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Abstract

This paper investigates health externalities generated by air transportation. As a source of ex-

ogenous variation, we use an unannounced �ve-month trial that changed early morning patterns of

aircraft landings at London Heathrow airport. Our measure of health is prescribed medication us-

age for conditions known to be aggravated by noise. Compared to the control regions, we observe

a signi�cant and substantial decrease in prescribed drugs for respiratory and central nervous system

conditions in the areas subjected to reduction in air tra�c. Our �ndings suggest therefore a causal

in�uence of air tra�c noise on health conditions.
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I. INTRODUCTION

Pollution has well known economic consequences, a�ecting the health status of workers and so

their productivity and well-being. The study of the relationship between environmental exposure and

its adverse health e�ects is a well-documented �eld in environmental, epidemiological and medical

research. This paper contributes to the still limited, but growing, �eld of studies using exogenous

variation to investigate the causal e�ect of transportation services on health (see Cesur et al. 2017,

Deryugina et al. 2016 for recent examples, and Gra� Zivin & Neidell 2013 for a review). We present new

evidence on the health impact of airports as major sources of pollution (Wolfe et al. 2017, Schlenker

& Walker 2016), speci�cally focusing on noise pollution. We consider regions exposed to a change

in patterns of plane landings around a global aviation hub, located within a large metropolitan area,

London Heathrow airport. We make use of a trial implemented over �ve months (between November

2012 and March 2013) that redirected approaching aircraft to reduce early morning noise in designated

areas. As a health indicator we use drugs prescribed by medical doctors. We focus on three broad

types of diseases that, as suggested by the medical literature, are aggravated by noise pollution: central

nervous, respiratory and cardiovascular conditions.

Our main contribution is establishing new and concrete results linking air transportation noise

to medical conditions in a causal framework. We do so by exploiting unique context and data. First,

the nature of the trial surmounts avoidance behaviours - people may rationally avoid places exposed

to increased pollution - that plague earlier literature. This trial had the critical and unique feature of

occurring at daybreak, between 4.30am and 6.00am, when targeted residents are most likely to be at

home and therefore exposed to the full impact of the changed �ight paths. Second, by using data on

medicines prescribed by doctors to their patients, we can assess diagnosed health conditions, rather

than relying on self-reported health conditions. Finally by quantifying the health impact of air tra�c

noise caused by airports, we contribute to recent literature trying to credibly estimate the impacts of

transport congestion locations on health outcomes using natural experiments. This literature consid-
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ered air pollution generated by airports (Schlenker & Walker 2016), ports (Moretti & Neidell 2011), and

tollbooths and tra�c congestion (Currie & Walker 2011) as well as a paper on noise pollution near

Zurich airport (Boes et al. 2013).

Our main results are that during the trial we observe a decrease in monthly prescription expen-

diture on central nervous system and respiratory medication by 5.8% and 3.3% respectively1. These

results are more pronounced for areas most a�ected by the changing �ight patterns. We test the main

results by checking whether similar prescription changes happened for other diseases known to be

unrelated to noise pollution (infections and musculoskeletal conditions); we cannot detect any signi�-

cant changes over the same period. The results are also robust to changes in the time periods covered

and choice of control group. Our results therefore suggest a causal link between air tra�c noise and

health, which has �nancial implications for health spending. A permanent reduction in early morning

air tra�c are estimated to save around £5 millions per year from prescribed medicines in respiratory

and central nervous conditions, in the areas most a�ected by reductions in air tra�c.

This paper is structured as follows. The following section gives background information on air-

ports, noise pollution and health. Section III describes the institutional setting and the empirical strat-

egy. Section IV describes the data and Section V presents and discusses the results. Section VI con-

cludes.

II. AIRPORTS, NOISE AND HEALTH

Communities located near major airports such as Heathrow su�er from exposure to noise pollution,

which can have negative impacts on their health. In the UK the Civil Aviation Authority (CAA) on

behalf of the Department for Transport produces noise contours maps to estimate the size of the areas

subject to di�erent noise levels (Lee et al. 2014). As a standard, noise contours are plotted at levels

1. In Britain medical prescriptions are subsidised by the National Health Service (NHS) and arise from visits to
physicians, known as general practitioner (GP) doctors. This is in contrast to the reimbursement systems that
occur in countries with medical insurance schemes.
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from 57 to 72 dB2, in 3 dB steps. Additional steps from 48 to 57 dB are added for night contours due

to the higher sensitivity of people during sleep hours. Traditionally, the 57 dB level represents the

starting point of signi�cant community annoyance. For Heathrow airport, Lee et al. (2014) calculated

that in 2013 about 266,000 and 421,000 people were exposed to 57 LAeq,16hour during the day and 48

LAeq, 8hour during the night respectively. The large number of residents a�ected is due to the proximity

of Heathrow to a highly urbanised area. In fact, Heathrow lies within the boundaries of Greater London

(an unusual location for a major international hub)3.

There is strong evidence that noise, de�ned as undesirable sound, impinges on human health.

Among its adverse e�ects, we focus on those non-auditory ones - i.e. those health e�ects other than

tinnitus and hearing loss, triggered by environmental noise. In their recent review, Basner et al. (2014)

identi�ed four main outcomes from excessive noise: sleep disturbance, annoyance, cognitive impair-

ment and cardiovascular disease. People react to various levels of noise when it interferes with sleep

or daily activities. They experience a range of e�ects of varying severity, from exhaustion and stress-

related symptoms to anger and displeasure. The human body can respond through direct and indirect

pathways to acute exposure to noise. The latter refers to the path from perceived nuisance to emo-

tional stress reactions. The direct pathway consists of the autonomic physiological stress triggered by

the interaction between the central auditory system and the central nervous system. Even at low noise

levels, this is considered to be the prevalent mechanism in sleeping individuals (Basner et al. 2014). Ob-

servations on chronically exposed populations show an e�ect on the metabolism and the deterioration

of the cardiovascular system (Basner et al. 2014). Sleep disturbance is regarded as the most harmful

e�ect of environmental noise exposure. Occasional incidents as low as dB 33 LAmax at night can induce

2. Noise exposure is measured in decibels (dB), a logarithm scale that ranks noise pressure levels. When noise
varies over time, the LAeq,T is the equivalent average continuous sound which would contain the same sound
energy as the time varying noise for a given period T. When noise has instantaneous e�ects, such as sleep
disturbance due to aircraft, it is better measured as a maximum value during the time period (LAmax).

3. The initial location was chosen for military purpose during WWII, without foreseeing its expansion into one
of the world’s top four busiest civilian airports (from "The History of Heathrow", The Independent, 1st March
2011.)
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various physiological reactions during sleep, such as tachycardia, body movements and awakenings

(Basner et al. 2014). There is con�icting evidence on the size of these e�ects, which vary according to

whether the study considers elderly, children or people with existing conditions (van Kamp & Davies

2013).

Noise source is a fundamental contributor in reaction to noise. Di�erent sources hold di�erent

acoustic characteristics: frequency, sound level, duration, intensity and psychoacoustic measures. For

instance, at the same average night noise level, aircraft noise is found to trigger a higher level of

annoyance than other transportation noise (European Commission, 2004).

Studies on noise e�ects date back to the 1970s (Ando et al. 1975). Initially, laboratory settings were

promoted, followed by �eld experiments with a focus on airports (Cohen et al. 1981, Chen & Chen 1993,

Evans et al. 1995). These found harmful e�ects of noise on cognitive ability and on blood pressure. Since

then qualitative research played an increasingly important role in documenting individuals’ reaction

to noise. There are many epidemiological studies drawing on large administrative sources of health

outcomes to investigate the e�ects of noise on health. Examples include (Tzivian et al. 2015) who

reviewed studies on the mental health e�ects of exposure to noise pollution and reported a positive

association with anxiety, depression and impaired activities of daily living, among other outcomes.

Hansell et al. (2013) focused on the Heathrow airport region speci�cally. They found that exposure

to higher noise levels increased mortality and the prevalence of strokes, coronary heart disease and

cardiovascular disease for both hospital admissions and mortality.

Although these cross-sectional studies control for some of the confounding factors that could be

associated with the relevant outcomes, such as socio-economic status and individual overall health

conditions, they do not unequivocally determine causation between environmental factors and health.

For example, they assume that exposure to noise happens mainly at the individual’s home address.

However, a large proportion of the population spend most of their day outside their home, thus raising

problems of exposure bias. In response, economists have adopted quasi-experimental techniques to

tackle some of these issues (Gra� Zivin & Neidell 2013).
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A few recent papers exploit exogenous shocks to emissions to estimate the related health e�ects.

However, these typically focus on air pollution levels (Currie & Walker 2011, Beatty & Shimshack

2011, Schlenker & Walker 2016, Halliday et al. 2018 among others) rather than noise. An exception is

Boes et al. (2013) who attempt to measure exposure to noise around Zurich airport by using individual

�xed-e�ects and a change in �ight routes over a number of years. They found that daytime exposure

to an increase in aircraft noise signi�cantly a�ects self-reported health problems. Our paper uses

actual medicines prescribed for conditions aggravated by noise during sensitive sleeping hours, in a

framework conducing to a causal interpretation by comparing exposures to changed �ight patterns

between treated and control groups.

III. METHODOLOGY

III.a. Identi�cation strategy

In order to address its noise externalities, Heathrow airport explores ways to reduce these through

a number of adjustments and measures. For instance, it encourages the use of quieter planes especially

during sensitive hours, promotes quieter operating procedures, and working with local communities

it provides individual home insulation (Heathrow Airport Limited 2013). The Early Morning Arrivals

Trial (EMAT) in 2012 and 2013 was introduced to provide noise respite to speci�c communities a�ected

by landings at Heathrow airport.

Our analysis focuses on this intervention. During �ve months, from 5th November 2012 to 31st

March 2013, Heathrow airport ran the trial in collaboration with the noise pressure group HACAN

(Heathrow Association for the Control of Aircraft Noise), British Airways and NATS (formerly National

Air Tra�c Services). The main feature of the trial was the identi�cation of four pairs of exclusion zones

(two to the east and two to the west of Heathrow), which were designed to be free of aircraft movements

during the night and early morning in alternate weeks for the duration of the trial, redirecting the night

�ights to other areas. The trial implemented a weekly switch between these two sets of exclusion
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zones, which we term ’odd’ and ’even’ weeks. A commissioned report (Tucker et al. 2013) evaluated

the outcome of the trial but did not provide the exact �ights paths for a�ected areas. We therefore rely

on graphics produced by the report to illustrate the distribution of �ights across the a�ected zones -

shown in Appendix A.

Night quota restrictions reduce landings at Heathrow between 11:30 pm and 6:00 am. However air-

lines, responding to travellers preferences for early morning landings, allocate nearly all those landing

slots between 4:30 am to 6:00 am. This pattern translates into one aircraft landing every four to ten

minutes during those crucial 90 minutes when sleep is likely to be disrupted. In addition these early

morning landings are typically transcontinental large bodied jets which are noisier than the average

aircraft landing at other times of the day.

Our data on prescriptions are available on a monthly basis only, therefore we use early morning

�ights per month. This has the advantage of picking up most of the prescription changes in any one

month of the trial, as patients often consult their doctors with a delay. The nature of the trial means that

residents will have experienced reduced or no noise in two weeks in a month but may have increased

noise in alternate weeks. There are a number of reasons why this exposure does not cancel out in

aggregate, allowing us to identify the impact of the trial on prescriptions.

The �rst is climate related. Aircraft have to land into the wind when its speed exceeds 5 knots; in

South East England 70% of the year the wind direction is west to east. This little known pattern implies

that, as opposed to a more regular alternation between landing from the west and the east, more than

70% of planes typically land �ying over central London (from the east). So relative to the pre-trial �ight

patterns, areas to the east experienced more of a reduction in the odd weeks than an increase in the

even weeks. Areas further away to the east4 and to the west in contrast experienced an increase in

air tra�c for each month during the trial. Indeed the trial report shows that landings from the west

4. When landing, planes have to join a direct line or corridor from the runway, which at Heathrow runs hor-
izontally east to west. Because of the wind prevalence, planes in the odd weeks cannot always land from the
west so they have to join the corridors further away from Heathrow to the east during the trial in order to avoid
the areas subject to a reduction.
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increased and from the east decreased relative to the same �ve month period a year earlier (Tucker

et al. 2013).

The second factor relates to population density. The areas showing a reduction in air tra�c overall

are densely populated, largely residential areas. Indeed, it covers a large part of metropolitan London

stretching to the east of the city (a distance of about 20 miles to the east of Heathrow). This is obvious

from Figure 1 (discussed later) which shows the density of general medical practices for the areas

covered by the trial. Likewise, areas that experienced increased exposure to landings are less densely

populated. The trial report estimated that 138,000 people to the west and over a million to the east of

Heathrow experienced a respite during the trial (Tucker et al. 2013).

Finally, it is likely that a complete respite from night noise has stronger impacts on health than an

increase in noise from an already noisy environment. This draws on the idea that people may become

habituated to noise levels. Although such an e�ect is not precisely estimated in the medical literature,

there is a consensus that it is an important consideration and is very likely to be picked up by our

data. Therefore the combination of the wind direction bias, di�erential population densities and any

asymmetric reaction to noise enable us to identify the trial impacts on monthly prescribed medicines.

A visual inspection of the �ight tracks comparing our baseline time span (November 2011 to March

2012) to the trial period (November 2012 to March 2013) - see Figures A.1. and A.2. in the Appendix -

suggests �ve geographical zones in the Greater London (GL) area experiencing varied exposure as a

result of the trial. These are our ’treated’ regions, drawn as trapeziums on Figure 1). We labelled them

as follows: GLW1 and GLW2 to the west of Heathrow and GLE1, GLE2 and GLE3 to the east of the

airport. The average height of the areas is 10 miles and the average width is 5 miles. The Figures suggest

considerable variation in the exposure to early morning aircraft noise for a�ected sub-populations. The

regions called GLE1 and GLE2 were almost free of �ights during their exclusion weeks; it was over-

�own only slightly more than normal on the other weeks, so overall experienced a reduction in early

morning aircraft noise. Similarly there were areas over�own more overall, which were mostly located

to the west of Heathrow GLW1, GLW2.
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As control group, we chose all medical practises located in two rectangles situated north and south

of Heathrow, lying outside of the approach path corridor. The residents in those areas remained unaf-

fected by changes in air tra�c throughout the trial period.

{Insert Figure 1 here}

Residential sorting did not seem to be an issue within this setting thanks to two inherent attributes

of the trial. The �rst is suggested by the name of the trial: the Early Morning Arrivals Trial. We

assume that most people are at home between 4.30am and 6.00am and are in light sleep hours where

deep sleep is infrequent5. Secondly, no advance noti�cation about the start of the trial was given to

residents (Tucker et al. 2013). The organisations involved decided to communicate the implementation

of the change only after the �rst week of the on-going trial, and then to collect feedback from residents

through media and meetings. Therefore, it is unlikely that people relocated due to this unexpected

temporary change.

III.b. Empirical speci�cation

The goal of this research is to assess the impact of changes in aircraft emissions on health condi-

tions for those people living underneath �ight paths. To simultaneously isolate causal e�ects of the

�ight changes and control for confounding factors, we explored GP prescribing di�erences between

communities that experienced the �ight change and communities that did not, outside and during the

trial. The empirical design adopted here is a standard di�erence-in-di�erences (DD) approach. The

strong assumption that needs to hold for this model to be valid is the so-called parallel paths assump-

tion: non-a�ected regions provide information on the expected health outcome trends for a�ected

regions, had changes not occurred. This is discussed further in Section V below.

The epidemiological literature on the detrimental impact of noise pollution on health suggest to

5. Night sleep is divided in a series of cycles made of Rapid Eyes Movements (REM) and non REM episodes.
During last cycles before daybreak, REM periods signi�cantly increase which implies shallow sleep, see Klemm
(2011).
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focus on medical conditions related to central nervous, respiratory and cardiovascular systems. The

adverse health consequences are measured by monthly spending on prescriptions for three therapeutic

classes. This comprises medications to aid circulation and breathing, and for the central nervous system

includes anti-depressants and drugs to treat insomnia.

We estimate the multiple time period DD regression model taking the following form:

ln(SPENDINGj
it) = δj(TRIALt × TREATi) + γjk + λjt +

∑
s

Xsitβ
j
s + εjit, (1)

where SPENDINGj
it is the total spending on prescription medicines for one of the three condi-

tions of interest (j) per thousand patients in each practice (i), and month (t). The causal e�ect of the

trial on medication spending is captured by the coe�cient δ of the interaction term, with TRIALt

taking value 1 for the trial months (November 2012 to March 2013) and 0 for the baseline months

(November 2011 to March 2012) and TREATi taking value 1 for treated practices and 0 for control

practices. The model includes region e�ects (γk), where the region k which contains practice i can be

broad or more narrowly de�ned geographical areas as explained below, and monthly time e�ects (λt).

Xit represents a series of s controls including index of multiple deprivation (IMD) scores to account

for socio-economic levels; practice proportions of patients by gender and age; the practice proportion

of GPs by age and GPs who quali�ed in countries other than the UK and �nally the number of GPs per

thousand patients. The last term, εjit represents an idiosyncratic disturbance term.

{Insert Table 1 here}

Table 1 summarises the list of variables. We estimated the model in equation (1) for di�erent macro-

regions: �rst all areas grouped together, then regions GLE1, GLE2, GLE3 and GLW1 individually6. In

the �rst case, we estimated the overall e�ect of the trial. The remaining estimates show the e�ect by

smaller geographical areas that from a visual inspection seemed to experience consistently distinct air

6. GL stands for Greater London, then E is east, W is west. GLW2 is not estimated separately due to the low
number of practices in this region.
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tra�c changes. The analysis of these variations is discussed in Section V

IV. DATA

Monthly general practice prescriptions were drawn from the Health and Social Care Information

Centre (HSCIC) for the period from November 2011 to October 20137. The aim was to capture condi-

tions induced and exacerbated by environmental exposure that are treated by medications rather than

in emergency rooms or hospital visits. The key variables for our analysis are the practice code (unit

of observation) and its postcode, the medication identi�er, the month of prescription and the Net In-

gredient Cost (NIC - the basic cost of a drug that adjusts for the size/quantity of the medication). We

matched the practice postcodes data with the trial regions. The locations of all practices within the

Heathrow airport trial areas are shown in Figure 1. Each medication lies within a speci�c therapeutic

class, called BNF (British National Formulary) chapter. The three categories selected for our analysis

are central nervous, respiratory and cardiovascular systems. In addition we extracted data for infec-

tions and muscoloskeletal and joint diseases to use as placebo conditions in order to test the robustness

of our results.

The logarithm transformation of the practice spending per thousand patients is the main outcome

used in our analysis. It summarises information on monthly expenditure by practice aggregated at

medication category level. In the publicly funded British health system (NHS), this adjusted measure

of practice spending corresponds to prescribed medications consumed in countries where health sys-

tems relies on private medical insurances. The practice postcode was used to match the practice with

the six trial regions (�ve treatment trapeziums to the east and west and one control - the aggregated

areas to the north and south of Heathrow). We assumed that people tend to register with one of the

practices closer to their home8. Therefore, we expect GP prescribing to be a good measure of medica-

7. The datasets are released under the terms of the Open Government Licence and can be downloaded freely on-
line at: GP practice prescribing data - Presentation level, https://data.gov.uk/dataset/prescribing-by-gp-practice-
presentation-level.

8. This idea was con�rmed by a recent study on the trade-o� between practice quality and patient distance in
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tion spending for patients living within the same trial region of the practice. Using GIS (Geographic

Information System) tools (QGIS software, Google Earth and Maps Engine) we geocoded the practices’

location in order to assign them to the trial areas.

We included the Index of Multiple Deprivation (IMD) data to control for local socio-economic lev-

els; this is a multidimensional composite index including dimensions related to income, employment,

health, education and crime.9 We matched all practice’s postcodes with the respective lower layer su-

per output areas (LSOAs), which are socio-geographical areas with an average of 1,500 residents. IMD

data at LSOA level for 2011 are published on the data.gov.uk website.10 Our dataset reported a mini-

mum IMD score of 0.99 for the least deprived areas and a maximum IMD score of 66.21 for the most

deprived areas. We gather yearly information on practice characteristics by using General Practice

Workforce data. It contains patients headcount and its breakdown by age and gender as well as the

number of GPs, their age, gender and country of quali�cation11.

As discussed in the previous Section, in South East England wind is predominantly westerly. This

is especially important when looking at landing planes at Heathrow since above 5 knots they need to

land into the wind regardless of the scheduled landing direction. Introducing a monthly wind switch

variable that returned the monthly proportion of nights when wind speed exceeded this threshold

does not change the results because of collinearity with the month dummies. Besides the general wind

prevalence, the upper panel on Figure 2 shows that March 2013 (a month that falls in the trial period)

dramatically deviated from the usual pattern. The number of nights when planes came from the west

of Heathrow (i.e. wind blew from east) outweighed the number of nights with planes landing from the

east. This contradicted the westerly wind direction prevalence. We addressed this issue in the following

England (Santos et al. 2017).

9. The four constituent nations of the UK have each developed their own index of multiple deprivation (IMD).
These have been developed to identify small area concentrations of deprivation, and are based on methodology
developed at the University of Oxford Social Disadvantage Research Centre (Noble et al. 2006).

10. Freely accessible data provided under the Open Government licence.

11. See https://www.england.nhs.uk/gp/gpfv/workforce/
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section dropping March 2013 and exploring the e�ects on GP spending of a reduced four-month trial

period (November 2012 to February 2013 only).

{Insert Table 2 here}

Table 2 reports the summary statistics for the data we used, broken down by control and treatment

groups. Overall we are able to use 802 practices for which we can link the prescribing data to the

variables listed in Table 1. The practices excluded are specialist clinics, hospitals and out-of-hours

services that do not have a patient list. Overall we dropped around 24% of providers, which is similar

to other studies using the same data (Rowlingson et al. 2013).

V. RESULTS AND DISCUSSION

V.a. Landing Patterns

As discussed in section 3, the trial implemented a weekly switch between two sets of air tra�c

exclusion zones, which we term ’odd’ and ’even’ weeks below. The aim was to provide early morning

noise respite to the population a�ected by landings at Heathrow airport. A very detailed report on the

�ight patterns during the trial is available (Tucker et al. 2013); here we visually summarise the main

�ndings. In Figures A.1. and A.2., the top panel of both �gures represents the map of all landing tracks

during the �ve-month period in the year before the trial. The second and the third panels show the

aircraft tracks of planes landing at Heathrow on odd and even weeks during the trial. Since data on

medication spending is available in the form of monthly datasets, we aggregated the second and third

panels and interpreted the trial as a monthly event comprising a combination of alternated weekly

changes. Below we describe how these monthly events are di�erent for each region of interest.

The control regions (outlined above and below the airport on the maps in Figures A.1. and A.2.)

included those regions that were not a�ected by changes implemented during the trial. The GLE1

area (see Figure A.1.) experienced an overall notable reduction in air tra�c on odd weeks and a slight

increase on even weeks of the trial, with a reduction overall in each month of the trial. Similarly
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GLE2 (see Figure A.1.), an area generally subject to heavy early morning air tra�c, saw some increase

in tra�c on the odd weeks and an important drop on the even weeks. These are the two regions

most a�ected by the trial. The last region to the east of Heathrow is GLE3 (see Figure A.1.); if we

distinguished the northern from the southern region, the latter experienced an overall increase in air

tra�c and speci�cally a sharp increase in tra�c on even weeks. From the second and third panels of

Figure A.2. we can see that the GLW1 area was characterised by a serious increase in air tra�c on

the odd weeks and a decrease on the other weeks, implying an overall increase in early morning air

tra�c. The GLW2 area (see Figure A.2.) saw a drastic reduction of air tra�c on odd weeks and almost

no change on even weeks. However interesting this area might be, it contains only six GP practices in

a mainly rural region.

These are the broad regions identi�ed by the trial �nal report. However, we assume that the level

of variation occurred at a lower regional dimension. Our observations are at the practice level but the

environmental quality may be common to groups of practices. This is supported by the fact that noise

and air pollution levels vary at a re�ned level. Maps of noise contours provided by the Civil Aviation

Authority draw a picture of how much variation there is from one street to a few streets apart. This

suggests using a geographical unit smaller than the broad regions but larger than practice level. We

use the Middle Layer Super Output Areas, MSOAs, in which environmental quality is likely to be

more homogeneous12 (Lee et al. 2014). Our unit of observation (practices) is smaller than the MSOAs

which could bias our standard-errors, as documented by (Moulton 1986). Failure to take account of this

clustering dimension could lead to a downward bias of the standard errors. The main speci�cation,

reported below, controlled for these potential common group variations by adopting cluster-robust

standard errors - the number of clusters (MSOAs) is large (between 227 to 444 - see Table 2).

We checked for possible standard error bias and calculated the intraclass correlation coe�cients

12. MSOAs enclose between 5,000 to 15,000 residents, with an average of 7,700 population as of Census 2011.
Each MSOA includes a minimum of one and a maximum of seven practices.
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(ICC) of errors and covariate (i.e. TRIALt × TREATi, the main regressor of interest)13. In fact, the

correct standard error can be biased by a quantity which depends on the magnitude of those coef-

�cients, on the number of clusters and on the size of the clusters14. We obtained very small ICC of

covariate (0.073) and zero ICC of errors. This suggests standard error bias may not be a major concern.

However we decided to maintain the more conservative cluster adjusted standard errors, rather than

the commonly used robust adjustment. These are the main results reported in the paper but later we

discuss in detail a series of alternative speci�cations and corrections to standard errors.

Besides the regional variations due to the trial, we need to keep in mind that wind speed and wind

direction a�ect the landing provenance regardless of the planned schedule. In other words, ideally

during the trial there should have been a regular weekly switch between planes landing from the east

(i.e. over London) and planes landing from the west (i.e. over Reading). The reality however departs

from the forecast due to changing atmospheric conditions. When wind speed is above 5 knots, planes

always land into the wind. As we have already mentioned, in South East England on average wind

is westerly 70% of the year. We therefore expect more robust results for the three areas to the east

of Heathrow - GLE1, GLE2 and GLE3 - as for these regions there was a signi�cant reduction during

weeks when they experienced respite (see Figure 2). This westerly preference of planes landing over

London was observed during the �rst four months of the trial.

To summarise, the trial included four broad areas where we can investigate the impacts on medical

prescriptions of changes in air tra�c during early mornings for �ve months. What can we expect to be

the relationship between the variations in population exposure to noise and air pollution and monthly

medication spending? The impact will depend crucially on the population density of the a�ected areas.

Those areas where there appeared to be a signi�cant reduction in air tra�c during the trial, GLE1 and

13. This can be done using the loneway command in STATA (StataCorp 2014).

14. The so-called Moulton factor, which tells how much larger the corrected standard error would be
compared to an unadjusted standard error. With unbalanced group sizes, this is given by: SE(β̂1)

ŜE(β̂1)
=(

1 +
[
V (ng)
n̄ + n̄− 1

]
ρερx

) 1
2

, where ng is the size of group g; V (ng) is the variance of group sizes, n̄ is the
average group size and ρε and ρx are the ICC of errors ε and covariate x, respectively.
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GLE2, were in fact the most densely populated, as illustrated in Figure 1 by their high GP practice

density. Therefore we might expect an overall reduction in medical prescriptions. Our GP practice

data are at a much more re�ned geographical level and so the regressions will ascertain if signi�cant

reductions can be detected. The next subsection discusses the results we obtained.

V.b. E�ect of the Trial by Health Condition and Region

Our analyses focus on the e�ects of the trial on central nervous, respiratory and cardiovascular,

system ailments. The previous literature showed that these conditions are associated with noise pol-

lution exposure.

An investigation of the parallel paths assumption is given by Figures A.3., A.4., A.5. and A.6. where

trends of monthly spending by thousand patients are adjusted by percent of female patients, percent

of old patients (85+ years old) and IMD scores of the small socio-geographical areas. They show the

patterns of medication spending on control and several treatment groups and generally suggest no

di�erences in trends. Therefore, we take this as supporting evidence that the parallel paths assumption

holds.

{Insert Table 3 here}

Table 3 summarises regression estimates using equation (1) by health condition for the whole sam-

ple for the main variable of interest, TRIALt × TREATi, which is a trial indicator equals to 1 for all

practices within treated areas and during the �ve months of the trial and to 0 for the same �ve months

one year earlier15.

The �rst column of Table 3 shows the results for the central nervous system, a therapeutic class

related to the treatment of sleep loss, concentration de�cits and other stress-related diseases. The

estimate is signi�cantly negative overall for the regions involved in the trial. This condition showed

15. Full regression results are available in Appendix Tables A.1.-A.3. The regression analysis was repeated for
each broad treatment region and included all the atmospheric, socio-economic, GP and patient controls listed in
Table 1.
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the greatest reduction in spending of 5.8% during the trial. Column 2 of Table 3 reports the results for

respiratory system conditions. The �ve-month trial reduced the spending on respiratory medication

by 3.3%.

The �nal column of Table 3 shows the estimates for cardiovascular system medication spending.

This indicates that the trial had no overall signi�cant e�ect on all regions involved in the �ight-path

variations. As shown in the Appendix Tables, the coe�cient estimates are signi�cantly positive around

7.2% for GLE3 and only slightly signi�cant for GLE1 and GLE2. The weak results here probably re�ect

the more long term nature of these conditions that make it di�cult to identify impacts from short term

changes as in our trial.

On average a negative e�ect on central nervous and respiratory system conditions seem to domi-

nate. The explicit purpose of the systematic �ight-paths variations set up by Heathrow airport was to

reduce the population exposed to high noise pollution levels during sensitive hours. The results from

Table 3 for all regions seem to con�rm an overall decrease in medication spending caused by the trial.

The trial �nal report documented the comments received by local communities after the trial was

conducted (Tucker et al. 2013). The response was mixed, residents outside the areas of predictable

respite expressed vocal complaints of increased air tra�c and annoyance. However, other communities

perceived a decrease in early morning noise and positively assessed the trial. Therefore it is worthwhile

focusing on the regional results in more detail. These are given in Table 4, where we concentrate on

the more robust estimates for the central nervous systems and respiratory conditions.

{Insert Table 4 here}

The GLE1 area reported signi�cant e�ects mainly for the nervous system class. In fact, there are

negative changes in GP spending of 7.7% for central nervous system conditions. The GLE2 region was

characterised by a marked decrease in air tra�c during its respite weeks and it produced the clearest

picture. The almost complete reduction in landing aircraft prevailed over the increase in �ights in

alternate weeks. In fact during the trial, monthly GP spending decreased signi�cantly by 10.5% for

central nervous conditions and by 6.8% for respiratory conditions (this region also shows a decrease



18

in GP spending on cardiovascular conditions, as shown in the Appendix). Evidently, the results for

the GLE2 area indicate that residents bene�ted from the weekly respite during early morning hours. It

appears that two weeks per month of air tra�c suspension were enough to reduce monthly prescription

spending on all conditions.

For GLE3 as a whole we found a 4.7% signi�cant increase for those medicines related to the central

nervous conditions. From the maps in Figures A.1. and A.2. we can see that the change di�erently

a�ected the northern and the southern part of GLE3. To investigate the e�ect of the trial on the two

regions of GLE3 we separately estimated the model for the two areas. The results - not reported here -

showed that prescribing practices in the northern part drove the change, in contrast to our expectations

that the southern part experienced the most increase in medication spending. The two main concerns

are the reduction in the number of observations and in the areas extension. Having smaller regions

opened the issue of patient sorting. In fact residents of one side of the region could easily be registered

with a GP on the other side, with a maximum distance from the southern to the northern part of 10

miles. This division also resulted in small numbers of practices, sixteen for GLE3 north and just �ve

practices for GLE3 south.

For the GLW1 region, the coe�cient estimates are positive as expected due to an overall increase

in air tra�c. However, they are not statistically signi�cant. As previously discussed and as shown

in the Figure 2, we know that wind is predominantly westerly which implies that the majority of the

�ights landed over the three other areas. This, combined with the sparse population density and low

number of practices in this region, could explain the lack of signi�cant results.

To conclude, our estimates suggest the decreases in air tra�c noise were responsible for the health

e�ects. The identi�cation of these e�ects was aided by the fact that the groups with the higher number

of practices, hence more densely populated, and the higher percentage of landing aircraft happened to

be the two regions that experienced an important reduction in air tra�c during the trial.
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V.c. Robustness Tests

We introduced a number of robustness tests to further investigate our main results; these are sum-

marised in Table 5. The top panel reports the baseline coe�cient estimates from Table 3. Panel 1

reports the estimates of the coe�cient δ of equation (1) with heteroskedasticity-robust standard er-

rors. As expected the standard errors are lower, raising the signi�cance relative to the variant with

MSOA clusters. In panel 2 of Table 5 we changed the cluster dimension to a more aggregate level, the

four trial zones: GLE1, GLE2, GLE3 and GLW1. The signi�cance levels are comparable to the previous

panel with larger standard errors. Therefore the results are robust to alternative error term variance

corrections.

{Insert Table 5 here}

For each outcome group we repeated the analysis including all the 24 months of available data from

November 11 to October 13. This has the advantage of including months when �ight paths returned

to normal operation but has the drawback of including seasonal variation unrelated to the trial. We

found smaller coe�cients with similar levels of signi�cance (panel 3). The second panel of Figure 2

shows the well known seasonal pattern of �ights with the majority of landings in the summer months.

As the trial was during the o� season it seems preferable to compare landings with the same period

one year earlier.

The structure of DD panel data raises concerns over serial correlation. The literature does not give

unequivocal guidance over the resolution of this potential problem. One reference paper by Bertrand

et al. (2004) highlighted that within the DD setting the combined presence of long time series and the

use of the period of treatment indicator imposes very little variation over time, potentially leading to

serious issues of serial correlation. A common solution is to aggregate the observations across time

periods. Therefore we average across all �ve months for the year before the trial and all 5 months

during the trial period, equivalent to using two cross sections.

We estimated equation (1) with this new two-period set up and we obtained the coe�cient esti-



20

mates for the regressor of interest TRIALt × TREATi reported in panel 4. We can see that the size

and the direction of the e�ects did not change, however the signi�cance was a�ected. With such a large

reduction in observations it is di�cult to obtain very precise estimates. The less restrictive alternative

of adding a time trend to equation (1) does not substantially a�ect the nervous coe�cient, although it

does impact on the signi�cance of the respiratory coe�cient (panel 5). An intermediate approach is to

include area time trends as these allow for region speci�c shocks. In this case the nervous coe�cient

is larger and highly signi�cant but the value of the respiratory coe�cient drops.

As we mentioned earlier, March 2013 showed an unusual wind direction pattern, see Figure 2. To

overcome possible issues caused by the easterly wind prevalence in that speci�c month, we decided

to exclude observations for March 2013 and consequently for March 2012. The results in panel 7 of

Table 5 suggest that this deviation from the usual wind direction pattern did not signi�cantly a�ect

our original estimates.

We also experimented with alternative regional groupings, given that they are di�erentially af-

fected by the landing patterns. The results are shown in panels 8 to 11. In panel 8 we include only

observations for GLE1 and GLE2, which as previously discussed, and clearly shown in Table 4, re-

ported the most signi�cant results. We estimated the trial coe�cients with these two regions grouped

together, keeping the same control region and omitting the GLE3 and GLW1 areas. We, therefore,

assess the impact of the trial on regions that experienced a visible decrease in air tra�c. As expected,

the estimates increased in absolute value. GP spending decreased most for central nervous system

medication, from 5.8% in the original pooled estimate to 7.6%. For respiratory medication, the overall

decrease in GP spending went from 3.3% in the original estimation to 3.9%.

We next report results for all regions to the east of Heathrow, adding GLE3 to the previous speci-

�cation (panel 9). This con�rms the same estimates reported in row 7. The magnitude reduces as we

would anticipate considering that in the GLE3 area we see some increase in air tra�c during the trial.

Keeping observations for GLE3 and GLW1, groups all areas that had an overall increase in air tra�c

during the trial (panel 10). For these regions, we see a signi�cant increase in cardiovascular medication
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spending by around 6%, as well as a positive change of 4.7% for nervous spending. This important re-

sult shows that the gains in some areas were, to some extent, counterbalanced by increased spending

in regions over�own more heavily during the trial. This lends additional support to our identi�cation

strategy that relies on early morning changes in landing patterns. Not only are we observing reduced

prescriptions in areas less over�own, but we do observe as well increased spending in those over-

�own more. Finally we report the results grouping all regions to the west of Heathrow (panel 11). For

this speci�cation we retrieve data for the GLW2 area that was excluded from the analysis due to too

few practices. The signs remain positive for the three therapeutic classes, but the coe�cients are not

signi�cant.

We detected a substantial decrease in spending from June 2012 onwards for cardiovascular system

diseases. We discovered that in May 2012 the patent of a medicine widely used to control cholesterol

levels (atorvastatin) expired inducing a 93% reduction in its price. Consequently the NHS advised GPs

to switch to atorvastatin16. This change is likely to have been driven by the drop in the medicine price

rather than in a decrease in the quantity prescribed. To account for the possibility that the switch to the

generic medicine has been di�erentially adopted in the treated and control groups, we added a further

division: cardiovascular diseases spending excluding atorvastatin medicines. Panel 12 of Table 5 shows

results for all cardiovascular medicines other than atorvastatin to rule out a possible confounding e�ect

caused by this drug. The coe�cient estimate changed in size but remained statistically insigni�cant,

as for the coe�cients of the main speci�cation.

In row 13, we test the sensitivity of our results to the chosen control group. We can see on Fig-

ure 1 that the two rectangles to the north and the south of the runways have slightly di�erent sub-

populations size (the north including more medical practices than the south). We therefore run ad-

ditional regressions using the north rectangle as control only, excluding practices to the south. The

coe�cients retain the same signi�cance, with both the coe�cients and standard-errors only marginally

16. See http://www.pulsetoday.co.uk/price-of-atorvastatin-plummets-93-as-patent-end.
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increased. The di�erence in coe�cients is not statistically signi�cant at any conventional levels.

Finally we ran a series of regressions as placebos using health conditions that were deemed un-

likely to be a�ected by variations in ambient noise. We identi�ed infections and muscoloskeletal and

joint diseases as such ‘placebos’, deemed una�ected by either noise pollution exposure. Panel 14 of

Table 5 shows the results of this analysis. The estimates for both therapeutic classes were found to be

statistically insigni�cant, hence providing further support for our identi�cation strategy.

V.d. Impacts on Health Spending

We next investigate the economic signi�cance of our results. Table 6 shows back-of-the-envelope

calculations of changes in monthly prescribing costs due to the implementation of the trial by region,

which generated an overall decrease in spending by GP practices.

For instance, for the GLE1 and GLE2 regions we found a 7.6% reduction in monthly spending on

nervous system conditions per thousand patients (see Table 5). On average a practice based in GLE1 or

GLE2 has 6,600 patients and recorded about £1,760 monthly spending per thousand patients (derived

from Table 2). From these �gures we calculated the monthly change in spending per practice, and we

multiplied it by 351 - the total number of the practices within the GLE1 and GLE2 regions (see Table

2). The result of this calculation is shown in Table 6 and adds up to about £310,000 saved in monthly

spending for the whole GLE1 and GLE2 regions only for the nervous system therapeutic class.

{Insert Table 6 here}

To put this number in context, we calculated the monthly saving in these regions arising from the

substitution to atorvastatin following the expiration of the patent in May 2012, as described above.

This suggested about £110,000 savings per month from this one drug alone. Therefore our estimate of

the savings from the trial for the entire nervous system class of drugs, £310,000, seems realistic.

We similarly calculated the cost savings for respiratory conditions, which was generally signi�cant

but less robust, and added these to the nervous system savings. Looking at all the regions involved

in the trial, we calculated a net monthly saving overall of about £420,000. Had the �ights reduction
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been adopted permanently17, the NHS would have saved around £5 millions per year in respiratory and

nervous system prescribing costs. To put this �gure into perspective we can calculate the total annual

prescribing spend in the trial area. In 2013 in England the prescribing spend was at £142 per person18.

Multiplying this by the 403 practices times the average number of patients per practice, we obtain about

£410 millions, which consists of an estimate of the annual total prescribing spend in the trial regions.

Therefore, the estimated savings account for 1.23% of the total prescribing spending. We should also

note that these are likely to be conservative �gures since we ruled out all those practices that did not

have a patient list (e.g., specialist clinics, out-of-hours services and hospitals - which accounted for

about 24% of all practices).

To complete the �gure of the induced monetary saving, we should add the reduced costs of GP

time due to the likely lower number of visits by patients to request prescriptions. However we do not

have su�cient data to estimate this. In addition there are likely to be indirect bene�ts, such as reduced

absenteeism and related gains in productivity. Combining these with the direct reduction in medical

spending is likely to lead to much greater savings.

VI. CONCLUSIONS

In this paper we estimate the health externalities generated by noise pollution from aircraft, ex-

ploiting a �ve-month trial that took place around London Heathrow airport from November 2012 to

March 2013. The trial involved changes in patterns of aircraft landings during early morning hours

(4.30am to 6.00am). Health e�ects are measured through changes in medication prescribing by GP prac-

tice. We �nd a statistically signi�cant response of monthly medication spending on central nervous

and respiratory system conditions to these changes, and weak e�ects for cardiovascular conditions. We

detect signi�cant reductions in prescription spending on central nervous and respiratory conditions in

17. The trial was not made permanent after a well orchestrated campaign by residents who experienced an
increase in air tra�c in one speci�c area during the trial.

18. See "Annual prescribing spend per person in the UK", Nu�eld Trust at
http://www.nu�eldtrust.org.uk/data-and-charts/prescribing-spend-person-uk
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the regions that experience a drop in air tra�c during the trial. Residents in regions more over�own

during the trial have increased their medicines intakes but the e�ects are weaker. These results are

also consistent with the idea that complete respite has a stronger e�ect than an increase in an already

noisy environment.

This quasi-experimental approach suggests a causal impact of aircraft noise pollution on human

health. By relying on a quasi-experimental research design (Gra� Zivin & Neidell 2013), we comple-

ment previous epidemiology based studies that �nd negative associations between aircraft noise and

health around major airports (Clark et al. 2012).

This study also illustrates the bene�ts of using publicly available data to estimate some of the direct

costs from adverse environmental exposure imposed on society, whose costs are often borne by the

public health system. Our calculations suggest a sizeable direct impact on GP spending in the areas

a�ected. These estimates do not include the reduced costs of avoided GP visits, the gain in patients

well-being, and impacts on individual worker productivity through absenteeism or less e�ective e�ort

in the workplace. Our �ndings suggest that small variations to air tra�c exposure during critical hours

a�ect health and this could inform environmental policy.
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Table 1: List of variables.

Outcome
GP spending on prescribed drugs for: Central nervous systems related, respiratory and cardiovascular

conditions, monthly medication per practice
Covariates
Socio-economic Index of Multiple Deprivation at LSOA† level
GP density GPs per thousand patients
GP characteristics Non-UK quali�ed; females; <30 yrs; 30-49 yrs; 50-64 yrs
Patient characteristics Females; 4-14 yrs; 45-64 yrs; 65-74 yrs; 75-84 yrs; >85 yrs
†LSOA: Lower Layer Super Output Area, socio-geographical area with an average of 1,500 residents.
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Table 2: Sample descriptive statistics, monthly averages, Nov 2012 - Mar 2013 (during the
trial) and Nov 2011 - Mar 2012 (before the trial).

Variables Total Control GLE1 GLE2 GLE3 GLW1

Number of practices 802 393 197 154 21 31
Number of MSOAs 444 213 120 83 16 14

IMD scores 27.63 23.40 32.88 36.77 15.65 16.87
(13.77) (13.27) (10.46) (12.08) (10.20) (7.79)

GPs per 1,000 patients 0.70 0.68 0.80 0.65 0.60 0.69
(0.34) (0.31) (0.43) (0.27) (0.21) (0.26)

Patients per practice 6,550 6,233 7,074 6,112 7,771 7,717
(3,912) (3,820) (3,897) (3,648) (4,105) (4,370)

% patients:
- females 49.14 49.46 49.05 48.24 51.24 48.34

(3.98) (3.18) (5.40) (4.06) (1.43) (2.37)
- children (4 to 14 yrs) 10.88 11.14 9.32 11.95 12.56 10.80

(2.96) (2.68) (3.22) (2.60) (2.24) (2.67)
- elderly (over 85) 1.26 1.42 0.92 1.09 2.02 1.49

(0.80) (0.81) (0.52) (0.84) (0.82) (0.80)

Prescribed medicines, spending per 1,000 patients:
- Central nervous system

before the trial 1,768 1,747 1,813 1,715 2,099 1,762
(882) (632) (1,324) (786) (389) (734)

during the trial 1,592 1,575 1,618 1,496 2,069 1,734
(715) (579) (987) (627) (336) (717)

- Respiratory system
before the trial 1,063 1,075 967 1,068 1,381 1,232

(398) (381) (369) (440) (244) (431)
during the trial 1,068 1,068 985 1,065 1,432 1,289

(401) (383) (380) (427) (258) (477)
- Cardiovascular system

before the trial 1,458 1,538 1,222 1,466 2,003 1,503
(558) (547) (479) (584) (429) (519)

during the trial 957 985 835 953 1,433 1,041
(350) (327) (327) (362) (342) (351)

Notes: Standard deviations in parenthesis. IMD refers to the Index of Multiple
Deprivation. MSOA: Middle Layer Super Output Areas, which are geographies
with a mean population of around 7,700.
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Table 3: Trial e�ect on medication spending per 1,000 patients by therapeutic class.

All regions Nervous system Respiratory Cardiovascular
(1) (2) (3)

TRIAL× TREAT -0.058*** -0.033* 0.020
(0.020) (0.018) (0.017)

Adjusted R2 0.655 0.687 0.829
Observations 7832 7834 7834
Clusters 444 444 444
Months 10 10 10
Notes: Every regression includes all control variables. Tables showing the full set of control
variables are presented in Appendix A.1.-A.3. Cluster-robust standard errors in parentheses.
The clustering dimension is MSOA, where each cluster has a minimum of 1 and a maximum of 7
practices. 10 months correspond to 5 in the baseline period (Nov 2011- Mar 2012) plus 5
in the trial period (Nov 2012- Mar 2013). ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Table 4: Trial e�ect on medication spending per 1,000 patients by therapeutic class and treat-
ment regions.

Region Nervous system Respiratory conditions
(1) (2)

GLE1 TRIAL× TREAT -0.077*** -0.033
(0.027) (0.021)

Adjusted R2 0.634 0.669
Observations 5843 5845
Clusters 333 333
Months 10 10

GLE2 TRIAL× TREAT -0.105*** -0.068***
(0.023) (0.020)

Adjusted R2 0.691 0.662
Observations 5374 5374
Clusters 296 296
Months 10 10

GLE3 TRIAL× TREAT 0.047** 0.001
(0.022) (0.024)

Adjusted R2 0.675 0.643
Observations 4110 4110
Clusters 229 229
Months 10 10

GLW1 TRIAL× TREAT 0.046 0.009
(0.036) (0.023)

Adjusted R2 0.665 0.646
Observations 4205 4205
Clusters 227 227
Months 10 10

Notes: Every regression includes all control variables. Cluster-robust standard errors in parentheses.
The clustering dimension is MSOA, where each cluster has a minimum of 1 and a maximum of 7 practices.
10 months correspond to 5 in the baseline period (Nov 2011- Mar 2012) plus 5 in the trial period (Nov 2012- Mar 2013)
∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Table 5: Robustness tests for all regions involved in the trial.

Nervous Respiratory Cardiovascular
Baseline - MSOAs clusters TRIAL× TREAT -0.058*** (0.020) -0.033* (0.018) 0.020 (0.017)

Adjusted R2 0.655 0.687 0.829
N 7832 7834 7834

1. No clusters TRIAL× TREAT -0.058*** (0.013)† -0.033*** (0.011)† 0.020** (0.010)†
Adjusted R2 0.829 0.687 0.655
N 7834 7834 7832

2. Trial zones as clusters TRIAL× TREAT -0.058** (0.018) -0.033** (0.014) 0.020 (0.026)
Adjusted R2 0.829 0.687 0.655
N 7832 7834 7834

3. Full period of 24 months TRIAL× TREAT -0.035*** (0.011) -0.020** (0.009) 0.005 (0.009)
Adjusted R2 0.812 0.665 0.655
N 18802 18804 18801

4. Averaging across time TRIAL× TREAT -0.055** (0.022) -0.028 (0.018) 0.023 (0.019)
Adjusted R2 0.611 0.694 0.830
N 1569 1569 1569

5. With time trend TRIAL× TREAT -0.059*** (0.019) -0.024 (0.017) -0.023 (0.016)
Adjusted R2 0.642 0.681 0.816
N 7832 7834 7834

6. With area-speci�c time TRIAL× TREAT -0.081*** (0.017) -0.014 (0.014) -0.164*** (0.017)
trends Adjusted R2 0.641 0.680 0.784

N 7832 7834 7834
7. Dropping obs for March TRIAL× TREAT -0.058*** (0.021) -0.033* (0.019) 0.019 (0.017)

2012 and 2013 Adjusted R2 0.827 0.679 0.646
N 6267 6267 6266

8. GLE1 & GLE2 TRIAL× TREAT -0.076*** (0.022) -0.039** (0.019) 0.013 (0.018)
Adjusted R2 0.654 0.678 0.827
N 7317 7319 7319

9. GLE1, GLE2 & GLE3 TRIAL× TREAT -0.067*** (0.021) -0.036** (0.018) 0.017 (0.018)
Adjusted R2 0.656 0.683 0.830
N 7527 7529 7529

10. GLE3 & GLW1 TRIAL× TREAT 0.047* (0.025) 0.006 (0.019) 0.059*** (0.021)
Adjusted R2 0.670 0.654 0.801
N 4415 4415 4415

11. GLW1 & GLW2 TRIAL× TREAT 0.042 (0.033) 0.005 (0.021) 0.038 (0.028)
Adjusted R2 0.662 0.645 0.796
N 4265 4265 4265

12. No atorvastatin TRIAL× TREAT -0.002 (0.017)
Adjusted R2 0.804
N 7834

13. Control area: north rectangle only TRIAL× TREAT -0.065*** (0.023) -0.038* (0.021) 0.029 (0.020)
Adjusted R2 0.650 0.679 0.825
N 6727 6769 6769

14. Placebos Infections Musculoskeletal
TRIAL× TREAT -0.003 (0.024) -0.023 (0.019)
Adjusted R2 0.399 0.656
N 7833 7831

Notes: Cluster-robust standard errors in parentheses if not otherwise speci�ed. † Heteroskedasticity-robust standard errors. ∗ p < .1, ∗∗ p < .05 and
∗∗∗ p < .01.
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Table 6: Monthly change in prescribing costs (GBP) induced by the �ve-month systematic
�ight paths variation. GP spending for the cardiovascular therapeutic is omitted
since no signi�cant results were detected.

Overall† GLE1 & GLE2
Practices 403 351
Thousand patients per practice 7.17 6.59

Respiratory conditions -110,745 -91,817
Nervous system -309,481 -310,152
Total -420,226 -401,969
†Results for the MSOAs within the areas of GLE1, GLE2, GLE3 and GLW1.



34

Figure 1: Location of Heathrow airport, GP practices (dots) and trial areas: two control
rectangles, north and south - �ve treated trapeziums, two west and three east of
Heathrow.
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Figure 2: Average monthly number of days and �ights per landing direction.
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A. APPENDIX

Figure A.1.: A�ected areas drawn on �ight tracks from the trial report (Tucker et al.
2013). Aircraft tracks for the baseline period 2011/2012 - top panel (∼45
nights) - and for the trial period 2012/2013 - middle (∼44 nights) and
bottom (∼41 nights) panels, when aircraft landed from the east and
inner and outer exclusion zones (i.e. the shaded areas in the second and
third panels) were operative, respectively. London Heathrow airport is
labelled as LHR. The maps show �ve macro-regions involved in the
study: the control zones are to the north and south of LHR; and to the
east of LHR there are GLE1, GLE2 and GLE3. All areas on these maps
are approximative.
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Figure A.2.: A�ected areas drawn on �ight tracks from the trial report (Tucker et al.
2013). Aircraft tracks for the baseline period 2011/2012 - top panel (∼25
nights) - and for the trial period 2012/2013 - middle (∼25 nights) and
bottom (∼25 nights) panels, when aircraft landed from the west and
inner and outer exclusion zones (i.e. the shaded areas in the second and
third panels) were operative, respectively. London Heathrow airport is
labelled as LHR. The maps show four macro-regions involved in the
study: the control zones are to the north and south of LHR; and to the
west of LHR there are GLW1 and GLW2. All areas on these maps are
approximative.
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(a) Nervous system.

(b) Respiratory system.

(c) Cardiovascular system.

Figure A.3.: GLE1 area. Average monthly practice medication spending related to di�erent
categories of medication adjusted by IMD score, percent of female patients and
percent of the elderly (85 and above years old). The dashed lines indicate the
trial period from November 2012 to March 2013.
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(a) Nervous system.

(b) Respiratory system.

(c) Cardiovascular system.

Figure A.4.: GLE2 area. Average monthly practice medication spending related to di�erent
categories of medication adjusted by IMD score, percent of female patients and
percent of the elderly (85 and above years old). The dashed lines indicate the
trial period from November 2012 to March 2013.
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(a) Nervous system.

(b) Respiratory system.

(c) Cardiovascular system.

Figure A.5.: GLE3 area. Average monthly practice medication spending related to di�erent
categories of medication adjusted by IMD score, percent of female patients and
percent of the elderly (85 and above years old). The dashed lines indicate the
trial period from November 2012 to March 2013.
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(a) Nervous system.

(b) Respiratory system.

(c) Cardiovascular system.

Figure A.6.: GLW1 area. Average monthly practice medication spending related to di�erent
categories of medication adjusted by IMD score, percent of female patients and
percent of the elderly (85 and above years old). The dashed lines indicate the
trial period from November 2012 to March 2013.



42

Table A.1.: Trial e�ect on nervous system medication spending per 1,000 patients by treat-
ment regions.

All GLE1 GLE2 GLE3 GLW1

TRIAL× TREAT -0.058*** -0.077*** -0.105*** 0.047** 0.046
(0.020) (0.027) (0.023) (0.022) (0.036)

treatment region -0.248 0.144 -0.363* -0.768***
(0.177) (0.126) (0.212) (0.186)

GLE3 0.378*
(0.226)

GLE2 -0.007
(0.239)

GLE1 -0.257
(0.164)

GLW1 -0.446***
(0.090)

Dec 2011 0.037*** 0.033*** 0.035*** 0.034*** 0.037***
(0.007) (0.008) (0.008) (0.009) (0.009)

Jan 2012 -0.100*** -0.108*** -0.106*** -0.109*** -0.108***
(0.007) (0.008) (0.009) (0.010) (0.010)

Feb 2012 -0.136*** -0.145*** -0.137*** -0.139*** -0.140***
(0.007) (0.008) (0.009) (0.010) (0.010)

Mar 2012 -0.053*** -0.060*** -0.052*** -0.049*** -0.046***
(0.007) (0.008) (0.009) (0.010) (0.010)

Nov 2012 -0.161*** -0.171*** -0.159*** -0.161*** -0.159***
(0.015) (0.016) (0.015) (0.016) (0.016)

Dec 2012 -0.178*** -0.186*** -0.178*** -0.178*** -0.173***
(0.015) (0.015) (0.014) (0.015) (0.016)

Jan 2013 -0.130*** -0.141*** -0.130*** -0.138*** -0.137***
(0.014) (0.015) (0.015) (0.015) (0.015)

Feb 2013 -0.203*** -0.211*** -0.203*** -0.206*** -0.203***
(0.015) (0.015) (0.014) (0.015) (0.015)

Mar 2013 -0.083*** -0.083*** -0.090*** -0.082*** -0.076***
(0.015) (0.015) (0.015) (0.015) (0.015)

IMD score -0.000 -0.002 0.002 0.002 0.003
(0.003) (0.003) (0.003) (0.004) (0.004)

GPs per 1,000 patients -0.073 -0.040 -0.003 0.018 -0.008
(0.099) (0.118) (0.050) (0.052) (0.051)

Patients females 3.170*** 2.603** 4.456*** 4.523*** 4.893***
(0.932) (1.114) (0.789) (0.910) (0.933)

Patients 4-14 years old -0.799 0.072 1.236 2.670*** 2.332**
(1.506) (1.770) (0.927) (0.994) (0.999)

Patients 45-64 years old 5.144*** 5.522*** 1.113 1.455* 2.094**
(1.761) (2.035) (0.824) (0.809) (0.880)

Patients 65-74 years old -3.164 -4.264 4.215 2.578 1.155
(3.406) (3.904) (2.650) (2.464) (2.546)

Patients 75-84 years old 1.018 0.705 3.483 2.538 -0.234
(3.183) (3.569) (3.039) (3.286) (3.611)

Patients over 85 years old 16.049*** 18.110*** 6.680 10.632** 16.046***
(5.331) (5.413) (5.153) (4.884) (5.814)

GP females -0.021 -0.034 -0.068 -0.081 -0.078
(0.053) (0.060) (0.049) (0.056) (0.054)

GP up to 30 years old 0.377** 0.386** 0.331** 0.297* 0.365*
(0.171) (0.189) (0.145) (0.151) (0.186)

GP 30-49 years old 0.178** 0.180** 0.150** 0.156** 0.142**
(0.072) (0.083) (0.069) (0.071) (0.068)

GP 50-64 years old -0.022 -0.044 0.004 -0.011 -0.018
(0.064) (0.082) (0.055) (0.062) (0.063)

GP quali�ed outside UK 0.088* 0.113* 0.080* 0.092* 0.112**
(0.049) (0.063) (0.044) (0.051) (0.051)

constant 4.714*** 4.903*** 4.133*** 4.417*** 4.214***
(0.434) (0.518) (0.394) (0.493) (0.511)

MSOA dummies X X X X X
Observations 7832 5843 5374 4110 4205
Adjusted R2 0.655 0.634 0.691 0.675 0.665
Notes: Cluster-robust standard errors in parentheses. ∗ p < .1, ** p < .05, *** p < .01
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Table A.2.: Trial e�ect on respiratory medication spending per 1,000 patients by treatment
regions.

All GLE1 GLE2 GLE3 GLW1

TRIAL× TREAT -0.033* -0.033 -0.068*** 0.001 0.009
(0.018) (0.021) (0.020) (0.024) (0.023)

treatment region 0.112 0.388*** -0.576*** -0.523***
(0.122) (0.103) (0.203) (0.159)

GLE3 0.807***
(0.167)

GLE2 0.541***
(0.149)

GLE1 0.129
(0.117)

GLW1 -0.064
(0.082)

Dec 2011 0.048*** 0.052*** 0.044*** 0.049*** 0.048***
(0.007) (0.009) (0.009) (0.011) (0.011)

Jan 2012 -0.015** -0.018* -0.020** -0.023* -0.023**
(0.007) (0.009) (0.010) (0.012) (0.011)

Feb 2012 -0.044*** -0.046*** -0.049*** -0.049*** -0.048***
(0.010) (0.013) (0.014) (0.017) (0.016)

Mar 2012 0.041*** 0.039*** 0.041*** 0.044*** 0.043***
(0.007) (0.008) (0.008) (0.009) (0.009)

Nov 2012 0.027** 0.030** 0.022* 0.027* 0.027**
(0.013) (0.013) (0.013) (0.014) (0.013)

Dec 2012 0.014 0.012 0.011 0.016 0.017
(0.012) (0.013) (0.012) (0.013) (0.013)

Jan 2013 0.037*** 0.037*** 0.036*** 0.032** 0.034**
(0.013) (0.013) (0.013) (0.014) (0.014)

Feb 2013 -0.067*** -0.074*** -0.073*** -0.080*** -0.080***
(0.012) (0.013) (0.013) (0.013) (0.013)

Mar 2013 -0.008 -0.006 -0.011 -0.002 -0.002
(0.012) (0.012) (0.013) (0.013) (0.013)

IMD score 0.001 -0.001 0.006* 0.005 0.005
(0.003) (0.003) (0.004) (0.004) (0.004)

GPs per 1,000 patients 0.012 0.049 -0.028 -0.029 -0.050
(0.047) (0.053) (0.046) (0.051) (0.050)

Patients females 2.219*** 1.750** 3.464*** 3.503*** 3.608***
(0.759) (0.840) (0.772) (0.947) (0.927)

Patients 4-14 years old 2.087*** 2.472*** 3.325*** 4.051*** 4.011***
(0.732) (0.762) (0.814) (0.845) (0.828)

Patients 45-64 years old 2.175*** 2.185** 0.239 0.593 1.006
(0.841) (0.880) (0.789) (0.770) (0.777)

Patients 65-74 years old 3.185 3.125 8.490*** 7.757*** 6.384***
(2.150) (2.509) (2.017) (2.203) (2.285)

Patients 75-84 years old 7.356** 6.782* 6.293* 4.954 4.513
(3.174) (3.779) (3.478) (3.942) (3.663)

Patients over 85 years old -0.261 1.266 -5.651 -2.631 0.138
(4.782) (5.101) (5.406) (5.820) (5.741)

GP females 0.019 0.012 -0.021 -0.034 -0.034
(0.044) (0.051) (0.050) (0.059) (0.056)

GP up to 30 years old -0.000 -0.077 0.015 -0.014 0.017
(0.152) (0.176) (0.173) (0.194) (0.210)

GP 30-49 years old 0.016 0.034 -0.001 0.029 0.021
(0.058) (0.069) (0.059) (0.064) (0.059)

GP 50-64 years old -0.011 0.012 -0.032 -0.010 -0.005
(0.050) (0.059) (0.051) (0.055) (0.055)

GP quali�ed outside UK -0.023 0.025 -0.039 0.015 0.038
(0.052) (0.052) (0.056) (0.062) (0.061)

constant 4.404*** 4.593*** 3.720*** 4.228*** 4.171***
(0.361) (0.403) (0.386) (0.533) (0.519)

MSOA dummies X X X X X
Observations 7834 5845 5374 4110 4205
Adjusted R2 0.687 0.669 0.662 0.643 0.646
Notes: Cluster-robust standard errors in parentheses. ∗ p < .1, ** p < .05, *** p < .01
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Table A.3.: Trial e�ect on cardiovascular medication spending per 1,000 patients by treat-
ment regions.

All GLE1 GLE2 GLE3 GLW1

TRIAL× TREAT 0.020 0.040* -0.036* 0.072*** 0.048
(0.017) (0.022) (0.020) (0.019) (0.031)

treatment region 0.312*** 0.470*** -0.487*** -0.684***
(0.084) (0.085) (0.169) (0.161)

GLE3 0.067
(0.108)

GLE2 0.082
(0.108)

GLE1 0.285***
(0.080)

GLW1 -0.214***
(0.059)

Dec 2011 0.030*** 0.033*** 0.023*** 0.023*** 0.024***
(0.006) (0.008) (0.006) (0.007) (0.007)

Jan 2012 0.008 0.007 0.009 0.003 0.005
(0.005) (0.006) (0.006) (0.007) (0.007)

Feb 2012 -0.026*** -0.027*** -0.033*** -0.034*** -0.035***
(0.006) (0.007) (0.007) (0.008) (0.008)

Mar 2012 0.056*** 0.057*** 0.054*** 0.055*** 0.055***
(0.006) (0.007) (0.007) (0.008) (0.008)

Nov 2012 -0.396*** -0.391*** -0.396*** -0.394*** -0.394***
(0.012) (0.013) (0.012) (0.012) (0.012)

Dec 2012 -0.425*** -0.426*** -0.422*** -0.421*** -0.421***
(0.012) (0.013) (0.012) (0.012) (0.012)

Jan 2013 -0.420*** -0.421*** -0.422*** -0.427*** -0.423***
(0.012) (0.012) (0.012) (0.012) (0.012)

Feb 2013 -0.510*** -0.513*** -0.515*** -0.520*** -0.520***
(0.012) (0.013) (0.012) (0.013) (0.013)

Mar 2013 -0.410*** -0.410*** -0.414*** -0.411*** -0.409***
(0.014) (0.014) (0.014) (0.015) (0.015)

IMD score 0.004 0.004 0.005 0.006* 0.007*
(0.002) (0.003) (0.003) (0.004) (0.004)

GPs per 1,000 patients -0.098* -0.092 -0.006 -0.007 -0.031
(0.056) (0.065) (0.046) (0.054) (0.053)

Patients females 0.324 0.047 0.885* 0.764 0.823
(0.534) (0.625) (0.492) (0.558) (0.587)

Patients 4-14 years old 2.084*** 2.232*** 2.922*** 3.249*** 2.988***
(0.777) (0.858) (0.631) (0.657) (0.718)

Patients 45-64 years old 2.984*** 2.982*** 1.397** 1.610*** 2.158***
(0.789) (0.907) (0.539) (0.567) (0.590)

Patients 65-74 years old 4.830*** 5.057** 7.570*** 7.088*** 6.211***
(1.797) (2.115) (1.728) (1.853) (1.801)

Patients 75-84 years old 11.361*** 11.759*** 12.113*** 12.474*** 11.139***
(2.317) (2.469) (2.700) (2.825) (3.094)

Patients over 85 years old -4.597 -5.529 -7.395* -7.247* -4.696
(3.507) (3.880) (3.843) (4.381) (4.889)

GP females -0.072* -0.107*** -0.076* -0.114** -0.110**
(0.037) (0.041) (0.041) (0.046) (0.044)

GP up to 30 years old -0.026 -0.000 -0.114 -0.037 0.017
(0.111) (0.139) (0.117) (0.136) (0.143)

GP 30-49 years old 0.004 0.069 -0.060 0.005 -0.005
(0.048) (0.054) (0.049) (0.053) (0.056)

GP 50-64 years old -0.051 -0.034 -0.019 0.021 0.029
(0.041) (0.052) (0.041) (0.046) (0.044)

GP quali�ed outside UK 0.008 0.035 -0.014 0.029 0.061
(0.041) (0.043) (0.044) (0.051) (0.052)

constant 5.253*** 5.278*** 5.034*** 5.396*** 5.365***
(0.254) (0.300) (0.265) (0.334) (0.339)

MSOA dummies X X X X X
Observations 7834 5845 5374 4110 4205
Adjusted R2 0.829 0.824 0.809 0.801 0.793
Notes: Cluster-robust standard errors in parentheses. ∗ p < .1, ** p < .05, *** p < .01


