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SENATE RURAL AND REGIONAL AFFAIRS AND TRANSPORT
REFERENCES COMMITTEE
Inquiry into the effectiveness of Airservices Australia's
management of aircraft noise
Public Hearing Thursday, 10 June 2010
Questions Taken on Notice - Airservices Australia

HANSARD, RRAT 3

CHAIR—When we have been discussing the noise inquiry line before, some of the
witnesses have indicated that they cannot log more than one disturbance through one
call, sc someone cannot call and say that in the last week they have been disturbed x
number of times—each call can only log one instance. Is that correct?

Mr Russell—It is.

CHAIR—Would that not then flow into these figures, where people who were being
continually disturbed were having to continually call to log each of those flight
disturbances?

Mr Russell—It does have a very minor impact, yes. We do it for reasons of collection of
this information. [ can assure you it has a minor impact. I can provide you with some
further analysis of some of those figures if you would like it.

CHAIR—That would be really useful. I want to make sure that we look at it in context.
Thank you for breaking this down for us. But if somebody say at the end of the month
wanted to cail once and say that they were disturbed 200 times in the last month, they
could not do that—they would have to call 200 times to have Airservices note that there
were 200 disturbances?

ANSWER:

Airservices Australia’s Noise Enquiry Unit has applied the principle of ‘one contact = one
complaint' to its complaints handling practices for the past 15 years. We are most interested
in the issues that are complained about and the number of people that lodge complaints,
rather than the number of complaints that are received or the number of flights being
complained about. In any contact with the NEU, the operator will try to discern from the
complaint / enquiry what the issues of concern are and ensure that all issues are recorded. As
such, the practice of 'one contact = one complaint' is regarded as the most effective means of
discerning the issues and the extent of the impact.

Web Trak enables complaints to be lodged about individual aircraft movements and each
complaint is counted individually. The simplicity of complaints lodgement through Web
Trak means that complainants can easily distort the complaint numbers regardless of the
legitimacy of the disturbance i.e. complaints could be lodged about movements that occurred
when the complainant was not at home.

Not all complaints received by the NEU are valid e.g. in some cases complainants have
lodged complaints about aircraft movements that have not occurred or are due to oceur in the
future. In our view, the NEU database provides an accurate reflection of the issues of
concern and extent of the impact for those people that have chosen to contact us.



From 1 July 2010, Airservices is making a database modification to include a field for
'multiple aircraft, same issues’ to address those that store up complaints before contacting the
NEU and those that complain about being overflown for lengthy periods of time.

HANSARD, RRAT 10 - 11

Senator BACK—So in Brisbane, where it has been undertaken for some period of time,
are you able to report to us a change in community perception or acceptance from the
initial consultation before it was implemented through to now, when it has been
underway for some time? Perhaps you could take this on notice and advise us what
change there has been, if any, in community attitudes and what the process of
consultation has been in Brisbane. That may give us a better clue about the future
airports.

Mr Russell—Okay. [ would just make the point that the trial in Brisbane was in fact a
trial. While I could give you a view of the outcome from a community viewpoint, I would
like to check it before I gave it. I do not recall there being any major shift in public
opinion on the issue, but I would like to take it on notice and confirm it.

ANSWER:

Community feedback is primarily obtained through airport consultative committees.
Brisbane had a period without such a forum until the Brisbane Airport Community Aviation
Consultation Group was recently launched.

While there was no active airport forum from which to obtain community feedback during
the Brisbane Green trial, the project report indicated the aircraft noise impact would be
significantly reduced. Airservices is not aware, however, of any change in community
attitudes at Brisbane resulting from the trial of RNP technology.

HANSARD, RRAT 11

Senator STERLE—Mr Russell, could you take this on notice, please. I am aware of the
five suburbs where we have the major complaints because of the changes following on
from WARRP, but would you have the number of complaints from suburbs like
Guildford, Belmont, and Queens Park that are around the airport, and the number of
complainants?

Mr Russell—Senator, I will take that on notice. I think we do. We certainly do in
Sydney—we break it down by suburb. Again, it is part of that evenness issue we were
just talking about. I will take it on notice and come back to you on it,

ANSWER:

Perth Airport Recorded Complaints vs Complainants, by Suburb for the period 1% ] anuary to
31% December 2009,



Suburb Complaints Complainants
Not Specified 31 24
Applecross 5 4
Ardross 1 1
Armadale 2 2
Ascot 4 4
Balga i 1
Ballajura 27 t5
Banjup 6 2
Banksia Grove 1 1
Baskerville 1 i
Bassendean 5 4
Bateman 1 1
Bayswater 4 3
Beckenham 4 3
Bedford i 1
Bedfordale 6 3
Beechboro 302 55
Beldon 1 1
Bellevue 1 1
Belmont 47 21
Bentley 3 3
Bickley 36 i4
Booragoon 1 1
Boya 2 2
Bullsbrook i 1
Byford i ]
Canning Vale 6 4
Cannington 11 9
Cartisle 7 5
Carmel 7 35
Caversham 4 2
Chidlow 3930 22
Cloverdale 8 6
Como 2 2
Copley ] ]
Cottesloe 1 i
Dalkeith 8 3
Darling Downs 2 2
Darlington 34 22
Duncraig 10 3
East Victoria Park 5 1
Edgewater i ]
Ellenbrook 3 7
Ferndale 14 13
Forrestdale 3 2
Forrestfieid 2 i
Gidgegannup 4 1
Girrawheen 7 4
Glen Forrest 261 60
Gooseberry Hill 3 5




QGreenmount 94 8
Greenwood 1 1
Guildford 67 28
Hazelmere 1 1
Helena Valley 6 ]
Henley Brook 35 )
High Wycombe 110 13
Highgate 3 1
Hilton 1 1
Hovea 4 3
Jane Brook 8 2
Kalamunda 34 14
Kamup 1 1
Karrinyup 1 1
Kelmscott 5 5
Kensington 12 6
Kenwick 2 )
Kewdale 9 7
Kingsley 1 1
Langford 41 Il
Lathlain 3 3
Leeming 1 1
Lesmurdie 8 5.
Lower Chittering 54 4
Maddington 3 3
Mahogany Creek G 2
Maida Vale 4 3
Manning 6 2
Marangaroo 2 i
Mayiands 1 1
Middle Swan ] 1
Midland 1 1
Mirrabooka 2 2
Morley 6 ]
Mosman Park 1 1
Mount Helena 8 7
Mount Lawley 1 ]
Mount Pieasant H 1
Mullaloo 1 ]
Mundaring 4 3
Nedlands 1 1
Noranda 2 2
Padbury 2 2
Parkerville 27 14
Parkwood 5 5
Paulls Valley 19 6
Perth 2 2
Pickering Brook 9 1
Queens Park 17 15
Redcliffe 9 7
Riverton 18 10
Rivervale 12 7




Roleystone 25 15
Rossmoyne 1 1
Salter Point 9 5
Sawyers Valley 2 2
Scarborough 1 1
Shelley 8 4
Sorrento 1 i
South Guildford 20 11
South Perth 5 4
St James I i
Stoneville 275 12
Subiace i ]
Swan View 13 3
The Vines 7 2
Thornlie 7 3
Trigg 2 ]
Upper Swan 1 1
Victoria Park 4 3
Viveash 11 2
Walliston 5 4
Wandi 1 i
Warwick 1 i
Waterford 10 1
Watermans Bay 1 i
Wembley Downs ] i
West Leederville 1 1
Westminster 1 i
Willetton 4 4
Wilson 26 7
Wooroloo 1 1
TOTAL 5921 673

Perth Airport Recorded Complaints vs Complainants, by Suburb for the period 1™ April to

14™ April 2010 (during AECOM aircraft noise monitoring report).
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FURTHER WRITTEN QUESTIONS ON NOTICE

The committee notes answers to written questions on notice from the Perth
hearing. The Committee would appreciate any additional information you could
provide to further clarify the follow matters.

1. What are the main differences between the RNAV and the RNP-AR technologies?
2. Are they in fact, different generations of the same technology?
3. What has been the experience with the introduction of RNAV technology into

Sydney, specifically the Boree Four Standard Terminal Arrival Route? Has there
been concentration of aircraft movements as a consequence of introducing the
new technology into airline fleets and pilot training?

4. Has Airservices Australia’s Noise Enquiry Unit received complaints from
residents affected by aircraft movements using the Boree Four Standard Arrival
Route? Were these level of complaints anticipated?

5. How many complaints have been recetved?

6. What actions is Airservices Australia taking to investigate the impacts of the
Boree Four upon affected residents?

7. Was an environmental assessment undertaken by Airservices Australia to
analyse the impact of the operation of Boree Four STAR?

8. What was the outcome of the environmental assessment undertaken by
Airservices into Boree Four STAR?

9. Has the actual impact of the use of Boree Four STAR been measured against the

predictions contained in the environmental assessment? If not, why not?



10, When was the ‘Communication and Consultation Protocol’ released and what
public consultation process led to its formulation?

01-2 ANSWER:

Performance Based Navigation (PBN) is a term used to describe the broad range of
technologies that use satellite navigation sources and reduce aircraft reliance on conventional,
ground-based radio-navigation infrastructure. An aircraft flying a PBN path uses onboard
equipment and procedures to foliow a defined trajectory.

Area Navigation (RNAV) is a more basic form of PBN in which equipment onboard the
aircraft calculates and follows a direct navigation path between two points, without the
aircraft having to overfly intermediate, ground-based navigation aids. While RNAV paths
are typically limited to straight lines, they represent an improvement over conventional,
ground-based navigation in the sense they facilitate an aircraft flying a direct, straight route
between two points.

Required Navigation Performance (RNP) is a more advanced form of PBN with the aircraft's
onboard navigation system, combined with satellite navigation, as opposed to ground-based
navigation, providing enhanced safety through performance monitoring and alerting.

A key feature of RNP is that it allows aircraft to follow precise, curved paths, eliminating the
need to build routes out of straight-line flight segments. The ability to design curved paths is
particularly important to airspace designers who are trying to design routes in congested
airspace, around noise-sensitive areas, or through geographically challenging terrain.

RNP-Approval Required (RNP-AR) is the highest performing type of PBN procedure. It offers
the most benefit to users by allowing for predetermined, precise, curved flight paths that
optimally navigate within an airspace to reduce track miles, conserve fuel, preserve the
environment, and increase airspace capac:ly These procedures requlre specific aircraft
functionality and pilot crew training in order to be used.

The International Civil Aviation Organisation (ICAO) is the United Nations entity that
determines the standards under which civil aviation is regulated and administered. Australia
is a signatory. Australia has agreed to ICAO Resolution 36-23 for introducing PBN and
Approaches with Vertical Guidance.

The Civil Aviation Safety Authority (CASA) published Australia’s implementation plan in
March 2010, with RNP one element of this plan. The CASA plan says RNP standards are the
more capabie of the two PBN specifications and is recognised worldwide as the navigation
standard that should be adopted in the medium to long term to support improvements in
safety, efficiency and the environment.

Q 3 ANSWER:

The first RNAV used in the Sydney Terminal Area was a departure procedure introduced in
2000 to address recommendation 28 of the Sydney Airport Long Term Operating Plan
(LTOP). This procedure provided a flight path to the south of the airport over water,
reducing noise exposure to areas surrounding Cronulla. The only aircraft initially able to use
this procedure were aircraft equipped with modern (for their time) flight management
systems.



Establishing runway specific STARs at Sydney was proposed in 2001 and considered
approaches to Runways 34L and 34R. Prior to this time, aircraft were ‘radar vectored® to
these runways from points to the north of the city. Radar vectoring requires ongoing
intervention by an air traffic controller to provide the pilot with a series of turns and radar
headings rather than having the aircraft following a prescribed path fo the runway. A system
of runway STARS reduces controller and pilot workload, and an orderly flow of traffic along
agreed and predetermined flight paths is the outcome of good design and enables safety and
efficiency to be optimised.

A trial of connected STARS to Runways 34L and 34R was conducted for some Qantas
aircraft from March 2002 to June 2003; Boree was one of the waypoints used. These STARs
were designed to copy existing airspace agreements with the use of the left circuit to Runway
34L via Boree i.e. facilitating the use of SODPROPS and Mode 9 including the Precision
Runway Monitor.

Alrservices’ environment assessment of the trial noted a reduction in the lateral spread of
tracks as a result of the implementation of runway specific STARs, however the precise
extent of this concentration was unable to be determined. Nonetheless the assessment noted
it would be reasonable to expect the lateral spread of tracks for arrivals from the north
travelling on the western side of the airport to reduce from approximately 6 km wide (where
all aircraft were previously radar vectored) to approximately 0.6 km. However, it was further
noted this concentration of flight tracks over residential areas occurred where aircraft are
flying at or above 6,000 feet above sea level.

The trial also highlighted there was insufficient airspace on the western downwind leg to
ensure a longer intercept onto the Runway 34L final approach {(needed to stabilise the
aircraft) and that redesign was necessary to ensure airspace capacity was not unnecessarily
restricted. Between 2003 and 2005 further work was conducted to re-design (vertically and
laterally} the arrival tracks to the parallel runways. Environmental assessment of data
gathered during the trial was also used to influence future designs.

In 2004, a revised environmental assessment by Airservices on the introduction of linked
STAR procedures for Runway 34 arrivals was presented to the Sydney Airport Community
Forum (SACF) and LTOP Implementation Monitoring Committee (IMC). SACF suppotted
the introduction of the Runway 34 arrival STAR (i.e. Boree) and it was published in August
2005,

In 2007, some changes were made 1o the Boree STAR with further waypoints added and the
STAR terminated at a point late on the downwind legs. Radar vectors were provided from
these points onto final approach. Whilst the location of the Boree STAR flight path has not
changed, aircraft are increasingly able to fly this route with a greater level of precision due to
the advent and fitment of improved navigational equipment within the cockpit.

RNAV technology has achieved safety and efficiency benefits through designing flight paths
that provide aircraft separation ‘by design’ so that the system is less reliant on tactical
separation performed by the air traffic controilers (and pilots) during the daily surveillance
duties. Boree 4 and its earlier iterations were designed to maximise the design separation
between arriving and departing aircraft for the sake of safety and efficiency. Boree 4 was not
influenced by whether or not RNAV capable aircraft are predominant in the fleet mix or
absent.



Q 4-5 ANSWER:

Some complainants have referred to the Boree Four STAR in their complaint but this is not
consistently done so we are not able to reliably determine the number of complaints that
specifically relate to the STAR.

Q 6 ANSWER:

As with all aspects of the implementation of the LTOP, the IMC is monitoring the situation.
Most recently a report was provided to the May 2010 meeting of IMC on the post-Runway
End Safety Area (RESA) use of the STAR.

Q 7-9 ANSWER:

The environmental assessment concluded that the implementation of the STAR was not likely
to be significant in terms of Environment Protection and Biodiversity Conservation Act 1999
(EPBC Act) requirements because there was no expected change to traffic mix, noise levels
or altitude (> or = 6,000ft). In addition, the change had been discussed at the Svdney Airport
Community Forum (SACF) and IMC without issue. Since the original assessment was
undertaken in 2003, minor changes have occurred to this and other related STARs. These
changes have been assessed but as no new areas would be overflown and the original findings
remained valid (no expected change to traffic mix, noise levels or altitude) it was concluded
as being unlikely to have a major impact. Consequently a post mmplementation review was
not required as there was no substantial difference.

Q 10 ANSWER:

Alrservices Australia’s Communication and Consultation Protocol was released in

May 2010. The Protocol was the product of consistent feedback received through airport
forums and public representations seeking clarity and transparency for our community
consultation and communication processes.
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SENATE RURAL AND REGIONAL AFFAIRS AND TRANSPORT
REFERENCES COMMITTEE

Inquiry into the effectiveness of Airservices Australia's
management of aircraft noise

Public Hearing Thursday, 10 June 2010

Questions Taken on Notice - Jerrabomberra Resident's Association

HANSARD, RRAT 28-29

Senator STERLE—I am just trying to test the validity of the assumption that in 20 years there

will be 20 to 25 large freight jets and international flights. Where has that information come
from?

Ms Sachse-That was released in the information that went alongside the Ultimate Practical
Capacity ANEF data when that went out for public comment. That was detailed in that

document, where they proposed the types of planes and the times of night that those flights will
take place. '

Senator STERLE—That is in the master plan; is that what you are telling me? The whole lot?

Ms Sachse--It is not in the master plan; it is in the documentation that accompanied the data
that went into the Ultimate Practical Capacity ANEF,

Senator STERLE-—Do you have that information?

Ms Sachse-—I am sorry; [ have to take that notice. I will supply that information to you.



Jerrabomberra Residents
Association Inc.

PO Bow 132
Jerahombsta MEVW 2819

President Kim Howatson WWW.ira.eshn.ay Secretary Lyn Edwards
Telephong 02 5289 8631 Telephone 02 8008 8100
Emall kgoiserdbopiusnal.com.ay emiall edwards 2619 hoimal com

Committee Secretary

Senate Standing References
Committee on Rural & Regional
Affairs & Transport

PQ Box 6100, Parliament House,
CANBERRA ACT 2600

Att: Jeanetie Radcliffe

Email: rrat sen@aph.gov.ay

Effectiveness of Airservices Australia’s management of aircraft noise
Question cn Notice

Dear Ms Radcliffe

Thank you once again for the opporiunity to appear before the committee on 16™ June 2010. The
Jerrabomberra Residents' Association (JRA) took one question on notice and that was to provide a
capy of the report REHBEIN AOS report Canberra International Airport Practical Ultimate Capacity
ANEF for the Capital Airport Group. This report contains the data that underpins the current ANEF
for Canberra Airport. A copy of this report is attached,

Evidence given by Airservices and the Department at the Mearing on 10" June confirms the JRA's
concern that the assumptions behind ANEF contours are not checked for feasibility or achievabitity
by any Commonwealth government agency prior to endorsement and inciusion in an airport master
plan.

At the Hearing, Mr Doherty said “when the initial master plan was lodged it did include proposals,
quite oper-ended at that stage, in relation to an overnight freight hub. The minister rejected the
initial plan, and one of the factors there was the lack of detailed information about noise. The
revised pian that came back included a much more spacific proposal about the extent of operations
envisaged in the foreseeable future in relation to overnight freight, and it was a handfui of
movements rather than many more. On that basis the minister was able to make a decisicn on the
master plan, including initiating some work through Airservices for a review of noise abatement
procedures to try to control noise.”

Senator Nash asked Mr Doherty about the mismatch between the handful of movements in the
master plan and the 23,846 movements that forms the basis of the endorsed ANEF.



Mr Doherty said, “As | understand it from what you are saying, it is part of the ANEF process,
which goes to articulating the ultimate potential for noise at the airport, if you like—so it is logking
forward beyond 30 years {o 50 years.”

Mr Stone said, "t think the handfuf of movements that Mr Doherty was referring to are what
Canberra Airport detailed in its master plan as the short-term phase-in of this, which | think was
about five movements, doubling to something like 10 or 12 over the next five to six years. But the
difference in the ANEF is that it has aspirations of what that operation might look fike in 20 years.”

These statements by Mr Doherty and Mr Stone indicate that the Master Plan has been amended 1o
indicate low rates of growth of freight operations in conflict with the ANEF which has been

maripulated to inflate the contours by adopting an unachievable high rate of growth of freight
operations,

The JRA is concerned that the ANEF for Canberra Airport has been manipulated to artificially
prevent the building of the Jerrabomberra Secondary Schooi on the site preferred by the JRA.

In view of this new evidence from the Department, the JRA would like to make a new
recommendation to this Committee:

The ANEF for Canberra Airport should be independently reviewed for feasibility, achisvability and
compliance with the legal requirements for the airport master plan.

Yours sincerely

Kim Howatson
President
16 June 2010



SENATE RURAL AND REGIONAL AFFAIRS AND TRANSPORT
REFERENCES COMMITTEE

Inguiry into the effectiveness of Airservices Australia's
management of aircraft noise

Public Hearing Thursday, 10 June 2010

Questions Taken on Notice - Department of Infrastructure

HANSARD, RRAT 55

CHAIR—Thank you. Can [ just ask you to take on notice, in the interests of time: | am interested
in the powers of local government when it comes to noise and how those powers are utilised or
can be administered. If you could take that on notice; [ think that is fairly straightforward. We
are due to report very soon, so if you could have that back to us perhaps by earlier next week,
that would be very useful. Thank you very much, gentlemen. We do appreciate your giving us
your time today.

ANSWER -

State and territory governments give effect to their responsibilities for planning and
environmental management through various legislative instruments including:

e Environmental Planning and Assessment Act 1979 (New South Wales)

¢ Planning and Environment Act 1987 (Victoria);

e Environmental Protection Act 1994 (Queensland);

¢ Environment Protection Act 1993 (South Australia);

¢ Environmental Protection Act 1986 {Western Australia);

¢ Environmental Management and Pollution Control Act 1994 (Tasmania);
e Environment Protection Act 1997 (Australian Capital Territory); and

o Environmental Assessment Act 1982 (Northern Territory).

and through supporting regulations and policy guidelines.

Responsibility for individual planning decisions is normally delegated to local government
authorities under these state and territory-based provisions.

Local councils are frequently also owners and/or operators of local airports and in these cases
are well-placed to balance the transport needs of their communities with the environmental
impact of airport operations.

Any proposals by local councils to manage the impact of aircraft noise by seeking to impose
specific conditions on aircraft operators would need to be consistent with the relevant



regulatory responsibilities of the Commonwealth overseen by the Civil Aviation Safety
Aunthority and Airservices Australia.

State and territory law does not apply at the 21 airports subject to the Commonwealth Airports
Act 1996.



SENATE RURAL AND REGIONAL AFFAIRS AND TRANSPORT
REFERENCES COMMITTEE

Inquiry into the effectiveness of Airservices Australia's
management of aircraft noise

Public Hearing Thursday, 10 June 2010

Questions Taken on Notice - Village Building Company

HANSARD, RRAT 70

Mr Winnel—No, but we can provide the committee with similar developments in every other
city in Australia where they do not have curfews and where there is not significant impact.

Senator O'BRIEN—You might, but | am taking issue with Double Bay. Indeed, I think
Airservices would take issue and say that Double Bay is not appropriate because they do not get
night flights.

Mr Winnel—What we might do is come back to the committee with evidence of other similar
areas.



The Village Building Co. Limited
Areyle Cornen, 97 Foskime Soeer, Mighel, ACT 2911 PO B I8 M ichell, ACT 911
Plyesne {02) 624 6844 Fax (02) 6241 6677 Web wawvithngebnilding.com.au

15 June 2010

Jeanette Raddliffe ' ,,Q
Commitiee Secretary

Senate Standing Commitiee on Rural Reglonal Affairs and Transport.
Jeanstte. Radcliffed@aph.qov.au

Tre
Village
Brilcling Co

Senate Inguiry into the Effectiveness of Alrservices Australia’s Management of Aircraft Noise,
Response fo Question on Motice

Dear Mg Radcliffe,

At the Hearing held on 10" June, Senator O'Brien asked The Village Building Co for examples of areas
around non-curfewed airports with gimilar nolse to Tralee.

Acoustics consultant, Wilkinson Murray has identified the following residential argas as having similar
noise leveis from individual over-flights fo Trales during the day and night, but at two to four times the
frequency of Tralee:

+  Virginia and Geebung, which are near to and less noisy than Chermside in Brisbane.

e Piumpton, further out from Melbourne Airport than Sydenbam and Hillside.

Reasidential development in any area with noise similar to Tralee has never resulted in a curfew or noise
sharing. Dr Rob Bullen of Wilkinson Murray advises that the chance that noise sharing will result from the
residential development of Tralee is virtually nil,

Resideniial developments complying with the ANEF systern but with far more nolse than Tralee have
recently been approved in many areas around all major airports including curfew-free slrports. Some of
these were identified In a repor! by Wikinson Murray attached to our written submission, The Department
and Alrsarvices have publicly opposed Tratee, but have not cpposed any other development that
complies with the ANEF system. Airservices should uniformly adopt the ANEF system as per ifs
otherwise universal practice for over 30 years, For just one developmant in the whole of Australia it is
ignering the ANEF system in favour of iil-defined objections from The Capital Alrport Group with no
precedent under simiiar circumstances.

Late Proposal by the Canifal Alrport Group to abandon AS 2021

At the request of The Capital Airport Group the order appearance at the Hearing in Canberra was altered
to put The Capitat Airport Group last. They then presented evidence entirely different {o their written
submission and we did not have an opportunity to respend at the hearing.

The Capital Airport Group made unsubstantiated claims to undermineg the perceived effectiveness of AS
2021 and the ANEF system as a land use planning toel. The airport’'s last minute, unsupported verbal
assertions, require a proper examination. Any forensic examination of these airport assertions about
noise levels at Tralee {(which conforms to AS 2021) will demonstirate them o be completely false,

AS 2021 is endorsed at & Federal, State and Local level in legisiation, regulations, cross-border
agreements and planning policies and has successiully protected both airports and residents of new
developments alike for over 30 years,

We now wish to comment on just g few specific assertions made in evidence by The Capital Airport
Group. We would however, like to address ali of their last minute unanswered claims in detall if these
claims are to be seriously considered and we would invite the Commitiee for a site inspection of Tralee
during the peak travel period.

We also request the opportunity to comment or any additional doecuments that the airport might provide to
this Inguiry.



Misleading claims about noise levels at Tralee

On page 78 of the Proof Hansard, in response to a question from the Chair about the noise over Tralee
from departures, Mr. Byron said, “Between 68 and 73 or 74 decibals for a 737" This is unfrue.

We do not believe that Mr. Byron has undertaken any measurements to support this assertion. The
extract in attachment 1 from a report by Wilkinson Murray, indicates that the measurement of noise from
a 737 at the closest proposed house in Tralee to the departure flight path is between 56 to 70 dB. {Each
three dB increase in noise represents a doubiing of the power or intensity of the noise,)

Mr Byron also said “the ianding aireraft that are on that curved fiight path are a couple of decibels higher
than that’. This is untrue. Wilkinson Murray measured the noise over South Tralee from ariving airoraft
atless than 60 dB. This is a fraction of the noise level wrongly claimed by Mr. Byron.

Misleading claims about alternative development areas and flight paths,

On page 79 of the Proof Hansard, Mr Byron said, *,..there are aiso alternate locations for the
development of housing around Queanbeyan, including the development of Googong, which will suppiy in
the order of 28 years worth of development for Queanbeyan...” This is untrue,

fn 2008, the Capital Airport Group lodged a report to the NSW Minister for Planning suggested a number
of alternative residential development areas to Tralee. Attachment 2 is a copy of a plan {abled by Mr
Byron at this Inguiry marked by hand with three of the locations proposed by The Capital Alrpart Group
for residential development. These have similar or more aircraft noise than South Tralee and more
over-flights. ‘

The Capital Airport Group’s opposition to Tralee is inconsistent with its support for these nearby areas. It
should be noted that The Capital Airport Group is the fargest property developer in the region and a
competitor of VBC,

In 2008, Queanbeyan Councif and the NSW government advised The Capital Airport that the alternative
deveiopment areas it had proposed were rejected for numerous reasons including the high cost to
provide infrastructure. Suitable land is in scarce supply and the Queanbeyan Residential and Econoemic
Strategy 2031 reguires the development of both Googong and Tralee and surrounding lands to meet its
needs to the year 2031.

Misleading claims about the Commonwealth's policy on the ANEF system

On pags 83 of the Proof Hansard, Mr. Byron said, “tn simpie terms, we agree with the Commonwealth
government that the ANEF is not the right tool to sort out the land use planning around airports’. This is
not a correct statement of Commonwealth policy and was contradicted in the following statements made
by Mr Stone of the Department on page 51 of the Proof Transcript.

Mr. Stone— "Another process flowing from the government's white paper is for the Commonwealth ‘o
lead a group of state and Commonwealth pianning and transport agencies to improve the state and locat
government planning processes around airports. While in its white paper the government said that it
suppaorts using ANEFs as the primary mechanism for land transport pianning at the moment, part of that
is because not all jurisdictions currently do that. We think the ANEF is a tested measure that is worth
keeping. But there is nothing to stop states in their oversight of land use planning to have other
mechanisms for noise description if they choose. We are working with them to assess how some of that
might work in a planning context. 8o the ANEF and the master planning process do not pui & legal
requirerment on states to use that as the only source of information for its planning regime.”

(Description or information about aircraft noise is different in concept to the reguiatory
regquirements of AS 2021 and the ANEF system.)

Senator BACK—"But a local government is pretty well obliged, is it not, to use the ANEF for its actual
planning programs?”



Mr. Stone—"l{ is certainly the best measure and a tested measure that has been around since the
1980s that has proved fairly successful in heiping local governments to plan around the vicinity of
airporis, Nobody has ever said that it is perfect, and that is why we have started this work going
forward. However, it is not the view of the department that having more conservative ANEFg
would in any way assist to improve that process.”

Misieading claims about the Inquiry into Queanbeyan Land Release

On page 77 of the Proof Hansard, Mr Byron gave evidence in relation to the so-called “independent”
committee of Inquiry into Queanbeyan Land Retease. This Inquiry was flawed from the outset by a
profound confiict of interast of Mr Ken Matthews, one of the committee members. Mr Matthews was a
former Secretary of the Commonwealth Department of Transport and Regional Services and he
supported The Capital Airport Group’s opposition to Traiee. Mr Matthews had an obligation to declare his
confiict and remove himself from any “independent” Inquiry. He failed to do this and this profoundly and
irreversibly tainted the credibility of the so called "independent” Inquiry. The NSW Department of Planning
found many flaws in the final report of the Queanbeyan Inquiry and subseguently endorsed residential
deveicpment at South Tralee in the Gueanbeyan Residential and Economic Sirategy,

Conclusion

The Federal Department of Infrastructure and Transport and Airservices in submissions to this inguiry,
identify the ANEF system as the best and the only available proven tool to govern land use planning
around airports.

Attempts by The Capital Airport Group to create one exception in one lecation to the ANEF system, after
30 years of successful operation of that system would seem to be very clearly outside of the terms of
reference of this comiritiee,

Evidence to this Inquiry has however, identified that the process for reviewing ANEFs is totally
inadequate. A new process is needed, totally independent from Airporis, Airservices and the Department,
Unlike an airport master plan, the ANEF is not a business plan which properly remains a product of the
airport. It needs to be based on an objective forecast of futura traffic that provides confidence and
certainiy for land use planning.

Recommendations

In the fight of evidence to the Inquiry, we would like to reshape our recommendations fo thig inquiry;

(1) The regulation governing the approval of ANEFs should be amended to include an independeant body
to produce ANEFs based on feasible, achievable and reasonabie assumptions;

(2] The process for endorsing ANEFs should be incorperated into the process for approving master plans,
so that the two are consistent;

{3) The process for the review of master plans, including ANEFs should be open and transparent;

(4) The proposed Aircraft Neise Ombudsman shouid have the power to review the processes of the
Department and Airservices in relation to airport master plans and ANEFs as well as noise complaints,
and should report directly to parliament; and

(5) Government policy framewarks on air¢raft noise and land use planning should be uniformly applied
and an individual development should not be singled out for inconsistent treatment at the behest of a
Council, a developer or an airport. The ANEF system should continus to be defended and not opened to
subversion by a particular interest in a particular instance.

Yours sincerety,

-

Ken Ineson

General Manager, Spacial Projects and Feasibitities,
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SENATE RURAL AND REGIONAIL AFFAIRS AND TRANSPORT
REFERENCES COMMITTEE

Inquiry into the effectiveness of Airservices Australia's
management of aircraft noise

Public Hearing Thursday, 10 June 2010

Questions Taken on Notice - Canberra Airport

HANSARD, RRAT 81

CHAIR—We have been provided with a table from Rehbein AOS on potential aircraft
movements. There has been a lot of discussion through the course of the inguiry around the
assumptions that go into the forecasting from airports—and | am not particularly talking about
Canberra; we had this in Sydney and across the board. Will it look at the aircraft movements
that have been shown in the tabie as potentially being the ones in place? Are you able to provide
the committee with the assumptions that you used to arrive at these figures?

Mr Byron—We would be pleased to do that. We will take them from the extracts that we gave
to the Federal Court.

HANSARD, RRAT 86

CHAIR—TFinally, before 1 pass over to Senator O'Brien, I refer to the table of aircraft movements
with freight operations. I think five different aircraft listed there. They are all designated freight
aircraft, is that correct?

Mr McCann—Not ail.
CHAIR—So they are not?

Mr McCann—We can come back to you with the numbers where you asked us for the
assumptions. We will answer that at the time,

CHAIR—Okay, that is great. | would like to know what percentage of those is underbelly freight
and passenger aircraft and what percentage is designated freight aircraft.

Mr Byron-——That information is available as part of the assumptions on the ANEF.



CANBERRA
Ous et LEGIGOVR AIRPORT

18 June 2010

The Senate Rural and Regional Affairs and
Transport References Committee

Via email: RRAT . Sen(@aph.gov.au

Dear Committee Members

As discussed in our appearance at the hearings in Canberra on 10 June 2010, we attach for the
Committee’s consideration some further material in relation to aircraft noise and the development of
the Canberra Airport Ultimate Practical Capacity ANEF:

» The Rehbein AOS “Canberra International Airport Practical Ultimate Capacity ANEF” — this
document contains both a report on the ANEF a3 well as the capacity analysis produced to support
the ANEF. This document refers to, and contains, the relevant basis upon which the ANEF was
developed.

» The report referred to above contains information concerning the freight aircraft, their number and
frequency as requested by the Committee.

« A document from Airservices Australia showing the types of questions and issues that they
considered when reviewing the Canberra Airport Practical Ultimate Capacity (PUC) ANEF.

» Letters from the Housing Industry Association and the Master Builders Association - both of these
confirm that the Tralee development should not occur given its position under flight paths.

« A number of articles concemning the effect that aircraft noise has on the cognifive functions of young
children.,

+ A copy of our consultation report that we produced and provided to Airservices Australia in relation
to the development of the PUC ANEF for Canberra Airport.

If the Commiittee requires any further material, or wishes to discuss the matter any further, we would of
course be happy to assist in any way.

Yours sincerely

Asndrew Leece
General Counsel

2 Brindabelia Circult
Srindabella Business Park ACT 2609

T02 6275 2222 F 0z 6275 2244 Cartetta Altport Piy tkied ABN 14 080 361 516
www.canberraair port.com.au Capifal Alrpart Groun Pty timited ABN 52 D80 711194



79 Constitution Avenue
Canberra ACT 2812
Tal: (02) 6249 6366
Fax: (02} 6257 7635

Mr Noel McCann

Diractor, Capital Airport Group

2 Brindabella Crt

Brindabella Business Park
CANBERRA AIRPORT ACT 2609

Dear Noel,

") RE Mitigating Aircraft Noise

The HIA has reviewed your document, which sets out the proposal to
minimise the impact of aircraft noise on residential areas of Canberra and
Queanbeyan.

The HIA sees the Canberra International Airport playing an increasingly
important role in the growth and development of Canberra and the South East
Region. Your proposed modification to the southern flight path will ensure
that the Airport can develop its role while maintaining the amenity of the
existing residential areas near the flight path.

The vacant land holdings to the west of Jerrabomberra will obviously not be
suitable for residential development, but commercial and industrial uses could
be considered for this area. The HIA aiso understands that other long-term
potential residential development areas exist outside Queanbeyan and
Canberra. These areas to the north and north-west of Canberra, and south of
Queanbeyan are large and can take-up the future growth demands for the
Region.

Thank you for the opportunity to comment on your proposal.

Yours sincerely

/‘ J L

Ji::hn Futer
Executive Director
ACT/Southern NSW
16 July 2001

Housing Industry Assoclation Limited acy o o04 sat 782
Northem Australia » Queensiand = New South Waies « ACT/Southern New South Wales ¢ Victoria » Tasmania « South Austraua « Wastern Australia/Asly
«Head Office Canbarra «



0_9/08 ‘01 10:16 FAX +6) 2 62498374 MBA ACISE ooz
v anis e 3 N oL
. - +61 2 62458374 ) ’

Master Bullders
Association of the ACT

gllen
ing E¥C ce

30 July 2001

Mr Noel MeCann

Capital Airport Group Pty Ltd
Brindabelia Complex
Canberra international Aliport
PIALLIGO ACT 2609

By facsimile: 6275 2244
Dear Noel

Quarantine of Excessive Aircraft Noise —
} Canberra / Queanbeyan Residential Areas

The Assoclation recognis:2s and supports the status held by Canberra International Alrport
as a major transport hub for the ACT and region. It is an integral part of the viability and
on-going development of the area.

The Assoclation supports the Capital Airport Group's approach to the ACT Government
and Queanbeyan City Council to define designated flight paths for the Airport.

As Canberra Is a planned city and the Airport has been located at Pialligo since 1927, all
Canberrans are fully aware of its existence and the fact that the flight paths run
notth / south,

We believe that it Is not goed planning practice to allow the development of rasidential
estates under the flight paths. Itis important that the ACT and surrounding region does
not make the same mista <e that we have seen occur in Sydney and other parts of
Australia, in allowing such developments.

However, there is no reason why some of the land in close proximity could not be used for
other purposes such as light industrial. We also recognise that there is an opportunity for
the Airport to allow for international traffic, given the expansion that is currently being
undertaken to the runway.

Yours sincerely 24% Northbaurne Ave

Lyneham ACT 2602

T GPO Box 3022
Canberra ACT 2601
7 ‘ . Tel: (02) 6247 2008
& e Fax: (02) 6249 8374
M

Emall: canbera@mba.org.au
Wab Site: www.mba.org.au

'Davld Dawes

Executive Director
ABN 82853376568
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Aircraft and road traffic noise and children’s cognition and
health: a cross-national study

5 A Stansfeld, 8 Berghmid. € Clark, | Loper-Bariio, P Fischer, © Ghestrom, M M Hames, § Head, § Hygge, Tvan Kamp, B F ferry, an behalf of the
RANCH study teunt’

Summary

Background Exposure to environmental stressors can impair children’s health and their cognitive development.
The effects of alt pollution, lead, and chemicals have been studied, but there has bear less emphasis on the effects
of noise, Qur aim, therefore, was to assess the effect of exposure to aircratt and road traffic noise on cognitive
performance and health in children.

fethods We did a cross-national, cross-sectional study in which we assessed 2844 of 3207 children aged
310 years who were attending §9 schools of 77 approached in the Netherlands, 27 in Spain, ard 30 in the UK
located in local authorily areas around three major airports. We selected children by exter of exposure to external
aircrafl and road fraffic nofse at school as predicted from noise contour maps, modelling, and on-site
measurements, and maiched schools within countries for socioeconomic status. We measured cognitive and
heaith outcomes with standardised tests and questionnaires administered in the classroom. We also used a
questionnaire 1o obtain information from parents about sociveconomic status, their education, and ethaic origln,

Findings We identified linear exposure-effect associations between exposure to chronic aireral neise and
imipairment of reading comprehension (p=0.0097} and recognition memory (p=0-0141), and a non-linear
association with annoyance (p<6-0001} maintained after adjustment for mother's education, socioeconomic
status, longstanding illress, and extent of dassroom inselation against noise. Exposure io road traffic noise was
linearly associated with increases in episodic memory (conceptual recall: p=0.0066; information recall:
p=0-0489), but also with annoyance {p=0.-0047}. Neither aircrafl noise nor traffic noise zffected sustained
attention, self-reported heslth, or overall mental health,

Interpretation Our findings indicate that a chronic environmental stressor-—aireraft noise——could imypair cognitive
development in children, specifically reading comprehension. Schoals exposed 1o high levels of aircrall noise are

not healthy educational environments,

trtroduction

Environmental stressors can have a great effect on the

An understanding of the way the snvironment 3 fecks
children’s health and  development s central to
sustainabie living and to the prevention of illness. The
ellects of air pollution and lead are well known, but less
attertion las Deen paid o environmental noige
Noige, an ublquitous envirommental pollutan:, ig a
public-heslth issue because it leads to annovance,
reduces environmental quality, and moght affect health
and  cognition.' Children could he particularly
vidnerable to the effects of noise hecause of i
patential to interfore with learning st a critical
developmental stage, wnd because they have less
capacity thay adults do to anticipate, understand, and
cope with stressors.*

\ttenltion, memory, and reading are all invelved in
cognitive  development ot primary  school  age
(=11 yearg}, Children aitend 10 nformetion (hat is
then encoded in metmory through processes of
rehesrsal, organisation, and elaboration.’ Strategies for
retrieval of imformation from memory  develop
gradually. Reading depends on perception and memory
and, aban early stage, awareness of gpeech sounds,
which  could Dbe  distorted by ambient noise)

degree o which information is processed, vetained,

snd vecalls

We get up the RANCH project (rosd traffic and
alreraft noise exposure and ciildren’s cognitien and
health: ewposure-elfect relationships and combined
effects) to investigate the relaiion between expasure to
alrcraft and road traffic noise and cognitive and health
outtomes. We postulated that exposure to these lypes
of noise would he sssociated with impaired cognitive
{unction and health, including annoyance in children.

Methods

Participants

Between April and October, 2002, we enrolled children
aged 9-10 years from primary schools near Schiphol,
Harajas, and Hexthrow-—alrporls in the Netherlands,
Spain, and the UK—1o a cross-gectional study. We
gelecied schools on the basis of increasing levels of
exposure io aircraft and road traffic noise with the same
systematic method in every country s0 as o exainine
exposure-effect relationy, We classified schools n a
Tour-by-dfour grid of nojse exposure in evary country, We
vandomly selected two schools witkin every coll so as to

wwwithelantet. com Vol 365 june 4, 2005
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examine the effects of nore:
low road talfic
within  low  ai
combinations of a

sing aircraft noise within
nolse, increasing road fraffic nolse
Taft  noise, and  the effects  of
craly noise and road 1rafiic noise,
matched chosen schools by the socigeconomi
the pupils, which we measured by chgibility for free
sehool meals, and by main language spoken ot home,
¢ thase schools ewposed to the highest
amounts of aircraft noise first ln the Netherlands, we
usad a neighbourhood-level indicator of property value
and the proportion of non-Europesns tving in the area
and aitending the school 10 mateh schoeols.

We excluded from our study non-state schicols in the
UK and Spain, but included thern in the Netherlands
where degrees of achieverrent do not differ uppreciably
berween schoul type, We also excluded sahcmls at which
notse surveys mdicaied either the presemcze of a
dominant nowse other than aireraft or road traffic neise,
or at which insulation against noise was above a certain
threshold (double or triple-glazed dassroom windows)
as ldentified with a pjcd“fned protocal with categortes
of Hiely internalto-external noise level dilferences {or
every classroorm, slthough some highly insulated
schools were inchuded m the Netherlands. In every
noige exposure cell, i every country, we selegied two
schoels accerding to a protocol. In the UK and ‘ipa;n,
we selected two classe

s of clildren of mixed sex from
each school, end in the Netherlands one class {maost

P

Duuich schools only had one dass in this sge group). 17

there were raore than twe classes in the vear, then we
randomly selected two or one, dependent on the
country, We did not exclude any children from the
selected ciasses.

We obmnined written consent from the children: and
their parents, I the UK, ethical approval for the study
wag provided by the London and the City Local
Hesearch Ethics Commiltes, Hast Berighive Local
Research Ethics Committes, Hillingdon Local Regearch
Rihics Committes, and J.}.oun::luw District Research
Ethics Cormmittes. In the Netheriands, ethical approval
was given by the Medical Ethics Commnittee of The
Netherlands  Organisation  for  Applied  Scientific
Research, Leiden. In Spain, ethical approval was
by tire Conseio Superior De Investigaciones Clenti

1GSIC) Bloethical Comumission, Madrid,

el

fic

qg

Procedures

To aysess exposurs to noise, we usnd external noise
measurements ([B[A]} as the independent variable
(dBIA] i5 the unit of A-weighted sound presyure level,
where A-weighted means that the sound pressure Tevels
i various [reguency across the audible range
have been weighled in accordance with differences in
hearing sensivivity at differest frequencies). In the UK,
we based aircraft noise assessments external to the
schools on the 16-h outdoor LAeq contours provided Ty
the Civil Aviation Authority. These contowurs give the

war thelancetcom Vol 365 June 4, 2005

average continuous equivalesit sound level of aire
feise within an area from 0700 b o 2300 h within 2
ed peviod. We initially defined road traffic noise
by use of a simplified form of the UK standard
caloudation of rwad treffic noise (CRIN} predicticn
method, using & combination of information including
proximity to motorways, mujor voads, miner roads, and
traffic flow data” We confirmed external traffic noise
levels by visits and neise measurements. In the
Netherlands, noise assessments were provided by
modelled data on read and aireraft nolse exposire
linked fo  school locations  with  geographics)

Span

imformation systems. In Spain, we vigited ail 96
preselected “ChDOl‘i arid  made direct  external
meagurements of voad traffic notse. Atrorall noise

assessment In Spain was based on predicied contours.
In all three countries, we also took acute nicasurements
of noise exposure in the classroorn and outdoors at the
time of testing of cognifive fanction, fo idendfy any
unexpected sources of noise apart frowm rireraft or yoad
rraffic noise thut might interfere in the test situation
and 10 assoss exposure to acule riverall and road traffic
noise, The messures of acuie noise exposure, using
microphones, provided leval dilferences. For airerall
noise events this measurement could be taken, in some
schools, uging the highest intengity points in the noise
evenis, where interior afreraft noise levels wers
detectable against amblent interior noise levels.

With respect fo cognitive oulsomes, we measured
reacing cornprehensicn with nationally standardised
snd normed  tests—Suffolk reading scade™ CITO
(Centraal Instinnge Toets Omiwikkeling) readubility
mdax Jor clemenlary and special education,” and the
Lvaluacién de la Compresion Lectora, nivel 237
o episadic memory (recognition and recall)
by a task adapted from the child memory zeale,” This
tagl assessed fime delayed cued recall and delayed
recognition of two siories preserited on compact dise.
Sustalned attention was measured by adapting the
Toulonse Pieron test for cassreom use We used o
medified version of the search and memory task'™* to
measure working memory, and sssessed prospective
mertory by asking children to write thelr initials in the
miargin when they reached two predefined peints in two
of the tests,

To asgsess health outcomes, we pave children a
gquestionnaire that inchuded guestions on perceived
heslth, and perceptions of noise and annoyance based
o standard  adult quesdoms.? Wo o oalso sent a
questionnaire home for the parents to complete, which
included questions on the perceived heelth of their
child, and which we used to asceviain their children’s
mental health as measured by the parental version of
the strengths and difficulties questicanaire™—a well
watidated measure of child psychological distress,
sociodemographic  context variables,
aifitudes, and nojse annoyance

envirormenial

1543
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Ve ussessed socivdemographic faclors ag potential
confounding factors and included sociocconemic
position  {employment siatus, housing  tepure,
crowding--an obiective measure of the number af
people per voorn at home [15 peopls per room in
Spain and the UX, 1 person per rpom in the
Netherlandsi), maternal education, ethnic origin, and
main  language spoken  at  home, developing
comparable measures across couzties.

We did pilet studies to assess the leasibility of the
cognitive tests in the Netherlands, Spain, and the UK,
and,  separately, the velability, validity, and
psychometric propertics of the tests used apainst
comparison tests, We translated fests and instructions
from Bnglish inlo Dutch and Spanish, and back
lranslated o ensure acow conceptual translation.
Aller piloting, we made wminor alterations to the
cognitive tests and  environment guestionnaires,
malnly to improve the language and to make
thern more user friendly. The regults of the cognitive
tests were normally distributed with noe floor or
ceiling effects.

We did proup testing in 2-h sles under close
supervision 10 a slandardised protocol {available from
authors) that governed the administration of the fests
across countries. In all countries, we did the tesls in
classrooms in the morning in the second quarter of the
year. We ensured strict adherence to the protocol via
cross-counlyy quality centrol visits, We adminisiered
tests in 2 fixed order. We measured the internal and
exiernal nolse levels ai {he schools under the
supervision of local nofse measurertent specialisis,
working to a standardised neise protocol {available
from authors).

Statistical analysis

We dealt with the potential confounding effecs of
soclodemographic factors through-the-study design
{eg. by exelusion or maiching) and by staiistical
adjustment of findinps, We did analyses of the pooled
data from the UK, the Netherlands, and Spain with
multifevel modeliing, induding exposure o airerafl
noise and road traffic noise as continuous variables.
The advantage of rmuliilevel modelling is ity ability 1o

Pooled sample i Netherands Spain
Frunll level data
Responss rite
Chitel 2844 (BYy%) 1174 (875} Th2 07} 508 {8}
Paruri, 2975 (B0} 560 (5 2%} B5E (B 8 1774}
Wuediars aqe (range} oy 0y 3m 1y hm Wyiim

St

Biiys

Girly

Errployed

b
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Erowding

Ka

s
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Mo

Yy

Keean rothes™s education (507
Long standing tness

Mo

Yog

EAzin Language spoken at schosi
Ne
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Rean parental support stake (SO

Schoel fovel data
Nyumbar of schaols
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Readteng comprehension (n=2010} ftecogrition (n=1548)

Modely Khedel X wodels tedd 3

B (5E) b B {5E) v £ {58 ¥ HiSE) P
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Table 2: Multlevel muodals for sircraft poise and reading cotriprehension and recognition

bake inio account effects at the level of the school and  Results
the pupil simultzncousiy, We initially adjusted all 2844 childven fion: 89 schouls participated {table 1} In
pooled anaivses for agh, sox, COuUntry, and noise the UK, Spain, and the Netherlands, ene of 30, none of 27,
(medel 14 and subseguendy for socioeconomic stams and 33 of 77 schooly, respectively, declined o participate.
and mothers educsiton, The final mode) also adiusted  From the pool of primary schools identified near airports
for chiidre longstanding illness, main language  in the UK and Spain, we excluded 26 and 19 non-state
spoken at home, parental support for schookwork, and  schools,  vespectively. Child  response  rates were
the type of glazing in the windows of the child's universally high (wble 1} Home ownership, parental
classroarm imodel 2). Separately we tested whether the  enployment status, and the proportion aof children whose
results of the firal model changed after adjustment for  main language was not the native language differsd
acutz rioise exposure during testing, We also  across countries and have beer adjusted for in anslyses.
examined,  inieractions  between  neige  Jevel, The range of exposure to uoise around the schools
sociodemographic Faclors, and the outcomes, We varied scross couniries, reflecting the distribution of
tested for significance by cormparing the goodness of it pofse; nevertheless, there was considerable overap
of diffevent maodels with & ¥* test of deviance. {table 1). In analysis we have pooled the dam from the
We Investigated the possibility of o curvilinear three shrport noise field studies and analysed the
exposureseifect rclation between noise {either aircrall  exposure-effect relationahips across the lotal sample,
or road traffic} and every copgnitive and health oulcorme
with {ractional polynomial modeis,” We chose the best

ke

fiting model from a s2t of two degree Gactional !

pobynermials (of the form Batreraft neise’ -+ G, aircrafl

nofse? where p, and p, belong fo the set-~2, -1, -0-5, 0, L E.

6.3 1, 2, 3}, then compaved the goadness of i g | T

{deviance) of this model with that of & stralght line " - i

modsl to test for departure frem a2 straight lne  § |

velation, # = T
RS I

Role of the funding saurce

The sponsors of the study had no role in stady design,

iata collectic sty analvais data i o - 1 ; ¥ ] ¥ e
data. c.o!h‘“r.l;‘ora, data a:ﬂ‘.ll}‘ﬁh, data 1.I’lf-.ﬁrp?"etz..ﬁ.0ﬂ, o R A
writing of the report. The corresponding author had Angesfungise 4RLA]

full access to all the dats ire the study and had Final
responsibility  for  the  decision w submit  for

-tnd

Figure 1: Adjusted mean reading Z scare (95% (1) Tor § df hands of aircraft
pali! blication, nuise (adjusted for age, sex, and cauntry)
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Keise srmayarcs =1969)

Madel 1 A7 (G004} DUEG e boa3

Madel 3 Q7 (Uan4) 002G Gods 000N

*Binenlsd reltifeve madebizg dote; # Lheelore mellozles soccess of fafure on Lask,
1 hddjlted lor cotsitey, age, sex, seioeroromic stzlis, molbess whaation, leagthof
enmafvent & school, dassronns glazing, edini oligin.

Table 3: Cogritive and health outcomes and afyeraft noise exposure

using continuous data fov aireraflt notze and road traffic
noise pradicion,

With respect to cognitive effects, in analyses of the
pocied datz from the UK, the Netherlands, and Spain,
exposure to chronic atreraft neise was associated with 2

was maintained after full adiustrent (table 2. The effect
sizes alb dilferent exposure levels for sircrall noise for
reading across counivies were consistent {test for
heterogeneity p~3-9 and in the sume direction of
association), A 5 dB difference in atreraft nolse was
rquivalent o2 Zamonth reading delay in the UK and o
-mionth reading delay in the Netherlands. There are no
nationial data avaifabie for 8pain. In the Metherlands and
Spain, a 20 dB increase in afrcraft noise was
with a decrement of one-eighth of an S0 on the reading
test; in the UK the decrement was one-fifth of an SI
The size of the offect did not differ by socoeronomiz
status. Figurn 1 shows reading comprehension by 5 dB
bands of aircraft noise adjusted for age, sex, and country.
There was no significant depariure irom linearity
(p=0-99 for comparison of Sh.d.lg] tine Ot with the best
fitting fractional polynomial curve),

We  measuwred  episudic  memory o woms of
recognition and cued recall. Cued recall included
assessment of information recall and conceptual recall
Expasura o zircraft noise was lnearly associated with a
gignificant  impairment  in recognition,  bui  not
information recall or conceptuzl recall {table 2 and
table 3). Tov recognition memory. the helerogenetly tost
was not significant (p 0 1()'1}, indicating that the effects
did nor sigeifieantly  differ i magnitide  across
countrigs. Alreraft nolse wag alse not a ted with
tnpairment in working memory, prospective memory,
o1 sugtained attention. Road traffic noise was associated
with 2 saé,rni"u W oIncrease in scores for the episodic
memory scales of nformation recafl and concepual
recall that were maintained after full adjustment
{table 4}, The eftect sizes for information Teall and

significant impairment in reading comprehension that conceptual recall were not  sigrificamtly  different

Conceptyal recall (1»1975) information recall in=1874)

Madel 1 Model 2 Madel s diodel 2

BsE p B (SE) o 8155 P 8 (56 v
Fhied coefficlents
ntercept 407 (0850 43 (0834} 1763308 LLER (524}
Aarctaft sgise ~0.8C4 (0004} 02653 GO22{OL16) 04513
Roed n oow 0.013 {0006} 00263 DAL {0005} 0066 0040 (D022) 00713 0038 (0519} 20489
S el it fef Pot
UK DI0ALN) < 000u] 110 {6108} 0601 121 {0463) 00082 T4 {04328) L0601
HNetheriands GEILGINY DI, GHOG (G210} w0001 108 {0447) VL6 “0028 {0:445) 5545
Age ~QUR 2 ((3704) [eivdsiei] D474 (197} 070749 0455 {6 730) 05611 49653
Sax (feimaie) -04136455) 0654 ~0:158 {0057} DO0EE S0AR6 (0-204)  BIYI0 0056
frpilnyert DB0Y (0.08R) 09219 D465
Gowded D115 (0074) 01187 01747
Horre ownar 0394 (0-077) 00001 <OUHGE
tavtier's education -0 607 {0106 R il = 00U
Long standing ilness =LY {06 08207 : 05426
Speak main denguage 8t home £3540107) < OG0T T4 (39 0601
Parentat suppart 0081 Do) et 5238 10 Ry <o 0U03
Classroom glazing D8 {0036 uf21g a5 (tid) 23349

fandemn pazameters (L)
tivel 2: sehood
Level 1 siipil

Q7S (0025
L6 D054)

15032 10038
1.57 16053

1310 405)
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922840295
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Tabiz 4: Muitilevel models for road traffic noise and cused recall
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*Barrdal nifeved roodeliiey done, [ therefore indicates suctess o failure on task.
thadjusted [6r cotnlty, age, sex, socivercoari AT, mother's educition, lkngth of
enraiment At simnl, dussroom glazing, etimi segire

Table 5: Cognitive and health outcomes and exposure to read trafhic
hofse

between countries {p=0-9 for infermabion recall, p=(G.7
for conceptual recsll) and were consistent in the
direction of the association with exposure to read [1affic
noise, There was no significant departure from Hnearity
for information recall or conceptual recall {p=0-67 and
p=0-99 for comparison of straight line {it with the best
fitting fractional pobynomial rurve, respectivelyl. These
effects wore stronger for children rom crowded homes
than for whose homes were not crowded
{inferaction p=0. 0% for both informarion snd concaprual
recally, Wo noted no effects of road traffic noise on
reading comprehe m, recognition, working memory,
prospective memory, and sustained attention {table 5).
With respect to heaith effects, increasing exposure o
both aireraft neise and road traffic noise was asseciated
witlt increasing annoyance responses in children. This

Anding was maintzined after full adjnstent ftable 2
[

and tabie §) Figure 2 shows annoyance from airoraft
noige by 5 4B bands adjusied for age, sex, and country,
The best Atting fractionsl polynemial curve was non-

ar and showed a sieeper dose-response gradient at
higher levels of aircraft noige (p=0-018, test for
depariure from straight line fith

Thege was a Hnear association between road traffic
noige and snnovance adjusted for age. sex, and country
(p=0-1% for comparison of straight lne fit with best
fitting fractional polynomial curve). We noted no
effects of either airoraft noise or road iraffic noise on
sell-reporied health or mental heaith
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ardinptscale of anpovancs
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335t 1oy

i

Ajrcreftn

B
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Figure 2: Adfusted mesh srnovance (95% C1) for § o8 bands of alroaft noise
fadiusted Tor gge, se, and country) and fitted curve®

*Fractional polynanial cure fited to uous airrraft noise of form

-0 88 X701 07K logtx) fevhere xeaircraft nolsef10).

Discussion
Cur findings indicate 7 iinear orposure-cffect association
between exposure to wizcralt noise and impaired reading
comsprehension and recopnition roemory in children, and
between exposure o yoad traffic noise and increased
functioning of episodic memory, n torms of information
and concephual recall, Our resuits also show non-inear
and linear exposure-rgsponse  associations  between
gircraft and road waific noise, respectively, and annoyance.
Neither alrcralt noise nor road teaffic noise affecied
sustained attention, sstf-reported health, or miental health,
By comparison with previous studieg ™ our results are
robust because we used dom from three countries with
different secodemographic profiles, sur guestionnaire
response retes wore high, we made careful and detailed
notse  assessments  and  measured  the
confounding  fictors, we adjusted for anide wolse
exposure, and we Used standardised outcome measures,
Resulis for alverefl noise and reading comprehension
zeross the three countries wore largely stniliar—ie, we
noted cross-cultura replicalion of findings. The advantage
of multilevel modelling s that it can alse adiust for
variance In cognitive funcrion hetween schoois and
between countries, The limitations of our study are: that it
was cross-sectional vather than longitudinal; we studied 2
small age range; we focused kargely on exposure fo nolse
in schools, though nofse st home might zlso affect health
outcomes; and we used different nolse assessiment
technigques in the three rountries. However, using the
pooled sample, we were able w combine exposire sies
with different associations hetween noise exposure and

cffect of
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secioeconiomic positon and thus adiust, to some extonl,
angd rnore so  thaw  in previous  studins S for
socioeconomic slatls as o potential confounding factor,
Confrary 10 previous  work  done  in the UK®
socioeconomilc slatus did pot explain the agsociation
between noise and cognitive fungtion in children.

An effect of ; i noise on reading is consistent with
previous fndings, " Bxposure to aircraft nolse has been
retaied to intpairments of children's cognition in terms of
reading  comprehension,  longlernt  momoery,  and
motivagion. ™™ Tasks that Involve central processing and
language comprehension, such as reading, attention,
problem solving, and memory scem most affected by
expasure fo goise. With o few exceptions™” most studies
have cormpared groups sxposed to high levels and low
levels of noise, and have not examined exposurc-efect
relations. Moreover, tost studies in children have
focused on alrersft nolse rather than rad traffic noise.
These exposure-effect agsociations, s combination with
results from earlier studies, “" sugpest a causal effect of
expoeurs  to aircraft nelse on children's  reading
comnprehengion, This effect iz significant though small in
magnitude, but does show a linear exposure-cffect
refation. In practical terms, aizerafl notse nuight have only
a small effect on the development of reading, but the
eflzct of long-term oXpoSUIC TENAINS RAKNOW.

Advergft noise, because of ity inlensity, the location of
the source, gnd its variability and unpredicrability, is likely
w have a greater effect on children’s veading than road
tralfic uoise, which might be of 3 more constant
intensity.®* In adelts, sound that shows appreciable
variation over thne {changing state) Imipairs cognitive
function wheeeas sound that does not vary !steady state}
has little effect” The soise of aiveraft fiyovers has an
unpredictable vise time that mighl attract abtention and
distract children from lmrrnng tasks.

s notion does not explain why exposure lo road traffic
noise was related to improved episodic memory scores.
Reowd tralfic noise is unlikely 1o increase aroussl
swiliclently to tmprove perfornance on the memory tesks
we used, which are difheult and might be impaived by
incressed arousal, Another esplanation i confounding,
but the only significant interaction between road traffic
noise, sociodemagraphic status, and episedic memory
wag for crowding, in which the effects were stronger for
those from crowded housebolds, This unsuplained
finding nesds further study. The absence of an agsociation
between voad traffic noise and reading is imconsistent with
previous studies, but the highest noise levels we recorded
ware 71 dB Laeq, which is lower than in previous work ™

Noise exposure s sssociaied with aonoyance and
impairment of quiatity of life in children. This assocdation
is stronger for aiverafl than for road waffic noise, as in
adults. We noted no association between. aireraft or road
1Hic noise and selfreported health or mental heslth,
though other studies have showr effects of aiveraft noise
an blood pressure.

L

Further rosearch i85 needed o mnderstind  the
psycholopeal wechanisms of these cognitive etfects,
tadapt o noise interd e during activities
by fhtering out the unwanted noise stimull This tuning out
strategy might overgeneralise to sitvetions where naise is
not present, suck that children tuns out sttmuli
indiscriminately." This taning ot response is supported
by the findings that children exposed to notse have deficits
in altemidon, sudifory  discrimination,”™  and  speech
perception.® Fowever, our findings indicate thal sustained
atention is not hnpaired by alrcrafl nolse, and otherg™”
have shown that nelse impairs both attention and recalt
without atteniion medialing te eflect on awed recall,
Teacher frustration and intermuptions in commurn
between teachers and children could alse be & mechanisrm
for cognitive effects.” Similarly, learned helplessn 3
been proposed as & mechamsr o account for deficits in
motiv tion in (‘IL‘uan expused 10 noise.”

The effects of exposure to noise at kome, as well as at
schwool, the intersction with classroom acoustics, the
poterstial protective effect of dassroom insulation against
noise, and what children and teachers can do o overcorne
these effects deserve further inguiry. Our results are
relevan! o the design and placentent of schools in relation
{0 alrports, lo the formulstion of policy on nuise and child
health, and o 2 wider consideration of the effect of
envirenmental  slressors  on children’s  cognitive
development. Greater specification of  exposure-effect
relations s an imporlant step i confirming a causal role
for exposure to environmeni! nolse i impalrments of
children’s cogriton.

1o

Contribuiors
8 A Stansfeld, M M Haines, ] Head, and B Berglund foemulsted the study
design and interpreied the resalie, § A Stansfeld weole e original deaft of
the manuseripl, C Clark did the analyses, sreted the resaits. and
commented v the mmnusenpt, | Head ndvised on gnaiyses, B F Berry
desipmed the noise measurernents and inlerpreted noise offects. § Mygpe
helped on the choice of instruroonts and interprelstion of the copnilive
effects, 1 Lopez-Barria, T Fischer, and {van Hamp led oo dala cotlection in
Spaes aredd the Netherlands, snd commented on drafts and nterproted
resulen, K Ohrstrins corwnented on the instrumerts, on drafts, aad
interpreted results,

RANCH study tean

Bidar Agrsen, Tarnuno Al Rebose Anker, Osion Axchsson,

Sarah Brentmall, Ruchel Cameron, Hugh Davies,

Antiz Gidlaf Gunnarsson, Ertina Hadeibajramovie, Marin Hitroes,
Rocio Mattin, Mark Math T 5 £ Wilzson, Britth Sandin,

Rtelseea $ellato, Helena Svensson, and Flige van Kerapen,

Conflicy of interest statement

We declare that we have e conflicl of interest,

Ackriowiedgments

We tharik all of the papils, parents, and teachers who participated,

The RANCH shudy was lunded by the Buropesn Cernnurity {GLRT-
2000-00157} in e Vib frameworl progrvmme under Key Action
1998 /<2 6106 Qual f
the YK cofun
Food and Rur
the L)utch Mini

In

Tife and management of lving reson
e Departrnent of Enviromment,

. cofunding way provided by
Felfure and Sports. Dalch Minisey
e thir Doalch Minsiry
ent. In Sweden,

tion fov tutenaiions

i Euuwlk aral Hi
ablic Warks and Water Mara:
calfia ndmh Was prov
r Fesearch and H:"

wyew thefaocet com Vol 365 [une 4, 2005



Articles

Refarences

1 Thelancet B fistren: & healthier

H R

wlbaton and -.‘_i‘nkh'e‘n s health, Pediutrics 2004
138 fupply 103743

3 Gellinger DG d. Pedinaricy 2004; 113 (supply W22,

4 ryn v ¥, The cffects of noise on man (@nd eda). New Yok
Academnic #rese, 1985

‘shlmnf: ¥, fuh DA e course approach 1o ch

srceptual medels, oo i
iplinary porspoctives, Inl f f

6 Sonh PR Cowie 3L
develomment {4th ed

7 dryant P, Bradley
Biaghwell, 1885,

& Cohen §, Bvans GW, Sivkols B3, Krante DS, Behaviar, heaith, and
erevivgumental vivess. New York: Pleouen Pross, 1986,

% Calealation of voad traffic notse (GRT). London: HME0, 1098,

10 Flagley B e Sullolk reading goole 2 Windsor: NFER-NI
2002,

11 S:.n.f‘é'mm'»u G lees
R 1Al 43 110.?]1(‘“,
Tite, 19%.

12 e la 1.2 Madrid: TRA Bdiciones A 1999,

L300 n}wn M. Chitdrer's mmermory soele mansal, San Antonte; The

al Gorptrstion Havcourt Brace and Company, 1997,

eNvironsT

v disease
nallenges, and

piclmiol 2007 28R,

s M. Undersianding childron's

Oxlovd: Blackwell, 2.(}(!.1,

Shibdren ingg prodlema, Guford:

aarhaid on leegva
aricht rmeeiinstrime

iggheted: de omiwikiek
xeortalion]. Arnher

eV B

iq feran H. Proeba pereeptiva y de stencion. Madvid:
LTSRS,
15 T combined zffoos of eooupstional bealth

stioe of the effecis of nofse,

ar f_x.prr;tz:&.n‘:.: 2
and raeals. Tni rch Oucap Bnuiren Firalth 1987

nightweeh
590 8389,

16 Fygge %, Homan B, Eomarkar [ The 5 o road traffic nose
ard meanitsg speech on different mermory systems.
Sewad [ Mopchol, 2005 44 13-21,

17 Fields IM, de Jong RG, Brown Al & 8l Guideliues for reporting
cor infonmation [rom communiy noise readhion sireys.

J Sound Vi rutioh 1957, M6 885

18 Goodrman 8] The strengths and di
a rusenreh move, Child Pspehol Pege

1% Hoysten [, Al 26, Heg
CORHFLONE oY
Appiied Slatidies 1994

U?HH’ ] WeStonnae

tional polynem
rradulling,

werw thidancet om Vol 365 june 4, 2008

bl

4

paY

30

41

32

Eiaires MM, Stangleld *aix 1"
of airerafl nuige on
Asvpmrt, ondon, j?f, FEOAOEEE 560 13944,
, Budlinger M.

Bvang SW, Hyg
siregs, Frpshnl Sei 3‘)“‘5 61 335318,

M, Sunsfeld SA, jol RYS. By
rafl notee exposare gves

Chranic noiae and prycholagical

1
Chironis

wd B Head §
.ruspmlsc.s mm = E‘isnﬂlh

i aiverall riokys oxposare on
TIR5-Yh,
Hinger M. A proseective sludy of some
1oine on cognitive performance in

shal Sei 2002; Th 469-¥4,

Chror noise ceposlas and reading
ooty of language acquisiiog,
FEnvirgs Gehae 1997, 39 63854,
Colier: 5. Hvans GW, Krantz 1Y, Stokols §. Physiologice!,
moiiontienat and cognittve effccte of wroraft nolse on childeers
raoving frorn e Jaboratory w the Geld. Am Baychol 1980;
I35 E31-45
Gresn KB, Paztornsclk BS, Shere RE. Bffecty of sircraf noise on
reading whilily of scheel-oge childinn, Al Snvlron Health T98%;
3V Ra~31,
Hygae S, Classroam expariments of the offecty of dilfer
sources and suund levels o longerm reoll :l'ld recognttion in
childruen, Applied Cog Fayshol 200% 171 89591
Rarlraey 512, 8, VMR, Treemlday 5. feses !J’\ﬂ Anditpry
digtravting and terrn reernovy: paenmiens 2nd practicl
implications, Musswr Fectors 2001 43 1839
Tremshiay 8, jones DM, Change of 1
irrelevant sound effect implicotions
unatterrdesd yound, J Fxg Pryshol 19
Cobren &, Glasy G, Sir
discrimination and re
1973; 90 407-22.
Fvans GW, Bulling
;—hys;oiouiml reapony

10 producs an
s represesiation of
[GE5-19.

v 1B, Apﬂrtm?t { mii&'e. audiory

ns C\’G‘, LB h] Ncn»,m
critical reviews, Chidd Eavlron 19

Bvang GW, Stecker R, Motivasiona] consequences of eovirnrumenial
stress, | Bnviron Pepchol 2004: 34; 34365

1948



A follow-up study of effects of chronic aircraft noise
exposure on child stress responses and cognition

Mary M Haines™, Stephen A Stansfeld™®, RE Soames Job®, Birgitta Berglund” and Jenny
Head®

* Department of Psychiatry, 5t Bartholomew's and The Rayal London School of Medicine and Dentistry,
Queen Mary and Westfleld Coliege, London, UK.

® Department of Epidemiology and Public Health, University College London and the Royal Free Medical
School, London, UK,

® Department of Faychology, University of Sydney, New South Wales 2006, Sydney, Austraiia,

¢ Institute of Environmental Medicine, Karolinska Institute, and Department of Psycholopy, University of
Stackholm, SE-10651 Stockholm, Sweden.

Dr Mary Haines, Department of Psychiatry, St Bartholomew's and The Royal London School of Medicine and
Dentistry, Queen Mary and Westfield College, Basic Medicai Sciences Building, Mile End Read, London Ei
4NS, UK. E-mail: M.M Haines@qgmw.ac.uk

Abstract

Background Children are a high-risk group vulnerable to the effects of chronic aircraft
noise exposure, This study examinesthe effects of aircraft noise exposure on children's
health and cognition around London Heathrow airport and tests sustained attention as an
underlying mechanism of effects of noise on reading and examines the way children adapt
to continued exposureto aircraft noise.

Methods In this repeated measures epidemiological field study, the cognitive performance
and health of 275 children aged 8~11 years attending four schools in high aircraft noise
areas (16-h outdoor Leq >66 dBA) was compared with children attending four matched
contro! schools exposed o lower levels of alrcraft noise (16-h outdoor Leq <37 dBA). The
children first examined at baseline were examined again after a perfod of one year at
follow-up. Health questionnaires and cognitive tests were group administered to the
children in the schools.

Results and Conclusions At follow-up chronic aircraft noise exposure was associated with
higher levels of annoyance and perceived stress, poorer reading comprehension and
sustained attention, measured by standardized scales after adjustment for age, social
deprivation and main language spoken. These results do not support the sustained attention
hypothesis previousty used to account for the effects of noise on cognition in children. The
reading and annoyance effects do not habituate over a one-year period and do not provide
strong evidence of adaptation.

Keywords Chronic aircraft noise exposure, children, cognition and stress responses,
adaptation, repeated measures epidemiological field study
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Consistent associations between chronic aircraft noise exposure and impaired cognition and
stress responses in chiidren have been found in cross-sectional studies around international
airports namely: Los Angeles;’ Munich;®® New York;* and London2 Important questions
remain unanswered about the long-term effects of persistent aircrafl noise exposure,
underlying causal mechanisms, and the nature of the noise effects. It is still unknown
whether prolonged exposure to aircraft noise results in increasing adverse effects, or
whether the effects remain constant, or the effects lessen or disappear. Cohen and
colieagues? reported a one-year follow up of their baseline sample of school children
around Los Angeles A'trpm‘ti but unfortunately due to a low response rate in the noisy
schools the within-subjects analyses were difficult to interpret.” In this repeated measures
study we report follow-up data from the same sample of children first examined at baseline
where cross-sectional main effects were found on reading and noise annoyance. By

“following these children up after a period of a year, child adaptation will be examined to
provide a preliminary answer to how children are affected by persistent noise exposure in
terms of reading and noise annoyance.

Chronic exposure to environmental noise may be a stressor because it decreases
expectancies for control and increases susceptibility to helplessness.” However, there is
little empirical evidence to support the key assumption of this theory that the children
exposed to high levels of environmental noise are, in fact, stressed. Furthermaore,
understanding of the mechanisms underlying child noise effects is limited, Only three
studies™™ have directly tested the mediating role of a hypothesized factor and ne study has
tested the attention mediation hypothesis. Aircraft noise has a main direct effect on
sustained attenti{mf“iﬁ however, it is also possible that sustained attention also actsas a
mediating factor between noise exposure and cognitive impairments.

It was hypothesized that the effects of aireraft noise exposure found on reading
comprehension and noise annoyance at baseline® would be replicated in the same sample of
school children who were tested at fotlow-up one year later. It was also hypothesized that:
(1) chronic aircraft noise exposure produces an increased delay in reading comprehension
over a period of a year compared to pupils not exposed to aircraft noise during that year and
(2) that chronic aircraft noise exposure in children would be associated with impairments in
sustained attention and high levels of self-reported stress. Sustained attention was tested as a
mediating factor in the association between noise exposure and reading impairment.

Methods

Design

The school performance and health of children attending four schools in a high-aircraft
noise-impact urban area (16-h outdeor Leq >66 dBA) were compared with those of children
from four matched control schools in low-aircraft noise-impact urban areas (16-h outdoor



Leq <57 dBA) around Heathrow Airport in West London (for full details of design and
methods®). Children first examined in 1996 were examined again one year later in 1997.
The schools were initially chosen such that children were matched across high and Jow
aircraft noise as much by: age; sex; sound level at the school from non-aircrafl sources;
existing noise protection in the schools; and socioeconomic status and ethnicity of the
school's elcctoral wards. The performance and health measures were group administered in
the classrooms.

Participants and response rate

At baseline in 1996, 340 pupils participated, At follow-up the overall child response rate
was 81% of the baseline sample across the eight schools. Of the original sample of 340,
10% (n = 35)declined to take part in 1997; 6% (r = 19) had moved; and 3% (n = 11) were
away at the time of testing. The response rate did not differ between high- and fow-noise
exposed children. The follow-up participants were 275 fifth (n = 121) and sixth (n = 154)
class pupils (mean age = 10 years and 8 months, 52% girls, 48% boys) of the baseline
sample. In all, 148 attended schools exposed to high levels of atrcraft noise and 127
attended schools exposed to low levels of aircraft noise. The socio-demographic
characteristics of the declining sample and the sample that had moved were not
significantly different to the participating sample in terms of sex, race, age and social class.

Stress response and health outcomes measures
Amnpyance

Noise annoyance was measured with seven child adapted standard questions.* These
questions assessed the level of annoyance on a four-point Likert scale (very much, quite a
bit, a little, not at all) felt by the chitd when they heard four sources of environmental noise
without a timeframe. The sources of environmental noise were: aircraft noise, train noise,
road traffic and neighbours' noise (only at home). Aircralt noise at school was the
apnoyance item used in the analyses with the higher the score the higherthe noise
annoyance.

Lewis Child Stress Scale

Child stress was measured with the Lewis child stress scale.® The scale consists of 20
stress-provoking circumstances that were generated through interviews with children
concerning sources of stress in their lives. The 20 items included situations that would make
children feel bad (e.g. not having homework done on time), nervous (e.g. changing schools)
or worried (e.g. not getting along with your teacher), The 20 items were repeated in two
subscales. The first scale asks the children to rate how bad would they feel if each of the 20
situations happenedto them on a five-point scale: ‘not bad'‘terrible’. The second scale
asks the children to rate how often each ofthe 20 situations happened to them on a five-
point scale: ‘never’— ‘all the time’. Three scores were used in the analysis: (1) a perceived
stress score: an addition of the first scale values, how bad would they feel if an event
happened to them, (2) a frequency score: an addition of the second scale valuesto calculate
how often negative life events had cccurred, (3) an overall stress score: calculated by
individually multiplying each itera from the first scale {*how bad they would feel’) by the



second scale (frequency of occurrence) and surnming the total for the 20 items. Normatwc
data from 2480 fifth grade American students found high internal consistency (e = 0. §2).%

Depression
Depression was measured with the short version of the Child Depressicn Inventory (CDL™ =
modified for an English samp e—)

Anxiety
Anxiety was measured with the Revised Child Manifest Anxiety Scale (CMAS) .2

Cognition and performance outcome measures
Reading comprehension

Reading comprehension was measured using the UK standardized Suffolk Reading Scale®
Level 2.

Sustained attention

This was measured with the Score task taken from Tests of Evcryday Attention for Cbildrcn-
(TEA-Ch) battery of measures for the assessment of attention in children (version A, In
this task the chiidren are asked to imagine that they are keeping score by counting the
scoring sounds in a computer game. This test measures ability to count tones with irregular
inter-stimulus intervals. The test has good construct validity and test-retest reliability
(76.2%) after 615 days re- -administration.* There are 10 trials each scored for correct
number of items counted.

Measurement of confounding factors

The household deprivation score was calculated on a scale adapted from Townsend's
Scale®® by incorporating income, crowding, home ownership and unemployment in a single
scale (these data were collected from parents). The number of indicators of household
deprivation reported out of these four indices were sunmmed and a total deprivation score
calculated 2 Household deprivation was prefered 4s z confounding Factor hecmzsu social
class was not considered to be a satisfactory indicator of social disadvaritage ™ Main
language spoken at home was collected from the children, parents and school. Age was
collected from school records and the parents.

Procedures

Testing at the schools was conducted the same way as baseline (for full procedural details?),
The group administered testing was conducted on three days cach a week apart,
counterbalanced for questionnaire order and time of day across noise exposure in the
classrooms. Measurements at individual schools were carried out inside classrooms to
assess indoor sound levels of aircraft noise during testing using a sound level meter
mounted on atripod and a portable DAT recorder.

Statistical analysis
Three potential confounding factors were adjusted for in the analyses namely: age, main



language spoken at home and household deprivation. Main language spoken at home was
reported by parents and children and is a variable with two levels: English and non-English.
Analyses of covariance (ANCOVA) adjusting for baseline performance were used to assess
the noise-effects over time. The within-subjects unadjusied model adjusts for baseline
performance only and the fully adjusted mode! also adjusts for age, main language spoken
at home and household deprivation. A procedural error occurred earfier at baseline, when
one control school did not supply a representative sample class but a class of lower ability
(for full discussion?). Therefore, the results will be presented on all eight schools and on the
seven schools excluding the school with the biased sample selection for the significant main
effects in the result section text with means, F-test statistics and P-values. All statistical
tests are two tailed and the alpha value was set at 0.05.

Results

Descriptive results

The high- and low-noise follow-up sample were well matched across noise leveis for class
at school and sex {Table 1+). The high noise school sample had a higher proportion of non-
white pupils and pupils with languages other than English as the main language spoken at
home than the low-noise sampie. The high-notse sample also had a slightly higher
proportion of pupils from manual social class households indicated by the registrar general’s
classification and pupils from deprived households than the low noise sample (Table ).

View this  Table | The socio-demographic characteristics of the high- and low-
table: noise child follow-up samples; frequencies and proportions, continuity.
[inthis  correction ¥* P-value

window!

fin a new

window]

Cross-sectional effects at follow-up: stress responses and cognitive performance
All results presented have been adjusted for age, deprivation and main language spoken
(Table 24).

View this Table 2 Stress response and cognitive mean sceres, difference score at
table:  follow-up fully adjusted for age, deprivation and main language spoken



[inthis in the four high-noise schools and the three fow-noise schools (excluding
window] the procedural error school)
[in a new
window

Annoyance

Chronic exposure to high levels of aircraft noise was associated with higher levels of
annoyance in the analyses of the cight schools (high-noise [HN1 mean = 1,00, low-noise
[LN] mean =0.58, F(1,206) = 9.75, P = (.002) and the seven schools (LN mean = 0.55,
F(1,188) = 8.8, P =(.003) (Table 2+).

Self-reported stress

Chronic exposure to aircraft noise was associated with higher levels of perceived stress in
the analyses of the eight schools (HN mean = 3.5, LN mean = 3.22, F(1,185)= 957, P =

0.002)and in the seven schools (LN mean = 3.19, F(1,168) = 10.2, P=0.002, Tabie 2+).

Chronic exposure to aircrafl noise was not associated with the prevalence of stressful life
events nor with the total stress score (Table 2+),

Anxiety and depression

The two groups did not significantly differ in mean scores of anxiety and depression (Table
2+), nor was aircraft noise exposurerelated to higher prevaience of depressive and anxicty
symptoms as measured by scores abave the clinically relevant cut-off points of the CDI and
CMAS, respectively.

Reading comprehension

Chronic exposure to aircraft noise had no significant effect on reading comprehension in the
analyses of the eight schools. However, in the seven schools, children in the four high-noise
exposed schools had poorer reading comprehension than children in the three low-noise
schools (HN mean = 100,63, LN mean = 10521, F(1,178) = 5.00, P = 0.027, Table 2«).

Sustained attention

Chronic exposure to high levels of aircrafi noise was associated with poorer sustained
attention in the eight schools (HN mean= §.44, LN mean = 9.01, F(1,201) = 8.01, P =
0.003) and in the seven schools (LN mean = .91, F(1,183) = 4.16, P = 0.04, Table 2+),

Within-subjects analyses—the effects of noise over time

Reading comprehension

After adjusting for baseline performance, performance at follow-up was significantly
different between the high-noise and low-noise children in the eight (HN mean = 100.1, LN
mean = 101.9, F(1,225)= 4,57, P = (.03, Table 3+) and seven schools (MN mean = 101.1,
EN mean = 103.0, F(1,204) = 4.8, F = 0.03, Table 3+). However, after further adjustments
are made for age, main language spoken and deprivation, the difference in reading
comprehension in both the seven and eight scheols fails to reach significance (Table 3+).



The inability to find a significant effect after full adjustment might be due to a reduction in
statistical power, because of a drap in sample size. Analyses were conducted in reduced
samples with scores taken out for childrer with missing values for both deprivation and
main language spoken. The within-subjects reading analysis was conducted in these
samples and the results were: reduced sample for main language spoken (difference score =
1.6, F(1,193)=3.41, P = 0.06) and the reduced sample for deprivation (difference score =
1.4, F(1,173) = 2.48, P = 0.12). In the reduced samples the main effect found in the full
sample (difference score = 1.9) is of similar magnitude but is no longer significant,

View this Table 3 Difference score from the within-subjects ANCOVA models (1)
table: adjustmg for baseline performance on follow-up reading comprehension
{iz this and.noise annoyance, performance and (2) fully adjusted for age, main

window] language spoken and deprivation in the eight and seven schools

finanew (excluding the procedural error school)

window

Noise annoyance

In the analyses of the eight schools afier adjusting for baseline noise annoyance, noise
annoyance at follow-up was significantly different between the high-noise and low-noise
children (HI\ mean = 0.93, LN mean = 0.67, F(1,245) = 5.42, P = 0.02, Tabie 3+). This did
not remain significant after further adjustment was made for age, deprivation and main
language spoken (Table 3«). There was no significant effect in the seven schools (Table 3+).

Testing the sustained attention hypothesis

To test this hypothesis, sustained attention score was entered as a covanate in an ANCOVA
mode! (independent variable—school noise level: high or Jow, dependent variable—reading
comprehension score). Sustained attention did not explain the significant association
beiween aircraft noise exposure at schoo! and reading comprehension. This is indicated by
the fact that the significance level of the main reading effect in the seven schools was not
altered by the adjustment for sustained attention (F(1,203)= 8.51, P = 0.004).

Noise exposure

At follow-up measurements were taken at individual schools to assess indoor sound levels
of aircraft noise during testing. Acute levels of aircraft noise at the time of testing were
measured in single event noise exposure levels (SEL dBA). The SEL is defined as the total
sound energy of an event expressed as a one-second equivalent and is a measure of sound
energy which allows for the direct comparison of sound events of differing duration. Acute
aircraft noise was only present at the testing of one high noise school over the two testing
sessions. School 4 had a mean of 65.7 SEL dBA with 3 aircraft events on day 1 of testing



and a mean 64.2 SEL dBA with 41 events on day 2. This indicates that there was very little
difference between high and low chronic aircraft noise exposed schools in terms of acute
aircraft noise exposure during testing. This is in contrast to the high level of acute
interference reported in the high noise schools at baseline.’

Discussion

There were five main findings in this study. First, the associations between chronic aircraft
noise exposure and reading comprehension, noise annoyance and mental health were
replicated at follow-up. Second, the within-subjects analyses indicate that children's
development in reading comprehension may be adversely affected by chronic aireraft noise
exposure. Noise annoyance remained constant over a year with no strong evidence of
habituation. The effect of aircraft noise on children's progress in reading over time may be
infiuenced by socio-demographic factors. Third, the association between aircraft noise
exposure and reading comprehension could not be accounted for by the sustained attention
mediation hypothesis. Fourth, chronic aircraft noise exposure was associated with poorer
sustained attention in children. Fifth, chronic aircraft noise exposure was associated with
higher levels of self-reported perceived stress in children. These results provide evidence
that aircraft noise adversely affects the performance and health of school children and that
these effects do not habituate over time.

Adaptation

After adjustment for baseline reading performance a significant noise effect on reading
remained at follow-up indicating that further noise exposure over time was associated with
an increase in the size of the difference in reading impairments in the high noise exposed
group compared with the control sample. However, the within-subjects réading result was
not conclusive because sociceconemic factors may influence reading comprehension, After
statistical adjustment was made for deprivation and main language spoken at home on the
association between noise and reading progress, the size of the effect was reduced and
became non-significant. The results of the anatyses in the reduced samples suggest that
regardless of whether main language spoken or deprivation were, or were not, confounding
factors, the sample size was reduced to such an extent that when adjustments were made for
language and deprivation the ‘noise effect’ would be lost. Therefors, it must be concluded
that it is still possible that socioeconomic factors may have confounded the relationship
because there were insufficient socio-demographic data to test this reliably.

The Los Angeles Study and the present study are limited because the impact of previous
experience of exposure to aircraft noise is unknown and a self-selected high-noise sample
cannot be ruled out. In the case of this study, it is possibie that children with poorer
performance tended to remain in the high-noise exposed areas because their parents were
less sociaily advantaged, hence less mobile. If the effects of social disadvantage on reading
comprehension were partly mediated through noise exposure, statistically adjusting for
social deprivation may constitute an over adjustment. The issue of long-term habituation to



environmental stressors has only started to be addressed, and further repeated measures
longitudinal research is still required to address these problems.

Sustained attention mediation hypothesis

The results of this study do not support the sustained attention mediation hypothesis
because adjustment for sustained attention did not influence the significant association
between aircraft noise at school and reading comprehension. Attentional processes have
been hypothesized as mediators in noise-related memory impairments more than reading
effects. Adult noise studies on memory have been interpreted as indicative of attention
narrowing or focusing on dominant stimuli.* Greater attention to more central cues could
fead to poorer encoding of more peripheral material when greater processing demands are
placed on memory than would be expected on a reading task. So it is possible that specific
cognitive mechanisms may only apply to specific noise effects on child cognition. Further
research should test and refine the other theories to account for these reading effects,
especially testing psycholinguistic mechamsms where there is preliminary ewdencc of
mediation by impairment of speech perceptlon and auditory discrimination ® Retter
understanding of the mechanisms by which noise impairs reading may allow for more
effective counter measures to the effects of noise.

Annoyance

The annoyance response remained constant over time and there was little evidence that the
cffect increases over time. The long-term heszlth consequences of chronic annoyance are
unknown. This finding that noise annoyance, a stress response, remains persistent is in
potential contradiction to the conclusions from the foliow-up study around Los Angeles ¢
where the data were interpreted to indicate some habituation of physiological stress
response. It is indeed possible that the annoyance response may be affected by chronic
noise in a different way than a physiological stress response. it is also possible that response
style related to coping with environmental stress influences reports of annoyance, more than
physiological responses. Future longitudinal research should measure both noise annoyance
and physiclogical stress responses to examine habituation or potentiation as well asthe
interaction between self-reported stress and biological stress markers. Adaptive behaviours
may reduce the immediate stress response in the form of physiological adaptation, but the
coping process itself may have adverse health effects that might be measured through self-
reported stress,®

Perceived stress

Children chronically exposed to high levels of aircraft noise had higher levels of perceived
stress even after adjustment for age, deprivation and main language spoken indicating that
the high noise children reported they would have felt more stressed than the control
children if these stressful life events were to occur in their lives, Interestingly, the children
across the two groups did not differ in terms of reporting actual stressful events. This
suggests some specificity of effect in relation to perceived stress and that children did not
answer according to a trait of general negative affectivity. It is possible thatthis perceived



stress scale also partly measures perceived coping ability or worrying and high scores
predict sensitivity to stress.

Our results show for the first time that children chronically exposed to aircraft noise do
have higher levels of self-reported stress, which compiements the previous
psychophysiological stress data (catecholamine secretion and raised bloed pressure).” 2 This
result is important becawse it lends support to the undertying assumption that chronic
exposure to aircrafl noise is subjectively stressful. This se!f-reported stress response needs
to be refined by further measures, to ascertain what these children are stressed about—is it
their environment? Consistent with the baseline results,> levels of depression and anxiety
did not differ between the two samples. These affective results taken together suggest that
chronic exposure to aircrafl noise produces annoyance and general stress responses rather
than sub-clinical mental health problems such as depression or anxiety.

Conclusions

The results of this repeated measures study are not conclusive, Nevertheless, they provide
stronger evidence than previous studies to suggest that noise exposure affects child
cognition and stress responses and that these effects do not habituate over a one-year period.
The fact that the main reading effect remained constant between baseline and follow-up,
despite marked variation in the acute noise interference at testing, provides further evidence
that the cognitive impairments are due to chronic exposure rather an acute interference at
the time of testing. These results do not support the sustained attention hypothesis
previously used to account for the effects of noise on cognition in children. The within-
subjects analyses indicate that children's development in reading comprehension may be
adversely affected by chronic aircraft noise exposure. Noise annoyance remains constant
overa year with no strong evidence of habituation. Further research should look at the long-
term implications of these effects and examine further underlying mechanisms.

KEY MESSAGES

» this repeated measures epidemiological field study examines the effects of afrcraft
noise exposure on primary school children's health and cognition around London
Heathrow airpott.
» chronic exposure to aircrafl noise was associated with impairments in reading and
attention and raised annoyance and perceived stress,
+ theresults provide evidence that aircraft noise adversely affectsthe performance and
health of school children and that these effects do not habitate over time.
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Abstract

Noise management regulations and policies at commercial airports are reviewed. A cross-
sectional study of environmental noise and community health based, on the 5F-36, was
conducted in residential neighborhoods near Sydney Airport with high exposure 1o aircraft
noise and in a matched conirol suburb unaffected by aircraft noise. Noise measurements
were analysed and a novel noise metric formulated based on background environmental
noise levels. After controlling for confounders, subjects who have been chrenically exposed
to high aircraft noise level are more likely to report stress and hypertension compared with

those not exposed to aircrafl noise. Policy implications and further research are described.
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A questionnaire distributed to two groups, one living within the fiight pattern of a major airport and
the other in a nonflightarea, sought 1o determine whether these groups would respond differently to
questions pertaining to noise, health perception, and guality of iife issues, Nearly 70% of the
residents living within the flight corridors reporied themselves bothered by sircraft noise. Aircraft
noise, in contrast to other bothersome noises, interfered more frequently with daily activities.
Subjects who were bothered by aircraft noise were more likely to compialn of sleep difficulties and
more likely to perceive themselves to he in pocrer health. The study's finding of a possibie
relationship between noise and adverse health effects might encourage policy makers to enact
pending antinoise legisiation and to fund further noise research,



Kids near airports don't read as well because they tune
out speech, Cornell study finds

FOR RELEASE: April 28, 1997
Contact; Susan Lang Office: {607) 255-3613 E-Mail: SS8L4@comell.edu

ITHACA, N.Y. - Children in schools bornbarded by frequent aireraft noise don't learn to
read as well as children in quiet schools, Cornell University researchers have confirmed.
And they have discovered one major reason: kids tune out speech in the racket.

“We've known for a long time that chronic noise is having a devastating effect on the
academic performance of children in noisy homes and schools,” says Gary Lvans, an
international expert on environmental stress, such as noise, crowding and air peliution.
"This study shows that children don't tune out sound per se, rather they have difficulty
acquiring speech recognition skills.”

Evans and his collaborator, Lorraine Maxwell, both environmental psychologists, are in the
Department of Design and Environmental Analysis in the College of Human Ecology at
Cornell.

Evans and Maxwell compared children in a noisy school (in the flight path of a New York
international airport) with similar children in a quiet school. Unlike in other studies, both
groups of children were tested in quiet conditions. By doing so, the researchers showed that
the link between chronic noise and reading scores is the chronic noise exposure -- not noisy
episodes that might have ocourred during the testing sessions.

Evans and Maxwell, whose study will be published in Environment and Behavior later this
year, compared a total of 116 first and second graders from two elementary schools. One
school was battered by peaks of up to 90 decibels of noise every 6.6 minutes by low-flying
planes passing overhead. The other school, closely matched for ethnicity and percentage of
chiidren receiving subsidized schoot lunches and speaking English as a second language,
was in the same urban arca but in a guiet neighborhood. Only children for whom English
was their first language were included in the study.

Each child was first given an auditory screening test. They were subsequently tested for
abilities to read, distinguish words with background noise, distinguish sounds with
background noise and distinguish word sounds (phonemes) under quiet conditions. The
tests, with the exception of the initial auditory test, were conducted by Elissa Tolle and
Pegauy Santil, 1996 Cornell graduates in human ecology, who were both seniors at the
time. When the data were analyzed, the researchers controlled for mother's education.



"Interestingly, the findings were only significant for speech perception amidst noise, not
sound perception” says Maxwell. "This implies that language acquisition is an underlying,
intervening mechanism that accounts for some of the noise-reading deficit link."

Evans and Maxwell also suspect that other factors may be at work in noisy schools and
neighborhoods, such as teacher and parent irritability and their reluctance to talk as much,
use as many complete sentences and read aloud as often as other teachers and parents.

Both researchers stress the need to reestablish an office of noise abatement within the
Environmenta! Protection Agency; such an office was abolished during the Reagan
administration, They point to other health concerns related to chronic noise, including
hearing damage, chronic cardiovascular activation, elevated annoyance and irritation,
motivation problems such as learned helplessness, and impaired cognitive development and
reading achievement,

“These effects have all been well documented,” says Evans. "Unfortunately, we're
experiencing exponential increases in worldwide, ambient noise levels that are a byproduct
of economic development, particularly prevalent among economically underdeveloped
countries."”

The research was supported by the Cornell College of Human Ecology and the National
Heart, Lung and Blood Institute and the U.S. Department of Agriculture.
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Physiological, Motivational. and Coenitive Effects of Aircraft Noise on Children: Moving
From the Laboratory to the Field, American Psychologist, Vol. 35, March 1980, pp. 231-
243 Sheidon Cohen, Gary W. Evans¥*, David 5. Krantz, and Daniel Stokols*

*University of California, frvine, CA.

Noise poliution has been primarily linked to a loss of hearing. Recent studies, however,
have suggested a link between noise and physiological processes associated with stress.
These processes, including elevated blood pressure and levels of stress hormones, are
considered a health hazard. Further, it was suggested that children, the sick, and the elderly
are the most susceptible to noise impact, because they lack the ability to develop & coping
mechanism. An inability to cope with stress can lead to increased feelings of helplessness
that, by themselves, can lead to illness. The authors decided to test this hypothesis by
examining the effects of aircraft noise on school children in Los Angeles.

Children were selected from the four noisiest elementary schools in the air corridor of Los
Angeles International Airport. Peak noise levels reached 95 decibels (dBA), on the A scale,
with one flight every 2.5 minutes. As a control group, children were also selected from
three schools in quiet neighborhoods with matching socioeconomic status, A total of 262
children, from third and fourth grades, participated in task performance, on two consecutive
days for 45 minutes. Children with existing hearing problems were excluded from the
study,

Noise Jevels were measured for one hour in the twe neighborhoods. Mean peaks for noisy
schools were 74 dBA, as compared to 56 dBA in the guiet ones. This difference is
significant because an increase of 10 dBA is considered to be twice the level of noise.

Perception, Both parents and children from the high noise schools perceived higher levels
of noise at home, compared to their counterparts from the quiet schools. Further, the level
of noise reported by the parents of the noise-school group increased with the length of
living at the same residence.

Physiology. Blood pressures were monitored once per day and averaged. The authors noted
a significant change in blood pressure between the two groups, with children from the noisy
schools exhibited higher blood pressure than the children from the quiet schools.

Motivation. It has been suggested that exposure to high intensity noise can induce feeling
of helplessness, which often occur when an individual cannot contro! or change a siressful
event. This feeling, in turn, can decrease motivation to initiate new tasks and 1o lack of
persistence giving-up. Children were administered a success-failure test where both a
response to failure and giving-up are considered as indication of helplessness.

Each child was required to solve a puzzle. Half were given an insoluble (failure) puzzie,
while the rest received a soluble (success) one. After the allotted time passed, all the



children were required to solve a second, soluble puzzle, of moderate difficulty. The
percentage of failure to solve either puzzle, as welf as giving-up, was higher among the
children from the noisy schools, compared to their counterparts from the quiet ones Further,
the differences appeared to increase with the duration of school enroliment, for children
with longer exposure to aircraft noise.

Cognitive. It has been suggested that children reared in noisy environments become
mattentive o sound, by tuning it out. When this inattention includes speech-relevant sound,
it may lead to reading problems. It was hypothesized, therefore, that children using such a
selective inattention strategy might be less affected by noise distraction, To test this
hypothesis, children were given a six-grade level essay, where, within a time limit, they
were required to cross out all the e's on the pages. One test was performed while a recorded
story, at a moderate voice, was playing. The second test, using a different essay, was
conducted under background noise conditions to provide a baseline. A significant
difference in the number of ¢'s found was observed between the noise-school and the quiet-
school groups, and it was associated with the fength of enrollment in school.

During the first two years of enrollment, the children from the noisy schools did better than
their quiet-school counterparts. After four years of exposure to noise, however, their
performances deteriorated. The authors concluded that ithis finding suggests that as the
length of noise exposure increases, children are more disturbed by auditory distractions.
Further, the authers suggested that, at first, the children attempted to cope with noise by
tuning it out. Later, however, they gave up when they rcalized that this strategy did not
work behavior consistent with helplessness data.

Last, the authors fooked at 20 children from the quietest homes who were part of the noise-
school group. This sub-group was more susceptible to the effects of noise, as was
determined by their lower performance in several of the tests and their elevated blood
pressure. Thus, living in a guiet neighborhood did not lessen the impact of exposure to
noise while at school.

This study, concluded the authors, added weight to a possible impact of aircrafi noise on
psychological adjustment and on nonauditory aspects of health on children.
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Chronic Noise and Psychological Stress

Chronic Noise and Psyvchological Stress. Psvchological Sciences, Vol. 6, November 1995,
pp. 333-338 Gary W. Evans*, Staffan Hygge, and Monika Bullinger.

*Department of Design and Environmental Analysis, College of Human Ecology, Cornell
University, Ithaca, NY.

For many years it has been known that adverse environmental conditions affect human
health. This study used measurable body functions to demonstrate how noise levels affect
elementary school-aged-children,

The study concentrated on 135 third and fourth graders, living either in a high-noise-impact
urban neighborhood, surrounding the Munich International Airport, or in a quiet urban
neighborhood. The children from both neighborhoods were matched according to their
socioeconomic status. The children were tested for two consecutive days, with a test time of
85 minutes each day.

The study focused on psychophysiological cognitive and motivational measures.

Psychophysiclogical measures included levels of stress hormones -- epinephrine
(adrenaline) and norepinephrine, as well as blood pressure. The study showed that both
epinephrine and norepinephrine were elevated among the children from the noisy
communities. This same group also showed elevated systolic (higher value) blood pressure
and lower reactivity systolic blood pressure. These results confirmed the link between
chronic exposure to noise and elevation of stress hormones, elevation of resting biood
pressure and differential cardiovascular reactivity. The last observation was interpreted by
the authors as suggesting that chronic exposure to noise may deplete the coping capacity of
the children; rendering them less able to mobilize fight or flight resources needed when
faced with immediate dangers. Such deficiencies can directly affect cardiovascular diseases
and indirectly affect the immune system.

Cognitive atiributes were measured as follows:

Attention was measured by signal-to-noise. Each child listened to a favorite story at his/her
preferred volume, with a background noise, including road, traffic and aircraft. At random
intervals the storyteller's voice dropped by 10 dBA, and the child readjusted the volume of
the story to his/her comfort level. The children from the noisy neighborhood chose a lower
signal-to-noise ratio, indicating an accommodation to noisy distractions,



Memory was measured by the ability to recall, the next day, an interesting story read while
intermittent bursts of noise were introduced during the reading. The children from the noisy
neighborhood performed less accurately than those from the quieter communities.

Reading abilities were measured, using standardized reading tests. The children from noisy
communities had larger numbers of errors, compared fo the ones from the quieter
neighborhoods.

Motivation was measured by the ability of children to solve two puzzles, after reading a
text under noisy conditions. The first puzzle was insoluble, while the second one was
soluble. The numbers of atternpts made to solve the first puzzle before giving up and
moving to the second one were recorded. The children from the noisy neighborhoods were
less motivated, giving up sooner, The authors interpreted these observations as exhibiting
less persistence in task performance when challenged.

Overall conclusions were that cognitive data indicate selective impairment in cognitive
functioning among children from noisy communities. That in young children, more
complex, higher order skills, such as reading, problem solving, and comprehension of
difficult materials, appear vuinerable to adverse environmental conditions. Further, that
children may cope with noise by developing cognitive strategies like tuning out noise,
which may have consequences for language acquisition and speech processing,

Michael Bond, in the New Seientist, V152, Nov. 16,1996, added that while the authors were
summarizing their findings, the old airport was closed, and another one was opened. The
team concluded that the affected children recovered their deficiencies in memory and
reading, two years after the closing of the airport. They also found that children living near
the new airport are developing cognitive problems. One of the authors speculated that if the
children were exposed to aircraft noise throughout the time they were growing up, the
effects might be permanent.
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Aircraft Noise Affects Cognitive Performance in Children

While the effects of air poliution are well known, less attention has been paid to the effects of
environmental noise on health, Noise is a public health issue because it can produce annoyance,
reduces environmental quafity, and may affect health and cegnition. In particular, very littie is known
about the effects of environmental noise in child healith. Children are especially vulnerable because
noise could intarfere with learning at a critical stage of their development,

Under the EU-funded research project RANCH ' ateamof European researchers has assessed the
effects of road traffic and aircraft noise on children’s cognitive deveiopment and health. Cver 2800
children, aged 8-1C years, from 89 primary schools located near three major airports in Europe
{Schiphol in the Netheriands, Barajas in Spain, and Heathrow in the UK} participated in the study. The
authors evaluated aircraft and road traffic noise levels around the schools using external noise
measurements, and compared these levels to the resulis of cognitive tests and health questionnaires
administered in the classroom. They also used a questionnaire to obtain information from parents about
their socioeconomic status, education, and the ethnic group.

The results of the study showed that:

¢« Exposure to aircraft noise impaired reading comprehension and recognition memory. Reading
age in chitdren exposed o high levels of aircraft noise was delayed to 2 months in the UK and
to 1 monih in the Netherlands for a 5 decibel change in noise exposure.

= Neither exposure to road iraffic noise nor aircraft noise were found to affect sustained attention,
self-reported health, or mental health.

» Long-term exposure to both aircraft and road fraffic noise was associated with increased
annoyance, which may imply a reduced well-being and gusality of life in children,

The authors recommend that further research should be performed on the effects of exposure to noise
at home and schools, the interaction with the classroom acoustics, the potential protective effects of
classroem insulation against noise, and the measures that can be taken to help teachers and children
to cvercome noise-related effects.

This study demonstrates that schools exposad to high levels of aircraft noise are not heaithy
aducational environments, The obtained results are relevant for the design and placement of schools in
relation to airports, 1o the formulation of policy on noise and child health, and o a wider consideration of
the effect of environmental stressors on children's cognitive deveiopment,

Source: Stansfeld S.A. et al.{2005) "Alrcraft and road traffic noise and childrer's cognition and health: 2 cross-national study”, The

Lancet, 355(9475): 1842-1849

Contact: S.A.Stansfeld@gmui.ac.uk

Themae(s}: Noise, Environment and Health

Additiona] information: A recént project by the City of Graz IFEOU ENVIARNNZA0) co-fundad by the EU LIFE programme developed

aned Implemerded an innoviative action plan firking health, noise, mebilily 3nd the enviroresard. For more information see the project

waly site, protect summary and lavmans resoil. Another recent LIFE projest (LIFEDZ ERNVIFIIR0Z9E) s developing a GIS based tool to
help municipal authorities take into account all aspects of environmental neise in their town planning. For more information see

ihe grolect web site and proiect summary.

' The RANCH project (Road Traffic & Aircraft Noise & Childrer's Cognition & Health) is funded by the European Community (QLRT-
2000-00187) in the 5thresearch framework programme underthe specific pregramme 'Quality of life and management of living
rasources' For more Information see hitp.fec.europa,eu/commienvironmentinoise/
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Executive Summary

Background and Aims

Research suggests that children may be a high-risk group vuinerabie to the effects of noise,
Previous studies have found associations between exposure to aircraft noise and children’s
reading comprehension and long-term memory, Associations have also been found between
aircraft noise exposure and annoyance, but evidence of associations with raised blood pressure,
mental heaith and sleep are weaker.

Most previous studies in children have focussed on aircraft noise rather than road traffic noise
and have not exarnined either exposure-effect relationships or the effects of exposure to more
than one seurce of noise,

The RANCH project (Road Traffic and Aircraft Noise Exposure and Children’s Cognition and
Health: Exposure-Effect Relationships and Combined Effects) examined exposure-effect
retationships between chronic aircraft noise exposure, chronic read traffic noise exposure and
combinations of aircraft noise and road traffic noise exposure and cognitive and health
outcomes.

In addition, the RANCH project has inciuded studies of road traffic noise at home and sleep in
Sweden and studies of soundscapes in the UK and Sweden,

Study Design and Methods

Airport Field Studies

The RANCH project, is the largest cross-sectional study of noise and children's health, examining
9-10 year old children living around three major airports: Schiphol, Amsterdam in the
Netherlands, Baraias, Madrid in Spain and London Heathrow in the United Kingdom,

Cognitive outcomes included reading comprehension, episodic memory, working memory,
prospective memory and sustained attention. Health outcomes included noise annoyance, blood
pressure, overall mental health and self-reported heaith. Confounding factors were adjusted for
at the schoot and individual level, across three European countries.

Children were selected by external aircraft and road traffic noise exposure at school predicted
from noise contour maps, modelling and on-site measurements. Schoals were selected from a
four by four grid of increasing aircraft and road traffic noise exposure, Schools matched for
socio-economic position within countries were selected. in the Netherlands one class, and in the
UK and Spain two classes were selected from each cell in the grid. No children were exciuded
from any of the selected classes.

Standardised paper and pen cognitive tests were developed to measure episodic memory,
working memiory, prospective memory and sustained attention. For reading comprehension,
nationally standardised tests of reading were emptoyed in each country. A children’s
guestionnaire assessed perceptions of noise and annoyance and opportunities for psychological
restoration. Parents completed a questionnaire about confounding factors such as socioeceonomic
position, parental education and ethnicity. Comparable measures were achieved across
countries, A sub-sample had their btood pressure measured in the Netherlands and the UK.

The cognitive tests and quastionnaires were group administered, in a fixed order, in the
classroom. Written consent was obtained from the children and their parents, Indoor and
outdoor noise measurements were made at the schools during testing, Blood pressure
measurements were taken during the afterncon.



Sleep & Soundscape Studies

Epidemiological questionnaire-based studies on the effects of exposure to road traffic noise
were carried out on 160 children {9-1Z years) and their parents at home in three Swedish
residential city areas of varying road traffic noise. Half of the families also completed sleep logs
and slept with wrist-actimeters as a measure of sleep quality. ' '

Children’s and adult’s 24-hour acoustic soundscapes were mapped by binaural and monaural
recordings, at homes and schools, indoors and outdoors, Two psychoacoustical experiments (UK
and Sweden) were conducted in which children and adults assessed perceived soundscapes of
binaural recordings. The UK study focused on soundscapes dominated by extreme combinations
of aircraft and road traffic neise at school, and the Swedish study on soundscapes dominated by
road traffic noise at home,

A psychological test instrument (the Children’s Psychological Restoration Scale) was developed
in English speaking Swedish children for assessing children’s opportunities and abilities for
psychological restoration when living in noise contaminated soundscapes. The psychological
restoration questionnaire was included in the airport field studies child questionnaire and in the
Swedish road traffic noise study.

Results
Airport Field Studies

2844 children, from 89 schoeis around Schiphol, Baraias and Heathrow participated in the study.
The data was pooled across the three countries and analysed using multilevel modelling,
adjusting for confounding factors at the school and the individual level.

Aircraft noise exposure was associated in a linear exposure-effect association with reading
comprehension, episodic memory and working memaory, It was estimated that a 5dB (A) increase
in noise was associated with a 2-manth impairment in reading age in the UK and a 1-month
impairment in reading age in the Netherlands.

Aircraft noise exposure was not associated with impairment of either prospective memory or
sustained attention,

Road traffic noise exposure was not associated with either reading comprehension, episodic
memory, working memaory, prospective memory or sustained attention,

There was & strong non-linear exposure-response relationship between aircraft noise exposure at
school and at home and children’s annoyance. Annoyance was greater at higher levels of
exposure, For road traffic noise at school and annoyance the exposure-response relationship was
linear, Reported annoyance was lower for road traffic noise than for aircraft noise,

The relationship between noise exposure and blood pressure was inconsistent. Aircraft noise
exposure at school was not associated with children’s blood pressure, Aircraft noise exposure at
home was significantly related to systolic blood pressure but not to diastolic blood pressure or
heart rate. For road traffic noise, there was an inverse relationship for systolic blood pressure
and no association for diastolic blood pressure or heart rate,

There was no association between aircraft noise or road traffic noise and overall mental heaith
or self-reported health,

Combined effects and cognition: High road traffic noise exposure reduced the effect of high
aircraft noise on reading comprehension. There were no other combined effects of aircraft and
road traffic noise expasure on cognitive outcomes,

Combined effects and annoyance: Children exposed to aircraft noise experienced greater
annoyance from aircraft noise when atso exposed to road traffic noise and vice versa, children
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exposed to road traffic noise who are also exposed to aircraft noise report higher annoyance
from road traffic.

Combined effects and health: There was no association between combined noise exposure and
overall mental heatth, self-reported health or bleed pressure,

Sleep and Soundscape Studies

Weak exposure-effect relationships between exposure to road traffic noise and sleep quality and
alertness in the morning were found in the Swedish sleep studies. No exposure-effect
relationships were found between road traffic noise exposure and difficulties falling asleep and
awakenings in children but there was some evidence of daytime sleepiness among children
exposed to noise levels above 55 dB Laeq, 24

In the soundscape experiments children were able to assess the magnitude and quality of sounds
as reifably as adults. Children exposed to high aircraft noise and children fror schools with low
or no aircraft noise exposure did not differ in their perceptual scaling of soundscapes. This
means that children can judge and respond to noise in a consistent manner,

A health evaluation model for children was developed and tested at a pan-European level. An
analysis of this model demonstrated that children’s psychological restoration combined with
adults’ social support may serve as protective factors for reducing children’s self-reported
annoyance at school and at home as well as reducing their self-reported symptoms and sleep
disturbance.

Conclusions

[

Similar effects of noise an cognitive performance and health were found across Spain, the
Netherlands and the United Kingdom.

High levels of chronic aircraft noise exposure impair children's reading and their ability to
perform complex cognitive tasks.

Road traffic noise did not show exposure-effect relationships with children’s cognition and low
levels of road traffic noise would probably not interfere with children’s school work. in this
study, the highest noise {evels for schools were 71 LAeq 16hr dB which is {ower than previous
studies where cognitive impairments were found, therefore an effect of road traffic noise at
high tevels cannot be ruled out.

The results for noise annoyance both confirm previous findings that children experience
annoyance and extend knowledge on exposure-effects for aircraft and road traffic noise
exposure. This impiies an impaired quality of life for children.

There is no evidence for exposure-effect relationships between noise exposure and children’s
self-reparted health or overall mental health and inconciusive evidence for blood pressure and
sleep disturbance.

Effects of combined exposure to aircraft and road traffic nofse were only observed for reading
comprehension and annoyance: high levels of road traffic noise moderated the effects of high
aircraft noise on reading comprehension; high road traffic noise augmented children's annoyance
respense to aircraft noise and high aircraft noise augmented children’s annoyance response to
road traffic noise.

Opportunities for psychological restoration may potentially protect against adverse reactions to
noise and improve children’s well-being.



Policy recommendations and future research

The results of the RANCH project, adding to previous research, provide evidence that aircraft
noise exposure impairs child development, education and quality of life. The implications for
policy are as follows:

Since simitar effects were found in the RANCH project across Eurcpe, this implies that similar
health-based guidelines on daytime aircraft noise {imits for children can be applied n European
countries. : ‘

irt the planning process noise exposure should be considered with other environmental aspects,
ft is recommended that new schools should not be planned close to existing airports, where
noise expasure exceeds the WHO (2000) recommended tevels for school playgrounds. 1t is
advised that measures need to be taken to reduce noise in existing schools, where noise
exposure is excessive.

Children exposed to adverse environmental conditions, such as aircraft and road traffic noise
should have quiet relaxing areas at or near horne for psychological restoration.

Further research should examine (i) whether sound insulation at school can protect against
cognitive impairments related to chronic aircraft noise exposure and (i) examine the role of
classroom acoustics and teacher communication in the causation of noise effects on children’s
cognitive performance.





