices and rents (Grainger 2012;
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Lang 2015). Individuals with lower willingness to pay for environmental
quality will be outbid in the housing market and relocate to settings with
lower housing prices and environmental quality (Sieg et al. 2004; Banzhaf
and McCormick 2012). Thus, the original residents may not experience the
health benefits of the pollution reduction.

Whether such residential sorting occurs is highly relevant for the distri-
butional nature of environmental policies. It also matters for the effective-
ness of policies targeting pollution exposure of disadvantaged groups. The
effectiveness of such policies will be lower if targeted populations relocate
after environmental cleanups. Empirical evidence on pollution-related resi-
dential sorting is mixed (Banzhaf et al. 2019). For instance, air quality re-
ductions have shown to attract households with children and higher income
in some settings (Lang 2015) but have little impact on household de-
mographics in other (Bento et al. 2015; Currie and Walker 2011). The lit-
erature contains several explanations for the conflicting evidence. Residen-
tial sorting may fail to be detected in aggregate population changes (Banzhaf
and Walsh 2013). Depro et al. (20135) illustrate how the use of aggregated
data can mask pollution-related sorting behavior at the micro level. Resi-
dential sorting could also fail to materialize if poor initial environmental
quality leads to stigma or dynamic effects large enough to prevent subse-
quent cleanups from inducing neighborhood changes (Cameron and
McConnaha 2006; Banzhaf et al. 2019). Still, the literature has not arrived
at a full understanding of the conflicting evidence on sorting behavior (Ban-
zhaf et al. 2019).

2.4. Research gaps

In summary, existing literature shows that environmental policies targeting
noise and air pollution may generate benefits in terms of improved health
and higher housing values. These benefits can be unevenly distributed across
socioeconomic groups, €.g., because of differences in baseline pollution ex-
posure and vulnerability to pollution. Some research also suggests that en-
vironmental policies induce changes in neighborhood demographics, as pol-
lution reductions attract individuals with higher willingness to pay for en-
vironmental quality.

The reviewed literature remains inconclusive about several questions, five
of which are dealt with in this thesis. First, do noise mitigation measures
affect cardiovascular health risk? This question is investigated in Essay 1,
through the examination of the impact of a noise mitigation program on
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the risk of cardiovascular diseases among residents. Second, what is the dis-
tributional nature of noise mitigation measures? This issue is analyzed in
Essay 1 and Essay 2. The latter study estimates the housing value gains from
noise mitigation. The results from the two essays show how benefits in
terms of housing values and health are distributed among different socioec-
onomic groups of residents. The third question is the extent to which hous-
ing values capitalize the health effects of pollution control. This topic is in-
vestigated by comparing the monetized health effects of noise mitigation
from Essay 1 to the housing market impacts of noise mitigation from Essay
2. The fourth question is whether the conflicting evidence on residential
sorting have other explanations than the ones put forward in existing liter-
ature? Essay 3 seeks to answer this question by analyzing the residential
sorting responses in the housing market following the renewal of an airport
concession agreement. The fifth and final question is whether emission
standards in shipping generate improvements in air quality and health? Es-
say 4 evaluates the tightening of the sulfur limit implemented in an emission
control area in 2015. The following section provides a longer summary of
each of the four essays.
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3. Summary of essays

Essay 1: A Sound Environment: Health Effects of Traffic Noise
Mitigation

The aim of this study is to estimate the health effects of noise mitigation.
The study analyses a nationwide noise mitigation program run by the Swe-
dish Road Administration (SRA) that installed noise barriers and fagade in-
sulation in dwellings exposed to excessive noise levels. The analysis covers
individuals residing in the dwellings considered for the noise mitigation pro-
gram by the SRA.

The outcome variables are constructed from hospitalization records and
measure the yearly prevalence of four cardiovascular diseases (hypertension,
atherosclerosis, stroke and ischemic heart disease). I also make use of data
from the SRA to identify the subset of dwellings that were provided noise
mitigation and the year of implementation. I restrict the sample to approx-
imately 10,000 individuals residing in the same dwelling throughout the pe-
riod of study (2003-2017).

The research strategy is based on an event study specification that com-
pares the development of health risks among individuals receiving noise mit-
igation to the risk among individuals in untreated homes. Consistent with
the identifying assumption, individuals in treated homes have similar char-
acteristics compared to individuals in the control group and there is no sign
of health risks deviating between the groups in the pre-treatment period.

Results reveal that noise mitigation measures lead to significant health
benefits. Compared to the control group, the risk of any cardiovascular dis-
ease drops by 6-7 percent after five years from the date of noise mitigation
and 12-14 percent after ten years. The risk reduction is completely driven
by reduced incidence of hypertension (high blood pressure) and stroke. Of
the total risk reduction by year ten, two thirds is due to lower risk of hyper-
tension and one third is due to lower risk of stroke. Health effects occur
primarily among the population with lower income and those with lower
education levels. This pattern suggests that these groups have higher under-
lying risk factors and are more vulnerable to noise pollution.

The reduction in disease risk produces public benefits in terms of reduced
health care expenditures and private benefits in terms of avoided disutility
cost of a disease. Estimates of the social costs of stroke from the literature
and the estimated stroke risk reduction imply a private valuation of 24,000
SEK per measure and public savings in health care expenditures of 9,826
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SEK per measure. Adding these two components implies private and public
health benefits that amount to three quarters of the program investment
cost.

Essay 2: A Sound Investment? Traffic Noise Mitigation and Prop-
erty Values

This study estimates the benefits of noise mitigation through its effect on
property prices. As in Essay 1, the analysis considers the noise mitigation
program that provided noise barriers and facade insulation to dwellings ex-
posed to excessive noise levels. The analysis is based on data on properties
whose program eligibility was assessed by the SRA. These data are matched
to administrative records on the attributes and sales prices of properties sold
between 1999 and 2017.

The research design exploits the fact that the SRA assessed properties'
program eligibility by calculating the level of noise exposure and evaluating
whether a measure would be technologically and economically feasible. I
make use of this feature in a differences-in-differences (DD) model, in which
the treatment group consists of properties that were provided noise mitiga-
tion and the control group contains those that were not. The DD estimator
compares the change in sales prices before relative to after an SRA assess-
ment between treatment group and control group properties.

Result show that the noise mitigation raised property prices by 10-12
percent on average. The increase presumably reflects the benefits associated
with reduced noise exposure levels and improvements in energy efficiency
due to additional dwelling insulation. Heterogeneity analyses show larger
price increases for properties with lower initial energy efficiency and exte-
rior quality. This result suggests that noise mitigation produced larger noise
reductions and improvements in energy efficiency among homes with worse
initial insulation.

Accounting for the investment cost of the measures, the benefits in terms
of housing price appreciation are 140-170 percent of the program cost. By
the metric of housing values, the average benefits of noise mitigation clearly
exceed the costs. I also consider the distribution of benefits across property
types and income groups. I find that gains in housing values are evenly dis-
tributed over the range of the income distribution where most property
owners are, but considerably smaller for top earners. Results indicate that
because price gains are smaller for properties with higher energy efficiency
and exterior quality, and top earners sort to these properties, the distribu-
tion of benefits are progressive at the higher end of the income distribution.
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Essay 3: Noisy Neighborhood but Nice House? Pollution and the
Choice of Residential Location and Housing Quality

This essay deals with residential sorting, i.e., shift in neighborhood de-
mographics in response to local pollution changes. The literature remains
inconclusive about the extent to which residential sorting takes place (Ban-
zhaf et al. 2019). Many empirical applications focus on the sorting response
to a single environmental factor, while holding constant other determinants
of residential location. There is less evidence of the role of structural housing
attributes, despite the importance of these factors in households' residential
choice.

The study asks how information about environmental pollution affects
neighborhood demographics and households' choice of housing quality.
The empirical setting is the housing market surrounding a city airport in
Stockholm. In September 2007, there was a public announcement of the
renewal of the airport concession contract, four years before contract ter-
mination. I treat the announcement as a shock to households' expectations
about future environmental quality for the properties exposed to noise pol-
lution from the airport. I construct a control group of properties located in
the same housing market but further away from the airport. The analysis is
based on data on sales prices, property attributes and socioeconomic char-
acteristics of home buyers.

I first provide evidence that the announcement serves as a shock to house-
holds' expectations. There was no mentioning of the airport in local or na-
tional media in the nine-month period prior to the announcement. In addi-
tion, the announcement caused property prices to drop in the treatment area
relative to control areas. This finding indicates that households did not an-
ticipate the announcement nor fully believed that the airport would con-
tinue to operate in the future.

I subsequently investigate residential sorting responses to the announce-
ment. I find that the average household buying a property in the treatment
area had lower income after the announcement compared to before, relative
to the development in the control area. This effect is partly due to a decline
in the share of top earners in the treatment area. Thus, the announcement
appears to have induced income-related residential sorting. I also analyze
the impact of the announcement on households' choice of housing quality.
I find that high-income households that located to the treatment area post-
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announcement opted for homes with better quality compared to high-in-
come households locating elsewhere. There were no such changes among
home buyers with lower income.

These findings suggest that higher-income households respond along at
least two margins when subject to a pollution shock. Some sort away from
the area, others locate in the area but opt for homes with better quality. The
degree of residential sorting thus depends on whether households respond
along the housing quality margin. This result offers one explanation as to
why the literature contains contradictory conclusions about residential sort-

ing.

Essay 4: The Coast is Clear: Impacts of Shipping Emission Stand-
ards on Air Quality and Infant Health

Marine fuel standards target harmful emissions of air pollutants from ship-
ping. Sulfur standards are defined in terms of a limit on the maximum sulfur
content allowed in marine fuel and is expressed in percent by mass. Several
countries are considering adopting standards stricter than the current global
one of 0.5 percent, but the associated benefits and cost are contested. It is
not clear whether additional tightening of the cap would generate meaning-
ful improvements in air quality and health.

This study analyses the tightening of the sulfur limit from 1 to 0.1 per-
cent, implemented in 2015 in a sulfur emission control area in north-west-
ern Europe. The analysis uses information about the incidence of low birth-
weight between 2010 and 2017 for administrative areas in England and
Wales, known as local authorities. I also construct local authority-level
measures of air pollution from air quality readings, which are available for
one third of the sample.

The identification strategy is based on the idea that exposure to shipping
pollution depends on distance to the coastline. I classify local authorities to
the treatment group if they are located within 35 kilometers of the coast to
the sulfur emission control area, which includes the English Channel and
the North Sea. The control group consist of the other local authorities. Es-
timates of the sulfur cap impacts are based on a difference-in-differences
model that compares the change in outcomes before and after the stricter
sulfur cap in 2015 for coastal areas relative to control areas. To make
groups more comparable, I reweight control areas using inverse probability
weights, constructed from propensity scores. This strategy puts more weight
on control group areas more likely to be coastal and less weight on those
unlikely to be coastal.
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The estimates reveal that the stricter sulfur limit improved air quality in
coastal areas. Concentrations of SO, fell by 0.58 microgram per cubic meter
(pg/m?3), or 22 percent, in the three-year period following the new sulfur
cap. PM;slevels dropped by 0.76 png/m?, or 6 percent. Results for low birth-
weight are mixed. There is no evidence of a change in the full sample, while
estimates for the sample of local authorities with air quality monitors sug-
gest that the sulfur cap improved infant health. Within this subsample, the
sulfur cap is estimated to have lowered the incidence of low birthweight in
coastal areas by 0.47 percentage points, or 7 percent. There is suggestive
evidence that the effect disparities between the samples arise because areas
with air quality monitors experienced larger air pollution reductions and
contained populations more vulnerable to air pollution.

Based on fuel price differentials, I estimate the cost to shippers of com-
plying with the sulfur regulation to be $1.8 billion per year. The reduction
in the rate of low birthweight generates benefits in terms of reduced expend-
itures on care for low birthweight infants and gains in lifetime earnings as-
sociated with higher birthweight. I estimate these savings to $30-43 million,
depending on the estimated cost of neonatal care. These benefits are thus
marginal (about 2 percent) compared to the compliance cost.

22 SAMUEL LINDGREN Pollution, Health and Housing Markets



4. Discussion

4.1. Contributions

This thesis makes five main contributions to existing literature. First, it pro-
vides novel empirical evidence of significant reductions in cardiovascular
health risks due to noise interventions in the residential environment. The
health outcomes are based on hospitalization records, which avoids prob-
lems associated with self-reported health (Basner and McGuire 2018). The
15-year long panel of health outcomes permits the detection of noise-in-
duced health effects, which are believed to occur especially after long-term
exposure (Miinzel et al. 2018). These two features allow for stronger claims
about the causal interpretation of the estimates.

Second, the thesis adds to the literature on the distributional impacts of
environmental policy by providing new evidence of the health and housing
value gains of noise mitigation programs. The analyzed noise mitigation
measures produce markedly larger health benefits for individuals with lower
income and education levels. One interpretation of this finding is that these
groups are more vulnerable to noise exposure and thus benefitted more
from a given noise reduction. The housing value gains from noise mitigation
are on the other hand evenly distributed across most income groups. The
exception is top earners, who experienced considerably smaller house price
appreciations. These results appear to be driven by top earners sorting to
dwellings with relatively good initial insulation, and hence, not experiencing
the same pollution reduction as owners of properties with poor initial insu-
lation. Thus, the distribution of housing value gains was uniform across
most property owners and progressive at the higher end of the income dis-
tribution.

Third, the thesis provides new evidence on the extent to which housing
values capitalize the health effects of pollution control. The average noise
mitigation measure is estimated to increase housing values by 110,000-
130,000 SEK. In comparison, households' willingness to pay for the esti-
mated health risk reduction amounts to approximately 24,000 SEK per
measure, about one fifth of the total valuation in the housing market. These
figures should be interpreted with some caution since estimates refer to sam-
ples that do not overlap completely and the estimates depend on assump-
tions about individuals' valuation of morbidity risks. Taken at face value
though, the results imply that a large majority of individuals' valuation of
environmental quality consists of factors other than their willingness to pay
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to reduce health risks. In the setting studied, these factors likely include im-
proved energy efficiency due to dwelling insulation.

Fourth, the thesis provides a new explanation as to why the literature is
inconclusive about the degree to which neighborhood demographics shift in
response to pollution shocks. The thesis demonstrates that the degree of
sorting can depend on whether households respond along the housing qual-
ity margin. Sorting in response to pollution shocks will be less pronounced
if high-income households opt for higher-quality homes in the polluted area
instead of locating elsewhere. These results are based on micro data on in-
dividual moves, which is a novel feature in the residential sorting literature.
The use of these micro data avoids problems associated with detecting sort-
ing in aggregated population changes (Depro et al. 2015).

Finally, the thesis fills a gap in the economics literature by providing
quasi-experimental evidence of the impacts of marine fuel regulation on air
pollution and infant health. The estimated improvements in air quality and
health are in line with results from studies in the natural sciences on the
impacts of shipping (Corbett et al. 2007; Eyring et al. 2005) and marine fuel
regulations (Winebrake et al. 2009; Sofiev et al. 2018).

4.2. Policy implications

The thesis reaches several conclusions relevant to environmental policy.
One is that noise mitigation through fagade insulation and noise barriers
produces significant health benefits to residents. The health effects occur 5
to 10 years after implementation and are estimated on a sample of individ-
uals residing close to highways. Comparable gains are therefore more likely
to result from implementation of similar measures in settings where noise
levels are in the higher range and for the subsample of long-term residents.

The effects on health and housing values from the noise mitigation pro-
gram have implications for the financing strategy of such programs. The
public return on these investments, defined as the savings in health care and
social care expenditures, are relatively low. Each SEK spent on the program
brings back about 0.2 SEK in terms of public savings. The private returns
to the noise mitigation measures are, on the other hand, substantial. Each
SEK spent on noise mitigation measures generates 1.4-1.7 SEK back in
terms of higher housing values. The large returns to property owners justify
private (co-)financing of the investments, for instance through zero- or low-
interest loans to property owners. This lesson is likely to be particularly
relevant for other environmental programs that reduce pollution through
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physical restructuring of housing and generate private gains that are addi-
tional to the direct health benefits.

The analysis of stricter sulfur regulation estimates reductions in air pol-
lution levels and the risk of low birthweight in coastal areas. These findings
are relevant to the policy discussions in China, Mexico, and several Medi-
terranean countries, where additional tightening of the global sulfur cap of
0.5 percent are being debated (U.S. White House 2016; Meidan 2019; Pa-
nagakos et al. 2019). The results in this thesis provide a benchmark for pre-
dicting the effects of tighter sulfur caps in other settings. The infant health
improvement estimated in the study is concentrated to areas close to major
shipping lanes and among the population with poor baseline health. The
results are therefore more likely to generalize to similar settings elsewhere.

The study of residential sorting documents how higher-income household
respond to local pollution shocks by locating to other neighborhoods. This
finding implies that policies that reduce local environmental quality, e.g.,
the construction of new transport infrastructure, are likely to induce a shift
to residents with lower income. Such policies might therefore reinforce the
negative relationship between income and pollution exposure, even when
the policy is implemented in neighborhoods where initial income levels are
high. This insight should be relevant in economic appraisal and distribu-
tional analysis of environmental policy.

4.3. Limitations and future research

There are aspects of the data, methodology and samples used in the essays
that are important to have in mind when interpreting the results. As for the
data, all essays make use of health and housing market outcomes from pop-
ulation registers maintained by national statistical offices. This enables
larger population coverage and reduces the risk of sample selection. Health
outcomes are either based on hospitalization records (when measuring car-
diovascular health) or birth registers (when measuring the incidence of low
birth weight), which avoids potential biases associated with self-reported
health (Basner and McGuire 2018). However, these outcomes do not ac-
count for all health-related responses. Individuals also react to pollution by
engaging in costly avoidance behavior and making defensive investments,
like postponing activities on days with high pollution levels (Graff Zivin
and Neidell 2009) and purchasing air purifiers (Ito and Zhang 2020). A
fruitful area for future research is to study whether noise mitigation
measures also provide welfare benefits in terms of reduced avoidance be-
havior and defensive investments.
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Another aspect of the data used in the essays is the uncertainty about the
amount of pollution reduction achieved by the policy instruments. In Essay
1 and Essay 2, estimates of the decibel reduction due to noise mitigation are
based on engineering assessments and acoustical measurements for a small
set of properties. In Essay 4, air pollution levels are measured using readings
from air quality monitors, but only for the subsample of areas with available
air quality readings. In addition, constructing pollution measures for the
areas in the sample involves a set of decisions on how to assign monitors to
areas. There are uncertainties in this process, as evident from the changes in
the estimates under different assignment strategies. Altogether, uncertainty
about changes in pollution precludes a full understanding of the benefits
generated by the policies. Advances in atmospheric dispersion modelling
combined with quasi-experimental methods offer one way forward for fu-
ture research to enhance the knowledge of changes in air pollution induced
by environmental policies (e.g., Barreca et al. 2021).

As for methodological considerations, all essays in the thesis make use of
quasi-experimental approaches to make stronger claims about the causal
nature of the estimates. Some differences-in-differences approaches in this
essay are also augmented using matching techniques based on propensity
scores and alternative regression weights. Still, a causal interpretation of the
results requires certain assumptions about the counterfactual change for the
treatment group, some of which are inherently untestable in the difference-
in-differences model. Future research could therefore benefit from pursuing
similar research questions using alternative empirical approaches, like in-
strumental variables designs, to further test the robustness of the results.

As for the samples studied, estimates on the health effects of noise miti-
gation are based on the subset of population exposed to relatively high noise
levels. One unresolved question is whether noise mitigation measures also
produce health effects in settings with considerably lower exposure levels.
Noise exposure as low as 53 decibels is classified as harmful in the WHO
(2018) guidelines, suggesting that noise mitigation at this level could poten-
tially benefit residents' health. However, empirical evidence of these types
of interventions is lacking. Whether noise mitigation at lower exposure lev-
els would generate meaningful health benefits is an open question that needs
attention in future research.
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