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ATS Landvetter. Handlsggare Niclas Wiklander. SAG 2007-08-28 01.00
Faststalld av Stig-Ove Schagerlind chef ATS
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15.5 Oppna STAR - radarledningsomraden

STAR.doc

I,

Det villkor for Landvetter som idag omnémner omraden dir trafik skall hanteras
vid trafikanhopningar siger foljande. ”Vid samtidig ankomst till final,
sekvenseras trafiken (luftfartyg av kategori tung hégprestanda) s att STAR
forléngs genom radarledning fram till slutlig inflygning.”

Denna ”forléngning” sker i huvudsak i omradet vist och nordvist om Tollered vid
bana 21 och sydvist om Kungsbacka vid bana 03. En viss mingd av ankomster
hanteras dven nordost om Landvetter vid bana 21 och sydost om Landvetter vid
bana 03. I ett nytt system med Sppna STAR kan detta omride definieras tydligare
for omgivningen. Utifran erfarenheter fran dagens system, simuleringar av 6ppna
STAR for Landvetter och hur trafik hanteras pa frimst Arlanda beskrivs nedan
radarledningsomréden for huvuddelen av landningar for bana 21 och 03.

Bana 21

5 . o Gor / B Oy
Karta 19. Huvudsakligt omrade dir trafik under radarledning normalt befinner sig under -

5000 fot. Till vinster — dagens system, Till higer - omridets beriiknade utstriickning med L
oppet STAR-system. : i

Férindringarna r smé, men inte obetydliga pa radarledningsomrédet for bana 21.
Den tydligaste skillnaden i flygplatsens niromrade blir att trafikflsdet fran sydvist
flyttar véisterut — frdn Lerum. Fran norr kommer vissa landningar att passera dster
om Alingsas istéllet for 6ver staden. I 6vrigt kommer trafiken, d4 den hanteras i
det dppna systemet, att befinna sig i samma omréade som idag.
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5 INSYN I BYGGLOVARENDEN

Flygplatsen papekar att de &ven fortsattningsvis vill ha insyn i bygglovérenden
inom flygplatsens influensomréde. De anser aft dagens system, dér flygplatsen blir
tillfragad som sakégare i frigorna, fungerar bra. Dock anses att Lansstyrelsens roll
bor bevaras, det vill sédga staten skall kunna prova bygglov i specifika fall.

Fragan skall lyftas i projektgruppen da kommunerna inte vill att staten skall ha
; inflytande i planprocessen utan anser att staten bara skall tillhandahélla
underlagsmaterial for planarbetet.

6 FLYGTRAFIKBULLER

Riksintressepreciseringen skall inte innebéra ett jattejobb, dock méste alla fragor
diskuteras s4 att alla #r medvetna om hur Géteborg-Landvetter skall sékras pé
lang sikt.

Géteborg-Landvetter méste ta fram nya bullerfrutsittningar och
bullerredovisningar for flygplatsen vilket kan ta lang tid. Gteborg-Landvetter har
nyligen tagit fram bullerunderlag for ett kortare tidsperspektiv men maste i arbetet
med riksintressepreciseringen ta fram det samma for en eventuell framtida
parallellbana. De maste ocksa ta fram underlag som strécker sig dver en ldngre
tidshorisont. I detta arbete maste man forutsétta att flygtrafiken kommer att 8ka
och den méste sékras.

I denna friga diskuterades under motet Goteborg-Sives fortlevnad. Det dr en )
flygplats som nyligen har pekats ut som riksintresse och skall ddrmed skyddas.
Om Goteborg stad viljer att expandera pé Hisingen kan det bli s4 att flygtrafiken
pa Sive inte kan oka s& mycket vilket i sin tur skulle leda till att kapaciteten pa
Landvetter méaste oka ytterligare, vilket kan leda till okat buller.

| Under motet diskuterades ocksa frégan om att Landvetter kommer att 6ka som |
fraktflygplats och d& maste man rikna med riktigt tung trafik vilket ocksd kommer
att medfora ett 6kat buller med utdkade bullerkurvor. {

Inom gallande tillstand pé 80 000 trafikrrelser per &r ingér fraktflyget och dess
buller i den stora massan”, men gér man Sver 80 000 trafikrorelser s& kommer
bullerstatistiken att se annorlunda ut. Detta &r nfgonting som bor redovisas i
underlaget till bullerutredningen.

P4 métet kom projektgruppen fram till att framtida bullernivaer kan riknas fram
enligt foljande:

4

Brotoxcl: mite landvatier 080122
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Bullermétning Tollered
Hej Ola

Du siéinde i maj ett brev till Mathieu Boué pa Flygakustik med fragor om nigon
bullermitning av flygtrafiken gjorts i Tollered, Lerums kommun. Mathieu slutade
sin anstillning pd Swedavia for nagra ar sedan och brevet har dérfér hamnat hos
mig.

Det korta svaret 4r att ndgon sddan métning inte gjorts.

Orsaken #r att vi inte kunnat hitta ndgon ldmplig métplats som uppfyller kraven.
Det #r svart att hitta ndgon plats som inte paverkas av annat buller, vid Tollered
finns savil E20 som Vistra stambanan, bdda med intensiv trafik. Ljudnivéerna blir
ocksé liigre ju lingre bort fran flygplatsen man befinner sig vilket 6kar kravet pd en
ostord miitplats.

Med vinlig hilsning
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'ﬁ{;)mas Helin
Goteborg Landvetter Airport

thomas.helin@swedavia.se

Tel: 010-109 31 52, Mobil: 0708-94 10 38
Fax: 010-109 31 11

Dokumentnummer: D 2014~

Swedavia AB  Géteborg Landvetter Airport 438 80 Landvetter Tel 010-109 31 00 Fax: 010-109 31 11
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28 april 2014

Swedavia AB

Gdteborg Landveiter Airport
Attention: Thomas Helin
433 80 LANDVETTER

Wil jBrapport 2013 och Ffraktflyg 2013

Yacksam [or ett exemplar av GOT:s wiljt-apport
2015,

For en mdnad sedan skrev jag och frigade efter
antalet flygrorelser for fraktflyg vid GOT underxr

ir 2013 (férdelat pi D, E och N).

Hittillae har jag inte f4tt ndgot svar. Nybtar

det att upprepa frigan?

Vi vet ju bdda, att de dns<ade uppgifterna redan
dr reglstrerade.

Med vinlig hilsning

Ola Christensson

Po. tadresss: Klovervigen 135
443 36 FLODA
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2014-05-05 Ola Christensson
Klévervagen 13
448 36 Floda

Fraktflyg under 2013

Hej Ola

De uppgifter om fraktflyg som du efterfrégar ingar inte i den uppf6ljning som gors
av hur vi féljer de villkor som finns i flygplatsens miljétillstand. Din fraga &r s
allmént héllen och omfattande att den inte heller kan ségas vara ett klagomal eller
forfragan pa enstaka héndelser.

I dvrigt hinvisar vi till var hemsida http.//www.swedavia.se/landvetter/om-
goteborg-landvetter-airport/om-flygplatsen/miljo/ ddr ocksd miljérapporten for
2013 finns. Ddrutdver finns officiell statistik pa Transportstyrelsens hemsida
http://www.transportstyrelsen.se/sv/Luftfart/Statistik/Flygplatsstatistik-/

Med vinlig hélsning
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Thomas Helin
Goteborg Landvetter Airport

thomas.helin@swedavia.se

Tel: 010-109 31 52, Mobil: 0708-94 10 38
Fax: 010-109 31 11

Dokumentnummer: D 2014~

Swedavia AB Goteborg Landvetter Airport 438 80 Landvetter Tel: 010-109 31 00 Fax: 010-109 31 11
swedavia.got@swedavia.se www.landvetterairport.se Org nr: 566797-0818
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Flygets miijépéverkan ar av avgorande betydelse for flygbranschen och
dirmed for Swedavia. Vi ska darfor stindigt stréva efter att minska
den negativa miljopaverkan fran flygplatserna, framst genom

att minska utslappen av klimatpaverkande gaser, minska
ovriga utslapp till luft och vatten, samt minimera
kemikalieanvandningen och uppkomsten av avfall.

For oss &r det en sjilvklarhet att folja gallande
miljolagstiftning samt Ovriga tillampliga
nationella o¢h internationella regler och
krav. Vi ska dven verka for att flygbuller
och emissioner fran flygverksamheten
begransas. For att detta ska uppnas krévs
att vi arbetar efter foljande strategier:

& Hansynen till miljon ska genomsyfa
varje del av verksamheten och vagas
in i vara beslut.

@ Klimatpaverkan &r flygbranschens
viktigaste miljofraga och ska
prioriteras i vara beslut och
aktiviteter.

& Vi ska standigt energieffektivisera
var verksamhet och styra
verksamheten mot en hallbar
anvandning av resurser.

@ Swedavias medarbetare ska alla vara
delaktiga i féretagets miljdarbete och
vara vl fortrogna med den relevanta
lagstiftningen.

@ Vi ska beddma och hantera verksamhetens
miljorisker pa ett systematiskt satt.

@ Swedavia ska aktivt delta i det lokala, regionala,
nationella och internationella arbetet i syfte att
minska den negativa miljépaverkan fran flygbranschen

och verka for en hallbar utveckling av flygplatserna.

Torborg Chetkovich, VD Swedavia
Oktober 2010

i
o< swedavia
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Residential exposure to aircraft noise and hospital
admissions for cardiovascular diseases: muiti-airport

retrospective study

B8R oPEN ACCESS

Andrew W Correia quantitative analyst', Junenette L Petets assistant professor®, Jonathan | Levy
professor’, Steven Melly geographic information systems specialist’, Francesca Dominici professor,

associate dean of information technology*

'NMR Group, Somerville, MA, USA ; *Department of Environmental Health, Boston University School of Public Health, Boston, MA, USA; *Depariment
of Environmental Health, Harvard Schoo! of Public Health, Boston; ‘Department of Biostatistics, Harvard School of Public Health, Boston, MA

02115-6018, USA

Abstract

Objective To investigate whether exposure to alreraft noise increases
the risk of hospitalization for cardiovascular diseases in older people
(=65 years) residing near airports.

Deslign Multi-airport retrospective study of approximately 6 miltion older
people residing near airports in the United States. We superimposed
contours of aircraft noise levels (in decibels, dB) for 89 airports for 2009
providsd by the US Federal Aviation Adimifistiation on cenistis block
resolution population data to construct two exposure metrlcs applicable
to zip code resolution health insurance data: population weighted noise
within each zip code, and 90th centile of noise among populated census
blocks within each zip code.

Setting 2218 zip codes surrounding 89 airports in the contiguous states.

Particlpants 6 027 363 paople eligible to participate In the national
medical insurance (Medicare) program (aged 265 years) residing near
airports in 2009,

Main outcome measures Percentage increase in the hospitalization
admission rate for cardiovascular disease associated with a 10 dB

Correspondence to: F Dominici fdominic@hsph.harvard.edu

Increase In aircraft noise, for each airport and on average across airports
adjusted by individual level characteristics (age, sex, race), zip code
level sacioeconomic status and demographics, zip code level air pollution
{fine particulate matter and ozone), and roadway density.

Results Averaged across all alrports and using the 80th centile noise
exposure metric, & zip code with 10 dB higher noise exposure had a
3.5% higher (95% confidence interval 0.2% to 7.0%) cardiovascular
hogpital admiasion rate, after controlling for covarlates.

Concluslions Despite fimitations related 1o potential misclassification of
exposure, we found a statistically significant association between
exposure to aircraft noise and risk of hospitalization for cardiovascular
diseases among older peaple living near airports.

introduction

Exposure to aircraft noise has been associated with physiological
responses and psychological reactions,’ > such as sleep
disturbances, sleep disordered breathing, nervousness, and
annoyance,?* However, the extent to which exposure to aircraft
noise might increase the risk of adverse health outcomes is not

Extra material supplied by the authar (see hitp:/vwww,bmj.comicontent/347/bmj.f5561 Tab=relatedifwebsxira) -

Technical appendix :

Video on bmj.com (sse also hitp://bmj.com/video)

Video abstract

[Na commercial reuse: See rights and reprints ~55. o b o permvbeLss

Subscribe: kil Dy sor Sabesn beJ




BMJ2013;347:5561 doi: 10.1136/bmj.155661 (Published 8 October 2013)

well studied. Recent literature, primarily from one multicenter
European study, has provided evidence of a relation between
aircraft noise and hypertension outcomes, including incidence
of hypertension,’ self reported hypertension,’ increased blood
pressure,™® and antihypertensive medication use."" These
findings are supported by a broader literature, which evaluated
the association between residential exposure to noise and
cardiovascular disease and found substantial evidence for
biological plausibility and positive associations between noise
and hypertension, myocardial infarction, and ischemic heart
disease.” Potential biological mechanisms may include induced
release of stress hormones™" and indirect effects on sympathetic
activity, which is associated with adverse metabolic
outcomes, >

However, few studies of the relation between aircraft noise and
cardiovascular disease have been conducted to date,’ in part
because these studies have small numbers of airports and
therefore do not have sufficient statistical power. One study in
the Netherlands examined a single aiiport and had somewhat
inconsistent findings, with an association between airport noise
and hospital discharge for myocardial infarction in women but
not in men." A large national scale study in Switzerland found
evidence of an association between exposure to aircraft noise
and myocardijal infarction mortality.® To our knowledge, no
study has been conducted to date that includes a large study
population across multiple airports to estimate the association
between exposure to aircraft noise and hospital admissions for
cardiovascular outcomes. The rigorous estimation of this
association requires a sufficiently large number of airports with
large surrounding populations, and sufficient variation in the
exposute to aircraft noise. We applied statistical methods
(hierarchical Poisson regression models) to estimate the
association between zip code level exposure to aircraft noise
and zip code level hospital admission rate for cardiovascular
disease for each airport, and also to estimate this association by
combining information across all the airports. The hierarchical
Poisson regression model allows us to adjust for potential
confounders both at the individual level and at the zip code
level, and to estimate airport specific and overall associations
between exposure to aircraft noise and health outcomes
accounting for the clustering of the zip code level observations
by airport.

In this study we use the large and nationally representative US
population of Medicare enrollees to evaluate the association
between airport related noise and the risk of hospital admission
for cardiovascular disease in the population aged 65 years or
more residing near airports in the contiguous states.
Understanding the link between aircraft noise and cardiovascular
disease outcomes is important in characterizing the potential
benefits of intervention strategies.”

iMethods

‘We obtained the study population from Medicare billing claims
for the year 2009. In the United States, unless affected by some
specific chronic condition, only people aged 65 or more are
eligible for the national insurance program, Medicare. Our study
population (6 027 363 people aged 265 years enrolled in
Medicare and residing in the 2218 zip codes close to the 89
airports) corresponds to approximately 15% of the entire US
population of older people.

From the claims, we extracted individual level information
regarding the date of hospitalization, length of hospital stay, the
associated primary and secondary diagnostic and procedure
codes (international classification of diseases), and the costs
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billed to Medicare. Additional individual level data included
age, sex, race, and zip code of residence.

‘We examined five cause specific cardiovascular hospital
admissions based on ICD-9 codes (international classification
of diseases, 9th revision) for primary diagnosis: heart failure
(ICD-9 428), heart rhythm disturbances (426 to 427),
cerebrovascular events (430 to 438), ischemic heart disease (410
to 414, 429), and peripheral vascular disease (440 to 448). A
variable for total cardiovascular disease admissions was
calculated as the sum of hospital admissions for all these causes.

Noise exposure estimates

The US Federal Aviation Administration provided us with
aircraft noise contours in decibels (dB) for 89 airports in the
contiguous states, These noise levels were estimated at the
centroid of each census block surrounding each of the 89 airports
out to a minimum of 45 dB, where a census block is the smallest
geographic entity for which population data are available in the
US census. Noise contours were obtained using the Integrated
Noise Model version 7.0a,” The noise descriptor used was
day-night sound level (DNL), which adds a 10 dB “penalty” to
night time (that is, 10 pm-7 am).” Medicare data provide
residential information at the zip (postal) code level only. Zip
codes are larger geographical areas that are comprised of census
blocks (on average there are 168 census blocks per zip code).
Therefore, we aggregated the noise exposure across census
blocks to obtain an estimate of zip code level (technically, zip
code tabulation area) exposure to noise. More specifically, we
constructed the following two exposure metrics at zip code
level: population weighted average noise (arithmetic mean)
among the census blocks within each zip code, where each
census block was weighted by the size of the population aged
65 or more obtained from the 2010 US census, and the 90th
centile noise exposure among the census blocks within each zip
code that contained at least one person aged 65 or more.

Several zip codes were intersected by the 45 dB noise contour
at their respective airports, meaning they were comprised of
census blocks with noise exposures of both 45 dB or more and
less than 45 dB. To calculate our noise exposure metrics for
these zip codes, we assigned a value of 45 dB to the census
blocks outside the 45 dB contour, whereas census blocks inside
the 45 dB contour were assigned their actual value, as estimated
by the Integrated Noise Model, We considered only zip codes
with census blocks within the 45 dB contour with people aged
65 or more that had Integrated Noise Model estimates when
constructing the 90th centile noise exposure variable; for the
90th centile noise exposure there were 1928 such zip codes,
with a combined population of 5 523 788 people aged 65 or
more. Since Integrated Noise Model estimates were made at
census block centroids, some zip codes were excluded because
all census block centroids were outside the 45 dB contour.

In our preliminary analyses we developed other candidate noise
metrics, including the variance of noise exposure actoss census
blocks within each zip code and percentage of population above
various noise thresholds, but focused on the population weighted
average and 90th centile noise exposure given their distribution
of values and interpretability. More details on the calculation
of our two exposure metrics can be found in the technical
appendix (see supplementary file).

Qutcomes

For each zip code included in the analysis, we calculated the
number of hospital admissions and the number of people at risk
(Medicare enrollees) separately by two age groups (>75 or <75),

I No commercial reuse: See rights and reprints stip s by com/sermussions

Bubscribe: hilpuivey b o suhatne l




BMJ2013;347:15561 doi: 10.1136/bmj.f5561 (Published 8 October 2013)

Page 3 of 11

sex, and race (white (non-Hispanic) or non-white). We
conducted the analysis for hospital admissions for all
cardiovascular diseases (our main analysis) and separately for
cerebrovascular disease, ischemic heart disease, and heart
failure, Preliminary analyses indicated that heart thythm
disturbances and peripheral vascular disease were too infrequent
to analyze as stand alone outcomes.

Potential confounders

To adjust for the potential confounding effect of socioeconomic
status, we extracted several zip code level variables from the
2000 US census. Extensive preliminary analyses led to the
selection of percentage Hispanic and median household income
as the two key variables that were included in the regression
model. To adjust for the potential confounding effect of exposure
to air pollution, we also calculated zip code level fine particulate
matier (PM, ) and ozone concentrations for 1165 and 779 zip
codes, respectively, out of the 2218 zip codes included in the
analyses. Air pollution data were obtained from the US
Environmental Protection Agency’s air quality system database,
and we calculated zip code level averages by taking the average
of the air pollution concentrations across all the monitors that
fell in that zip code. In addition, as near-roadway air pollution
and noise could both serve as confounders, we estimated zip
code level road density. The technical appendix describes how
road density was estimated (see supplementary file).

Statistical analysis

The dataset included hospital admission counts, number of
people at risk, exposure to aircraft noise, and potential
confounders for 2218 zip codes surrounding 89 aitports. We
used hierarchical Poisson regression models with airport specific
random effects to estimate, for each airport and on average
across airports, the percentage increase in the zip code level
hospital admission rate associated with a 10 dB increase in the
zip code level aircraft noise. We denote this percentage increase
as the relative rate.

In more detail, the hierarchical Poisson regression model can
be described in two stages. Firstly, we specified a Poisson
regression model for zip code level data to estimate the relative
rate as defined above for each airport adjusted by individual
level variables (age, sex, and race) and zip code level potential
confounders (socioeconomic status and air pollution). Secondly,
we combined information across airports to estimate the relative
rate on average across all airports. The model estimated airport
specific relative rates and the average relative rate acrass all
airports accounting for the clustering of the zip code level
observations within each airport and for potential differences
across airports in the association between noise and
hospitalization rates. The technical appendix provides details
on the mathematical formulation of the hierarchical Poisson
regression model (see supplementary file),

To investigate the role of the potential confounding factors, we
constructed three hierarchical Poisson regression models for
each cardiovascular outcome and for each noise metric
(population weighted average and 90th centile). Model 1 did
not include any zip code level confounders and only controlled
for individual level variables (age, sex, and race). Model 2
additionally controlled for zip code level socioeconomic status
and demographic variables (median household income and
percentage Hispanic). Model 3 additionally controlled for zip
code level exposure to air pollution (fine particulate matter and
ozone); model 3 was fitted to a substantially smaller dataset of
779 zip codes rather than the 2218 zip codes used for models 1

and 2, because of the limited availability of air pollution data.
In secondary analyses of models 2 and 3 we evaluated the
potential confounding effect of zip code level road density (a
proxy for road noise and near-road air pollution).

Threshold analysis

We conducted additional analyses to quantify the evidence of
a potential non-linearity in the association between exposure to
aircraft noise and hospital admission rate for cardiovascular
disease. We used total hospitalizations for cardiovascular disease
as the outcome and the 90th centile noise exposure metric. In
the hierarchical models, we replaced the aircraft noise exposure
variable (originally defined as a continuous variable) by a
categorical variable indicating low, medium, or high exposure
to aircraft noise. A zip code was designated as low exposure
for noise levels of 50 dB or less (47% of the study population),
medium exposure for noise levels greater than 50 dB but 55 dB
or less (30%), and high exposure for noise levels greater than
55 dB (23%). Under this model we could estimate three different
percentage increases in hospital admission rates for
cardiovascular disease corresponding to: medium versus high
exposure, low versus high exposure, and low versus medium
exposure. Categorizing the exposure in this way, we could detect
evidence of a threshold effect if, for example, we found no
evidence of an increase in the cardiovascular disease
hospitalization rate when noise increases from low to medium,
but statistically significant evidence of an increase in the
cardiovascular disease hospitalization rate when noise increases
from medium to high. Such a scenario would suggest that any
relation between noise exposure and cardiovascular disease
hospitalizations only occurs for noise exposures above 55 dB.
All statistical analyses were performed using R version 2.15.2.
The technical appendix provides more details regarding
statistical methods (see supplementary file).”

Population attributable fraction

To facilitate the interpretation of our findings, we estimated the
population attributable fraction for aircraft noise as well as for
fine particulate matter and ozone, The population attributable
fraction can be interpreted as the percentage reduction in
hospitalizations for cardiovascular disease that would occur if
each of these risk factors was reduced to a level that represents
theoretical minimum risk, termed the counterfactual exposure
distribution.” For aircraft noise, we used the 90th centile
exposure metric, and we considered the counterfactual level of
exposure for all zip codes as 45 dB (the lowest level of exposure
evaluated in our study). Similarly, for both fine particulate
matter and ozone we used the minimum concentration within
our domain as the counterfactual level of exposure (4.8 pg/m’
and 17.6 ppb, respectively). All relative risk estimates were
taken from an expanded version of model 3, which incorporated
additional zip code level covariates that could potentially
confound air pollution effects but had no influence on the
association between aircraft noise and hospitalization for
cardiovascular disease. For each risk factor we estimated the
population attributable fraction across all zip codes that had
exposure data for that risk factor. To ensure that the population
attributable fraction estimates were comparable to one another,
given air pollution data from only a subset of zip codes, we also
calculated the population atfributable fraction for noise for the
subset of zip codes with data on air pollution. More detail about
the calculation is available in the technical appendix (see
supplementary file).
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Results

Overall, there were 2218 zip codes (779 with both fine
particulate matter and ozone data) and 6 027 363 Medicare
enrollees residing within the 45 dB contour level of the 89
airports. The number of zip codes (Medicare enrollees)
surrounding each airport ranged from seven (n=8556) to 107
(n=482 200). The table}} summarizes the population
characteristics, and figure 1}i provides a map presenting the 89
airports displayed by size of the population aged 65 or more
within the 45 dB contour level.

Figure 2 shows the estimated relative rates for cardiovascular
disease hospitalizations averaged across all airports for both the
population weighted noise exposure and the 90th centile of noise
exposure. For the 90th centile of noise exposure variable,
controlling for age, sex, and race, an increase of 10 dB was
associated with an increase of 2.9% (95% confidence interval
0.8% to0 5.0%) in hospital admission rate (model 1). In model
2, which additionally controls for zip code level socioeconomic
status and demographic variables, the estimated relative rate
was only marginally significant (1.6%, 95% confidence interval
~0.2% to 3.5%). In model 3, adding pollution variables to mode}
2, an increase in the 90th centile of noise of 10 dB was
associated with an increase of 3.5% (95% confidence interval
0.2% to 7.0%) in the relative rate of having a cardiovascular
disease hospitalization. Models 1 to 3, when fitted to only the
779 zip codes with both fine particulate matter and ozone data,
yielded consistently positive and statistically significant
estimates of the relative rate of cardiovascular discase
hospitalizations associated with a 10 dB increase in the 90th
centile of noise (fig 2). Figure 3} displays the airport specific
and aggregated relative rates (for model 3) of having a
cardiovascular disease hospitalization per 10 dB increase in the
90th centile of noise exposure. In secondary analyses (data not
shown), we observed that the relation of noise to cardiovascular
disease hospitalizations was almost entirely attributed to within
airport and across zip code variations in noise exposure rather
than to variations between airports. Indeed, the average within
airport standard deviation of our 90th centile noise exposure
was 4.7 dB, whereas the average between airport standard
deviation of the 90th centile noise exposure was only 1.7 dB,
indicating that most of the information used to estimate the
noise-cardiovascular disease relation in our models was from
variability in exposure within airports, rather than from
variability in exposure between airports.

For population weighted noise exposure, there was an estimated
6.9% increase (95% confidence interval 2.4% to 11.6%) in the
cardiovascular disease hospital admission rate associated with
a 10 dB increase in noise in model 1; however, after controlling
for socioeconomic status, demographic, and pollution variables
(models 2 and 3), this association was no longer statistically
significant. Figure 4}, shows the airport specific estimated
associations for model 3 for population weighted noise. The
standard errors of the airport specific estimates were consistently
larger than those estimated in models using the 90th centile of
noise exposure, due potentially in part to the relatively limited
variability of population weighted noise across zip codes within
the dataset (see table). Because of this larger standard error in
models using the population weighted noise exposure, we
focused subsequent analyses on the 90th centile of noise
exposure,

Considering subcategories of cardiovascular disease outcomes,
we observed generally consistent patterns among models. For

example, in model 1, an increase in the 90th centile of noise of
10 dB was associated with cerebrovascular disease and heart
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failure, with a marginal association for ischemic heart disease.
Relative rate estimates were similar across outcomes (fig 5i).
For model 2, relative rate estimates for all three outcomes
declined in magnitude and lost statistical significance. Inclusion
of pollution variables (model 3) led to stable or increased relative
rate estimates for all three outcomes, relative to model 2. These
estimates lacked statistical significance other than for ischemic
heart disease but were similar in magnitude to the estimates
from model 1. For the population weighted noise exposure, a
similar pattern was observed (fig 5).

We found that associations were not sensitive to adjustment for
our proxy for road noise and near-road air pollution (road
density). In models 2 and 3, the overall estimates per 10 dB
increase in the 90th centile of noise without road density were
1.6% (95% confidence interval ~0.2% to 3.5%) and 3.5% (0.2%
to 7.0%), respectively, and with road density the estimates were
1.6% (~0.4% 10 3.5%) and 3.4% (0.3% to 6.7%), respectively.

Figure 6{) summarizes the results using the categorized 90th
centile noise exposure variable (ow, medium, or high). In model
3—controlling for socioeconomic status, demographic, and
pollution variables—we found statistically significant evidence
of an increase in the hospital admission rate for cardiovascular
disease when comparing high versus medium exposure and high
versus low exposure, but we did not find statistically significant
evidence of an increase when comparing medium versus low
exposure. This indicates lack of an association between the 90th
centile exposure to aircraft noise and hospital admission rate
for cardiovascular disease for noise levels below 55 dB but
evidence of an association for noise levels higher than 55 dB.

From the estimation of the population attributable fraction we
found that, in total, 2.3% of hospitalizations for cardiovascular
disease in our Medicare cohort were attributable to aircraft noise.
Twenty three per cent of our Medicare cohort was exposed to
greater than 55 dB using the 90th centile exposure mefric, and
this population contributed haif of the attributable
hospitalizations. In comparison, across the zip codes with air
pollution data, 6.8% of hospitalizations for cardiovascular
disease were attributable to fine particulate matter and 4.2% to
ozone. The population attributable fraction for noise was similar
in the subset of zip codes with air pollution data (2.2%).

Discussion

We estimated the association between residential exposure to
aircraft noise and hospitalization rates for cardiovascular disease
in the largest population of older people (=65 years) in the
United States studied to date. In models only controlling for
individual demographics, we found that this association was
positive and statistically significant using both of our noise
exposure metrics. The results were attennated after additionally
controlling for area level socioeconomic status and demographic
factors. However, the positive association generally persisted,
with the most adjusted model accounting for individual level
and zip code level variables as well as regional air
pollution—particularly for the 90th centile of noise exposure
variable, which had greater variability across zip codes than the
population weighted average, and correspondingly had greater
statistical significance, Positive associations were also observed
for individual cardiovascular hospitalization outcomes, but
statistical power was reduced.

Comparison with other studies

Our findings add to previous literature in several key ways.
Firstly, we investigated the noise-cardiovascular hospitalization
relation across gradients of airport noise exposure levels for the
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largest number of airports and population of older people studied
to date. We used administrative data capturing the majority of
older US adults, who represent an age group at greater risk for
cardiovascular disease. We thus had a large number of events,
increasing our power to detect relations, We used hierarchical
Poisson regression models to estimate airport specific
associations while utilizing information from each airport for
a pooled estimate. Secondly, we evaluated the relation of noise
with cardiovascular hospitalization as the outcome, which, to
our knowledge, has been rarely considered in previous noise
studies, An ecological study of 62 municipalities around an
airport in Amsterdam found no clustering of cardiovascular
hospitalizations in areas close to the airport,” * but we improve
on this study by assessing the relation for individual at risk
people and by estimating the whole exposure-response relation.
Thirdly, our study provides evidence within the United States,
where the housing stock and other factors may differ from the
European populations generally studied in the past, US studies
have been more limited and have not yielded interpretable
evidence. For example, the only major US study to date that
investigated the relation between aircraft noise and mortality®
was conducted more than 30 years ago, focused on a single
airport, and was critiqued for inadequately controlling for
age/sex/race, and other analytical flaws.™ Fourthly, we
accounted for the potential confounding of regional air pollution
and near-road air pollution/noise,

The estimated associations of similar magnitude across several
cardiovascular disease specific outcomes are broadly consistent
with the literature. For example, in areas with more aircraft
noise, more people were receiving medical treatment for heart
trouble and had a “pathological heart shape.” A 2009 review
of epidemiological studies found sufficient evidence of positive
relations between aircraft noise and high blood pressure and
use of cardiovascular medication.”” One study included in this
review investigated the relation between aircraft noise and
incidence of hypertension and found a positive association,
particularly in older people.” Hypertension is not typically a
primary reason for hospital admission, so it was not specifically
included in our analyses, but hypertension is associated with
multiple cardiovascular sequelae that would contribute to
hospitalizations.

Our study suggests that although an exposure-response relation
exists between noise and cardiovascular admission rates, there
may also be a threshold for the effect of noise exposure on
cardiovascular disease hospitalizations, Resuits from our modsls
using a categorized exposure variable showed consistent
statistically significant associations in only the highest exposure
group (>55 dB). These findings are broadly consistent with
previous literature suggesting the possibility of a threshold effect
for the aircraft noise-cardiovascular disease relation. In a
categorical analysis, Huss and colleagues™ observed significant
mortality from myocardial infarction with aircraft noise only
in the highest group of 60 dB (A weighted) or more. Other
studies found associations with hypertension outcomes with
levels 50 dB (A weighted) or more,* * but did not see resuits
with categories further divided above 50 dB (A weighted) likely
due to small numbers in higher categories.* It should be noted
that our noise exposure metrics were calculated differently from
those in prior studies, given zip code level residential resolution,
so the noise level at which effects are seen cannot be directly
compared,

We did not find statistically significant evidence of heterogeneity
in the relation between aircraft noise and cardiovascular
hospitalization across airports. In addition we found that
evidence of an association between aircraft noise and

cardiovascular hospitalization was mainly attributable to
variation in noise exposure within airports and not differences
between airports. As proposed elsewhere;"" any observed
heterogeneity may reflect differences across the country in sound
transmission from outdoors to indoors (where most exposure
would be anticipated to occur). This could include structural
attributes of the housing stock, frequency of open windows, or
degree of soundproofing. Heterogeneity may also reflect
differences in the type of aircraft and the frequency of
aver-flights batween airports, although this would be
incorporated to some extent in Integrated Noise Model inputs
and outputs.

In addition, although aircraft related noise has a different profile
from that of traffic related noise, our findings are consistent
with the traffic noise-cardiovascular disease health literature,
For example, in models controlling for individual characteristics,
zip code level socioeconomic status and demographics, and air
pollution, we found the strongest association (positive and
statistically significant) with hospitalizations for ischemic heart
disease, consistent with conclusions of an expert report regarding
likely mechanisms of noise related health effects.” Our findings
were also consistent with studies looking jointly at noise and
air pollution. For example, Beelen and colleagues™ found excess
cardiovascular mortality in the highest category of road traffic
noise, which was reduced slightly after controlling for air
pollution. Huss and colleagues' found that the association
between aircraft noise and mortatity from myocardial infarction
was not attenuated with adjustment for air poliution. De
Kluizenaar and colleagues™ found that after controlling for
particulate matter (PM,,), the relation between road traffic noise
and hypertension became marginally significant. We found that
controlling for air pollution and road traffic density did not
aftenuate the relative rate for both of the aircraft noise exposure
mefrics. It is worth noting that air pollution is less correlated
with aircraft noise than it is with road traffic noise.”

Limitations of this study

Our analysis has limitations, Although Medicare data covers
nearly the entire US older population, this database was
developed for administrative purposes and has been shown to
be subject to misclassification® ¥ and geographic variability in
evaluation and management.” * We only used primary
diagnosis, which should reduce misclassification of outcomes,”
and our analyses of combined cardiovascular disease outcomes
are unlikely to have significant misclassification.

Other limitations of the Medicare data include limited individual
data on risk factors. For example, we were not able to control
for smoking and diet, strong risk factors for cardiovascular
disease, These variables would only confound the association
between aircraft noise and hospitalization for cardiovascular
disease if there were significant correlations between aircraft
noise exposures and these risk factors. Noise contours display
fairly sharp gradients and skew as a function of prevailing wind
directions, given ranway orientation, and arrival and departure
patterns, which may limit spatial confounding. It is possible
that sociceconomically patterned risk factors such as smoking
are spatially correlated with aircraft noise, as property values
have been found to relate to noise levels.* However, property
value is not simply tied to aircraft noise levels but is affected
by a complex interplay of several factors (for examples,
amenities).” Our estimates were generally robust to
socioeconomic status covariates at area level, but we lacked the
individual level addresses and socioeconomic status
characteristics to formally address this question. In addition,
our zip code level socioeconomic status and demographic
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variables were taken from census 2000 data because only limited
socioeconomic status information from census 2010 was
available at the zip code level at the time of our analysis. We
thus assumed that patterns of zip code level socioeconomic
status remained similar over that time. More generally, the
availability of only zip code level address information can lead
to exposure misclassification. Noise gradients are substantial
at close proximity to airports, and we were unable to
differentiate among individuals’ noise exposure within zip codes.
However, the use of a study population closely aligned with
census data (given near universal enrollment of older people in
Medicare) allowed us to reasonably estimate a representative
zip code resolution population exposure, with error most likely
to be Berksonian with unbiased regression coefficients and
inflated standard errors. There remains the possibility of
downward bias in our estimates due to aggregation effects, but
bias has been shown to be limited when within area variance is
small relative to between area variance.” * Between zip code
variance in noise is larger than within zip code variance,
especially for the 90th centile noise exposure, so we would not
anticipate substantial bias, However, there is some chance for
attenuated effect estimates for the population weighted noise
exposure because of comparatively smaller between zip code
variance in this exposure metric.

Using the Integrated Noise Model to predict noise exposure
also has limitations. The model uses average annual input
conditions. Therefore, values may lack precision because certain
local acoustical variables, such as humidity effects, ground
absorption, individual aircraft directivity patterns, and sound
diffraction around terrain or buildings, are not averaged or may
not be explicitly modeled ” That said, the Integrated Noise
Model is well established internationally* and is the required
noise assessment tool in the United States for airport noise
compatibility planning and environmental assessments and
impact statements.” Each of our derived exposure metrics had
its own inherent limitations, with the population weighted
average potentially reducing the contrast between zip codes,
and the 90th centile of noise exposure not capturing the exposure
profile of the entire zip code. Our data were not separated by
time of day, so we were not able to analyze the effect of night
time noise. This is particularly relevant as recent studies found
associations of night time noise on cardiovascular related
outcomes® ? suggesting that sleep interference may mediate the
effect of noise on cardiovascular health. However, the Integrated
Noise Model ontputs did up-weight night time noige, partially
accounting for this phenomenon.

Conclusions and future research

We found that aircraft noise, particularly characterized by the
90th centile of noise exposure among census blocks within zip
codes, is statistically significantly associated with higher relative
tate of hospitalization for cardiovascular disease among older
people residing near airports. This relation remained after
controlling for individual data, zip code level socioeconomic
status and demographics, air pollution, and roadway proximity
variables. Our results provide evidence of a statistically
significant association between exposure to aircraft noise and
cardiovascular health, particularly at higher exposure levels.
Further rescarch should refine these associations and strengtiien
causal interpretation by investigating modifying factors at the
airport or individual level.
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Table

Tr+to 1) Distribution of zlp code level exposure for 2218 zip codes and risk factor data for about six million national Insurance plan {servicing
those aged 265 years) enrollees residing near airports in United States, 2009. Values are percentages unless stated otherwise

Characteristios U U predian (interquantils range)
>75 years oid (among popuiation aged 265} 42,7 {37.3-47.7)
Black ethnicity 5.5(1.8-20.2)
Hispanic 6.2 (2.1-19.8)
Median household income {$000s) 45.1 (34.9-57.3)
Graduated high school 82.9 (72.8-90.0)
Fine particulate matter (PM, ; annual average, pg/m*)* 10.2{9.1-11.3)
Qzone (annual average, ppb)t 25 (22-28)
Population weighted noise (dB, DNL) 45,9 (45,1-48.6)
90th centile of noise among populated census blocks (dB, DNL) 50.3 (47.5-54.5)
Hospital admission rate per 100 000 population:

Al cardiovascular 6288.9 (5064.7-7697.6)
Gerabrovascular events (stroke) 1343.3 (1092.5-1652.2)
Ischemic heart disease 1668.2 (1173.7-1987.8)
Heart failure 1576.4 {1126.2-2142.9)
Heart thythm disturbances 1222.8 (932.1-1531.2)
Peripheral vascular disease 421.9 (280,3-582.7)
DNL=day-night sound lsvel,

$779 zip codes with data for ozone.
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Fig 1 Map of 89 airports In contiguous states included in analysis. Size of circles is proportional to size of population aged
65 or more residing within 45 dB contour lines surrounding each airport

15

10

(-]

Percentage Increase in risk of CVD
hospitalization for 10 dB Increase in nolse
wv
-
-1

-3 Model1 Model2 Model3  Modell Model2 Model3  Modal 1 Madel 2 Model3

Population welghted 90th centile 90th centile
nolse exposure noise exposure nolse exposure -
airpoltution zip codes only
Fig 2 Overall estimates (averaged across 89 airports) of percentage increase in hospital admission rate for cardiovascular
disease (CVD) associated with 10 dB (day-night sound level) increase in both exposure variables (population weighted
noise exposure and 90th centile noise exposure) for each of the models. Mode! 1 controls for individual demographics (age,
sex, and race); model 2 additionally controls for zip code level sacioeconomic status and demographics (% Hispanic and
median household income); and moda! 3 adds to mods! 2 by aiso controlling for annual average fine particulate matter and
ozone levels. Panel 3 shows models 1 to 3 fitted to only the 779 zip codes with both air pollution variables
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Fig 3 Airport specific and overall estimates of percentage increase in hospital admission rate for cardiovascular disease
(CVD) associated with 10 dB (day-night sound level) increase in 90th centile noise exposure among census blocks within
zip codes. Model controls for individual demographics (ags, sex, and race), zip code ievel socioeconomic staius and
demographics (% Hispanic and median househald income), and annual average fine particulate matter and ozone levels
(model 3). Airport specific estimates are arranged from lowest to highest values
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Fig 4 Airport specific and overall estimates of percentage increase in hospital admission rate for cardiovascular disease
(CVD) associated with 10 dB (day-night sound level) increase in the population weighted noise exposure. This model
controls for individual demographics (age, sex, and race), zip code leve! socioeconomic status and demographics (%
Hispanic and median household income), and annuai average fine particulate matter and ozone leveis {model 3). Airport
specific estimates are arranged from lowest to highest values
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Fig 5 Overall estimates of percentage increase in hospital admission rate for specific cardiovascular diseases (CVD)
associated with 10 dB (day-night sound level) increase in noise exposure. Results are reported for cerebrovascular disease
(stroke), ischemic heart disease, and heart failure, and for both exposure variables {population weighted noise exposure
and 80th centlle noise exposure) for each of the three models. Model 1 conirols for individua demographics (age, sex, and
race); model 2 additionally controls for zip cods level socicaconomic status and demographics (% Hispanic and median
household income); and model 3 adds to model 2 by also controlling for annual average fine particulate matter and ozone
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Fig 6 Estimated relative rates of cardiovascular disease (GVD) hospitalization from models using categorized 90th centile
of noise exposure. Low noise indicates <50 dB, medium noise indicates 50-55 dB, and high noise indicates >55 dR. Model
1 controls for individual demographics (age, sex, and race), model 2 additionally controls for zip code level sociceconomic

status and demographics (% Hispanic and median housshold income), and model 3 adds to model 2 by also controlling
for fine particulate matter and ozone levels
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Take off Vistsverige Copenhagen
Economics

Nar restiden med tg minskar kommer fler att vilja detta firdmedel 6ver flyg, bil och buss.
Figur 25 illustrerar exemplet med en resa frin Goteborg till Stockholm. T dagslaget tar det
ungefér lika l&ng tid att ta sig med tig som med flyg mellan de tv4 stidernas stadskirnor
om man riknar in transport till och frén flygplatsen samt tid for in- och utcheckning. Med
hoghastighetstag blir restiden betydligt kortare.

Figur 25 Restider med olika transportmedel, Géteborg C till
Stockholm C

Transport till Incheckning och  Flygtid Utcheckning Transport frian
flygplatsen viintetid flygplatsen
Flyg 3
0:55 0:15
Hoghastighetstig
Konventionellt tig (SJ Snabbtig)
Not: Statistik fér véntetider vid inrikesresor fran Resvaneundersékningen 2012 har anvénts for att rékna ut

incheckningstiden vid Landvetter. Den genomsnittiga véntetiden fér inrikesresor var 79 minuter.
Kélla: Copenhagen Economics, Goteborg Landvetter Airport (2013)

Undersokningar visar att vid3,5 timmars restid med t&g mellan tva stérre marknader dr
resendrer likgiltiga mellan tig och flyg. Vid ldngre restid viljer resenirer flyg och vid kor-
tare restid tdg. Sambandet mellan tigets marknadsandel och restiden visas i Figur 26.

Figur 26 Forhillande mellan tigets marknadsandel och restid

Tagets
marknadsandel!
(%)

MR
90 *
o ‘\e\o . .
70 - . \Q\‘-.;\” .
60 . - *e 0@
50 : : -‘k“t\’\; *
~® ¢

40 . e
30 . . ¢ \.ﬁt\g\’ Y
20 * T
10 . .
0 - T

0 1 2 3 4 5 6 7

Restid med t&g (timmar)

J

Kélia: Copenhagen Economics (2012b)

De ankomster som finns kvar nir det konkurrerande tiget har en restid pa under tva tim-
mar brukar i princip enbart vara transferresor till flyg med flygplatsen som slutmal. Finns
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