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1. Introduction.

Rising demand for air transport is bringing increased pressure
for more aircraft movements at night in order to make fuller use
of existing airport capacity. But public acceptance of night
traffic is low; it has long been held by environmental groups
that people are especially sensitive to noise at night and that
sleep disturbance is a particularly harmful effect of environ-
mental noise. In recognitien of this the UK Government has
implemented "night restrictions® policies which limit aircraft
movements at Heathrow and Gatwick Airports.

Any future changes to the night restriction policies at Heathrow
and Gatwick need to be supported by reliable scientific evidence
a8 to the likely environmental effects. Accordingly, the
Department of Transport asked the Civil Aviation Authority to
undertake a major study of aircraft noise and sleap disturbance.

This paper ocutlines the approach which was taken to this study
and describes the experimental work which was carried out; the
results of the work are still being analysed so ‘the details of
the findings of the study are not yet available.

2. Approach to The Study.

The baaic¢ evidence which supporta present night restrictions
policy relied on self-reports of sleep quality, obtained by
interviewing people in social surveys. These are subjective
rather than objective criteria; there is a need to establish
objectively a correlation between specific noise events and any
consequent sleep disturbance. One evident means of doing this is
to measure directly both the noise stimuli and any immediate
disturbance to sleep.

Sleep disturbance, like other reactions to noise, varies greatly
from person to person, so the extraction of valid ‘dose-
response’ relationships requires statistical analysis of
sujitably large data samples. There is a substantial body of
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research in which the sleep disturbance of people due to
different noise exposures have been measured under laboratory
conditiona; a much smaller number of studies have been carried
ocut under 'field’ conditions, le whilst people sleep in their
own homes. Unfortunately, there is evidence of a substantial
lack of agreement between field and laboratory data; a recent
reanalysis of available data [1]) indicates that people are
actually mach less likely to be awakened, by the same level of
noise, at home than in the laboratory. It was therefore
concluded that a new laboratory study may not add significantly
to existing knowledge and that the best approach would be a
large scale field study.

Electrcencephalography (EEG) measurements have been widely used
to monitor sleep disturbance. However, EEG measurement,
especially in pecple’s homes, is complex and therefore
expensive, which implies a difficulty in obtaining data in
large quantities. Alternative indications of sleep disturbance
have often been obtained from measurements of people’s night-
time limb movements. One means of obtaining the measurements is
by the use of activity monitors, or actimeters, piezoelectric
devices which measure, for example, wrist movement. Actimetry
measurements can be made relatively inexpensively with small
self-powered data loggers, which can operate without attention
for several weeks. It is relatively straightforward to carry out
actimetry measurements on a large sample of subijects, along with
simultaneous measurements of aircraft noise levels and other
factors which could affect sleep. In several applications [2, 3)
actimetry measurements have shown a good correlation with EEG
measures of awakening.

Although the practical henefits of actimetry are recognised, its
validity and applicability to the question of sleep disturbance
due to aircraft noise had not previously been demonstrated in a
large scale experiment. Any use of this technigue would
therefore need to be subject to verification by comparison with
the ‘gold standard' of EEG measurements. Following a pilot study
to evaluate actimetry by comparing it with EEG measurements, it
was decided that the best approach would be to monitor all the
study subjects using actimetry, with a small sub-sample of
subjects also being monitored simultaneously using the EEG
technique; thus enabling the actimetry data to be ‘calibrated’
against the EEG records.
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3. Site Selection.

Heathrow, Gatwick and Manchester Airports have the highest
nightly aircraft movements in the UK; study areas were therefore
required at these three airports and alsc at Stansted, London’s
‘third’ airport., Figure 1 shows the pattern of available study
areas at the four airports in relation to the main night noise
variables: eight hour equivalent continuous aircraft sound level
{Leq, dB(A)); average sound exposure level (SEL, dB(A}); number
of aircraft events and predominant mode (arrivals or . :
departures).

From the available areas eight were selected for inclusicn .
within the study, see Table 1. The basis for selection was that
the ’‘site’ must contain sufficient homes to provide the
necessary samples of subjects, yet be small enough to be
considered a ‘constant noise area’ (ie with aixcraft noise
exposures being relatively uniform over the whole site). In
addition, it was necessary that the eight sites provided a wide
range of nighttime aircraft noise exposures.

4. Fieldwork: Methodology.
For each of the eight sites the fieldwork involved:

a4) Social survey interviews of 200 respondents. The purposes
were: to provide a pool of people from which to select the
actimetrxy subjects; to provide socio-psychological data as a
basis for investigating the effects of intervening factors on
sleep disturbance and to allow comparison with previous social
survey studies of sleep disturbance.

b) Selection of 50 subjects {from the social survey respondents)
to take part in the actimetry monitoring. 15 nights of actimetry
were carried out on each of the 50 subjects. After each night's
monitoring each subject completed a sleep log on which they
noted information such as what time they went to bed/got up and
if they slept with their windows open. During the monitoring
period the subjects also completed reports at 2 hour intervals
during the day to give an indication of how alert/sleepy they
felt. : S :

c) Carrying out EEG monitcoring on 6 of the 50 actimetry subjects
for 4 nights (simultaneoue with actimetry measurements).

d) Outside noise measurements at locations around the study
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area. Portable noise monitoring units recorded aircraft noisa
levels and background noise atatistics within each study area
{usually in domestic gardens). Some noise measurements were also
made inside typical dwellings within the study areas.

S. Fleldwork: Results.
Social Survey. '
Altogether, nearly 4000 addresses in the eight study sites were
targeted and a total of 1636 initial interviews were conducted,
with more than 200 at each site.

Alircraft Noise Measurements.

During the study 4823 alrcraft noise events were logged (in
terms of event Leg, maximum A-weighted sound level (LAmax) and
SEL) for correlation with the sleep measurement data. A summary
of the measured noise data is given in Table 2.

The night-average aircraft noise variables are compared with the
targeted values in Figure 2. In this graph the average SEL is
plotted against average hourly number of events - for the 8-hour
peried 2300-0700 - at each of the sites. Except at the
Manchester sites, where the numbers of events were a little
- higher, the traffic was lower than expected, particularly at
Gatwick where the shortfall was more than 30%. This is
attributed to the effects of the 1991 eccnomic climate.

Sleep Measurements.

Full complements of subjects were recruited at all sites and,
overall, both EEG and actimetry measurement programmes
progressed very satisfactorily and nearly 50,000 subject-hours
of sleep data were recorded.

6. Data Analysis.

The main analysis tasks are to investigate the relationships
betweens: . :

(1) EEG and actigraph responses to validate the disturbance
criteria. ’ ’ :

{1i) Actigraph measured disturbance and aircraft noise events.
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(1if EEG responses and aircraft noise events.

{iv) Social survey responses, measured sleep disturbance and
noise.

These analyses are now in progress and the early results should
be available for presentation at the conference. The results of
this major study should provide a significant addition to
present knowledge on the impact of aircraft noise on pecople.
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TABLE 1: SITES SELECfED FOR INCLUSION IN STUDY

! Site Code

Q" m o 0

Site Name
Hounslow
Langley Green
Stanwell Moor
Lingfield
Heald Green
Edgeley
Hatield Heath and
Hatfield Broad Qak

West Sawbridgeworth

Airport
Heathrqw'
Gatwick
Heathrow
Gatwick
Manchester

Manchester

Stansted

. Stansted
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TABLE 2: SUMMARY OF EXTERIOR AIRCRAFT NOISE EVENTS

2200 to 080% (local time)

STE Toual Total
No. of Ave Tewal Ave Alrcraft
Nighta LAmax events SEL Log

A 15 B42 670 921 63
B 15 782 708 858 588
[ 16 824 65 9.8 8285
[} 15 74 734 83B 553
E 1] €78 1188 944 - 878
F 135 767 8682 673
e i 74 160 BSO  4ad
H 15 734 B8 840 450

2300 lo 9700 {locel time}

SME Tow! Totad
No, of Ave Tolal Ave Alreraft

Nighta LAmax ovents SEL Leq

A 15 858 30t 934 618
B 15 740 2  B48 5.3
c 15 807 130 898 544
D 15 7A4 43 B35 534
E 15 676 TH M2 66,5
F 135 6.2 39 656 588
a 15 742 58 B52 465
H 18 T22 47 832 0.8

0000 10 0600 (locel tims)

STE  Towl Total
No. of Ave Tota! Ave  Abaaft
Nighta LAmax events SEL Loy

A 16 857 12 036 53.6
8 18 701 81 TB7 441
c 16 767 21 B2 483
D 15 731 219 B0 613
€ s B77 448 G645 659
F 1S 763 266 857 553
G 15 724 B S5 48
H 15 707 26 816 40.7
NOTES:

Yotsl swants - Numbee of sirerall noise sventy ¢ 60 4BA

e LAmi ¢ lopmfthmic sverags LAmax of all arone] svents 3 50 dBA

Ave BEL - garithmio average SEL of oYl sioraft sverts 2 60 dBA

Towl Avccah Leq - siroraf nolse Laq over wial number of nights sf sach sits
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