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My name is Susan Kennedy and | am a Ramsgate resident. I'm a founding member of the
No Night Flights group and a Ramsgate Town Councillor. I'm an educationalist and spent
many years teaching in secondary schools. For the last 12 years | have been working in the
NHS, specifically in medical education. My interest, particularly, in this submission is focused
on the health and education aspects highlighted by the applicant’s proposal.

| am opposed to the proposal on the grounds that the noise resulting from the plans would
be seriously detrimental to the health, wellbeing, educational and life prospects of the children
and adults within our town.

All references within this submission are supported by the documents to which they refer,
provided as an appendix.

Aviation Noise

In July 2016 the European Commission published a summary of a report looking at how living with
aircraft noise affects wellbeing. It found that:

Living within a daytime aircraft noise path (with noise at or above 55 decibels) ... was negatively
associated with all measures of subjective wellbeing: lower life satisfaction, lower sense of worthwhile,
lower happiness, lower positive affect balance, and increased anxiety. The authors found consistently
negative and significant results across all five variables. *

In a study produced by Queen Mary University of London for the Airports Commission, the conclusion
was that:

The health effects of environmental noise are diverse, serious, and because of widespread
exposure, very prevalent ... For populations around airports, aircraft noise exposure can be
chronic. Evidence is increasing to support preventive measures such as insulation, policy,
guidelines, & limit values. Efforts to reduce exposure should primarily reduce annoyance,
improve learning environments for children, and lower the prevalence of cardiovascular risk
factors and cardiovascular disease.?

“The World Health Organisation (WHO) have estimated sleep disturbance to be the most adverse
non-auditory effect of environmental noise exposure (Basner et al., 2014; WHO, 2011). Undisturbed
sleep of a sufficient number of hours is needed for alertness and performance during the day, for
quality of life, and for health (Basner et al., 2014). Humans exposed to sound whilst asleep still have
physiological reactions to the noise which do not adapt over time including changes in breathing, body
movements, heart rate, as well as awakenings (Basner et al., 2014). The elderly, shift-workers,

1 “How does living with aircraft noise affect wellbeing? A study of UK airports”, Science for Environment Policy,
Issue 462, 8 July 2016; based on: Lawton, R. and Fujiwara, D. (2016). Living with aircraft noise: Airport
proximity, aviation noise and subjective wellbeing in England. Transportation Research Part D: Transport
and Environment, 42: 104— 118. DOI: 10.1016/j.trd. 2015.11.002

2 Queen Mary University of London, for the Airports Commission, Aircraft noise effects on health, May 2015,
p27



children and those with poor health are thought to be at risk for sleep disturbance by noise (Muzet,
2007).73

WHO is clear on aircraft noise. The Europe Night Noise Guidelines (WHO, 2009) advise that the
target for noise at night should be 40dB Lnign, oussice, ON the basis that this is the level which should
ensure protection of the public at large but, most specifically, vulnerable groups such as children, the
elderly and those suffering from chronic health conditions. WHO suggests that moving incrementally
towards such targets would see countries enforcing levels of 55dB L night, outside -

There is ongoing study into people’s perceptions of noise and the levels of noise at which quality of
life (and health) is significantly adversely impacted. The Attitudes to Noise from Aviation Sources in
England (ANASE) in 2007 concluded that:

“evels of annoyance reported by respondents increased with the sound level; people were
concerned about noise at even low levels and particularly at night™

Subsequent studies have been critical of this ‘old’ data, however, and the focus on ‘the onset of
significant annoyance ‘ at 57 LAeq and the ‘belief that communities below this noise exposure
threshold are relatively unaffected by aircraft noise’.® It is increasingly clear that both health and
wellbeing are significantly adversely impacted at 40-45dB.

Historic data and the lived experience of residents of Ramsgate show that we are talking about far,
far higher levels of noise.

Examples below and full table attached

Location direction airline date runway  aircraft registration Imax db

Clarendon House Grammar School Monitor No_2 Departure MKA MK Airlines Ltd 01/06/2003 10:16:00 26 DCB6 9 GMKK 966 891
Clarendon House Grammar School Monitor No_2 Departure MKA MK Airlines Ltd 02/06/2003 11:44:00 28B7429 GMKP 996 935
Clarendon House Grammar Schoal Manitor No.2 Departure Iceland 02/06/2003 11:57:00 28 BT42 TFARF 97 90.8
Clarendon House Grammar School Monitor No.2 Departure MKA MK Airlines Ltd 04/06/2003 13:30:00 28B7429 GMKQ 101 946
Clarendon House Grammar Schoal Manitor No.2 Departure Iceland 04/06/2003 13:44:00 28 B742 TFARF 982 921
Clarendon House Grammar School Monitor No.2 Departure MKA MK Airlines Ltd (06/06/2003 14:06:00 28 B7429 GMKL 956 921
Clarendon House Grammar School Monitor No.2 Departure MKA MK Airlines Ltd (09/06/2003 10:37:00 28 B7429 GMKL 973 908
Clarendon House Grammar School Monitor No.2 Departure MKA MK Airlines Ltd 10/06/2003 00:55:00 26 BT429 GMKP 976 912
Clarendon House Grammar School Monitor No.2 Departure MKA MK Airlines Ltd 10/06/2003 11:36:00 26 BT429 GMKQ 102 96.2
Clarendon House Grammar School Monitor No.2 Departure MKA MK Airlines Ltd 11/06/2003 07:24:00 26 DC86 9 GMKK 974 893
Clarendon House Grammar School Monitor No.2 Departure MKA MK Airlines Ltd 11/06/2003 10:43:00 28 B7429 GMKL 985 923
Clarendon House Grammar School Monitor No_2 Departure MKA MK Airlines Ltd 13/06/2003 00:12:00 26 B7429 GMKQ 101 961
Clarendon House Grammar School Monitor No_2 Departure MKA MK Airlines Ltd 19/06/2003 00:09:00 28B7429 GMKL 101 951
Clarendon House Grammar School Monitor No.2 Departure MKA MK Airlines Ltd 19/06/2003 10:35:00 28 DCB6 9 GMKK 973 898
Clarendon House Grammar School Monitor No.2 Departure MKA MK Airlines Ltd 20/06/2003 11:54:00 28B7429 GMKP 985 924
Clarendon House Grammar School Monitor No.2 Departure MKA MK Airlines Ltd 27/06/2003 11:50:00 28B7429 GMKP 985 922
Clarendon House Grammar School Monitor No.2 Departure MKA MK Airlines Ltd 30/06/2003 00:44:00 28 B7429 GMKL 952 922
St Nicholas Roundabout Monitor Ma. 1 Departure BEC 777 011272003 08:27:00 10 AN12 UN11373 g7y 73
St Nicholas Roundabout Monitor Mo. 1 Departure BEC 777 01/12/2003 08:27:00 10 AN12 UN11373 87.7 173
St Nicholas Roundabout Monitor Mo. 1 Departure MKA MK Airlines Ltd 01/12/2003 11:59:00 10 DC86 IGMKG 87.8 T76.2
St Nicholas Roundabout Monitor Mo. 1 Departure MKA MK Airlines Ltd 011272003 11:59:00 10 DC86 IGMKG 87.8 76.2
5t Nicholas Roundabout Monitor Mo. 1 Departure MKA MK Airlines Ltd 02/12/2003 14:53:00 10 D86 IGMKO 892 765
5t Nicholas Roundabout Monitor Mo. 1 Departure MKA MK Airlines Ltd 02/12/2003 14:53:00 10 DCB6 IGMKO 892 765

3 Queen Mary University of London, for the Airports Commission, Aircraft noise effects on health, May 2015, p5

4 John Bates Services etc. for the DfT, ANASE: Attitudes to Noise from Aviation Sources in England, October
2007

5lan Flindell & Associates and MVA Consultancy for 2M Group, Understanding UK Community Annoyance with
Aircraft Noise: ANASE Update Study, September 2013,



Location - | directi| ~ | airline - | date <T| runwi ~ | aircraft v | registrati| v | Im|~ | db |~

Unknown Arrivals  MKA MK Airlines 05/01/2008 21:22:00 25 B742 GMKHA 994 918
Unknown Arrivals  MKA MK Airlines 13/01/2008 14:41:00 25 B742 IGMKM 97.7 918
Unknown Arrivals  MKA MK Airlines 18/01/2008 15:51:00 25 B742 TFARW 100 934
Unknown Arrivals  MKA MK Airlines 27/01/2008 09:11:00 28 B742 GMKFA 983 91
Unknown Arrivals  MKA MK Airlines 29/01/2008 15:49:00 28 B742 GMKGA 995 962
Unknown Departure MKA MK Airlines 29/01/2008 20:27:00 10 B742 GMKGA 103 963
Unknown Arrivals  MKA MK Airlines 30/01/2008 13:13:00 28 B742 GMKHA 996 9156
Unknown Arrivals  MKA MK Airlines 05/02/2008 13:26:00 28 B742 GMKCA 991 9158
Unknown Arrivals  MKA MK Airlines 07/02/2008 14:07:00 28 B742 GMKGA 981 947
Unknown Departure AlN African International Airways 18/02/2008 22:19:00 D85 2808 99.7 911
Unknown Departure AN African International Airways 19/02/2008 18:39:00 10 DC86 Z508| 10 N2
Unknown Arrivals  MKA MK Airlines 21/02/2008 10:40:00 28 B742 GMKDA 991 924
Unknown Departure MKA MK Airlines 24/02/2008 00:47:00 10 B742 GMKBA 988 936
Unknown Arrivals  MKA MK Airlines 24/02/2008 08:10:00 23 B742 GMKBA 99 924
Unknown Arrivals  MKA MK Airlines 26/02/2008 17:47:00 23 BT42 GMKHA 98.9 919
Unknown Arrivals  CLX Cargolux Airlines 11/03/2008 14:28:00 28 BT44 LXPCV 99 915
Unknown Arrivals  MKA MK Airlines 14/03/2008 18:25:00 25 B742 NT04CK 986 919
Unknown Arrivals  MKA MK Airlines 18/03/2008 11:23:00 25 B742 GMKCA 981 922
Unknown Departure MKA MK Airlines 18/03/2008 15:48:00 25 B742 GMKCA 991 911
Unknown Arrivals  MKA MK Airlines 21/03/2008 00:18:00 B742 GMKBA 106[ 106.5

Noise and health and wellbeing

The Planning Inspectorate and, even more importantly, residents actually have no way of knowing
exactly what the potential noise impacts would be if RSP were successful in their application. This is
because ‘exact’ operations that consider airspace options, flight paths, operating principles are not to
be formalised through an Airspace Change Proposal (ACP) until after a DCO is granted. Similarly, in
absence of an evidenced business plan with clear expressions of interest or solid indications about
likely traffic and aircraft types, there is no way of knowing which aircraft would be flying over our
heads. Even in terms of the numbers of ATMs per annum, RSP have played fast and loose with
these figures over the years and through different consultations to their final application. With little
way of knowing whether Ramsgate and beyond would be subjected to 17,000 or 83,000 ATMs, or
anything in between, it is impossible do know what levels of noise could be expected. And yet RSP
have presented a noise mitigation plan. Without supporting detail and evidence, this mitigation plan
is scarcely worth the paper it is written on.

RSP’s application suggests that the number of residents likely to be affected by their proposal
(experiencing noise levels of 80dBs LAS) is around 20,000. The actual figure, based on historic data
suggests much closer to 50,000 people. The sample noise monitoring tables provided above are from
a larger set of monitoring data provided regularly at the Kent International Airport Consultative
Committee and available in that committee’s minutes. The noise monitors were positioned
strategically at both east and west ends of the runway and were properly maintained. RSP should
have provided the data recorded by these monitors and submitted to KIACC and | regard it as
essential that they be required to do so as part of this examination stage of the process.

The Bickerdike Allen and Partners Report (2010)° and the Bureau Veritas Report (2010) which
considered in detail noise impact, similarly, need to be submitted and interrogated by way of
comparison to RSP’s noise assessments and impact analyses. Both reports would suggest that RSP
have failed to properly assess levels of noise, extent of noise impact and numbers of people impacted.
A typical sleight of hand of RSP’s is to present their ‘numbers impacted’ in terms of households rather
than actual people. Given that it is actual people who will be adversely affected and that it is the
numbers of people impacted needed in order to correctly and fully assess impact, this seems
deliberate and unhelpful.

6 Reading of Bickerdike Allen and Partners should be read with reference to more recent studies about the
levels of noise at which noise significantly impacts, as cited previously ( work by lan Flindell and
Associates). Similarly, the Bureau Veritas Report suggests that noise levels are understated by BAP.



What is clear is that RSP has deliberately underestimated and therefore downplayed the levels of
noise and the impact of noise. They have chosen not to undertake serious analysis and use of the
historic noise data that is available in order to assess impact.

Residents are naturally concerned that in presenting this application and noise plan to inspectors
analysing the impact of a new airport, inspectors with little to no knowledge, one might presume, of
the previous airport, RSP hopes to persuade in terms of their underestimations. Residents
themselves know only too well the regular flight paths taken both day and night, the levels of noise,
the impact of noise and this lived experience, this knowledge, is borne out by recorded levels of noise,
and recorded complaints about noise, during the years when Manston operated. It should be noted
that during the 15 years of its commercial life, Manston did not have night flights and those that were
experienced were delayed flights. This points to their irregularity and lack of frequency and yet their
impact was sufficient to warrant complaints and for residents to recall them with horror. Similarly, one
should note the small scale of operations during the daytime. Most residents were insufficiently
disturbed or alarmed by two or three flights a day. Given the noise of those daytime flights, an
application proposing flights every 20-30 minutes, or even more is one that residents will resist given
they can set this against previous lived experience and can anticipate the exponentially worse impact
on their lives, health and wellbeing.

In their application, RSP state at 15.8.8 that there is a probability of ‘one additional awakening’, at
most, ‘each of three nights on average’ and sets this against ‘typical spontaneous awakenings at a
rate of around 24 a night’. To place typical spontaneous awakenings against any awakening caused
by excessive aircraft noise suggests such casual disregard for people as to be breath-taking. It also
neglects to contextualise any awakenings through careful analysis of the significant and growing body
of research on sleep, sleep disruption, noise impact events and, in particular, that relating to the
impact of aircraft noise on populations, in general, and on specific demographic groups. Unfortunately,
this disregard of a substantial evidence base is characteristic of the application, as a whole.

RSP’s proposal must be properly interrogated in terms of its noise modelling and its noise mitigation
plans for any robust consideration of the significantly adverse impact on people’s health to be
undertaken during this examination process. RSP should be obliged to furnish the inspectorate with
proper comparative and historic data.

Impact of aviation noise

Children

Uninterrupted sleep over a minimum of 8 hours is vital for children’s growth and, in particular, their
cognitive development. Chronic and consistent aircraft noise exposure in children has been
demonstrated to be associated with impairment of both reading and long-term memory.

The Munich Study’ studied the effects of chronic noise and psychological stress on children living
near Munich International Airport. This study was also able to investigate the impact on children living
near the airport once the airport was relocated away from the study area and on those children who
were newly living next to the relocated airport.

Two of the cognitive tasks, recall and language mastery, showed the doubly replicated aircraft
noise effect of disappearing when the old airport was closed down and coming forth when the
new airport started to operate. This is a very strong empirical foundation for the conclusion

” The Munich Airport Noise Study-Effects of Chronic Aircraft Noise on Children’s Perception and Cognition,
Hygge, S, Evans G W, Bullinger, M, InterNoise2000, 2000



that cognitive tasks requiring central language processing are particularly sensitive to noise.’
8

In the Munich Study “The authors concluded that in young children chronic noise exposure
appeared to cause increased psychological stress, as measured by cardiovascular,
neuroendocrine and affective indicators and that these effects occur even among children who
suffer no detectable hearing damage while living in the immediate vicinity of an airport.”

The RANCH project’® examined relationships between aircraft noise exposure and school
performance, annoyance and blood pressure in children aged nine to ten in the Netherlands, Spain
and the UK. For the UK sample of the RANCH study, night noise contour information was linked to
the children’s home and related to sleep disturbance and cognitive performance.

“The RANCH results, considered with evidence from previous studies, suggests that aircraft
noise has specific causal effectives on children’s school performance and health. The
functions adversely affected by noise are reading, recognition memory and annoyance. It is
not known whether these effects are temporary or permanent.*!

Results from both the Munich and RANCH studies suggest that night aircraft noise exposure does
not appear to add (our italics) any cognitive performance decrement to the cognitive decrement
already induced by a child’s exposure to daytime aircraft noise. In other words, aircraft noise for
developing children is equally bad both day and night.*?

“Stansfeld et al (2010) also examined the effect of night-time aircraft noise exposure on the
cognitive performance of children. This analysis was also an extension of the RANCH study,
and the Munich study in which 330 children were assessed on their cognitive performance in
three waves, each a year apart, before and after the switch over of airports. Aircraft noise
exposure and self-reported sleep quality measures were analysed across airports to examine
whether changes in night-time noise exposure had any impact on reported sleep quality, and
if this was then reflected in the pattern of change in cognitive performance. In the Munich
study, analysis of sleep quality questions showed no evidence of interactions between airport,
noise and measurement wave, which suggests that poor sleep quality does not mediate the
association between noise exposure and cognition. In the RANCH study, there was no
evidence to suggest that night noise had any additional effect to daytime noise exposure. The
authors explain that this investigation utilised secondary data and therefore was not
specifically designed to investigate night time aircraft noise exposure on cognitive
performance in children, but the results from both studies suggest that night time aircraft nose
exposure does not appear to add any further deleterious effect to the cognitive performance
decrement induced by daytime noise alone. They recommend that future research should be
focussed around the school, for the protection of children against the effects of aircraft noise
exposure on performance.”

8 The Munich Airport Noise Study-Effects of Chronic Aircraft Noise on Children’s Perception and Cognition,
Hygge, S, Evans G W, Bullinger, M, InterNoise2000, 2000, p3

9 ERCD Report 0908 Aircraft Noise and Children’s Learning, Civil Aviation Authority, 2010 — page 10

10 Road Traffic and Aircraft Noise Exposure and Children’s Cognition and Health: Exposure-Effect Relationships
and Combined Effects (RANCH Study), European Community funded, Queen Mary, University of
London, Stockholm University, Sweden, Goteborg University, Sweden, National Institute of Public Health
and the Environment, The Netherlands, Instituto de Acustica, Madrid, Spain, American Journal of
Epidemiology, 2005

11 RANCH Study — page 2

2 Night-time aircraft noise exposure and children’s cognitive performance, Stansfield S, Hygge S, Clark C,
Alfred T, 2010 - Abstract

13 ERCD Report 0908 Aircraft Noise and Children’s Learning, Civil Aviation Authority, 2010 — page 32



More up-to-date even than the Munich and RANCH studies is NORAH, the Noise-related Annoyance,
Cognition and Health noise impact study. This has been, to date, the most extensive study
internationally on the effects of noise from aviation on the health and quality of life of the population.

“Aviation noise affects children not only in school. It has effects on their whole life and their
wellbeing.” **

In areas with high exposure to aviation noise, primary school children learn to read more
slowly than children in quiet areas.™

Teachers from areas with relatively high aviation noise exposure reported unanimously that
the noise causes considerable disturbances to lessons. More than one third of the children
from these schools are sometimes unable to hear the teacher properly due to aviation noise. *°

Ten percent of the parents in areas with relatively high noise exposure state that their children
are currently taking prescribed medication. In the residential areas with medium exposure it
was only four percent, and in the regions with low exposure just under six percent. ™’

In areas with relatively high noise exposure, 14 percent answered “yes” to the question: “Has
a doctor ever diagnosed a language or speech disorder in your child?” In areas with low noise
exposure, only 10 percent gave this answer, in the residential areas with medium exposure it
was 8 percent. These results are statistically unequivocal.’*®

The full NORAH Report is attached but the message is clear. Every year, more and more research
is gathered which confirms the significantly negative impact of aviation noise on health. Thanet’s
children deserve more. Much more. Thanet falls into the most deprived decile in Kent where 66% of
children do not achieve 5 good GCSEs compared to 23% in the most affluent decile. *°

Summarising some of their conclusions, the authors wrote:

This review has aimed to describe the main contributions in the field of aircraft noise and
cognitive ability in children. The results are not completely in agreement, but there is evidence
to suggest that chronic aircraft noise has a deleterious effect on memory, sustained attention,
reading comprehension and reading ability. Early studies highlighted that aircraft noise was
also implicated in children from noisy areas having a higher degree of helplessness i.e. were
more likely to give up on difficult tasks than those children in quieter areas. This motivational
decrement was reported in various studies, and it was suggested that this should be an area
for future research over a longitudinal study protocol. *°

With educationalists the world over focusing on ‘grit’ and ‘resilience’, the suggestion here that aviation
noise impacts negatively on children’s abilities to concentrate, to stick at activities, to give up, is a
significant one. In an area like Thanet, where confounding factors such as health inequalities, poverty,
single-parent households, relative lack of opportunity etc make life more difficult for local children that
in other area of the county and country, there is an even more compelling case to ensure that
additional adverse factors are not applied to the lives of our children.

1 NORAH, Knowledge No 1, Child Study: Effects of aviation noise on children, p6

15 NORAH, Knowledge No 4, p2

16 NORAH, Knowledge No 4, p2

7 NORAH, Knowledge No 4, p10

¥ NORAH, Knowledge No 4, p12

1% Mind the Cap:Health Inequalities Action Plan for Kent Analytical Report, Kent Public Health Observatory,
2016

20 ERCD Report 0908, Aircraft Noise and Children’s Learning, p18



The RANCH research team recommended that new schools should not be built close to existing
airports. It follows that new airports should not be built close to existing schools. Schools in
Ramsgate that are under the flight path are:

Manston School House Nursery

Chatham and Clarendon Grammar School
The Elms Nursery School

Priory County Infant School

Fledglings Nursery School

Ellington CP School

Christchurch Church Primary School

As indicated from the screenshot below taken from RSP’s documentation, ‘significant adverse effects’
can be expected for these schools. The effects include disruption, disturbance or interference with
tasks by the users of the building. The ‘users’ of these buildings are children and teachers. The ‘tasks’
that will be interfered with are learning activities.

*reduction from Year 2 due to phase out of Boeing 767 aircraft in the fleet

Permanent noise impacts at sensitive non-residential properties

12.0.57

Table 12.26 presents predicted daytime noise levels resulting from the Proposed Development’'s
probable route in Year 20 at sensitive non-residential receptors which are potentially impacted by
aircraft noise

Considering the magnitude of the impacts and the sensitivity of the receptors, significant adverse

effects have been identified at the following non-residential receptors: =
————

———
» Manston School House Nursery

» Chatham & Clarendon Grammar School
» The Eims Nursery School

» Priory County Infant School

» Masque Theatre School

» Fledglings Nursery School

» Ellington Cp School

» Christchurch Church

» Spitfire & Hurricane Memorial Building

» _Pie Factory Music

12050 The significal ct will be characterised by potential disruption, disturbance or interference with
_
tasks by the user ildings

12.0.60

The magnitude of the effect will depend on the existing ambient noise level at these receptors. For
example at receptors which are already exposed to transport noise levels in excess of the impact

Both night time and daytime exposure to aviation noise impacts negatively on children’s health,
wellbeing and ability to learn. Stansfield et al particularly emphasise the need for ‘school to be the
main focus of attention for protection of children against the effects of aircraft noise on school
performance’? RSP’s woeful noise mitigation plan does not offer any reassurance here. Ramsgate
schools, as with all schools, are suffering the impact of stringent cuts and are ill-placed to be able to

21 Night time aircraft noise exposure and children’s cognitive performance, Stansfeld, S, Hygge, S, Clark C,
Alfred, T, Noise Health, 2010



put in place sufficiently effective noise insulation. In some case, old school buildings in conservation
areas would be unable to ensure the most effective noise insulation because of planning restrictions.

Of course, no amount of insultation protects children from noise when outside playing or involved in
sporting or other outdoor educational activities. Schools near Heathrow have resorted to building
outdoor ‘pods’ for children to play in to protect them from the noise overhead. This is not a solution
that seriously enhances children’s performance and wellbeing. A simpler solution is not to build a
noisy 24/7 cargo hub so close to so many schools in an area of already relative deprivation.

© Reuters

In addition to the impact on cognitive function and development, studies have posited the detrimental
effect on the physical health of children exposed to aviation noise nuisance in the short and long-
term.

“An imbalance between leptin and ghrelin can lead to an increased sense of hunger with
weight gain as a consequence. The risk of diabetes due to sleep disturbance and poor
cognitive performance have been identified as accompanying long-term effects of disturbed
circadian rhythms.”??

Levels of obesity in some of the most deprived wards in Ramsgate, e.g. Newington, are already
disproportionately high. These children and their families do not need an aggravating factor of this
magnitude.

RSP says in its Environmental Statement at 15.8.10

“Depending on the existing ambient noise environment and existing building fabric, disruption
to learning with measurable effects on reading age for children is possible at affected schools,

22 The Effects of Noise Disturbed Sleep in Children on Cognitive Development and Long-Term
Health, published in the Journal of Child and Adolescent Behaviour in 2015 — page 6



prior to further mitigation. This could adversely affect quality of life and prospects for
children concerned.” [Emphasis added]

RSP acknowledges the serious adverse effect on quality of life and prospects. Yet their approach
has been to ignore these children.  Their application has not made any serious attempt to
contextualise noise impacts in relation to these specific children, this specific population, these
specific communities.

The Health and Social Care Act 2012 places a statutory duty on health services to reduce inequalities
in health. There are severe inequalities with regard to the health of children in the UK and within Kent,
and children in Thanet suffer some of the poorest health and health outcomes in the country.??

“Thanet is within the worst quintile in the UK for inpatient costs for under 5-year olds for a
number of conditions including neurological, cancer and gastro-intestinal specialties but
Thanet performs particularly poorly for musculoskeletal specialties with the second highest
costs nationally per 1,000 population. 4

Thanet also has a higher percentage than average of looked-after children. It is unacceptable that
children living in an area which places them at serious health disadvantage - children living in an area
where their life chances are already compromised - should be subjected an additional ‘significant
adverse effect’ by RSP’s aviation proposal and to the seriously detrimental impact of aviation noise
on them as clearly identified by academic and medical research.

23 Kent Annual Public Health Report, 2015

24 Thanet Clinical Commissioning Group, Annual Report 2015/16 — page 12



Adults, the elderly, those living with chronic iliness, those with
mental health issues

The elderly are also at specific and particular risk of adverse health impacts as are those with pre-
existing health conditions. Thanet has higher proportion of elderly people than the national average.
An ageing population puts an increased burden on health services including mental health services —
all of which are increasingly hard-pressed and over-stretched. A disproportionately high elderly
population means higher levels of complex health and care needs and the higher prevalence of
physical health conditions in this older age group contributes to higher rates of depression.

Thanet also has a high proportion of people with mental health needs. There is a high prevalence in
the area of a wide range of unhealthy behaviours, such as smoking, binge drinking, obesity and
generally unhealthy eating, all of which contribute to the disproportionately unhealthy population and
the significant health inequalities of the area. Thanet has the highest rates of substance misuse in
Kent, with drug and drink abuse resulting in significant health issues and needs. The life expectancy
of Thanet residents is the lowest in Kent with very significant variations within Thanet itself. Thanet
has a high mortality rate from coronary heart disease and there are significantly poorer outcomes for
people with Chronic Obstructive Pulmonary Disease (COPD) in the area. Thanet has the highest
prevalence of people with mental health issues compared to similar areas nationally. There is the 4™
highest rate in England of emergency admissions for people aged 75 plus (with a stay of under 24
hours). Thanet has one of the highest rates of undiagnosed dementia in England.?®

Thanet has a disproportionately aged population, a trend that is set to increase. In conjunction with
the relatively high prevalence in the area of dementia and other chronic conditions, many associated
with older age, the high number of care homes, in addition to the frail elderly being cared for at home,
has been given scant attention by RSP. A thorough review of the numbers of care homes under the
flight path and within the general area should have been undertaken and specific consideration given
to the vulnerabilities of the people who live within these homes. Cross-cutting factors need to be
considered across all demographic groups but perhaps in particular with regard to the cared-for
elderly. Depression, for example, in older people affects up to 25% of the population and up to 40%
of those living in care homes.?® Noise insulation plans, in general, would not address the specific
needs of this particularly vulnerable section of the population. In addition, the proposal’s impact on
their inability to enjoy and benefit from being outside should have been considered.

Thanet is an area of significant deprivation. The health impacts of aviation noise are well and
increasingly evidenced. A proposal which acknowledges, yet significantly underestimates, the impact
of noise on a population already hugely disadvantaged cannot be supported. The detrimental effects
on the whole population but, most significantly, on the most vulnerable and at risk, cannot be ignored.

In recent years, the evidence that aviation noise impacts negatively on cardiovascular health has
mounted. Increased risk of hypertension, heart attack and stroke are significant. Babisch and van
Kamp (2009) evaluated the exposure-response relationship of the association between aircraft noise
and the risk of hypertension. Due to the absence of large-scale quantitative studies there has been
no clear association found between aircraft noise, ischemic heart disease, and myocardial infarction.
However:

“There is sufficient qualitative evidence, however, that aircraft noise increases the risk of
hypertension in adults.”’

25 Thanet Clinical Commissioning Group, Annual Report, 2015/16

26 Age Concern. Improving services and support for older people with mental health problems. London: Age
Concern; 2007 (cited in Mental Health Needs Assessment for Adults in Kent, Thanet CCG, 201)

27 Environmental Research and Consultancy Department (ERCD), Civil Aviation Authority) Report 1208, Aircraft
Noise, Sleep Disturbance and Health Effects: A Review, 2013 — page 37



The health effects of environmental noise created by aviation operations are diverse, serious and
because of widespread exposure, very prevalent. For populations around airports, aircraft noise
exposure can be chronic. The WHO guidelines for exposure to environmental noise are clear and the
proposals from RSP would represent a breach of these guidelines.?®

A study investigating the association of aircraft noise with risk of stroke, coronary heart disease and
cardiovascular disease in the general population in 12 London boroughs and nine districts west of
London found distinct and statistically significant trends.

‘Hospital admissions showed statistically significant linear trends (P<0.001 to P<0.05) of
increasing risk with higher levels of both daytime (average A weighted equivalent noise 7 am
to 11 pm, Laeq16n) and night time (11 pm to 7 am, Lignt) @ircraft noise. When areas experiencing
the highest levels of daytime aircraft noise were compared with those experiencing the lowest
levels (>63 dB v <51 dB), the relative risk of hospital admissions for stroke was 1.24 (95%
confidence interval 1.08 to 1.43), for coronary heart disease was 1.21 (1.12 to 1.31), and for
cardiovascular disease was 1.14 (1.08 to 1.20) adjusted for age, sex, ethnicity, deprivation,
and a smoking proxy (lung cancer mortality) using a Poisson regression model including a
random effect term to account for residual heterogeneity. Corresponding relative risks for
mortality were of similar magnitude, although with wider confidence limits. Admissions for
coronary heart disease and cardiovascular disease were particularly affected by adjustment
for South Asian ethnicity, which needs to be considered in interpretation. All results were
robust to adjustment for particulate matter (PMao) air pollution, and road traffic noise, possible
for London boroughs (population about 2.6 million). We could not distinguish between the
effects of daytime or night time noise as these measures were highly correlated. ?°

Much of the research to date does not distinguish between daytime and night-time aircraft noise or
have not been able to distinguish the separate causal links of daytime and night-time noise for a
population that is exposed to both, or have not been carried out in people’s own homes, or have
insufficiently considered confounding factors. It is clear, however, that aircraft noise — day and night
- has a detrimental impact on human health and wellbeing.

The Civil Aviation Authority’'s ERCD Report 1278, Aircraft Noise and Health Effects examined
research evidence published since 2009 relating to transportation noise, in particular aircraft noise
and the resulting impacts on various health endpoints. The findings within this paper should be
carefully considered:

‘It was reported that the results obtained when using the same categories for daytime and
night time aircraft noise indicated that the relative risks for mortality were higher for night time
noise.”

“There is a need to understand the burden of disease and disability-adjusted life years in
relation to noise exposure and cognitive impairment. To this end, longitudinal studies are
needed for understanding the causal pathways between noise exposure and cognition. The
long-term consequences of aircraft noise exposure, during early school life, on later cognitive
development and educational outcomes have not yet been studied and remain important for
policy making decisions. It is recommended that greater understanding is needed of the
mechanisms of working memory and episodic long-term memory in children in relation to noise
effects.”®!

The research into causal links between aircraft noise, day, night-time and 24 hour, continues to
mature and it is essential to consider the weight of evidence and interpretation over time and of most

28 Aircraft Noise Effects on Health, Queen Mary, University of London, 2015, for the Airports Commission —
pages 26 to 27

29 Aircraft Noise and Cardiovascular Disease Near Heathrow Airport in London, Hansell, A et al, BMJ, 2013

30 ERCD Report, 1278, Aircraft noise and health effects: recent findings, 2016 — page 17

31 |bid — page 64



recent years. What is clearly established is that there is significant adverse effect on human health,
in particular for those people in the most vulnerable groups.

The RSP proposal insufficiently examines risk, research and the real evidence available of the levels
of noise that resulted from previous operations at the past airport. The result of these omissions is
that RSP considerably downplays the negative impact on the local population of the day and night
ATMs that it plans.

There are still relatively few studies that specifically look at the impact of aircraft noise on mental
health. Some studies have provided support for the idea that ‘psychological stress is induced by
aircraft noise exposure, resulting in hypothalmus-pituitary-adrenal axis dysregulation and a flattened
cortisol rhythm and, notably, a lower ability to decrease cortisol levels at night.”*?> The field is still
immature and much work needs to be done, however, most studies confirm that there is a significant
relationship between noise sensitivity or annoyance due to aircraft noise and psychological ill-health.
‘This supports the hypothesis that psychological aspects, such as noise annoyance and noise
sensitivity play important roles in the association between environmental noise and adverse effects
on health.”® Given that Thanet has the highest prevalence of people with mental health issues
compared to similar areas nationally. At Dashwood Surgery, under the flight path, the data show that
there is a high recorded prevalence of depression and poor mental health, with values in the upper
quartile for GP practices in Kent.**

It is unacceptable that RSP has failed to consider people with mental health issues as a significantly
vulnerable group within the area and, accordingly, looked at their proposal with this group in mind.
The fact that they have not done so is consistent with their blasé approach that the noise will be
relatively minor and only small numbers of the population will be adversely impacted. This cavalier
attitude towards a proper segmentation and consideration of particularly vulnerable sections of the
population is evident throughout their application.

Noise at Night

Even though this is a developing field, and even though there is a need for further research fully to
separate out the adverse impact of night noise and day noise, there have been many studies looking
in particular at the impact of aircraft noise at night time on adults. Due to the increasing body of
evidence showing that there is a negative impact on populations exposed to aviation noise nuisance
at night, an increasing number of international and national policy guidelines and directives are
seeking to prevent or decrease the numbers of night flights at airports where a large population would
be adversely affected.

The HYENA study examined the impact of aviation noise on blood pressure in adults living near seven
major European airports including London Heathrow.

“The HYENA study found that a 10dB increase in aircraft noise at night was associated with a
14% increase in odds for high blood pressure.”

32 Lefevre, M.; Carlier, M.-C.; Champelovier, P.; Lambert, J.; Laumon, B.; Evrard, A.-S. Effects of aircraft noise
exposure on saliva cortisol near airports in France. Occup. Environ. Med. 2017, 612-618. (cited in Aircraft
Noise and Psychological lll-health: The Results of a Cross-Sectional Study in France, International
Journal of Environmental Research and Public Health, 2018)

33 Aircraft Noise and Psychological lll-health: The Results of a Cross-Sectional Study in France, International
Journal of Environmental Research and Public Health, 2018, page 1)

34 Thanet CCG, Analysis of Deprived Areas, 2016, p 14



“It also found that a 10dB increase in night time aircraft noise was associated with a 34%
increase in the use of medication for high blood pressure in the UK.®®

A research study carried out in Greece with people living near to Athens International Airport, as
published online in Occupational and Environmental Medicine, found significant adverse effects.

‘Between 2004-6 and 2013, 71 people were newly diagnosed with high blood pressure and 44
were diagnosed with heart flutter (cardiac arrhythmia). A further 18 had a heart attack.

Exposure to aircraft noise, particularly at night, was associated with all cases of high blood
pressure, and with new cases.

When all cases of high blood pressure were included, every additional 10 dB of night-time aircraft
noise was associated with a 69% heightened risk of the condition. When only new cases were
included, every additional 10 dB was associated with a more than doubling in risk. ¢

Elmenhorst et al (2010) looked at night time aircraft noise and the impact on cognitive performance
the following day:

“The authors propose that the results hint at changes in physiological processes due to
nocturnal aircraft noise exposure. Only healthy adults were included, however, the
researchers infer that the effects of nocturnal aircraft noise may result in stronger impairment
in vulnerable groups such as children or people who are ill.”®’

The significance of sleep to human health is increasingly being investigated as it is during the night
that the body undergoes specific restorative functions. Anything that prevents this necessary
physiological ‘repair’ work and energy saving functions can be detrimental to health:

“Often, there is a discussion that sleep represents a trophotopic phase (energy storing),
contrasting with an ergotropic (energy consuming) phase when we are awake (Maschke and
Hecht 2004). Therefore, frequent, or long-awakening reactions endanger recovery and
therefore health. Such frequent occurrences of arousal triggered by nocturnal noise can lead
to a deformation of the circadian rhythm. Also, the deep SWS phases in the first part of the
night are associated with a nadir of cortisol, and a maximum of growth hormone, both
necessary for the physical wellbeing of the sleeper.”™®

Research showing an association with aircraft and road noise and cardiovascular disease measures
continues to mature. There is emerging evidence to suggest that cardiovascular effects are more
strongly linked with night time noise exposure as opposed to day or total (24hr) noise exposure.

35 Aircraft Noise Effects on Health, Queen Mary, University of London, 2015, for the Airports
Commission — page 3

3 BMJ. "Long term exposure to aircraft noise linked to high blood pressure: Night-time noise may be
particularly influential, findings suggest." ScienceDaily. ScienceDaily, 13 June 2017.
<www.sciencedaily.com/releases/2017/06/170613185148.htm>.

3" ERCD Report, 1278, Aircraft noise and health effects: recent findings,2016 — page 50-51

3 ERCD Report 1208, Aircraft Noise, Sleep Disturbance and Health Effects: A Review,2013
— page 39



“With regard to night noise and sleep disturbance, there is growing recognition that average
indicators such as Lnight are insufficient to fully predict sleep disturbance and sleep quality
and that use of number of noise events (LAmax) will serve to help understanding of noise-
induced sleep disturbance.”*°

The NORAH Sleep Study examined how nocturnal flights affect people’s sleeping habits. The study
paid special attention to the effects of two new measures, which changed the noise background in
the Rhine-Main Region in October 2011. Since then there has been a curfew at Frankfurt Airport on
scheduled take-offs and landings between 11 pm and 5 am. At the same time, the new North-West
runway began operations. A comparison of the sleep measurements from 2011 and 2012 shows
how the changes affected residents with otherwise healthy sleep patterns.

‘The residents around Cologne/Bonn Airport got less rest when they were asleep than the
Frankfurt study participants after the introduction of the curfew on scheduled flights between
11 pm and 5 am. According to the sleep measurements carried out in the Rhineland, the
participants spent less time per night in the deep sleep phase which is so important for
rest.”° 12

With the new “vegetative-motor” method used by NORAH, the focus of the scientists was
brought back to the fact that nocturnal overflights can, in many cases, increase the heartbeat
of sleepers. It even happens that people appear to continue sleeping peacefully, but still
show a physical reaction.’*

The NORAH study on health risks produced a number of findings:

For aircraft noise, the NORAH team found a statistically significantly increased stroke risk in
persons with a long-term energy equivalent sound level below 40 dB if the maximum sound
level at night exceeded 50 dB.’#?

In terms of cardiac insufficiency, where the heart is no longer able to sufficiently supply the body
with blood, the NORAH study showed a statistically significant increase of 1.6% per 10dB.*3

Itis evident that there are particular and specific negative health impacts associated with aircraft noise
at night time and it is important that the inspectors read the body of evidence available to date that
confirms this.

Consulting with regard to health and wellbeing

RSP has undertaken only the bare minimum of consultation with regard to the population’s health and
wellbeing. There has been consultation with the Kent Director of Public Health and the Clinical Chair
of Thanet Clinical Commissioning Group but two individuals is extremely limited and falls significantly
short of the sort of consultation, research and referencing that would be considered best practice.

In preparing their noise impact assessment, a full range of stakeholders should have been consulted.
With regard to the specific population potentially impacted by this proposal, a wide range of clinical
opinion, particularly with regard to existing chronic health conditions prevalent in the local population
and those particularly likely to be aggravated by the adverse impact of aircraft noise, should have
been consulted. A full range of mental health experts; teachers, headteachers and educationalists;

39 ERCD Report, 1278, Aircraft noise and health effects: recent findings,2016 — page 65

40 NORAH< Knowledge No 10, Aviation noise and nocturnal sleep, p 12
41 NORAH< Knowledge No 10, Aviation noise and nocturnal sleep, p 16
42 NORAH, Knowledge No 12, Study on Health Risks, p 8
43 NORAH, Knowledge No 12, Study on Health Risks, p 9



allied healthcare professionals; social care specialists and practitioners and care home owners and
managers should have been interviewed.

Underpinning their application, with regard to noise impact, specifically in relation to health and
wellbeing, should have been a solid body of evidence drawn from the widest range of up-to-date
research on this topic in addition to a close and contextualised analysis of the specific health,
wellbeing and health inequalities position locally. Only by doing this could RSP establish a credible
health and wellbeing baseline.

It is vital that RSP consider fully the impact of its proposals on populations already deprived, already
suffering some of the worst health inequalities in the country, already marginalised and under-
supported by health and care provision. They have failed to undertake a credible impact assessment.

RSP’s summary of community health needs and objectives (15.4.3 onwards) appears to suggest that
correcting lifestyle and behaviour choices in the population, as part of local authority and health
services planning and objectives, will result in improved health in the local population and therefore
RSP needs to pay less attention to the adverse health impact of its proposal. This optimistic approach
fails to consider the wider adverse impacts of RSP’s proposal on environment, lifestyles, local
regeneration and local communities etc. that may in themselves mitigate against any hoped-for
improvements in lifestyle choices planned for against the status quo. RSP says that the Thanet CCG
Chair noted ‘the need for jobs in Thanet with the importance of socio-economic benefits to health’.
However, this is not the same as the Thanet CCG Chair saying that RSP’s proposal will have a net
positive impact on health locally. One could equally say that the jobs proposed by the landowner of
the airfield site would bring about the same desired health benefits.

In Table 15.4, RSP acknowledges that impact characteristics during the operational phase of its
proposal with regard to airport and aircraft noise are “direct, adverse, local and long-term”. Similarly,
with regard to airport/aircraft air pollutant emissions, the impact characteristics are “direct, adverse,
local and long-term”. At 15.8.4, the applicant says that:

“These results indicate that the Proposed Development would lead to a potential 2% to 3.6%
increase in cases of hypertension within the population exposed to Year 2 noise levels, rising
to approximately 3.2% to 5.6% additional cases at Year 20 levels”

“The evidence suggests that the relative change in noise also has the potential to contribute
towards approximately one annual incident case of disease or mortality from ischaemic heart
disease or stroke at Year 2 levels, rising to around two to four cases at Year 20 levels. This
corresponds to a 2.8% to 4.3% change in background incidence.”

The applicant has not demonstrated how any benefits that could conceivably flow from its proposals
would outweigh the cost in additional disease and death for the local population.

As has already been discussed in the foregoing sections on noise and night flights, the basis on which
RSP’s health impact predictions are made is fundamentally flawed and the adverse impacts described
can be expected to impact a far higher proportion of the population. RSP must be interrogated on its
noise contouring and noise methodology. RSP should be required to consider a more realistic
assessment of the adverse impact of its proposal on health taking onto account the historic noise data
relating to the airport and the WHQO'’s evidence about the impact of noise on health.

Independent Commission on Civil Aviation Noise

As a result of one of the Airports Commission’s recommendations, the Independent
Commission on Civil Aviation Noise (ICAAN) is being set up. This publicly funded body is
established with the ‘statutory right to be consulted on flight paths and other operating
procedures.” The authority is to be given ‘statutory consultee status and a formal role in



monitoring and quality assuring all processes and functions which have an impact on aircraft
noise and in advising central and local Government and the CAA on such issues.”** (page 14)

The DfT’s success criteria for ICCAN include that ‘the SofS is effectively supported in his role
with regards to noise within strategically significant decisions’. With regard to this specific
application, it appears that the ICCAN may be insufficiently mature to be able to present
evidence into the process and for it to advise the SofS. Notwithstanding, it would not be within
the spirit of the Airports Commission recommendations nor the subsequent setting up of
ICCAN for this examination process to ignore this body. Given its statutory role, given that
this is the first DCO with regard to an airport, given government policy that has rejected the
creation of new airports, given that government policy in no way supports the development of
a ‘nationally significant’ cargo airport at Manston, given government and international
principles and guidelines with regard to noise, it seems inconceivable that the this process
and the SoS decision-making should be undertaken in absence of any input form this body.

Conclusion

RSP’s proposal represents a serious threat to the people of Ramsgate.

I's noise modelling and noise mitigation plans are fundamentally flawed and completely
underestimate noise levels and noise impact on many more thousands of people than they
allow for.

With such serious flaws in their methodology and presentation, it is impossible for their noise
impact assessment to be credible. If proper consideration of the adverse impact of aviation
noise on local populations and their health is to be undertaken, their proposal must be fully
interrogated and rewritten.

Essential to this examination stage is a full presentation and questioning of comparative and
historic noise data which sheds an entirely different light on the applicant's proposal.
Deliberately underplaying the extent to which noise will impact on people has consistently
been a tactic that seeks to present only alleged benefits. RSP’s proposal is simply not in any
alignment with international and national guidance and directives, let alone principles, with
regard to aviation noise and population health and wellbeing.

The National Planning Policy Framework (NPPF) says that ‘the planning system can play an
important role in facilitating social interaction and creating healthy, inclusive communities
(Paragraph 68). It is to be hoped that the planning system recognises this role and refuses
this application.

44 House of Commons Briefing Paper, Number SN261, 2017
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| 1. Executive summary

1.1 Introduction

This analysis was conducted to help inform the 2015 Public Health Annual Report and the
forthcoming Mind the Gap: Health Inequalities Action Plan for Kent 2016. The analysis
seeks to provide greater understanding of the true nature of the health inequalities in Kent.

1.2 Key findings
1.2.1 Inequalities in health outcomes

Whilst mortality rates in Kent have been falling over the last decade, the ‘gap’ in mortality
rates between the most deprived and least deprived persists. This gap is particularly large
for the most deprived deciles.

All Age All Cause Mortality: By Deprivation
Age-standardised All Age All Cause Mortality Rate (per 100,000), Kent, IMD 2015
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The most deprived populations have disproportionately worse premature mortality rates
and life expectancy. This is demonstrated by the non-linear nature of the relationship
between these high level health outcomes and deprivation.

Premature Mortality: By Deprivation Life Expectancy: By Deprivation
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There are also inequalities in the causes of premature mortality. In the more deprived
deciles, an increased proportion of the deaths are caused by cardiovascular, respiratory and
Gl disease.
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1.2.2 Inequalities in the wider determinants of health

Steep inequality gradients are also evident across a large number of health and social
indicators in Kent. On many measures the most deprived deciles fare disproportionately
worse than their more affluent counterparts (i.e. there is a non-linear relationship with
deprivation). For example, alcohol-related premature mortality is six times higher in the
most deprived decile than the most affluent decile.

1.2.3 Types of deprivation

The LSOAs identified as falling into the most deprived decile in Kent have been subdivided
using multivariate segmentation techniques. This segmentation sought to divide the most
deprived LSOAs into ‘types’, so that within a ‘type’ areas are similar and between ‘types’
they differ. The analysis produced four distinct types.
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1.3 Call to action

The forthcoming Mind the Gap: Health Inequalities Action Plan for Kent 2016 will include

recommendations for action on health inequalities.

Mind The Gap Analytical Report, June 2015




KENT PUBLIC HEALTH
TBSERVATORY

| 2. Introduction & objectives

Health inequalities are the differences in health outcomes within and between
communities. We measure health inequalities overall through health statistics such as life
expectancy or all-age, all-cause mortality rates or more specifically for specific disease
mortality rates such as cancers, cardiovascular or respiratory disease rates.

It is now widely recognised that our health as individuals is shaped by the conditions in
which we are born, grow, live, work and agel.

Thus policy makers for health have to consider the wider set of economic, political, and
social forces and systems which influence our daily lives. These wider determinants of
health drive the health inequalities which exist in society; that is, the unfair and avoidable
differences in health status between individuals depending on their life circumstances.

wing and Worki,
* conditions 9

Water and
sonitation

Healthcare
services

Agriculture
and food
production

Dahlgren and Whitehead’s Social Model of Health (1991)

Whilst Kent as a whole scores above the England average on a range of health indicators,
this hides the great diversity and disparities which exist within, and between, Kent’s
communities.

L UCL Institute of Health Equity. Fair Society, Healthy Lives: The Marmot Review - Strategic Review of Health
Inequalities in England post-2010. 2010.
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In 2012 the ‘Mind the Gap’ action plan was formulated by Kent County Council to reduce
the gap in health status between the least deprived and most deprived communities in
Kent®. The 2015 Public Health Annual Report? is dedicated to health inequalities and
reinforces the need to remain focussed on reducing the ‘gap’ in health outcomes across the
county.

As part of the work surrounding the production of the 2015 Public Health Annual Report,
the Kent Public Health Observatory (KPHO) were asked to provide intelligence and analytic
support to bring greater understanding of the true nature of the health inequalities we see
in Kent. This work has also been used to inform the forthcoming Mind The Gap: Health
Inequalities Action Plan for Kent 2016

The specific objectives of our analysis were as follows:

e To explore trends in inequalities in health outcomes in Kent

e To explore inequalities in both health outcomes and the wider determinants of
health

e To provide further understanding of the most deprived areas in Kent, using
segmentation techniques to help describe our most deprived areas.

This analytical report describes the analysis we conducted and details the key findings. It
should be read in conjunction with the 2015 Public Health Annual Report and the Mind The
Gap: Health Inequalities Action Plan for Kent 2016 which it informs.

? Kent County Council. Mind The Gap: Kent’s Health Inequalities Action Plan 2012/15. 2012:1-62

* Kent County Council. Kent Annual Public Health Report 2015: Health Inequalities
(http://www.kpho.org.uk/ data/assets/pdf file/0005/57407/Final-Public-Health-Annual-Report-2015.pdf).
* Kent County Council. Mind The Gap: Health Inequalities Action Plan for Kent 2016. Due for publication
following County Council on 15th September 2016.
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| 3. Inequalities in mortality & life expectancy

3.1 Trends in health inequalities

The chart below shows how the differences in all age, all cause mortality rates in Kent by
deprivation decile have changed over time>.

All Age All Cause Mortality: By Deprivation
Age-Standardised All Age All Cause Mortality Rate (per 100,000}, Kent, IMD 2015
#®Decile 1 - mostdeprived MDecile2 43 4 5 @6 A7 +8 @9 @Decile 10 - least deprived
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Source: PCMD, prepared by KPHO (RK), Nov 2015

This analysis demonstrates that, whilst mortality rates in Kent have been falling over the last
decade, the ‘gap’ in mortality rates between the most deprived and least deprived persists.
The gap is particularly large for the most deprived deciles. This demonstrates how improving
the health of an entire population does not necessarily address the health inequalities that
exist between different parts of society. This persistent gap in health outcomes is not a
phenomenon that is unigue to Kent; the ONS recently reported that there has been a
persistent fixed gap in the life expectancy across England as a whole®. This is consistent with
the latest findings from the Global Burden of Disease Study’: that there are marked health

> In this analysis deprivation is measured via the Indices of Multiple Deprivation (IMD 2015) at LSOA-level, with
the 902 LSOAs in Kent divided into population weighted deciles based on the overall IMD scores.

® Office for National Statistics. Statistical Bulletin Health Expectancies at birth by Middle Layer Super Output
Areas, England, Inequality in Health and Life Expectancies within Upper Tier Local Authorities : 2009 to 2013.
2015:1-22.

’ Newton JN, Briggs ADM, Murray CIL, et al. Changes in health in England, with analysis by English regions and
areas of deprivation , 1990 — 2013 : a systematic analysis for the Global Burden of Disease Study 2013. Lancet.
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inequalities between the most and least deprived in England despite increases in overall life

expectancy.

3.2 Inequality slopes

Health inequalities lead to inequalities in life expectancy. The analysis below looks both at

life expectancy and premature mortality (deaths occurring under the age of 75 years) as it is
these early deaths which lead to shorter life expectancy.

3.2.1 Premature mortality

Premature Mortality: By Deprivation
Age-Standardised Premature Mortality Rate (per 100,000), Kent, 2006-2014, IMD 2015
® Men EWomen
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Source: PCMD, prepared by KPHO (RK), Feb 2016

It is notable that the most deprived populations have disproportionately worse premature
mortality, demonstrated by the non-linear curves of best-fit®. The most deprived decile in
both men and women fare particularly poorly. In fact, in the most deprived decile, the
premature mortality rate is more than double the rate in the most affluent decile.

In this analysis logarithmic trend lines have been used. It is clear from visual inspection
alone that the relationship between deprivation and premature mortality is non-linear. In
particular, the deviations from a linear trend line are clearly systematic in nature for the
most deprived deciles. In the case of premature mortality the logarithmic trend lines for
men and women have R’ values of 99% and 98% respectively (compared with 86% and 87%
for a linear trend line).

® Based on logarithmic trend lines.
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3.2.2 Life expectancy
The chart below shows a similar analysis for life expectancy at birth.
Life Expectancy: By Deprivation
Kent, 2012-2014, IMD 2015
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Again, the most deprived populations have disproportionately worse life expectancy,
demonstrated by non-linear curves of best-fit. The most deprived decile in both men and
women fare particularly poorly.

As with premature mortality, it is clear from visual inspection alone that the relationship
between deprivation and life expectancy is non-linear. In particular, the deviations from a
linear trend line are clearly systematic in nature for the most deprived deciles. In the case of
premature mortality the logarithmic trend lines for men and women have R’ values of 95%
and 97% respectively (compared with 87% and 92% for a linear trend line).
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3.3 Causes of death

The chart below provides further analysis of premature deaths by deprivation in the context
of cause of death.

Cause of Death: Premature Deaths by Deprivation

Premature Deaths by Underlying Cause, Age-standardised Rates, IMD 2015, 2006-14

All other disease groups

Injuries

Blood and metabolic disorders
m Skin disorders
B Chronic musculoskeletal disorders
B Kidney and urinary diseases
m Endocrine disorders

m Mental illnesses and behavioural disorders

ASR {per 100,000}

m Neurological conditions
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B Respiratory diseases

m Cardiovascular diseases

m Cancer and other neoplasms
Kent 1-Most 2 3 4 5 6 7 8 9 10 - Least

) ) u Infant and congenital conditions
deprived deprived

Kent Deprivation Decile (IMD 2015) # Infections

Source: PCMD, prepared by KPHO (RK), April 2016

This analysis not only demonstrates the higher rate of premature deaths in the most
deprived deciles but also differences in the causes of premature mortality.

Cancer is the largest cause of premature mortality overall. But in the more deprived deciles,
an increasing proportion of the deaths are caused by cardiovascular, respiratory and Gl
disease. This is demonstrated more clearly in the chart below, which indexes cause-specific
premature mortality rates against the least deprived decile.

Premature Death Rates by Deprivation: Main Causes
Relative to 10% Least Deprived LSOAs
v
g Premature Deaths by Underlying Cause (main causes only), Age-standardised Rates, IMD 2015, Kent, 2006-14
2 5 7
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£
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s
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bl
£ 2 -
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E
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Source: PCMD, prepared by KPHO (RK), May 2016
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This analysis very clearly demonstrates the inequalities in the causes of premature
mortality. In particular, it highlights striking differences in cardiovascular disease,
respiratory disease, Gl disease and external injuries. This is an important finding, since these
inequalities are amenable to being reduced through earlier detection and preventative
measures, such as lifestyle modification and management of long term health risks.

| 4. Inequalities in the wider determinants of health

Given the inequalities in mortality rates and life expectancy, we would expect to see
inequalities evident in the wider determinants of health. In this section we explore the
relationship between deprivation and a range of measures of health outcomes, health risks
and behaviours and the wider determinants of health. This analysis is again based on LSOA-
level deprivation, with LSOAs grouped into deciles, and so requires LSOA-level data for each
of the wider determinants. Analysis has been conducted for known social determinants of
health, for which data exists or can be modelled at LSOA level®.

The charts overleaf show inequality slopes for a range of health outcome measures,
measures of health risks and behaviours, and wider determinants of health.

It is striking how steep inequality gradients are evident across a large number of health and
social indicators in Kent. For example, in the most deprived decile, 66% of children do not
achieve 5 good GCSEs, compared to 23% in the most affluent decile. Taking all the charts
together, it is clear to see how poor social conditions and unhealthy behaviours reinforce
one another and accumulate in individuals throughout their lives. Where the relationship is
linear, those in the most deprived deciles fare worse than those in the least deprived
deciles, to a degree that is proportionate to the slope of inequality. On many measures the
gradient is not linear but rather curves sharply for the most deprived deciles. In these
instances the most deprived deciles fare disproportionately worse than their more affluent
counterparts. For example, alcohol-related premature mortality is six times higher in the
most deprived decile than the most affluent decile.

? Appendix A provides details of the data sources and modelling approaches.
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Inequality slopes: Health outcomes

Premature Mortality from Circulatory Disease: By Deprivation
ised ity Rate (per 100,000), Kent, 2006-2014, IMD 2015
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Source: PCMD, prepared by KPHO (RK), Dec 2015 Circulatory deaths are defined as ICD10: 100-199

Premature Mortality from Respiratory Disease: By Deprivation
Age-Standardised Premature Mortality Rate (per 100,000), Kent, 2006-2014, IMD 2015
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Premature Mortality from Cancer: By Deprivation
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Premature Mortality from External Causes: By Deprivation
Age-Standardised Premature Mortality Rate (per 100,000), Kent, 2006-2014, IMD 2015
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Alcohol-Related, Premature Deaths: By Deprivation
A ised ity Rate (per 100,000), Kent, 2006-2014, IMD 2015
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Emergency Admissions: By Deprivation
Age-Standardised (per 100,000), Kent, 2012/13-2013/14, IMD 2015
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Long-Term lliness & Disability: By Deprivation
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Inequality slopes: Health risks & behaviours

Modelled Smoking Prevalence: By Deprivation
Mosaic, Kent, IMD 2015

Modelled Physical Inactivity: By Deprivation
Mosaic, Kent, IMD 2015
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Wellbeing - Low Life Satisfaction: By Deprivation
Low Scores (Modelled), 2011/12, Kent, IMD 2015
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Low Scores (Modelled), 2011/12, Kent, IMD 2015

30.0%
25.0%
52
S=
e 5 200%
°© £
1
§g 0
w B
'U'g
2% w00%
3
HE
5.0%
0.0% T T T .
1-Most 2 3 a S 6 7 8 9 10 - Least
deprived deprived

Kent Deprivation Decile (IMD 2015)

Source: DCLG (ONS Annual Population Survey (APS) data and Acorn), prepared by KPHO (RK), Dec 2015

Mind The Gap Analytical Report, June 2015

13




4.3

KENT PUBLIC HEALTH
TBSERVATORY

Inequality slopes: Wider determinants of health

Modelled Median Income: By Deprivation
Mosaic, Kent, IMD 2015
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Out-of-Work Benefits: By Deprivation
16-64's, Feb 2015, Kent, IMD 2015
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Not School Ready: By Deprivation
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Overcrowding: By Deprivation
Occupancy Rating (Rooms) of -2 or Less, 2011, Kent, IMD 2015

Shared Dwellings: By Deprivation
2011, Kent, IMD 2015
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Distance to Nearest GP: By Deprivation
Kent, IMD 2015
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| 5. Types of deprivation

The above analysis clearly identifies the populations of the areas falling into the most
deprived decile in Kent as suffering from disproportionately poor health outcomes and
being disproportionately likely to display a number of characteristics associated with poor
health outcomes. Before we can improve health outcomes in the most deprived areas, we
need to gain deeper insights into the characteristics of the populations and the challenges

they face.

The analysis in this section attempts to address concerns relating to treating the most
deprived decile as a single homogenous group. Within this decile different local areas will
face different challenges and so potentially require different interventions and approaches.
However, it was our hypothesis that there exists some degree of commonality between
certain groups of LSOAs falling into the most deprived decile.

5.1 Segmentation

The 88 LSOAs identified as falling into the most deprived decile have been subdivided using
multivariate segmentation techniques. This segmentation seeks to divide the most deprived
LSOAs into ‘types’, so that within a ‘type’ areas are similar and between ‘types’ they differ.
Mosaic™® has been used as the basis for the segmentation.

SPSS was used to run a k-means cluster analysis, which has identified relatively
homogeneous groups of LSOAs based on their Mosaic profiles. The method allowed
iterative identification of cluster centres. The 4-cluster solution was selected as the most

" MOSAIC s a population segmentation tool produced by Experian, which is increasingly being used in the
public sector to better understand local populations. The classification system draws upon 450 different
sources of data relating to socio-demographics, lifestyle, culture and behaviour, and then categorises

households based on this.
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appropriate, with the clusters labelled ‘Type 1’, ‘Type 2, ‘Type 3’ and ‘Type 4’. Appendix C
gives a full listing of the type allocated to each of the 88 LSOAs falling within Kent’s most
deprived decile.

Based on the detailed analysis contained later within this section, the clusters were given
names as follows:

e Type 1: Young people lacking opportunities

e Type 2: Deprived rural households

e Type 3: Families in social housing

e Type 4: Young people in poor quality accommodation.

The chart below shows the Mosaic profiles of each of the four types.

Mosaic Profiles: Most Deprived LSOAs in Kent by Type
IMD 2015

B Kent B Typel W Type2 W Type3 m Typed

A - Country Living
B - Prestige Positions
C - City Prosperity
D - Domestic Success
E - Suburban Stability
F - Senior Security

G - Rural Reality

H - Aspiring Homemakers o : o
| - Urban Cohesion

J - Rental Hubs

K - Modest Traditions

L - Transient Renters

M - Family Basics

N - Vintage Value

o :
® o
..@
.4
o °

O - Municipal Challenge °

Source: Experian, prepared by KPHO (RK), Nov 2015

There are clear differences between the four deprivation types in respect of their Mosaic
profiles.
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The map below shows Kent’s most deprived decile LSOAs by typell.

Most Deprived Decile LSOAs in Kent: By Deprivation Type

Type 1: Young people lacking opportunities
Type 2: Deprived rural households
Type 3: Families in social housing

Type 4: Young people in poor quality accommodation

" More detailed local maps can be found in the CCG-level summaries contained within Appendix B.
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5.2 Type 1: Young people lacking opportunities

A total of 18 of the 88 most deprived decile LSOAs in Kent fall into type 1. These include
LSOAs in Northfleet, Folkestone Harbour, Clarendon, Tower Hamlets, Sheerness East
Margate Central, Cliftonville West and Eastcliff. For detailed local maps of the individual
LSOAs falling into this cluster see the CCG-level summaries in Appendix B.

The chart below shows the age structure of the population of type 1 deprived areas in
comparison with Kent as a whole.

2014 Resident Population in Most Deprived Decile LSOAs: Type 1

C—Most Deprived Decile LSOAs: Type 1 Males (%) [——Most Deprived Decile LSOAs: Type 1 Females (%) — Kent Males (%) = Kent Females (%)
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25-29 |
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15-19
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59

0-4

10% 8% 6% 4% 2% 0% 2% 4% 6% 8% 10%

Percentage of total population in each age grou
Source: ONS, prepared by KPHO (RK), Jan 2016 g pop ge group

This analysis shows that type 1 deprived areas have high numbers of young adults and of
young children.

The chart overleaf provides a summary of the characteristics of type 1 deprived areas in
terms of health outcomes, health risks and behaviours, and the wider determinants of
health. In this analysis type 1 deprived areas have been indexed against the average for
Kent for each individual characteristic. Also shown is data for the most deprived decile as a
whole. For details of the data sources used for each characteristic see Appendix A.
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Kent

All Kent 1 decile LSOAs

! Under 75 mortality: All cause
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Type 1 deprived areas are characterised by high numbers of young adults in private rented
accommodation.

This analysis highlights the following key characteristics of type 1 deprived areas in respect
of some of the wider determinants of health, and in comparison with Kent as a whole:

e Particularly high levels of shared dwellings and overcrowding

e Particularly poor living environment with particularly high crime rates
e Lowincomes

e Particularly high levels of out-of-work benefit claimants

e Poor scores for education

e Particularly high levels of movement/transiency.

In terms of health risks and behaviours, type 1 deprived areas have:

e High smoking prevalence
e Low levels of wellbeing.

In terms of health outcomes, type 1 deprived areas have:

e Particularly high premature mortality rates, with alcohol-related premature
mortality, premature mortality from ‘external causes’ particularly high

e High emergency hospital admission rates

e High rates of disability (‘activities limited a lot’).

Please see Appendix B for analysis of type 1 deprived areas at CCG-level, including detailed
local maps for individual LSOAs falling into this cluster.
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5.3 Type 2: Deprived rural households

A total of 4 of the 88 most deprived decile LSOAs in Kent fall into type 2. These include
LSOAs in Aylesham, Leysdown-On-Sea, Warden and Eastchurch. It must be borne in mind
when interpreting the results for type 2 LSOAs that data is based on a relatively small
population. For detailed local maps of the individual LSOAs falling into this cluster see the
CCG-level summaries in Appendix B.

The chart below shows the age structure of the population of type 2 deprived areas in
comparison with Kent as a whole.

2014 Resident Population in Most Deprived Decile LSOAs: Type 2
—IMost Deprived Decile LSOAs: Type 2 Males (%) [ Most Deprived Decile LSOAs: Type 2 Females (%) — Kent Males (%) = Kent Females (%)
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Source: ONS, prepared by KPHO (RK), Jan 2016 Percentage of total population in each age group

This analysis shows that type 2 deprived areas have lower numbers of children than the
Kent population as a whole (and other deprived area types).

The chart overleaf provides a summary of the characteristics of type 2 deprived areas in
terms of health outcomes, health risks and behaviours, and the wider determinants of
health. In this analysis type 2 deprived areas have been indexed against the average for
Kent for each individual characteristic. Also shown is data for the most deprived decile as a
whole.
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Health Inequalities: Type 2 LSOAs
Kent
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This analysis highlights the following key characteristics of type 2 deprived areas in respect
of some of the wider determinants of health, and in comparison with Kent as a whole:

e Low educational attainment and lack of qualifications

e Fewer out-of-work benefit claimants than other deprived groups
e Car ownership is high

e Lower crime rates than many other deprived areas

e Low levels of movement/transiency.

In terms of health risks and behaviours, type 2 deprived areas have:

e Lower smoking prevalence than other deprived area types
e Higher levels of wellbeing than other deprived area types.

In terms of health outcomes, type 2 deprived areas have:

e Particularly high rates of disability (‘activities limited a lot’)
e High premature mortality.

Please see Appendix B for analysis of type 2 deprived areas at CCG-level, including detailed
local maps for individual LSOAs falling into this cluster.
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5.4 Type 3: Families in social housing

A total of 51 of the 88 most deprived decile LSOAs in Kent fall into type 3. This is the largest
of the four deprivation types. These include LSOAs in Folkestone East, Aycliffe, Buckland
Valley, St Radigans, Stanhope, Aylesford Green, Victoria, Davington Priory, Northgate,
Gorrell, Seasalter, Wincheap, Swanley St Mary’s, Dartford, Swanscombe, Kings Farm,
Westcourt, Sheerness, Queenborough, Rushenden, Sittingbourne, Dane Valley, Garlinge,
Newington, Parkwood, Shepway and Postley Road. For detailed local maps of the individual
LSOAs falling into this cluster see the CCG-level summaries in Appendix B.

The chart below shows the age structure of the population of type 3 deprived areas in
comparison with Kent as a whole.

2014 Resident Population in Most Deprived Decile LSOAs: Type 3
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This analysis shows that type 3 deprived areas have very high numbers children and lower
numbers of over 50s in comparison with the Kent population as a whole.

The chart overleaf provides a summary of the characteristics of type 3 deprived areas in
terms of health outcomes, health risks and behaviours, and the wider determinants of
health. In this analysis type 3 deprived areas have been indexed against the average for
Kent for each individual characteristic. Also shown is data for the most deprived decile as a
whole.
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Health Inequalities: Type 3 LSOAs
Kent
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Type 3 deprived areas are characterised by families with children in social housing.

This analysis highlights the following key characteristics of type 3 deprived areas in respect
of some of the wider determinants of health, and in comparison with Kent as a whole:

e Lowincomes

e Poor scores for education

e High numbers of out-of-work benefits claimants

e Particularly high number of single parents

e Better living environment and lower crime rates than other deprived areas.

In terms of health risks and behaviours, type 3 deprived areas have:

e High smoking prevalence
e Low levels of wellbeing.

In terms of health outcomes, type 3 deprived areas have:

e High premature mortality rates
e High emergency hospital admission rates
e High rates of disability (‘activities limited a lot’).

Please see Appendix B for analysis of type 3 deprived areas at CCG-level, including detailed
local maps for individual LSOAs falling into this cluster.
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5.5 Type 4: Young people in poor quality accommodation

A total of 15 of the 88 most deprived decile LSOAs in Kent fall into type 4. These include
LSOAs in Folkestone Harvey Central, Priory, Pencester, Heron, Herne Bay, Central
Gravesend, Central Harbour (Ramsgate), Westbrook, Eastcliff and Cliftonville West. For
detailed local maps of the individual LSOAs falling into this cluster see the CCG-level
summaries in Appendix B.

The chart below shows the age structure of the population of type 4 deprived areas in
comparison with Kent as a whole.

2014 Resident Population in Most Deprived Decile LSOAs: Type 4
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This analysis shows that type 4 deprived areas have high numbers of young adults and low
numbers of school-age children and teenagers.

The chart overleaf provides a summary of the characteristics of type 4 deprived areas in
terms of health outcomes, health risks and behaviours, and the wider determinants of
health. In this analysis type 4 deprived areas have been indexed against the average for
Kent for each individual characteristic. Also shown is data for the most deprived decile as a
whole.
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Health Inequalities: Type 4 LSOAs
Kent

All Kent 1 decile LSOAs . Type 4 (Kent)
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Type 4 deprived areas have a number of similar characteristics to type 1 deprived areas,
including having high numbers of young adults in private rented accommodation.

This analysis highlights the following key characteristics of type 4 deprived areas in respect
of some of the wider determinants of health, and in comparison with Kent as a whole:

e High levels of shared dwellings and overcrowding

e Better educated than the other deprivation types

e Particularly poor living environment with high crime rates

e Low incomes, but not as low as Type 1 areas

e High levels of out-of-work benefit claimants, but not as high has Type 1 areas
e Particularly high levels of movement/transiency.

In terms of health risks and behaviours, type 4 deprived areas have:
e High smoking prevalence.
In terms of health outcomes, type 4 deprived areas have:

e High premature mortality rates
e High emergency hospital admission rates
e High rates of disability (‘activities limited a lot’).

Please see Appendix B for analysis of type 4 deprived areas at CCG-level, including detailed
local maps for individual LSOAs falling into this cluster.
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| Appendix A: Data sources

The charts in Section 5 summarising the characteristics of each deprivation type in terms of

health outcomes, health risks and behaviours, and the wider determinants of health show

data derived from the following sources:

1-6

10

11-12

13

14

15-16

17

18

19

Age-standardised mortality rates, 2006-2014. Source: PCMD. 2 ICD10: 100-
199. 31CD10:J00-J99. 4 ICD10: CO0-C97. 51CD10: U0O0-Y99. 6 ICD10: F10,
G31.2, G62.1, 142.6, K29.2, K70, K73, K74, K86.0, X45, X65, Y15.

Emergency admissions, 2012/13-2013/14. Source: SUS.
% self-reporting day-to-day activities 'limited a lot', 2011. Source: Census.

Modelled based on smoking prevalence data by Mosaic type. Source:

Experian (TGI: 'Heavy', 'Medium' & 'Light' smokers combined).

Modelled based on % who do not exercise by Mosaic type. Source: Experian
(TGl).

% children measured who were obese, 2013/14. Source: NCMP.

Modelled based on % who claim to eat '5-a-day' fruit and vegetables by

Mosaic type. Source: Experian (TGI).

Modelled mental health prevalence based on GP practice-level data,
2014/15. Source: QOF.

Modelled wellbeing based on ONS Annual Population Survey (APS) data by
Acorn type, 2011/12. Source: DCLG. 15 % scoring 0-6 for 'Overall, how
satisfied are you with your life nowadays?' 16 % scoring 0-6 for 'Overall, to

what extent do you feel the things you do in your life are worthwhile?"

Modelled based on median household income data by Mosaic type. Source:

Experian (ConsumerView).

% claiming out of work benefits (defined as all those aged 16-64 who are
jobseekers, claiming ESA & incapacity benefits, lone parents claiming Income
Support and others on income related benefits), February 2015. Source:
DWP (from Nomis).

% Year R pupils not achieving a good level of development, 2015. Source:
KCC, MIU.
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27
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33

34

35
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% pupils not achieving 5+ A*-C GCSEs (including English & Maths) at the end
of Key Stage 4, 2015. Source: KCC, MIU.

% with no qualifications (based on persons aged 16+), 2011. Source: Census.

Education, Training & Skills IMD domain (average score), 2015. Source:
DCLG.

% of households with no car or van, 2011. Source: Census.

% of households living in social rented accommodation, 2011. Source:

Census.

% of households living in private rented accommodation, 2011. Source:

Census.

% of households with an occupancy rating of -2 (i.e. with 2 too few rooms),

2011. Source: Census.

% of households with accommodation type 'shared dwellings', 2011. Source:

Census.

% of households not living at the same address a year ago, 2011. Source:
Census. Please note that OAs E00124937 & E00166800 have been removed
from this analysis due to the undue influence of Eastchurch prison on levels

of transience.

% of households with no adults or one adult and one or more children, 2011.

Source: Census.

Distance to nearest GP/pharmacy/A&E or Urgent Care centre (in miles, as the
crow flies from population weighted centroid of LSOA), 2015. Source: KCC

Business Intelligence.

Crime rate (recorded crime per 1,000 population), Oct 2013 - Sept 2015.

Source: data.police.uk.
Living Environment IMD domain (average score), 2015. Source: DCLG.

Index of Multiple Deprivation (IMD) (average score), 2015. Source: DCLG.
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For some of the variables above, modelling techniques have been used to derive LSOA-level
estimates for use in the analysis.

QOF Prevalence Modelling

Modelled estimates of recorded disease prevalence at LSOA-level have been produced using
GP registration data extracted from HSCIC’'s maintained GP Payments systemlz.

Disease prevalence estimates have been produced at LSOA-level by combining the numbers
of people in each LSOA registered with each individual GP practice with that GP’s disease
prevalence rates (as recorded in the 2014/15 QOF). Thus, the model relies on the
assumption that disease prevalence rates for the whole GP practice apply to the patients
registered to that GP who live in the LSOA in question. This should be borne in mind when
interpreting the results.

Mosaic Modelling

Experian’s Mosaic classification system has been used to produce modelled estimates for
smoking prevalence, physical inactivity, consumption of fruit and vegetables, and income.

Taking smoking as an example, prevalence estimates have been produced at LSOA-level by
combining the Mosaic type-level population profile of each individual LSOA with smoking
rates for each Mosaic type (as contained within the Mosaic Grand Index). Thus, the model
relies on the assumption that smoking rates for a given Mosaic type, calculated by Experian
at national level, apply to people of that Mosaic type within Kent.

12 http://www.hscic.gov.uk/article/2021/Website-
Search?productid=19077&q=Numbers+of+Patients+Registered+at+a+GP+Practice&sort=Relevance&size=10&p
age=1&area=both#top
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| Appendix B: CCG-level summaries

CCG-level summaries, including detailed local maps.
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Thanet Profile.pdf West Kent Profile.pdf

| Appendix C: Deprivation types by LSOA

Data file detailing deprivation types by LSOA.

|

Appendix C.xlsx
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Night time aircraft noise exposure and children's cognitive
performance.
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Abstract

Chronic aircraft noise exposure in children is associated with impairment of reading and long-
term memory. Most studies have not differentiated between day or nighttime noise exposure. It
has been hypothesized that sleep disturbance might mediate the association of aircraft noise
exposure and cognitive impairment in children. This study involves secondary analysis of data
from the Munich Study and the UK Road Traffic and Aircraft Noise Exposure and Children's
Cognition and Health (RANCH) Study sample to test this. In the Munich study, 330 children were
assessed on cognitive measures in three measurement waves a year apart, before and after the
switchover of airports. Self-reports of sleep quality were analyzed across airports, aircraft noise
exposure and measurement wave to test whether changes in nighttime noise exposure had any
effect on reported sleep quality, and whether this showed the same pattern as for changes in
cognitive performance. For the UK sample of the RANCH study, night noise contour information
was linked to the children's home and related to sleep disturbance and cognitive performance. In
the Munich study, analysis of sleep quality questions showed no consistent interactions between
airport, noise, and measurement wave, suggesting that poor sleep quality does not mediate the
association between noise exposure and cognition. Daytime and nighttime aircraft noise
exposure was highly correlated in the RANCH study. Although night noise exposure was
significantly associated with impaired reading and recognition memory, once home night noise
exposure was centered on daytime school noise exposure, night noise had no additional effect to
daytime noise exposure. These analyses took advantage of secondary data available from two
studies of aircraft noise and cognition. They were not initially designed to examine sleep
disturbance and cognition, and thus, there are methodological limitations which make it less than
ideal in giving definitive answers to these questions. In conclusion, results from both studies
suggest that night aircraft noise exposure does not appear to add any cognitive performance

decrement to the cognitive decrement induced by daytime aircraft noise alone. We suggest that
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the school should be the main focus of attention for protection of children against the effects of

aircraft noise on school performance.
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14/12/2004 00:21:00
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21/12/2004 19:16:00
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04/01/2005 20:00:00
07/01/2005 11:39:00
08/01/2005 10:44:00
10/01/2005 15:02:00
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24/02/2005 13:02:00
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02/05/2005 18:04:00
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81.1
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92.3
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102.6
105.9
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107.1
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98.3
98.3
102.9
102.9
99.1
99.1
102.9
102.9
93.7
93.7
99.6
99.6
95.3
95.3
98.9
98.9
100.9
100.9
100.9
100.9
93.9
93.9
96.5
96.5
99.7
99.7
98.9
98.9
98.0
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101.6
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99.8
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96.0
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NaN
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NaN
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94.6
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91.3
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94.0
100.4
100.4
100.3
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98.1

97.5
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87.9

87.9
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96.6
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102.7
102.7
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105.5

90.8

90.8

88.3

88.3

96.6

96.6

98.9

98.9

98.8

98.8

93.0

93.0

99.2

99.2

94.8

94.8

99.3

99.3

92.7

95.2
100.8
100.7
103.4

99.8

97.7
103.5

95.8
101.8

NaN
NaN

NaN
NaN

NaN
NaN

NaN
NaN

82.3
95
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92

92
86.1
86.1
77.7
77.7
79.5
79.5
86.7
86.7

87.6
87.6
96.8
96.8

80.1
80.1
76.3
76.3

92.4
92.4
91.9
91.9
82.2
82.2
92.6
92.6
84.7
84.7
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83.1
84.9
94.4
94.2
95.6
93.6
90.8
95.6
85.1
96.2
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99.0
94.5
92.4
100.5
98.7
99.0
99.2
97.0
93.3
96.0
100.0
93.6
96.9
99.7
99.3
100.3
100.0
97.9
102.7
97.4
102.2
97.3
101.2
93.1
94.6
102.1
97.3
94.0
94.0
107.2
101.0
106.5
101.8
99.8
96.1
108.0
102.6
105.0
97.7
95.6
103.1
101.5
104.0
99.6
104.2
104.8
102.1
101.2
97.5
92.5
108.2

90.6
84.9
83.2
89.4
91.3
92.1
89.6
91
82.5
82.4
94.2
82.9
85.4
94.1
91.6
90.8
93.7
91.6
93.6
87.6
93.8
85.4
94.1
87.7
82.4
92.6
90.8
83.8
83.4
100.4
94.5
94.1
89.9
89.6
85.3
101.8
92.2
97.6
88.3
83.6
96.5
92.8
95.6
93.3
97.8
96.2
93.7
90.4
86.5
84.9
102.1

TOTAL
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97.3
111.0
99.7
103.9
96.5
96.0
108.7
104.4
94.9
109.1
103.9
105.0
98.2
90.9
100.5
90.9
95.5
103.4
99.4
97.7
100.0
98.3
99.5
102.9
99.6
99.1
98.1
99.7
101.2
99.1
98.8
99.0
98.9
99.0
98.6
98.1
99.1
105.8

83.5
104.4
93.4
97.1
85.6
85
101.8
98
83.3
100.2
97.4
96
87.1
83.6
93.8
82.8
90.9
95.4
91.8
91.8
93.4
91
96.2
96.3
91.5
91.5
94.7
911
91.2
92.4
93.6
92.4
91.9
91.5
91.9
92.2
911
106.5

TOTAL
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1. Introduction

Recent years have seen an increase in the strength of the evidence linking
environmental noise exposure (road, rail, airport and industrial noise) to health. The
World Health Organization (WHO, 2011) recently estimated that between 1 and 1.6
million healthy life years (Disability-Adjusted Life Years) are lost annually because of
environmental noise exposure?, such as road traffic noise and aircraft noise, in high
income western European Countries. The WHO estimated that each year 903,000
DALYS are lost due to sleep disturbance; 654,000 DALYS due to noise annoyance;
61,000 DALYS due to heart disease; and 45,000 DALYS due to cognitive impairment in
children.

Aircraft noise negatively influences health if the exposure is long-term and exceeds
certain levels (Basner et al., 2014). This review briefly summarizes the strength of the
evidence for aircraft noise effects on cardiovascular health, sleep disturbance,
annoyance, psychological well-being, and effects on children’s cognition and learning,
as well as briefly discussing guidelines for environment noise exposure. This evidence
is related to the three shortlisted schemes for the new runway.

This is a selective review focusing on reviews assessing the strength of the evidence,
as well as high quality, robust, large-scale epidemiological field studies of aircraft noise
exposure, highlighting studies that have been conducted within the United Kingdom,
where possible. It represents key studies within the field but should not be considered
an exhaustive review. Studies of road traffic noise, as opposed to aircraft noise, have
only been included where evidence for aircraft noise exposure is unavailable.

2. Aircraft noise effects on health: a review of recent evidence

2.1. Cardiovascular health

Over the past 10 years, evidence that aircraft noise exposure leads to increased risk
for poorer cardiovascular health has increased considerably. A recent review,
suggested that risk for cardiovascular outcomes such as high blood pressure
(hypertension), heart attack, and stroke, increases by 7 to 17% for a 10dB increase in
aircraft or road traffic noise exposure (Basner et al., 2014). A review of the evidence
for children concluded that there were associations between aircraft noise and high
blood pressure (Paunovic¢ et al., 2011), which may have implications for adult health
(Stansfeld & Clark, 2015).

The HYENA study (HYpertension and Exposure to Noise near Airports) examined noise
effects on the blood pressure (hypertension) of 4,861 people, aged 45-70 years, who
had lived for over 5 years near 7 major European airports including London Heathrow;
Amsterdam Schiphol; Stockholm Arlanda & Bromma; Berlin Tegel, Milan Malpensa;
and Athens Eleftherios Venizelos (Jarup et al., 2008). High blood pressure was

L The range 1 to 1.6 million is given as it is not known if the effects for the different health outcomes
are additive or if they might interact/co-occur.



assessed via measurements and medication use. The HYENA study found that a 10dB
increase in aircraft noise at night (Lnight) was associated with a 14% increase in odds
for high blood pressure but day-time aircraft noise (Laeq 16 hour) did not increase the
odds for high blood pressure (Jarup et al., 2008). The HYENA study did not find an
association between day-time aircraft noise and high blood pressure which might be
because many residents work away from home during the day-time, leading to
potential mis-classification of their day-time aircraft noise exposure. The HYENA study
also found that a 10dB increase in night-time aircraft noise was associated with a 34%
increase in the use of medication for high blood pressure in the UK (Floud et al., 2011).
The HYENA study is a high quality large-scale study of aircraft noise exposure effects
on blood pressure, which includes a population sample around London Heathrow
airport. One short-coming of the study is that it assesses noise and health at the same
point in time, meaning that we cannot be sure whether noise exposure occurred
before the poorer health outcomes, or whether the poorer health outcomes may have
preceded the noise exposure.

A recent study around London Heathrow airport examined risks for hospital admission
and mortality for stroke, coronary heart disease and cardiovascular disease for around
3.6 million people living near London Heathrow airport (Hansell et al., 2013). Both day-
time (Laeq 16 hour) and night-time (Lnight) aircraft noise exposure were related to
increased risk for a cardiovascular hospital admission. Compared to those exposed to
aircraft noise levels below 51dB in the day-time, those exposed to aircraft noise levels
over 63dB in the day-time had a 24% higher chance of a hospital admission for stroke;
a 21% higher chance of a hospital admission for coronary heart disease; and a 14%
higher chance of a hospital admission for cardiovascular disease. These estimates took
into account age, sex, ethnicity, deprivation and lung cancer mortality as a proxy for
smoking. These results were also not accounted for by air pollution, which was
adjusted for in the analyses. Similar effects were also found between aircraft noise
exposure and mortality for stroke, coronary heart disease, and cardiovascular disease.
The study concluded that high levels of aircraft noise were associated with increased
risks of stroke, coronary heart disease, and cardiovascular disease for both hospital
admissions and mortality in areas near Heathrow airport.

Further longitudinal evidence for an association between aircraft noise exposure and
mortality from heart attacks comes from a large-scale Swiss study of 4.6 million
residents over 30 years of age (Huss et al., 2010). This study found that mortality from
heart attacks increased with increasing level and duration of aircraft noise exposure
(over 15 years), but there were no associations between aircraft noise exposure and
other cardiovascular outcomes including stroke or circulatory disease. The lack of
association between aircraft noise and stroke differs from the findings of the similar
study conducted around Heathrow airport, which did find an association of aircraft
noise on stroke mortality (Hansell et al., 2013).

It is not uncommon for studies in this field to demonstrate some inconsistencies in the
specific cardiovascular outcomes for which significant effects of aircraft noise
associations are found. There are several explanations for this. Firstly, demonstrating
environmental noise effects on cardiovascular disease requires very large samples.



Even in large samples effects may not be statistically significant, as the confidence
intervals for the estimate of the effect can be wide, if the cardiovascular outcome does
not have a high prevalence, e.g. incidence of stroke. Thus, studies vary in their sample
size and in their ability to examine a range of cardiovascular outcomes. Secondly, with
epidemiological studies, there is always the potential for residual confounding: the
analyses may still not be taking into account all factors, which might be influencing
the association between aircraft noise and cardiovascular disease. Thirdly, there is
always the possibility of exposure mis-classification: the estimated aircraft noise
exposure may be incorrect for some of the sample, which could influence the findings.
For example, there is a limitation to using day-time aircraft noise exposure at home
for adult samples, when they may work away from their home environment. Fourthly,
there is variation in the level and range of aircraft noise exposures examined, which
could explain differences between the studies. Despite these differences between the
aircraft noise studies, the most recent meta-analysis of the field (Babisch, 2014)
concluded that aircraft noise exposure was associated with increased risk for
cardiovascular outcomes such as high blood pressure, heart attack and stroke.

It is biologically plausible that long-term exposure to environmental noise might
influence cardiovascular health (Babisch, 2014). Figure 2.1. shows a model of
proposed pathways between environmental noise exposure and cardiovascular
diseases (Babisch, 2014). In brief, increased stress associated with noise exposure
might cause physiological stress reactions in an individual, which in turn can lead to
increases in established cardiovascular disease risk factors such as blood pressure,
blood glucose concentrations, and blood lipids (blood fats). These risk factors lead to
increased risk of high blood pressure (hypertension) and arteriosclerosis (e.g.
narrowing of arteries due to fat deposits) and are related to serious events such as
heart attacks and strokes (Babisch, 2014; Basner et al., 2014). The stress that triggers
this pathway can operate directly via sleep disturbance or indirectly via interference
with activities and annoyance.

To date, few studies have examined whether aircraft noise exposure influences
metabolic risk factors for cardiovascular health, such as Type Il diabetes, body mass
index, and waist circumference. Such factors would lie on the proposed pathway
between aircraft noise exposure and cardiovascular diseases. A recent study of long-
term exposure to aircraft noise in Sweden found that exposure was associated with a
larger waist circumference but less clearly with Type Il diabetes and body mass index
(Eriksson et al., 2014). This is an area of research where further evidence should be
forthcoming in the next few years.
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Figure 2.1. Pathways from environmental noise exposure to cardiovascular disease
(Babisch, 2014).

2.2. Sleep disturbance

The WHO estimated sleep disturbance to be the most adverse non-auditory effect of
environmental noise exposure (Basner et al., 2014; WHO, 2011). Undisturbed sleep of
a sufficient number of hours is needed for alertness and performance during the day,
for quality of life, and for health (Basner et al., 2014). Humans exposed to sound whilst
asleep still have physiological reactions to the noise which do not adapt over time
including changes in breathing, body movements, heart rate, as well as awakenings
(Basner et al., 2014). The elderly, shift-workers, children and those with poor health
are thought to be at risk for sleep disturbance by noise (Muzet, 2007).

The effect of night-time aircraft noise exposure has been explored for a range of sleep
outcomes ranging from subjective self-reported sleep disturbance and perceived
sleep quality, to more objective measures of interference with ability to fall asleep,
shortened sleep duration, awakenings, and increased bodily movements as assessed



by polysomnography? (Michaud et al., 2007). Most evidence comes from studies of
self-reported sleep disturbance. However, self-reported sleep disturbance outcomes
are vulnerable to bias, as such measures are likely to be influenced by noise annoyance
and other demographic factors (Clark & Stansfeld, 2011).

Reviews have concluded that there is evidence for an effect of night-time aircraft
noise exposure on sleep disturbance from community based studies (Hume et al.,
2012; Miedema & Vos, 2007). However, some reviews have concluded that the
evidence is contradictory and inconclusive (Jones, 2009; Michaud et al., 2007), which
might be explained by methodological differences between studies of noise effects on
sleep disturbance. A meta-analysis of 24 studies, including nearly 23,000 individuals
exposed to night-time noise levels ranging from 45-65dBA, found that aircraft noise
was associated with greater self-reported sleep disturbance than road traffic noise
(Miedema & Vos, 2007). However, another study, whilst confirming that aircraft noise
was associated with greater self-reported sleep disturbance than road traffic noise,
found that when polysomnography measures of sleep disturbance were analysed that
road traffic noise was associated with greater disturbance than aircraft noise (Basner
et al,, 2011).

Polysomnography enables the assessment of noise effects on different stages of the
sleep cycle. The average sleep cycle last between 90 to 110 minutes, and an individual
experiences between four to six sleep cycles per night (Michaud et al., 2007). Figure
2.2. describes the duration and characteristics of each stage of the sleep cycle (Clark
& Stansfeld, 2011) from wake, through non-rapid eye movement (NREM) stages 1 to
4, and rapid eye movement (REM) sleep. It is usual for people to move between NREM
sleep stages several times before undergoing REM sleep. Slow-wave sleep (NREM
stage 3 and 4) occurs more frequently in the first half of the night, and REM sleep
propensity is greater in the second half of the night. Sleep disturbance is indicated by
less stage 3, stage 4 and REM sleep, and by more wake and stage 1 sleep, as well as
more frequent changes in sleep stage (Basner & Siebert, 2010).

There is evidence that aircraft noise influences the time spent in different sleep stages,
with aircraft noise reducing slow-wave sleep (NREM Stage 4) and REM sleep and
increasing NREM Stages 1, 2 & 3 (Basner et al., 2008; Swift, 2010). This evidence, taken
with the increase in REM sleep in the later stages of the night might have implications
for early morning (04.00-06.30 hours) flight operations at airports.

A laboratory study compared the potential effects of changes in the night-time curfew
at Frankfurt airport on sleep disruption (Basner & Siebert, 2010), using
polysomnography on 128 subjects over 13 nights. Three different operational
scenarios were compared: scenario 1 was based on 2005 air traffic at Frankfurt airport
which included night flights; scenario 2 was as scenario 1 but cancelled flights between
23.00-05.00 hours; scenario 3 was as scenario 1 but with flights between 23.00-05.00

2 Polysomnography records biophysiological changes that occur during sleep, including brain waves
using electroencephalography (EEG), eye movements using electroculography (EOG), muscle activity
using electromyography (EMG), and heart rhythm using electrocardiography (ECG).



hours rescheduled to the day-time and evening periods. The study found that
compared to the night without a curfew on night flights (scenario 1), small
improvements were observed in sleep structure for the nights with curfew, even when
the flights were rescheduled to periods before and after the curfew period. However,
the change in the amount of time spent in the different sleep stages for the different
scenarios was small, which might be explained by the small number of night-flights
(on average 4 take-offs per hour) in the Frankfurt airport scenarios examined: larger
effects may be observed for airports with a greater number of night-flights. The
authors concluded that the benefits for sleep seen in the scenario involving
rescheduling of flights rather than cancellation may be offset by the expected increase
in air traffic during the late evening and early morning hours for those who go to bed
before 22.30 or after 01.00 hours.

Wake
Non-rapid eye movement
(NREM)

Stage 1 | Light stage of sleep

Lasts 5-10 minutes

Bridge between wakefulness and sleep

Stage 2 | Light stage of sleep

Lasts around 20 minutes

Brain waves of increased frequency

Increased heart rate variability

Stage 3 | Transition to deeper stages of sleep

Increased amount of delta waves of lower frequency
Stage 4 | Deepest stage of sleep

Characterised by a greater number of delta waves
Rapid Eye Movement (REM) Typically starts 70-90 minutes after falling asleep
sleep Characterised by rapid eye movements

Increases in brain activity

Greater variability in respiration rate, blood pressure and
heart rate

Figure 2.2. Stages of sleep, adapted from (Clark & Stansfeld, 2011).

The WHO Europe Night Noise Guidelines (WHO, 2009) were based on expert-
consensus that there was sufficient evidence that nocturnal environmental noise
exposure was related to self-reported sleep disturbance and medication use, and that
there was some evidence for effects of nocturnal noise exposure on high blood
pressure (hypertension) and heart attacks. The WHO Europe Night Noise Guidelines
state that the target for nocturnal noise exposure should be 40 dB Lnight, outside, Which
should protect the public as well as vulnerable groups such as the elderly, children,
and the chronically ill from the effects of nocturnal noise exposure on health. The
Night Noise Guidelines also recommend the level of 55 dB Lnight, outside, @S an interim
target for countries wishing to adopt a step-wise approach to the guidelines. It is
worth noting that the 40dB Lnight outside guUideline represents a very low level of noise
exposure, e.g. a refrigerator humming.



There have been fewer studies on aircraft noise exposure and sleep in children
(Stansfeld & Clark, 2015), even though children are a group thought to be vulnerable
to the effects of sleep disturbance (Pirrera et al., 2010). Drawing on studies of road
traffic noise exposure in children, studies have suggested associations with sleeping
problems (Tiesler et al., 2013), sleep quality (Ohrstrom et al., 2006) and sleepiness
during the day (Ohrstrom et al., 2006) but not with difficulties falling asleep (Ohrstrom
et al., 2006). However, these studies are limited by small samples and self-reports of
sleep. Children sleep outside the typical hours used to denote night-time noise
exposure around airports (e.g. Lnight is typically 23.00 hours to 07.00 hours), so
exposures during the hours of the evening and morning, which would fall within day-
time exposure metrics may also be relevant when considering sleep disturbance
effects for children.

2.3. Annoyance

Annoyance is the most prevalent community response in a population exposed to
environmental noise. The term annoyance is used to describe negative reactions to
noise such as disturbance, irritation, dissatisfaction and nuisance (Guski, 1999).
Annoyance can also be accompanied by stress-related symptoms, leading to changes
in heart rate and blood pressure, as described above. Acoustic factors, such as the
noise source and sound level, account for only a small to moderate amount of
annoyance responses: other factors such as the fear associated with the noise source,
interference with activities, ability to cope, noise sensitivity, expectations, anger,
attitudes to the source — both positive or negative, and beliefs about whether noise
could be reduced by those responsible influence annoyance responses (WHO, 2000).

Annoyance scales are commonly used within European policy to measure the quality
of life impact of environmental noise exposure on communities around airports. An
International Standard is in place governing the measurement of annoyance in
community surveys (Fields et al., 2001; ISO/TS, 2003), with questions typically taking
the format “Thinking about the last year when you are at home, how much does the
noise from aircraft bother, disturb or annoy you?” with responses ideally given on a
10 point scale with 0 being ‘not at all annoyed’ and 10 being “extremely annoyed”.
This question is often reported as the % of the population “highly annoyed” or
“annoyed”, where “highly annoyed” is 72% or more on the scale and “annoyed” is 50%
or more on the scale.

Exposure to aircraft noise at 60dB Lgen is estimated to be associated with 38% of the
population reporting being “annoyed” and 17% being “highly annoyed” (EC, 2002).
Exposure to aircraft noise at 65dB Lgen is estimated to be associated with 48% of the
population reporting being “annoyed” and 26% being “highly annoyed” (EC, 2002).
However, in recent years, several studies have suggested that aircraft noise
annoyance around major airports in Europe has increased (Babisch et al., 2009;
Janssen et al., 2011; Schreckenberg et al., 2010), so the percentage of the population
reporting being “annoyed” or “highly annoyed” at each noise exposure level may have



increased since these figures were put forward by the European Commission in 2002
(EC, 2002).

Annoyance responses can also increase in relation to a change in airport operations.
A study around Zurich airport found that residents who experienced a significant
increase in aircraft noise exposure due to an increase in early morning and late
evening flight operations had a pronounced over-reaction of annoyance i.e. the
annoyance reaction was greater than that which would be predicted by the level of
noise exposure (Brink et al., 2008).

Children also report annoyance responses, although it is not known at what age
children being to exhibit annoyance responses. The RANCH (Road traffic and Aircraft
Noise exposure and children’s Cognition and Health) study found that children aged
9-11 years of age living near London Heathrow, Amsterdam Schiphol, and Madrid
Barajas airports, reported annoyance for aircraft noise exposure at school and at
home (van Kempen et al., 2009). For school exposure the percentage of “highly
annoyed” children increased from about 5.1% at 50dB Laeq 16 hour, 10 12.1% at 60dB Laeq

16 hour.

2.4. Psychological health

Following on from annoyance, it has been suggested that long-term noise exposure
might influence psychological health. However, overall the evidence for aircraft noise
exposure being linked to poorer well-being, lower quality of life, and psychological ill-
health is not as strong or consistent as for other health outcomes, such as
cardiovascular disease. A recent study of 2300 residents near Frankfurt airport found
that annoyance but not aircraft noise levels per se (Laeq16 hour, Lnight, Lden) Was associated
with self-reported lower quality of life (Schreckenberg et al., 2010).

Several studies of children around London Heathrow airport have shown no effect of
aircraft noise at school on children’s psychological health or cortisol levels (Haines et
al., 2001a; Haines et al., 2001b; Stansfeld et al., 2009): we would expect cortisol levels
to be raised in children with depression. However, there may be a small effect of
aircraft noise on hyperactivity symptoms. The West London Schools Study of 451
children around Heathrow airport, aged 8-11 years found higher rates of hyperactivity
symptoms for children attending schools exposed to aircraft noise exposure >63dB
Laeq 16 hour coOmpared with <57dB Laeq 16 hour (Haines et al., 2001a). A similar effect was
observed in the RANCH study where 10dB Laeq 16 hour increase in aircraft noise exposure
at school was associated with 0.13 increase in hyperactivity symptoms (Stansfeld et
al., 2009). However, these increases in hyperactivity symptoms, whilst statistically
significant, are extremely small and most likely not of clinical relevance. Aircraft noise
exposure does not appear to be causing children to develop hyperactivity problems.

There have been fewer studies of aircraft noise effects on adult psychological health.
The HYENA study, found that a 10dB increase in day-time (Laeq 16 hour) Was associated



with a 28% increase in anxiety medication use: similarly, a 10dB increase in night-time
(Lnight) aircraft noise was associated with a 27% increase in anxiety medication use.
However, day-time and night-time aircraft noise exposure were not associated with
sleep medication or anti-depressant medication use (Floud et al., 2011). Anxiety
medication is prescribed for individuals experiencing levels of anxiety and worry that
interfere with their ability to function effectively: they can also be prescribed for
sleeping problems. A sub-study of the HYENA study found that salivary cortisol (a
stress hormone which is higher in people with depression) was 34% higher for women
exposed to aircraft noise > 60dB Laeq 24 hour, cOMpared to women exposed to less than
50dB Laeq 24 hour (Selander et al., 2009). However, no association between aircraft noise
and salivary cortisol was found for men.

2.5. Implications of the evidence for aircraft noise effects on health for the
shortlisted options for a new runway

2.5.1. Populations exposed for each shortlisted option

This section considers the implications of the current evidence for aircraft noise
effects on cardiovascular health, sleep disturbance, annoyance, and psychological
health for the three shortlisted options for a new runway:

e Gatwick 2-R promoted by Gatwick Airport Limited (GAL).
e Heathrow-NWR promoted by Heathrow Airport Limited (HAL).
e Heathrow-ENR promoted by Heathrow Hub (HH).

Information relating to each of these options is taken from the “Noise: Baseline”, the
“Noise: Local Assessment” and the “Noise: Local Assessment Addendum” reports
prepared by Jacobs for the Airport Commission (all available on
https://www.gov.uk/government/organisations/airports-commission).

The Commission has evaluated these shortlisted options in terms of populations
exposed to several noise metrics including Laeq 16 hour, LAeq 8 hour, Lden, N70 & N60. Most
of the evidence for aircraft noise effects on health has made use of average noise
metrics such as Laeq 16 hour and Laeq 8 hour. This section relates key messages from the
evidence to the estimated populations exposed to Laeq 16 hour and Laeq 8 hour fOr each of
the shortlisted options using the predefined exposure categories used by the
Commission of >54, >57, >60, >63, >66, >69, and >72dB for Laeq 16 hour and >48, >51,
>54, >57, >60, >63, >66, >69, and >72dB for Laeq 8 hour.

The magnitude of the populations exposed to aircraft noise varies between the
shortlisted options for each scheme and is nearly always greater in terms of the net
population exposed in the Do-Something scenario compared with the Do-Minimum
scenario.
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2.5.1.1. Gatwick 2-R

For Gatwick-2-R, the estimated population exposed to day-time noise levels greater
than 54dB Laeq 16 hour is 17,600 in 2030, 19,400 in 2040, and 24,600 in 2050. The
estimated population exposed to night-time noise levels greater than 48dB Laeq 8 hour
is 22,300 in 2030, 17,400 in 2040 and 18,600 in 2050.

Table 2.1. Estimated population exposed to levels greater than 54dB Laeq 16 hour and
LAeq 8 hour in 2030, 2040, & 2050 for GatWiCk Z'R.

Gatwick 2-R

2030 2040 2050
Day-time
54dB I-Aeq 16 hour 17,600 19,400 24,600
57dB I-Aeq 16 hour 4,900 5,300 7,200
60dB I-Aeq 16 hour 1,700 1,900 2,800
63dB I-Aeq 16 hour 400 500 800
66dB LAeq 16 hour <50 <50 200
69dB Laeq 16 hour <50 <50 <50
72dB Laeq 16 hour <50 <50 <50
Night-time
48dB I-Aeq8hour 22,300 17,400 18,600
51dB I-Aeq8hour 6,500 5,200 5,400
54 dB LAeq 8 hour 2,900 2,300 2,400
57dB I-Aeq 8 hour 800 500 700
60dB LAeq 8 hour 200 100 100
63dB LAeq8hour <50 <50 <50
66dB LAeq8hour <50 <50 <50
69dB LAeq8hour <50 <50 <50
72dB I-Aeq8hour <50 <50 <50

These estimates for the population exposed in the Do-Something scenario for Gatwick
2-R are higher than the estimates for the Do-Minimum scenario in 2030, 2040 and
2050. The differences in the 2030, 2040, and 2050 Do-Something scenario compared
with the 2030, 2040, and 2050 Do-Minimum scenario are summarized below for day-
time and night-time exposure:

2030 LAeq 16 hour

e >54 dB: An increase of 9,600 (from 8,000 to 17,600)

e >57 dB: An increase of 2,700 (from 2,200 to 4,900)

¢ >60 dB: An increase of 600 (from 1,100 to 1,700)

¢ >63 dB: No discernible difference from (from 400 to 400)
* >66 dB: A reduction from 300 to <50

* >69 dB: A reduction from 200 to <50

¢ >72 dB: No discernible difference (from <50 to <50)
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2040 LAeq 16 hour

® >54 dB: An increase of 12,000 (from 7,400 to 19,400)
e >57 dB: An increase of 3,100 (from 2,200 to 5,300)

¢ >60 dB: An increase of 1,000 (from 900 to 1,900)

¢ >63 dB: No discernible difference (from 500 to 500)
* >66 dB: A reduction from 300 to <50

* >69 dB: A reduction from 200 to <50

e >72 dB: No discernible difference (<50 to <50)

2050 LAeq 16 hour

e >54 dB: An increase of 17,000 (from 7,600 to 24,600)
e >57 dB: An increase of 4,400 (from 2,800 to 7,200)

¢ >60 dB: An increase of 1,600 (from 1,200 to 2,800)

¢ >63 dB: An increase of 300 (from 500 to 800)

e >66 dB: A reduction of 100 (from 300 to 200)

* >69 dB: A reduction from 200 to <50

e >72 dB: No discernible difference (from <50 to <50)

2030 LAeq 8 hour

¢ >48 dB: An increase of 10,600 (from 11,700 to 22,300)
¢ >51 dB: Anincrease of 900 (from 5,600 to 6,500)

e >54 dB: An increase of 1,200 (from 1,700 to 2,900)

® >57 dB: An increase of 200 (from 600 to 800)

¢ >60 dB: A reduction of 200 (from 400 to 200)

* >63 dB: A reduction from 300 to <50

* >66 dB: No discernible difference (from <50 to <50)

* >69 dB: No discernible difference (from <50 to <50)

e >72 dB: No discernible difference (from <50 to <50)

2040 LAeq 8 hour

* >48 dB: An increase of 6,300 (from 11,100 to 17,400)
¢ >51 dB: A reduction of 300 (from 5,500 to 5,200)

® >54 dB: An increase of 600 (from 1,700 to 2,300)

e >57 dB: A reduction of 100 (from 600 to 500)

¢ >60 dB: A reduction of 300 (from 400 to 100)

¢ >63 dB: A reduction from 300 to <50

¢ >66 dB: No discernible difference (from <50 to <50)
¢ >69 dB: No discernible difference (from <50 to <50)
¢ >72 dB: No discernible difference (from <50 to <50)

2050 LAeq 8 hour

e >48 dB: An increase of 7,400 (from 11,200 to 18,600)
e >51 dB: A reduction of 200 (from 5,600 to 5,400)

¢ >54 dB: An increase of 700 (from 1,700 to 2,400)

e >57 dB: Anincrease of 100 (from 600 to 700)

e >60 dB: A reduction of 300 (from 400 to 100)
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* >63 dB: A reduction from 300 to <50

* >66 dB: No discernible difference (from <50 to <50)
* >69 dB: No discernible difference (from <50 to <50)
e >72 dB: No discernible difference (from <50 to <50)

2.5.1.2. Heathrow-NWR

For Heathrow-NWR-T, the estimated population exposed to day-time noise levels
greater than 54dB Laeq 16 hour is 456,200 in 2030, 488,600 in 2040, and 491,900 in 2050.
The estimated population exposed to night-time noise levels greater than 48dB Laeqgs
hour iS 266,800 in 2030, 308,500 in 2040 and 295,800 in 2050.

Table 2.2. Estimated population exposed to levels greater than 54dB Laeq 16 hour and
Laeq 8 hour in 2030, 2040, & 2050 for Heathrow-NWR-T.

Heathrow-NWR-T

2030 2040 2050
Day-time
54dB Laeqg 16 hour 456,200 488,600 491,900
57dB Laeqg 16 hour 237,100 249,900 249,300
60dB Laeq 16 hour 128,200 137,000 140,600
63dB I-Aeq 16 hour 38,300 41,300 42,900
66dB I-Aeq 16 hour 1,200 11,800 10,900
69dB I-Aeq 16 hour 900 900 800
72dB Laeq 16 hour <50 <50 <50
Night-time
48dB Laeq s hour 266,800 308,500 295,800
51dB Laeq 8 hour 167,200 188,800 185,600
54 dB Laeg 8 hour 72,200 95,700 88,600
57dB Laeq 8 hour 11,600 18,100 12,100
60dB I-Aeq 8 hour 900 2,400 900
63dB LAeq 8 hour 200 200 200
66dB LAeq8hour <50 <50 <50
69dB LAeq8hour <50 <50 <50
72dB LAeq8hour <50 <50 <50

The differences in the 2030, 2040, and 2050 Do-Something scenarios compared with
the 2030, 2040, and 2050 Do-Minimum scenarios are summarized below for day-time
and night-time exposure. Generally, the estimates for the population exposed in the
Do-Something scenarios for Heathrow-NWR-T in the day-time are higher than the
estimates for the Do-Minimum scenarios in 2030, 2040 and 2050: there is an increase
in the population exposed at the lower contour levels for Laeq 16 hour along with a slight
reduction in the population exposed at the higher contour levels. For night-noise the
population exposed to >48dB Laeq 8 hour is reduced for the Do-Something scenarios
compared with the Do-Minimum scenarios at 2030, 2040 and 2050. In 2030 and 2040,
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there is an increase in the population exposed to >51dB and >54dB Laeq 8 hour but
reductions are estimated for all the other Laeq 8 hour €Xposure contours. For the 2050
scenario the number of the population exposed at night-time is reduced across all the
contours.

2030 |-Aeq 16 hour

* >54 dB a decrease of 37,400 (from 493,600 to 456,200)
® >57 dB an increase of 15,900 (from 221,200 to 237,100)
¢ >60 dB an increase of 19,200 (from 109,000 to 128,200)
¢ >63 dB an increase of 3,100 (from 35,200 to 38,300)

* >66 dB an increase of 4,100 (from 7,900 to 12,000)

* >69dB a reduction of 1,200 (from 2,100 to 900)

e >72 dB no discernible difference (from <50 to <50)

2040 LAeq 16 hour

¢ >54 dB an increase of 28,000 (from 460,600 to 488,600)
e >57 dB an increase of 30,500 (from 219,400 to 249,900)
¢ >60 dB an increase of 33,200 (from 103,800 to 137,000)
¢ >63 dB an increase of 7,400 (from 33,900 to 41,300)

* >66 dB an increase of 4,700 (from 7,100 to 11,800)

¢ >69 dB a reduction of 1,200 (from 2,100 to 900)

¢ >72 dB no discernible difference (from <50 to <50)

2050 |-Aeq 16 hour

* >54 dB an increase of 56,100 (from 435,800 to 491,900)
* >57 dB an increase of 29,700 (from 219,600 to 249,300)
¢ >60 dB an increase of 36,800 (from 103,800 to 140,600)
* >63 dB an increase of 8,000 (from 34,900 to 42,900)

* >66 dB an increase of 3,200 (from 77,00 to 10,900)

* >69 dB a reduction of 1,300 (from 2,100 to 800)

e >72 dB no discernible difference (from <50 to <50)

2030 |-Aeq 8 hour

* >48 dB a reduction of 4,400 (from 271,200 to 266,800)

e >51 dB an increase of 15,900 (from 151,300 to 167,200)

® >54 dB an increase of 11,100 (from 61,100 to 72,200)

e >57 dB a reduction of 10,300 (from 21,900 to 11,600)

¢ >60 dB a reduction 3,000 (from 3,900 to 900)

¢ >63 dB a reduction of 1,100 (from 1,300 to 200)

® >66 — 72 dB no discernible differences (all remain at <50 in both scenarios)

2040 |.Aeq 8 hour

¢ >48 dB a reduction of 28,500 (from 337,000 to 308,500)
¢ >51 dB an increase of 4,200 (from 184,600 to 188,800)
¢ >54 dB an increase of 14,400 (from 813,00 to 95,700)

e >57 dB a reduction of 13,300 (from 31,400 to 18,100)

¢ >60 dB a reduction of 4,000 (from 6,400 to 2,400)
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* >63 dB a reduction of 2,200 (from 2,400 to 200)
® >66 — 72 dB no discernible differences (all remain at <50 in both scenarios)

2050 |-Aeq 8 hour

¢ >48 dB a reduction of 7,730 (from 373,100 to 295,800)
¢ >51 dB a reduction of 11,800 (from 197,400 to 185,600)
* >54 dB a reduction of 600 (from 89,200 to 88,600)

e >57 dB a reduction of 21,800 (from 33,900 to 12,100)

¢ >60 dB a reduction of 6,200 (from 7,100 to 900)

¢ >63 dB a reduction of 2,400 (from 2,600 to 200)

* >66 — 72 dB no discernible differences (all remain at <50 in both scenarios)

2.5.1.3. Heathrow-ENR

For Heathrow-ENR-O (using the offset flight path results), the estimated population
exposed to day-time noise levels greater than 54dB Laeq 16 hour is 480,300 in 2030,
488,900in 2040 and 462,900 in 2050. The estimated population exposed to night-time
noise levels greater than 48dB Laeq 8 hour is 263,800 in 2030, 298,900 in 2040 and

306,700 in 2050.

Table 2.3. Estimated population exposed to levels greater than 54dB Laeq 16 hour and
Laeq 8 hour in 2030, 2040, & 2050 for Heathrow-ENR-O.

Heathrow-ENR-O

2030 2040 2050
Day-time
54dB Laeqg 16 hour 480,300 488,900 462,900
57dB Laeq 16 hour 257,900 264,700 261,200
60dB Laeq 16 hour 157,500 164,400 165,500
63dB Laeqg 16 hour 63,700 67,500 67,100
66dB Laeq 16 hour 17,100 17,700 17,800
69dB I-Aeq 16 hour 3,900 4,000 3,900
72dB I-Aeq 16 hour 600 700 600
Night-time
48dB Laeq s hour 263,800 298,900 306,700
51dB Laeqg 8 hour 177,400 193,800 197,200
54 dB Laeq s hour 87,800 107,300 110,300
57dB Laeq 8 hour 31,000 36,900 36,400
60dB I-Aeq 8 hour 4,900 6,800 6,200
63dB I-Aeq 8 hour 800 1,600 1,600
66dB I-Aeq 8 hour 200 300 200
69dB Laeq 8 hour <50 100 <50
72dB LAeq8hour <50 <50 <50
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The number of people within the day-time Laeq 16 hour NOiISe contours are greater in the
Heathrow-ENR-O Do-Something scenarios, when compared to the Do-Minimum
scenarios, for all of the assessment years considered. For night-noise the population
exposed to >48dB Laeq 8 hour and >63 Laeq shour is reduced for the Do-Something scenario
compared with the Do-Minimum scenario at 2030, 2040 and 2050, however, within
the other exposure contours there are increases in the population exposed to night-
noise.

2030 I-Aeq 16 hour

. >54 dB: A reduction of 13,300 (from 493,600 to 480,300)
) >57 dB: An increase of 36,700 (from 221,200 to 257,900)
. >60 dB: An increase of 48,500 (from 109,000 to 157,500)
) >63 dB: An increase of 28,500 (from 35,200 to 63,700)

) >66 dB: An increase of 9,200 (from 7,900 to 17,100)

) >69 dB: An increase of 1,800 (from 2,100 to 3,900)

o >72 dB: An increase from <50 to 600

2040 LAeq 16 hour

. >54 dB: An increase of 28,300 (from 460,600 to 488,900)
o >57 dB: An increase of 45,300 (from 219,400 to 264,700)
) >60 dB: An increase of 60,600 (from 103,800 to 164,400)
) >63 dB: An increase of 33,600 (from 33,900 to 67,500)

. >66 dB: An increase of 10,600 (from 7,100 to 17,700)

. >69 dB: An increase of 1,900 (from 2,100 to 4,000)

. >72 dB: A change from <50 to 700

2050 |-Aeq 16 hour

. >54 dB: An increase of 27,100 (from 435,800 to 462,900)
. >57 dB: An increase of 41,600 (from 219,600 to 261,200)
. >60 dB: An increase of 61,700 (from 103,800 to 165,500)
. >63 dB: An increase of 32,200 (from 34,900 to 67,100)

. >66 dB: An increase of 10,100 (from 7,700 to 17,800)

. >69 dB: An increase of 1,800 (from 2,100 to 3,900)

. >72 dB: A change from <50 to 600

2030 |-Aeq 8 hour

) >48 dB: A reduction of 7,400 (from 271,200 to 263,3800)
o >51 dB: An increase of 26,100 (from 151,300 to 177,400)
o >54 dB: An increase of 26,700 (from 61,100 to 87,800)

) >57 dB: An increase of 9,100 (from 21,900 to 31,000)

. >60 dB: An increase of 1,000 (from 3,900 to 4,900)

. >63 dB: A reduction of 500 (from 1,300 to 800)

. >66 dB: An increase from <50 to 200

. >69 dB: No discernible change (from <50 to <50)
) >72 dB: No discernible change (from <50 to <50)
2040 |.Aeq 8 hour
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. >48 dB: A reduction of 38,100 (from 337,000 to 298,900)
. >51 dB: An increase of 9,200 (from 184,600 to 193,800)
. >54 dB: An increase of 26,000 (from 81,300 to 107,300)
. >57 dB: An increase of 5,500 (from 31,400 to 36,900)

. >60 dB: An increase of 400 (from 6,400 to 6,800)

. >63 dB: A reduction of 800 (from 2,400 to 1,600)

. >66 dB: An increase from <50 to 300

. >69 dB: An increase from <50 to 100

) >72 dB: No discernible change (from <50 to <50)
2050 |.Aeq 8 hour

) >48 dB: A reduction of 66,400 (from 373,100 to 306,700)
o >51 dB: A reduction of 200 (from 197,400 to 197,200)

) >54 dB: An increase of 21,100 (from 89,200 to 110,300)
. >57 dB: An increase of 2,500 (from 33,900 to 36,400)

) >60 dB: A reduction of 900 (from 7,100 to 6,200)

) >63 dB: A reduction of 1,000 (from 2,600 to 1,600)

) >66 dB: An increase from <50 to 200
) >69 dB: An increase from <50 to <50
) >72 dB: No discernible change (from <50 to <50)

2.5.2. Mitigation

All the schemes suggest mitigation activities for their schemes. Aspects to note are as
follows:

e Gatwick 2-R: houses within the 60 Laeq 16 hour cOntour will be offered £3,000 towards
double glazing and loft insulation for newly affected homes. Residents with a home
within the 57dB Laeq 16 hour cOntour will be offered £1000 per annum — to qualify
residents must have been living in the house before 1% January 2015.

e Heathrow-NWR: runway operations allow respite for local populations. Residents
in the 60dB Laeq 16 hour contour will be offered full-costs for insulation; residents
exposed to 55dB Lgen Will be offered a £3,000 contribution towards insulation.

e Heathrow ENR: the promoter is not advocating night-time operation of the
extended runway and is also planning to reduce day-time exposure by use of noise
preferential routing. This scheme will also offer full-costs for home insulation for
residents in the 60dB Laeq 16 hour cONtour, with residents in the 55dB Lgen contour
offered a £3,000 contribution towards insulation.

In terms of mitigation, very little is understood in terms of how monetary payments
or respite from exposure might influence the associations between aircraft noise and
health. The health-benefits associated with many of these activities should not be
assumed and need to be empirically tested. The impact of any mitigation scheme
would ideally be evaluated to assess efficacy and cost-effectiveness.
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2.5.3. Implications of the noise effects on health evidence for the proposed
schemes

A brief consideration of the evidence for noise effects on health in relation to the
three schemes is provided below:

Aircraft noise exposure is associated with small increases in risk for poor
cardiovascular health outcomes such as high blood pressure, heart attacks, and
stroke, as well as with cardiovascular hospital admission and cardiovascular
mortality, with effects observed for day-time (Laeq 16 hour) and night-time (Laeq 8 hour)
exposure.

Whilst the increase in risk observed between aircraft noise exposure and
cardiovascular health is considered moderate, such increases in risk become
important if a large population is exposed to aircraft noise.

Night-noise is associated with self-reported sleep disturbance and with changes in
sleep structure. Night-noise might also be particularly important for cardiovascular
effects. Populations exposed to night-time noise could benefit from insulation of
their home. It may also be beneficial to consider the use of curfews for night-noise
flights: respite may also be effective but needs empirically evaluating.

Aircraft noise exposure during the evening and early morning (outside the typical
23.00 to 07.00 8 hour night exposure metric) also has relevance for the health and
sleep quality of the local population, and may be particularly relevant for children,
the physically ill, and shift-workers. Therefore the impact of aircraft noise on the
sleep of the local population may not be restricted only to the night-time period
and insulation to the homes of populations exposed to day-time noise levels might
also be beneficial.

Consideration should be given to health monitoring of cardiovascular risk factors in
the exposed population: for example, high blood pressure and cholesterol can be
treated with medication to avoid more serious cardiovascular disease progression.
This can probably be achieved through existing NHS Health Checks offered to
individuals aged 40-74 by their GPs, which checks vascular and circulatory health.

Aircraft noise annoyance responses are to be expected for children and adults and
it should be borne in mind that annoyance responses in relation to exposure may
be higher than predicted by the traditional annoyance curves. In particular,
annoyance can increase in relation to operational changes; where populations
become newly exposed to noise; where populations experience a step-change in
exposure; and in response to early morning and evening flights. Monitoring of
annoyance responses over the long-term using survey methods in the exposed
population would be advisable. In particular, annoyance responses at different
times of the day should be examined. Surveys assessing baseline annoyance, in
terms of annoyance responses prior to the development of the new runway would
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be useful for comparative purposes. Such monitoring would help the airport to
identify any increases in annoyance related to operational decisions.

e Based on current evidence aircraft noise might be associated with decreased
quality of life but is unlikely to be causing psychological ill-health. The increases in
hyperactivity symptoms observed for children are small and unlikely to be of
clinical significance in the population exposed. The evidence relating to aircraft
noise effects on psychological health should be re-reviewed throughout the
planning process, as further evidence becomes available.

3. Aircraft noise effects on children’s cognition and learning

3.1. Reading and memory

Many studies have found effects of aircraft noise exposure at school or at home on
children’s reading comprehension or memory skills (Evans & Hygge, 2007). The RANCH
study (Road traffic and Aircraft Noise and children’s Cognition & Health) of 2844 9-10
year old children from 89 schools around London Heathrow, Amsterdam Schiphol, and
Madrid Barajas airports found that aircraft noise was associated with poorer reading
comprehension and poorer recognition memory, after taking social position and road
traffic noise, into account (Stansfeld et al., 2005).

Figure 3.1 shows the exposure-effect relationship between aircraft noise at school and
reading comprehension from the RANCH study (Clark et al., 2006), indicating that as
aircraft noise exposure increased, performance on the reading test decreased.
Reading began to fall below average at around 55dB Laeq 16 hour at school but as the
association is linear, (thus there is no specific threshold above which noise effects
begin) any reduction in aircraft noise exposure at schools should lead to an
improvement in reading comprehension, supporting a policy to not only insulate
schools exposed to the highest levels of aircraft noise. The development of cognitive
skills such as reading and memory is important not only in terms of educational
achievement but also for subsequent life chances and adult health (Kuh & Ben-
Shlomo, 2004). In the UK, reading age was delayed by up to 2 months for a 5dB
increase in aircraft noise exposure (Clark et al., 2006). The UK primary schools in the
RANCH study ranged in aircraft noise exposure from 34dB Laeq 16 hour t0 68 dB Laeq 16
hour- If we take a 20dB difference in aircraft noise exposure between schools, the study
would estimate an 8-month difference in reading age.

For primary school children, aircraft noise exposure at school and at home are very
highly correlated: in the RANCH UK sample, this correlation was r=0.91 (Clark et al.,
2006). Such a high correlation can make estimating the impact of aircraft noise
exposure in both environments difficult. The RANCH study found that night-time
aircraft noise at the child’s home was also associated with impaired reading
comprehension and recognition memory, but night-noise was not having an additional
effect to that of day-time noise exposure on reading comprehension or recognition
memory (Clark et al., 2006; Stansfeld et al., 2010). These findings suggest that indices
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of aircraft noise exposure in the day-time in the school environment should be
sufficient to capture effects. Further analyses of the UK RANCH sample found that
these associations for aircraft noise exposure remained after taking co-occurring air
pollution levels into account (Clark et al., 2012).

Reading Z-score

T T T
30 35 40 45 50 55 60 65 70
aircraft noise dB(A)

Figure 3.1. Exposure-effect relationship between aircraft noise exposure at school
and reading comprehension in the RANCH study (Clark et al., 2006).

There are several ways in which aircraft noise could influence children’s cognition: lost
teaching time - as a teacher may have to stop teaching whilst noise events occur;
teacher and pupil frustration; annoyance and stress responses; reduced morale;
impaired attention; children might tune out the aircraft noise and over-generalise this
response to other sounds in their environment missing out on information; and sleep
disturbance from home exposure which might cause performance effects the next day
(Stansfeld & Clark, 2015).

Children spend a considerable amount of time at school in the playground. Play is
thought to be important for children’s social, cognitive, emotional and physical
development, as well as enabling relaxation between more formal teaching activities.
Unfortunately, at this time, there is no empirical evidence upon which to draw
conclusions about how aircraft noise exposure might impact upon children’s use of
playground settings.

3.2. School intervention studies

Two studies of interventions to reduce or remove aircraft noise exposure at school are
worth noting. The longitudinal Munich Airport study (Hygge et al., 2002) found that
prior to the relocation of the airport in Munich, high noise exposure was associated
with poorer long-term memory and reading comprehension in children aged 10 years.
Two years after the airport closed these cognitive impairments were no longer
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present, suggesting that the effects of aircraft noise on cognitive performance may be
reversible if the noise stops. In the cohort of children living near the newly opened
Munich airport impairments in memory and reading developed over the following two
years.

A recent study of 6,000 schools exposed between the years 2000-2009 at the top 46
United States airports, (exposed to Day-Night-Average Sound Level of 55dB or higher)
found significant associations between aircraft noise and standardised tests of
mathematics and reading, after taking demographic and school factors into account
(Sharp et al., 2014). In a sub-sample of 119 schools, they found that the effect of
aircraft noise on children’s learning disappeared once the school had sound insulation
installed. This study supports a policy for insulating schools that may be exposed to
high levels of aircraft noise associated with a new runway.

3.3. Implications of the evidence for aircraft noise effects on children’s cognition
and learning for the proposed schemes

Itis clear from the research studies that aircraft noise exposure at school is associated
with children” having poorer reading and memory skills. Further, evidence is emerging
that confirms the use of insulation to mitigate against these effects, and which ever
scheme is undertaken, there should be a commitment to insulate schools exposed to
high levels of aircraft noise in the day-time.

Schools located near airports often also experience high levels of road traffic noise but
it is important to appreciate that aircraft noise exposure still influences children’s
learning, even if road traffic noise exposure is high. The results presented for the
RANCH study are the association for aircraft noise exposure, after taking road traffic
noise into account (Clark et al., 2006).

For each of the shortlisted options an estimate of the change in the number of
sensitive buildings, including schools, within each contour between the Do-Minimum
and the Do-Something scenarios has been made. Below a summary is given of the
difference in the number of schools in the Do-Minimum scenario and the Do-
Something scenario for each scheme, focusing on day-time noise exposure which best
represents exposure during the school day. It should be noted that these figures do
not represent the total number of schools impacted by the schemes: the figures are
restricted to schools whose exposure is changed by the scheme.

3.3.1. Gatwick 2-R

Gatwick Airport Limited (GAL) states that it hopes that no new noise sensitive
buildings would be given planning consent in the areas with the highest noise
contours. It is estimated that in 2030, compared with the Do-Minimum scenario, that
there will be 5 additional schools exposed to >54dB Laeq 16 hour; in 2040 there will be 7
additional schools exposed to >54dB Laeq 16 hour; and in 2050 14 additional schools
exposed to >54dB Laeq 16 hour. There will also be a small reduction in the number of
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schools exposed to >60dB and 63dB Laeq 16 hourin 2030, 2040, and 2050: in 2030 there
will also be a small reduction in the number of schools exposed to 57dB Laeq 16 hour-

The N70 metrics for the schools are at the lower end for all years, with schools mostly
exposed to N70>20. These school exposed to aircraft noise associated with Gatwick
2-R would be at the lower-end of the N70 contours, but should be insulated to protect
again effects on children’s learning. There is a small reduction in the number of schools
exposed to N70>200 in 2030, 2040, and 2050: small reductions are also seen for the
number of schools exposed to N70>100 in 2030 and 2040, and for N70>50 in 2030.

Table 3.1. Number of schools in the Do-Something Scenarios for Gatwick 2-R
compared with the Do-Minimum scenarios.

Gatwick 2-R

2030 2040 2050
Day-time
54dB Laeq 16 hour 5 7 14
57dB I-Aeq 16 hour (1) (1) 2
60dB I-Aeq 16 hour (1) (1) (1)
63dB I-Aeq 16 hour (2) (2) (1)
66dB LAeq 16 hour 0 0 0
69dB LAeq 16 hour 0 0 0
72dB LAeq 16 hour 0 0 0
N70
N70>20 7 6 8
N70>50 (1) 2 2
N70>100 (1) (1) 0
N70>200 (1) (1) (1)
N70>500 0 0 0

Numbers in parentheses indicate a reduction in the number of schools within that noise contour.

3.3.2. Heathrow-NWR

It is estimated that in 2030, compared with the Do-Minimum scenario, that there will
be 49 fewer schools exposed to 54dB Laeq 16 hour- IN 2040 it is estimated that there will
be 12 additional schools exposed to >54dB Laeq 16 hour and in 2050 24 additional schools
exposed to >54dB Laeq 16 hour-

In 2030 there is a reduction of 2 in the number of schools exposed to N70>20.
However, there are increases in the number of schools exposed to N70>20 in 2040
and 2050, and for N70>50, N70>100 and N70>200 in 2030, 2040 and 2050. There is
also a small increase (n=2) in the number of schools exposed to N70>500 in 2040 and
2050. Schools experiencing a high number of events over 70dB would benefit from
being included in insulation schemes.
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Table 3.2. Number of schools in the Do-Something Scenarios for Heathrow-NWR-T
compared with the Do-Minimum scenarios.

Heathrow-NWR-T

2030 2040 2050
Day-time
54dB LAeq 16 hour (49) 12 24
57dB LAeq 16 hour 15 22 15
60dB I-Aeq 16 hour 17 22 23
63dB I-Aeq 16 hour 1 1 1
66dB I-Aeq 16 hour 2 3 4
69dB I-Aeq 16 hour 1 1 1
72dB LAeq 16 hour 0 0 0
N70
N70>20 (2) 11 12
N70>50 6 11 9
N70>100 8 16 13
N70>200 4 10 14
N70>500 0 2 2

Numbers in parentheses indicate a reduction in the number of schools within that noise contour.

3.3.3. Heathrow-ENR

Using the offset flight path results, it is estimated that in 2030, compared with the Do-
Minimum scenario, that there would be a reduction of 22 schools exposed to >54dB
Laeq 16 hour in 2030. In 2040 it is estimated that there will be 25 additional schools
exposed to >54dB Laeq 16 hour and in 2050 13 additional schools exposed to >54dB Laeq
16 hour.

Compared with the Do-Minimum scenario, there would be increase in the number of
schools exposed to N70>20, with 16 additional schools exposed in 2030, 29 additional
schools in 2040, and 19 additional schools in 2050. For the Heathrow-ENR-O scheme
there is also an increase in the number of additional schools exposed to N70>50,
N70>100, and N70>200 in 2030, 2040 and 2050. Schools experiencing a high number
of events over 70dB would benefit from being included in insulation schemes.

Table 3.3. Number of schools in the Do-Something Scenarios for Heathrow-ENR-O
compared with the Do-Minimum scenarios.

Heathrow-ENR-O
2030 2040 2050
Day-time
54dB I-Aeq 16 hour (22) 25 13
57dB I-Aeq 16 hour 22 34 32
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60dB I-Aeq 16 hour 36 40 39
63dB I-Aeq 16 hour 11 12 12
66dB LAeq 16 hour 3 2 3
69dB LAeq 16 hour 2 2 2
72dB LAeq 16 hour 0 0 0
N70

N70>20 16 29 19
N70>50 19 25 24
N70>100 12 17 19
N70>200 23 27 27
N70>500 0 0 0

Numbers in parentheses indicate a reduction in the number of schools within that noise contour.

3.4. Discussion

The Gatwick 2-R scheme results in a small number of additional schools being exposed
to >54dB Laeq 16 hourin €ach year. Both of the Heathrow schemes are initially associated
with a reduction in the number of schools exposed to 54dB Laeq 16 hour (49 fewer schools
for Heathrow-NWR and 22 fewer schools for Heathrow-ENR), but in subsequent years
(2040 & 2050) both schemes would result in additional schools being exposed to 54dB
Laeq 16 hour- The number of schools additionally exposed to 54dB Laeq 16 hour in 2040 is 12
for Heathrow-NWR and 29 for Heathrow-ENR. The number of schools additionally
exposed to 54dB Laeq 16 hourin 2050 is 24 for Heathrow-NWR and 13 for Heathrow-ENR.
Over-time both of the Heathrow schemes would result in a considerable increase in
the number of schools in the surrounding area being exposed to aircraft noise. Both
schemes also result in a small number of additional schools being exposed at the
higher ends of the contours.

Whilst Gatwick impacts on fewer additional schools, funding for the insulation of
schools additionally exposed to aircraft noise over the process of extending the airport
operation (whether it be Gatwick 2R, Heathrow-NWR, or Heathrow-ENR) would need
to be found. For example, at present the Heathrow-NWR scheme has £19 million
included to insulate schools. Schools exposed would be insulated as they fell into the
noise contours. Currently, schools around Heathrow airport are insulated if they are
exposed to 63dB Laeq 16 hour- Consideration should be given, particularly for schools
experiencing an increase in their average noise exposure and therefore subject to a
step-change in exposure, to insulating schools exposed to a high level of aircraft noise.
Consideration should also be given to including schools experiencing a high number
of events over 70dB in the insulation programme. It is important that any insulation
programme for schools is fully-funded and managed over the decades, as the number
of schools affected by aircraft noise increases with the operation of some of the
schemes, despite initially decreasing the number of schools exposed. Such a large-
scale insulation plan of schools should also be evaluated empirically to ensure its
effectiveness.
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It is important to note that the figures in relation to the number of schools exposed to
aircraft noise discussed in this section, do not include schools that may already be
exposed to levels above 54dB Laeq 16 hour OF N70>20 prior to the additional runway
being commissioned, and/or which may already have been insulated via existing
mitigation schemes. It is advisable that all schools within the contours identified as
eligible for mitigation, whether newly exposed or already exposed to aircraft noise be
offered access to the same insulation programme.

4. Guidelines for Environmental Noise Exposure

4.1. The WHO Community Noise Guidelines

There are recommended guidelines for environmental noise exposure levels. The
most influential set of guidelines are those proposed by the World Health
Organisation Europe back in 2000 (WHO, 2000), which were determined by expert
panels evaluating the strength of the evidence and suggesting guideline values for
thresholds for exposure in specific dwellings and for specific health effects. Below is a
summary of the guideline levels suggested for dwellings, schools & pre-schools,
hospitals, and parkland:

DWELLINGS
Day-time
* Indoors the dwelling during the day/evening — 35 dB Laeq 16 hour
* Qutdoor living areas - 55 dB Laeq 16 hour to protect the majority of people from
being ‘seriously annoyed’ during the day-time.
e Qutdoor living areas — 50 dB Laeq 16 hour to protect the majority of people from
being ‘moderately annoyed’ during the day-time
Night-time
* Qutside fagades of the living spaces should not exceed 45 dB Laeq 8 hour and 60
dB Lamax to protect from sleep disturbance.
* Inside bedrooms - 30 dB Laeq 8 hour and 45 dB Lamax for single sound events to
protect from sleep disturbance.

SCHOOLS & PRE-SCHOOL

* School playgrounds outdoors should not exceed 55 dB Laeq during play to
protect from annoyance.

* School classrooms should not exceed 35 dB Laeq during class to protect from
speech intelligibility and, disturbance of information extraction.

* The reverberation time in the classroom should be about 0.6 s.

* Pre-school bedrooms — 30 dB during sleeping time & 45 dB Lamax for single
sound events to protect from sleep disturbance.
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HOSPITALS
Day-time
e Hospital ward rooms indoor values during the day-time/evening - 30 dB Laeq 16
hour tO protect from sleep disturbance and interference with rest and recovery.
Night-time
* Hospital ward rooms indoor values at night - 30 dB Laeq 8 hour, together with 40
dB Lamax to protect from sleep disturbance and interference with rest and
recovery.

PARKLAND AND CONSERVATION AREAS
* Existing large quiet outdoor areas should be preserved and the signal-to-noise
ratio kept low.

Below these noise levels, it is thought there are no detrimental effects on health.

The WHO Community Guidelines represent a ‘precautionary principle’ approach to
environmental noise effects on health and the WHO Community Guidelines are often
thought by policy makers and acousticians to be very difficult to achieve in practice. It
is also worth noting that when these guidelines were established in the late 1990s the
evidence-base for noise effects on cardiovascular health and children’s cognition was
much weaker and that these effects per se, did not inform the guidelines. The WHO
plans to publish a revision of these guidelines in 2015, so it is worth stipulating that
the revised guidelines should be considered in relation to school, home, hospital and
any other settings affected by the new runway.

The number of hospitals identified as being impacted by aircraft noise is low for
Gatwick-2R, Heathrow-NWR, and Heathrow-ENR, falling at the lower ends of the noise
exposure contours. However, efforts to insulate these hospitals should be included in
the planning consent for the successful scheme.
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4.2. WHO Night Noise Guidelines

The WHO Europe Night Noise Guidelines (WHO, 2009) state that the target for
nocturnal noise exposure should be 40 dB Lhight, outside, Which should protect the public
as well as vulnerable groups such as the elderly, children, and the chronically ill from
the effects of nocturnal noise exposure on health. The Night Noise Guidelines also
recommend the level of 55 dB Lnight, outside, @5 an interim target for countries wishing to
adopt a step-wise approach to the guidelines.

4.3. Building Bulletin 93: Acoustic Design of Schools in the UK

For schools, it is also worth noting the requirements of recently updated Building
Bulletin 93: Acoustic Design of Schools in the UK (DfE, 2015), which recommends
external noise levels for new school buildings or refurbished school buildings should
not exceed <60 dB LA, 30 minutes-

5. Conclusion

The health effects of environmental noise are diverse, serious, and because of
widespread exposure, very prevalent (Basner et al, 2014). For populations around
airports, aircraft noise exposure can be chronic. Evidence is increasing to support
preventive measures such as insulation, policy, guidelines, & limit values. Efforts to
reduce exposure should primarily reduce annoyance, improve learning environments
for children, and lower the prevalence of cardiovascular risk factors and
cardiovascular disease (Basner et al, 2014).
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Location

Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown

TOTAL

direction airline

Arrivals  MKA MK Airlines
Arrivals  MKA MK Airlines
Arrivals  MKA MK Airlines
Arrivals  MKA MK Airlines
Arrivals  MKA MK Airlines
Departure MKA MK Airlines
Arrivals  MKA MK Airlines
Arrivals  MKA MK Airlines
Arrivals  MKA MK Airlines
Departure AIN African International Airways
Departure AIN African International Airways
Arrivals  MKA MK Airlines
Departure MKA MK Airlines
Arrivals  MKA MK Airlines
Arrivals  MKA MK Airlines
Arrivals  CLX Cargolux Airlines
Arrivals  MKA MK Airlines
Arrivals  MKA MK Airlines
Departure MKA MK Airlines
Arrivals  MKA MK Airlines

Page 1



date

05/01/2008 21:22:00
13/01/2008 14:41:00
18/01/2008 15:51:00
27/01/2008 09:11:00
29/01/2008 15:49:00
29/01/2008 20:27:00
30/01/2008 13:13:00
05/02/2008 13:26:00
07/02/2008 14:07:00
18/02/2008 22:19:00
19/02/2008 18:39:00
21/02/2008 10:40:00
24/02/2008 00:47:00
24/02/2008 08:10:00
26/02/2008 17:47:00
11/03/2008 14:28:00
14/03/2008 18:25:00
18/03/2008 11:23:00
18/03/2008 15:48:00
21/03/2008 00:18:00

runway aircraft

28 B742
28 B742
28 B742
28 B742
28 B742
10 B742
28 B742
28 B742
28 B742

DC85
10 DC86
28 B742
10 B742
28 B742
28 B742
28 B744
28 B742
28 B742
28 B742

B742

TOTAL

registration

GMKHA
9GMKM
TFARW
GMKFA
GMKGA
GMKGA
GMKHA
GMKCA
GMKGA
ZSOsl|
ZSOsl|
GMKDA
GMKBA
GMKBA
GMKHA
LXPCV
N704CK
GMKCA
GMKCA
GMKBA

Page 2

Imax db
99.4 91.8
97.7 91.8
100 934
98.3 91
995 96.2
103 96.3
99.6 915
99.1 915
98.1 94.7
99.7 91.1
101 91.2
99.1 924
98.8 93.6

99 924
98.9 91.9

99 915
98.6 91.9
98.1 92.2
99.1 91.1
106 106.5
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Task and method

“NORAH Knowledge” provides information at irregular The NORAH Child Study examines
intervals about the methods and results of the the chronic effects of aviation noise
NORAH noise impact study. The aim of this publication on primary school children. The study
is to communicate to as many people as possible is concerned with the effects on the
what exactly NORAH does. This why you will find an intellectual development of the chil-
explanation in the glossary at the end of this edition dren. It focuses on reading acquisition
for all items marked with an “B". If you would like to and on certain language skills that are
receive further editions of “NORAH Knowledge”, important for learning to read. In order
please use the attached order form. to find out more about these skills, the
scientists had the 2" grade schoolchil-
dren at 29 primary schools solve a series
of tasks in tests. The study also explores
how well the children feel at school and

at home, and to what extent aviation
noise impacts on this wellbeing. The
scientists surveyed not only the children
themselves but also their parents and
teachers. Now they are examining the
links between the results of the tests
and questionnaires on the one hand and
the aviation noise on the other.
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Contents

NORAH is the most extensive
investigation into the effects of
exposure to aviation, road and rail
noise that has ever been carried
out in Germany. It is being conduct-
ed by nine independent scientific
institutes from all over Germany.
The client is the Umwelt- und
Nachbarschaftshaus, a subsidiary
of the Land of Hessen and part of
the Forum Frankfurt Airport and
Region. Communities, Fraport AG
and Lufthansa are also involved in
the financing.

What questions did the scientists ask in the NORAH Child

Study - and what did they already know?
> page 2

The challenge in noise impact research often consists
inruling out other influences.

Find out more about these on

-> page 3

Which data did the scientists collect -
and how did they do it?
> page4d -7

How were the participating schools selected?
> page 8

In brief: The NORAH Child Study in figures
> page9

The RANCH Study, an important predecessor
to the NORAH Child Study.
> pagel0and1l

You will find further information on NORAH on
> page 12 and on the Internet at www.laermstudie.de

Contact

If you have any questions regarding the NORAH Study,
please contact the Umwelt und Nachbarschaftshaus in
Kelsterbach:

Gemeinniitzige Umwelthaus GmbH
Risselsheimer Str. 100
65451 Kelsterbach
06107 98868-0
06107 98868-19
norah@umwelthaus.org
www.laermstudie.de
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The scientists’ questions

Prof. Dr. Maria Klatte from the TU Kaiserslautern is
investigating the effects of aviation noise on the
cognitive development of primary school children.

“The intellectual development of children, in

The psychologist Prof. Dr. Maria Klatte is responsible
for this part of the NORAH Study. She is a scientist

at the department of “Cognitive and Developmental
Psychology” at the Technical University of Kaisers-
lautern. For more than 15 years now, Prof. Dr. Klatte
has been examining the effects of noise onintellectual
achievement, focusing on children for the last ten
years. With her work for NORAH she wants to answer
the following questions:

Is it possible to definitively prove a negative impact
of aviation noise on intellectual abilities such as
learning to read, language abilities, attention

or memory in children in the Rhine-Main Region?
How exactly does aviation noise at the school
impact on lessons?

To what extent does the aviation noise influence
the well-being of the children in the school and
athome?

How large is the influence of aviation noise
compared with other factors?
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Aviation noise and learning
toread: What do we already
know?

Various studies have already examined how aviation

noise impacts on children. The knowledge gained up to

now about this link can be summarized as follows:
Some studies found a connection between aviation
noise and poorer learning performance of children.
They were unable, however, to reliably rule out that
other factors may have beenresponsible for this
result, for example the socioeconomic status of the
parents. This depends largely on the level of educa-
tion, profession and income (E Glossary). In some
cases theresults were also contradictory
(see section on the RANCH Study on page 10 f.).
Inthose studies that established an influence of
aviation noise on learning performance, this was
most likely to affect the ability to read.
[tis possible that aviation noise does not influence
the ability to read directly, but indirectly via so-
called precursor skills (B Glossary), i.e. via language
abilities that the child needs to be able to learn to
read well. This includes, for example, distinguishing
between similar sounds, break down words into
their individual elements and being able to store
linguistic information in the short-term memory.



The challenge: Filtering out
non-noise-related factors

PISA, IGLU and other educational studies have shown
that there are a lot of different factors that affect how
wella child learns at school. The reading performance
of primary school children depends, for example, on
the educational level and income of the parents (the
so-called “socioeconomic status” Bl Glossary), on
apossible migration background or the abilities of

the children to speak German. In addition to this,
school-related factors such as the quality of the teach-
ing and the class composition also play arole.

Some studies also point out that there are more people
with a low education level or income living in the areas
subject to the highest aviation noise exposure thanin
the quieter residential areas. Scientists describe this
kind of overlap of various influencing factors as “con-
founding” (E Glossary). Poorer reading performance

in children exposed to high levels of aviation noise can
therefore only be reliably attributed to the aviation
noise if the socioeconomic status of the families is
carefully considered in the statistical evaluation. The
NORAH Study used a parent questionnaire to gather all
of the necessary information on the family situation of
the children.

Alongside these “non-noise-related influencing fac-
tors’, there are other types of noise that have nothing
to do with aviation. This is why NORAH also looked at
road and rail noise at the home of the child and at the
school. And as a very reverberant classroom can in-
crease the noise levels during lessons, this factor was
also taken into account. Such factors can also be con-
founded with the effect of aviation noise on children
and thus falsify the results of the investigation.

Effects of aviation noise on children Child study

The biggest challenge in the child module of
the NORAH Study consists in identifying as
precisely as possible the various influences
on the learning performance of the children.
This is the only way that the scientists can
filter out which effects are caused by the
aviation noise alone.

“More influencing factors
were taken into considera-
tion within the framework
of NORAH than in any other
study about the impact of
aviation noise on children
worldwide.”
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What exactly was
investigated - and how?

Overview of investigated factors

Aviation noise at school and home

Calculated data from the NORAH Consortium

Road and rail noise at school and home

Calculated data from the NORAH Consortium

Building and room acoustics of the classrooms

Estimation procedure for determination
of the reverberation time and noise insulation

Family-related influencing factors
Socioeconomic status, migration background
German-language skills in children with migration
background

Preliminary survey of schools, parent questionnaire,
assessment by teachers

School-related influencing factors
Methods of teaching reading

Reading ability and precursor skills
Reading ability

Long and short-term memory for linguistic
information

Sound processing

Language perception

Attention

Non-language skills

Teacher questionnaire

Group test in the class

Quality of life and environment
Wellbeing in the school and at home,
class atmosphere

Child questionnaire, parent questionnaire,
teacher questionnaire

Noise exposure in the school and at home

Child questionnaire, parent questionnaire,
teacher questionnaire
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Aviation noise

It is easy to measure how loud it is at a certain time at
a certain place. But the question for the NORAH Child
Study was: Can long-term exposure to aviation noise
lead to a permanent impairment of the intellectual
development of children? In simple terms: It is not
about how loud it is in the classroom when the children
are learning the letter A, but about whether continuous
aviation noise has such an influence on the intellec-
tual development of the children that they learn to
read more slowly than children growing up in a quieter
environment.

This is why NORAH needs noise levels that describe
the exposure of the children at home and in the school
over a prolonged period of time. The team around Prof.
Dr.Klatte received this data from their partners in the
NORAH-Consortium, who are responsible for acoustics
and had evaluated radar data on all flight movements
over the course of 15 years. This allowed them to
calculate exact noise levels for various daytime and
night-time periods at over 900,000 building addresses
in the study region. Using anonymized code numbers of
their participants, the child study team was able to link
this noise data with their ownresults.

Building and room acoustics

The following values were measured directly in the
classroom:

Reverberation time: This is the time for which a
noise reverberates in the classroom. In the case
of long reverberation times, the noise level in the
classroomincreases, as all noises reverberate
for longer; in addition to this, it is more difficult
to hear voices (e.g. that of the teacher) due to the
reverberation.

Insulation: From the type and thickness of the
windows and walls it was possible to deduce how
well the classroom is protected against aviation
noise when the windows are closed.

The acoustics were analyzed to rule out the confound-
ing of the aviation noise exposure with poor class-
room acoustics. The scientists examined whether the
aviation noise had a different effect depending on

Effects of aviation noise on children Child study

the acoustic quality of the classrooms; for example,
whether negative effects were minimized or completely
eliminated in schools with very good noise insulation.

Reading ability

In order to find out how well the children canread, they
completed a standardized reading test which is also
used in other studies. The test focuses on the speed of
reading and the level of understanding when reading
words, sentences and short texts.

Short-term memory

The linguistic short-term memory plays an important
role inreading. It ensures that by the time we reach the
end of a sentence, we still know how it started. This
applies in particular to children, who often still have

to spell themselves through the words. But how can
this be tested? The children listened through a head-
set to a fantasy word spoken by a“sorceress” (“magic
word"), for example “Eulafing”, “Strobage!” or “Krefen-
sal” Immediately afterwards, they heard a“sorcerer’s
apprentice” repeating the word. In their work sheet the
children then had to cross whether the apprentice had
repeated the word correctly or incorrectly.

\:, 14
R

1 ® (-]

Long-term memory

The children listened to a story read out to them and
had to answer questions on it. Earlier studies on the
impact of aviation noise on the long-term memory had
givenrise to contradictory findings. In order to pursue
this more thoroughly, this factor was also examined by
NORAH.
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Awareness for syllables
and phonetics (“phonological
awareness”)

Inorder for a child to learn how to read, he must un-
derstand how language and script function. A monkey
is amonkey, the child knows that already. Now he has
to learn that the word “monkey” is made up of two
syllables and these syllables are made up of different
sounds. In order to test this ability, the children had
to listen to three artificial words (e.g. bann - beck -
dimm). Then they had to identify which words started
with the same sound.

Speech perception

The precise perception of speech is also a prerequisite
for the ability to read and write. NORAH examined this
ability with a hearing test: the children saw on a screen
three pictures of objects with similar-sounding names,
e.g.“bee, flea, sea” Then they heard a word through
aheadset (e.g. “bee”) spoken in a confusion of voices.
Then they had to put a cross on their answer sheet at
the picture that corresponded to the spoken word.
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Attention

For this task the children were shown a series of small
pictures from which they had to cross out certain
pictures in a short time.

Non-linguistic
abilities

For this task the children were shown patterns, from
each of which a jigsaw piece was missing. The children
were to select the part missing from the pattern from
six alternatives. This task tests the ability to draw
conclusions on the basis of non-linguistic material.
Such tasks are a feature of many intelligence tests.
According to our present knowledge, aviation noise has
no effect on this type of ability. The task was includ-
ed in order to be able to show that any aviation noise
effects on the reading ability are not due to differ-
ences in the general intellectual ability of the various
children.

Quality of life and
effects on lessons

Aviation noise affects children not only in school. It
has effects on their whole life and their wellbeing.
This is why NORAH also examined the quality of life

of the schoolchildren. The information for this comes
from two different points of view: On the one hand, the
children themselves were asked how they would assess
their wellbeing in different areas of their lives. On the
other hand, the parents were asked how they would
assess the situation of the children. Teachers also pro-
vided information about how they assess the effects
of aviation noise on lessons.
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Photos: Bergstrom

Why tests with headphones?

In some of the tests the investigation team worked
with a set of wireless headphones especially devel-
oped for children that were provided by the Horzen-
trum Oldenburg. Some of the parents were surprised
by this and asked whether that would not falsify the
results. After all, the children do not have headphones
in the classroom. Scientists always welcome such
questions, as they represent an ideal opportunity to
explain their work. This is what study director Prof.
Dr.Klatte has to say:

“In the NORAH Study we are investigating the chronic
effects of aviation noise on the intellectual devel-
opment of children. Chronic effects are permanent
impairments that can arise as a result of long-term
exposure to aviation noise in the school and home
environment. In short: How well will a child learn if he
is taught for years in a school continuously exposed to
the noise of low-flying aircraft? To test such chronic
effects, e.g. on learning to read, it does not have to be

loud in the test situation. In order to identify chronic
effects, we have to compare the test results from chil-
dren exposed to various levels of aviation noise with
each other. We can only do this if we are certain that all
of the children can understand the spoken words and
syllables in the tasks equally well. By using headphones
we can eliminate as far as possible factors that hinder
comprehension, such as acute aviation noise, noise
from adjacent rooms, reverberation time in the class-
rooms, or the distance of the child from the teacher’s
desk.To what extent the aviation noise disturbs the
lessons in a certain classroom is examined by asking
the children and teachers. One of the questions to the
children was, for example: ‘Sometimes it is hard to hear
the teacher because of the aircraft noise! The child had
to choose one of four options from ‘absolutely not true’
to‘absolutely true”
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How were the schools
selected?

Schools in the study region. The outermost blue line marks the
study region with a continuous sound level in daytime of at least
40 dB(A). Moving inwards, the continuous sound level increases
with every contour line by 2.5 dB(A).

Scientists work with random samples. An ecologist
takes water samples without having to analyze the
whole lake. An educational researcher tests a selection
of schoolchildren and extrapolates for the totality. In
both cases, where and how the random sample is taken
plays a decisiverole.

“Matching”: Selection
of the schools

The aim was clear: to find schools that had different
levels of exposure to aviation noise but were other-
wise as similar as possible in terms of other factors.
As it was not possible to achieve this for all possible
influence factors, the scientists had to set priorities.
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First they established four aviation noise level classes,
to each of which seven or eight primary schools were
to be assigned. First the most highly exposed schools
in the study area were selected, because these were
always going to have to be taken into consideration.
Proceeding from there, matching schools were select-
ed from the other noise level classes according to the
following criteria:



Proportion of children in second grade with
amigration background;

Proportion of children in second grade with
apoor knowledge of German

(this proportion could not be taken into account
where the schools did not have the data);

No very high exposures to other noise sources;
Number of children in second grade per school >40;
Estimation of the socioeconomic status

(Bl Glossary) in the catchment area of the school;
Broad spatial distribution of the selected schools
in the study area;

As far as possible, a positive estimation of the
significance of the study by the school.

The following overview of the first two criteria shows
that a good balance was achieved between the various
aviation noise exposure levels:

Proportion of
children in
second grade

Noise level
class*

Proportion
of childrenin
second grade

with a migration |withapoor

Effects of aviation noise on children Child study

The child study in numbers

1,243 children from 85 second-grade classes

at 29 schools took part

90 % of the parent questionnaires were completed
Information material for parents was drawn up in
nine languages

The group test took an average of 4 periods

(45 minutes each) in each class

The NORAH study teams spent around 300 periods
inthe classes

The survey was carried out between 19.04

and 20.06.2012

The scientists were pleasantly surprised by the great
response to the parent questionnaire. 90 % came back
completed - well above the average for similar stud-
ies.“We have obviously succeeded in convincing the
parents about the significance of our study, because
many were happy to answer even sensitive questions,
for example about their income. I would like to take
this opportunity to thank all of those who participat-
ed, says Prof. Dr. Maria Klatte, director of the NORAH
Child Study.

Super cool, fantastic,
awesome, great

background knowledge of
German
4 |>55dB 53% 19%
3 |50-55dB |53% 17%
2 |45-50dB |53% 18%
1 [40-45dB |52% 15%

*Equivalent continuous sound level Leq (Bl Glossary)

A total of 29 schools in the four noise level classes
were selected in this way. This also includes the two
most highly exposed schools in noise level class 4.

And how did the children themselves find the test?
85 % awarded the best grade “super cool, fantastic,
awesome, great’, 10 % found it “quite good” and just a
few “medium, ok”.

100 
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Super Quite Medium, Not so Abso-
cool, good ok good lutely
fantastic, not good,
awesome, stupid

great

9->12



Child study Effects of aviation noise on children

A predecessor:
The RANCH Study

In 2001 a major study with similar questions to the
NORAH child study was conducted at airports in
Amsterdam, Madrid and London: the RANCH Study
(Road traffic and Aircraft Noise exposure and
Children’s cognition and Health).

This study established a connection between aviation
noise and reading ability: Higher aviation noise expo-
sure was associated with a slight reduction in reading
performance. The result was statistically significant
(E' Glossary). Nonetheless, the study is the subject

of controversy among scientists, because it also dis-
covered with the same statistical certainty contrary
effects in the evaluation of the impact of road traffic
noise which could not be satisfactorily explained.

The biggest challenge in studies on the effects of
aviation noise on the reading acquisition of children
consists in carefully separating the effects of other
influence factors from the effect of the aviation noise.
Inthe NORAH child study these influence factors were
more precisely scrutinized than in earlier studies in
order to be able to attribute any performance differ-
ences between children from areas subject to different
levels of aviation noise exposure to the aviation noise.
The following overview shows the differences between
NORAH and the RANCH Study:

Investigation period

2001

2012

Number of schools

89 (in England,
the Netherlands and Spain)

29 in the proximity
of Frankfurt Airport

Age of the school-
children

Ca.9-12years (average:
10.5 years)

Ca.7-10.5years
(average: ca. 8.3 years)

NORAH: younger children
because learning toread in
German is faster than

in English

Class grades

Mixed

Only 2" grade

NORAH: Children were
examined in the same phase
of reading acquisition
(lower scattering)

Source of the aviation
noise data

Estimation of the avia-
tion noise exposure at the
schooland home based on
noise maps from periods
of 3to 13 months

Calculation of sound
pressure levels at the exact
addresses in different time
phases (morning at the
school, afternoon and night
at the home) over a period
of 12 months before the
tests
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Aviation noise exposure
at the school during the
day (continuous sound
level Leq)

30to 77 dB(A)
(7-23hrs)

39t059dB(A)
(8-14hrs)

Aviation noise exposure
at the home during the
day (continuous sound
level Leg)

31to 76 dB(A)
(7-23hrs)

36to 61 dB(A)
(6-22hrs)

In RANCH the aviation
noise exposures were much
higher

Which intellectual
abilities and learning
achievements were
examined?

Reading, attention, short
and long-term memory

Reading, attention, short
and long-term memory,
linguistic precursor abilities
of reading such as “phono-
logical awareness”

(B Glossary)

Other factors examined

Quality of life, impairment
due to aviation noise

Quality of life, impairment
due to aviation noise,
well-being at school

How was the socio-

economic status

(B Glossary) of the

children estimated?

Various yes/no questions in
the parent questionnaire,
e.g."Free lunch at school?’,
“Living in your own home?’,
“Father unemployed?”

Calculation of the so-called
“Scheuch-Winkler Index”
(SWI) from information on
net income, education and
qualification and profes-
sional position in the parent
questionnaires. The SWlis
an index commonly used in
social research

Consideration of differ-
ent insulation and room
acoustics of the schools

Schools with good noise
insulation (triple-glazing)
were excluded. More than
half of the schools had only
single-glazing

Noise insulation and room
acoustics were examined.
Well insulated schools were
not excluded because the
aim was to examine the real
situation in the study re-
gion. There were no schools
with single-glazing in the
random sample

Conduct of the tests

Without headphones. The
sound pressure level during
the tests was measured.
Any influences of noise
during the testing was then
“calculated out” during the
evaluation

Comprehension tests with
headphones torule out
acute noise effects on the
test (focus on chronic noise
effects). The acute sound
pressure level in the class-
room was also measured
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NORAH overview

The noise impact study NORAH (Noise-Related Annoy-
ance, Cognition and Health) is so far the most extensive
study internationally on the effects of noise from avia-
tion, road and rail traffic on the health and quality of life
of the population. Several acclaimed research and tech-
nical institutes in the fields of medicine, psychology,

social science, acoustics and physics are collaborating
in the NORAH research consortium. The investigations
are being carried out mainly in the Rhine-Main Region,
and to some extent also in the regions around the air-
ports Berlin-Brandenburg, Cologne-Bonn and Stuttgart.

Overview of the NORAH sub-studies

Quality of life study

Over a period of three years,
this study is examining how
people who live near airports
suffer from aviation, road and
rail traffic noise, what noise
levels they are exposed to, what
changes in the noise exposures
mean to them, and how they
would assess their health and
quality of life. A total of around
27,000 people at four airports
are taking part in the surveys.

Very early or late flights take
place when a lot of people are
asleep. How well they manage
to do this despite the noise is
the subject of the sleep study.
Like in a sleep laboratory, the
sleep patterns of the study
participants are recorded
electronically several nights in
arow. Parallel to this, a noise
level meter direct at the partici-
pant's ear measures every noise
in the course of the night.

Using the health insurance data
of 1.5 million insured persons
in the Rhine-Main Region, the
NORAH team is examining how
frequently various illnesses,
including heart disease and
depression, occur in the region,
and which noise the persons
concerned were exposed to.
Special focus is being placed on
the cardiovascular disorders:
The scientists are also asking
study participants with newly
contracted disorders about
otherrisk factors such as ex-
cess weight or smoking.

Canourblood pressure also
react to exposure to aviation,
rail and road traffic noise? What
happens when the noise expo-
sure changes? The blood pres-
sure study is pursuing these
questions in a monitoring pro-
cess: Participants from regions
with different noise exposures
measure their blood pressure
every morning and evening over
aperiod of three weeks. More
than 1,300 persons have taken
partin the first measurement
phase, the second phase runs
until May 2014.
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Module Quality of Life

Does noise have an effect on
the development of children?
This is what the scientists want
to find out in the child study.
Investigations with more than
1,200 2 grade pupils in the
Rhine-Main Region illuminate
the connection between noise
and intellectual development.
Surveys also provide informa-
tion about the quality of life of
the children.




Glossary

We feel it is important to explain the main technical
terminology of the NORAH noise impact study in a
manner that is comprehensible to laypersons. Terms
that are not covered by the glossary will soon be
available in the wiki which is currently being prepared.

wiki.umwelthaus.org

Precursor skills

These are skills that are responsi-
ble for the acquisition of reading in
children. They develop before the
child actually begins learning to
read. Precursor skills include, for
example:

Phonological awareness: refers
to anindividual's awareness

of the phonological structure,
or sound structure, of spoken
words (see below).
Attention: the ability to concen-
trate sufficiently on a text.
Linguistic short-term
memory: the ability, for exam-
ple, toremember at the end

of asentence how it started.

Phonological awareness
Awareness that language is made
up of different building blocks:
sentences, words, syllables,
sounds. Phonological awareness
also means that a child can detach
himself from the meaning of the
word “cat” and recognize that it
starts with the same letter as
“cake”.

Confounding

Confounding occurs when a phe-
nomenon depends on two or more
conditions that are mutually influ-
encing. If, for example, we want to
investigate whether frequent tooth
brushing prevents tooth decay in
children, it would not be sufficient
merely to examine the brushing
behaviour and the dental status.
This is because children who fre-
quently brush their teeth are most
likely actively encouraged to do so
by their parents (few of them do

it of their own accord). The same
parents will probably allow their
children fewer sweets. It could be
that the healthier teeth are not
due to frequent brushing but to a
healthier diet. We can only find this
out by examining both.

Socioeconomic status
Socioeconomic status is an artifi-
cial term that attempts to summa-
rize an individual's economic and
social position in society. In the
NORAH Study the socioeconomic
status was determined with the aid
of the so-called “Scheuch-Winkler
Index” This is calculated from the
three factors: net income, educa-
tion and qualification and profes-
sional position.

Continuous sound level

The equivalent continuous sound
level (in short: Leg) is @ measure for
the average noise exposure over a
certain period in which frequency,
duration and level of the individual
sound events are taken into consid-
eration. The Leq is the basis for the
determination of noise protection
zones pursuant to the aviation
noise act - separated according
today (6-22 hrs) and night
(22-6hrs). The Leg is stated in
decibels (dB).

Significance

In statistics we speak of a signif-
icantresult if there is only a very
low probability (usually less than
5%) of it being arandom effect.
The significance can be checked
using statistical methods.
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Results

“NORAH Knowledge” provides
information on the methods and
results of the NORAH noise impact
study. The aim of this series is to
communicate to as many people as
possible what exactly NORAH is
researching. This is why there is

an explanation in the glossary

at the end for all terms marked

“El Glossary” If you would like to
receive further issues of “NORAH
Knowledge”, please use the
enclosed order form.

The NORAH Study examines the long term effects of traffic
noise (B Glossary) on health, quality of life and childhood
development in the Rhine-Main Region. The initiator of the
study is the Airport and Region Forum (AFR). The scientists
were accompanied from the start by an external Scientific
Advisory Board for Quality Assurance (WBQ). This is what
distinguishes NORAH from similar, predecessor studies. The
study addresses some of the most topical issues currently
being dealt with by international noise impact research.

It also covers a wider range of investigation aspects than
previous studies. In order to find out more about how human
beings respond to traffic noise, the NORAH scientists also
looked at the medical histories of more than one million
people, and reconstructed the noise exposure over the last
18 years at 900,000 addresses in the Rhine-Main Region.

A total of five sub-studies form the core of the NORAH
Study. Each one builds on the current international state of
research, and attempts to understand more precisely how
traffic noise affects people. In this edition of NORAH Know-
ledge we present the results of the Child Study, one of the
five sub-studies. The Child Study is an advance publication;
the main part of the study will be published in autumn 2015.
NORAH Knowledge No. 1 contains detailed information on
the methods and tasks of the Child Study.




NORAH (“Noise Related Annoyance,
Cognition, and Health") is the most
extensive investigation into the
effects of exposure to aviation, road
and rail noise that has ever been
carried out in Germany. It is being
conducted by nine independent
scientific institutes from all over
Germany. The client is the Umwelt-
und Nachbarschaftshaus, a sub-
sidiary of the Land of Hessen and
part of the Frankfurt Airport and
Region Forum. Alongside the land
of Hessen, communities, Fraport AG
and Lufthansa were also involved in
the financing.

Results Child Study

Contents

Central results of the Child Study - summary
> Page 2

What did the Child Study examine?
> Page 3-5

The current state of research
> Page 4

The effects of aviation noise on learning to read
-> Page 6-8

The quality of life of children in the Rhine-Main Region
> Page 8-10

Does aviation noise disturb lessons?
> Page11-13

Interview with the study director Prof. Maria Klatte
> Page 14-15

Outlook: What happens after the Child Study?
> Page 16

Further information on the NORAH Study can be found
onthe Internet at
www.laermstudie.de.

Contact
Please address any questions about the NORAH Study
to the Umwelt- und Nachbarschaftshaus:

Gemeinniitzige Umwelthaus GmbH
Riisselsheimer Str. 100
65451 Kelsterbach

06107 98868-0

06107 98868-19
norah@umwelthaus.org
www.laermstudie.de
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Child Study Results

CENTRAL RESULTS OF THE
CHILD STUDY -SUMMARY

What impact does aviation noise have on childhood
development and quality of life? The NORAH Child
Study attempted to find an answer to this question. To
do this, the scientists on the NORAH team conducted
tests, surveys and measurements at 29 schools, in

85 school classes, with 1,243 children, 1,185 parents
and teachers in the Rhine-Main Region. The study
focuses on learning to read, the health and wellbeing
at school of the children as well as the noise exposure
when learning at home and in school. It thus builds
directly on earlier studies at other locations and
attempts to answer some as yet open questions.
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Aviation noise reduces
reading performance

In areas with high exposure to aviation noise, primary
school children learn to read more slowly than children
in quiet areas. In the second grade children examined,
anincrease of the continuous sound level (E Glossary)
by ten decibels (E Glossary) delayed acquisition of
reading skills by one month. The connection is linear:
the higher the exposure, the greater the negative
effect on development. NORAH was unable to verify
direct effects of aviation noise on precursor skills for
reading acquisition such as phonological awareness
or listening comprehension.

More on this on page 6.

Quality of life in terms
of school and health
slightly affected

The overall quality of life of the children surveyed

in the Rhine-Main Region is high - most of the sec-
ond-grade children feel very well; they are healthy
and enjoy going to school. Children in areas with high
exposure to noise do not feel quite as well as children
in quieter areas. In addition to this, parents surveyed
in areas with relatively high aviation noise exposure
stated more frequently that their child was taking
prescribed medication or had been diagnosed witha
speech or language disorder. The children concerned
were no different, however, to the other children

in terms of their ability to learn toread.

For more on this see page 8.

Aviation noise
disturbs lessons

Teachers from areas with relatively high aviation noise
exposure reported unanimously that the noise causes
considerable disturbances to lessons. Classes are
interrupted in various ways by aviation, often distract-
ing the children’s attention. More than one third of the
children from these schools are sometimes unable

to hear the teacher properly due to aviation noise.

For more on this see page 12.



WHAT DID THE CHILD
STUDY EXAMINE?

If children are permanently exposed to aviation noise,
this can have a negative impact on their intellectual
development and their learning performance. Vari-
ous previous studies have come to this conclusion. In
particular, the ability to read appeared to suffer under
the influence of aviation noise. However, these older
studies did not take into account several confounding
factors (E Glossary) that might have influenced the
result. Also, they were carried out in areas with very
different and considerably higher noise exposure.

The greatest difficulty in the investigation of learning
performance under the influence of aviation noise: we
know from numerous educational studies that learning
performance is determined by a wide range of differ-
ent factors. Among other things, the socioeconomic
status (E Glossary), for example the educational
standard and the income of the parents, as well as their
origins, can have a clear statistical influence on the
learning performance of the children. The scientists
have to take all of these factors into account and filter
them out if they want to find out what impact aviation
noise has on learning to read.

The scientists in the Child Study tried to answer the
following questions:

Is it possible to identify a negative impact of
aviation noise on intellectual abilities such as
reading acquisition, linguistic skills, attention or
memory of children in the Rhine-Main Region?

How exactly does aviation noise at school

affect lessons?

To what extent does aviation noise affect the
wellbeing of the children at home and at school?
How large is the influence of aviation noise relative
to other factors?

Results Child Study

The selection of schools
and children

The scientists first divided up the Rhine-Main Region
into different “noise level classes’, i.e. into regions
where a certain continuous noise level (E Glossary)
prevails during the day. Schools in all four areas were
asked to participate. A total of 1,243 second-grade
boys and girls took part in the investigation, around
the same number in each sound level class. The schools
with the lowest level of aviation noise exposure had a
continuous noise level during the day of 39 decibels

(B Glossary). In the schools with the highest level of
exposure, the continuous noise level was 59 decibels.
At the time of the investigation, there were no primary
schools in the Rhine-Main Region with higher exposure
to aviation noise than the primary schools in the high-
est sound level class.

In order to investigate how well the children canread,
the scientists used standardized tests which are also
used in other learning studies. The study also wanted
to examine the thesis that exposure of children to
aviation noise has an effect on the precursor skills for
reading acquisition which normally develop at a pre-
school age. These skills - for example listening com-
prehension - are important for learning to read later.
The NORAH team also asked the children, their parents
and the teachers about the wellbeing and the quality
of life of the children and about the extent of the
negative effect they feel aviation noise has on them.

1,243 boys and girls
in second grade,
continuous noise
level during the day
between 39 and
59dB (A)
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Child Study Results

Individual noise calculations

Inorder to identify a connection between the perfor-
mance of the children and the noise exposure, it is
important to know as precisely as possible which noise
level each individual child is exposed to at home and at
school. This is why the NORAH acoustics team carried
out extensive noise calculations for the Child Study.
This was based on the radar records of all flight move-
ments in the Rhine-Main Region for the last 15 years.
These were used to calculate the individual aviation
noise exposures in the twelve months before the data
collection for all the residential and school addresses
of the children in anonymized form. In their evalua-
tions the NORAH scientists also took into account the
existing sound insulation and the reverberation times
in the classrooms. The acoustic team also calculated
the noise exposure due to rail and road noise where the
children live and at school.
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Kirstin Bergstrom

The current state of research

One of the most important studies carried
out before NORAH on the impact of aviation
noise on children is the so-called RANCH
Study. In 2001 this study investigated simi-
lar questions at the airports of Amsterdam,
Madrid and London, and discovered a con-
nection between aviation noise and reading
performance. Some of the results of the
RANCH Study were contradictory, however.
Also, they cannot be fully applied to the cur-
rent situation in Germany because the noise
levels in the RANCH Study were much higher.
One important assumption of RANCH and
other studies is that if aviation noise has any
impact on school performance, then most
likely on learning to read, because this has to
do with language processing. This is why both
RANCH and NORAH focussed precisely on
this aspect.




Results Child Study

Overview: What did the Child
Study investigate and how?

Aviation, rail and road noise exposure at school Data calculated by the NORAH acoustics team
and at home
Building and room acoustics of the classrooms Estimation methods for determination of

the reverberation time and the noise insulation

Reading ability and precursor skills Standardized group tests in the class
Reading skills

Short and long-term memory for linguistic
information

Phonological awareness

Speech perception

Attention

Non-language skills

Quality of life and environment Child survey, parent questionnaire,
Wellbeing at school and at home, classroom teacher questionnaire
atmosphere, socioeconomic status

Noise exposure at school and at home Child survey, parent questionnaire,
teacher questionnaire

Kirstin Bergstrém

The scientists used
standardized tests to
examine the reading
ability and the precursor
skills of the second-
grade children.
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Child Study Results

THE EFFECTS OF
AVIATION NOISE ON
LEARNING TO READ

Aviation noise has an effect on the reading perfor-
mance of children who are in the learning-to-read
phase.The connection is linear: the higher the expo-
sure, the greater the negative effect on development.
Inthe second-grade children examined by the study, an
increase of the continuous noise level (B Glossary) by
ten decibels (B Glossary) delayed learning to read by
one month. An increase of the continuous noise level
by 20 decibels led on average to a delay of two months.
For the investigation area of the NORAH study, this
means that the delay is around two months in the areas
with the highest exposure to aviation noise.
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Twin Design/Shutterstock

What else has an influence
on learning to read?

The NORAH Study not only investigated the effects
of aviation noise on learning to read but also other
factors whose influence on learning is known - for
example German-language skills or the number of
children’s books in the home. This was the only way to
determine exactly the extent of the effect of aviation
noise on learning to read. With these data the scien-
tists were also able to show that some of the factors
investigated in the study had a greater impact than
aviation noise on learning to read. For example,
children who have a lot of books were four months
ahead inreading texts compared with children who do
not own their own books. It is not possible to make a
direct comparison here, however, because parents can
decide themselves how much help they want to give
their children in learning to read. They do not have any
influence, however, on the aviation noise.



Results Child Study
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Aviation-related continuous sound level at school (in decibels)

The NORAH scientists were unable to establish any
statistically significant connection (E Glossary “Sig-
nificance”) between aviation noise and learning to read
in children with a migration background. This result
should not, however, lead to any hasty conclusions. The
authors of the study suspect that it is due to a statis-
tical effect: it is possible that there are so many fac-
tors confounded in this sub-group that it was no longer
possible to reliably identify effects of aviation noise.

Right (section): Representation of a
section between 44 and 48 T-value points
toillustrate the effect. A T-value point
corresponds to roughly one month differ-
ence in learning progress.

Theresult certainly does not mean that children with a
migration background are insensitive to aviation noise.

If we look at only the children without a migration
background, an increase of the continuous noise level
by ten decibels led to a delay of 1.5 months in learning
toread. This means that the difference between the
children most exposed and the children least exposed
in the investigation area was three months.
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Child Study Results

Still unknown: the reasons
for the reading deficit

Up to now, researchers have not been able to explain
exactly how aviation noise impairs the ability to learn
toread. Some scientists suspect that the noise expos-
ure has an effect on the development of the so-called
precursor skills - skills that children acquire at a pre-
school age. This includes for example “phonological
awareness”, which allows us to identify the sounds in
words, and good listening comprehension. NORAH
Study examined this thesis. The result: the scientists
were unable to identify any link between aviation
noise and the precursor skills.

THE QUALITY OF LIFE
OF THE CHILDREN IN
THE RHINE-MAIN REGION

The NORAH-scientists were not only interested in the
reading performances, but also in the general health
and quality of life of the children. The questions they
asked the children and their parents concerned, for
example, the sleep quality or the mental and physical
wellbeing. The results show that the quality of life of
the children in the investigation area is generally very
high. The children and parents with relatively high ex-
posure to aviation noise, however, assessed the health
and quality of life of the children as slightly poorer
than those with low exposure. Although the difference
is small, it is statistically significant (E Glossary
“Significance”): with an increase of the aviation noise
by ten decibels, the quality of life fell on the three

to five-point assessment scales by an average of

0.1 scale points.

/

/1 17/

In the so-called picture test, the children were asked to put a line
through everything that begins with B, and mark all of the other
pictures with a dot. This allowed the NORAH scientists to exam-
ine how quickly children can call up words from their memory and
make a decision on the sound of the first letter (B or not B).
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The quality of life from the
point of view of the children

In order to find out how the children assess their physi-
cal and mental quality of life, the scientists asked them
to answer various questions relating to the last week.
Among other things, children were asked whether they
had suffered from headaches or tummy problems in
this time, whether they slept well, and whether they
had been bored. To answer the questions they could
choose from “never’, “sometimes’, or “very often” It was
shown that there was a statistically significant effect

of the aviation noise on the responses.

In the group of children with the lowest level of noise
exposure, 67 percent stated that they never had head-
aches or tummy aches. In the group of children with the
highest level of noise exposure only 56 percent said
this. The scientists were able to statistically rule out
any other differences between the groups - e.g. dif-
ferent socioeconomic status (E Glossary) - that might
have had an influence on the children’s responses.

Results Child Study

The results were similar when the children were asked
whether they had slept well in the past week. In the
group with the highest level of noise exposure, 20 per-
cent of the children stated that they “never” slept well
- compared with 15 percent of the children with only
low exposure to aviation noise. The parents, however,
gave a different assessment of the sleep quality of
their children: their responses to the question about
their children’s sleep do not indicate any connection
with aviation noise.

To assess their mental wellbeing, the children were
asked, among other thing, whether they had been bored
in the past week. The result: the more aviation noise,
the more likely the children were to state that they

had beenbored in the last week. Anincrease in the
aviation noise by ten decibels (E Glossary) led to
adeterioration of 0.14 on a three-point scale. Only
around 40 percent of the children with high noise
exposure stated that they were never bored, compared
with 53 percent of the children in areas with low
aviation noise exposure.

o Aviation noise exposure Responses of the children to the state-
L0096 | s (loss than 47 dB) ment “In the last week | had headaches
QO U | s e (47 e dB) ....... or tummy ache” in the groups with low,
8O 0h | e e medium and high aviation noise exposure.
B T0% | s BTN (55 dB and more) Children in the areas with high exposure
g 60 % o o ) were less likely to state that they had
?',' ? “never” suffered from headaches or
2 50% | et B tummy ache.
§ A0% | o B
§ EI0L 7SN B R
e 20% B
10% S
0% I
never sometimes very often
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Child Study Results

More medication and speech
or language disorders

Atotal of 1,185 parents answered the scientists’
questions about the health and the wellbeing of their
children. They also provided information on the dis-
orders which their children suffer and about absence
times from school. In most of these answers the
scientists were unable to identify any differences
that could be attributed aviation noise.

For two questions, however, there proved to be a con-
nection between the parents’ answers and the aviation
noise exposure. Ten percent of the parents in areas
with relatively high noise exposure state that their
children are currently taking prescribed medication. In
the residential areas with medium exposure it was only
four percent, and in the regions with low exposure just
under six percent.

In areas with relatively high noise exposure, 14 percent
answered “yes” to the question: “Has a doctor ever
diagnosed a language or speech disorder in your child?”
In areas with low noise exposure, only 10 percent gave
this answer, in the residential areas with medium ex-
posure it was 8 percent. These results are statistically
unequivocal. It was not asked, however, what the exact
nature of the disorder was. By comparison: in Germany
as awhole the frequency of speech or language dis-
orders in children ranges, depending on the diagnosis
criterion, between 2 and 15 percent. The connection
should thus be made the subject of further investiga-
tion. It is important to know that the children described
as being diagnosed by their parents did not differ in
their reading performance to the rest of the group.

o Aviation noise exposure Responses of the children to the statement
188; .......................................... (less than47dB) “Ipthe last we:ek | slept.well".in Fhe groups
> ° (47 to 55 dB) Wlthlow,med.lum arfd high aV|at|o.n no.lse
2 B0 | s L exposure. Children in the areas with high
S 20% | o WELIFA (>3 dBandmore)  exposure stated somewhat more frequently
g BO DG | o s e that they were “never” able to sleep well in
= ° the last week.
D B0% | i i,
S 4OY | s e
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o
209% | s
0%
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How happy are the children
at school in the Rhine-
Main Region?

Some studies show that a high level of noise expos-
ure at school can also influence the attitudes of the
children to school and learning. This is why the NORAH
Study also looked at the “school-related quality of life"
For this purpose the children responded to statements
such as for example “l am happy learning new things”
and“l feel well at school” The result showed a statisti-
cally significant (E Glossary “Significance”), but very
low influence of aviation noise on the responses. Chil-
dren exposed torelatively high levels of aviation noise
are slightly less positive towards learning and school.
The difference amounts to just one eighth of a scale
point on a four-point scale.

The parents and teachers were also asked about the
school satisfaction of the children and about the
atmosphere in the classroom. This did not show any
significant connection with aviation noise.

Results Child Study

DOES AVIATION NOISE
DISTURB LESSONS?

The degree of annoyance caused by noise is subjective:
the same sound can bother one person more than it
does another. This is why it is not possible to deduce
from the noise level alone how burdened people feel
by aviation noise. In order to find this out within the
framework of the Child Study, the scientists asked
parents, children and teachers whether and, if yes,

to what extent, the aviation noise disturbed children
when learning.
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Child Study Results

Noise exposure from the point
of view of the children

In order to find out whether the children felt disturbed
by aviation noise, the scientists asked them several
questions. For example, the NORAH team asked the
second-grade pupils to assess the statement “The
noise of the planes disturbs my lessons”” They could
choose from four possible answers: “strongly disagree’,
“partly disagree”, “partly agree” and “strongly agree”
Inthe group of children whose schools were exposed
to arelatively high level of aviation noise, 27 percent
stated that the noise disturbs their lessons. Only 7
percent of the children in the group with low noise
exposures gave the same answer. Communication in
the classroom also suffers from aviation noise: 38
percent of the children - i.e. more than one third - at
the schools with high exposure stated that they were
sometimes unable to hear the teacher properly due to
aviation noise.

The point of view
of the teachers

From the teachers the NORAH scientists wanted to
know how aviation noise affects classes - for ex-
ample, how often it leads to interruption of lessons.
The teachers in the areas with relatively high aviation
noise exposure reported unanimously that the noise
causes a considerable disturbance of lessons: 24
percent stated here that they have to interrupt lessons
due to aviation noise “very often’, a further 29 percent
answered with “often”. In the areas with low noise expo-
sure, nobody chose the answers “very often” or “often”
or “sometimes”.

Questions regarding the teaching process showed a
connection with aviation noise exposure: 52 percent of
the teachers in the areas with high exposure said that
the children were “often” or “very often” distracted
from their lessons due to aviation noise, 57 percent
said they always keep the windows closed even when
the weather is warm. 76 percent stated that aviation
noise could be heard “often” or “very often” even with
the windows closed. Outdoor activities at schools with
high aviation noise exposure are also less common: 38
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percent of the teachers in these areas agreed fully

or partly with the statement “Due to aviation noise

I am less likely to undertake outdoor activities with the
class” - compared with three percent at the schools
with medium exposure. Nobody chose these answer
options at the schools with low exposure.

Aircraft and other
noise sources

Even where there is no aviation noise, schools are

not quiet places: noise penetrates into the classroom
from the playground and from the other classrooms.
Inorder to estimate which role aviation noise plays
compared with other noise sources, the scientists
asked the teachers to estimate which types of noise
their classes are exposed to and to what extent. For
each source of noise the teachers estimated the
degree of class disturbance on a five-point scale,
where 1 stood for “no disturbance” and 5 for a “very
high disturbance” The result: teachers perceive noise
from the playground or from the other classrooms as
disturbances of their class. However, at schools with
relatively high aviation noise exposure, from the point
of view of the teachers the greatest disturbance by far
is aviation noise: On the five-point scale the answers
for this type of noise reach an average value of 4.5.In
order to make the clearest possible statements about
the impact of aviation noise, the NORAH Study did not
include any schools with very high exposure toroad or
rail traffic noise. This is why the teachers assessed the
disturbance of classes due to these types of noise as
relatively low. This, however, cannot be generalized. In
the Rhine-Main Region there are also schools with very
high exposure to road or rail noise.
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Results Child Study

Responses of the children to the
statement “The noise of the planes
disturbs my lessons” in the groups
with low, medium and high aviation
noise exposure.

Responses of the teachers to the
statement “Due to the aviation noise

I have to interrupt the lesson/my speech
for amoment” in the groups with low,
medium and high aviation noise exposure
at school. Almost one quarter of teachers
in high-exposure areas state that they
have to interrupt lessons due to aviation
noise “very often”.

Teacher assessment of the disturbance
of lessons due to various noise sources
at schools with low, medium and high
exposure to aviation noise (mean values:
1 =noburden, 5= very high burden).
According to the teachers at schools
with high exposure to aviation noise, this
is more disruptive of lessons than noise
from the playground or other rooms.
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Child Study Results

INTERVIEW WITH
THE STUDY DIRECTOR
PROF. MARIA KLATTE

Thomas Schinauer

Director of the Child Study: Psychologist
Prof. Dr. Maria Klatte from the Technical Uni-
versity of Kaiserslautern

Prof. Dr. Maria Klatte is the director of the Child Study.
Inaninterview with “NORAH Knowledge” the psycholo-
gist from the Technical University of Kaiserslautern
talks about her assessment of the results.
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Did any of the results of the NORAH Child
Study surprise you?

There is already a whole range of studies on this issue.
The children in those studies, however, were subject to
much higher levels of exposure to aviation noise, spec-
tacularly higher levels. Nonetheless, only very minor
effects could be identified. With this pre-knowledge
we were not sure at the start of the study whether we
would even be able to detect any effects on the reading
performance of the children. We had not expected

that statistically significant effects could be verified
despite the low levels of exposure.

Were the other results as you expected them to be?

No, for example the increased frequency of medically
diagnosed speech and language disorders and intake
of medication: that is aresult of the parent survey. We
did not expect that this would show up so clearly. This
is something we really need to pursue further to find
out what exactly is behind it.

In your opinion, how serious are these speech and
language disorders?

We do not know exactly which type of disorders led to
the differences shown in our study. But we did examine
whether the children who, according to their parents,
had a speech or language disorder differ from the
other children in terms of their reading performance.
This is not the case. This is why we do not believe that
we are looking at very serious disorders here. But we
do not know exactly, and this is why there have to be
follow-up investigations.



If parents hear about your study and start asking
themselves whether their child is worse off than
children in quieter areas: what would you tell them?

We asked the parents and the children about the
physical and mental wellbeing of the children. This was
represented as very positive by both groups. Children
exposed to aviation noise do not feel bad, but they do
feel a tiny bit less good. Other factors certainly have

a greater influence on the wellbeing of the children.
Nonetheless, the effect is statistically significant. And
we cannot tell how that will develop in the long term if
the children have to live and learn under the influence
of aviation noise.

You identified a delay in learning to read of up to
two months in second-grade pupils. Does this mean
that children living near an airport are less likely to
complete secondary school or generally have fewer
chances?

Itis not possible to answer that with any certainty
because we do not know how the relatively small
difference in the second-grade pupils will turn out in
the long term. First we have to say that the identified
statistical effect on the reading performance is small.
There are other influencing factors that are far more
important. But we do not know how that will develop.
We also surveyed the school directors of the partici-
pating schools. We asked them which proportion of the
children in their school go on to secondary school from
primary. We did not find any difference here: in the
schools exposed to high levels of aviation noise that
participated in the study, on average the same propor-
tion of children went on to secondary school as in the
schools with lower exposure.

Results Child Study

You also spoke to teachers ...

Yes, the clarity of the results of the teacher survey
were a surprise. We know that interruptions of the
teaching flow are very unfavourable for children at this
age. Up to now, research has focused mainly on reading
performance. But these frequent interruptions can,

of course, also have an unfavourable effect on other
subjects.
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Child Study Results

OUTLOOK: WHAT HAPPENS
AFTER THE CHILD STUDY?

The Child Study within the framework of NORAH
delivered several important insights which will help us
to understand how aviation noise affects the intellec-
tual development and the quality of life of children. We
now know, for example, with very high probability,

that aviation noise impairs learning to read. But the
Child Study also threw up some new questions. Further
studies are necessary to provide the answers to these.

One of the unanswered questions is: in what way exact-
ly does aviation noise affect learning to read? The
NORAH Study was unable to confirm that the import-
ant precursor skills for reading acquisition develop
less well under the influence of aviation noise. This is
why scientists now have to postulate new theories and
examine them in suitable studies.
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Another question that has newly arisen within the
framework of NORAH concerns the health and quality
of life of the children. Parents from the residential
areas with high exposure to aviation noise stated more
frequently that their child was taking prescribed medi-
cation at the time of the survey or had been diagnosed
as having a speech or language disorder. The Child
Study did not, however, investigate which medication
was being taken or whether certain language or speech
disorders are particularly frequent. These questions

- which have never beenraised by any previous study -
must also be made the subject of further studies.

We also have to answer the question as to the further
development of the children concerned - in particular
if they continue to be exposed to aviation noise. Will
the effect of the aviation noise get worse, will it remain
the same, will it become less or disappear altogether?
The NORAH Study cannot make any statement on this
because it has not followed the progress of the chil-
dren concerned. A so-called longitudinal study which
would register the performance of the same children at
various points of time in the future - for example in a
few years - could provide answers to these questions.



Glossary

Further explanations can be found in the glossary

at www.laermstudie.de.

Continuous sound level

The equivalent continuous sound
level (in short: Lpaeq) is @ measure
for the average noise exposure
over a certain period in which
frequency, duration and level of
the individual sound events are
taken into account. The Lpaeq is
the basis for the determination of
noise protection zones pursuant to
the aviation noise act - separated
according to day (6-22 hrs) and
night (22-6 hrs). The Lpaeq is
stated in decibels (dB).

Decibel

Decibel (dB) is a physical unit of
measurement used, among other
things, for the sound pressure
level. The NORAH Study uses the
so-called A-weighted sound pres-
sure level. This means that when
the sound event was measured,
frequencies were weighted with a
filter designed to replicate human
hearing. The “A” in the expression
Lpaeqis areference to the use of
the A-weighting.

Significance

In statistics we speak of a signifi-
cantresultif thereisonly avery
low probability (usually less than
5%) of it being arandom effect.
The significance can be checked
using statistical methods.

Socioeconomic status
Socioeconomic status is an artifi-
cial term that attempts to summar-
ize an individual’'s economic and
social position in society. In the
NORAH Study the socioeconomic
status was determined with the aid
of the so-called “Scheuch-Winkler
Index” This is calculated from

the three factors: net income,
education and qualification and
professional position.

Confounding

Confounding occurs when a phe-
nomenon depends on two or more
conditions that are mutually influ-
encing. If, for example, we want to
investigate whether frequent tooth
brushing prevents tooth decay in
children, it would not be sufficient
merely to examine the brushing
behaviour and the dental status.
This is because children who fre-
quently brush their teeth are most
likely actively encouraged to do so
by their parents (few of them do

it of their own accord). The same
parents will probably allow their
children fewer sweets. It could be
that the healthier teeth are not
due to frequent brushing but to a
healthier diet. We can only find this
out by examining both.
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The NORAH Study investigated
the effects of aircraft, road and
rail traffic noise on humans.

“NORAH Knowledge” provides
information on the methods and
results of the NORAH noise impact
study. The aim of this series is to
communicate to as many people

as possible what exactly NORAH
researched. This is why there is

an explanation in the glossary

at the end for all terms marked
“Elglossary”.

If you would like to receive further
issues of “NORAH Knowledge”,
please use the enclosed order
form.

von Aichberger



NORAH (“Noise-Related Annoyance,
Cognition, and Health”) is the most extensive
investigation into the effects of exposure

to aircraft, road and rail traffic noise that
has ever been carried out in Germany. It was
conducted by nine independent scientific
institutes from all over Germany. The client
was the Umwelt- und Nachbarschaftshaus,

a subsidiary of the state of Hessen and

part of the “Forum Flughafen und Region”.
Alongside the state of Hessen, communities,
Fraport AG and Lufthansa were also involved
in the financing.

The NORAH Study examined the long-term effects

of traffic noise on health, quality of life and early
childhood development in the Rhine-Main Region.

The initiator of the study was the Airport and Region
Forum (ARF). The scientists were accompanied from
the start by an external Scientific Advisory Board for
Quality Assurance (WBQ). This is what distinguishes
NORAH from similar, predecessor studies. The

study addressed some of the most topical important
issues currently being dealt with by international
noise impact research. It also covered a wider range
of investigation aspects than previous studies. In order
to find out more about how human beings respond to
traffic noise, the NORAH scientists also looked at the
medical histories of more than one million people, and
reconstructed the noise exposure at around 900,000
addresses in the Rhine-Main Region.

A total of five sub-studies form the core of the NORAH
Study, each one built on the current international
state of research. In addition to this, extremely
complex and innovative techniques were used to
calculate acoustic exposure. In this edition of

“NORAH Knowledge” we present the results of the
Study on Health Risks, one of the five sub-studies.

Results Study on Health Risks

Contents

Overview of the Study on Health Risks
> Page 2

The questions and methods of the Study
on Health Risks
> Page 4

Traffic noise increases the heart attack risk
> Page 6

Stroke: clear difference between noise types
> Page7

Clearresults for heart failure
> Page 9

More depression with traffic noise
> Page 1l

Hardly any connections discovered with breast
cancer
> Page13

Interview with study manager Prof. Dr Andreas
Seidler:“Noise may also influence the
progression of diseases”

> Page 14

Future research needs
> Page 16

Further information on the NORAH Study is
available on the Internet at www.laermstudie.de.

There you can also subscribe to the newsletter
“NORAH Brief”

Contact

Please address any questions about the NORAH
Study to the Umwelt- und Nachbarschaftshaus:
Gemeinniitzige Umwelthaus GmbH
Risselsheimer Str. 100

65451 Kelsterbach

06107 98868-0

06107 98868-19
norah@umwelthaus.org
www.laermstudie.de
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Study on Health Risks Results

OVERVIEW OF THE STUDY
ON HEALTH RISKS

The Study on Health Risks focuses on five diseases:
heart attack, stroke, heart failure (also called cardiac
insufficiency) including hypertensive heart disease
without heart failure, depression and breast cancer. All
five diseases are wide-spread in Germany. They have
one more thing in common: past studies suggest that
all of these diseases occur with above-average
frequency in persons who are exposed to a lot of
traffic noise in their everyday lives.

The Study on Health Risks dealt with this suspicion.
The scientists evaluated the health insurance data of
about one million persons in the Rhine-Main Area. For
this, the NORAH team cooperated with three large
health insurances in the Rhine-Main Area. In parallel,
the NORAH acousticians calculated the aircraft, road
and rail traffic noise at all addresses in the Rhine-
Main Area, partially even back to 1996. A special

data privacy procedure ensured anonymity of the
study participants. In the end, the NORAH team knew
how many insured persons suffered from one of the
five diseases, when and how much noise the place of
residence of this person was subject to, but not where
these persons lived or what their names were. Several
thousand persons additionally participated in a more
detailed survey. This enabled the scientists to collect
further insights on the effects of noise among persons
suffering from cardiac insufficiency.
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The cardiovascular risk
is increased by exposure
to traffic noise

The NORAH study proves that traffic noise canin-
crease the risk of developing heart attack, stroke or
cardiac insufficiency. Only taking into consideration
the long-term energy equivalent sound level (E glossary),
the risk of cardiac insufficiency was most strongly
associated with railway noise, followed by road and air-
craft noise. There were indications that the duration of
the noise exposure was also relevant to cardiovascular
risk. The scientists were also able to find a statistically
significant (Bl glossary) connection between strokes
and all three examined traffic noise types - i.e. aircraft,
road and railway noise. However, for aviation noise, the
stroke risk tended to decrease as the long-term energy
equivalent sound level increased. A statistically signif-
icant increase in stroke risk due to aircraft noise was
only shown when considering the maximum aircraft
sound level at night. For those who had a heart attack,
there was a connection to road and railway sound. For
those insured who died during the period of examina-
tion, there was a connection to aircraft sound. Depend-
ing on disease, noise type and group examined, the risk
increases by up to 3.9 percent per ten dB (E glossary)
of increase in traffic noise.



Results

Depression: traffic noise
increases the risk of disease

All three types of traffic noise can contribute to
developing depression. The scientists were able to
calculate that the risk for a depressive episode
increases on average by 8.9 percent when the aircraft
noise stress increases by ten dB. For road noise, the
risk rose by 4.1 percent per ten dB increase, for railway
noise by 3.9 percent. However, these averages only
partially reflect the study results. For aircraft and rail-
way noise, the NORAH team found that the risk seems
to drop again at very high sound levels. One possible
explanation for this would be that people who tend

to develop depression often move to calmer areas.

Breast cancer: further
researchrequired

A possible influence of traffic noise on the develop-
ment of breast cancer was only suggested by three
studies before NORAH. There was less evidence from
the beginning for this association than for cardio-
vascular diseases, for example. The NORAH Study
was unable to confirm that road or railway noise may
contribute to the development of breast cancer. For
aircraft noise, however, the scientists found a small
connection: in the group of women where the long-
term energy equivalent sound level between 11 p.m.
and 5 a.m. was above 55 dB, there were more cases of
breast cancer than expected. Further research on this
subject is needed. Indisputable conclusions are not
possible yet.

Study on Health Risks
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Study on Health Risks Results

THE QUESTIONS AND
METHODS OF THE STUDY
ON HEALTH RISKS

The Study on Health Risks wanted to find out whether
traffic noise increased the likelihood of developing
heart attack, stroke, heart failure or hypertensive
heart disease, depression or breast cancer. To answer
this question, epidemiologist (E glossary) and special-
ist for occupational medicine Prof. Dr med. Andreas
Seidler and his team of scientists from the TU Dresden
decided to use a case-control study. This form of study
compares people suffering from a specific disease
(“cases”) to those that do not (“control persons”). It
examines whether specific factors - in the case of
NORAH, traffic noise - occur more frequently in the
group of patients. To come to an indicative result,
case-control studies sometimes need to include
several thousand persons.

Health data from three
statutory health insurers

For the Study on Health Risks, three large health
insurers from the Rhine-Main Area provided the
scientists with the “pseudonymised” (E glossary) data
of approx. one million insured persons. Using complex
search queries, the NORAH team was able to filter
out those persons who suffered from one of the five
diseases between 2005 and 2010. Persons were to
be included as “cases” when doctors in the hospital

or a practice diagnosed the disease for the first time.
Since most of the examined diseases only occur more
frequently in the second half of life, the scientists
included only insured persons older than 40.
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Individual noise
calculations

To answer the research questions, the NORAH team
also needed to know how much road, aircraft and rail-
way noise each of the insured persons were exposed to
athome. Therefore, the study acousticians calculated
the noise load for approx. 900,000 addresses within
the examination area — not only for the present, but
retroactively to 1996. This way, the noise exposure
over several years could be reconstructed for insured
persons who lived in the area under examination during
this time period and whose past addresses were known
to the health insurance.

The NORAH acousticians based their aircraft noise cal-
culations onradar recordings of all aircraft movements
in the Rhine-Main Area - this data was provided by the
German Air Traffic Services. States and municipalities
provided the scientists with information on the road
traffic in the examined area. The Deutsche Bahn and
Germany's Federal Railway Office (EBA) provided data
onrail movements in the Rhine-Main Area. The acousti-
cians also used a three-dimensional terrain model

for their calculations to determine how noise from

cars and trains spreads. This information could finally
be used to calculate when and how much noise was
audible at each address in the area under examination.

Terrain models show where there are hills, valleys and
buildings. The acoustic team used them to calculate
how the railway and road traffic noise spread in the
examined area.

Mdohler + Partner AG



More precise results
from an in-depth survey

The health insurance data provided the NORAH team
with lots of information on the diseases of the insured
persons. Since cardiovascular diseases, in particular,
are known to have several other risk factors - e.g.
smoking or being overweight - the scientists asked
some insured persons to participate in an in-depth
survey. They thus received additional information on
the lifestyle and living situation of several thousand
persons. With this information, the NORAH team was
able to examine whether consideration of further risk
factors changed the traffic noise results among per-
sons suffering from cardiac insufficiency.

A reading aid for this issue
of NORAH Wissen

The Study on Health Risks examines whether the risk
of developing one of the five examined diseases
increases when exposed to more traffic noise. The
scientists present the results of their researchin
exposure-effect curves (E glossary). Since you will
find many of these curves on the following pages, we
provide areading aid here:

Heart attack and road noise
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Seidler/TU Dresden

Results Study on Health Risks

Long-term energy equivalent sound level

This axis shows the long-term energy equivalent sound
level (Bl glossary). The noise increases from the left

to the right. For some calculations, the scientists also
used “Sound level classes” If, for example, the long-
term energy equivalent sound level at the address of
aninsured person was at 63.7 dB (E glossary), their
health data was included in the calculation for the
sound level class“> 60 dB - <65 dB".

Risk estimates

Risk estimates indicate how high the “relative illness
risk”is. 1 corresponds to the “basic risk” of a person
not subject to traffic noise. If the value is higher, this
suggests that noise at this degree may contribute

to the disease. Additional calculations must show
whether anincreased or reduced relative risk is
statistically significant (E glossary) and thus with

a high probability not due to chance.

Exposure-effect-curve

The exposure-effect-curve shows how the health risk
changes with increasing noise. In this example, the

risk increases by 2.8 percent per ten dB. Additional
calculations show whether this increase is statistically
significant.

Confidence intervals

The confidence interval is a statistically calculated
trust range above or below the risk estimates. The
smaller the confidence interval, the more reliable
and indicative the risk estimates. It is usual to apply a
95 percent confidence interval. Simplified, this
means that the “actual” risk is within this range with a
probability of 95%. The figures show the 95 percent
confidence intervals of the individual risk estimates
(black vertical lines) as well as the 95 percent
confidence interval above and below the exposure-
effect curve (pink area).
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Study on Health Risks Results

TRAFFIC NOISE INCREASES
HEART ATTACK RISK

Acute heart attack is the second-most frequent
cause of death in Germany. More than 50,000
persons die here every year from circulation
problems of the heart muscle. Many factors that in-
crease the risk of heart attack have been known for
years, including high blood pressure, severe obesity,
and lack of exercise. Different studies in the past
have suggested that permanent traffic noise expo-
sure may also increase the probability of suffering
a heart attack. The Study on Health Risks dealt with
this question with a higher degree of precision than
many earlier examinations did - among other things,
with more precise noise calculations.

Heart attack risk in figures

The scientists were able to confirm with NORAH
that traffic noise is a heart attack risk factor:

When the 24-hours long-term energy equivalent
sound level (E glossary) of road noise increases by
ten dB (El glossary) the risk of heart attack increas-
es by 2.8 percent.

The heart attack risk increases by 2.3 percent
per ten dB of railway traffic noise.

Aircraft noise shows no statistically significant
(E glossary) connection between the evenly in-
creasing noise and heart attack. However, fewer
people in the examination area were exposed to
loud aircraft noise: only about two percent of the
persons had long-term energy equivalent aircraft
sound level above 55 dB, and it never exceeded
65 dB. In comparison: the road sound level for26
percent and the railway sound level for seven
percent of the insured persons exceeded 55 dB.
Therefore, it is more difficult to depict the risk
relationship for aircraft noise.
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Heart attack and aircraft noise
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Deceased heart attack
patients: connection
to aircraft noise found

Heart attacks often have a fatalresult. 53 percent of
the insured persons who had a heart attack accord-
ing to health insurance data from 2005 to 2010 had
already died by 2014/15. However, the NORAH team
did not know what they died of. For this partial group,
the scientists performed separate analyses. They were
able to document a statistically significant connection
inthe persons affected between aircraft noise expo-
sure and heart attack risk — among other things if the
24-hour-long-term energy equivalent sound level at
their addresses was 60 dB or above. An aircraft noise
increase of ten dB increased the risk of fatal heart
attack by 3.2 percent. For road and railway noise, sim-
ilarly high risks were found. The results suggest that
traffic noise is not only arisk for the occurrence, but
also for the severe progression of a heart attack.

AIRCRAFT NOISE

The figure shows no statistically significant
risk change, since the “basic risk” of

1.0 is within the light-violet shaded
95%-confidence interval.

ROAD TRAFFIC NOISE

The figure shows a linear risk increase
(violet line) of 2.8% per 10 dB
(statistically significant).

RAILTRAFFIC NOISE

The figure shows a linear risk increase
(violet line) of 2.3% per 10 dB
(statistically significant).

Results Study on Health Risks

STROKE: CLEAR
DIFFERENCES BETWEEN
NOISE TYPES

Inthe last years, the number of deaths from stroke

has dropped considerably. Nevertheless, the sudden
circulation disorder of the brain or bleeding in the

brain is still among the most frequent causes of death
in Germany. More than 18,000 persons died of a stroke
in 2013. The known risk factors include, among other
things, being overweight, smoking and hypertension. The
NORAH study was able to prove that all three examined
traffic noise types also influenced the stroke risk.

Road and railway noise:
long-term energy equivalent
risk increases with increasing
long-term energy equivalent
sound levels

The NORAH team was able to find a statistically
significant (B glossary) connection to strokes, both
for noise caused by trains and for car noise:

When the 24-hours long-term energy equivalent
road sound level (E glossary) increases by

ten dB (Elglossary), the risk of stroke increases
by 1.7 percent.

For railway noise, the stroke risk increases by
1.8 percent per ten dB.

There was no increase in stroke risk with regards
to aircraft noise, but as the long-term energy
equivalent sound level increased, there was a
decrease inrisk.

7>16



Study on Health Risks Results

Aircraft noise:
does maximum noise
play arole?

Most calculations of the NORAH team were based

on long-term energy equivalent sound levels. This
physical value averages the number and sound level of
the individual sounds within a specific period - e.g.

24 hours. Additionally, the scientists also considered
the maximum sound level (E glossary): the maximum
sound level that reaches an address when a car, train
or aircraft passes nearby. For aircraft noise, the NORAH
team found a statistically significantly increased
stroke risk in persons with a long-term energy
equivalent sound level below 40 dB if the maximum
sound level at night exceeded 50 dB.

AIRCRAFT NOISE

The figure shows a linear risk decrease
(violet line) of 2.4% per 10 dB
(statistically borderline significant).

ROAD TRAFFIC NOISE

The figure shows a linear risk increase
(violet line) of 1.7% per 10 dB
(statistically significant).

RAIL TRAFFIC NOISE

The figure shows a linear risk increase
(violet line) of 1.8% per 10 dB
(statistically significant).
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Stroke and aircraft noise
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CLEAR RESULTS FOR
CARDIAC INSUFFICIENCY

Doctors speak of cardiac insufficiency when the heart
isno longer able to sufficiently supply the body with
blood. This disease, commonly called heart failure,

may have many causes. In many patients, the coronary
vessels and, as a consequence, the heart muscle, are
damaged. High blood pressure also facilitates cardiac
insufficiency. Even though the patients have a better
survival chance than stroke or heart attack patients,
cardiac insufficiency is the third-most frequent cause
of death in Germany. 45,815 persons died of it in 2013.

AIRCRAFT NOISE

The figure shows a linear risk increase
(violet line) of 1.6% per 10 dB
(statistically significant).

ROAD TRAFFIC NOISE

The figure shows a linear risk increase
(violet line) of 2.4% per 10 dB
(statistically significant).

RAIL TRAFFIC NOISE

The figure shows a linear risk increase
(violet line) of 3.1% per 10 dB
(statistically significant).

Results Study on Health Risks

Cardiac insufficiency and aircraft noise

1.3+

1.2+

1.1+ 11.07

1.00 1.0
1.0 :

1.03
|1.00 |

Risk estimates

0.97

0.9

T T T T T T T
<40dB, =240- =245- =250- =255- 260- =265- 270
Max  <45dB <50dB <55dB <60dB <65dB <70dB
<50dB

24-hours long-term energy equivalent sound level,

summarised in steps of 5 dB

Cardiac insufficiency and road noise

1.3
1.2
(2]
e
o 1.1
E
=
(2]
(]
% 10
x
097+ T T T T T T T
<40dB, =240- =245- =250- =255- =260- =265- 270
|\5/IOaé<B <45dB <50dB <55dB <60dB <65dB <70dB
<

24-hours long-term energy equivalent sound level,
summarised in steps of 5 dB

Cardiac insufficiency and railway noise

1.3

1.2+

1.1+

1.0

Risk estimates

0.9+ T T T T T T T
<40dB =240- 245- =250- =255- =260- =265- 270
<45dB <50dB <55dB <60dB <65dB <70dB

24-hours long-term energy equivalent sound level,
summarised in steps of 5 dB

9->16

Seidler/TU Dresden

Seidler/TU Dresden

Seidler/TU Dresden



Study on Health Risks Results

Connections with all three
traffic noise types found

Aircraft noise, as well as railway and road noise,
statistically significantly (E glossary) increase the risk
of developing cardiac insufficiency.

The connection is the clearest with railway noise:
per tendB (E glossary), the risk of cardiac insuffi-
ciency increases by 3.1 percent.

Road noise increases the risk of cardiac insuffi-
ciency by 2.4 percent when noise increases by
ten dB.

At 1.6 percent per ten dB, the risk increase under
the influence of aircraft noise is a little lower - but
even this result is statistically significant.

Additionally, the aircraft noise results tend to be less
certain than the road and railway noise results, since
aircraft sound levels above 65 dBs did not exist

in the area under examination. Additionally, the data
suggests that the time of residence plays arole:
according to this, the risk of cardiac insufficiency may
increase in persons who lived in noisy areas for several
years. This assumption needs to be tested by further
studies.
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Survey to supplement health
insurance data

The scientists took things a step further for cardiac
insufficiency: they not only analysed the health
insurance data, but also used an additional survey

to collect and analyse information regarding risk
factors for cardiac insufficiency or hypertensive
heart disease. For this, the health insurers wrote to
some of the insured persons. About 3,000 persons
suffering from cardiac insufficiency or hypertensive
heart disease and a high number of “control persons”
not suffering from cardiac insufficiency or hyper-
tensive heart disease reported to the survey collection
office in GielRen and subsequently participated in
the in-depth survey.

The NORAH team could use data collected based on
the in-depth survey to ensure that the traffic noise
risks found for cardiac insufficiency or hypertensive
heart disease could not be explained by other factors.
This suggests that the increased disease risks are
actually caused by traffic noise.

Noise within the
apartment considered

Additionally, thanks to the additional information,

the scientists could gain insight on how loud the
apartments of the respondents actually were. For this,
the participants reported, among other things, the
orientation of their bedrooms at home and whether the
bedroom window was preferably tilted open or closed
at night. From this information, the NORAH team ini-
tially estimated the sound level inside the apartment
and then the cardiac insufficiency risk depending on
the interior sound level.

Theresult: generally, the risk estimates increase when
the interior sound level is considered instead of the ex-
terior levels. This is true for aircraft noise, road noise
and railway noise. This result generally suggests that
traffic noise can cause cardiac insufficiency.



MORE DEPRESSION
FOR TRAFFIC NOISE

The scientists found statistically clear connections
for depression. The noise from aircraft, cars and
trains increases the risk of suffering from a depres-
sive episode. The disease, which usually happens in
episodes, is one of the most frequent mental illnesses
in Germany. Every fifth person experiences at least
one depressive episode in his or her life. The causes
of depression are diverse, and usually several factors
come together. One possible factor is stress, which
inturn may be caused by chronic traffic noise.

Results Study on Health Risks

Clear connection with
all three noise types

In fact, the scientists were able to find a connection
between traffic noise and the medical diagnosis of

a depressive episode with NORAH. Increases of the
long-term energy equivalent sound level (E glossary)
by ten dB (E glossary) increases the depression risk

by 8.9 percent for aircraft noise.
by 4.1 percent for road noise.
by 3.9 percent for railway noise.

The data also suggests the time spent living in the
noisy area may also influence the risk of depression.
Future studies should follow-up on this result of the
NORAH study.
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Study on Health Risks Results

The risk drops in very
loud regions

Included among the rather unexpected results of the
study were the results for depression with aircraft and
railway noise: the curve is an inverted U. This means:
the risk for depressive disease first increases with
rising noise levels. In areas with very high aircraft or
railway noise exposure, however, the estimated risk
drops again. The cause of this, compared to the other
results, unusual distribution cannot be determined by
the NORAH study.

One explanation may be that persons who suffer

more from noise and are more prone to developing
depression, move less often to areas with high aircraft
or railway noise exposure or may move away from
these areas more often. Whether this is accurate,

and why this is different for road noise compared

to aircraft and railway noise must be determined

in future studies.

AIRCRAFTNOISE

The depressionrisk increases first with rising noise,
but drops again at high noise exposures. This figure
shows no linear risk increase, but the risk estimates
for each 5-dB-steps. The vertical dashes above and
below the risk estimates indicate the “confidence
interval” in which the actual value will be found with
a likelihood of 95% (also see reading aid on page 5).
From this data, an increase of the depression risk
0f 8.9% per ten dB can be calculated (statistically
significant).

ROAD TRAFFIC NOISE
The figure shows a linear risk increase (violet line)
of 4.1% per 10 dB (statistically significant).

RAIL TRAFFICNOISE

The depressionrisk increases first with rising noise,
but drops again at high noise exposures. This figure
shows no linear risk increase, but the average risk
estimates for each 5-dB-steps. The vertical dashes
above and below the risk estimates indicate the
“confidence interval” in which the actual value will
be found with a likelihood of 95% (also see reading aid
on page 5). From this data, an increase of the
depression risk of 3.9% per 10 dB can be calculated
(statistically significant).
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Depression and aircraft noise
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HARDLY ANY CONNECTIONS
DISCOVERED FOR BREAST
CANCER

Three studies in past had suggested that traffic noise
also promotes the development of breast cancer. How-
ever, there were much fewer indications for this as-
sumption than for other diseases examined by NORAH.
Breast cancer is one of the most frequent cancers in
Germany: the tumour disease is diagnosed in approx.
70,000 women in the Federal Republic every year.

There are hardly any
indications of a connection
between the breast cancer
risk and traffic noise

The scientists were unable to find any connection
between the 24-hour long-term energy equivalent
sound level (E glossary) and the breast cancer risk.
The type of traffic causing the noise — aircraft, cars
or trains - plays barely any role for the development
of the disease.

Results Study on Health Risks

The only exception is loud
aircraft noise at night

The NORAH team was able to find a statistically
significant (B glossary) connection between noise and
breast cancer only for a very small part of the insured
persons: women, at whose places of residence the
long-term energy equivalent sound level between 11
p.m.and 5 a.m. was between 55 and 60 dB (E glossary),
were nearly three times as likely to develop breast
cancer than other women. However, the authors note
that the insured persons only included 145 women
from places of residence where the aircraft noise
exposure was so high. Six of them had been diagnosed
with breast cancer. Since 2011, Frankfurt hashad a
prohibition of planned flights between 11 p.m.and 5
a.m.; therefore, the long-term energy equivalent sound
level during this time is now clearly reduced.
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Study on Health Risks Results

INTERVIEW WITH STUDY
MANAGER PROF. DR
ANDREAS SEIDLER: “NOISE
MAY ALSO INFLUENCE
THE PROGRESSION OF
DISEASES”

Prof.Dr med. Andreas Seidler, institute director at

the Technical University of Dresden, manages the Study
on Health Risks. In the interview, the epidemiologist
(E glossary) and occupational physician tells how he
interprets the results and which he found the most
surprising.

Stephan Wiegand

Prof. Dr med. Andreas Seidler from the Technical
University of Dresden (Institute of Occupational and
Social Medicine) manages the Study on Health Risks.
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NORAH Knowledge: Which results were surprising
for you?

Andreas Seidler: Several!  had not expected, for exam-
ple, that for heart attacks, we would find clear differ-
ences between the overall group and the partial group
of deceased patients: the risk of fatal heart attack was
higher in all three noise types than the risk for a new
heart attack in general. This makes us wonder if traffic
noise may not only be relevant for the occurrence of
the disease, but also for the progression. | also find

it interesting that we found similar, statistically
significant exposure-risk relationships for the disease
with the most cases: cardiac insufficiency.

Thirdly, the continually high health risks for the indoor
levels surprised me. The noise inside the apartments -
for the sleeper — can only be estimated very generally.
These uncertainties of noise determination could

blur the risks. The fact that we found increased risks
suggests a causative effect of the traffic noise.

In addition to the analysis of the health insurance
data, you conducted a in-depth survey with some
insured persons. How do the answers contribute to
your results?

With the in-depth survey we sought to determine using
the example of cardiac insufficiency, whether the
results from the health insurance data would be con-
firmed, or whether known risk factors such as social
status, smoking or sports had distorted the results.
When we consider these confounding factors, our
results remain nearly unchanged. This suggests that
the results derived from the health insurance data are
highly indicative.



For strokes, it seems as if the health risk sinks
with increasing aircraft sound levels. How do you
explain this?

We should remember two things: one, we see particu-
larly clearly in the case of strokes that the maximum
level (Bl glossary)is relevant as well. We examined the
group of persons separately where the long-term energy
equivalent sound level (E glossary) was less than 40 dB
(E'glossary), but the maximum sound level above 50 dB.
In this group, we find statistically significant increased
risks. Apparently, the long-term energy equivalent sound
level of aircraft noise is not enough to describe the
aircraft noise effect — we also must look at the maximum
sound level.

Another reason may be that none of the insured persons
were exposed to an aircraft sound level above 65 dB - in
contrast toroad and railway noise. And when looking at
the long-term energy equivalent sound level range above
55 dB, only about two percent of the included popula-
tion had an long-term energy equivalent aircraft sound
levels exceeding 55 dB. For railway noise, however, seven
percent were above it; and 26 percent for road traffic. If
higher levelvalues barely occur in aircraft noise, or are
missing entirely, the entire curve progression becomes
less certain.

For depression, the risk due to aircraft and railway
noise seems to increase first and then drops again in
the louder regions. What might be the reason?

Relatively few persons were exposed to higher sound
levels of aircraft and also railway noise - much fewer
than in the case of road noise. This makes the results
less certain. However, this is not a sufficient explana-
tion. Future studies should examine whether moving
plays arole. We have looked at the depression risks
for those persons we knew did not move in the last five
years. In this group, we found statistically significant
increased depressionrisks for the highest aircraft
noise exposures.

Professor Seidler, thank you for the interview!

Results Study on Health Risks
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Study on Health Risks Results

FUTURE RESEARCH
NEEDS

As with every scientific examination, the Study on
Health Risks not only answered questions, but also
brought up new ones. In particular, the authors of the
study see further need for research in five areas.

1 Whatis therole of the maximum sound level?

Noise effect studies use mostly the long-term
energy equivalent sound level (E glossary) - an
average of the number and volume of “noise events”.
The Study on Health Risks suggests that the max-
imum sound level (El glossary) - i.e. the maximum
volume of individual noise - may also influence the
health risks, especially for aircraft, but also for
railway noise. Future traffic noise studies should
deal with the question of how to use both measures
to better describe the effect of traffic noise.

3 Does traffic noise influence the progression

of diseases?

Future studies should deal with the question of
what influence traffic noise has, not only on the
occurrence of the disease, but also its progression.

2 Moreresearchrequired on traffic noise

and depression

The clear connection between traffic noise and
depression, as well as the reduced risk at higher
aircraft or railway sound levels, give reason for
further research. Future studies should deal, for
example, with whether persons bothered by noise
move more often to calmer areas and whether
depressive diseases influence moving.

4 After what time will traffic noise increase

the health risk?

The Study on Health Risks has also included past
noise exposure where possible. Considering the
duration of noise exposure, the health risks in-
crease in part. However, it is not definitively clear
after how many years what effect occurs.
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5 Connection between aircraft noise

and breast cancer?

Theresults suggest only a possible influence

of high nocturnal aircraft noise exposure on the
breast cancer risk. Whether there actually is a
connection should be determined by future studies.




Glossary

You will find further explanations in the glossary

on www.laermstudie.de.

Long-term energy

equivalent sound level

The long-term energy equivalent
sound level (in short: Lpaeq) is a
measure for the average noise
exposure over a certain period in
which frequency, duration and level
of the individual sound events are
taken into account. The Lpaeq is

the basis for the determination of
noise protection zones pursuant to
the aircraft noise act - separated
according to day (6a.m.- 10 p.m.)
and night (10 p.m.-6a.m.). The
Lpaeqis stated in dB.

Decibel

The decibel - “dB" or “dB(A)" -

is ameasure of sound pressure
level and thus of loudness. The
decibel scale from 0 to 120 dB(A)
reflects the range from the abso-
lute threshold of hearing to the
pain threshold. The scale is not
linear. We perceive an increase of
ten decibels as roughly a doubling
of the loudness - in the lower and
at the upper ends of the range.

Epidemiology

Epidemiology is the study of the
distribution of risk factors and dis-
eases in populations. It contributes
towards a better understanding of
the cause of disease. Epidemiology
develops measures to prevent
disease or to prevent the spread

of disease. It also helps t