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GLOSSARY OF TERMS

Decibel (dB)

A-weighted Sound Pressure
Level (LA) *

Perceiqed Noise Level
1L *
( PN)

Maximum Noise Level

(LAmax7*

The Single Event Noise
Exposure Level (LAX?*

The Equivalent Continuous
Sound Level (Leq)

Alrcraft Léq

NNI

Movement

The decibel is a measure on a logarithmic
scale of the magnitude of a particular
quantity such as sound pressure (p) or sound
intensity with respect to a standardized
reference quantity. A sound pressure level,
L, is expressed as

L =10 log LRE) dB
pZ

ref
prefis generally taken as 20 micropascals.

This is commonly referred to by the term
'noise level' and is a weighted sound
pressure level produced by electronic
filtering (or 'weighting' of certain sound
frequencies)}., The A-weighting was designed
to approximate the response of the human ear
to sound and it has been found to correlate
better than the unweighted sound pressure
level with the subjective assessment of
auditory magnitude of many types of sound.

This is a noise level obtained by computation
from the sound pressure levels in octaves or
third octaves. It employs a frequency
weighting based on jury ratings of noisiness
and is expressed in perceived noise decibels
(PNdB).

Defined, for the purpose of this study, as
the maximum noise level recorded during an
aircraft noise event.

The level which, if maintained comstant for a
period of 1 second, would cause the same
A-weighted energy to be received as is
actually received from a given noise event.

The level of a notionally steady sound which
at a given position and over a defined period
of time would have the same A-weighted
acoustic energy as the fluctuating noise,

The Leq corresponding to the acoustic energy
associated with aircraft noise events in the
defined period.

A composite measure of exposure to aircraft
noise taking into account the average peak
noise level and the number of aircraft in a
specific period.

A landing or a take-—off.

* These terms are written in the text as LA, LPN,LAmax, LAX respectively)
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Common Noise Area

Mode (of operation)

Worst Mode
(NB. Other authors may
use a different definii.on)

Modal Split

Average Mode

Logarithmic Average
Nolise Levels

LT

Footprint

Runway Log

Runway 28L/R *

An area within which the maximum noise level
from any single aircraft overflight received
at anmy point on the ground differs by not
more than a small value (usually 3dB) from
that received at any other point on the
ground, assuming the noise level to be
un-modified by the presence of buildings or
ground effects.

Mode refers to the direction of operation of
an airport as a whole e.g. westerly or
easterly. A particular location is exposed
differently in each of the airport operating
modes, e.g. to west-mode landings and east-
mode take-offs. In the case of Heathrow
there are two westerly take-off modes -
take—-off on 28L and 28R - which are usually
mixed during the day.

At a particular location that mode of runway
operation, i.e. take~off runway in use, which
gives rise to the highest value of Aircraft
Leq.

A statement of the proportions of operations
occurring 1in each of the modes.

A descriptive term applied to noise metrics
calculated having regard to the relevant
Modal Split,

L, the logarithmic average of individual peak
noise levels, L; ,is defined by
N L;/10
L=101logl I 10 dB
N i=1

This method attaches more weight to higher
noise levels than does the more usual
arithmetic averaging.

Local Time - British Summer Time

A nolse contour which joins points on the
ground which recelve the same peak noise
level from an aircraft during take-off or
landing.

The official documented history of aircraft
arrivals and departures at an airport.

Parallel Heathrow runways used for westerly
take—-offs and landings.

—_— Lo e e e A e A T L e —_ —

e s . e e e e e

* A runway is designated by the magnetic bearing of its direction
of use e.g. runway 28 has a magnetic bearing of approximately 280°.




Bunway 10L/R* Parallel Heathrow runways ussd for casterly
take-offs and lapdings.

Runway 23=® Heathrow runway used for take-offs and
landings in a south-westerly direction (used
infrequently)

Runway 08,26% Gatwick {or Luton) runways used for take-offs

and landings in easterly and westerly
directions respectively.

Runways 06,24% Manchester runways used for take—-cffs and
landings in easterly and westerly directions
respectively.

Runways 17,35% Aberdeen runways used for take—-offs and

landings in southerly and northerly
directions respectively.

Note: Foreign words used in the text do not imcorporate accent markings.

—rn ——

* A runway is designated by the magnetic bearing of its
direction of use eg runway 28 has a magnetic bearing of
approximately 280°.
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1.1

1.2

1.3

1.4

1.5

SYNOPSIS

Airports satisfy the demands of travellers and provide jobs: they
also cause environmmental disturbance to people living nearby. The
major form of disturbance is that from aircraft noise. Airport
planning and development planning must take account of the aircraft

.noise exposure to residents; the airport authorities and interested

government departments have to view aircraft operations in the
context of the related airport noise. These assessments are usually
carried out in the UK - and in most countries of the world - by
means of a noise exposure index. This report describes the
backgzround and execution of a research study into a UK aircraft
noise index. The synopsis gives a brief general view of the

report - which, by its nature, is largely techmical and statistical.

The noise index which has been used in the UK since 1963 is known as
the Noise and Number Index - NNI. Contours of equal noise exposure,
rather like geographical height contours, are plotted for the area
around an airport. A contour of 55 NNI units indicates the extent
of the area of high annoyance, and is gemerally very close to the
airport. A contour of 35 NNI units is taken to indicate the
threshold of community annoyance : its area and shape are determined
by the routes which aircraft follow ~ in the case of Heathrow

. several hundred thousand people live within the 35 NNI contour.

The NNI was established by means of social surveys and noise
measurements. The gocial surveys measured, among other things, the
annovance from aircraft noise expressed by a sample of individuals
living at different places around Heathrow. Noise data were then
matched to this reported disturbance, measured by scales constructed
from the social survey data, so that physical noise variables could
be combined in an empirical expression to estimate annoyance. This
empirical form - the NNI - thus provides a way of estimating the
total disturbance at the time of the surveys and a way of estimating
the disturbance resulting from a change in the scale or pattern of
airport operations, or from a new airport.

The NNI expression is
NNI = L + 15logN - 80

Here L is the logarithmic average aircraft noise level heard
(estimated in a unit called PNdB) and N is the number of aircraft
heard during the day. The logarithm (base 10) means that an equal
proportional change in the number of aircraft produces an equal step
in NNI; the factor '15'" indicates the relative importance -~ the
'trade-off' — between the effects of noise level and number.

Because both these terms are included, the highest disturbance
through high WNI -~ generally corresponds to large numbers of high
noise level aircraft: high noise levels for a few aircraft (and vice-
versa) produce 'moderate' rather than high NNI.

Forecast NNI contours have been used in the assessment of noise
disturbance at all the major public inquiries into UK airport
development in the last two decades. While Inspectors and Assessors
have, on the whole, accepted NNI zs a well-based planning tool, a
numbher of criticisims have been made by inquiry participants.




1.7

1.8

1.9

1.10

These criticisms of rhe forro and usze of the BHI ave diseussed in the
main text. The major eriticisms a2re, very briefly:

- The NNI is 'out of date': people's reactions and the change to
jet traffic invalidate its use.

- NNI is 'out-of-line! with other countries! noise indices.

- The NNI does not weight sufficiently the importance of the number
of aircraft.

- 1n the BNI expression the noise level and number are not averages
from all aircraft but only from those above a noise 'cut—off!,
including all aircraft in this count would lead to a better match
with disturbance.

- By not including in the count those movements during the
evening and night the NN is under-estimating disturbance.

To answer these and other criticisms, the Department of Transport
(Civil Aviation Policy Division) commissioned the Civil Aviation
Authority Directorate of Research to carry out this programme of
research. The main objective is either to substantiate the NNI or,
if necessary, to devise some better index of aircraft noise. Trials
fieldwork took place in 1980, the major fieldwork in 1982 : the
project having the title "Aircraft Noise Index Study' ~ ANIS for
short.

In the 1960s studies all measurement and social survey were carried
out at Heathrow, partly with the intention of 'painting the
environmental picture’ there. ANIS was not designed in this
fashion: first, the emphasis on.the form of the index required an
efficient statistical structuwre in which the effects of noise level
and number could be disentangled; second, the importance placed on
public confidence in the application of the results natiomally meant
that airports in addition to Heathrow needed to be examined.

The statistical design which was decided upon relies on 'common
noise exposure areas', in which the noise climate for residents is
approximately the same. Such areas are of the order of 1 sq km -
but vary comsiderably in shape with distance from the airport and
flight paths. Extensive noise measurements are taken at a central
site within the area, and about 80 randomly chosen residents are
surveyed by interviewers using a questionnaire developed from those
used in the 1960s.

Areas for social survey/noise measurement were chosen through a
statistical design which attempts to ensure that noise level and
aircraft number are not correlated throughout the sample. The
number of areas used at the airports were:

Heathrow - 20
Gatwick - 2
Luton - 2
Manchester - 1
Aberdeen ~ 1
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1.11

These include locations which were sampled twice (with different
respondents) because of their contributiom to the statistical
design/noise measurement cost effectiveness. A total of 2097 people
were interviewed.

Much of this report is a2 statistical analysis of the social survey
and noise measurement results, which requires some statistical
knowledge on the part of the reader. The conclusions (Section 9)

‘are expressed generally and are briefly summarised here:

Summary of Conclusions

(a) The study has been successful in disentangling the effects of
aircraft noise level and number.

(b) Disturbance has in the past been measured through a scale which
combines annoyance and reaction to interference with activities
such as conversation and TV viewing, The study confirms that
this 'Guttman Annoyance Scale' is a good measure of such
disturbance, and agrees well with other scales used in the
questionnaire, e.g. the degree of acceptability of aircraft
noise exposure and the proportion of 'very much annoyed' people
in the community.

(c) The '"trade-off'! factor of 15 in the NNI is mnot substantiated:
it places too much weight on the number of aircraft. A value
of 9 or 10 is better.

(d) Noise events below 80 PNdB, the noise level 'cut-off', should
be included in the calculation for an index.

(e) Aircraft movements outside daytime hours should be included in
an index, but not weighted to be more severe in their relative
effect than the daytime movements.

(£) Disturbance and physical noise variables are best correlated
when the latter refer to the recent past when it reinforces
general experience. (If however recent experience had been
atypical, longer term experience might well have been found to
correlate better with responses.) There is no strong evidence that
the modes of runway usage producing the greatest noise exposure are
the prime determinant of reaction.

(g} A good fit to disturbance responses is given by '24 hour Leq' -
the ‘'average noise' over the whole 24 hours. Leq is
essentially the noise energy received. (The use of Leq is
common in other countries, often with 'time of day'
modifications, but note again that this study does not validate
any weighting of the severity of aircraft movements at
different times of the day.)



() A major ‘confounding factor', i.e. a social or demogrophic
variable which aftects response, i5 the proportion of peaple
who work at or who have business with the airport: this has a
very marked effect on response, e.g. in some study areas their
effect results in an estimated lowering of 25% in the
percentage saying aircraft noise is "not acceptable'. Previous
studies have not detected such a strong effect.

(i) Data from the five airports do not reveal any marked 'sirport-—
dependent' response, i.e. an Aircraft Noise Index would not
require modifications for use at different airports.

(j) The use of the NNI values and ¥NI contours in past planning
assessments is probably not likely to have led to major
distortions in the environmental picture.

(k) Continued use of the NNI would tend to lead to more
considerable problems : NNI could overestimate the extent of
environmental improvements through the introduction of more,
but less noisy, aircraft - which would not contribute to the
NNI because of the 80PNdB cut-off.

(1) It is suggested that 55 Leq could be used to represent the
onset of community disturbance and 70 Leq a point of high
disturbance.
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2.2

2.3

2.4

2.5

INTRODUCTION

This report presents the results of an extensive programme of work
aimed to either substantiate the Noise and Number Index (NNI) or, if
necessary, devise a new index of annoyance due to aireraft noise.
The study was commissioned by the Civil Aviation Policy Division of
the Department of Tramsport (DTp).*

The next section of this report describes the need for this work.

One of the main factors is the changed situation — both in terms of
people's attitudes and in the nature of airecraft noise exposure -
since the original studies (made in 1961 and 1967) which were used
to substantiate the NNI. Because of the length of time since these
studies, doubts have arisen as to the validity of the NNI.

The study involved a programme of social surveys and noise
measurements. The social survey fieldwork was carried out in the
summer and early autumn of 1980 and 1982 by Social and Community
PIanning Research (SCPR). The noise measurement programme and the
analysis of both noise and social survey results were carried out by
the CAA's Directorate of Research (DR)¥*. 1In addition to
measurements and surveys intended specifically for this study
opportunities arose to incorporate work from projects carried out in
both Aberdeen and Manchester.

In the remaining sections of this report descriptions of the various
components of the study are given as follows:-—

3. Background: a description of the NNI and eriticisms of the NNI
relevant to the need for a study.

4. The Study Design: the important distinection between measurement
for the derivation of an index and for general noise

assessment.

5. Execution of the Study: the noise measurement programme and the
social survey.

6. Noise Results (main features)

7. Social Survey Results (main features)

8. Disturbance and Noise Exposure

9. Conclusions

The Glossary to the report gives definitions of the more commonly
used technical terms concerning aircraft noise and airport

operations used here. Some of these definitions may differ slightly
from those found elsewhere in the technical literature.

x

Prior to June 1983 part of the Department of Trade (DoT).

*% Prior to a Janvary 1983 reorganisation kmown as the Directorate of

Operational Research and Analysis (DORA).




3.1

3.2

3.3

3.4

BACKGROUND

This section summarises the history of the Noise and Number Index
(¥WNI) and discusses those criticisms which are relevant to the need
for a new study.

The NNI summarises the relationship between annoyance and physical
variables, determined from a social survey of a sample of

1731 people in the vicinity of Heathrow Airport in 1961. (This
study was carried out as part of the work for the 'Committee om the
Problem of Noise', under Sir Alan Wilson: the NNI is sometimes known
as the Wilson Index (Ref 1). Annoyance has a precise meaning here:
it is the average reaction from a group of people experiencing a
similar aircraft noise 'climate’ - each individual's reaction being
assessed from responses to a set of questions on the annoyance
expressed in the context of interference with certain specific
activities. From these responses an annoyance 'score' is calculated
which ranges from zero to 6 in unit steps ~ this is known as the
score on the 'Guttman Annoyance Scale' GAS (Ref 2, para 14 et seq:
Figure 1 ~ from this reference - shows the computation of the GAS
score).

Knowledge of annoyance through the GAS score permits the
construction of an empirical formula which uses physical variables
to estimate annoyance without recourse to a social survey in any
specific application, i.e. an aircraft noise disturbance index. The
NNI as determined®* in 1961 is

NNI = L + 1510gN - 80

where L 1is the average peak noise level heard and N is the number of
aircraft heard during the day (0700-1900LT). This particular
combination of L and N is chosen so that

NNI = (constant) x (GAS score).
The constant of proportionality is arbitrary; it was chosen to give
an easy scale for NNI expressed in decibel units. It has become
general usage for 55, 45 and 35 NNI respectively to denote 'high',
'moderate’ and 'low' community annoyance.

Each year the Department of Transport issues the WRI contours for
Heathrow, Gatwick and Stansted Airports (calculated by DR), together
with a count of the population resident within each contour and the
area each encloses, as .a monitor of the changes from year to year in
the noise enviromment. The NNI is similarly used to assess the
effect of any development of existing airports. The boundaries of
noise insulation grant schemes at several British airports are
normally based wholly or largely on selected NNI contours.

N T T T T S T T A T S T Y T D T

N

e e a

The Wilson Committee's Report did mnot fully specify the NNI. A
definition effectively arose from common usage after 1963. Note that all
logarithms in this report are to base 10. See paragraph l.4.
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'3.5

3.6

3.7

3'8

Following the introduction of the NNI, a second survey was carried
out in 1967 (Ref 3). The objectives (paraphrased) included:

(a) To measure the change between 1961 and 1967 in levels of noise
exposure and in social reactions to aircraft noise.

(b) To investigate whether the findings of the 1961 study remained

valid in 1967.

(¢) To increase knowledge of the ways in which exposure to aircraft
noise affects annoyance.

The conclusions drawn from the results of the 1967 study were not
straightforward. Statistical techniques, in particular 'multiple
regression analysis' were used in the investigation of the
relationships between annoyance and the numerous physical
variables*. While these techniques are probably as powerful as any
which might be used, they did not enable the effects of associated
variables to be disentangled completely. The most important
associated variables are the peak noise levels of aircraft and the
number of aircraft heard - people who live near a major airport tend

‘to hear both large numbers of aircraft and high noise levels. It is

thus difficult to ascribe with any precision a changed response to
variation in noise level or in number. (This is a problem with any

" social survey around a major airport.) The results of the second

survey were taken as indicating that the NNI was a 'reasonable'
index, but not necessarily the best which could be obtained. A
number of alternative indices were put forward in the report but
none had markedly better explanatory power than NNI with respect to
the sutvey data.

No changes were made to the NNI as a result of the second survey
report but it was apparent that the coefficient 'l5' in the
expression for NNI, although providing some indication of the 'trade-
off' between noise level and number, was not determined with
precision. This threw a measure of doubt on the predictive capacity
of the NNI for circumstances other than those at Heathrow in the
early and mid 1960s.

In the early 1970s the Department of Trade sponscred a programme of
research under Ollerhead at Loughborough University to investigate
indices used in other countries and to evaluate the NNI further, in
particular through small scale surveys at Heathrow and provincial
airports. Ollerhead's results at the former were generally in line
with those of the 1967 survey. The work on provincial airports
(Liverpool and Manchester) provided some support for the use of the
NNI at places other than at Heathrow (see Ref 2 for further details
and references), but small sample sizes were involved.

Many criticisms have been made of the NNI - ranging from a general
disbelief in the concept of a noise index to detailed points of
statistical theory. Some criticisms relate to the NNI

formula while others concern the use of the NNI as an index of

noise annoyance. It is convenient here to reiterate and extend some

*

Multiple regression techniques are discussed in Chapter 8 and Appendix E.



cf the peints most relevant to the need for a new survey as distinet
from criticisms of the NNI itself or noise indices in general (see

ef 4 for a more extensive discussion).
The NNI is out of date

3.9 One of the objectives of the 1967 survey was to determine what
changes had occurred in the response to aircraft noise since 1961.
As there has not been a similar official survey since 1967 the
continued use of the NNI has been criticised on the basis that
annoyance response and/or the nature of the aircraft noise
environment have changed. People's reaction to aircraft noise, as
measured by a scale such as GAS, could change because of general
shifts in attitudes to disturbance or through changes in the
frequency of the activities (e.g. watching television, conversation)
used in comstructing the score — Ref 2 presents a discussion of this
point.

3.10 Of major concern are the changes in the aircraft noise environment.
As an illustration consider the number of commercial movements at
Heathrow and the proportion of jet aircraft¥.

1961 1967 1979
Movements 147,000 236,000 281,000
Jet Movements . 38,000 146,000 253,000

Jet Movements as % 267 627% 907%

It should also be noted that about 19% of total movements in 1979
were by wide-bodied jets which did not exist im 1961 or 1967. The
differences in peak noise levels and of the durations of noise
events between jets and non-jets are generally quite marked and they
could result in altered reactions.

The NNI is 'out-of-line' with other indices used elsewhere

3.11 A large number of indices have been used in the assessment of
aircraft noise by authorities in the developed world. Ref 2 gives
an account of the more well known indices. If suitable
approximations are made these indices can be reduced to similar
forms**, ignoring scaling constants (see Ref 2 for definitioms of
LEPN and LPN which are similar to L).

UK . NNI L + 151ogN

Netherlands B L + 151ogN

Germany, Austria Q L + 13.31o0gN

Italy, Finland, Japan WECPNL LEPN + 10logN

USA, CNR,NEF,CNEL, Lx + l0logN

Ldn (Lx: various noise level units)

Australia Al LPN + 10logN

South Africa NI L + 10logW

France Psophic Index LPN + 10logN

* These figures, used in the early stages of this study, were estimated

from a variety of sources.

*% BSeveral of the countries in this list are reviewing their noise indices;
this list should only be taken as illustrative of the recent position.
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3.12

3.13

3.14

3.15

3.16

Of these indices the UK, French and Netherlands were based to some
extent on social surveys, while the Q-index appears to have been
derived from psycho-acoustic experiments. The others, as far as can
be determined from the available literature, have resulted from
modifications to the equivalent continuous index, Legq (which
approximates to L + 10logN), to take account of information on
complaints, laboratory work or ‘expert opinion' on modifying
factors, as well as some social survey data.

The Leq-based indices are seen to be the most common, but in western
Europe, bar France, the indices in use weight the effect of the
number of aircraft to a greater degree (through the constants 15 and
13.3, in constrast to the 10 used in Leq). One reason why different
countries have arrived at different indices is probably that the
disturbance which is meant to be represented by an index is assessed
in different ways. The GAS score concept (Appendix D) is one of the
more complex ways of assessing disturbance. Frequently annoyance
has been assessed by asking question 12(a) in Fig D4 or by asking
for a response on a scale of 1 to 6 {or similar) numerical

rating.

The NNI does not weight the number of aircraft adequately

At several public inquiries the NNI has been criticised on the

.grounds that it was formulated at the time when movements, in

particular jet movements, were rather fewer than at present. The
argument is that although it is an empirical index (in contrast to a
number of those itemised in para 3.11) the environment is so
different now that the 15logN term represents a considerable
extrapolation and should be replaced by a term with a stronger
'N'~dependence, ie. the 15logN factor should be altered to something
increasing more rapidly as N increases.

It should be apparent that this criticism has something in common
with both of the previous ones. However, it is clear that a move
from the NNI to another index (or a revised NNI) needs evidence to
justify such a change. If the change were to one of the Leq-based
indices of para 311 then this would result in a lessening in the
effect of the number of aircraft on the estimated disturbance
revealed through the index. Without quantitative evidence, at a
time of generally increasing aircraft numbers, this would no doubt
appear to residents near airports to be, at best, rather unfortunate
and more probably just a manipulation of the index.

However, if a research study had been executed which substantiated
such a change, then any critical reaction would need to challenge
the report on technical grounds such as social survey and noise
measurement methodology and the statistical analysis leading to a
new index.

The NNI needs modification because of 'X'

A number of criticisms of the NNI relate to its functional form:
several factors — 'X'! - have been said to be important in
disturbance, but are not taken account of properly in the WNI. This
subject is discussed at some length in Ref 4. The factors in
question include:

- A
lo



3.17

3.18

Background noise (also definition of
aircraft noise 'heard!)

Airport dependent factors (ie resulting
from people's reaction to an airport
rather than measurable parameters)

: Effect of different modal split on
disturbance

Duration of aircraft noise
: Diurnal/Weekly/Seasonal patterns

Ideally, i.e with infinite resources, these questions could be
answered by means of a social survey and associated noise
measurement programme. But the sample sizes required (See Appendix
E for some considerations) would be enormous and the statistical
processing extremely expensive. Disturbance which is dependent on
the nature of the airport itself raises considerabe questions: if it
were known that (say) people at Gatwick at 45 NNI were in fact
generally more annoyed than those at Heathrow at the same NNI value,
would this justify different treatment? If the physical exposure in
all regards is comparable would different treatment be equitable?

The case of background noise and the aircraft 'heard' cut-off of 80
PNdB used in the NNI* is more subtle. It is probably true that
background noise affects reactions to aircraft noise, but the effect
on the NNI may not be so marked because disturbance (through the GAS
score) is assessed over the whole day; during the evening the
background noise is generally lower at most locations and
disturbance through aircraft noise will thus tend to be more
noticeable. 1If a background noise term were to be included it would
mean (presumably) that places with high background noise levels
would be seen as less disturbed than those with low levels. Again
this would be difficult to justify on equity grounds if only
aircraft noise were to be controlled. An insuperable problem in
general application would be the wide variation in background noise
over a locality with about the same aircraft noise exposure.

To some extent the inclusion of a greater number of aircraft in the
index through a reduced cut-off might help — but it would not solve
the background noise question. It hag to be accepted that any fresh
survey will not solve all these problems: it would seem best to
concentrate on uncovering the L-N trade—off.

Only those aircraft producing 80PNJB or more contribute to the noise
level and number components of the NNI.

10
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3.20
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Movements in the evening and night periods should be accounted for
in the index

Unlike many other indices the NNI does not take account of movements
in the evening and nlght period; daytime movements serve to

indicate the general level of aircraft traffic. However, some
indices do weight evening movements to a greater extent than daytlme
movements. Arguments have been advanced as to why this is not in

fact required (Refs 2,4), but a study would prov1de some quantitative

_evidence. Note that NNI has never been used in the UK to assess the
- impact of alrcraft noise at night, the argument being that annoyance

and sleep disturbance are distinct problems which should be treated
separately.

The NNI has proved to be a useful tool in the general assessment of
noise impact, particularly inm airport planning studies. However,
some of the criticisms of the NNI formula and the way in which it is
used have led to a general weakening of public confidence. This
underlines the need for the further investigation which is the
subject of this report.

I1



& THE STUDY DESIGN

4.1 The previous section presented some of the reasons for a study. How
should such a study be carried out - what should be the objectives
and the methodology?

4.2 It was agreed at an early stage in the study that the DTp had three
essential requirements of an Index of Disturbance by Aircraft
Noise:

(a) The Index should enable decisions to be made on as equitable
a basis as possible.

(b) It should be possible to substantiate the use of the Index by
basing it on measured data.

(¢) It should reflect the nature of disturbance around the DTp
'designated airports'® — Heathrow, Gatwick and Stansted.

The first two objectives would probably be common with those of
administrators in other countries: the third is a peculiarity of the
civil aviation arrangements in the UK. While the designated
airports have been emphasized in this objective it is necessary that
the study results should be generally applicable to airports with
aircraft noise environments comparable to the London airports. The
designated airports are not necessarily representative of the
broadest variety of airports, in particular those airports with a
relatively small number of movements at high noise levels.
Therefore, for a gemerally applicable noise index it is necessary to
include in the study one or more of these other airports.

4.3 It should be borne in mind that the extent of disturbance at
Heathrow and Gatwick (and at a possibly developed Stansted) is of a
different order from that at most of the UK airports (Manchester
being the most comparable). This can be illustrated by the
populations within NNI contours at these airports. Using the 1979
figures the numbers within NNI contours are:-—

Heathrow Gatwick Stansted Total

55 NNI 73,000 1,000 0 74,000
45 NNI 311,000 3,000 0 314,000
35 NNI 1,610,000 - 31,000 2,000 1,642,000

(rounded to nearest 1000)

If the 1975/1976 DoT reports on Airport Strategy (Ref 5) are taken
as a (rather dated) source for the population exposed at the rest of

* 'Designated' refers to the DTp responsibility for certain matters,
including aircraft noise, at these airports, which arises from Civil
Aviation Legislation,

12



4.4

4.5

4.6

4.7

the public transport airports in the UK, then it can be shown that
the percentage accounted for by the three London Airports is
roughly:-

55 NNI 88%
45 NNI 80Z
35 NNI 81%

Heathrow Airport can be seen to dominate aircraft noise exposure at

every level and in particular for the highest NNI values - 535 and
above. It is perhaps indicative of the severity of the noise
problem at Heathrow that its air transport movements are less than
one third of those for the UK as a whole. Because of the dominance
of Heathrow im aircraft noise exposure the major part of any survey
into aircraft noise in the UK needs to take place in its environs.
The low density of population around Gatwick militates against the
choice of areas there. Stansted, with present movements, offers
little opportunity for reasonable statistical sampling. An
examination of the airports in the UK indicates that at Luton an
area can be found which does not have a counterpart at Heathrow.
This area has a comparatively small number of movements but with

‘high noise levels.

The general approach adopted here is to investigate annoyance caused

. by aircraft noise within a number of small communities, within each

of which the exposure to external noise levels from aircraft over-
flights is approximately the same — these are known as 'common noise
areas'. In practical terms a community has been defined as an area
over which the external noise level from an aircraft does not differ
by more than about 4dB at most, and more usually 3dB. The reported
responses to a common external noise climate in any community are
the average over a variety of conditions of attenuation, background
noise and personal differences. This approach has been used in
previous studies by DR (eg Refs 6, 7).

From the outset the study design centred on a matrix of noise level
1 and aircraft number N which covered a wide range of aircraft noise
exposures. Table 4.1 presents an L - N matrix showing where survey
areas could be located — only one of several possible areas has been
given for filled cells of the matrix. The possible areas were
determined in the main by examination of the output of the 1979 NNI
computer contours. Thus an element of the study is the accuracy of
the computer model used to predict exposure. (A useful by-product
of the study was that it provided checks of the NNI computer model
predictions.)

Determining such a matrix of areas is not enough; for example, the
following additional questions need to be answered before a study
can be designed:

: How many people should be sampled?

: Should all cells be sampled?

: Should some cells be sampled more than
once? (Replicated sampling)




4.8

4.9

4.10

4.11

: What sort of questions should be aalked in the gccial
survey gquasticnpaire - should they be the same as for
previous surveys?

To respond to these questions it is necessary to focus on the
purposes of the study. Probably the crucial aim of the work is to
distinguish between the relative merits of NNI and Leq. The study
needs to be of such a design and on such a scale as to provide a
statistically satisfactory answer to this question. Too small a
sample size would probably not provide these answers, too large
would mean that money had been spent unnecessarily.

The results of the study might be crucial to development decisions

for many years to come, so it is a major priority to substantiate an
aircraft noise exposure index for use for probably the rest of the

century. The study required careful design, particularly the noise

measurement element, as one of the major problems with such surveys
is too large a variation in noise climate over a common noise area.

Since the general aim of the survey was to uncover the relative
merits of NNI and Leq it was necessary to retain the Guttman
Annoyance Scale, otherwise comparisons with past studies could not
be made. The problem then arises that the GAS responses may have
shifted over the years. The need to know something of the variation
in GAS scores before the survey sample size could be properly
estimated suggested that trials needed to be carried out.

Another worthwhile reason for trials was to assess the accuracy

of the NNI computer model. If it were inaccurate in certain regions
of noise level and/or number this could mean that the planned cell
coverage in Table 4.1 would be ineffective and hence impair the
sampling design and the usefulness of the results.

The trials were carried out in the summer of 1980 and consisted of
noise measurements and associated social surveys in five areas
around Heathrow airport. The trials data are of nearly the same
quality as the main fieldwork - the only deficiency is the omission
of some questions (see Appendix A). Trials data are included with
the main study data in description and analysis here. WNote that
about 80 people were interviewed in each area and that this cell
sample size was repeated for the main fieldwork. These responses
were helpful in answering a number of the questions (some raised
earlier in the criticisms of the NNI) to be considered in the study
design for ANIS, including:

: What is the likely statistical variation in annoyance responses
for a common aircraft noise exposure?

What is the likely statistical variation in extermal aircraft
noise levels for respondents in a particular survey area?

e

With what precision can average noise level (L) and number (N) be
estimated from measurements?

With what accuracy can L and N be predicted in possible survey
areas?

(These statistical aspects are covered im Appendix E.)

14
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4.12

4.13

Should background noise levels be taken into account in the
study? (No - this is the subject of complementary research
using part of the ANIS data, Ref 8.)

: Which demographic factors need to be considered? {Areas were mnot
matched for social or demographic factors, but social class, age,
sex and marital status of respondents were recorded for
statistical analysis.)

Do worst mode effects need to be examined in additionm to average
mode effects? (Yes, and so dees the time span for the most
-relevant 'stimulus’ - whether people respond to the aircraft
noilse exposure in the last week or over the whole summer for
example. )

Should evening and/or night movements be measured? (Yes)

: Should cut—offs at different levels be used when analysing noise
data? (70, 75 and 80 PNdB; no prescribed cut—off for Leg
measurements. )

Which scales should be used as measures of annoyance? (See
Section 8.)

. Area Matrix Design

Since the major aim of the study is to discover the best
relationship between disturbance and components of noise exposure,
the type of index I to consider would seem to be of the form

I =1 + klogN + C (C constant)

Here L is some average noise level and N the average number of
aircraft.

This form of an index encompasses all those indices known to be in
current use {para 3.11), the constant k being one of the values lQ,
13.3 or 15. The aim of the survey is primarily to distinguish
between the cases 10 {Leg-type) and 15 (NNI-type). The index would
arise from an annovance score {say A), which could be GAS, ANAS or
some other attitude scale, so that

A« (L + klogN + C)

the constant C in the case of NNI being chosen so that zero GAS
score corresponds to approximately zero NNI.#

] ——

Technical note: The annoyance scores are not proper cardinal numbers in
that they only rank disturbance on what is essentially an arbitrary
scale. This causes problems for less noisy sites, e.g. less than 30 NNI,
where many scores are zero, and the supposition of cardinality implicit
in much of the statistical analysis becomes particularly tenuous: See
Section 8.




4.14

4.15

4.16

4.17

4.18

Given some data on annoyance scores snd on the corresponding L and N
the value of k best suited to the data set can be estimated (the
simplest method is by 'multiple regression analysis'). However, the
crucial thing is the accuracy in the estimate of k as compared with
the 'true' value of k, i.e. that which would give the best fit if
the data were available on everyone who could be said to be exposed
to aircraft noise. The precision of an estimate of k depends on the
first three factors in para 4.11: if noise level and number could be
estimated accurately for every individuwal and all individuals
responded in the same way to aircraft noise, then the sample size
necessary to determine k would be very small. It is the case,
however, that the aircraft noise parameters are not perfectly
estimated and there is also a considerable variation in response
between individuals. Thus the estimate of k may differ from the
best value by an amount depending on the number of people sampled.
An analogy is a poll of political opinions: the larger the sample
size the more likely an estimate is to correspond to the opinions of
the whole population.

To determine the constant k a sufficient sample of the population is
required: to reiterate, it need not be representative in a
demographic sense of the population in the environs of an airport -
rather it must cover the range of factors such as neise level and
number of aircraft, An effective sampling plan is one which
provides the most accurate and precise estimate of k for a given
number of people sampled.

A sampling design may be effective in the above sense but it still
may be more costly than necessary. One way in which costs can be
reduced is that survey samples may in some cases be increased in
size or replicated, e.g. two surveys of different sets of
individuals could take place in the same area. This would then
reduce the amount of noise measurement required because one set of
noise data would serve to characterise a larger set of survey
responses. This is particularly valuable for areas which 'test' the
trade-off between L and logN, e.g. high L and small N and vice-
versa.

A precise estimate of k in this context means one which possesses
low variability as regards sampling fluctuations. To take a purely
hypothetical example, suppose k was estimated to be 11.4 from the
data set, and the variability was such that the true value of k
could lie between 8 and 13 with high confidence. Such a result
would indicate that Leq was a better fit to the results than NNI, as
10 would lie within the band of estimates for k and 15 would not.
The concern here is perhaps more with establishing which of the
values of k in use gives the best fit to the data, rather than in
specifying some entirely new value of k - the latter would probably
tend to add to the existing complexities as distinct from achieving
some clarification.

The aim of the study can thus be stated in statistical terms as
endeavouring to determine whether k = 10 or k = 15 provides the
better description of the study data. This question is analysed in
Appendix E in terms of the statistical modelling required and of
various aspects of the accuracy and precision of noise measurement.

16
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4.19 The end result of the analysis is shown in Table 4.1. It shows

L Heathrow locations which fall into particular cells of the L - N

| matrix. These areas have been annotated. The areas marked '(1980)'
were studied in the trials work. The 'barred' cells - four of them -

are eliminated from the design, essentially because they are near

the average WNI and N values. The four areas marked with a double

asterisk are sampled twice because they are nearer the extreme of

NNI and N. In addition to the Heathrow areas a location at Luton

was identified with high L and low N, i.e. a strong ‘test' area.

R . B

4.20 The minimum survey programme to be carried out in addition to the
five trial areas thus consisted of:

(a) Noise Measurement: 18 areas
(b) Social Survey: 18 sets of which 5 were replicated, making 23 in
all.

During 1982, when the main study was carried out, opportunities
arose to use measurements from other studies at Aberdeen and
Manchester. These, together with the specifically designed study
area at Luton (one area, two surveys) and extra areas at Gatwick
(two areas, one survey each) were added. The addition of these
areas was primarily in support of the application of the study
results to other airports in addition to Heathrow.* At all (single)
.areas the target sample-was 80 people - the preliminary statistical
estimates indicated that this would be adequate to give a
sufficiently precise figure for k.

. * These areas, with approximate L, N values, are listed in the footnote to
: Table 4.1.
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5.1

5.2

5.3

5.4

5.5

5.6

EXECUTION OF THE STUDY
Noise Measurement Programme

The noise measurement programme is discussed in greater detail

in Appendix B. At the time of the trials work, provisional
locations were identified, having the required (L,N) combinations as
described in the previous section. These were selected with the
help of MNI contours for 1979 and the large amount of data available
on actual noise measurements. Just prior to the main fieldwork the
locations of some of the survey areas were changed as a result of
more recent (1981) sets of NNI contours and further noise
measurements. Once survey areas were finalised, measurements were
made at a single site situated centrally within each of these common
noise areas. :

Measurement of aircraft noise was generally achieved by unattended
automatic monitoring equipment being installed in the gardens of
householders by prior arrangement. Attended monitoring was
necessary in the four survey areas at Stanwell where L is relatively
low and N relatively high, thus making it difficult to distinguish
individual aircraft events when unattended equipment is used. At
least 22 days of measurements were made at each site. Where
necessary, recorded noise events were identified with help of Air
Traffic Control runway logs.

In some survey areas extensive measurements of background noise were
made by the Institute of Sound and Vibration Research as part of
their complementary programme of research (Refs 8 and 9).

The five Heathrow trial sites had an NNI value of about 45,

made up of different contributions from average noise level L

and number N such that the greatest possible range, i.e. from 'high
L-low N' to 'low L-high N', was achieved.*

Two measurement positions were chosen for each of cells 13/14 and
15/16 - originally planned as double sample areas — because of the
difficulty in measuring high numbers of aircraft with a low average
noise level. The resultant four areas were all in the Stanwell
locality and are referred to in the Tables as Stanwell I to IV.

The target values of L and N displayed in Table 4.1 assume an 80PNdB
cut-off (i.e. no noise level less than 80PNdB is included either in
the averaging or totalling processes) and a modal split for
operations at the airport of 70% westerly and 30% easterly. It
should be borne in mind that the L — N matrix shown in Table 4.1
achieve the targgfugalues, in practice some cells only fit into the
matrix design by using cut—offs of 75PNdB and 70PNdE.

At one of these areas — Cranford - the noise exposure during the social
survey was markedly atypical because of the use of the cross runway 23L.
The results from this area have therefore not been used in

analysis here, although survey responses are tabulated in Ref 13,
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5.7

5.8

5.9

5.10

5.11

All the Heathrow measurement sites together with their survey areas
are displayed in Figs 5.1A and 5.1B.

Five other measuring areas; two at Gatwick (Ifield and Horley) and
one each at Luton, Manchester and Aberdeen were used. These enhance
the Heathrow areas results, both by adding off-diagonal cells i.e.
'low L -~ high N’ and 'high L — low N' and by surveying people's

.attitude to aircraft noise other than those residing around

Heathrow.

The measurements made at Manchester and Aberdeen and used in this
study were made primarily for other studies (Ref 10 for the latter
airport). The measurement sites and survey areas for these
additional five sites are shown in Figs 5.2 - 5.5.

The Questionnaire

The survey questionnaire was developed from the questionnaire used
in the 1967 survey. The trials version differed only slightly from
the main fieldwork questionnaire, Appendix A gives both. A major
intention in this development was to reduce where possible the size

,of the questionnaire in order to cut the time taken to administer it

to a respondent and hence save costs. Several questions were
included in the 1967 survey only because they had been included in

. the ploneer survey of 1961. Those which do not contribute

substantially to the understanding of disturbance through aircraft
noise have been removed.

The questions in the survey can be divided into three basic types:
the introductory questions which provide a general picture of
attitudes to the area and lead the respondent gradually into the
subject of aircraft (Ql-Q7 are of this type); the disturbance
questions, which enquire explicitly about disturbance from aircraft
noise; and the 'confounding' questions, which enquire about factors
which might be expected to affect attitudes away from the 'true'
response for a given exposure (such as the possession of double
glazing, the socio-economic group, any business connections with the
airport etec).

Comments on the questions:

Ql: This question was moved forward from Q7 in the 1967 survey,
and the rest of.the survey was administered only to those who
had lived in their area at least three months ~ it is not the
intention of the study to determine 'short-term' reactions.

Q5; This was a new question, asked before aircraft were mentioned
by the interviewer. It was thought that expressions of
acceptability might be better indicators of general attitude
than annoyance or bother which might possibly be more related
to recent nolse events.

Q9: This question was introduced in the Sleep Disturbance study
(Ref 6) and in the research work carried out by the MRC/DoT
project on psychiatric affects of aircraft noise (Ref 11). It
may give some indication of demographic shift as a result of
aircraft noise, i.e. act as a 'reserve' explanatory factor.
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glla:

Ql1b:

Ql2-
Qls:

Ql5:

Ql6:

Ql7:

Ql8:

Q20-
Q22:

Q23:

The phrasc 'sf aircraft'! was substituted for ‘of the aireraft!’
in the correspunding question in the 1967 survey (Ql2a), to
ensure that general experilence of aircraft noise is elicited
and not just attitudes to individual aircraft noise- events,
emphasising that the respondént's general experience of
aircraft noise is asked about and not their reaction to an
individual aircraft.

The frequency of annoyance is assessed as the number of
occasions per time period, rather than in relative terms [see
Q12b in 1967 survey].

This group of questions, corresponding to Ql3-l4a in the 1967
survey, has been considerably revised. The respondents were
asked whether or not they were at home in the day, evening or
night - the three periods of time into which noise
measurements were divided. For those periods of time during
which they were at home, they were asked if they were very
much, moderately, a little or not at all annoved. This
assessment could then be compared to their general reaction to
aircraft noise (Qlla}. They are not asked about their
reactions to noise elsewhere (for example at work) as noise
measurements were only carried out in the survey areas around
the respondents’' homes. The emphasis placed on bother or
annoyance at particular periods of time enables assessment of
the relative impact of aircraft noise at different times.

[Ql4b in 1967 survey]. The respondent is now only asked to
assess his relative annoyance during the week and at the
weekend and not to scale the two reactions separately.

This is a new question to assess to what extent double-glazing
~- which reduces noise levels indoors — modifies annoyance at a
given noise level.

Three additional items have been added to this set of
questions.  Respondents were asked how bothered or annoyed
they felt when i) their concentration was disturbed, ii) their
rest and relaxation was disturbed, iii) they were made to shut
their windows. These new items were included in the search
for a new GAS scale (see Appendix D).

This new question was asked as a check on attitude. People
may be annoyed by aircraft noise but nevertheless accept it to
a certain degree because of their judgement of the economic or
social benefits of aviation to the community.

This is a restricted set of questions on soundproofing,
constructed from Q34-43 in the 1967 survey. The important

aspect here is to determine whether the incidence of double-glazing

moderated people's attitudes to noise at a given exposure.

A check question, designed to compare different types of
scales for consistency.
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5.12

5.13

5.14

5.15

Q24: The intention of this question was to detect whether worst
mode or average mode matched better with reported disturbance.

The surveys were carried out using the questionnaire in August and
Sepember 1980 (for the trials), and between July and September 1982
for the main study. Each respondent was given an introductory
letter from the Department of Trade which introduced the survey as
one which was examining people's attitudes towards the area in which

-they live; no specific mention was made of aircraft noise in this

letter (see Appendix A). Further details of the social survey
methodology is given in the report (Ref }2) by the contractors,
Social and Community Planning Research (SCPR).

3140 addresses were selected for interview including those in the
main study, the trials work and the Helicopter Disturbance Study
area (at Aberdeen), 2178 successful interviews being carried out¥,
giving a response rate of 69.27 (see Table 5.1). If those addresses
which were out of scope (i.e. premises vacant or derelict, used for
business or industrial purposes only, untraceable) are excluded from
the total number of addresses issued, the response rate is 71.6%.

0f the original 3140 addresses, no contact with the person to be
interviewed was established at 497 (15.8%), at 283 (9.0%) an
interview was refused, and at 84 (2.7%) an interview was not
possible because the potential respondent was ill, senile,
incapacitated or unable to speak adequate English.

For the trials, interviewing took place over a period of at least 12
days in each survey area and in two cases (Ealing and Egham) it
covered 27 days, 100 addresses being issued in each area. Such a
long interview period means that some respondents might hear about
the survey before they are interviewed. In the main study,
therefore, the number of addresses issued in each area was increased
to 120 and the interview period reduced to four days. Initially a
three day period was used, covering Friday to Sunday, but this was
extended to include Monday as response rates turned out to be lower
than expected — the extra day boosted response rates moticeably.
The response rate in the main study alone (67.3%) was lower than in
the trials (74.8%) but the tactic of increasing the number of
addresses issued while reducing the length of the survey period
worked well. The response rtate of 74.8% for the trials can be
regarded as high for this type of social survey.

Survey Methodology

The sample design used was one in which several small geographical
areas (say lkm2), known as 'common noise areas' were intensively
sampled (cluster sampling); these areas were chosen to provide the
greatest independent variation in loudness and number. Some areas,
with a sufficiently high population, were sampled at twice the usual
rate: these were 'statistically efficient' locations — such as those
with high noise level and low number. This has the bouus of
reducing costs of noise measurement.

*

Includes Cranford data.
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SCPR were provided with the list of areas finally selected, with the
boundaries of the common noise areas defined on large scale maps (1
in 10,000). Where an entire street lay within the area, the
electoral register was used to provide a list of the addresses in
the street. Where part of the street lay outside the area, larger
scale Ordnance Survey maps were used to determine precisely which
addresses lay within the area.

Given a sampling frame consisting of all addresses on the electoral
register within the common noise area, a sampling method

was designed to give equal probability of selection to all adults
aged 18 or over living in the area. First every nth name in the
electoral register was selected where n was chosen to give the same

number of selected addresses in each single-sampled area, regardless .

of the number of addresses on the register. Thus the probability of
a given address being selected was proportional to the number of
registered electors living there. Then for each address thus
selected, the interviewer randomly selected one resident aged 18 or
over to be intérviewed. This further selection process was designed
to ensure (for all adults in any household with at least one member
on the electoral register) an equal probability of being

interviewed whether they were on the electoral register or not.
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6.1

6i2

6.3

6.4

6.5

NOISE MEASUREMENTS
Method of measurement

The noise measurements for each of the twenty three survey areas shown
in Figs 5.1 - 5.5 were made at a single measurement site, situated
centrally within each common noise area. Most of the noise
measurements were made using unattended equipment but some attended
measurements were made at sites having minor modes of operation at low
average noise energy. Attended measurements only were made at the
sites Stanwell I-IV.

The noise measurement programme was designed to obtain an extensive
sample of the values of LAmax and of the associated values of LAX of
the aircraft noise events occurring at each selected site such that an
estimate could be made of the noise exposure over various time periods.

This chapter explains how mnoise climates were estimated in terms of
various noise metrics derived from the noise measurements. Technical
details of the noise measurements shown in Appendix C are given in
Appendix B.

Analysis of measured data

The noise exposure at any site is generally caused by one or more
modes* of flight relative to a site. Since the noise levels and
numbers in the various modes may differ substantially any attempt at
estimation of the total noise climate of the site must initially
consider all modes separately. The aim of the noise measurement
programme was to produce, for each operating mode of the airport
relevant to a site, various noise metrics relating to 'average' day
(0700 - 1900LT), ‘'average' evening (1900 - 2300LT) and 'average'
night (2300 - 0700LT). From these basic data estimates of noise
metrics relating to 'average mode of operation' and 'worst mode of
operation' could then be made.

To produce noise metrics for each operating mode for day, evening and
night meant that days of different mode operation had to be 'stitched!’
together to form complete days of one mode. This was also true,
albeit to a lesser extent, for the evening and night periods. The
principal reason for this 'stitching'is the runway alternation scheme
exercised during westerly operaﬁions at Heathrow. On every other week
in the summer the day and evening operations will generally be as
follows:-

0700 - 1500LT take-off 28L
landing 28R

1500 ~ 2400LT take-off 28R
landing  28L

—_—— o e — ———

Mode of operation generally refers to the direction of operation of the
airport as a whole, i.e. either 'westerly' or 'easterly'. In the basic
analysis of the data, mode of operatiomn by runway was considered. For
example at Woodham, there were four operating modes of noise exposure.
These were:

West mode take—off 28R
West mede take-off 28L
East mode take—-off 10R
East mode landing 10L
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6.7

On the alternate weeks the operation will be:

0700 - 1500LT take~off 28R
landing  28L

1500 - 240Q0LT take—-off 28L
landing 28R

This means that on any one day during westerly operations there will
be, in many areas around Heathrow, two distinct modes of noise
exposure. Moreover these two modes of exposure will occur on any day
with westerly operation whether on the landing or take-off 'side' of
the airport. Easterly operation normally assumes a fixed pattern
(runway 10R is almost invariably used for take—off and 10L for landing)
and thus produces only one mode of noise exposure. 1In order to keep
these different modes of noise exposure separate measurements for all
days during westerly operation have been separated into the two
operational modes and recombined to form days of single, comstant
mode.,

There is another, subsidiary, reason why the days are composites.

There were Some occasions on which a complete day's (i.e. 24 hrs)
measurement was not obtained: this arose for several reasons. On some
occasions the runway alternation scheme was modified or the operation
of the airport changed from westerly to easterly. Invariably there was
a period during each day when the instruments were switched off for
servicing. This resulted in many days having small gaps in measurement
during the 24 hour period. Since the original analysis had been
devoted to examining the exposure on an hourly basis it was possible to
fill whatever gaps existed with data from another day to achieve the
desired number of full days at each site. Although the evening and
night periods are not subject to a change of mode from runway
alternation some gaps existed here and they were filled in a similar
manner. The target was to measure, or be in a position to construct, a
minimum of seven days (24 hours) for each operating mode relevant to a
particular site. (Note: Attended measurements were analysed in a
different manner, see section 6.7). Data for these 24 hour days were
then averaged to produce values of various noise metrics for day,
evening and night periods. From this data 'average mode' values of
noise metrics were computed by examining the modal split of operations
of the airport over the desired time periods. The periods presented in
this report include the three summer months (mid June -~ mid September);
the thirty days prior to’ the survey date and the week prior to the
survey date for each particular site.

For sites where attended measurements were made the data were analysed
in the following manner: distributions of LAmax, LAX and the numbers of
aircraft 'heard' above 80PNdB, 75PNdB, 70PNdB, or not at all* were
constructed for each aircraft type relating to a specific mode of
operation of the airport. From these aircraft type distributions
values of L for the three cut-off values were calculated. Also

calculated were the percentages of aircraft types 'heard' above the

During attended meaSurement periods all relevant aircraft movements were
noted even if the peak noise level was less than 70PNdB. These movements
were classified under 'not at all'’ in the analysis.
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three cut-off values. Values of LAX and the corresponding percentage

‘of aircraft type registering on LAX value were also computed. As an

example at Stanwell T 100 Tridents may have departed during a
particular measurement session; 90 were measured as being above 70PNdB,
80 above 75PNdB, 70 above 80PNdB, and 90 had an associated value of
LAX. The 90 above 70 PNdB have an average noise level of L70 and the
number heard is 90% of the total; above 75PNdB the average noise level
is L75 and the number heard is 80% of the total; above 80PNdB the
average noise level is L80 and the number heard is 70%Z of the total.
There is no implicit cut-off in the measurement of LAX but only those
events for which it is possible to compute the duration (the interval
between the 'l0dB down' points) are included, so the average value is
LAX and the number heard 90%. In this study LAX values for events
having LAmax of less than 67dBA were not computed. In practice, the
contribution to the average Leq values of such events is less than’
0.5dBA, and typically 0.l1dBA. A separate analysis was made, from the
ATC log books, of the numbers and types of aircraft operating during
an 'average' day, evening and night. Using percentages 'heard' and
the corresponding values of LAmax and LAX for each aircraft type the
two analyses were combined to produce average noise metrics for day,
evening and night for each operating mode of the airport. From these
data average mode values of noise metrics were computed in the same
manner as for the unattended measurements.

.Although extensive attended measurements were made during the day, no

attended measurements were taken during the evening and mnight periods.
It was assumed that the values of LAmax, LAX and percentages 'heard’
measured during the day for each aircraft type were applicable to the
same aircraft types operating during the evening and night periods.
Bearing in mind that the areas relying solely on attended measurements
(areas Stanwell I — IV) were situated to the 'side' of the airport, and
thus were exposed mainly to 'sideline' noise, this assumption was
thought to be reasonable.

The various noise metric data used for computer statistical analysis
(Section 8) is given in Appendix C, which includes definitions of the
noise metrics. Data on noise levels and numbers of aircraft in the
evening and night periods are given in Tables 6.1-6.4: these data are
not used in the analysis of Section 8. Modal splits of operation for
the airports studied are presented in Tables 6.5-6.18.
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7.1

SOCIAL SURVEY RESULTS

In the subsequent discussion of the results of the survey the
responses are treated as if the questionnaire used in the main study
had been used in all areas. In fact there were several points of
difference from the questionnaires used in the trials work (noted
here as NIT for 'Noise Index Trials') and for Aberdeen, through
questions being asked in a different order or omitted. Early in the
analysis work, all the responses were recoded to fit into the format
of the main study, with gaps in response due to missed questions
flagged separately from responses missed by interviewees. However,
for clarity the following paragraphs give a list of differences for
each question in the main study, together with the corresponding
question numbers in the other questionnaires, where these are
different.

Q1 This question was the same at every area, but at the
trial areas the response 'all my life' had been coded
with '30 years or more'. Hence this category was swelled
by a number of younger people who had not yet moved away
from the area.

Q2a,b At the trial areas, no more than three answers could be
given to these questions. At other areas, a
theoretically unlimited number of answers could be given,
but in practice few people gave more than two.

[NIT: Q2b,Q3]

Q3,4a No difference
. [NIT: Q4,5a]

Q4b As for Q2 above

[NIT: Q5b]
Q5 This question was asked immediately after the length of

residence question (Q1) at the trials areas.

[NIT: Q2a]
Q6 No difference.
Q7 This question was not asked at the trial areas.
Q8,9 No difference.

[NIT: Q7,8]

Ql0a,b At Aberdeen, as well as being prompted about aircraft and
. road traffic noise, the respondents were asked if they
ever heard helicopter noise.
[NIT: Q9a,b]

Ql0c At Aberdeen, helicopters, as well as fixed wing aircraft
and road traffic, were separately coded. In subsequent
recoding for the present study respondents who reported
either helicopters or fixed wing aireraft to be the most
bothersome noise were grouped together.
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Qlla,b

Ql2-18

Ql2-1é

Q17

Q18

Q19

Q20-~22

Q23,24

Q25a,b

Q26

Q27a,b

Q28a,b

Fixed wing aircraft and helicopters were combined for
this question at Aberdeen, so there was no effective
difference from the main study. At the trial areas, the
categories '3 or 4 times a day' and 'once or twice a day'
were combined into 'a few times a day'. In recoding all
respondents in this category have been arbitrarily
assigned to 'once or twice a day'.

[NIT: Ql0a,b]

These were only asked of those who heard aircraft noise.
At Aberdeen, this included those who heard helicopters
but not fixed wing aircraft. (There was also an
additional question here in the Helicopter Study that is
not used in the main study.)

No difference.
[NIT: Q11-15, ABERDEEN: Q13-17]

At the trial areas, items i,ii,111 were not asked. In
particular, since Ql7i on concentration did not appear,
several respondents mentioned this in reply to the 'catch
all' questions (NIT: Qlé vii,viii).

[NIT: Ql6, ABERDEEN:Q18]

At the trial areas this was asked of all respondents,
irrespective of whether they had reported hearing
aircraft noise.

[NIT: Q17, ABERDEEN:Q19]

At Aberdeen, this was asked following several questions
referring only to helicopters and referring to heliports
as well as airports (which were asked only of those
respondents who reported hearing helicopters).

[NIT: Q18, ABERDEEN:Q27]

These questions on sound proofing were not asked at
Aberdeen.

[NIT: Q19-21]

These were not asked at Aberdeen.
[NIT: Q22,23]

No difference.
[NIT: Q24a,b, ABERDEEN: Q28a,b]

No difference.
[NIT: Q25, ABERDEEN: Q29]

At Aberdeen these were asked after the questions on

"marital status and age of the respondent.

[NIT: Q26a,b, ABERDEEN: Q3la,bl

No difference (but note change in order as above).
[NIT: Q27a,b, ABERDEEN: Q30a,bl

At the trial areas there was an additional question about
bus routes at the end of the interview.
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7.2 Because of the very large quantities of data involved in this study,
the description of tha results and the subsequent analyeis in this
main report are bassed on a compact data base using the tabulations of
the social survey results (Ref 13). Responses from each of the
twenty-six survey areas have been aggregated, and statistics of the
form 'percentage responding by —' or 'sample mean' have been
calculated: see the text Table of variable names that follows.

Variable(s) derived from response to questions

Question Variable Variable Title® Data Paragraph
Number Name Base No. No.
1 LRES Av length of residence 27 7.35
2a (7.4)
2b (7.4)
3 ARCLIV3 Z A-C Item least liked 15 7.22
4 (7.4)
5 AXGOOD 7% Rated Area less than Good 21 7.28
6 ANOISY % Rated Area at least Noisy 20 7.27
7 NSEALZ % At least a Little Annoyed: GNL 3 7.11
3 NSENA % Gnl Noise Levels Unacc. 1 7.09
7.10
9 : 7.31
10ab 7.22
10c ARCBOTH # A-C Most Bothersome Noise 16 7.22
lla AVANAS Av ANAS Scores 8 7.18
VMANN . % Very Much Annoyed: A-C 5 7.13
ARCAL2 % At Least a Little Arnoyed: A-C 4 7.12
11b (7.4)
12 NEWEVE Net % More Bothered Evenings 17 7.23~7.25
NEWNGT Net 7Z More Bothered Nights 18 7.23-7.25
13 NEWEVE Net % More Bothered Evenings 17 7.23-7.25
14 NEWNGT  Net % More Bothered Nights 18 7.23-7.25
15 WKERBOTH Net % More Bothered Weekends 19 7.26
16 (7.4)
17 AVOGAS Av GAS Scores on 1967 Scale 6 7.13~7.19
AVNGAS Av GAS Scores on New Scale 7 7.19
OGASPOS 1967 GAS Scores Gt than O 12 7.19
OGASHI 1967 GAS Scores 3-6 11 7.19
NGASPOS New GAS Scores Gt than O 10 7.19
NGASHI New GAS Scores 3-6 9 7.19
18 ' ARCNA % Aircraft Noise Unacc. 2 7.10
19 WORKAP % Work Connected with A-Port 25 7.33
20 DGL # With Double-Glazed Homes 22 7.29-7.31
21 7.29-7.31
22 (7.4)
23 SCALE7Y Av Satisfaction on 7 pt Scale 13 7.20
24 WORSTM % Scaling in Worst Mode 14 7.20
25a (7.4)
25b SHIFTI1 % in Work and on Shift 24 7.33

% Abbreviations explained in Appendix C
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Variable(s) derived from response to question

Question  Variable Variable Title Data Paragraph
Number Name Base No. No.
Cont'd

26 (7.4)

27a (7.4)

27b NONMAN % Non Manual 23 7.32

28a FEMALE # of Females 28 7.36

28b (7.4)

28¢ AVAGE Av Age of Respondents 26 7.34
7.3 Note that results for Cranford are not included in this report

because exceptionally heavy use of runway 23L during the summer of
1980 made it difficult to estimate exposure accurately and makes
it possible that the response is distorted: see Appendix B.

The survey results, however, are given in Reference 13.

7.4 The responses to certain questions are not included in this
aggregated database, either because they were included in the
questionnaire largely as introductory questions to channel the
respondents thoughts into 'envirommental' matters, or because the
information elicited is in similar form elsewhere. (Slightly variant
forms of some questions were used partly as checks, and partly to’
enable the detection of possibly subtle effects.) The excluded
questions are:

Q2a,b: These two are introductory, probing the respondent's
feelings towards the area he or she lives in. Negative
reaction to aircraft noise is similarily picked out in

Q3.

Q4: The responses to this question are overwhelmingly
concerned with location of the home with respect to work,
leisure facilities, public transport etc.

Q9: This question was included in a study investigating the
psychiatric effects of exposure to aircraft noise (Ref
11). The respondent's answer is, necessarily, a
subjective rating against others, a factor which might
contribute to the response. In fact the distributiom of
responses did not vary markedly from area to area, or
with the annoyance expressed, so since more 'physical'
variables are available from the survey results, this was
not included in the data base.

Ql0,11: The respomses to questiomns about road traffic and other
noise were not included in the data base. These
questions were asked primarily to show aircraft noise in
the context of other noises heard by the respondent.
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Data on noises other than from aircraft are available for
those areas included in the ISVR study on background
noise (Refs 8 & 9). Responses to these questions are
analysed there. Only the reported ‘most bothersome
noise' is used in the agpregated data base.

QIl1lb: The frequency of reported disturbance is correlated with
: the degree of disturbance expressed through ANAS. (See
Table 7.1.)

Qlé: This gquestion was included to test whether the
attenuating effect of double glazing moderated people's
attitudes to the noise. The response is measured more
physically in Q20. (But see Ref 1.)

Q21,22: The extent of a possible moderating effect of double-
glazing is taken to be adequately measured by Q20.

Q25,26: The extent of a possible moderating effect of socio-
economic group is chosen to be measured by Q27b. This
avoids the problem of a large, undifferentiated
"housewife' group.

Q28b: Preliminary examinatiom of the data showed no marked
: effect of marital status as a factor in reactiom to
airecraft noise. (See Table 7.2.)

Note that all the respomse variables used in this report are chosen
so that larger numerical values correspond to greater disturbance.

In considering the results of this study, it i1s important to realize
that, whereas in the previous UK studies in 1961 and 1967 (Refs 3,
14) the aim was to produce a complete picture of aircraft noise
disturbance around Heathrow. In this case the survey areas have been
chosen solely on a statistical basis, to test more efficently the
validity of the Noise and Number Index (NNI) and other candidate
noise indices.To do this the noise level (L) and number (N) must be
varied independently through the choice of survey areas. That is to
say, a selection of areas giving a good mixture of noise level and
number areas is required, with, very roughly, a preference for areas
with high noise and low number, and low noise and high number. The
statistical background of this approach is discussed in Appendix E.
The data gathered are therefore generally representative of the whole
range of noise exposure for airport-related disturbance in the UK.
Thus, aircraft noise index contours, based on these data, provide a
valid picture of the pattern of disturbance around each airport.

The explanation of the calculation of the statistics in the data
base, based on the respounses to the social surveys is given in full
in Appendix C. A brief description of these data base statistics,
rather than the details of individual responses to the questions in
each area, is given in this section. This data base of aggregated
statistics was in part designed as a compact way of presenting the
very large amount of data gathered in the survey. Section 8 uses the
data base in assessing community response. Note that whereas
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7.8

7.9

Stanwell I, II, III and IV are distinct areas experiencing different
noise exposures, Feltham A&B, Harlesden A&B and Luton A&B are single
areas split into two by fractional sampling after the surveys were
carried out. TFor statistical purposes they are treated as separate
areas with identical noise exposure. (It had been hoped that the
Stanwell areas could be 'replicated' in a similar fashiom, but the
noise exposure throughout the areas showed too much variation.)

In the Figures referred to in this section the variables are shown
plotted against three month, twenty-four hour Leq (M3LQ24)%*. This
variable is used in this section purely as a descriptive tool: it is
not intended to imply that this is in any sense a 'best' noise
measurement or index of annoyance. The analysis of noise
measurement data in the assessment of annoyance follows in section
8. It is worth noting, however, that Leq-type noise measures
underpin many of the community annoyance indices in use round the
world. (See Ref 2.)

The data base - Table £2 - is ordered so that overt measures of
comrunity reaction to noise precede covert measures {(that is,
response to questions where reaction to ailrcraft noise has not been
explicitly asked for) which in turn precede the confounding factors
(those factors which, while not measuring reaction to noise, may
nevertheless influence that reaction). The exceptions to this are
NSENA and NSEAL2. These are covert measures (derived from questions
about general noise environment) that have direct parallels with
overt measures (ARCNA and ARCAL2 respectively) and are listed with
these variables.

Summary Survey Results
Z THINK GNL NOISE UNAGC (1)#*% [Figure 7.1]

The percentage of respondents finding levels of general noise
unacceptable range from 4.0% at Aberdeen to 53.7% at Hounslow. A
large number of people qualified their response in some way,
particularly at Colmbrook where 14.5% of responses were qualified.
Interestingly none of the four trial areas returned any qualified
responses. This may be due to differences in the detailed
instructions given to interviewers for the trials work and for the
main study. Qualified responses are counted in the data base as
finding noise exposure unacceptable (see Appendix CJ}.

Examination of these responses (listed by SCPR) reveal that many
people have aircraft in mind already, although they had not been
mentioned by the interviewer at this point.

* For explanation of data base names see Appendix .

%% These titles and numbers are those used in the main data base

which is listed immediately prior to the Appendices. The
abbreviations are explained in the glossary in Appendix C.
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% THIBK A~C NOISE UNACC (2) [Figure 7.2]
The percentage of respondents who felt aircraft noise exposure was
unacceptable was markedly higher than the ‘'general' response. At
Feltham A&B, Hounslow, Isleworth and Colnbrook around 60Z found noise
levels unacceptable. At a further seven areas more than 40%
expressed dissatisfaction. At the other extreme, at Woodham only
5.3% found noise from aircraft to be unacceptable, and at Aberdeen
7.9%. Qualified answers are again treated ag equivalent to a reply
of 'unacceptable'. Once more, Colnbrook returned a particularly high
percentage of qualified answers - this time 18.1%. A number of
people in some areas had reported not hearing aircraft noise at all
so they were never asked this question: it being assumed - for
consistency - when this statistic was calculated that they found the

‘noise exposure acceptable.

% AT LEAST A LITTLE ANNOYED: GNL (3) [Figure 7.3]

Respondents were asked to say if they were ‘very much annoyed‘,
‘moderately annoyed', 'a little annoyed' or 'not at all annoyed' with
the levels of general noise around them. The percentage of
respondents reporting that they were 'a little annoyed' or worse
varied from 32.7% at Aberdeen to 92.1% at Feltham A. WNote that this
question was not asked in the trials work. See below for a
discussion of this question in comparison with the equivalent
question specifically on aircraft.

% AT LEAST A LITTLE ANNOYED: A~C (&) [Figure 7.4]
As well as the question referring to general noise in the environment
discussed  above, the respondents were asked the same form of question
but referring specifically to aircraft (the aircraft noise annoyance
question leading to the ANAS scale). The levels of annoyance
expressed are generally very similar, in contrast to the other
matched pair of questions on acceptability of general and aireraft
noise, where there was a sharp rise in dissatisfaction expressed
when the focus was om aircraft. The highest proportion of people
expressing a little annoyance or worse was 97.7%, again at Feltham
A, and the lowest 42.3% at Stanwell II. The largest increase in
the proportion expressing annoyance with aircraft over that
expressed with general noise was 23.9%Z at Aberdeen, where 32.7%
were annoyed with general noise, 56.6% by aircraft noise. 1In
contrast, at Stanwell II there was a drop in annoyance expressed
from 66.0% with general -noise to 42.3% with aircraft noise. It
should be pointed out that at Aberdeen the survey was conducted on a
new housing estate some way from the centre of the city, overflown
by aircraft but in 'semi-rural' conditions with respect to road
traffic and industry. Hence other noise is exceptionally low,
particularly in comparison with what might be expected of the past
experience of many residents, and aircraft noise tends to
predominate to a large degree - see Figure 7.7 for comparison. If
Figures 7.3 and 7.4 are considered together, it appears that the
difference between the two responses is determined by the exposure
to aircraft noise relative to other noise, but without detailed
measurements of non-aireraft noise it is impossible to confirm this.
In particular it appears that, whereas for Leq values around
60-65dBA aircraft are thought of as a more serious source of
annoyance when seen isolated from other noise problems, for Leq
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greater than 65dBA aircraft noise dominates other noise problems to
such an extent that there is little difference in response between
the two questions.

4 VERY MUCH ANNOYED: A~-C (5) [Figure 7.5]

7.13 This variable corresponds to the common annoyance measure in use in
the USA, known there as the percentage 'highly annoyed'. (This is in
fact an amalgam of their percentage 'very much annoyed' with the
additional sub-category 'extremely annoyed’.) At areas with Leq
below 60dBA, less than 20% are 'very much annoyed'. For Leq in the
range 60 - 65dBA, the percentage varies from less than 5% at Stanwell
I and IT to more than 50% at Feltham A&B. It is interesting that
after the very high response at Feltham, the percentage 'very much
annoyed' drops to around 40% at Hounslow and Isleworth, then markedly
again to 29% at Colnbrook, the area of highest Leq. Various factors
may be at work here, including the very high incidence of double
glazing following the introduction of the Government Grant Scheme,
and the large number of people whose work is connected with the
airport. (The next section examines those aspects statistically.)
There may also be a certain degree of 'demographic shift'? thus in

areas exposed to such high noise exposure residents who have not yet
moved away may be there either because they can tolerate the noise,
or because for one reason or another they cannot move.

GAS RESPONSES (6,7, 9-12) [Table 7.3]

7.14  The variation in response to Question 17, the GAS questiom, can be
exemplified by reference to extreme areas. If the area with lowest
Leq (Woodham) is considered along with the areas with lowest average
community 0GAS* score (Stanwell II), highest average community
0GAS =s&core (Isleworth) and highest Leq (Colnbrook), it can be seen
that the priority given to the various factors in the annoyance score
varies very little. In general, the largest contributions to
annoyance are from disturbance to television viewing and disturbance
to conversation. The next largest contributions are from vibration
] of the house, and being forced to shut their windows. Disturbance of
- rest and of concentration rank next, followed by being woken or being
‘ startled by aircraft. (In areas of high exposure, there appears to
be a large drop in the percentage bothered between those woken by
aircraft and those startled by aircraft.) Annoyance with television
disturbance is the most erratic factor - giving the 3rd highest
proportion in Stanwell II, but 7th in Colnbrook. Woodham fits this
pattern least well — house vibration being said to cause the greatest
annoyance, being forced to shut windows the least — but apart from
these two factors the pattern is still much as in other areas.

7.15  Annoyance with interference to television viewing is 88.7% in
Isleworth, 24.5% in Woodham; interference with conversation
produces 79.5% annoyance in Colnbrook, 23.4% in Woodham. At
Isleworth, all factors (except the ‘catch all' 17xi) produce 25% or
more at least a little annoyed, whereas at Stanwell II only
interference to television viewing produces more than 25%. Compare

See Appendix D for definitions and discussion on Guttman Annoyance
Scales, referred to here as 0OGAS - the scale used for the NNI — and
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7.16

7.17

7.18

7.19

this with the rcsponse to the gemeral question (ANAS) where the
lowest porcentage was 42.3% at Stanwell IL. At Woodham, the highest
response to a particular question was 29.87Z - the response to the
ANAS question was 59.6%. At Isleworth the highest response to a
particular question was 88.7% at least a little annoyed, whereas for
ANAS 95.87 were at least a little annoyed. At Colnbrook there is a
maximum response to an individual item of 81.9%, whereas for the ANAS
question B5.5% were at least a little anmnoyed.

Annoyance Scales

The questionnaire results permit the constructionm of a large number
of disturbance scales. In the next section a theoretical and
statistical examination is carried out with particular reference to
the construction of 2n aircraft noise index. In the following
paragraphs a preliminary, partly graphical, comparison of data base
scales is made. In the data base there are two annoyance scales in
which the respondent directly assesses his or her own annoyance ~ the
ANAS scale and the 7 point scale of satisfaction SCALE7, and two
versions of the GAS scale (the original scale - 0GAS, and a new scale
incorporating different elements - NGAS), where the annoyance score
is derived indirectly from a composite of several responses. From
these four basic scales, several measures of community annoyance can
be derived. An average of the respondents’ scores within one common
noise area can be taken; percentile measures such as the

percentage recording any annoyance at all can be used, as can the
percentage recording high amnoyance. The average of the OGAS scores
is of particular importance as it enables direct comparisons to be
made with previous work.

Since OGAS and NGAS are in the range 0 to 6, SCALE7 in the range 1

to 7 and ANAS in the range 0 to 3, it is useful to have some idea,
for the data here, what a score in one scale corresponds to in
another. WNote that these procedures are inherently approximate owing
to the nature of annoyance scales ~ see the next section. It may be
done roughly by averaging, for example, the OGAS scores for all the
population with a given ANAS score: see Table 7.4 for the results.
The results are compatible with the commmunity average O0GAS scores
for areas with an average ANAS score near 1 or 2. (Wo community has
an average ANAS score of 0 or 3.)

Average ANAS scores range from 0.64 of Stanwell II to 2.35 at Feltham A.
Seven sites had average community ANAS scores under 1.0 and five
above 2.0.

Average OGAS scores range from 1.2 at Stanwell II to 4.0 at
Isleworth. The percentage of people with positive (non-zero) OGAS
score range form 45.7% at Stanwell II to 98.7% at Ealing., The
percentage with OGAS scores between 3 and 6 ranged from 18.2%
Stanwell I to 88.2% at Feltham B. The new GAS scale NGAS produced
scores that were consistently lower than on the original scale. The
average score ranges from 0.7 at Ifield to 3.2 at Feltham A. The
percentage scoring more than O ranged from 46.4% at Stanwell II to
97.7% at Feltham A. The percentage scoring between 3 & 6 ranged from
4.3%Z at Woodham to 67.1% at Feltham A. The new GAS scale could not
be calculated for the trial areas, as it incorporates three items (on
disturbance of concentration, disturbance of rest and relaxation, and
on annoyance at being made to shut windows) that were not asked in
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the original set of Guttman questions.

AV SATISFACTION ON 7PT SCALE (13)
% SCALING IN WORST MODE (14)

Average satisfaction on a 7 point numerical scale (where 1
represented highly satisfied, 7 highly dissatisfied) ranged from 2.3
at Woodham to 5.2 at Feltham B. This was coupled with a question
which endeavoured to ascertain whether people made their judgements
on the basis of average exposure to noise, or of occasions when the
disturbance was greatest and thus whether average or worst mode noise
measures (see Glossary) were likely to be the best predictors of
annoyance. The responses varied from 13.6% scaling in worst mode at
Stanwell III to 47.7% at Feltham B. (It should be pointed out that
Feltham A, which was exposed to the same noise as Feltham B, had only
30.7% scaling in worst mode).

PLOTS OF ANNOYANCE SCALES [Figures 7.2, 7.5, 7.6]

Figures 7.6, 7.5 and 7.2 show AVOGAS, VMANN and ARCNA respectively
(see Glossary), plotted against Leq. The last two are the variables
which correlated least well with average OGAS. All three show a
portion with lower values and little or no increase, to about 60dBA
and a portion of higher responses at 65dBA and above, but which shows
a slight decrease at higher Leq values. There is a fairly
substantial jump between the two portions. At 60 to 65dBA there is a
region of uncertainty, where points may align with either the upper
or the lower portiomns.

% AIRCRAFT .ITEM LEAST LIKED (15) [Figure 7.7]
% A~C MOST BOTHERSOME NOISE (16)

Alrcraft are mentioned as the most bothersome noise by considerably
more people than those who say they are what 'they like least about
the area'. At five areas no-one felt it was what they liked least.
At Feltham A, Feltham B and Isleworth, between 45% and 50% disliked
aircraft noise most. The next highest percentage, however, was 317%
(Colnbrook). The smallest percentage saying aircraft was the most
bothersome noise was 19.4% at Woodham, the highest was 90% at
Isleworth. Except at Stanwell I-IV, areas with aircraft Leq over
60dBA had more than 50%Z who felt aircraft was the most bothersome
noise. Figure 7.7 shows the net percentage who felt air traffic was
more bothersome than road traffic. Road traffic is seen as the
greater problem for most areas with Leq less than 60dBA. (Aberdeen
is an exception -~ see para 7.13 and Figures 7.3 & 7.4). There is a
sharp increase in the net percentage response between 60 and 65 dBA.
It is interesting to compare areas with a similar percentage
reporting aireraft were the most bothersome noise with their average
0GAS scores. Consider for example the areas Hounslow W, Horley,
Luton A, Ealing and Sheen, all reporting between 68% and 72% finding
aircraft the most bothersome noise. They have average QGAS scores
between 2.7 and 3.2. Similarly for Harlesden A, Chiswick and Ifield,
with between 33% and 35% finding air traffic the most bothersome
noise. They have QOGAS scores of between 1.30 and 1.65. The reverse
is not true. The percentage finding air traffic the most bothersome
noise is sensitive to the degree of reported exposure to other noise,
whereas the OGAS score appears less so.
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NET % MORE ROTH'D FVENTNGS (17) [Tablez 7.5, 7.61
NET % MORE BOTH'D NIGHTS (18)

After the ANAS question (see para 7.12 and 7.13), respondents were
once again asked to say if they were 'very much', 'moderately', 'a
little' or 'not at all' annoyed, this time by aircraft noise during
the specific time periods: 0700-1900 (day), 1900-2300 (evening) and
2300~0700 (night). The reaction to noise in the different time
periods was compared. A difficulty is that nearly half the sample
reported that they were usually out during the day, and therefore
could not record any annoyance. It was decided that amnoyance could
only be compared for those respondents who were usually in during
all periods of time, rather than assign 'no amnoyance' or the same
annoyance to those not in during ome time period. Table 7.5 shows
that annoyance expressed, during evening and night, by those out
during the day does not differ greatly from that expressed by those
who are in; so the given statistic can reasonably be used to
represent the feelings of the population as a whole. For the exact
definition of these statistics see Appendix C.

The greatest evening noise exposure is 71.1dBA* at Hounslow, in fact
an increase of 0.2dBA over daytime exposure, and here a net 11.5%
were more annoyed in the evening. The largest net percentage more
annoyed in the evening was at Horley (32.7%) where the evening noise
was 60.9dBA (a decrease of 2.4dBA from daytime). However, in
contrast, at Colnbrook a met percentage of 32.6% were more annoyed
in the day, despite an evening Leq of 69.6dBA, a decrease of 3.5dBA
from the day. Altogether nine areas showed a net percentage

more anmoyed during the evening.

The greatest night exposure was also at Hounslow (63.0dBA, down
7.9dBA from day~time exposure), but nevertheless a net 52.9% were

more bothered in the day. Only Horley and Luton A show a net
percentage more “bothered at night. At Horley a net 10% were more
bothered by 54.3dBA (down 9dBA from day time levels). At Luton 4, a
net 13.6% were more bothered by 57.4dBA (down 3.9dBA from day time,
the smallest decrease). The largest net percentage more bothered in
the day was at Feltham (79% and 787 respectively at the two sites)
where the noise was down 15.3dBA to 50.0dBA at night. WNote that there
were no night time aircraft movement at Aberdeen.

NET % MORE BOTH'D WEEKENDS (19)

Except at Aberdeen, where there is a large drop in traffic rates over
the weekend, there is little difference in noise exposure from
weekday to weekend. At Heathrow there is an estimated 0.4dBA drop,
at Luton 0.4dBA, at Manchester 0.1dBA. At Gatwick there is a

0.3dBA increase in noise exposure at weekends. At all sites except
Aberdeen there is a net percentage more bothered at weekends. (Note
that unlike the previous statistics on net percentages bothered at
different times of day, this statistic is not calculated from
comparing two scores. Respondents were asked directly when they felt
they were more bothered.) The net percentage varied from 1.27% at

*

Note that these figures refer to three month, 24 hour Leg: M3LQ24.
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Stanwell III to 49.4% at Colnbrook. Although Gatwick actually
increases its traffic rates at weekends, the response at Horley
and Ifield were mot exceptionally high: 31.1% at Horley and 22.5%
at Ifield. It would seem that the net increase in annoyance over
the weekend is more a function of people's habits and way of life
than of the noise exposure.

%Z RATED AREA AS AT LEAST NOISY (20)

The results at the three double sampled areas show that this response
is subject to considerable sampling fluctuation. At Harlesden 43.9%
in one sample and 25.8% in the other rated the area noisy or very
noisy; at Feltham A & B the percentage were 46.0% and 29.6%
respectively, and at Luton A & B 20.0% and 32.1% respectively. The
lowest response was 3.0% at Aberdeen, the highest was 57.9% at
Hounslow West.

% RATED AREA LESS THAN GOOD (21)

Respondents were asked if they considered their area was 'excellent',
'good', 'fair', 'poor' or 'very poor'. All those who rated the area
neither excellent nor good are included here. The smallest
percentage rating their area less than good was at Aberdeen (8.9%)
and the highest (68.2%) at Harlesden A. The indications are that
even in areas with very high aircraft noise exposure, aircraft do not
figure very markedly in this very general assessment of the area.

% WITH DOUBLE~GLAZED HOMES (22) [Table 7.7]

Incidence of double-glazing varies considerably from site to site.

No information was obtained about Aberdeen, as this dquestion was
omitted in that area. The lowest incidences apart from this are 6.5%
at Manchester and 7.6% at Willesden Green. The highest percentages
are 92.8% at Colnbrook and 84.0% at Stanwell III.

Certain areas, because of the noise exposure they were subject to,
were eligible for Govermment double-glazing grants. Nearly all those
with double-glazing in Colnbrook had had grants, and there was a high
proportion also in Hounslow, Hounslow West, Hounslow Central and
Stanwell I, III and IV. It is not clear what effect double-glazing
might have on people's general reaction to moise. Although it should
muffle the sound in the house and would therefore be expected to
moderate people's annoyance, it has no effect in the garden and also
means that windows have to be shut in the summer for the double-
glazing to be effective.

Table 7.7 shows the distribution of responses to the question 'How
sensitive are you to noise compared with other people?’, comparing
the total sample in an area with those who stated that they had put
double-glazing in because of aireraft noise. Only those areas are
considered where a sufficient number had put in double-glazing
because of aircraft noise to give a significant result. The bottom
row gives the results for all twenty six areas together. Considering
the full sample first it is apparent that there is very little
difference in distribution between those who had put in double~glazing
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who feel themaelves to be more seneitive are mere likely to put in
double~glazing. Looking at the individual areas, only $ix had more
than 50 respondents who put in double-glazing because of aircraft
noise. Of these, Colnbrook has a greater than average proportion
throughout who feel they are less sensitive, Stanwell I and Horley
show a small increase in the number of people who believe they are
less sensitive among those who put in double-glazing. Only Stanwell
IV. shows an increase in those who feel they are more sensitive among
those who put in double-glazing.

7 NON-MANUAL (23)

From the original 16 point classification of socio—economic group
carried out by SCPR, an 8 point classification was formed. This
present statistic combines the classifications 'professional,
managerial' and 'other white collar'. The smallest percentage
nonmanual workers was at Luton B, with 21.5%, the highest at
Isleworth 67.6%.In the Helicopter Study (Ref 10) a marked tendency
was demonstrated for areas with a high proportion of professional,
managerial and other non-manual workers to express higher annoyance
than was typical at a given noise level. In considering the results
of our analysis in a later chapter, it should be noted that such a
wide a range of percentage non-manual workers was not found in this
study. 1In particular, none of the areas exhibit a very high number of
professional and managerial people.

% IN WORK & ON SHIFT (24)
% WORK CONNECTED WITH THE AIRPORT (25)

These two variables are connected, since in many areas close to the
airport this is the chief source of shift work. The percentage of
those in work doing shift work varies from 2.1% at Sheen to 34.0% at
Stanwell IV. As would be expected, the percentage whose work is
connected with the airport increases with proximity to the airport,
the highest percentages being 35.4% at Stanwell IV and 22.2% at
Stanwell III. No-one at Willesden Green was comnected with the
airport. Roughly two-thirds of those who say their work is connected
vith the airport actually work there; the remaining third work for
companies doing business at the airport. 36% of those usually on
shift work have jobs at the airport, compared to 6% of the whole
sample.

AVERAGE AGE OF RESPONDENTS (26)
AVERAGE LENGTH OF RESIDENCE (27)

The average age of the respondents varies very little with area. The
youngest group is at Aberdeen, where the average age is 39.3 and the
oldest at Chiswick, where the average age is 51.7. Only three areas
have average ages outside the range 40 to 50.

The average length of residence is slightly more variable. The
shortest period is 3.1 years at Aberdeen, where the survey area was a
new housing estate. Next to that is Colnbrook, with 15.4 vears (and
four other areas have average lengths of residence less than 16
years). The highest is 29.2 years at Egham.
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% FEMALES (28)

The largest percentage of females sampled was 62.1% at Willesden
Green, the smallest 44.4% at Slough. At all but eight areas, more
than half were women, and of eleven areas lying outside the range 48-
54%, all but two lay above it.

39



8.1

8.2

8.3

DISTURBANCE AND NOISE EXPOSURE¥

Introduction

The object of this study is, using the words of the Wilson Report
(Ref 1), to define 'the total noise exposure which causes
annoyance' from aireraft noise: here 'annoyance' includes any sort
of disturbance reaction. Noise exposure is to be measured by some
sort of index, composed of measurable variables such as the number
and loudness of the aircraft heard, which matches most closely with
the disturbance reaction. There are thus two distinct questions to
answer:—

(i) How should disturbance be zssessed from the social survey
results?

(ii) What combination of measured physical variables gives the best
match to the disturbance measure?

In the Wilson Report disturbance was determined by an annoyance
measure called the Guttman Scale after the originator of the concept.
This scale has been called 0GAS (for 0ld Guttman Annoyance Scale) im
this report. (For convenience the database variable names are used
frequently throughout this chapter so reference to the database
Glossary in Appendix C is necessary.) OGAS is a six point scale, a
respondent's disturbance being measured by an integer from 0 to 6 on
0GAS (the scoring method is listed in Figure D4). The NNI was chosen
by the Wilson Committee as matching well with OGAS, NNI being defined
by - . :

NNI = L + 15l0g N - 80

where L is the logarithmic average noise level in PNdB (from dBA+13)
and N the number of aircraft noise events of more than 80PNdB on an
average summer day (0700-1900 LT). The choice of 0GAS and the choice
of NNI to match OGAS correspond to the answers to questions (i) and
(ii) in the above paragraph. In the following paragraphs these
questions are examined for the Aircraft Noise Index Study data.
Three points need to be made here. First, different results from
those given by the Wilson Committee may be a product of the changes
in annoyance responses over two decades rather than deficiencies in
the Wilson analysis. Second, the aireraft noise enviromments used
for this study were chosen for their 'statistical efficiency', i.e.
because they would help in the identification of an index, not to
represent in some sense the broad picture of disturbance around an
airport, Third, the Wilson Committee only examined the environs of
Heathrow, whereas this study includes other airports.

Disturbance

The reaction to an adverse stimulus can be called the degree of
disturbance. The fact that it is possible to name this concept does
not mean that it is intrinsically well-defined. Disturbance through
aireraft noise incorporates a wide wvariety of very real emotiomal

This section,-in particular paragraph 8.17 et seq, assumes a knowledge of
statistical hypothesis testing and multiple regression methods: the main
results are described more fully in Section 9.
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states occurring in different circumstances such as: anger at
intrusion when relaxing in a garden, irritation when concentration is
broken during work or leisure, fear when startled by a flyover.

An individual's reaction at a particular time will, mo doubt, vary
in extent with the airport runway in use, the weather (suitable for
gardening or sunbathlng?), the other stresses of the day and so on.
Even for people in very similar circumstances reaction can differ
markedly; some are phlegmatic about noise, while others are more
anxious. In addition, differing education and jobs and degree of
awareness about society can all affect reaction, in particular the
overt response through complaints or other actioms.

An attitude such as disturbance is thus an intrinsically complex
concept (Ref 15). It is also the case that is mnot possible to
guarantee that a measure of an attitude has so called 'ecardinal'
qualities. Cardinal properties are those generally foumd in basic
physical variables. The ordinary measure of length possesses such
properties e.g.:

(i) Different objects can be arranged in order of length;

(ii) Objects of length dimension 1,2,3 .... units all differ by the
same length;

(iii) An object of (say) length 4 is equal in length to two
objects of length 2.

These all seem quite trivial properties for a measure to possess, for
the reason that they are those of the ordinary operations of
arithmetic. An attitude measure does not, however, inherently
possess such qualities and it does not seem'possible, with existing
methodological techniques, to demonstrate conclusively that an
attitude measure does in fact have cardinal properties. A
disturbance measure with cardinal properties would be one which
essentially allowed one to discuss 'units of annoyance', so that an
increment of annoyance between people would be well defined and an
individual could be said to have (say) twice the annoyance of another
individual.

The 'non~provability' of cardinal properties may seem a minor matter
but it provides a particular constraint on any statistical testing
which uses the powerful techniques of 'Multiple Regre551on Analysis'

-~ MRA. While this approach can still be used ~ as it is in later
paragraphs and in Appendlx F - to examine the data set in an
organised fashion in a search for a good disturbance/physical
variable relationship — results have to be examined with caution and -
re~tested, if possible, through methods ('nonparametric' ) which are
not dependent on ordinary arithmetic operationms.

The lack of an objective 'unit of annoyance' does, however, have an
even more serious consequence, in that it is not possible to
establish a logical mechanism which will ensure that the 'best’
disturbance measure can be found from social survey respomnses.
Discrimination between disturbance scales can only be through special
argument or, for similarly comstructed scales, through internal
consistency analysis. Fortunately the degree of commonality between
aircraft noise disturbance scales turns out here to be rather high so
it seems quite possible to examine different scales selecred from the
whole 'spectrum'.

41




8.7 The analysis in this section uses - in the main - the compact
database formed from the study results. The various measures of
disturbance in the database cover all of the main features brought
out in the social survey questionnaire plus noise metric data. An
almost infinite number of possible distinct disturbance measures
could be produced from the survey results, but the database (which
includes the established measures, such as OGAS) is an effective
representative for the whole set. Any other measure of interest
can still be calculated from the database, the survey tabulations
(Ref 13) or the whole data tape.

3.8 The database uses the 'single sample' survey area. Data from all
the respondents in each area are collected together because:

(i) Noise measurement is by survey area so all the respondents in
an area are identified as having the same noise climate.

(ii) The grouping of respondents in a community gives a stability to
the measure of disturbance estimated for that noise exposure.
Thus, for example, an individual's 0GAS scores would be subject
to the sort of individual variations mentioned before, whereas
an average 0GAS score taken from a group of people would more

~ easily reflect communltz disturbance.
(11i) Single area groupings are used so that the degree of statistical

variability iamplicit in each community assessment is about the
same .

The second point here needs some enlargement as it has already been
pointed out that scales such as 0GAS do not, 'as of right', permit
arithmetic operations such as arithmetic averaging. The latter has,
however, been done frequently in the past for convenience: an
argument for continuing this treatment is that the 'average community
score' is a simple and stable measure which matches well with other
statistical measures such as the median score (Ref 2).

3.9 Disturbance measures in the database may be categorised in a number
of ways : it is particularly important to focus on these different
approaches in the analysis of measures. A crucial breakdown is:

{(a) Covert measures arising from questions about disturbance where
Taircraft' is one of several possible answers, or where
aircraft noise contributes, perhaps un5pec1f1ca11y, to the
response.

(b) Overt measures which arise from questions explicity related to
aircraft noise.

Examples of type (a) are ARCBOTH* - the percentage of area
respondents who say aircraft are the most bothersome noise, and NSENA
- the percentage who think general noise levels unacceptable. An
example of type (b) is AVOGAS, the average OGAS score, as people are
spec1f1cally asked to indicate disturbance reactions arising from
aircraft noise. The latter type of measure has tended to be
preferred in past analyses because the respondent's mind is focussed
on aircraft and he or she is given a clear opportunity to comment on
disturbance from aircraft noise.

[ [ — e e

* Explanation of the variable rames can be found in Appendix €, Table Cl.
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It the former type of question there may be a doubt as to the extent
to which aircraft are identified as part of the external environment
in the same scheme as, for example, road traffic and noise from
neighbours : aircraft may be seen as an 'external' feature while the
examples mentioned would be seen as more local.

Another important categorisation is that between 'average' and
"percentile’ measures. In the former some disturbance measure
provides a score for all the respondents in a community which is then
averaged, eg the individual OGAS scores are averaged to give AVOGAS,
which thus includes contributions from the whole community in
proportion to the severity of the individual's response. An example
of the latter is VMANN, the percentage who say they are very much
annoyed by aircraft noise. Such a variable does not weight the
response of all the individuals in the community, but estimates the
strength of attitude by a count of those respondents with at least a
certain response. There is no guarantee that a high average respomnse
will always entail a high percentile respomnse, but it turns out in
practice that the measures move quite closely together. Thus, for
example, the four areas in the database with AVOGAS scores greater
than 3.5 are the only areas with VMANN percentages in excess of 40%,

.while all the sites with AVOGAS less than 2.0 all have VMANN less

than 17%. Measures such as AVOGAS have tended to be used in the UK
studies, whereas in USA work VMANN has become a foremost measure.

- VMANN as the 'highly annoyed' petrcentage (equal to 'very much

annoyed' plus a more emphatic 'extremely annoyed', subsumed in the UK
categorisation) has in fact been recommended in the USA as a measure
for the assessment of community response to aircraft noise (Ref 16),
following research on worldwide aircraft noise disturbance results by
Schultz (Ref 17).

A third division which should be noted is that between overt
numerical scales and constructed numerical scales. The only overt
numerical scale used here is SCALE7 (a seven point scale of
satisfaction/dissatisfaction), all others being counstructed
'naturally' from responses (eg for AVANAS, 'very much bothered' being
given a score of 3 down to 'not at all bothered' a score of 0) or
through some construction mechanism, as in the case of the Guttman
Annoyance Scales. In the case’ of the overt scales the individual
respondent interprets the meaning of the numerical values, whereas
for constructed scales the researcher's method decides the
respondent's score. Neither method quarantees cardinal properties,
but it has been argued (Ref 2 and the references therein to the
research by Ollerhead et al) that the roughly constant spread of
gscores about the community average as exposure increases for 0GAS and
ANAS indicates that their scale values are well chosen.

One method of assessing different scales of an attitude is to examine
the degree of agreement between them., If different scales are
intended to measure the same thing, then they should tend to agree on
the relative rankings by respondents and, more likely, for
communities of respondents. If they do not agree, then it is not
possible to make any deduction : either or none of the scales may be
appropriate. Agreement of scales in the assessment by the respondent
does not by itself guarantee that the scales measure the intended
attitude appropriately. It is desirable that the mechanism for

scale scores is intrinsically comnnected with the attitude. Agreement
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of acales does not, of itself, guarantee that the scales do in fact
measure the attitude appropriately. However, in the present case all
the scales in the compact database are coustructed so as to lend
credence to the 2cales as measures of aircraft noise disturbance,
even though the attitude may not be explored overtly by the
interviewer's mention of aircraft.

Table 8.1 shows the 'Spearman rank correlation’ matrix for the
database disturbance scales. For convenience the first row of the
matrix is listed here, showing the correlation between AVOGAS and the
other scales in decreasing order of correlation coefficient, the
overt aircraftrelated scales coming first. (Note that correlation
coefficients are for all 26 areas, except for those connected with
the new GAS calculation, NGAS, which are for the first 22 areas in
the database only.)

Scale Correlation
with AVOGAS

AVNGAS 0.98
OGASHI 0.97
NGASPOS 0.95
AVANAS 0.95
SCALE7 0.94
ARCALZ 0.94
0GASPOS 0.93
NGASHI 0.91
VMARN 0.91
ARCNA 0.91
ARCBOTH 0.87
NSEAL2 Q.87
ARCLIV3 0.78
NSENA 0.76
ANOISY 0.27
AXGOOD -0.06

The rank correlation coefficients displayed here are measures of
concordance between the scale and AVOGAS, used here as the
‘traditional' measure. A walue of +1 would indicate complete
agreement, a value of zero would indicate no measured association,
while a value of -1 would show that the scales were measuring the
same thing but in an opposite fashion. 'Rank' here refers to the
fact that these coefficients are estimated by ranking the survey
areas 1,2,3... for each scale and thenr matching the ranking of AVOGAS
and the scale in question. Thus the top ranked area for AVOGAS is
no. B, Isleworth, and the bottom ranked (i.e. 26th) is no. 14,
Stanwell II; for AVANAS the same areas are ranked 3 and, again, 26.
This similarity of ranking holds over all of the areas, giving a
coefficient of 0.95. Note that because rankings are used the actual
scale values of the measures are not of major importance (however, as
the community averages are used for some scale measures the scoring
mechanisms are not completely absent).

The secales listed in the above table are all, in one way or another,
measures of the total disturbance caused by aircraft operations {(note
that at this point variations in disturbance, eg day versus evening,
are not being examined). The correlation coefficients indicate z
good degree of consistency among the scales. All the coefficients,
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bar the last two, are statistically significant at better than 0.1%,
i.e. such high values would only be achieved through chance
fluctuations less than one in a thousand occasions. The ANOISY
coefficient is significant at 10%, i.e. could occur by chance one
time in ten, while AXGOOD shows no significant correlation with
AVOGAS. These are non-specific scales for aircraft disturbance : one
~ perhaps obvious - inference may be that aircraft noise is mot
jmmediately identified as a reason for thinking an area poor, while
other noises (particularly road traffic) have a strong effect omn the
perceived noisiness of the area : Figure 7.7 shows that the
association of a 'moisy area' with aircraft is most marked for the
higher levels of aircraft noise exposure.

Which of the scales above should be considered as measures of
disturbance in statistical analysis to determine the major 'stimulus’
factors such as noise level and number? There is little to be gained
from carrying out detailed calculations on similarly ranking scales -
differences in regression analysis results could easily result from
differences in the numerical values of the scales. Examining the
Table above:-

AVOGAS: The 'traditional' measure - which must be examined if only
for comparison purposes. -

OGASHI, NGASPOS, AVANAS, SCALE7, ARCAL2, OGASPOS: All these scales
have correlation coefficients of 0.93 or better and need not
substitute for AVOGAS in the analysis. This is an arbitrary, but
high, dividing line. Note that SCALE7, which arises independently of
the GAS or ANAS question, has a high correlation coefficient with
such scales.- Note also that the mew GAS scales are highly correlated
with AVOGAS, i.e. no markedly improved structure has been found by
the heuristic analysis of Appendix D.

NGASHI, VMANN, ARCNA: These scales do not match AVOGAS quite so
closely. The rank correlation coefficients of NGAHI and ARCNA with
VMANN are 0.93 and 0.92 respectively (only slightly better than with
AVOGAS) and the NGASHI/ARCNA correlation is 0.97. VMANN is
essentially the USA 'highly annoyed' scale and is therefore a good
candidate for examination. ARCNA is a particularly important scale
to decision-makers, as the degree of acceptability of aircraft noise
expressed by representative populations is of major significance, so
the choice is to examine ARCNA, but not the similar NGASHI.

Covert Scales: For covert scales the degree of agreement between
scales will tend to be less because the focus on aircraft disturbance
has to be identified by the respondent. HNeither ANOISY mor AXGOOD
seem particularly good scales for aireraft disturbance as it appears
that the responses are significantly confounded by other
environmental factors. WSENA may also be affected, but as ARCNA
focuses on the aireraft aspect of non—-acceptability, NSENA has a
lower importance. ARCLIV3 has a comparatively high correlation
coefficient (0.88) with ARCBOTH and the questions from which they are
derived have similar intent. NSEAL? has as high correlatiomn as
ARCBOTH with AVOGAS and does not seem to offer a particularly
distinctive character. Therefore, of the covert measures, ARCBOTH

is chosen for examination.
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From the 'long list' in the databamse the following scales are thus
selected for detailed statistical analysis: AVOGAS, VMANN, ARCNA, and
ARCBOTH. To summarise: the first scale enables comparison with past
work, the second with USA research, the third has particular relevance
for decision-makers, and the fourth is a measure of a respondent's
gspontaneous reaction to aircraft as a feature of environmental noise.
The other scales in the database -~ and other possible scales which
could 'be constructed from the survey results - are unlikely to
demonstrate markedly different results as regards the derivation of an
aircraft noise index. Aside from AVOGAS, the scales here also have
the advantage that they are percentile scales which have good
statistical properties in terms of regression analysis.

Statistical Analysis

Because of the large amount of noise data in the database,*
statistical analysis of the results could be overwhelming. The
approach followed here is to proceed from some simple analysis,
supplemented by graphical examination and alternative statistical
testing methods, to more full analyses. In the earlier stages AVOGAS
is the only scale examined. The examination uses forward selection
multiple regression analysis (MRA) in the search for sound
statistical relationships (Ref 18 Chapter 6), but note the caveats on
this technique specified earlier. MRA is a method for finding the
'best' relationship between a 'response' variable - so far AVOGAS has
been used with the stimulus variables noise level and number. If Y
is the response value and Xi> % ...the values of stimulus variables
1,2... for a particular area then MRA finds constant coefficients a5
al,az,..so as to vield an expression:-

¥ = + a X + toae
20" 3 ¥t HX,
The coefficients ag, ajetc are determined from the data so as to give
a 'best match' between the observed responses and the predicted
response calculated from the above equation. Each survey area is

treated as having the same importance, i.e. there is no 'weighting'
of data points (Ref 18, Chapter 2).%%

For the NNI the variables and coefficients are (using the earlier

symbols):~ % ﬁVOGAS times a constant
1
Xo ' log N
az/a1 15
ao/a1 ~-80

* The compact database does not include the noise levels and number of
movements for the evening and night periods. The decision was taken
to use only the Leq values for day, evening and night. The evening
and night data is given in Tables 6.1-6.4.

*% This is not too dangerous an assumption given percentage, i.e.
binomial responses.
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This sort of linear relation -~ a non-linear form could also be used -
enables the relative importance of the stimulus variables to be seen,
the ratio of ajand ajgiving the 'trade-off' between the variables.

In the case of NNI, the ratio of 15 implies that an increase of 1dB
in noise level has about the same impact on disturbance as a 17%
increase in the number of aircraft, or, even more dramatically, that
a 4.5dB increase in noise level equates to a doubling of the number.
The logarithmic form for the number variation is a common feature of
all indices in use throughout the world so initially this form will
be retained.

In the previous section several 'confounding' variables were
discussed. These represent factors which could affect response but
which are not physical stimuli as discussed above. An obvious
example of a confounding variable is WORKAP, the percentage of
respondents in the area whose work is closely connected with the
airport. The views of such respondents on the disturbance caused by
aircraft noise may be coloured by their knowledge that their
livelihood is dependent on the continued existence of the airport.
These people's views are quite valid, but it would be wrong to use
their responses as an indication of the possible effects of a new or
developed airport on a previously unaffected population without a
existing interest in airport-related employment. However, it is not
correct merely to eliminate these responses from statistical
analysis: mneighbours of airport workers or respondents whose
businesses depend heavily on local economic activity may be just as
involved with the operations at the airport. WORKAP is used as a
surrogate to account for this involvement.

0f the other confounding factors (used here as extra stimulus
variables in MRA) LRES, NONMAN and FEMALE are socio—demographic in
pature. SHIFTl is needed to cope with the possible distortions in
response because interviewees are not exposed to the 'standard
pattern' of aircraft noise. DGL is included because both
noise~related double~glazing, with possible Govermment Grants, and
(to a lesser extent) heat-related doubleglazing reduce external noise
levels. Here, again, it is not correct to analyse the different
respondents' answers separately. First, it is not possible to
determine in such a social survey the physical efficiency of each
respondent's double-glazing. Second, respondents with and without
double-glazing are not necessarily equally representative of the
general population — the people with double-glazing might, for
example, be more concerned about noise than the population as a
whole.

Confounding factors can generally be one of two types: those which
are 'meutral' and those which are influenced by different levels of
aircraft noise exposure. In practice mechanisms can be thought of
which would indicate at least a partial influence on an apparently
neutral factor. For example, NONMAN might decrease with noise
exposure because an airport tends to provide a source of non-manual
jobs and also because, the generally better paid, white—collar
workers might be more likely to move to areas with a better aircraft
noise climate. If a confounding factor turns out to be a
significantly contributing variable in MRA, it is of particular
importance that it is not merely a substitute for noise-related

47




8.22

8.23

8.24

varisbles which have beon omitted from the amalysis. Thus, if

DGL were to be necessary in a MRA with noise level and rumber
variables already in the equation, a positive coefficient - implying
an inecrease in disturbance with the percentage of respondents having
double~glazing - would be suspect (although not necesarily invalid):
a nepative coefficient would be less dubious, indicating some effect
due to amelioration by double~glazing rather than the omission of
some noise variables.

Details of the MRA and other statistical analyses are given in
Appendix F. The discussion here summarises these results in a less
technical fashion: a summary of the results is given in the final
paragraphs of this section. The term correlation coefficient is used
in the same fashion as in earlier paragraphs, except that it is also
used to indicate the match between the response variable and the
combination of variables derived by MRA - the 'multiple' correlation
coefficient. To understand fully the anzlysis it may be necessary to
refer also to the Database Glossary (Appendix C), which imdicates
conventions and assumptions in calculation.

An obvious first question is that of the efficiency of the NNI as an
index of disturbance. The variables in the NNI expression are, in
database notation, M3L80 and LM3N80D with a relative weighting of 15.
MRA I shows that for the data set the correlation between these two
stimulus variables is very low (- 0.10)}, indicating that there is a
good likelihood of discriminating between the effects of the two
variables. MRA I (in the notation of Appendix F) gives

AVOGAS = -~13.04 + 0.148 M3L80 + 0.952 1LM3N80
. (0.023) (0.310)

(The numbers in brackets are 'standard errors of estimate' for the
coefficient immediately above: these indicate the statistical
confidence in the coefficient. Very roughly, a ratio between
coefficient and standard error of more than 2, as in both cases here,
shows that the coefficient is a sound estimate.) The 'trade—off'’
between the variables is 0.952% 0.148 = 6.43. Statistical testing
shows that it is very unlikely that this ratio is merely a
statistical fluctuation from a true value of 15. Examination of rank
correlation in the Appendix F (which, as noted before, does not
require explicit knowledge of scale values) agrees with the MRA I
analysis, the best trade-off from the data being about 8. Note that
the rank analysis, because it does not use explicit scale values,
allows for non-linearity in response.

The next examination MRA II extends the analysis by allowing the
confounding variables to come into the equation. (In MRA IT the
"F-test'! criterion for inclusion of variables is 2.92: this allows
'chance' wvariables to enter the regression on about 10Z of
occasions, higher wvalues of F - see final column of MRA II - being
more unlikely to correspond to such statistical fluctuations.) SHIFTL
is the variable to be included in the regression set. Lt is included
"negatively', i.e. not as an apparent substitute for noise exposure.
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The equation is

AVOGAS = 14.34 + 0.165 M3L80 + 1.128 LM3NS8O
(0.021) (0.276)
+ confounding contribution.

i.e. with a coefficient ratio of 6.84. The added variable has
changed the noise variable coefficients, but has not shifted the
trade~off markedly. The MRA II has an (unadjusted) correlation
coefficient ('Multiple R') of 0.871, compared with 0.817 for the two
noise variables indicating a good, but certainly not perfect, match
of the stimulus combination with the response.

In MRA III the 70 and 75 PNdB cut—offs are examined by including in
the regression six analogous noise variables - noise level and numbér
at 80, 75 and 70 PNdB cut-offs. Note that the data used still refer
to the three month summer average period used in constructing the
NNI. The noise variables chosen are M3L70 and LM3N75; including the
confounding variable (SHIFT1l) the trade—off is 1.071 * 0.1568 = 6.82.
The regression correlation coefficient for the whole regression set
is 0.880 (cf 0.871). Thus the use of noise variables with a lower
cut-off has improved the quality of the regression analysis slightly:
the small difference in quality could, however, be merely a result of
statistical fluctuations.

Many of the noise indices in use throughout the world are based on
Leq, which is a physical noise scale — essentially the A-weighted
noise energy recorded - combining noise levels and numbers
intrinsically (Ref 15). Leq thus has useful properties as a starting
point for a noise index . In MRA IV the Leq variable chosen (M3LQ24)
is measured over the three month summer period analogous to the NNI,
but covers the whole 24 hours, as opposed to MNI which uses the 12
hour day period. WNote that Leq includes an element corresponding to
the duration of noise events (in succeeding analyses Leq is used as a
combination of noise level, number and duration which can then if
necessary be lmproved in explanatory power by noise level and pumber
factors). M3LQ24 by itself has a correlation of 0.773 with AVOGAS.
With the addition of noise variable (LM3N70) and confounding
variables the correlation coefficient rises to 0.885, (c¢f para 8.25).
As Leq has, roughly, an implicit 10 times the logarithm of the
number of aireraft factor, the number variable here leads to a 8.53
trade-off - similar to the previous figures. The variable WORKAP is
included as a confounding factor : mnote that WORKAP is highly
assoclated - for a socio-demographic surrogate variable - with
SHIFT1.

Reviewing the analysis: the NNI trade-off is not confirmed, a value
of around 8 gives a much better match than 15; Leq appears as a
possible candidate on which to build. However, on examination of the
match between response and the prediction by the stimulus variables
it is apparent that the linearity assumption used so far may be
suspect. Figure F4 in Appendix F shows the residuals - the difference
between response and prediction — for MRA IV. The areas are rank
ordered by the values of M3LQ24. The residuals do not show the
random pattern of plus and minus signs which would be expected if a
valid relationship was merely being masked to some degree by chance
or extraneous effects. The grouping of error signs is in accord with
an underlying non-linear relationship: essentially a curve is being
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fitted by a straight line. There appears te be a comparatively shacp
rise at azbout the middle of the range of Leqs here. To model this
new variables are included. A set of 'jump' variables - STEP60 etc,
~ is constructed so that, for example, STEP60 is unity for areas with
M3LQ24 greater than 60 and zero elsewhere.. Thus the position of the
step or jump is determined by an Leq value. This set of variables,
with the step at values between 56 and 64, serves to characterise the
apparent sharp increase in response. t is not to be supposed that
this step exactly matches people's changes in disturbance response,
which would generally be assumed to follow a more smooth pattern:

the purpose here is to fit the data with as simple a form as
possible. The step variables turn out to be very useful in fitting
the data, as shown in MRA V, in which the best step variable - on an
F-test criterion - is added to the MRA V regression set. STEP58 is
chosen and shows a marked improvement in the multiple regression
coefficient from 0.885 to 0.937. (See Table F2 for MRA V correlation
matrix.)

All the analysis so far, with AVOGAS as the response variable, has
been carried out the 'three monthly' variables — the averages of the
various noise variables during the standard NNI months. It has been
argued (Ref 4) that the use of such an average does give the best
match with the response variable. The suggestion is that people's
responses are determined in some way by either recent experience of
noise exposure or by the worst conditions of aircraft noise to which
they are exposed. 1In the database there are, as well as the three
month variables, the corresponding one month and one week variables,
referring to the period ending just prior to the social survey. There
is also a set of worst mode variables, which does not necessarily
correspond to 'real' days of exposure in that they estimate the value
of the noise variable by supposing the airport to be using the runway
mode of operation which results in the highest Leq value in each
area. 1In the case of Heathrow, westerly take~offs are usually
changed between runways during the 24 hours, so 'worst mode' is not
necessarily heard throughout any of the day, evening or night. Note
that worst mode as regards NNI values is not necessarily identical
for runway operations with that for worst mode Leq operations as used
here. Previous analysis here has also not examined the variation in
noise climate throughout the 24 hours which is described in the
database by the evening and night Leg values. Many aircraft noise
indices in use in other countries are constructed from a weighted
combination of the Leq values in these or similar time periods, so
the day, evening and night Leq variables should be incorporated.

A statistical analysis with the response data points has all of the
following variables as possible candidates for inclusion as stimulus
variables:

noise level: for 3 cut-offs and 4 durations i.e. 12 possibilities.
number of events: for 3 cut-off and 4 durations x 2 *

i.e. 24 possibilities.,
: Leqg: for 4 durations and 4 periods i.e. 16 possibilities.

o

The '2' comes in because both number and logarithm of numbers are

allowed.
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Duration here refers to 'three months' ete, periocd to 'day' ete,
including 24 hours. There is also the possibility of step variables
3 in Leq. 1In addition there are the six confounding variables, making
a total of 58+ wvariables. An MRA with such a set of possibilities
has a deficiency in that the best regression fit may not be the
"true' representation of the data, but merely a good approximation
which has been chosen as a result of measurement or sampling
‘fluctuations. This is of particular concern when several groups of
variables are highly intercorrelated. In this instance the data in
each of the the three groups above are all highly associated - the
correlation matrix has a high proportion of coefficients in excess of
0.99.

B.30 Forward selectiom multiple regression analysis with many )
intercorrelated variables ~ and indications of non-linearity through
the STEP variables ~ is rather a 'blunderbuss' technigue. The
berefit of the approach is probably that it enables 'good fits' to
the data set to be obtained, so it is possible to determine the
régponégg. An advantage of the data set here is that as well as
covering the range and variety of noise exposures which exist at
present in the UK, it is also appropriate for future conditions - in

: view of the high number/‘'low' noise level areas. This means that

prediction in general will tend to require interpolation rather than

need to expose the regression analysis to the problems associated
with extrapolation. A good fit is of substantial benefit, even
though there may be a measure of statistical uncertainty in terms of
functional relationships valid outside the data set parameters.

[Nt el S S T ]

8.31 In paragraph 8.27 the different Leq variables are noted, in
particular the possibility of further STEP variables. Previous MRAs
used M3LQ24 alone in constructing the latter, the Leg 'jump' showing
strongly at M3LQ24 = 58, but being markedly less appropriate at other
Leq values ( eg compare the AVOGAS correlation co-efficients for
these STEP variables in MRA V). There is little to be gained in
incorporating all the analogous STEP variables for the other time
periods because of the high correlation with the M3LQ24 STEPs, as can
be seen from inspection of the database. Thus the STEP variables are
very similar for the 3 month and 1 month 24 hours period and very
nearly the same variable for the 3 month and 1 week period. Tt is
interesting that the STEP58 variable is again very similar for the
three month and worst mode 24 hour Legqs. There is also, as would be
expected, a high degree of concord between the 24 hour and daytime
variables. Evening and night data again show similarity for STEP
variables compared with the 24 hour choice although there is somewhat
less of a match in the latter case. None of this is unexpected given

: the general pattern of airport movements through the 24 hours. The

- choice of STEP variables is therefore a difficult one, as there is

. little apparent theoretical reason for preferring ome scheme to

another, while graphical analysis is unlikely to be definitive in

such an assessment. As a working hypothesis the STEP variables form
is kept as the M3LQ24 'variety' with 2dBA steps from 56 to 64dBA.

(Reference to the database will show that this produces a set of

quite distinct STEP variables.) In MRA the ‘onus' is therefore on

other candidate variables to force any reappraisal of this STEP
choice, either directly or through examination of residuals.
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As mentioned earlier, most attenticm is generally focussed on tha
logarithm of the number of moise events, but here thae sctual numbor
will also be included as a variable in each case. Thus the full
recipe for MRA VI is:

Four response variables AVOGAS, VMANN, ARCBOTH and ARGNA
12 noise level parameters

24 pumber parameters and their logarithms

: 16 Leq parameters

5 step variables

: 6 confounding factors

a *e os

The Appendix gives the final analysis of variance tables and
regression equations for MRA VI.

The MRA VI results are summarised in the following lists which give
the variables included in each final regression in order of entry to
the step-wise process, plus the final multiple regression coefficient
(R}. Variables above the line drawn on the list have added more than
0.025 (an arbitrary figure) to the value of RZ.

(A) AVOGAS : W1LQ24 R = 0.980

WORKAP

STEP58

STEP64

M3N70 (~ve)

NWMLEQ

STEP&0

LRES

(B) VMANN : W1L70 R= 0.978
NW1LEQ
NONMAN
STEP64 (~ve)
WMN75
WORKAP
STEP56

(C) ARCNA : W1LQ24 R = 0.989

WORKAP

NWMLEQ

M1L80

W1N8O

STEP56 (~ve)

STEP64(-ve)

SHIFT1

NONMAN

(D) ARCBOTH : WiLQ24 R = 0.968
WORKAP
STEPS8
M1L70
NONMAN

The annotation (-ve) indicates that a noise-related variable is
included with a negative coefficient, i.e. there is some sort of
noise variable 'cancellation' implicit in the regression equation.

52

e



S A

A L e D L S

¢« ¥ A0 B

D S

8.34

8.35

In this regression process a very loose inclusion parameter has been
used - in the general sense that a purely random variable would be
included in the regressionm equation on about 10% of occasions (i.e.
the F-test significance level has been set at about 10%). With more
than 60 possible variables this means that several of the variables
actually chosen could in fact be incorporated - at least in part -
merely as 'chance' variables. This appears to have happened, very
badly, with (B) above - this fitting of regression equatioms that
involve more independent variables than are necessary to obtain a
satisfactory fit to the data is called overfitting . The regression
{B) is also rather dubious because six variables contribute markedly
(i.e. above the 0.025 threshold) to the correlation. An inspection
of the whole set, 'above the line’, shows that WORKAP appears in all
four analyses, W1LQ24 in three of them and STEP58 in two. As the
correlation coefficient of W1LQ24 with VMANN is 0.792, not much less
than the WIL70/VMANN figure of 0.805, it could well be that the poor
regression (B) is merely a result of an inappropriate choice at the
outset of the step-wise process.

To investigate the possibility of a 'unified' variable set for all of
the four scales, W1LQ24 and WORKAP are now forced inm as independent
wvariables (MRA VII). For consistency with the Leq variable 'STEP' is
now transformed to 'JUMP' referring to WILQ24 rather than M3LQZ24.

The JUMP variables still go from 56 to 64 Leq but this time 1dB
increments are allowed. The JUMP variable is only allowed in the
regression if significant at about the 1% level (F=7.82), thus
reducing the likelihood of 'chance' variables. After WI1LQ24, WORKAP
and any JUMP variable any other variable is included if better than
significant at the 1% 1level; in summary:

(A) AVOGAS : WlLQ24 R
WORKAP
JUMP57

0.941

I

(B) VMANN W1LQ24
WORKAP

-]
!

0.935

(C) ARCNA : W1LQ24 R
WORKAP

0.941

]

(D) ARCBOTH : W1LQ24 R
WORKAP
JUMP57

0.953

In all four regressions every coefficient is statistically
significant at the 0.5% level or better., There is no definite
requirement for any further explanatory variable at the 17 level.
In fact, given the large candidate variable list, the possible
variables for inclusion next have F-test levels of significance of
the same order as chance statistical fluctuations in the data. The
multiple regression coefficients resulting from the restriction of
variables to be included are typically 0.04 less than the 'open
search' values in MRA VI (para 8.34). This can readily be attributed
to the 'chance' benefits of using two or three times the number of
independent variables.

53




8.36

8.37

Some general features of MRA VII need comment. First, the JUMP57
variable : it is required for AVOGAS, which is a constructed scale,
so it might be argued that its presence could be due to some flaw in
that construction. However, the same variable is required for
ARCBOTH, which is probably the least 'artificial' scale examined. It
may be that the requirement for the JUMP57 component in a scale is
dependent on the influence of other noise sources on people's
reactions: the decision on a best scale to use here is an open
question. Another point of interest is that the number variation
appears to be adequately represented through the Leq variable, i.e.
the response to number through an implicit 'l0logN' factor is
satisfactory — there is no "dramatic' increase with number resembling
in any way a linear relationship. An examination of the residuals
for MRA VII shows no marked 'airport—dependence' on response, an
aspect discussed earlier in this section *. Taking AVOGAS, for
example, Aberdeen (residual no.b5, as they appear in order of
increasing W1LQ24), Luton(nos. 11 and 12), Gatwick (nos. 4 and 15)
and Manchester {no.9) do not show significant differences from the
regression pattern. The only extreme residual is for no.13 (Stanwell
I) but this area does not stand out as an extreme on the other three
residual plots, i.e. it could merely show a sampling fluctuation. A
final point is that it was noted earlier that some indices in use in
other countries ‘weight' movements outside the day-time period. In
other words, an index might add the day-time Leq to the evening and
night Leqs increased by 10dB, i.e. movements at these (more
adverse?) times would be treated as producing noise levels which,
from the point of view of response are effectively L0dBA wmore tham
measured physically. The regression analysis MRA VII does not reveal
the need for such additions, in that the 24 hour Leq value is not
modified "by extra evening or night terms eg EWILEQ, NWILEQ. As a
variant on this approach; a set of difference variables,

M3DE = M3LEQ - EM3LEQ, etc were tried in MRA again the levels of
significance for inclusion genmerally were at around 10% to 5% (MRA
not listed).

Another way of examining the need for these weightings is to take the
results of the Aircraft Noise Annoyance questioms restricted to the
day, evening and night time periods (Ql2-14). These are summarised as
percentages of the whole data sample in Table 7.5 together with the
ANAS percentages. The evening figures are divided into two classes,
IN and OUT, depending on whether the respondent was in or out during
the day-time period; similarly for the night respomses. At the
bottom of the table are 'the average values of WIDE (-3.1) and WIDN
(-13.1). A number of inferences can be drawn from this data. First,
the AWAS response is stronger - in 'very much' and 'moderately
annoyed' - than any of the respomses for restricted time-periods,
indicating perhaps that reaction has been cumulated in ANAS, rather
than focussing on a worst time period, or being 'averaged' over the
whole exposure. The IN and OUT reactions are not markedly different,
i.e. reaction in evening and night is not much affected by absence or

*

Note that the residuals are listed here by increasing value of Wi1LQ24,
not as in the data base. 8See Figures F10 - F13.
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presence at home during the day. The day and the evening responses
show very similar percentages, the night response is much less marked
than either. If Leq is a proper measure this indicates that the
evening weighting, if required, cannot be greater than 3.1 dBA, while
a night weighting, if required, is much less than 13.1 dBA.-

It is possible to place tighter restrictions on possible evening and

night weightings. This is done by examining the Aircraft Noise

Annoyance responses for those survey areas where there is little
difference between the day and evening Leq, and evening and night Leq
values. Table 8.2 shows the former, for the areas Isleworth,
Colnbrook, Hounslow Central, Ifield, Manchester, Slough and Sheen.
Here the average difference is 0.6dBA in a range from -0.6dBA to
1.2dBA. There is not much difference in the day and evening
responses, particularly when possible statistical fluctuations are’
taken into account. If the percentage highly annoyed is taken as a
true guide the difference of about 0.8%4 1in response between day and
evening is not large. As a change in VMANN of 1% corresponds roughly
to an Leq increase of about 2 units, an average value of 0.7%¢ might
correspond to an evening weighting of 1.5 dB.

For the evening/night analysis (Table 8.3) the areas Hounslow, Ifield
and the two Luton cases are used. Here the Leq average difference is
1.1dBA in a range 0.3dBA to 3.1dBA. The night responses are
considerably less than the evening reactions. There seems no
justification for any positive weighting. Thus, to summarise, an
evening weighting — if required is of the order of perhaps 1.5dBA;
there is no evidence for a night weighting - indeed there are
indications that movements at night are rather less annoying than day
or evening ones.

In MRA VII the one week Leq variable gives a good unitary fit to the
four scales examined. That this one week period is found te be the
best matech for these data probably confirms that community response
depends more stromgly on recent experience when this reinforces
general experience. If, however, recent exposure had been greatly
atypical, longer term exposure might well have been found to correlate
better with responses.

As Leq is essentially a combination of noise level and number, there
is a likelihood that a combination of noise level and number variables
analogous to NNI, but designed to approximate Leq, will match the data
rather well., MRA VIII examines this; it is essentially the same as
MRA VII except that the Leq variables are not used, apart from the
JUMP variables {which can enter only after noise level/number). 1In
summary®:

*

For consistency WORKAP is forced in as the confounding variable.
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(A) AVOGAS : WORKAP R
W1L70
LW1N75
JUMP57

It

0.953

(B) VMANN : WORKAP R
W1L70
LWIN7O

0.922

(C) ARCNA : WORKAP
' WiL70
LWIN70

=]
]

0.950

(D) ARCBOTH : WORKAP R
W1L70
LWIN8O
JUMP57

0.959

The regressions show that 2 combination of level and number performs
better than Leq; but, in fact, some of this improvement results from
the use of two variables rather than ome, so it is probably more

true to say they perform at about the same level. Note too, that the
level/number variables refer, as with NNI, only to the daytime
movements.

It is apparent in MRA VIII that a 70 PNdB cut-off is preferred in all
cases for noise level. As a 70 PNdB cut-off also occurs for two of
the number variables it is appropriate to see how well a combinatiomn
of 70 PNAB cut—off variables performs for ARCBOTH and AVOGAS. MRaA IX
presents these regressions, i.e. substituting the 70 PNdB cut-~off
variables for the 75/80 PNdB cut-offs in MRA VIII

(A) AVOGAS
(D) ARCBOTH

The performance, in fact, improves slightly - indicating, inter alia,
that the forward regression process will by no means always produce
the very best variable set. The 70 PNdB combinations do not, however,
all correspond to the same trade—off between level and number, thus:

(A) AVOGAS k = 8.49
(B) VMANN k = 8.52
(C) ARCNA k = 10.1
(D) ARGBOTH k = 8.51
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ARCNA, perhaps for sampling reasoms, is the only ome out of line. Omn
the basis of ‘these results a suitable level/number index might be,
aside from constants;

L70 + 9logN70
as compared with the NNI:
L80 + 151logN80 .

The levels of cut—off are shown by the '70' and '80'. However, the
performance of this 'pseudo-NNI' is not markedly different from that

of 24 hour Leq.

The analysis in section have, apart from the JUMP/STEP variables, used
linear multiple regression. Non-linear forms can also be explored.
For example, 'sigmoid'-type curves can be used, in which the response
is at first slowly increasing with stimulus, then increases rapidly,
and then back to a slow increase and final '"flattening-off'. The use
of such forms might well increase the degree of fit somewhat, even
though the simple fits here (eg, para 8.35) explain most of the data
variation.
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9.1

9.3

9.4

CONCLUSIONS

In the two previous sections the results from the noise measurement
and social survey work have been described and analysed. This section
presents some conclusions from the results in regard to the various
questions discussed in Section 3. First, two points need to be
emphasised:

(i) The study has been successful within the terms of its design - in
particular the aim of 'disentangling' the effect of the airecraft
noise level and the number of aircraft has been achieved

(ii) These conclusions are scientific and technical in their nature;
the study does not prescribe guidelines or recommendations for
government policy as regards airport planning, development
criteria, or possible compensatory schemes.

In previous studies annoyance and disturbance arising from aircraft
noise have been measured by a scale called the Guttman Annoyance Scale
- GAS, synthesized from the responses to questions about general
annoyance and interference with activities. This study confirms that
GAS is a good measure of such disturbance. If variations on the
construction method for GAS are explored, the resulting 'best scale’
is little different from GAS. If other scales, such as the degree of
'acceptability' of aircraft noise or the proportion of the population
very much annoyed by aircraft noise, are constructed they match very
well with GAS. WNone of these other scales show statistically marked
differences from GAS in the variation of responses with any of the
noise 'stimuli' or other factors examined.

The major conclusion from the statistical estimation of Section & is
that the use of the NNI expression places too much weight on the
number of aircraft heard. 1In past studies the NNI expression was put
forward as a combination of physical factors which matched well with
the disturbance measured, i.e.

NNI = L + 15logN - 80

with L the average noise level and N the number of aircraft heard.

The two important features are the use of the logarithm of N - so
proportionate increases in N give equal changes in NNI — and the
coefficient '15' indicating the relative importance of the noise level
and number terms. In this study no evidence has been found for a need
for any stronger variation in N - such as a term linear in N. The
"trade~off' of 15 is not confirmed by the study results: a value of 9
or 10 gives a better match of disturbance responses to the physical
variables. Statistical hypothesis testing shows that this best
trade—-off of 9 or 10 is very unlikely to be merely a product of
sampling fluctuations from a true value nearer 15.

A good fit to the disturbance responses is found to be given by Leq, a

measure of noise energy (see Glossary). This corresponds
approximately to a trade-off of 10 between noise level and (logarithm
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of) number of aircraft. Of many Leq variables examined, the best -
consistently over a number of disturbance scales — is the Leq averaged
over the week prior to the social survey, measured over the whole 24
hours.* Note that the NNI uses movements over the day-time hours
averaged over three months of the summer. This averaging of Leq was
preferred statistically over 'worst-mode' estimates, i.e. focussing
only on the exposure when the airport runway operations were at their
Iworst' for the location in question.

Leq-based indices are in use in many other countries. In several
cases the movements at certain times of the 24 hours are 'weighted',
i.e. their mnoise energy is artificially adjusted up or down, with the
idea of matching more closely with the relative intrusion of the
aircraft noise. Thus, for example, the USA uses Day-Night Sound Level
(Ldn)ln which all n1ght movements are counted as 10dB higher than
measured, because it is argued that night movements are more
disturbing. The study results do not confirm the need for such major
weightings; movements at night appear, if anything, less disturbing
than daytime or evening movements (i.e. require a negative
weighting); movements during the evening might require a weighting of
1 or 2 dBA, but, when sampling fluctuations are taken into account,
the rejection of any weighting at all is consistent with the study
data.

A number of 'mon-noise' factors have been incorporated in the
statistical analyses of response and noise stimuli. These factors -
known to statisticians as 'confounding factors' - affect response
through economic, social or demographic means. The most important of
these factors is found statistically to be the percentage of
respondents in each area who either work at the airport or whose
business is dependent on the airport. Other somewhat similar
variables in their effect are the percentage of people with
‘double—-glazing and the percentage of shift workers. The
airport-related percentage has particularly marked effects; for
example in some of the study areas it can change the percentage of
people who say the aircraft noise is 'not acceptable' by of the order
of 257%.%%

%

The fact that the disturbance response at_a particular time is best
correlated with the previous week's Leq does not of course specify over
what period of time an airports annual noise exposure contours should be
calculated. A summer period of high traffic (cf NNI) or the whole year
(cf Ldn para 9.5) might be appropriate. That the prior week is the best
match probably only confirms that response depends strongly on recent
experience when this is not atypical (as applies in this study).

It is not the intention that these confounding factors should generally
be 1ncorporated into an aircrafe n01se index. Such factors have been
response. The use of Leq would give a cautious estimate of Elgzazbance,
i.e. overestimates its magnitude, if the airport work factor discussed in
para 9.6 is disregarded.
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9.8
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9.10

In this study localities near five airports have beeun examined, wit}
the bulk of the respondents coming from areas near Heathrow. There is
no strong evidence of any marked airport-dependent factor in
disturbance, i.e. one resulting from people's reaction to a particular
airport rather than a noise or {(measurable) confounding factors. The
responses from the non-Heathrow areas fall into the general pattern,
given the necessary allowances for sampling fluctuations.

Given that Leq is preferred over WNI in the study results, what
incorrect decisions may have been made through the use of NNI in the
past? Figure 9.1 shows a plot of WNI against Leq for the study areas.
The match is very good. In fact the match between the two measures
will historically have been even better than that shown because the
values of noise level and number of aircraft will have tended to be
associated around airports, whereas in this study, by the artifices of
area selection, the two factors are almost independent variables.
Figure 9.2 shows the results for the average GAS score against the
original NNI relatiomship. '

NNI contours will have mis-stated the true pattern of disturbance in
the following aspects:

(i) NNI contours will have exaggerated the effect of an increase in
the number of aircraft, all other things being equal.

(ii) NNI calculations will not have taken into account the effects of
movements producing less than 80 PNdB - the 'cut-off' in the
count of agircraft movements - whereas for Leq there is no
explicit cut—-off.

(iii) NNI estimates will not have taken into account disproportionate
increases in evening and night traffic.

(iv) WNNI values do not include an allowance for the duration of noise
events.

Are these in any cases major distortions? It has to be borme in mind
that the accuracy of NNI contour estimates is 1 or 2 NNI units at best,
and that this assumes a perfect ability to estimate traffic mix and
numbers at an airport. Some part responses, keeping the same -
sub—-paragraphs as above are:

(i) A doubling of traffic would produce an increase of 3 Leq units
and 4.5 NNI units: the use of the NNI for a "relative case’
could therefore lead to an overestimate of effects.

(ii) - The statistical examination of Section 8 of the relative merits
of the L and logN combination with different cut-offs does not
reveal much, if any, improvement through a lower threshold than
80 PNdB. Leq counts everything, but the dominant contribution
is most usually by movements above 80 PNdB.

(iii) Without an evening/night weighting, movements in these periods
generally contribute much less than half the total 24 hours
noise energy. A doubling in the proportion of such movements is
likely to add, at most, of the order of 1 dBA to the 24 hour Legq
value. Such a doubling is probably not the gemeral experience
at major airports.
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(iv) Changes 'in the duration of noise events will generally produce
shifts of less than 1 dB in Leq values.

These are not complete responses to the issues raised, but do perhaps
serve to indicate something of the magnitude of ‘erroneous' effects.

Paragraph 9.10 (ii) does indicate where a major problem in the use of
NNI might arise in the future. The introduction of a higher
proportion of quieter aircraft (i.e. in terms of the L value measured
at a location) could, over time, produce a drastic drop in the N value
in NNI and hence NNI would also drop markedly, whereas Leq would not
show such a dramatic drop in value*. The future pattern of civil
transport operations is likely to be an increased number of
comparatively less noisy aircraft. Continued use of NNI could
therefore have serious consequences in the future as the NNI would
provide an underestimate of disturbance.

The NNI contours which are most frequently used in development
assessment are for NNI values of 35, 45 and 55; these values being
taken by the Wilson Committee (Ref 1) to indicate low, moderate and
high annoyance. For 24 hour Leq these correspond to about 56, 63 and
70 units (Figure 9.1) for the areas surveyed. The analysis of Section
8 indicates that for some choices of disturbance measure there is a
'step' in response at a value of Leq around 57. For example, the
average community GAS score (which ranges from 0 to 6) has a2 jump of
about 0.74 units just above this value. The percentage of people who
say that aircraft are the most bothersome noise jumps by about 202 at
around this value.

The jumps in response indicate a rapid increase in disturbance over a
short Leq range. Figures 9.3 and 9.4 display these steps; but
interestingly other response measures — see Figures 9.5 and 9.6 — do
not show such a non—linear effect**. It may be conjectured that a Leq
of around 57 is at about the magnitude of typical road traffic noise,
so that at this point aircraft noise is becoming particularly
noticeable as an environmental noise source. The fits to the data im
the figures above are generally very good: there is no strong
indication of anything but a smoothly increasing, nearly linear,
variation of response against Leq, apart from the step already noted
at around 57 Leq.

*%

For example: 200 aircraft at 85 PNdB gives an NNI of 39.5. 1If 150 of
these are replaced by quieter variants, so as to produce less than 80
PNdB, the average noise level of those aircraft above 80 PNdB would
remain at 85 PBdB. The NNI would therefore drop to 30.5, i.e. by 9
units, whereas the Leq would decrease by about the same as the average
peak noise level, i.e. by about 3 dBA.

The response measures in these Figures have been adjusted to take account
of the effect due to respondents working at the airport — see paragraph
9.6 and Section 8. The corresponding 'unadjusted' data are shown in

Figures 9.7 to 9.10.
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9.15

9.16

A linear wvaristion does not land itself to 'natural! statements
regarding 'most relevant' annoyance levels = the Wilson Committee
choices for WNI values {where response was approximately linear with
NNI) are 'reasonable' but essentially arbitrary. In the

following Table Leq values appropriate to certain reactions by
specified proportions of the population are given as an
illustration. The estimates are taken from the fitted lines to

the Figures referred to above. {(Note degree of extrapolation.)

Most Bothersome Not Acceptable !Very Much'
Noise ~ Annoyed
25% 49 55 57
Percentage of 50% 58 62 ' 67
population 75% 61 69 77
agreeing 907% 67 74 83

Leq values for certain responses

As an example, the Table above shows that 50% of the population would
say that aircraft noise exposure was "not acceptable' at a Leq value of
62. The table shows the pronocunced jump at around 58 Leq for the 'most
bothersome' noise - a 25% increase in response by 6l Leq.

What values of Leq could be used on which to base planning/ development
criteria and possible compensatory schemes? To reiterate, apart from
the jump in response at about 57 Leq, there is a smooth, almost linear,
variation of disturbance with Leq — mo other natural values are
presented for significant Leq levels for use as policy tools. These are
facts which further research work, of even greater scope, is not likely
to changé. A decision on Leq values for policy tools must therefore be
judgemental, albeit consistent with the pattern. of results found here.

One suggestion, which has the merits of consistency with the present
study results and a minimum of discontinuity from past methods, is to

use Leq approximations to 35 and 55 NNI, thus

. DOnset of Community Disturbance - 55 Legq

This approximates to 35 NNI. It is just below the jump in disturbance
detected for some measures of response. The value of 55 Ldn is used in
airport assessment in the USA.

. High Disturbance — 70 Legq

This approximates to 55 NNI. It represents an aircraft noise exposure
which is,

(i) 'Very Much' annoying to around 2/3 of the population,
(ii) . 'Not Acceptable' to 3/4 of the population, and
(iii) the 'Most Bothersome Noise' to 9 out of 10 of people.

It should be emphasised that these suggestionms would be guideline
figures for application, not rigid prescriptions.
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TABLE 4.1: Targetl - N matrix 6f sites around Heathrow*
ﬁ .
| L
f (PNdB) 80-85.9 86-91.9 92-97.9 98-103.9
{ {83) (89) {95) {101)
{ N
[ g 'ed name

23.7-42.1 Woodham 4 Willesden Harlesden Ealing 23
Green 3 142 data base no.

. (31.6) NNI = 25.5 NNI = 31.5 NNI = 37.5 | NNI = 43.5¢{target NNI
: = (1980) «—J( trials site)
' 42 _2-75 Chiswick 5 "’,,—””” Egham 24 f’,f”””’
ﬁ (56.2) NNI = 29.3 NNI = 35.3 NNI = 41.3 | NNI = 47.3
F (1980)
F
F 75.1-133.4 ,——"”"””’, ’,,,ff”””’ Slough 10 | Feltham 6&7+-double
- sampled
i (100) NNI = 33 NNI = 39 NNI = 45 NNI iril”” site
£ {1980) o
E 133.5-237.1 Stanwell I,II| Sheen 26 Isleworth Hounslow 8
F 13 & 14 29
- (177.8) NNI = 36.8 NNI = 42.8 NNI = 48.8 | NNI = 54.8
E (1980)
|
i 237.2-421.7 Stanwell III ! Hounslow Houns Tow Colnbrook 10
% IV, 15 & 16 Central 12 West 11
F (316.2) NNI = 40.5 NNI = 46.5 NNI = 52.5 | NNI = 58.5
t
“F .
) * Non Heathrow Sites , with actual L,N from Appendix C:
r
|

'L‘A‘\g‘},"_'l"i"]‘rl—’t'f S

a b 1 v A

Ifield: (Gatwick)}17

Horley: (Gatwick)18

Luton:

Manchester:

Aberdeen:

21 & 22
*%

L

N

L

N

L

N

19 L
’ N

20 L
N

[}

non

i

n o

nu

83.4
76.5

90.3
111.0

97.2
32.4

91.8
46.6

138
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TABLE 5.1: Response rates and dates of surveys

SURVEY | DATES OF SURVEY ATDRESSES gggggﬁgﬁg RESPONSE

AREA ISSUED ATERS RATE
HEATHROW
(W) sLoUGH Gth-27th August 1980 100 T2 T72.0%
(N) EALING 6th-27th August 1980 100 T 77.0%
(N) EGHAM 6th August-lst September 1980 100 T7 77.0%
(N) SHEEW 19th August-3rd September 1980 100 2 72.0% -
(N) CRANFORD 19th August-3rd. September 1980 100 76 76.0%
{A) CHISWICK 2nd-b%th July 1982 120 75 62.5%
(A) HOUNSLOW CENTRAL  2nd-Uth July 1982 120 TL 59.2%
(A) WILLESDEN GREEN ond-bth July 1982 120 66 55.0%
(A) HARLESDER 9th-11th July 1982 2ko 132 55.0%
(A) HOUNSLOW WEST 9th-11th July 1982 120 76 63.3%
(4} ZISLEWORTH Sth-11th July 1982 120 Tl 59.2%
(A) FELTHAM 16th-15th July 1982 240 176 73.3%
{A) COLNBROOX 23rd-26th July 1982 120 83 69.2%
(A) STANWELL I & IT + 23rd-26th July 1582 2Lo 177 73.8%
(A) HOUNSIOW 30th July-2nd August 1982 120 82 68.3%
(A) STANWELL III&IV + 30th July-2nd August 1082 2Lo . 180 75.0%
(A) WOODHAM 30th July-2nd August 1982 120 gl 78.3%
GATWICK .
{A) IFIELD 16th-19th July 1982 ' -120 a0 75.0%
(4) MORLEY 23rd-26th July 1982 120 90 75.0%
(4) LUTON 16th-16th July 1982 2Lo 159 66.3%
(A) MANCHESTER 3rd-6th Sepfembgr 1982 120 76 63.3%
(H) ADERDEEN 20th-23rd August 1982 120 101 8L.2%

31ho * 2173 69.2%

(4) indicates a survey ares from the Aircraft Noise Index Study
(H}) indicates a survey area from the Helicopter Disturbance Study
(N} indicates a survey area from the noise Index Trials

*0f the 3140 addresses issued, 103 were 'out of scope' (premises vacant or derelict,used for
business or industrial purposes only, untraceable). Based on this reduced sample of 3037,
the response rate was 71.6%

+Stanwell I and II and Stanwell III and IV were each split into two separate areas after the
surveys were carried out; Stanwell is therefore tabulated as four distinct areas.
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TABLE 6.1 Holss Levels - Evening

AREAS WITH THREE  ONE ONE WORST THREE ONE ONE WORST THREE ONE ONE WORST
DOUBLE SAMPLES MONTH MONTH  WEEK  MODE MONTH MONTH WEEK  MODE MONTH MONTH  WEEK  MODE
SPLIT Led LB0 LBO LB0 L7 L7 L7% L7% L70 L70 L70 L70
HARLESDEN A 91.9 91.4 91.2 93.4 90.7 90.2 90.1 92.5 89.6 88.9 B88.6 92.4
HARLESDEN 8 9t.9 91.4 9t.2 93.4 50.7 90,2 9.1 92.5 89.6 88.9 88.6 92.4
WILLESDEN 90.1 90.2 87.!. 0.3 a8.2 88.6 83.0 89.5 86.9 87.5 80.2 89.4
WOODHAM 86.7 86.7 86.6 86.6 8.6 84.4. 84.3 85.0 83.7 82.9 g2.0 84.5
CHISWICK 85.9 85,9 85.7 86.0 83.7 83.6 83.9 84.0 83.1 82.9 B33 85.7
FELTHAM A 94.0 93.8 95.2  96.1 92.6 92.5 94.2 95.4 9t.9 91.7 93.8  95.1
FELTHAM B 94.0 93.8 95.2  96.1 92.6 92.5 94.2 95.4 9.9 91.7 93.8 95.1
HOUNSLOW 10%.1 103.4 96.6 106.6 105.0 103.3 96.5 106.5 105.0 103.3 96.5 106.5
| SLEWORTH 98.7 98.7 98.9 99.8 98.0 98.0 98.3 99.8 97.7 97.7 98.0 99.8
COLNBROOK 97.7 97.3 97.1 100.9 97.7 97.2 97.1 100.9 97.7 97.2 97.1 100.9
HOUNSLOW W 91.6 91.2 91.0 95,2 90.6 90.1 89.9  95.1 90.4 89.9 89.7 9%.0
HOUNSLOW C 90.6 90.6 91.% 92.4 B%.B B89.8 90.7 91.8 89.7 89.7 90.6 91.8
STANWELL | B6.9 86.8 g86.1 87.4 85.3 85.3 84.4 B6.7 84.5 84.5 83.4 B6.5
STANWELL 1} 87.2 87.5 89.9  86.1 84.0 B4.0 84.8  83.3 82.1 82.1 82.1 B2.3
STANWELL, 11t 89.4 88.9 83.0 G90.6 88.0 87.5 B87.7  90.1 87.4 86.9 87.2 B9.8
STANWELL 1V 88.2 81.7 87.6 88,9 86.8 B86.4 86.5 B88.2 55.6 85.3 85.8 87.8
IFIELD 83.4 83.3 84.1 85.0 82.0 82.0 82.4 B82.9 81.7 81.7 81.9 82.3
HORLEY 89.4 89.3 88.9 B9.6 87.5 87.6 87.7 87.5 86.6 86.7 87.1 B6.5
MANCHESTER 89.6 B89.4 B89.4 B9.4 89.0 88.8 88.8 88.8 88.7 88.5 88.5 B8.5
ABERDEEN 91.9 91.9 N7 92,0 90.6 90.7 90.6 91.1 90.2 90.3 90.2 90.9
LUTON A 95.2 95.0 93.6 97.3 94.0 93.9 92.7 96.1 93.5 95.4 92.1  95.6
LUTON B 95.2 95.0 93.6 91.3 94.0 93.9 92.7  96.1 93.5 935.4 92.1 95.6
EALING 97.7 97.7 1.7 971.7 97.7 97.7 97.7  97.7 97.7 97.7 97.7  97.7
EGHAM 6.5 96.7 95.0 9B.1 96.2 96.4 94.7 97.8 6.0 96.2 94.5 97.5
SLOUGH . 94,6 94.1 95.8 96.4 94.3 93.8 95.5 96.2 93.7 93.2 94,9 95.6
SHEEN 89.9 89.9 90.5 90.9 89.3 89.3 0.0 N5 89.1 89.1 89.8 90.3

* NOTE The definitions of the noise metrics used in this table are completely anatogous to the day metrics
in the compact database {Appendix C), only the time period Is changed.
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TAELE 6.2 Nofsa Lavels - Night

AREAS WITH THREE OME ONE WORST THREE ONE  OME  MORST THREE OME  ONE  WORST
DOUBLE SAMPLES MONTH MONTH WEEX MODS  MONTH MONTH WEEK  MODE  MONTH  MONTH  MEEK  MODE
SFUIT 180 180 80 8 W75 W% UM W L0 L0 Wl Lo

HARLESDEN A B4.1 83.8 B83.4 85,7 B83.0 82,7 82.3 642 B81.2  60.7  B80.1  84.2
HARLESDEN B 84,1 3.8 B3.4 85,7  B5.0 82,7 82.3 B4.2  81.2  BO.7  80.1 84,2
HILLESOEN B4.7 B4.2 BS5.4 B7.1 82,7 62,7 82.9 B63.0 80.5 80.5 80,3 80.2
WOODHAM B5.8 B85.8 85.8 B95.8 B4.5 B4.1 84.0 84.8 B3.3 BZ.2 81.8 84.4
CHISWTOR Bd.1 B84.1 B4.1 a4 83.0 B83.0 B3.0 83,1 82.4 82.7 82.1 B3.0
FELTHAM A 91.9 92,0 94.0 95.0 90.9 90.9 93.4 94.6 89.9 89.9 93.0 94.6
FELTHAM B 91.9 92.0 94.0 95.0 90.9 0.9 93,4 94.6 B89.9 89.9 93.0 94.6
HOUNSLOW 105.7 105.5 105.5 106.1 105.5 105.4 105.5 106.1 105.5 105.4  105.5 106.1
ISLERORTH 9.8 97.9 96.9 98.9 95.6 97.2 95.6 98.9 95.3 97.0 95.4 9B.9
COLNBROCK 94.7 94.8 94.4 96.2 S4,7 94 .8 94,4 96.2 94,7 94.8 04,4 95.2
HOUNSLOW W 87.6 87.1 86.9 62,0 B87.3 B6.9 86.6 91.7 B7.3 B6.9 B6.6 91.7
HOUNSE O C B9.1 B8.0 B9.9 9%.1 88.8 87.7 B9.5 90.8 88.8 87.7 B9.6 90.8
STANWELL | 86.6 B86.6 86.4 B6.9  85.3 85,5 85.4 86.3 B4.4 84,6 B4.6  B5.9
STANWELL 11 B7.3 . B7.0 86.9 B7.7 84.1 84.0 B3.1 B4.8B 82.4 B2.3 B1.0 3.8
STANWELL |1 89.7 89.8 B89.9 90.9 88.3 88.5 88.8 90.2 87.9 BB.0 8B.4 90.0
STANWELL ¥ B7.9 ©7.8 87.9 B88.8 86.9 86.7 .86.8 88.5 85.7 B5.9  86.2 88.0
IFIELD B4.5 84.5 85.6 86.8 83.3 83.4 84.5 85.9 B3.0 83.1 Bf-;-'l 85.4
HORLEY 89.6 89.5 89.1 90.0 88.6 B8.6 BB.5 88.7 88.1 88.1 BB.2 88.0
MANCHESTER 89.3 87.8 B7.8 96.0 B8.7  87.1 B7.1 95.5 88,5 86.9 B6.9 95.5
ABERDEEN - - - - - - - - - - - -

LUTON A 95.6 95.7 94,5 97.5  O4.4 - 94,5  93.5 96.0 94.0  94.%  93.2 05,7
LUTON B $5.6 5.7 4.5 97.5  94.4  94.5 93,5 96.0  94.0  94.1  93.2  95.7
EALING 95.2 95.2 95,2 95.2 95,2 95.2 95,2 95.2  95.2 95.2 95.2 95.2
EGHAM 94.7 94.6 94.5 95.5  94.6 04,3  94.2 95.3  93.9 93,8  93.9 94.7
SLOUGH 89.2 89.2 89,2 89,3 88.4 88.4 88.4 B8.8  87.8 B87.7 B7.8 BB,
SHEEN 90.8 90.9 91.0 91.4 9.7 9.7 9.8 91.3 9.5 9.5 9.7 9.1

* See note Table 6.1.
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TAELE 6.3 NKumber of Alrcratt = Evening

ARZAS WITH THREE OME ONE WORST THREE ONE ONE WORST THREE OMNE ONE WORST
DOUBLE SAMPLES MONTH MONTH  WEEK  MODE MONTH MONTH WEEK MODE MONTH MONTH WEEK MODE
SPLIT Kao NED K&0 HED N73 N75 N75 N75 N70 N0 N10 N1O
HARLESDEN A 5.6 5.0 4,7 16.6 T.4 6.5 6.2 20.6 9.9 9.2 9.0 2t.8
HARLESDEN B 5.6 5.0 4.7 16.6 T.4 6.5 6.2 20.6 9.9 9.2 9.0 2t.8
WILLESDEN 4.1 5.3 C.d 1743 6.9 8.1 3.0 20.6 9.7 10.8 6.2 21.5
WOODHAM 4.1 2.9 2,0 6.5 7.5 5.6 4.0 10.1 9.6 8.2 T.3 12.0
CHISWICK 10.5 9.1 10.2  22.6 20.1 18.3 17.7 41.4 24,9 23.1 2t.6 48.2
FELTHAM A 15.8 15.3 2.8 433 22.5 21.8 29.1 51.3 26.8 26.1 32.2 55.0
FELTHAM B 15.8 15.3 22.8  43.3 22,5 21.8 25.1 51.3 26.8 2641 32.2 55.0
HOUNSLOW 28.5 29.4 4.6 55.4 29.0 2.7 24.9 55.7 29.0 29.8 25.0 55.8
| SLEWORTH 30.0 29.0 30.8  57.3 35.5 34,5 36.0 57.5 38.6 37.9 39.2 57.6
COLNEROOK 51.7 50.9 48.0 60.2 52.6 51.7 4B.6 60.7 52.6 51.8 48.7 60.8
HOUNSLOW W 38.8 38.2 38.1 52.2 49.9 49.7 49.8 53.4 54.2 54,3 54.2 54.7
HOUNSLOW C 39.9 40.5 41.0 46.6 48.4 48.6 49.5 52.9 51.5 51.7 52.5 54.9
STANWELL | 24,5 25.0 22.4 37.5 36.6 37.1 35.3 45.0 45,2 45.6 46.1 4B8.0
STANKELL 1) 8.9 8.3 4.0 14.7 21 .4 20.9 14.9 32.8 34.6 34.0 8.9 43,3
STANWELL 111 29.0 28.0 30.3 43.4 42.5 41.5 42.2  49.9 48,3 47.2 47.2 52.8
STANWELL 1V A 25.5 30.8 39.5 34.0 35.9 40.8  46.3 45.1 46.1 48.5 50.5
{FIELD 15.7 15.8 14.2 12.£ 25.4 25.5 24,3  22.8 29.0 29,0 29.0 28.9
HORLEY 25,2 25.2 24.9 25.4 41.5 39.6 33.7 45.2 53.4 50.6 40.4 60.2
MANCHESTER 14.4 18.3 18.0 1B.8 16.3 20,8 20,3 21.2 7.9 22.6 22.1 23.1
ABERDEEN 2.1 3.3 2.1 4.6 4.5 4.5 3.4 6.0 4.9 5.1 4.0 6.4
LUTON A 6.6 6.9 8.2 5.0 8.9 9.2 10.5 6.8 10.3 10.8 12.0 7.8
LUTON B 6.6 6.9 B.2 5.0I B.9 9.2 10.5 6.8 10.3 10.8 12.0 7.8
EAL ING 3.1 6.0 3.7 26.B 3.1 €.0 3.7 26.8 3.1 6.0 3.7 26.8
EGHAM 14.5 13.5 13.5 17.5 15.5 14.6 14.2  19.0 17.4 16.4 15.5 22.1
SLOUGH 19.9 17.0 21,0 25.7 21.5 18.5 22.3 27.0 24.5 21.2 25,4 30.7
SHEEN 44,2 41.8 47.8  5SB.S 5;0.9 48.1 53.3  63.5 54,7 St.Y 56.9 67.5

* See note Table 6.1.
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TADLE 8.4 Mumkar nf Alrceafd - Mishd

FREAS ¥ITH THREE ONE ONE  MORST THREE OME  ONE  WORST THREE ONRE  OME  WORST
DOUZLE SAMPLES MONTH MONTH WEEK MODE  MONTH MOMTH WEEK MODE MONTH MOMTH WEEX MODE
SFLIT RBO KBO MB0 MSD NI NS NIS NS NTO W70 W70 W70
HARLESDER A 0.8 0.8 0.8 1.0 1.2 1.2 1.2 1.6 2.0 2.0 2.0 1.7
HAMLESDEN B 0.8 0.8 0.8 1.0 1.2 1.2 1.2 {6 21 2.0 2.1 1.7
WILLESDEN 0.3 0.3 0.2 0.8 1. 1.0 1.0 1.0 1.9 1.8 1.9 2.0
WOODHAM 0.6 0.4 0.4 0.7 1.0 0.9 0.8 1.2 1.6 1.6 1.6 1.5
CHISHICK 4.3 6.3 3.4 12.8 5.9 B.ad 4.7 168 7.1 9,5 5.9 18.2
FELTHAM A 2,9 3.0 3T 5.0 3.6 3.6 4.1 5.5 4.6 AT 4.6 5.6
FELTHAM B 2.9 3.0 3.7 5.0 3.6 5.6 4.0 5.5 4.6 4.7 4.6 546
HOUNSLOH Bl 7.3 7.7 168 8.3 Tub 7.8 16,8 8.3 7.4 T.B 16.8
1 SLEWORTH 9.1 11.8 10.9 16.8 12,5 14.1 14,9 16.8 13.8 14.9 16.4 16.8
COLNBROOK 4.8 3.5 2.5 4.0 4.8 3.5 2.5 4.0 4.8 3.5 2.5 4.0
HOUNSLOW 1.3 1.8 13.0 4.9 12.1 12,7 13.8 5.2 12.3 12.9 13.9 5.3
HOUNSLOW C 13,2 12.7 141 15.2 14,3 13.8  15.2 16.3 145 13.9  15.5 16.5
STANWELL 1 2.2 2.4 2.6 5.3 32 3.2 32 39 4. 4 4 43
STANWELL 11 0.8 0.9 046 1.3 2.0 2,0 1.8 239 3.1 3.2 3.0 3.8
STANWELL 111 2.B C28 3.0 3.9 A 38 40 47 44 43 43 4.9
STANWELL 1V 2.2 2.4 2.6 3.4 3.0 33 3.6 39 4.0 4.0 4.0 4.2
IFIELD 10,5  10.6  11.2 12.1 5.1 15.1 15,3 15,6 17,2 17.2  17.4 17.8
HORLEY 12.2 12,5 13.4 11.6 16.0 15.9 15.6 16.2 18,7 18,2 17,0 19.5
MANCHESTER 1.3 14.1 14,0 3.4 135 16,7 16.7 3.9 143 17.8 17.8 4.0
ABERDEEN - - - - - - - - - - - -
LUTON A 12,1 12.6  11.8 10.7  16.4 17.3 14.9 15.6 18.6 19.6 16.6 17.6
LUTON B 120 12.6 1.8 10.7  16.4 17.3 149 15.6 1B.6 19.6 16.6 17.6
EALIHG 0.2 0.3 0.2 2.2 0.2 0.3 0.2 2.2 0.2 0.3 0.2 2.2
EGHAM 2.4 2. 2.3 2.6 2.5 2.4 2.5 2.8 2.9 2.7 2,7 3.2
SLOUGH Tl 1.0 1.t 1.6 1.4 1.3 14 1B 1.6 1.5 1.5 2.0
SHEEN 19,2 #7.4  19.2 21.2 19,7 18.3 19.6 21.3  20.5 1B.7 20.3 22.3

* Sew note Table 6.1
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TABIE 6.5 Modal splits of operatiom for three months mid June to mid September 1982

AIRPURT % of movements "west' % of movements 'east’
DeY Q700-1900LT

Beathrow 72.5 27.5

Gatwick 70.0 30.0

Luton 74.1 25.9

Manchester 75.5 24.5

Aberdeen 38.0 {(runway 35) 62.0 (rumway 17)

EVENING 1900-2300LT

Heathrow 77.8 2.2

Gatwick 76.0 24.0

Luton 74.2 25.8

Manchester 74.0 26.0

Aberdeen 33.7 66.3
NIGHT 2300-0700LT

Heathrow 79.0 21.0

Gatwick 76.5 23.5

Luton 73.1 26.9

Manchester 70.2 29.8

Aberdeen Ne Night Movements
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TABLE 6.6 Modat splits of operation for the period 0700-1900LT 30 days prior to the
surveys conducted in 1982

Measuremant Site

1 of movemants 'wast'

% of movements 'east!

Har lesden 7745 22,5
¥illesden 64.5 35.5
Woodham 53.8 46.2
Chiswick 64.5 3545
Feltham 70.9 29.1
Hauns low 53.8 46.2
Islewcrth 77.5 22.5
Colnbrook 64.8 35.2
Houns low West 77.5 22.5
Houns low Central 64.5 35.5
Stanwell 1 64.8 35.2
Stanwell It 64.8 35.2
Stanwel | 11} 53.8 46.2
Stanwell |V 53.8 46.2
Ifield 68.2 31.8
Hor ley 53.7 46.3
Manchester 97.4 2.6
Aberdeen 30.4 (runway 35) 69.6 (runway 17)
Luton 71.2° 28.8
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TABLE 6.7 Modal splits of operation for the period 1900-2300LT 30 days prior to the
surveys conducted in 1982

Measurement Site % ot movements 'west! ¥ of movements ‘east’
Rarlesden 82.3 17.2
Willesden , 70.7 29.3
Woodham 53.7 46.3
Chiswick 70.7 29.3
Feltham 79.2 20.8
Houns low 53.7 46.3
Isleworth 82.8 17.2
Colnbrook 69.2 30.8
Houns low West 82.8 17.2
Hounslow Central , 70.7 29.3
Stanwell | : 69.2 30.8
Stanwel! t1 €9.2 50.8
Stanwell {11 53.7 46.3
Stanwetl 1Y 53.7 46.3
1tleld 7. 22,9
Horley 66.3 33.7
Manchester 97.5 2,5
Aberdeen 31:1 (runway 35) 68.9 (runway 17)
Luton 72.5 27.5
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TABLE 6.8 Modal splits of oparation for the psricd 2300~0700LT 30 days prior to the

survaeys conductad in 1982

Moasursment Site

Her lesden
Willesden
Woodham
Chiswick
Feltham
Houns { ow
Isleworth
Colnbrook
Houns low West
Houns low Cenirsl
Stanwet! |
Stanwell 11
Stanwelt 11}

Stanwell 1V

Ifield

Her ley

Manchester
Aberdeen

Luton

% of movements 'west’

87 .4
75.8
61.5
75.8
78.8
61.5
87.4
69.4
87.4
73.8
69.4
69.4
61.5 e
61.5

74.9
65.9

9%.3
No Night Movements
71.4

4 of movements 'east'

12.6
26.2
38.5
26.2
21.2
38.5
12.6
30.6
12.6
26.2
30.6
30.6
38.5
38.5

25.1
34.1

5.7

28.6
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TABLE 6.9 Modal spilts of operation for the perlod 0700-1900LT 7 days prior to the

surveys conducted in 1982

Measurement Slte

Har tesden
wiilesden
Woodham
Chiswick
Feltham

Houns low
Isleworth
Coinbrook
Houns low West .
Hounslow Central
Stanwell |
Stanwel ! H
Stanwell 111

Stanwell |V

1field

Hor ley

Manchester
Aberdeen

Luton

£ of movements 'west!

85.7
87.9
45.8
87.9
32.5
43.8
85.7
32.3
89.7
87.9
32.3
32.3
43.8

43.8

25.8
31.7

99.7
42.2
49.3

{runway 35)

£ of movements 'east!

14.3
12.1
56.2
12.1
67.5
56.2
14.3
67.7
14.3
127
67.7
67.7
56.2
56.2

74.2
68.3

0-3
57.8
50.7

(runway 17)
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TABLE 6.10 Modal s=plits of opsration for the period 1900-2500LT 7 days prior to the

surveys conducted in 1982

[ P T T T . M

Moasurement Site g of movements 'west' % of movemenis 'sast’

Har lesden 84.3 15.7

¥Willesden 100.0 0

Hoodham 31.2 68.8

Chiswick 100.0 0

Feltham 57 .4 42.6

Houns low 3.2 658.8 |

Isleworth B4.3 15.7

Colnbrook 29.4 70.6 '

Houns low West 84.3 15.7

Hounslow Central 100.0 0 j

Stanwell 1 29.4 70.6 ,

Stanweli |} ' 29.4 70.6 ;

Stanwell 111 3.2 . 68.8 ‘-

Stanwell 1V 31.2 68.8

Ifisld 42.6 57 .4 J

Her ley 30.4 69.6 j‘

Manchester 95.4 4.6

Aberdeen 56.4 (runway 35) 43.6 {(runway 17} J

Luten 52.1. 47.9 —
!
\
?
)
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TABLE 6.11 Modal splits of operation for the period 2300-0700LT 7 days prior to the

surveys conducted in 1982

Measurement Site

Har lesden
Willesden
Woodham
Chiswlck
Feltham
Houns!ow
Isleworth
Colnbrook
Houns low West
Hounslow Central
Stanwell |
Stanwell I
Stanwell 111

Stanwell 1|V

ifield

Horley

Manchester
Aberdeen

Luton

£ of movements 'west'

98.2
88.6
52.9
88.6
45.0
52.9
98.2
39,3
98.2
88.6
39.3
39.3
52,9
52.9

47.8
36.4

94-0

No Night Movements

43.5

¥ of movements ‘east!

52.2
63.6

6.0

56.5
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TABIE 6.12 Modal splits of operation at Heathrow for three months mid June to wmid
September 1980

7 MOVements west’ % movements ‘east ”
DAY 0706-1200LT
88.0 12.0
EVENING 1500-2300LT
88.3 11.7
NIGHT 2300-0700LT

91.0 9.0
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TABLE 6.13 Hodel splits of operation for the perlod 0700-1900LT 30 days prior to the
surveys conducted in 1580

Measurement Site % of movements 'west' $ of movements 'east'
galing 82.6 17.4
Egham 82.6 17.4
Slough 82.6 17.4
Sheen 78.6 21 o4

R L L L L L e

L L B

TABLE 6.14 Modal splits of operation for the period 1900-2300LT 30 days prior to the

surveys conducted In 1930

L e S R

I A

Measurement Site § of movements 'west? % of movements 'east’
Ealing 77.7 22.3
Egham 77.7 22.3
Slough 77.7 2.3
Sheen 82.5 17.5
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TABLE 6.15 Modai spiits of operation for the period 2300-0700LT 30 days prior to the

. Surveys conducted in 1980

Measurement Site £ of movements 'west! % of movements ‘eastt
Ealing 85.9 14.1
Slough B5.9 14.1
Shesan 82.5 17.5

TABLE 6.16 Modal splits of operation for the period 0700-1900LT 7 days prior to *he.
surveys conducted in 1980

Measurement Site % of movements twest! % of movements 'east!
Ealing 9.1 9.9
Egham 90.1 9.9
Slough 50.1 9.9
Sheen 85.1 13.9
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TABLE 6.17 Modal splits of operation for the period 1900-2300LT 7 days prier to the

- surveys conducted In 1980

Moasuremsnt Site % of movements 'west! ¢ of movements ‘east’
Ealing 86.3 13.7
Egham 86.3 13.7
Slough B6.3 13.7
Sheen 86.1 13.9

TABLE 6.18 Modat splits of opsration for the period 2300-0700LT 7 days prior to the

surveys conducted in 1980

Mossurcment Site f of movements 'west! % of movements 'sast'
Ealing 91.6 B.4
Egham 91.6 8.4
Slough 91.6 8.4
Sheen 90.7 9.3
81




{ TABIE 7.1 : ANAS Scores by Frequency of Ammoyance®

wany 34 1-2 a few a few
times times times times times less
FREQUENCY aday aday aday awek amonth often total
|
ANAS SCORE
1 z 7.6 25.5 34.9 52.5 66.7 g7.0
no. 39 49 103 155 98 &0 504
2 % 30.0 54,2 495 366 21.2 11.6
no. 155 104 146 108 40 8 561
3 % 62.4 203 15.6 10.8 6.1 1.4
w. 322 39 46 2 9 1 449
TOTAL. 516 192 295 295 147 69 1514

NOTE: Respondents scored O on the ANAS scale if and only if they did not
bhear aircraft or were not bothered by aircraft. If they gave one of
these responses to question 10, or question lla, they were not asked
about frequency of armoyance (9.11b).

* In some of the following tables, percentages
refer to column data; e.g. in Table 7.1,

7.6% of 516 is 39,
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TARIE 7.2 : Marital Status vs ANAS Score
ANAS
Score Married Single Other
0% 25.2 26.2 35.9 26.7
nn. 352 112 94 558
1% 23.6 29.3 22.5 24.6
no, 329 125 59 513
2% 27 .6 30.0 19.1 27.0
no. 386 128 50 564
3% 23.6 14.5 22.5 21.6
no. 330 62 59 451
TOTALS 1397 427 262 2086
(Other = widowed, divorced)

* In this Table, ard some of the following, percentages refer to the column

data, eg in Table 7.1, 7.6% of 516 is 39.
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TABLE 7.5 :

Respense to Guitmen quostion for four 'extreme' sites

Y T _;AALAA_A—J_._‘I___;.;)<_._L_A_;L_LI_—J._.‘

84

Question Woodham Stanwall 11 Isteworth Coinbrook
17§ Concentration 11.7% 11.3% 56.3% 34.9%
171i  Rest & Relaxation 19.2% 13.4% 56 .2% 39.8%
171ii Shutting Windows 4.3% 14.42 66.2% 69.9%
17iv  Startled 6.4% 5.2% 25.4% 15.7%
17v Awokan 8.5% 7.2% 46.5% 20.5%
17vi  Television/Radio/ - 24.5% 26.8% 88.7% 81.9%

HiFi Viewing and

Listening
17vii Televislon Flicker 12.8% 15.5% 33.8% 33.7¢
17vili House Yibrates 29.8% 13.4% 71.8% 63.9%
17ix  Conversation 23.4% 23.7% 78.9% 77.5%

17x Other Activity 4.3% 2.1% 28.2% 21.7%

17xi  Other 0.0% 1.1% 9.9% 9.6%

P



TABIE 7.4 : Comparison of Scales

ANAS 0GAS NGAS SCALE7
0 0.4 0.1 ‘ 1.8
1 2.2 1.4 2.9
2 3.3 2.2 4.3
3 4.3 3.6 5.9

0GAS ANAS NGAS SCALE7
0 0.0 0 1.6
1 0.9 0.8 2.3
2 1.4 1.3 3.3
3 1.9 2.] 4.3
4 2.2 2.7 4.9
5 2.5 3.7 5.6
o 2.7 4.6 6.2
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TABIE 7.5 : Compariscn of responses to Ql2, 13, 14 for those in and those out
during day *
DAY EVENING NIGHT
m OuUT IN ouT ANAS

Very 18.6 19.7 17.7 7.3 6.0 23.4
Much
Armoyed | 185 190 143 72 54 481
Mode- | 23.7 21.6  27.7 8.7 7.3 28.8
rately
Amoyed | 235 208 224 86 65 592
A 26.5 26.4 269 17.7  18.7 25.8
Little '
Armoyed | 263 254 218 - 174 167 529
Not 31.0 2.0 27.7 65.4 67.6 2A.8
At All
Amnoyed | 308 308 224 644 604 448
Don'’t 0.2 0.3 0.1 0.9 0.3 0.1
Know

2 3 1 9 3 2
TOTAL 993 963 810 %5 893 2052

* pverage difference in ope week day/evening Leq (WIDE) is -3.1
Averape difference in ome week day/night Leq (WIDN} is -13.1
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Evening and Night Disturbance and Exposure, relative to daytime

L e e T

TABIE 7.6 :
NET % MORE DROP IN dBA  NET % MORE DROP IN dRA
BOTH'D EV'NGS DAY T0 EV'NG* BOTH'D NIGHTS DAY 10 NIGHT *
1 Harlesden & -23.3 -54.8
2 E -28.8 4.1 7.2 22.0
Willesden Grn - 9.1 3.9 -36.2 19.3
Woodham -16.3 3.7 —43.2 15.3
5  Chiswick - 4.7 1.2 -29.6 10.0
6 Feltham A -4 3.5 -78.7 15.3
7 B - 8.2 -78.0
8 Hounslow +11.5 -0.2 -52.9 7.9
Isleworth 4.6 1.0 ~48.8 11.5
10 Colmbrook -32.6 3.5 ~72.7 19.1
11 Hownslow West  —22.0 3.5 -61.0 15.9
12 Hownslow Cen -11.8 1.3 ~55.6 10.5
13 Stanwell T - 4.0 3.7 -22.0 6.8
14 Stanwell IT 0.0 3.1 -14.3 15.7
15 Stamwell TII +12.1 3.1 -31.4 15.2
16  Stanwell IV - 1.9 3.3 -23.6 16.3
17 Ifield +7.3 1.3 - 1.8 4.7
18 Horley +32.7 2.4 +10.0 9.0
19 Manchester +12.2 2.9 -14.3 6.4
20  Aberdeen - 8.8 8.1 -39.0 58.6
21 Luton A +18.2 4.0 +13.6 3.9
22 B +25.6 -9.5
23 Ealing 0.0 3.0 -75.9 21.3
%  Egham +13.2 2.8 ~56.1 15.6
25  Slough -14.3 2.2 —62.9 12.5
26  Sheen 0.0 0.4 6.0 6.5

* Three Month Average Yode leq
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TARIE 7.7 : Sensitivity vs Double—glazing

Colnbrock Houmslow West Starmwell I

% of . % of % of

x | Total * Total % Total
more 17.9 15.7 12,5 13.2 6.2 12.7
same 29,9 32.5 53.1 46.1 0.4 | 64.6
less 50.7 50.6 31.2 38.2 34.4 20.3
don't know | 1.5 1.2 3.1 2.6 0.0 2.5

Starnell IIL Stanwell IV Horley

.% of % of % of

x | Total * Total x { Total
more 20.6 19.8 23.1 17.2 17.1 15.6
same 35.3 30.9 42.3 | 39.4 40.0 | 53.3
less 35.3 44.4 32.7 42.4 42.9 31.1
don't know | 8.8 4.9 1.9 1.0 0.0 0.0

Total Sample

% of

x Total
more 17.5 17.7
sane 46.9 48.8
less 33.7 31.5
don't know | 1.9 1.9

* Percentage of those who put in double-glazing because of noise
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TARIE £.2 Respenee in arvens {Isiewoeth, Coinbrook, Howsslow Cratral, Ifield,
Manchester, Slough & Shean) with small day/evening shifts *
DAY EVENING NIGHT
Ammoyance IN ouT N ouT
A 19.9 21.0 20.3 5.8 7.1
Very taxh
o 54 3% 46 16 17
7 26.8 2.7 3.7 11.7 8.4
moderately
m 13 58 72 32 20
% 23.9 27.0 25.6 18.6 22.6
a little
o 65 72 58 51 54
p4 28.4 30.0 22.5 63.5 6l.5
not at all
no 80 80 51 174 147
Don't Z 0.0 0.4 0.0 0.4 0.4
know
no 0 1 0 1 1
TOTAL 272 267 - 227 274 236

% compare with Table 7.5
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TABIE 8.3  Respmmse in aress (Hounslow, Ifield, Luton A&B)
with small evening/night difference %
DAY EVENING NIGHT
Armovance IN ouT IN our
A 24.7 25.0 20.3 7.8 9.2
Very much
j¢'e] 41 41 25 13 12
% .7 2.0 3.7 11.4 8.4
moderately
no 36 36 39 19 11
% 21.7 25.0 25.2 17.5 23.7
a little
w . 36 41 31 29 31
% 31.3 26.8 22.8 62.7 58.0
not at all
o 52 44 28 104 76
K % 0.6 1.2 0.0 0.6 0.8
1 2 0 1 1
TOTAL 166 164 123 166 131

* compare with Table 7.5
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HOUNSLOW CENTRAL WILLESDEN GREEN

Key: Departure Routes from
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Figure 5.1B SURVEY AREAS AROUND HEATHROW AIRPORT
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Figure 7.1: Percentage finding noise levels unacceptable
plotted against 3 wonth 24 hour Leqg (NSENA vs M3L0O24)
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Figure 7.2:

Percentage find aircraft noise levels unaccentable
plotted against 3 month 24 hour leg (ARNA vs M31024)
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Figure 7.3: Percentage at least a little annoyed with aircraft noise
levels plotted against 3 month 24 hour Leq (NSEAL2 vs M31Q24)
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Figure 7.4:
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Figure 7.5: Percentage very much annoyed with aircraft noise . ,
plotted against 3 month 24 hour Leq (VMANN vs M3LQ24)
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Figure 7.6: Average GAS score on the '67 scale plotted against
3 month 24 hour Leq (AVOGAS vs M3LQ24)
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Figurc 7.7: Not percentage more bothered by aireraft noise than
road traffic noise, piotted aguinst 3 month 24 hour Leq
(ARCNET vs M310G24)
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Figure

9.1 : Three month, twenty-four hour Leq plotted agalnst

three month NNI (M31Q24 vs NNI)
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Tigure 9.2: Adjusted®values of average commmity GAS score
plotted against NNI (ADJGAS vs NNI)

ADJGAS

ot

0 J —
20 30 4 50 60
NNI

* In this and later graphs, variables are adjusted for the contribution
of WORKAP in MRAVII

eg ADJGAS = AVOGAS - coeff MAVII x WORKAP

The confidence bands shown are one '‘standard deviation based on
the sample variance of AVQOGAS
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Figure 9.3: Adjusted* values for average GAS scores, plotted against
1 week 24 hour leq, showing confidence bands (ADJGAS vs W1LQ24)

ADJGAS 3] | | } J‘}

WiLG24

* In this and successive graphs, variables are adjusted for the contribution
of WORKAP in MRAVII

eg ADJGAS = AVOGAS — coeff MRAVII x WORKAP

Standard deviation shown are calculated as in previous graphs. -
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TFigure 9.4 Adjusted * percentage 'vory much amnoyed' plotted apainst
1 week 24 hour Leq, showing confidence bands (ADJVM vs WiLRZ4)
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*  See footnote, Figure 9.3
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Figure 9.5: Adjusted * percentage finding airecraft the most bothersome
noise, plotted against 1 week 24 hour Ieq showlng confidence
bands (ADJBOTH vs WllQ24)
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* gee footnote, Figure 9.3
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Figd:c'e 9. 6: Adjusted * percentage finding aircraft noise levels
unacceptable plotted against 1 week 24 hour Leq
showing confidence bands (ADJNA vs WilQ24)
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* Sze footnote Figure 9.3
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Tigure 9.7: Average GAS score '67 scale, plotted against 1 week
. 24 hour leq, showing oonfidénce bands* (AVOGAS vs WilQ24)

AVOGAS 3 i

S |
iy

40 50 b0 70
WiLuz4

* On this and successive graphs the confidence bands show + one standard
deviation, based on the sample variance of the plotted variable.
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Figure 9.8: Percentage very much annoyed with aircraft noise levels,
plotted against 1 week 24 hour leg, showing confidence
bands (VMANN vs WI1IQ24)
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Figure 9.9: DPercentage finding aircraft the most bothersome noise,
plotted against 1 week 24 hour leq, showing confidence
bands (ARCBOTH vs W1IG24) :
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Figure 9.10: Percenlape finding ievels of aircrait noise unacceptable,

ARCNA
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FIELDWORK DOCUMENTS
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Introductory Letter

Trials Questionnaire
Introductory Letter

Main Questionnaire
Helicopter Questionnaire
Cards used in Questionnaires
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DEPARTMENT OF TRADE

1 Victoria Streat  London SWI1H 0ET
Telax 8811074 OTHC G

Telagrams Advantzge London SW1i

Tslephonz Direct Line 01215
Switchbosrd 01-215 7877

Your rafarenca
Ourrsference P .5610/London

Dats Summer 1980

Dear Resident,
Attitudes to Neighbourhood

The Department of Trade has asked Social and Community Planning Research, an
independent research institute, to carry out an important survey among residents
of the London area. -

We are enquiring into people's attitudes towards the area in which they Tive:
their likes and dislikes about the area. ‘

It is very important in a survey like this that we get the views of a cross-section
of the population. For this reason Social and Community Planning Research have
selected names at random from the electoral register. Your name is one of those
they have selected. I do hope you will be able to co-operate with the interviewer
and provide the information required. Everything you say will be treated in the
strictest confidence by the research team. The results of the survey will be
presented in statistical form only.

Each interviewer carries an identity card and you may ask to see this before the
interview starts. Should you have any problems or want further information,
please do not hesitate to contact:

Carolyn Makinson

Social & Community Planning Research
35 Northampton Square

London EC1V DAX Tel: 01 250 1866

Thank you for your co-operation,

Yours sincerely,

-

2L

Ca !/(/f'y\’
C.Sladen
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''''''''''

SOCIAL & COMMUNITY PLANNING RESEARCH

Main Office: 35 Northampton Sguare London EC1V0AX  Tel: 01-250 1866

P.610 :ATTITUDES TO NEIGHBOURHOOD Summer 1980 fCoT.7 Skip
Address Number Card Area Code Code to
(101-103) {104) {105-106)
1 Batch code 1(107-8}
Time interview started (WRITE IN)
I am doing a survey about some of the things
which affect people's living conditions.
1. | How long have you lived in this area, (109)
that is, within about five minutes walk ?
- Have you lived here all your life or how long ?
(IF LESS THAN 3 MONTHS DO NOT INTERVIEW) 3 months but Jess than 1 year 1
1 year ~ under 2 years 2
2 years - under 4 years 3
4 years - under 7 years 4
7 years - under 10 years 5
10 years ~ under 20 years 6
20 years - under 30 years 7
30 years or more/all my life 8
2a)| On the whole, how do you like living
in this area ?d Do you rate it as an (110)
excellent, good, fair, poor or very
poor place to live ? Excellent] 1
Good 2
Fair 3
Poor 4
Very poor 5
Don't know 8
b} What are some of the things you like about
1iving round here ? PROBE: 'Anything else?' -
AFTER EACH REPLY.
111-12)
(113-14)
(115-156)
3.! What are some of the things you don't like
about 1iving around here ? PROBE : ‘Anything
else?' - AFTER EACH REPLY.
[117-18)
) [119-20)
. 121-22
: 117 )




-2 -

A..]1 If you could change just one thing about .cu;;j igi?
Tiving round here, which would you choose ? A - e
(123-4) | *~
5a)| Have you ever felt Tike moving away from ‘(125)
this area 7 STRESS AREA NOT HOUSE. Yes 1
‘ No 2- 06
IF -'VES' AT a)
b) Why did you feel like moving ?
PRGBE FULLY- : Ask ‘Any other reasons?'
(126-7)
{128-9)
(130-1})
ASK ALL
6. |On the whole, would you say this was (132)
a quiet or noisy neighbourhood 7
IF NOISY : would you say it Very noisy| 1
was very noisy ? Noisy 2
IF QUIET : would you say it Quiet 3
jet ?
was very quiet % Very quiet 4
Don't know 8
7. | A11 things considered, would you (133)
say that the amount of noise A tabl 1
here is acceptabla or unacceptable ? cceprabler
: Unacceptable 2
Qualifiedanswer (WRITE IN) |
Don‘t know 8
8. | Would you say that you are more (134)
. sensitive or less sensitive than M ki ]
other people are %o noise ? ore sensitive
Less sensitive 2
About the same 3
Don't know 8
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Lt L L

Air-{ Road Other(1)] Other(2)
craft| traffic| SPECIFY | SPECIFY"
“(183) | (148)
|
(135) | (139) (143 149)
9a)] What are the different
kinds of noises you Mentioned 1 1 1 1
. hear round here? spontaneously
~ b)] PROMPT AS NECESSARY:
Do you ever hear Mentioned 2 2 2 2
- aircraft fly by here? after prompt
“ How about road traffic IF NO
- do you ever hear it go Not heard 3 3 3 3 NOISE
by? HEARD
50 TO
Do you hear any other 0.17
kinds of noises? '
(136) | - (140) (145) (150)
f c)| Which is the most Most 1 2 3 4
- bothersome noise bothersome
T you hear round here?
. 10a)] FOR EACH NOISE HEARD (137) | (140} (146) | (151)
- SHOW CARD A: Please Very much 1 1 1 1
look at this scale and : _
- tell me how much the Moderately 2 2 2 2
noise of aircraft here
bothers or annoys you. A Tlittle 3 3 3 3
REPEAT FOR ROAD TRAFFIC Not at all 4 4 4 4
Don't know 8 8 8 8
IN ADDITION ASK ABOUT
OTHER NOISE(S) IF
MENTTONED AT 9a) OR b)
ASK FOR EACH NOISE (138) | (142) (147) (152)
THAT BOTHERS
-CODES 1,2 OR 3 AT a)
b) SHOW CARD B: Many times 1 1 1 1
From this card, . a day
how often does the .
noise of aircraft A gew times 2 2 2 2
bother you these a day
days? A few times 3 3 3 3
k
REPEAT FOR ROAD TRAFFIC a wee :
A few times IF AIR
IN ADDITION ASK ABOUT a month 4 4 4 4 CRAFT
OTHER NOISE(S) IF ‘ NOISE
MENTTONED AT 9a) OR b) Less than a NOT
few times a 5 5 5 5 HEARD
month G0 TO
Don't know 8 8 8 8 Q.17

"l_—"'T'-"_r‘A“ [ T
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| Coda Lo
I'd now Tike to ask you some qusstions about
. aircraft noise during daytime, evening and night.
11af During weekdays are you usually at home (153)
during the daytime ? (INCLUDE JUST HOME
DURING MORNING OR AFTERNOON) Yes A
{Daytime = 7.00 am - 7,00 pm) No 6 Q.12
IF 'YES' AT a)
b) SHOW CARD A : Please look at this card ,
and tell me how much the noise of aircraft Very much 1
bothers or annoys you during the daytime. Moderately )
| A little| 3
Not at all 4
Don't know 8
riZa) Are you usually at home during the evening ?
(ie 3 or more evenings a week) (154}
(Evening = 7.00 pm ~ 11.00 pm) Yes |- A
. No 6 Q.13
IF 'YES' AT a)
b} SHOW CARD A : How much does the noise of
aircraft bother or annoy you during the evening ?
Yery much 1
Moderately 2
A Tittie 3
Not at all 4
Den't - know 8
13, | SHOW CARD A : And how much does the
noise of aircraft bother or annoy 155)
you here during the night after (152
you have gone to bed ? Very much 1
Moderately 2
A Tittle 3
Not at all 4
Don't know 8
(Usually on night shifi] 5
14, | wWould you say on the whole that you (156
were more bothered by aircraft noise
here on weekdays or at the weekend ? More bothered weekdays 1
More bothered at weekend 3
u No difference/don‘t know 8
15. | HWould you-sdy that you are more bothered by (157
-aircraft noise hera when you are indoors or i
when you are outside ? Indoors 1
Qutside 2
No difference/don't know 8
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16aﬁ ASK FOR EACH ITEM BELOW : Do the aircraft ever ...... ?
IF 'YES' SHOW CARD A AND ASK :
b) When they ...., how annoyed does this make you feel ?

(a) (bj

Yes Noll very M4 iitere 1T g‘;m D.K.
i)| Startle you ? A1 2 3 4 5 8 |(188)
ji)| Wake you up ? A 1 2 3 4 5 8 | (159)
i1i)| Interfere with
listening to . A1 2 3 4 5 6 8 1 (160)
radic or TV ? '
iv){ Make the TV A 1l 2 3 4 5 6. & | (161)

picture flicker ?

v){ Make the house : ,
vibrate or shake ? Al 2 3 4 5 8 1 (162)

conversation 7

vii)| Interfere with or

disturb any other A1 2 3 4 5 8 X164-66)

activity ?

IF 'YES' SPECIFY ONE
0.U.0.

- viii)| Bother, annoy or disturb

- you in any other way ? A 1 2 3 4 5 8 [(167-9)
- IF 'YES' SPECIFY ONE

- 0.Y.0.

. 17.] ASK ALL . (170;

’ A1l things considered, do you think the amount of Acceptable 1

aircraft noise here is acceptable or unacceptable ?
. Unacceptable 2

Qualified answer (WRITE IN) .

Don't know 8
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Col./ Skip
L Code ko
18. ] Do you happen to work at the airport or for a company (171)
doing business at the airport ? Work at airport 1
For company doing business there 2
Neither 3
19. | Have you soundproofed your (172)
house or part of it ?
Yes 1
. No| 2 } 022
.{ATready soundproofed when moved in). 3
IF "YES' AT Q.19
200iDid you soundproof it mainly because (173)
of aircraft noise, mainly because of s .
some other noise or mainly for some Aircraft noise !
other reason ? Other noise 2
Other reason (SPECIFY)
. Q22
IF 'AIRCRAFT NOISE ' AT Q.20 (172)
21.{Did you obtain a grant from'a Yes :
pubiic.body towards the cost ?
‘ ' No 2
59 ASK ALL . .
* Sﬁﬁw-ﬁﬁRD C: Just to-be sure I have it all (175)
straight, how do you feel overall about
the amount of noise here from aircraft ? Definitely satisfactory 1
Please give how you feel a score out of seven. 2
3
4
5
. 6
Definitely NOT satisfactory 7
23.] You have given a score of _ (READ OUT
CODE AT Q.22). Is.that your general (17%)
feeling about aircraft noise round here
or how you feel when it is loudest ? ) When noise Toudest 1
General feeling 2
Don't know 8
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Col. / Skip
CLASSIFICATION W'm‘ -
24a) [SHOW CARD D : Which of the statements (177)
on this card applies to you ? :
Working full-time, 31+ hours. per week 1
-Working part-time, 1-30 hours per week 2
Unemployed and seeking work 3
Out of work, sick or disabled 4 .} Q25
Retired 5
Housewife (not in paid employment) 6 } Q26
Full-time student 7
Other (SPECIFY) ‘ 8 Q.25
IF WORKING AT a) - CODES 1 OR 2 (178)
b) Do you do shift work ? Yes ]
No 2
25.|DETAILS OF (LAST MAIN PAID) OCCUPATION
i) What is your job ?
NAME/TITLE OF JOB :
ii)What do you actually do or make in that job ?
DESCRIPTION OF ACTIVITY :
iii) What qualifications or training do you need for the job ?
iv) Do you supervise the work of other people ? ves| A
Noe( B
IF YES : How many people
v) What is the industry, business or profession of your employer ?
vi) How many people are employed at the place where you work ?
vii) Are you an employee or self-employed ? Employee| A
Self-employed| B
(1280)
I
(1-3) Asi Cara 1
(4) Can
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Col./ Skip
nda Lo
Zba)l PROBE TO ESTABLISH STATUS - {205)
Respondent is: Head of household i Q27
Housewife 2
Other 3
IF HOUSEWIFE/OTHER AT a)
b) 1) What is the HOH's job?
NAME/TITLE OF JOB:
i1) What does he/she actuaily do or make in that job?
DESCRIPTION OF ACTIVITY:
ii1) What qualifications or training does he/she need for the job?
iv) Does he/she supervise the work of other people? Yes A
' No B
IF YES: How many people
v) What is the industry, business or profession of his/her
. : employer?
vi) How many people are employed at the place where he/she works?
vii) Is he/she an employee or self-employed? Employee A
Self-employed )
0.y.0. (206-7)
(208)
27a){ RESPONDENT IS: Male 1
Female 2
b){ Marital status (209)
Married 1
Single] 2
~ Widowed/divorced/separated 3
c)i What was your exact age _
last birthday? (210-11)
WRITE IN
28 Is there a bus route along (212)
the road outside this house?
Yes 1
No 2
i| Time interview finished (213-12)
(WRITE IN )
‘s . . " DAY MONTH
i Date of interview
WRITE IN (215-18)
(219-22)
111 Signature of interviewer _ Interviewer No.
124 (223-80) SPARE




DEPARTMENT OF TRADE

1 Victoria Street London SW1H OET
Telex 8811074/ DTIHQ G

Telegrams Adwvantage London SW1

Telephone Direct Line 01-215 58??
Switchboard 01-215 7877

Your reference

Our referance P7044/London

Date Bummer 1982

Dear Resident
ATTITUDES TO NEICHBOURHICD

The Department of Trade has asked Social and Community Planning
Research, an' independent research institute, to carry out an
important survey among residents.of the London area.

We are enquiring into people'’s attitudes towards the area in
which they live: their likes and dislikes about the area.

It is very important in a survey like this that we get the views
of a cross-section of the population. For this reason Social

and Community Planning Research have selected names at random
from the electoral register. Your name is one of those they have
selected. 1 do hope you will be able to co-operate with the
interviewer and provide the information required. Everything you
say will be treated in the strictest confidence by the research
team. The results of the survey will be presented in statistical
form only.

Each interviewer carries an identity card and you may ask to see
this before the interview starts. Should you have any problems
or want further information, please do not hesitate to contact:~

Jean Morton-Williams

Social and Community Planning Research
35 Northampton Square

London ECAV 0AX

(Tel: 01 250-1866)

Thank you for your c&—operation.

-

/
Yours sincerely ==

s 4 / i //
/ﬁ”f’ f 7
Y
T K adams .-

.' :
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. !:I 13' [:LD ! IJ Head Office: 35 Northamipton Square London ECIV 0AX. Tel: Q1-250 1866
: ) Northarn Fiald Office: Charazal House Gainford Darlington Ce. Durham DL2 3EG. Tel: 0325 730 888
TDTEAL AT IEETIEATY FLANMINS BESIARE ’
P.704 ATTITUDES TO NEIGHBOURHOOD (ANIS) Summer 1982
201-204) (205) ot/ | srip
! 2 | Code Lo
SERIAL NUHEER CARL
Time Interview started (WRITE IN)
I am doing a survey about some of the things
which affect people's living conditions.
1. How long have you lived in this area,
that is, within about five minutes walk?
{206)
(IF LESS THAN 3 MONTHS DO NOT INTERVIEw)3 months but Tess than 1 year 1
1 year - under 2 years 2
2 years - under 4 years 3
4 years - under 7 years 4
7 years - under 10 years _ 5
10 years - under 20 years 6
20 years - under 30 years 7
30 years or more 8
2a)| What are some of the things you Tike about
; Tiving round here? PROBE: 'Anything else?' -
AFTER EACH REPLY.
b)] What are some of the things you don't like
about Tiving around here? PROBE: ‘'Anything
else?' - AFTER EACH REPLY.
3. If you could change just one thing about
Tiving round here, which would you choose?
126
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4a) { Have you ever felt Tike moving away from Col./ Skip
this area? STRESS AREA NOT HOUSE. a to
I o
Yes 1
No 2 Q.5
IF 'YES' AT a)
b) Why did you feel 1ike moving?
PROBE FULLY: Ask 'Any other reasons?'
5. | On the whole, how do you Tike 1living (208)
in this area? Do you rate it as an
excellent, good, fair, poor or very Excellent 1
poor place to live? Good 2 %
Fair 3
Poor 4 5
Very poor 5
Don't know 8 ]
6. | On the whole, would you say this was : (209)
a quiet or noisy neighbourhood? Very noisy 1
IF NOISY: would you say it Noisy] 2
was very noisy? Quiet 3
IF QUIET: would you say it -
was very quiet? Very quiet 4
_ Don't know 8
7. | SHOW CARD A: (210)
Taking all things into account,
how much would you say the noise Very much 1
round here bothers or annoys you? Moderately 2 |
A little 3
Not at all 4
Don't know 8
8. | All things considered, would you. (211)
say that the amount of noise Acceptable 1
here is acceptable or unacceptable? Unaccéptab]e 2
Qualified answer (WRITE IN) 3
Don*t know
9.1 Would you say that you are more (212)
sensitive or less sensitive than More sensitive 1
other people are to noise? Less sensitive 2
127 About the same 3
L Don't know 8



Air-  [Road Other(1} t0ther(2)
Craft ltraffic JSPECIFY |SPECIFY
221) 226)
(213) | (217) ] (222) (227)
10a) | What are the different kinds of Mentioned 1 1 1 1
noises you hear round here? spontaneous1y,
b) | PROMPT AS NECESSARY: Do you ever Mentioned 2 2 5 2
hear aircraft fly by here? after prompt

How about road traffic - do you

ever hear it go by? Not heard 3 3 3 3

Do.you hear any other kinds of

noises? [ IF NO NOTSE HEARD GO 10 Q.19

(214) 1 (218) [(223) (228)
c) { Which is the most bothersome noise | Most 1 2 3 4
you hear round here? bothersome
11a) | FOR EACH NOISE HEARD (215) | (219) | (224) (229)

SHOW CARD A: Please Took at this Very much 1 1 1 1

scale and tell me how much the

noise of aircraft here bothers or Moderately 2 2 2 2

annoys you. A Tittle 3 3 3 3

REPEAT FOR ROAD TRAFFIC Not at all 4 4 4 4

Don't know 8 8 8 8

IN ADDITION ASK ABOUT OTHER

NOISE(S) IF MENTIONED AT T0a) OR b)

ASK FOR EACH NOISE THAT BOTHERS

- CODES T, Z OR 3 AT a)

b) SHOW CARD B: (216) | (220) {(225) (230)
From this card, about how often { Many times 1 1 1 1
does the noise of aircraft a day
bother you these days? 3 or 4 times 2 5 2 2

REPEAT FOR ROAD TRAFFIC a day

Once or 3 3 3 3

IN ADDITION ASK ABOUT OTHER twice a day

NOISE(S) IF MENTIONED AT T0a) OR b) A few times A 4 a 4

a week

A few times 5 5 5 5
a month

Less than a

few times a 6 6 6 )
month

Don't know 8 8 3 8

IF AIRCRAFT NOISE NOT HEARD, GO TO Q.19
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I'd now 1ike to ask you some questions about

" - . Col. Ski
aircraft noise during daytime, evening and night. ﬂ:ii/ tnlp
12a) | During weekdays are you usually at home (231)
during the daytime?
(ie 3 or more mornings or afternoons) Yes A I
(Daytime = 7.00am - 7.00pm) No 6 Q.13
IF 'YES' AT a)
b) SHOW CARD A: Please look at this card
and tell me how much the noise of aircraft Very much 1
bothers or annoys you during the daytime. Moderately )
A Tittle 3
Nob at all 4 g
Don’t know 8 ;
13a)} Are you usually at home during the evening? (233)
(ie 3 or more evenings a week) Yes ]
(Evening = 7.00pm - 11.00pm) No 6 Q.14
i
IF 'YES' AT a)
b) SHOW CARD A: How much does the noise of !
aircraft bother or annoy you during the evening? Very much 1 :
Moderately 2 i
A Tittle 3 i
Not at all 4
Don't know 8
14. | SHOW CARD A: And how mych does the (233)
noise of aircraft bother or* annoy
you here during the night after Very much 1 i
you have gone to bed? Moderately > %
A little 3
Not at all 4
Don't know 8
(Usually on night shift) 5
15. 1 Would you say on the whole that you (234)
were more hothered by aircraft noise
here on weekdays or at the weekend? More bothered weekdays 1
More bothered at weekend 2 |
-(No difference/don't know) 8
16.1 Would you say that you are more bothered by (235)
aircraft noise here when you are indoors or
when you are outside? Indoors 1
Outside 2
(No difference/don't know) 8
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17a) § ASK FOR EACH ITEM BELOW: Do the aircraft ever ...?
| IF 'YES' SHOW CARD A AND ASK:
b) When they ...., how annoyed does this make you feel?
a) (b)
( Mod- Not No TV/
Yes Noll Very evate Little at all Radio D.K.
i)| Disturb you when you are
reading/writing or gen- ATl 2 3 4 5 8 1§ (236)
erally concentrating?
ii)| Disturb your moments of
rest or relaxation at AT 2 3 4 5 8 (237)
home?
iii)| Make you shut your
windows? AT 2 3 4 5 8 (238)
iv){ Startle you? A1 2 3 4 5 8 (239)
v)| Wake you up? A 1Yl 2 3 4 5 8 (240)';
vi)| Interfere with listening . }
to radio, TV or Hi-Fi? AT 2 3 4 5 6 8 (241)5
vii)} Make the TV picture !
flicker? A 1l 2 3 4 5 6 8 I (242)
viii)] Make the house
vibrate or shake? A1 2 3 4 5 8 (243)
ix)1 Interfere with
conversation? AT 2 3 4 5 8 (244)
x)] Interfere with or ]
disturb any other AT 2 3 4 5 8 1 (245)
activity?
IF 'YES' SPECIFY ONE
0.U.0. o
(246-47)
xi) Bother annoy or disturb
you in any other way? A1 2 3 4 5 8 (248) ;
IF 'YES' SPECIFY ONE
. 0.U.0.
(249-50)
(251)
18.1 A11 things considered, do you think the amount of
aircraft noise here is acceptable or unacceptable? Acceptable
Unacceptable
Qualified answer (WRITE IN) !
Don't know 8
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ASK ALL Col./ Skip
. L Code ta
19. | Do you happen to work at an airport or for (252)
a company doing substantial business at an
airport? ‘Work at airport 1 |
For company doing business there 2
Neither 3
20. | Have you soundproofed your (253)
house or-part of it? Yes 1
No| 211 g.23
{Already soundproofed when moved in) 3
IF “YES' AT Q.20
21. | Did you soundproof it mainly because
of aircraft noise, mainly because of (254) :
some other noise or mainly for some 3
other reason? Aircraft noise 'lq
Other noise 2
Other reason (SPECIFY) \ Q.23
L=
IF 'AIRCRAFT NOISE' AT Q.21
. 22, ] Did you obtain a grant from a (255)
] public body towards the cost? Yes 1
; No 2
' ASK ALL
23. | SHOW CARD C: Just to be sure I have it all
straight, how do you feel overall about
the amount of noise here from ajrcraft? (256)
- Please give how you feel a score out of :
seven. Definitely satisfactory 1
2
- 3
] 4
5
6
F Definitely NOT satisfactory 7
24. | You have given a score of (READ OUT
CODE AT Q.23). Is that your general (257)
feeling about aircraft noise round here
or how you feel when it is loudest? When noise Toudest 1
General feeling 2
£ Don't know 8
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CLASSIFICATION Gol./ | Skip
L Code Lo
25a) | SHOW CARD D: Which of the statements {258)
on this card applies to you?
PROB Working full-time, 31+ hours per week 1
O CEEEE EESEEEARY Working part-time, 1-30 hours per week 2
: Unemployed and seeking work 3
Not in employment because sick or disabled 4 Q.26
Retired (and not seeking work) 5
Housewife (not in paid employment) 6 ]
Full-time student 7 Q.27 §
Other (SPECIFY) 8 Q.26
IF WORKING AT a) - CODES 1 OR 2 (259)
b) Do you do shift work? Yes 1
No 2
26. { DETAILS OF (LAST MAIN PAID) OCCUPATION
i) What is your job? :
NAME/TITLE OF JOB: ?
1) What do you actually do or make in that job? é
DESCRIPTION OF ACTIVITY: |
111) What qualifications or training do you need for the job?
iv) Do you supervise the work of other people? Yes A
No B
IF YES: How many people
v) What is the industry, business or profession of your employer
at your place of work?
vi) How many people are employed at the place where you work? E
vii) Are you an employee or self-employed?
Employee A
Self-employed B
(260-61)
ouo

132




~27.a)| PROBE TO ESTABLISH STATUS Col./ | Skip
LCade { _-to
(262)
Respondent is: Head of household 1 Q.28
Housewife 2
IF HOUSEWIFE/OTHER AT a) Other 3
b) i) What is the HOH's job? "
NAME/TITLE OF JOB:
ii) What does he/she actually do or make in that job?
DESCRIPTION OF ACTIVITY:
i1i) What qualifications or trainfng does he/she need for the job? f
i
iv) Does he/she supervise the work of other people? Yes A
No B
IF YES: How many people
_ v) What is the industry, business or profession of his/her
employer at his/her place of work?
X vi) How many people are emp]oyed'at the place where he/she works?
: vii) Is he/she an employee or self-employed? Employee A
Self-employed B
(263-64)
0.U.0.
) (265)
" 28.a)] RESPONDENT IS: Mate 1
: . Female 2
(266)
b)i Marital status Married 1
Single 2
. Widowed/divorced/separated 3
] (267-68)
. ¢)l Age last birthday ' WRITE IN
| INTERVIEWER COMPLETE: _
-29. Any other comments or-points about the respondent which may be
: relevant? eg. hard of hearing, language difficulties:
F
i (269-70
" i} | Time interview finished
, (WRITE IN ) DAY MONTH
. ii) | Date of interview WRITE IN (271-74
1
i91) } Signature of interviewer Interviewer No. (275-78
¥ (279-80) SPARE
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P.704 H ATTITUDES 70 NEIGHBOURHOOD Summer 1982
(201-204) - -{205) Col./ Skip
| 2 LCade ot f0]
Time interview started (WRITE IN)
I am doing a survey about some of the things '
which affect people's Tiving conditions.
1. How iong have you lived in this area,
that is, within about five minutes wailk? (206)
06
(IF LESS THAN 3 MONTHS DO NOT INTERVIEW) 3 months but less than 1 year 3
1 year ~ under 2 years’ 2
2 years - under 4 years 3 3 i
4 years - under 7 years i 2 f
7 years - under 10 years 5 !
10 years - under 20 years 6 !
20 years - under 30 years 7 E
30 years or more 8 ;
2a) | What are some of the things you Tike about §
1iging round here? PROBE: 'Anything elise?' - ;
AFTER EACH REPLY. {
“b) | What are some of the things you don't Tike i
' about Tiving around here? PROBE: 'Anything
else?' - AFTER EACH .REPLY. (IF AIRCRAFT !
MENTIONED, PROBE: What sort of aircraftare those?) }
|
|
3. If you could change just one thing about
living round here, which would you choose? ¢ ]
(IF AIRCRAFT MENTIONED, PROBE: What sort.
of aircraft?) [
i
E
i
134 ?
(
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Qualified answer (WRITE IN)

B _
- 4a) | Have you ever felt 1ike moving away from Col./ Skip
this area? STRESS AREA NOT HOUSE. '“‘(‘533) &,
- Yes 1 b
IF 'VES' AT a) Not 2 | Q.5
| b) Why did you feel Tike moving?
* PROBE FULLY: Ask 'Any other reasons?'
‘ (IF ATRCRAFT NOISE MENTIONED PROBE
“What sort of aircraft?")
| |
f L
5. On the whole, how do you Tike Tiving (208
in this area? Do you rate it as an )
excellent, goode fair, poor or very Excellent T - :
poor place to live? Good 2 f E
; Fair 3y :
: Pocr 4 g i
E Yery peor 5 i :
: Don't know & !
ASK ALL % |
" 6. On the whole, would you say this was (205} : ;
a quiet or noisy neighbourhood? Yery noisy 1 t
IF NOISY: would you say it Noisy 2 ? i
was very noisy? Quiet 1 i E
IF QUIET: would you say it s — f
was very quiet? Very quiet & § 3
Don't know 8 | f
7. | sHow carp A: f
f Taking all things into account, (Z]D)! %
{ how much would you say the noise Yery much 1 1 :
| round here bothers or annoys you? Moderater:! 5 .
f “f T ]
“ Not at all 4 i ;
Don't know 2 g .
. 8. A1l things considered, would you (2?1ﬁ §
: say that the amount of noise here Acceptab]% 1 .
} is acceptable or unacceptable? Unacceptabld 2 §
; s‘
]
i

Don't know

s R e

2

Would you say that you are more
sensitive or less sensitive than
other people are to noise?

More sensitive

Less sensitive

135 - About the same
Don't know

(212
]
2

~1
H

£

e

. A AT i 1
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-3 -
Ordi~- Other(1) |Other(2)
nary SPECIFY {SPECIFY
ir Heli~ Read | N
- craft jeopters jtraffic ) "
10a) |What are the different {1 | i) ceeeen
kinds of noises you hear 223) (228)
round here? | 1
IF AIRCRAFT MENTIONED: Is | ek
that ordinary aircraft or
helicopters, or both? IF | Mentioned (213)  (217) (219) (224) (2zs)
'BOTH', RING DOTH CODE 1's)| spontaneouslyt 1 1 1 1 1
b) | PROMPT AS NECESSARY: .
- do you ever hear air- i
craft fly by here? i
IF YES: 1Is that ordinary | Mentioned §
aircraft or helicopters, after prompt 2 2 2 2 2 !
or both? i '
IF NO: Do you ever hear .}— e
heTicopters fly by here? :
- how about road traffic, §
do you ever hear it go | Not heard 3 3 3 3 ;o
by? 1
- do you hear any other )
kinds of noises? [IF NO NOTSE HEARD, 60 10 Q.27 ) o
c) tWhich is the most bother- o I
some noise you near round ; Most (214) 1 (218) (220) (225) 5*2**’
heve? ( 1I&# NO BOTHER, WRITE IN} bothersome 1 2 3 A LoF ;
ALL AIRCRAFT E
11a) | FOR EACH NOISE HEARD (2 15)R (221) (226) 12751 ;
SHOW CARD A: Thinking nowj Very much 1 1 { 1 ;
of all kinds of aircraft ‘ o P
you hear round here, Moderately e 2 - ; " :
please look at this scale | A Tittle 3 3 3 f = :
and tell me how much the iz X
noise of aircraft here | Ot at atl 4 4 4 P 3
bothers or annoys you. bon't know 8 8 8 g . ;
REPEAT FOR: ROAD TRAFFIC e ooy |zen 3 ?
A 1 z ecl ) < :
IN ADDITION ASK ABOUT Maly Times o N R !
OTHER NOISE(S) IF MEN- Y ‘ ]
TIONED AT 10a) OR b) Jorid ) { !
. 1 5 . 1
ASK FOR EACH NOISE THAT | Times @day 2 2 : j :
BOTHERS - CODES 1, 2 OR Once or ; :
3 AT a) ‘ . | twice a day 3 3 K ; g
. A few times i !
b) SHOW CARD B: a week 4 4 4 , |
From this card, about i i i
how often does the 2 ;sgtﬁ1mes 5 5 5 i : i
noise of .... bother boo I
you these days? Less than a g
few times a ; i
month 6 6 2 C f
Don't know 8 8 8 g 2 '
TF NO AIRCRAFT OR HELICOPTER NOTSE PEARD. B (1 ..
136
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12 | You said that you were ... (REF. T0 Q1la) bothered Cot./ | Skip
by aircraft noise; is this your general feeling -
about aircraft noise, or.your feeling about (233)
particular aircraft? ,
Aircraft noise generally 1
Particular aircraft 2
(SPECIFY)
Don't know 8
I*d now 1ike to ask you some questions about
' aircraft noise during daytime, evening and night.
13a) | During weekdays are you usﬁa]]y at home i
. during the daytime? (234)
(i.e.'3 or more mornings or afternoons) Yes A ;
(Daytime = 7.00 a.m. - 7.00:p.m.) No & % 0.14
IF 'YES' AT a) , § :
b) SHOW CARD A: still thinking about all % ?
kinds of aircraft, please tell me from oy : !
the card how much the noise of aircraft Very muct ] : :
bothers or annoys you during the daytime. Moderateiy | 7 ;
| A Tittle! 3 3
Not at 211% 4 f
Don't knowj 8 _an_“gw
14a) Are you usually at home during the evening? i (235‘3 (
?153-_3 or more, evenings a week ) Ves A ’ ?
Evenings = 7.00 p.m. - 11.00 p.m.) ‘ :
HYES! Moy 6 | Q.15
IF 'YES' AT a) . %
b) SHOW CARD A: How much does the noise of
aircraft of all kinds bother or annoy Very much ! :
you during the evening? Moderately! 2 3
A Tittle 3
Not at all 4
Don't know N §
- d 1
15 | SHOW CARD A: And how much does the 1 (236} !
noise of aircraft bother or annoy Very mucht T !
you here during the night after you ! ' ; i
have gone to bed? Moderately 2 %
A littie] 3 | |
Not at alli 4 !
Don’t know 8 ! i
- : (Usually on night shift) 5 4 :
16 Would you say on the whole that you § %
were more bothered by aircraft noise : :
] here on weekdays or at the weekend? r (237) y ;
H More ‘bothered weekdays ; & i ;
More bothered at weekend Z g
(No difference/don’t know) g | i
o
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——

Col./
17 | Would you say that you are more bothered Code
by the noise of aircraft here when you (238)
ape indoors or when you are outside? Indoors i
Qutside 2
(No difference/don't know) 8
18a) [ ASK FOR EACH ITEM BELOW: Thinking of ail the kinds of
aircraft you hear round here, do aircraft ever ....?
IF 'YES® SHOW CARD A AND ASK: )
b) When they .... how annoyed does this make you feel?
(a) (b)
Mod- Not No TV/ :
Yes Nojl Very erate Little at all Radio D.K. '
i}{ Disturb you when you are .?
reading/writing or gen- A 2 3 4 5 8 (239}
erally concentrating? :
i1)| Disturb your moments of i
rest or relaxation at A 1 2 3 4 5 8 (240) |
home? 1
iii)| Make you shut your 2
windows? A1l 2 3 4 5 8 (241),
iv)[ Startle you? A1 2 3 4 5 8 ¥ (242}
v)| wake you up? A 1| 2 3 4 5 8 | (29
vi)i Interfere with Tistening :\1‘5
to radio, TV or Hi-Fi? AT 2 3 4 5 6 8 ¢ {FHL
vii)] Make the TV picture ;
flicker? A 12 3 4 5 6 8 (245),
viii)] Make the house §
vibrate or shake? ATH 2 3 4 5 8 (246)5
ix)] Interfere with ' ; ¢
conversation?’ A 1l 2 3 4 5 8 (247
x}] Interfere with or . ;
 disturb any other A1 2 3 4 5 g  }(248-50);
activity? ;
IF 'YES' SPECIFY ONE
xi} Bother annoy or disturb _ 95753
you 1in any other way? A 1 2 3 4 5 8 (251-53]
IF 'YES' SPECIFY BNE : ;
' ]
| _ i o
19 A11 things considered, do you personally think the amount of ; (254)
aircraft noise here is acceptable or unacceptable? Acceptable 1
Unacceptable 2
Quatlified answer (WRITE IN) 3
Don't know 8

138"




-6 -

Col./ | skip
. . Code to .
. 20a)| Has anyone in your household ever taken YES NO
any of these actions about aircraft noise? . -
. READ ouT Signed a petition?] 1 2 (255)
Contacted the airport?} 1 2 (256)
Contacted the police?| 1 2 (257)
Contacted a politician?| 1 2 (258)
Contacted a councillor?} 1 2 (259)
Joined a protest group?| 1 2 (260)
Written to a newspaper? 1 2 (261)
Contacted your local j
residents association? 1 2 (252)1
Contacted any other official body % 1 2 (?63)
Has anyone in your household ever taken .
any other action about aircraft noise 7y 1 2 (264}
IF YES, SPECIFY
| IF NONE, GO TO  {0.21
IF ANYTHING DONE:(ANY CODE 1 AT (a) ):
b) What was it about? (PROBE FULLY)
~ 2la)} When you hear aircraft fly overhead, do (265)
’ you ever feel There is any danger they
might crash nearby? Yes 1
No 2
Don't know 8 Q.22
IF YES: )
i (266)
b) Would you say that you feel this: READ OUT
‘ Very often i
Fairly often 2
OR Only occasionaliy? 3
(Don't know) 8 '
. . - (267 ) !
c) Are there particular types of aircraft
you feel this about? No 1
Yes (SPECIFY) 2
139
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Col./ Skip "
CHECK §.10, SECOND COLUMM e
IF HELICOPTERS NOT HEARD (CODE 3), GO TO Q.27
IF HELICOPTERS HEARD:
22a)| You said that you hear helicopters fly by here; ‘ (268)
(Sng ﬁARD A) please @ell me trom this card how Very much 1
ygﬁ' the noise of helicopters bothers or annoys Moderately 2
A Tittle 3
Not at all 4 0.24
IF BOTHERS AT ALL (CODES 1, 2 OR 3 AT a) Don't know 8
b)| SHOW CARD B: From this card, about how often
does the noise of helicopters bother you (269) '
these days? Many times a day 1 l
3 or 4 times a day 2
Once or twice a day 3
A few times a week 4 |
A few times a month 5
Less than a few times a month 6
Don't know 8 J
22 | You said you were .... (REF Q22a) bothered ?
bv helicopter noise; were you thinking about
helicopter noise generally or. about particular (270)
kinds of helicopter noise: Helicopter noise generally 1
Particular kinds of helicopter noise 2
(SPECIFY) '
-Don't know [
243)| Do you find the noise of helicopters more (271)
or less disturbing than that of other Much more 1
aircraft? More 2
IF MORE, PROBE: Would you say "Much more?" Less 3
IF LESS, PROBE: Would you say “Much less?"
Much Less 4
(No difference) 5 0.25

IF MORE/LESS (CODES 1-4 AT a)

b) In what way is the noise of helicopters
more/less disturbing than that of other
aircraft? PROBE FULLY
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colo/ skip
l.Code 1 to
25 A1l things considered, do you personally think the amount ,.. . ioh1e (212)
of helicopter noise here is acceptable or unacceptable? P
2 Unacceptable 2
Qualified answer (WRITE IN} 3
| Don't know 8
- 26 Apart from noise, do you find anything else ' (273)
) annoying or disturbing about helicopters? No 1
PROBE FULLY o
!
i
i E
; _
s ]
’ ASK ALL
- 27 Do you happen to work at an airport or heliport or for R
' a company doing substantial business at an airport or (274
- A a
heliport: Work at airport/heliport 1
" For company doing business there 2
"Neither 3
[ CLASSIFICATION
- 283)] SHOW CARD C: Which of the statements ‘
: on this card applies to you? (275
‘ PROBE AS NECESSARY Working full-time, 31+ hours per week 1
TO CHECK CHOICE Working part-time, 1-30 hours per week 2 :
f Unemployed and seeking work 3
E Not in employment because sick or disabled 4 Q.29
; Retired (and not seeking work) 5
E Housewife (not in paid employment) 8 0.30
' Full-time student 7 )
j Other (SPECIFY) 81 Q.29
i IF_WORKING AT a) CODES 1 OR 2 (276,
. b) Do you do shift work? Yes 1
r No 2
L [ 277-80)] SPARE
- ;
t :
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. s DETAILS OF (LAST MAIN PAID) OCCUPATION

-9 -

i

29
i) What is your job?
NAME/TITLE OF JCB:
ii) What do you actually do or make in that job?
DESCRIPTION OF ACTIVITY:
iii) What qualifications or training do you need for the job?
jv) Do you supervise the work of other people? Yes
IF YES: How many people? No
v) What is the industry, business or profession of your employer
at your place of work?
vi) How many people are employed at the place where you work?
vii) Are you an employee or self-employed? Employee
Self-employed
30a)? RESPONDENT IS:
- ‘ Male |
Femals ;
b)f Marital status Married
Single
Widowed/divorced/separated
c)} Age last birthday

WRITE IN

(305) Card [i

Col./ Ship
Lioda ko
(301-4} Ifs Qard?2

A

3
et -
]

I K BT

: (310-11

AT T T - 4

3
(30-7) *

e
i H

142
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Col./ | Skip !
Code -
31a)} PROBE TO ESTABLISH STATUS ' (312)
Respondent is: Head of household 1 Q.32
Housewife 2
Other 3
IF HOUSEWIFE/OTHER AT a)
b) i) What is (Head of Household's) job?
NAME/TITLE- OF JOB: L R T
ii) What does he/she actually do or make in that job?
DESCRIPTION OF ACTIVITY:
iii) What qualifications or training does he/she need for the job?
iv) Does he/she supervise the work of other people? Yes A
IF YES: How many people? ’ No B
v) What is the industry, business or profession of his/her
employer at his/her place of work?.
vi) How many people are employed at the place where he/she works?
vii) Is he/she an employee or self-employed? o
) Employee A
1f-employved 8
5 Self-employe [313-4)
_ S 0.U.0,
52.1 INTERVIEWER COWPLETE
Any other comments or points about the respondent .
which may be relevant? eg. hard of hearing, language
difficulties.
(315-6) |
Time interview finished
(WRITE IN )
_ DAY MONTH
Date of interview WRITE IN | (317-20)
Signature of interviewer
; ber I (321-24,
Interviewer Number (325-801 SPARE
143 ) R 1
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CARD A CARD B

Many times a déy

Very much
A few times a da
Moderately e Y
Af i
A little ew times a week
A few times a month
Not at all
Less than a few times a month
CARD C
Definitely .Definitely

satisfactory ! 141213141}5 f 6 ' 7 NOT satisfactory

CARD D

Working full-time, 31+ hours per week
Working part-time, 1-30 hours per week
Unemployed and seeking work

Out of work, sick or disabled

Retired

Housewife (not in paid employment)
Full-time student

Something else (PLEASE DESCRIBE)
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APPENDIX B

NOISE MEASUREMENT : METHODOLOGY AND EQUIPMENT,

Selection of Measurement Locations

Noise measurements were made at a single measurement site situated
centrally within each of a number of small communities. In each of
these the exposure to external noise levels from aircraft overflights
is approximately the same — they are known in this study as common
noise areas. The method of delineating these areas is described in
paragraphs B.2 to B.9.

Laboratory research has demonstrated that the average person cannot
easily discriminate between aircraft noise events which differ in
intensity by about 3dB or less. This finding suggested an appropriate
target criterion for approximating a community with a common noise
climate or - stated more simply - a common noise area. This common
noilse area was therefore initially defined as an area within which the
maximum noise level from any single aircraft overflight received at
any point on the ground was estimated as not more than 3dB different
from that received at any other point on the ground, assuming the
maximum noise level to be unmodified by the presence of buildings and
ground effects, etc. 1In later paragraphs other comnsiderations are
discussed which required that this original criterion of 3dB be
relaxed: in addition other caveats about the common noise area are
necessary. However, the basic justification of an experimental design
based on common noise areas is not that all respondents within the
area receive exactly the same perceived exposure, but that these
respondents all lie within a relatively small interval in the large
range of aircraft noise exposure which obtains around UK airports.

Common noise areas can be delineated from knowledge of the aircraft
flight paths which dominate the noise exposure in the area and of the
characteristics of noise attenuation. Although common noise areas can
take irregular shapes, it is convenient for the purposes of
illustration to consider a common noise area under the final approach
to landing. Using an assumption of 8dB attenuation per doubling of
distance and constant source noise, common noise areas are readily
delineated as triangles or parts of triangles under landing flight
paths (for which the flight path is fixed for all aircraft by the
Instrument Landing System) As the common noise triangle is based on
the difference in maximum noise level received over its area from any
overflight, the delineation of such a tr1ang1e is independent of the
actual level of source noise - providing it is constant — of the
aircraft. Thus it is solely the geometry of the flight paths which
determines the triangle.
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B.5

B.6

B.7

-
[= L")

T

The diagram shows the noise level contours of a landing aiveraf

76~
78 o,

80—
82"

l

intervals of 2PNdB. The area between any two adjacent contours is
therefore a '2dB common noise area'. However it is convenient and
theoretically conservative to use a triangular area, eg triangle ABC
which lies completely between the B0PNdB and 82PNdB countours and is
therefore again a 2dB common noise area. For the landing footprint

of any other aircraft there are always contours at 2dB intervals which
coincide with these contours (because the flight path is fixed) but
they will have different values dependent on the source noise level of
the aircraft. However, as noted in the previous paragraph,

Where it is necessary to fit common noise areas to specific irregular
areas of population other shapes based on triangles can be used. For
example, the triangle DEF is a 6dB triangle, but if the 2dB triangle
ABC is removed the shape EBACFD which remains is a 4dB(=6dB-2dB)
common noise area. Thus if it were nacessary - to include enough
population for adequate sampling ~ to use a 4dB common noise area,
then the shape EBACFD contains a greater population. Even where a
triangle is suitable, if it contains a more than adequate population
then the actual area can be any shape within the triangle.

Where areas are required under take—off flight paths the situation is
rather more complex because aircraft climb paths differ. However, by
basing the common nmoise area on the fastest rate of c¢limb of tha
various aircraft types commonly using the airport and the height
achieved over the triangle by the slowest climbing type. the

common noise area will be conservative for other types. Where common
noise areas laterally displaced from flight paths are required, these
too can be constructed by slight modification of the basic principles
outlined above.

It was noted in paragraph B.2 that certain caveats are necessary in
respect of common noise areas. The first of these concerns the target
criterion of no more than 3dB variation, within the common noise area,
in peak noise level from any flight. WNear to the airport, where
aircraft heights are lower, common noise areas can be quite small and
hence contain only a small population. Since about 400-500 dwellings
are desirable within a common noise area in order to draw the intended
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B.9

B.10

B.11

B.12

B.13

sample of respondents, it is sometimes necessary to relax the 3dB
target criteriom.

It is also apparent that common noise areas, although constructed on
the basis of the principal or dominant mode of exposure to which they
are subject, are also affected by other, more distant, flight paths.
The noise levels from the modes of lesser exposure may give rise to
greater variation than the stated value for the common noise area.
However they will generally be noise levels of much lesser intensity
and any excess variation will have little or no effect on the validity
of the common noise areas for the higher noise levels.

Any relaxation of the variation in noise level across the common noise
area and the caveats mentioned in the preceding paragraph do not
invalidate the experimental design. The rationale of the common noise’
areas is to group respondents with closely similar noise exposure so
that measurement at one central site within the area would describe
the band of noise exposure within which they all fall and that the
width of this band should be as narrow as possible, comsistent with
the feasibility of a statistically valid social survey.

Method of Measurement

Most of the noise measurements were made using unattended equipment
but some attended measurements were made at sites having minor modes
of operation at low average noise energy. Attended measurements only
were made at sites in the Stanwell areas.

The noise measurement programme was designed to obtain an extensive
sample of the values of LAmax and the associated values of LAX of the
aircraft noise events occurring at each selected site, such that an
estimate would be made of the noise exposure over various time
periods.

Unattended measurements

The values of LAmax and LAX were obtained from the Digitronix Nomal.
This instrument, sampled the noise climate throughout the measurement
period at intervals of one second. The value of Lamax which it gave
for an aircraft noise event was therefore the greatest value of LA
occurring during the event at the instants of sampling. The equipment
is generally installed in the gardens of co-operative householders,
the various noise events recorded being identified with the help of
the ATC runway logs.

The value of LAX for each event was not obtained by direct integration
of LA with respect to time. The available program for analysis of
Digitronix Nomal tapes does not permit such integration so values of
LAX were obtained by the approximation recommended by the Noise
Advisory Council and by the International Organization for
Standarization (Refs Bl and B2) for aircraft noise events, viz

LAX = LAmax + 10 log T/2
Where T is the time in seconds between the '10dB dowm' points. 1In

this expression events for which the peak value does not rise as
much as 10dBA above the background are ignored. In practice the

147



B.14

B. 15

contribution to average Leq values of sucl avents is usually less
than 0.5dEA.

Apparatus for unattended noise measurement

The Digitronix Nomal Mk 2B is a precision instrument which measures
and records noise levels. It incorporates a General Radio % inch
Electret Microphone type 1962-9601 (or 9610) with a CEL 152 pre-
amplifier and sound level meter. The noise level is sampled at given
intervals, converted into digital form and siored along with the time
of the noise level on the magnetic tape of a cassette. The sampling
rate can be pre-set within the range of one measurement every 0.125
seconds to one every 4.0 secs. The selection of sampling rate in
practice is a compromise between the necessity of obtaining a
reasonably 'fine-grain' time history of the noise climate and
allowance of a reasonable period of unattended monitoring between
replacement of the cassette and the batteries which drive the
instrument: for the study reported here a2 sampling rate of onme per
second was selected — allowing periods of up to 44 hours between
services. Measurements are normally made utilizing the 'A' weighting
network of the instrument which meets the response and tolerance
characteristics of BS 4197/IEC 179. The inmstrument conforms to the
'slow' response mentioned in these standards. Cassettes are replayed
through a specially designed micro-processor unit which is programmed
to detect noise events above pre-determined noise level and duration
thresholds. For each noise event detected, the time of occurreace,
the maximum noise level and duration in seconds within the '10dB down'
points are printed out. The processor also computes the LAX value of
an event using the approximation for LAX referred to in para B.13
above.

At each site where unattended measurements were made, a Digitronix
Nomal was set up in the following manmer:-

The Nomal is mounted on its tripod with the microphone at a
height of about 6 feet. The battery is connected, the apparatus
switched on and allowed a ten-minute stabilization period. The
cassette is inserted and the appropriate measuring range and
welghting network selected. Cassette information such as site
number, session number and date are recorded on the tape. The
Nomal is then calibrated by inserting the microphonme slowly into
a Bruel and Kjaer Sound Level Calibrator and adjusting the meter
to read 94dB: this signal is then recorded at a scan rate of
0.125 seconds with zero attenuation. An attenuation of 40dB or
204B (according to the range selected) is then switched in and
the calibration signal recorded thus calibrating the upper and
lower part of the range. The Nomal is then returned to zero
attenuation with a scan rate of 1 second and the foam wind
shield fitted to the microphone. The Nomal is switched to
record, the time noted and all other relevant details noted on a
cassette record card.
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Attended measurements

The values of LAmax and LAX were obtained by feeding the output of a
sound level meter directly into a portable level recorder. This
allows a continuous trace of LA throughout the event to be obtained.
LAmax is taken to be the maximum value of the time history of the
instantaneous wvalues of LA during the event.

The values of LAX were obtained by measurement of the time between the
'10dB down' points from the paper trace and using the approximation
quoted previously.

Apparatus for attended measurement

The 'A' weighted output of a Bruel and Kjaer sound level meter {type
2209) fitted with a Bruel and Kjaer half inch condenser microphone
type 4163 - is fed directly into a Rion Level Recorder type LRO4. The
writing speed of the level recorder is set to 'slow' response and the
paper speed to 3mm per second.

At each site where attended measurements were made the equipment was
set up in the following manner:-

The sound level meter is mounted on a tripod such that the
microphone is at a height of about 6 feet above the ground.

The A.C. output of the sound level meter is comnected to the
input of the RION level recorder. Information such as site
number, and date are recorded on a log sheet and annotated on
the paper roll of the level recorder. The equipment is
calibrated by applying a Bruel and Kjaer Sound Level calibrator
to the microphone and adjusting the meter to read 94dBA. This
signal is then recorded on the level recorder paper - usually on
a 4dB line somewhere near the centre of the paper. The
calibrator is then removed and the attenuator on the sound level
meter adjusted to the required measurement range, The level
recorder allows for a 50dB range. The sound level meter 1s
generally left switched on whilst the level recorder is omly
switched on when an aircraft noise measurement is being made.
Care is taken to allow the noise event to rise and fall by 10dB
relative to its peak value. Details such as time of event,
aircraft type, movement type and runway and attenuator setting
are recorded on the log sheet.

This method of making attended measurements was developed from
standard procedure used for many years by DR, as follows (note that
the type numbers quoted here are for the current updated types of the
various items of apparatus):

Recordings of noise events were made with a Bruel and Kjaer
Sound Level Meter Type 2209 (set to 'fast' response) fitted with
a Bruel and Kjaer } inch condenser microphone Type 4163 and
feeding a Nagra E (or Nagra IV D) Tape Recorder. The tape from
the Magra was input to a Bruel and Kjaer Audio Frequency
Spectrometer Type 2112 and thence te Bruel and Kjaer Level
Recorder Type 2305, the stylus of which traced out the time
history of the noise level of the event of a paper roll. The
stylus was set to a writing speed of 63mm/sec with a paper speed
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B.21

B.22

B.23

B.24

B.25

of 3wmm/cec, The short term axcursions cf noisc level ie the
'saw-teeth' of the trace, were smoothed out by drawing a curve
through them such that the area under this curve was :
approximately equal to the area under the original trace. The
maximum value of this curve was regarded as the value of LAmax
appropriate to subjective responses: this method of obtaining
LAmax is widely adopted.

Subsequently it became apparent that, allowing for the difference
between operators in drawing the smoothing curve, there was
essentially no difference between the LAmax thus derived from that
obtained if the stylus were set to write at lémm/sec and the
unsmoothed peak of this trace taken. A Rion Level Recorder Type LR-04
was subsequently acquired by DR. This instrument had only two
settings for writing speed — 'fast' and 'slow' - and it was found that
the trace provided by the "slow' writing speed was not significantly
different from that produced by the Bruel and Kjaer Level Recorder
writing at 16mm/sec. The smoothing of traces writtem at fast speeds
was therefore ended and the standard method of determining LAmax was
to read the peak of an unsmoothed trace produced by the 'slow' writing
speed of the Rion Recorder or the lé6mm/sec writing speed of the Bruel
and Kjaer recorder. ’

Comparison of Attended and Unattended Measurements

A trial was performed to compare the noise levels measured by the six
Digitronix Nomal machines used by DR in the Night Disturbance Study
measurement programme (Ref B3) with values obtained by the standard
method. Sixty one noise events were measured simultaneously by:

(1) the standard method using the Rion Level Recorder
(i1) each of the six Nomal machines

Averaged over the sixty one noise events (ranging from an LAmax of 62
dBA to 97 dBA) the variance of the six Nomals about their mean in
measuring LAmax for each. event was almost exactly 1dB (to the nearest
0.1 dB). Typically the mean difference between the value of the LAmax
produced by the standard method and that measured by a Nomal for any
event was 1 dB, a value of which can be regarded as an average
systematic bias of +1dB for the Nomal with respect to the standard
method.

The values of LAX measured by the Nomals were then considered. The
Nomals measure LAX (to 10dB down) by using the approximate form:

LA = LAmax + 10 log T/2

and some of the error on the part of the Nomals in measuring LAX
arises from the use of this approximation.

The variance of the Nomals about their mean value in measuring LAX was
0.5dB. The mean difference between the values of LAX determined by a
Nomal for any event and the value of LAX obtained by integration (to
10dB down) of the time history of the event from the Rion trace was
2.5dB (Nomal high ). From a separate exercise in which the value of
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the LAX approximation was applied to the Rion trace it was found for a
paired sample of 51 events that the approximation gave a value, on
average, 1.2dB higher (s.d = 1dB). Thus the mean systematic bias of
the Nomals in measuring LAX is, relative to integration of the
standard trace, 2.5dB as mentioned above, but 1.2dB of this is
accounted for by the approximate form of LAX used. The remaining
systematic bias of +1.3dB is in reasonable accord with the systematic
bias of +1dB in measuring LAmax. The values of LAmax, and LAX,
obtained from unattended measurement have been adjusted to conform
with those values obtained from the attended equipment.

Attended measurements were made for the minor modes- of operation at
three sites, and attended measurements only were taken at the four
Stanwell sites. All the measurements were made on the dBA scale and
PNAB values were derived from the ICAOQ approximation

(Ref B4).

PNdB = dBA + 13
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c.2

APPENDIX C

CALCULATION OF THE DATABASE

The original social survey database was formed of the raw data
provided by SCPR. It consisted of 2173 cases, each a complete record
of an individual's responses to the questionnaire. These were
subsequently sorted so that all cases from a single sampled or a split
double-sampled site were stored together. This sorted data base was
then used as a source file for the SPESS* procedure AGGREGATE to produce
a set of agpregated statistics on the study data. These

statistics, stored in a binary date file, were used to produce a new
database in which the 'cases' were now the 26 individual areas
including the trial areas (but excluding Cranford) and the
corresponding aggregated statistics, now including noise metric data.

The following gives details of the calculation of the statistics. The
questionnaire in Appendix A gives the exact wording of, and the
allowed responses to, the social survey questions. Because some areas
were surveyed using slightly different questionnaires from the main
ANIS work, not all questions were asked in certain areas. Those
statistics using such questions could not, of course, be calculated in
those areas; the resultant missing variables are flagged by '101.00'
in the data printout. Where a question should have been answered, but
nothing has been recorded for a particular respondent, a 'missing
value' is flagged in the original database. Except where a smaller
sample population has been explicitly defined in the text, the base
population for percentile type statistics is the number of respondents
in a given area recording non-missing answers. Where the statistics
have been formed from a composite of responses to several questions
(e.g. the GAS scores, NET 7% MORE BOTHERED EVENINGS etc) the statistic
has been calculated including only those respondents for whom

none of the component elements are missing.

1) % THINK GNL NOISE UWACC [NSENA]
This is based on Q8 and 1is calculated as:
100%Z ~ % (think noise is acceptable).
Thus those responding 'don't know' or giving a qualified answer
are counted in the database among those finding noise
unacceptable.

2) %# THINK A-C NOISE UNACC [ARCHNA]
This is based on Q18 and is calculated as above, except that
there is now have the additional category: those who from Ql0b
said they did not hear aircraft and were therefore not asked
this question. Clearly they should not be counted as finding
the noise level unacceptable, so the expression becomes:

100% - [% (think noise is acceptable) + % (did not hear
aircraft)]

3) % AT LEAST LITTLE ANNOYED: GNL [NSEAL2]
This is based on Q7. Respondents pick from a card one of the
possible responses: 'very much annoyed', 'moderately anmnoyed',
'a little annoyed' or 'mnot at all annoyed'. The statistic is:

% (very much amnoyed) + % (moderately annoyed) +
# (a little annoyed)

*

See Appendix F.
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4)

5)

8)

13)

14)

15)

16)

% AT LEAST LITTLE ANNOYED : A-C "[ARCAL2]
Analbgous to the above, except that those who heard no aircraft
were not asked this gquestion. This is based on Qll.

# VERY MUCH ANNOYED : A-C [VMANN]
Again based on Qll, this is simply :
% (very much annoyed).

AV ANAS SCORES ) [AVANAS]
The Aircraft Noise Annoyance Scale is based on Qll.

A respondent scores 3 for responding 'very much annoved', 2 for
'moderately amnoyed' 1 for 'a little annoyed' and ¢ for 'not at
all annoyed', 'aireraft not heard' or 'don't know'. The
statistic is the sample mean ANAS score for the area.

GAS SCALES

For calculation of GAS Scales see Appendix D.

The aggregate statistics calculated from the GAS scores are:

(6) AV GAS SCORES ON 1967 SCALE) sample mean for [AVOGAS]
(7) AV GAS SCORES ON NEW SCALE) each community [AVNGAS]
(9) % WITH NEWGAS SCORE 3-6: % Scoring 3,4,5 or 6 [NGASHI]

(10) % WITH NEWGAS SCORE >0: Z Scoring 1,2,3,4,5 or 6 [NGASPOS]

(11) Z WITH 1967GAS SCORE 3-6: % Scoring 3,4,5 or 6 [0GASHI]
(12) % WITH 1967GAS SGORE >0: % Scoring 1,2,3,4,5 or 6 [OGASPOS]

AV SATISFACTION ON 7PT SCALE [SCALE7]

Based on Q23, where the respondent is asked to rate his
satisfaction with the aircraft noise exposure on a 7 point scale
(where 1 = highly satisfied, 7 = highly dissatisfied), this
statistic is the sample mean score for the area. One respondent
in Willesden Green responded 'don't know'; he was counted as
'missing' and so the base population for Willesdem in this case
is reduced by one.

% SCALING IN WORST MODE [WORSTM]
Based on Q24, where the respondent is asked whether the above
score represents 'overall feelings', or when the noise is at its
worst. The statistic is:

% (based response on times when noise was worst).

%Z ATRCRAFT ITEM LEAST LIKED [ARCLIV3]
This is based on Q3. Respondents named any single item they
would most wish to change about their area. The statistic is:

% (naming aircraft).

4 ATRCRAFT MOST BOTHERSOME NOISE [ARCBOTH]
Similarly, in Q10, the respondents were asked to name the

single most bothersome noise they heard. Statistic is:

%4 (naming aircraft).
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19)

20)

21)

22)

23)

NET % MORE BOTHERED

E
NET %4 MORE BOTHERED N

A4

I¥GS INEWEVE ]

EN
GHTS [NEWNGT ]

v
I

These two statistics are based on Q12 with Q13, and Q12 with Qla
respectively. For each question, respondents may record an
answer of 'very much', 'moderately', 'a little' or 'not at all
annoyed', or 'don't know'. 1In addition, the question may have
been skipped because the respondent has already stated that he
does not hear aireraft, 4 recorded answer of 'don't know' or
'aircraft not heard' is considered equivalent to 'not at all
annoyed'. From those people who recorded non-missing answers to
both Q12 and Q13, and who are usually in both during the day
and during the evening, the net percentage (more bothered in the
evening) is calculated as the percentage recording greater (not
equal) annoyance in the day than in the evening, less the
percentage recording greater annoyance in the evening than in
the day. Similarly, for those who recorded non-missing answers
to both Q12 and Ql4, and who are usually in both during the

day and at night, the net percentage (more bothered at night) is
the percentage recording greater annoyance at night less the
percentage recording greater annovance in the day.

NET % MORE BOTHERED WEEKENDS [WKEBOTH ]
Based on Q15, this is:
% (more bothered weekende) -~ % (more bothered during week),

Those responding 'same; don't know' and those who said they did
not hear aircraft are all treated as 'meutral'.

# RATED AREA AT LEAST NOISY [ANOISY]
Based on Q6, this is:
% (area noisy) + % (area very mnoisy).

7% RATED AREA LESS THAN GOOD [AXGOOD]
This is from Q5 and is:

1002 = [ Z (area good) + % (area excellent)]
Thus the statistic includes all those rating area 'fair', 'poor'
or 'very poor', and those answering 'don't know'.

% WITH DOUBLE-GLAZED HOMES {DGL]
Based on Q20, this is:
%Z (put in double-glazing) + % (already had double-glazing).

# NON-MANUAL [NONMAN]
The answers to Q27b, on the work of the head of household, were
used by SCPR to devise a l6point classification of socio-
economic groups. In preliminary recording, this was reduced to
7 major divisions.

= Professional, Managerial
Other White Collar
Skilled Manual
Semi-Skilled Manual
Unskilled Manual
Unclassifiable

= Housewife/Student

i

-~ Oy PN
It
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24)

25)

26)

27)

28)

This present statistic comprises:
% (Prof, Managerial) + % (other white collar).

% IN WORK & ON SHIFT [SHIFTI]
This is based on Q25b. Because of the exceptionally high
number of missing values recorded for this question, it was
necessary to create a surrogate statistic. Those who {in Q.25a)
stated that they were not currently in work were not asked this
question. However, of those in work who should have answered
Q25b comparatively few actually did so. On the assumption that
the distribution of missing values is independent of whether the
respondent was on shift work, the percentage of those answering
the question (and thus in work) who said they were on shift is
used as a sample statistic for the employed population
percentage on shift work, i.e. the statistic is:

100 x f{no. on shift)
(no. on shift) + (no. in work but not on shift)

% WORK CONWNECTED WITH AIRPORT [WORRAP]
Based on Ql9, this is:

% (work at airport) + % {(work for business connected with
airport).

AV AGE OF RESPONDENT [AVAGE ]
Although the actual age of the respondent was asked in Q30,

this was recoded at an early stage into eight age bands. The
average age is taken to be the arithmetic mean resulting from
respondents in a given age-range being 'assigned' the age at the
midpoint of the range.

That is, if the sample population in each range is Pi, and the
range is Xjgages Xj,] our statistic is

L Pyx Ky v %002

Zi Pi
AV LENGTH OF RESIDENCE [LRES]
As above, length of residence, asked in Ql, has been classified
into eight categories. The mean is calculated as if each
respondent had lived in the area for the period of time at the
midpoint of the range.

% FEMALES [FEMALE }

Based on Q28, this 1s simply:
% (respondents female)
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C.3

C.4

C.6

C.7

Noise Metrics® {M3LEQ]
THREE MONTH DAY LEQ

The average mode Leq value over the period 0700-1900 LT based on the
modal split of operations during the three months mid-June to mid-
September and attributed to aircraft alome.

N Al

g 10 LAX;/104

D=1

Leq = 10 log

where there are N aircraft events in the time period T (seconds) and
LAXi is the LAX value of the ith aircraft. This metric is repeated
for the evening (1900-2300LT) [EM3LEQ], night (2300-0700LT)} [NM3LEQ]
and total 24 hour perlods [M31LQ24] and for the modal splits pertalnlng
to 30 days and 7 days prior to the survey [MILEQ, WILEQR, etc].

WORST-MODE DAY LEQ [WMLEQ]

The highest value of Leq over the period 0700-1900LT attributable to a
particular runway operating mode of the airport.

This metric is repeated for the evemning (1900~2300LT) [EWMLEQ], night
(2300-0700LT) [NWMLEQ] and total 24 hour periods [WMLQ24].

THREE MONTH AVERAGE MODE NNI [M3NNI]

The average mode Noise and Number Index value based on the modal split
of operations during the three months mid-June to mid-September.

NNI = L + 15logN — 80

where L is the logarithmic average peak noise level in PNdB and N the
number of aircraft in the period 0700-1900LT of aireraft making 80
PNdB or more.

WORST MODE NNI . [WMNNI]

The value of NNI, attributable to the runway operating mode of the
airport, corresponding to the highest Leq value.

THREE MONTH LS80 [M3L80]

The logarithmic average of the peak noise levels % 80PNdB during the
period 0700-1900LT and based on the modal split of operations during
the three months mid-June to mid-September.

N
5 10L1/10

i

L (PNdB) = 10 log 1
N i

This metric is repeated for the modal splits pertaining to 30 days and
7 days prior [MIL80, WI1L80] to the survey and for cut-off values of
75PNdB and 70PNdB [M3L75, M3L70, etc].

* Not all of the noise metric data are used in the compact database. Only

evening and night Leqs are included not the corresponding noise levels
and number of movements. These are given in Tables 6.1 — 6.4.
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C.8

c.9

C.10

WORST MODE L80 | o [WHL8O]

Worst mode values of L and N are governed by the mode of operation of
the airport producing the highest value of Leq and are not necessarily
the maximum values of L or N recorded. The highest value of
logarithmic average of the peak noise levels for the period 0700-
1900LT of 80PNdB or more attributable to one particular runway mode of
operation of the airport. This metric is repeated for cut-off values
of 75PNdB and 70PNdB [WML75, WML70]

THREE MONTH N8O [M3N80]

The number of aircraft noise peaks 2 80PNdB during the period
0700-1900LT based on the modal split of operations during the three
months mid-June to mid-September.

This metric is repeated for the modal splits pertaining to 30 days and
7 days prior to the survey [MIN80, WIN530] and for cut—off values of
75PNdB and 70PNdB {M3N75, M3N70, etcl.

WORST MODE N8O ” [WMNSO ]
The maximum number of aircraft noise peaks 2 80PNdB during the period
0700-1900LT atctributable to one particular mode of operatiom of the

airport.

This metric is repeated for cut-off values of 75PNdB and 70PNdB
[WMN75, WMN70].

VARIABLE NAMES IN DATABASE

log 10 time of day period cut-off
prefix prefix or mode CORE suffix
prefix
M3
LQ24
E Ml
N LEQ
L Wl 70
N 75
WM
L 80
with with LEQ only, ALL compulsory
N only, compulsory, may with N, L
optional be default blank
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The computer names for the variables are made up of a core name,
referring to the type of noise measure represented by the variable,
together with various suffixes and prefixes which identify the
particular measure in question. See above Figure.

The core names are

1LQ24 - referring to Leq measured over a 24 hr period.

LEQ - referring to Leq measured over only part of the day.
N - referring to numbers of aireraft.

L - referring to average peak noise level.

These core names are always prefixed by a pair of characters which
identify over what period of time, or in what mode, they were
calculated (see Noise Metrics).

M3 - three months

M1 -~ one month

Wl - one week

WM - worst mode

e.g. M3LQ24 = three months 24 hr Leq.

In addition, the core name LEQ must be prefixed by a letter which
tells what portion of the (24 hour) day is identified with the
variable.

€ - evening (1900-2300LT)
N - night  (2300-0700LT)

By default, no prefix here means — day (0700-1900LT)
e.g. EWILEQ = one week evening Leq
WMLEQ = yworst mode day Leq

The number, N, and noise level, L, variables must be suffixed by a
number which identifies what PNdB cut off was used.

70 - aircraft above 70PNdB only
75 = aircraft above 75PNdB ‘only
80 - aircraft above 80PNdB only

e.g. WMNBO - worst mode number above 80PNdB.

Finally the logarithm of the numbers of aircraft is also considered,
for all possible number variables. This is indicated by prefixing
with an L the entire N variable name.
e.g. LWIN7S = log (W1N75)
= log (one week number above 75PNdB)
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TABLE Cl

Name
ARCAL2
ARCBOTH
ARCLIV3
ARCNA
ANOISY
AVAGE
AVANAS
AVNGAS
AVOGAS
AXGOCD
DGL
FEMALE
LRES
NEWEVE
NEWNGT
NGASHI
NGASPOS
NONMAN
NSEAL2
NSENA
OGASHI
OGASPOS
SCALE7
SHIFTI
VMANN
WKEBOTH
WORKAP
WORSTM

Glossary of Social Survey Variable Names

No
4
16
15
2
20
26
8
7
6
21
22
28
27
17
18
10
9
23
3
1
12
11
13
24
5
19
25
14

LABEL -

AT LEAST A LITTLE ANNOYED: A—C
A~C MOST BOTHERSOME NQISE
A-C ITEM LEAST LIKED

. THINK A-C NOISE UNACC

7 RATED AREA AT LEAST NOISY
AV AREA OF RESPONDENTS

AV ANAS SCORES

AV GAS SCORES ON NEW SCALE
AV GAS SCORES ON 1967 SCALE
% RATED AREA LESS THAN GOOD
% WITH DOUBLE GLAZED HOMES

% OF FEMALES

AV LENGTH OF RESIDENCE

NET % MORE BOTH'D EV'NGS

NET % MORE BOTH'D NIGHTS

NEW GAS SCORES 3-6

NEW GAS SCORES > 0
NON-MANUAL

AT LEAST A LITTLE ANNOYED: GNL
THINK GNL NOISE UNACC

1967 GAS SCORES 3-6

1967 GAS SCORES >0

AV SATISFAC'N ON 7PT SCALE

% IN WORK AND ON SHIFT

% VERY MUCH ANNOYED: A-C

NET % MORE BOTH'D W'ENDS

% WORK CONNECTED WITH A-PORT
% SCALING IN WORST MODE

Fad

9 58 RN

S0 59 58 B 5T 3O B

Variables neot in Database

ARCNET NET % MORE BOTH'D BY AIRCRAFT

W1DE Decrease in one week Leq from day to evening
WI1DN Decrease in one week Leq from day to night
Abbreviations:

A-C Aircraft

ANNOYD Annoyed

A-PORT Airport

BOTH'D Bothered

EV'NGS Evenings

GNL General

SATISFAC'N  Satisfaction

UNACC Unacceptable

W'ENDS Weekends

'67 1967 Social Survey
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Table C2

A FORMATTED REPORT OF NOISE AND ANNDYANCE DATA : Page 1 of 5
AREAS WITH . YTHINK LTHINK X AT %z AT YVERY AV GAS AV YHITH YWITH YWITH . XWITH AV LSCAL~
DOUBLE SAMPLES GNL A-C LEAST LEAST MUCH SCORES ANAS NEWGAS NEWGAS Y576AS "67GAS SATIS~- ING IN
SPLIT NOISE NJDISE LITTLE LITTLE ANNOY ON "67 SCORES SCORE SCORE SCORE SCORE FACT'N WORST
UNACC. UNACC. ANNOYD ANNOYD ED SCALE 3-6 >0 3-6 >0 ON 7PT MODE
zGNL tA-C sA-C : SCALE
HARLESDEN A ,
28.79 15.15 65.15 65.15 10.51 1.69 1.06 10.77 67.69 26.15 72.31 2.89 36.35
HARLESDEN B i
15.15 264,24 65.15 66.67 16.57 1.67 1.26 20.00 67.69 28.12 70.31 3.35 35.38
WILLESDEN L
16.67 15.15 57.58 56.05 10.61 1.37 .95 13.64 57.58 22.73 60.61 2.55 31.25
WOODHAM
B.51 5.32 62.77 59.57 6.38 1.37 .89 4,26 590.57 18.48 65.48 2.27 24,47
CHISWICK 1
20.90 13.33 65.33 62.67 657 1.65 1.00 6.67 64.00 28.00 68.00 2.92 37.33
FELTHAM A '
38.64 64,77 92.05 97.73 52.27 3.92 2.35 57.05 97.73 86.36 97.73 4.89 30.68
FELTHAM B
‘ 39.77 57 .05 80.68 94.25 51.72 3.93 2.28 56.98 94.19 88.24 95.47 5.15 47.73
HOUNSLOW
53.66 64.63 81.71 86.59 40.24 3.45 2.00 52.50 87.50 70.15 91.04 4.82 19.51
ISLEWORTH :
38.03 59.15 87.32 95.77 43.66 4,03 2.17 52.11 97.18 84.51 97.18 5.06 33.80
COLNBROOK , '
48.19 50.24 84.34 85.54 28.92 3.33 1.83 42.17 90.36 71.08 93.98 4.65 35.37
HOUNSLOW W,
: 38.16 46.05 78.95 84.21 31.58 2.7k 1.79 36.00 85.33 59.46 90.54 4,17 32.89
HOUNSLOW C : ;
29.58 4D0.85 86.96 84.51 25.35 2.85 1.69 26.87 89.55 59.09 93.94 4.16 34.29
STANWELL I i :
' 25.32 17.50 56425 45.00 3.75 1.23 .67 7.59 48.10 18.18 55.84 2.67 20.25
STANWELL II
13.40 10.31 65.98 42.27 4.12 1.15 .bb 9.28 45.39 - 20.21 45.7% 2.28 20.62
STANWELL III [
25.93 19.75 66.67 62.95 2.88 1.9%6 1.06 23.46 64.20 34.57 70.37 3.16 13.58
STANWELL IV {
15.15 18.18 61.62 55.56 6.06 1.63 .89 12.12 57.58 24,25 69.70 2.72 22.22
IFLELD '
12.36 12.36 58.43 46,67 3.33 1.33 78 6.74 47.19 20.22 57.30 2.48 25.56 -
HORLEY
27.78 31.11 73.33 82.22 17.78 2.80 1.53 31.11 83.33 51.69 85.39 3.72 36.67
MANCHESTER
23.68 22.67 65.79 61.84 17.11 2.03 1.20 14.86 66.22 34.78 ° 75.358 3.11 14,47
ABERDEEN |
3.96 7.92 32.67 56.57 6.06 1.43 .52 5.05 58.59 21.21 66.67 101.00 101.00
LUTON A .
28.75 £1.25 77.50 92.50 25.00 3.12 1.82 32.47 93.51 55.07 9275 4,08 32.91
LUTON 8
32.91 40.51 82.28 86.08 29.11 3.32 1.73 32.91 87.34 70.83 91.67 3.96 20.51
EALING
23.38 41.56 101.00 94,81 37.66 3.13 2.01 121.00 101.30 63,64 98.70 4.43 24.68
EGHAM ’
20.78 40.26 101.00 88.31 29.87 3.13 1.78 101.00 101.90 68,42 92.11 P A 44,16
SLOUGH \
14,08 41.67 101.0D 80.56 30.56 2.75 1.75 101.00 101.20 56.94 81.94 4.08 30.56
SHEEN ’
26.39 38.89 101.0D 87.50 29.17 3.04 1.86 101.00 101.30 51.39 21.67 4.06 27.78
160

FOOTNOTE: A VALUE OF 101.00 ENDICATES THE RUESTION WAS NOT ASKED IN THAT ARER



D

Table C2 ) i

A FORMATTED REPORT OF NOISE AND ANNOYANCE DATA ? Page 2 of 5
AREAS WITH - ZAIR~- %ZA-C NETZ NETYX NET % YRATED XRATED XWITH LNON- ¥ IN ZJORK AV AGE AV XFE-
DOUBLE SAMPLES CRAFT M2ST MORE MIRE MIRE AREA AREA DOUBLE MANUAL WORK % CONNEC JF LENGTH MALES
SPLIT : ITEM BOTHER BOTH'D 32TH'D BOTH'D AT LESS GLAZED oN TED RESPON OF RES
LEAST SOME EV'NGS NIGHTS W?ENDS LEAST THAN HOMES SHIFT WITH DENTS IDENCE
LIKED NDISE NOISY 6009 A-PORT \

HARLESDEN A - ;
=00 33.85 ~23.33 =54.84 12.31 43.9% 68.18 25.76 31.82 17.3?2 1.52 43.38 15.70 56.06
HARLESDEN B ;|

-00 43.94 =-27.78 ~-47.22 16.67 25.75 59.09 19.70 45.45 22.22 4,55 42.22 16.57 51.52

WILLESDEN
=00 23.81 -9.09 =36.17 5.06 21.21 49.23 7.58 33.85 12.50 .00 48.88 17.04 62.12
WOODHAM <
1.06 19.35 -16.28 -43.18 17.02 20.21 15.96 21.28 58.51 4.84 6.38 48.93 23.2% 48.94
CHISWICK :
00 35.62 =4.65 =29.55 21.33 25.33 14.67 10.67 60.00 12.50 2.67 51.65 20.31 58.67
FELTHAM A
50.00 81.40 ~h.b44 ~78.72 47.73 £45.93 26.14 40.91 54.55 11.36 2.27 30.72 18.12 51.14
FELTHAM B
' 47.73 31.61 -8.16 -78.00 39.77 29.55 22.73 34.09 35.63 11.90 3.41 46.51 17.57 55.68
HOUNSLOW
15.85 80.00 11.54 -52.94 20.73 31.85 53.66 57.32 35.37 26.32 135.41 47.00 15.62 54.88
ISLEWORTH .
45.07 20.00 14.63 ~-48.78 31.88 37.1% 35.21 28.17 | 67.61 10.00 7.04 46.39 17.47 48.57
COLNBROOK :
31.33 80.25 -32.56 -72.73 49.40 46.97 46.99 92.77 39.76 30.43 18.07 44.41 15.40 48.19
HOUNSLOW W )
14.67 68.00 =21.95 =-50.938 38.16 57.87 bh.74 53.95 55.26 20.00 13.16 43.95 15.47 48.68
HOUNSLOW C
8.57 59.42 -11.76 -55.56 11.27 44.27 49.30 38.03 36.62 21.62 Badb £3.24 15.50 49.30
STANWELL I

6.33 45.00 -4.00 =-22.00 10.00 7.5 58.75 61.25 28.75 21.95 i8.75 45.24 23.00 52.50
STANWELL II

B.25 20.83 .00 =-14.29 2.28 34.02 30.923 42.27 21.55 6.67 11.34 45.0464 . 18.07 54.64
STANWELL III

8.75 43.75 12.12 -31.43 1.23 [y 49.38 B3.95 34.57 10.34 22.22 1.54 19.14 46.91
STANWELL IV :

5.35 41.41 -1.85 =-23.64 12.12 22,22 34.55 76.77 35.35 34.04 35.35 44,48 19.24 51.52
IFIELD ,
2.22 36.88 7.27 =1.75 2247 20.0) 19.10 24 .44 30.00 9.09 11.11 £8.31 18.16 50.00
HORLEY '
24 .44 69.32 32.65 10.00 31.11 33.33 30.00 68.87 53.33 18.75 11.11 46.17 17.14 55.56
MANCHESTER :
.00 27.03 12.20 =14.29 28.00 42.11 51.84 6.53 24.66 18.75 1.32 43.66 20.43 51.32
ABERDEEN
1.00 55a45 -8.77 -38.98 ~8.91 2.97 8.91 -00 27.72 20.00 1.98 39.30 3.11 52.438
LUTON A :
12.66 72.15 18.18 13.64 38.75 20.03 36.25 23.75 32.50 9.76 2.50 5.7 18.4% 48.75
LUTON B
13.92 64.56 25.58 -9.52 26.58 32.935 £5.57 25.32 21.52 11.63 5.05 47.18 19.38 56.96
EALING :
10.39 69.35 .00 =~75.86 24.68 25.97 £8.05 16.88 36.84 21.95 3.90 $3.94 17.69 34235
EGHAM
12.00 76.00 13.16 =56.10 24.68 25.97 22.08 10.37% 25.97 10.64% 11.69 £9.39 29.19 50.65
SLOUGH - ‘
25.00 81.16 =14.29 -62.86 34.72 11.11 22.22 29.17 54.93 4.76 8.33 £7.15 19.97 bhath
SHEEN
23.61 71.83 .00 -45.95 22.22 18.8% 11.11 12.68 £1.67 2.13 -00 48.258 22.92 54.17
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Table C2

A FORMATTED REPORT OF NOISE AND ANNOYANCE DATA o Page 3 of 5
AREAS WITH THREE ONE ONE WORST THREE ONE ONE WORST THREE ONE ; ONE WORST
DODUBLE SAMPLES MONTH MONTH WEEK MODE MONTH MONTH WEEK MODE MONTH MONTH | WEEK MODE

SPLIT L8J L80 L80 L&0 L75 L?5 L75 L75 L70 L?70 ©L7D L70

HARLESDEN A

92.70 92.40 91.50 93.80 91.79 91.4) 90.50 ?23.10 90.30 90.30 89.10 93.00D
HARLESDEN B :

92.70 92.40 91.560 93.80 91.70 71.41 90.50 ?3.10 923.80 90.30 8%.12 93.0D

WILLESDEN

90.70 90.80 90.59 90.90 88.90 89.2) 87.60 20.10 87.70 88.30 85.70 90.00
WOODHAM =

88.30 38.10 88.00 88.50 864560 86.2) 85.80 $7.10 85.50 84.70 83.90 86.70
CHISWICK =

83.90 83.90 84.00 84.00 81.90 81.82 82.10 82.30 81.30 81.20.  81.60 81.90
FELTHAM A ]

96450 96450 97.00 97.20 95.20 95.2) 96.00 96.30 94.60 94.70. 95.70 96.10
FELTHAM B :

96450 96450 97.00 97.23 95.20 95.23 96.00 96.30 94.50 94.70 95.70 96.10
HOUNSLOW

101.40 29.80 99.60 103.43  101.23 99.63 99.40 103.40 101.20 99.60 99.40  103.40
ISLEWORTH

97.00 97.20 97.42 98.20 96.30 96.6) 96.80 98.20 96.10 96.50 96460 98.20
COLNBROOK

99.80 98.60 95.80  104.20 99.70 98.6) 95.80  104.20 99.70 98.60°  95.80  104.20
HOUNSLOW W i

92.70 92.20 91.10 96.30 91.90 91.33 90.20 96.10 91.80 91.20°  90.10 9610
HOUNSLOW €

89.30 89.20 88.90 89.50 88440 88.2) 87.80 83.90 88.20 88.00  87.60 88.80

STANWELL I

B87.40 87.40 87.40 87.70 86.00 86.2) 86.20 B6a90 85.10 85440 85.40 86.40
STANWELL II

86.80 86.70 86.3) 85.40 83.80 83.6) 83.40 82.90 82.10 82.00.  81.7) 81.90
STANWELL III :

96.20 89.90 89443 91.30 88.80 88.5) 87.90 70.60 838.20 87.80 87.10 90.30
STANWELL IV

88.560 88.20 87.90 89.30 87.30 87.02 86.60 38.60 86.30 86.10 B5.60 88.10

IFIELD |

83.40 83.50 83.50 83.60 82.00 82.00 81.60 81.30  81.70 81.60.  81.10 80.70
HORLEY |

90.30 89.80 89.10 91.20 89.70 88.7) 88.40 89.40  88.10 88.00,  87.90 B8.30
MANCHESTER

91.80 90.90 90.8) 94.60 91.30 90.30 90.20 94.20 91.00 90.00 89.90 94.10
ABERDEEN |

95.00 95.20 94.9) 95.70 94.40 94.72 94.20 95.60 93.70 94.10  93.60 95.20
LUTON A

97.20 97.10 95453 98.70 96.60 96,41 94.80 98.30 96.30 96.10  94.5D 98.1D
LUTON B

97.20 97.10 95.50 98.7) 96.50 96443 94.80 98.30 96.30 96.10°  94.50 98.1D
EALING

98.80 98. 80 98.80 98.89 98.80 98.8) 98.80 98.80  98.50 98.60.  98.60 98460
EGHAM

97.60 97.50 97.50 99.22 97.40 97.30 97.30 99.00 97.00 97.00  96.90 98.50
SLOUGH %

93.70 93.70 93.70 94.39 93.50 93.42 93.50 94.10 92.80 92.80  92.90 93.50
SHEEN

83.00 38.00 88.00 88.51 87.50 87.40 87.40 88.10 87.30 87.20 87.20 87.90
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Table C2 _ ;

A FORMATTED REPORT OF WNOISE AND ANNOYANCE DATA f Page 4 of 5
AREAS WITH THREE ONE ONE WORST THREE ONE ONE WORST THREE ORE ONE WORST
DOUBLE SAMPLES YONTH MONTH JEEK MODE MONTH MONTH WEEK MODE MONTH MONTH WEEK MODE

SPLIT NEBD N30 NBD N8O N75 N75 N75 N75 N70 N70 N70D N70

HARLESDEN A

40.20 35.40 27.71 10%.00 50.00 44.5) 35.90 127.30 64.20 59.30' 51.40 134.80
HARLESDEN B

40,20 35.40 27.70 109.00 50.30 64.5) 35.90 127.30 64.20 59.30 31.40 134.80

WILLESDEN

24,40 30.80 12.10 82.40 40.70 647.53 27.50 102.90 5570 61.70 £6.20 110.20
WOODHAM

29.20 15.90 13.3D 29.50 32.10 27.52 2440 43.00 42.80 £1.40 40.20 48.90
CHISWICK |

56.80 58.10 72.40  123.20  119.50  123.50  152.40  224.20 149.60 155.40 185.00 265.40
FELTHAM A )

61.20 $64.90 135.10 193,43 84.90 89.50 173.70 239.70 100.50 105.50 194.90 262.20
FELTHAM B

61.00 64.90 135.10  193.40 84.90 89.5) 173.70 239.70 100.50 105.50° 194.90 262.20
HOUNSLOW ;

\ 156.90 152.70  185.50  313.00 161.50 168.2) 191.00 313.40 162.50 169.200 192.10  313.4D

ISLEWORTH

170.30 180.70 175.8)  300.90 194.%0 211.13 206.60 304.10 217.60 224.30 219.90 3D4.80
COLNBROOK

271.80 257.30 260.00 312.60 276.30 272.03 263.80 313.60 277.10 273.00. 264.50 313.80
HOUNSLOW W '

226.60 221.30  216.40  231.90 271.40  269.6) 267.10 225.40 289.20 288.80 287.20 300.00
HOUNSLOW C

210.50  207.60  196.40 231.30 268.30 255.73 263.80 267.30 289.60 287.30 288.00 283.50
STANWELL I :

140.20 148.80 152.50 196.10 201.10 206.81 207.80 242.30 248.30 251.40 251.60 271.70

STANWELL II =
. 52.50 51.9%0 39.43 81.10 120.70 123.13 112.70 156.70 185.20 186.80 177.00 222.80

STANWELL III ' ‘

160.30 154.30 142.50 229.30 227.70 220.83 212.00 274,20 261.10 254.80 248.90 288.20

STANWELL 1V

135.90 142.40 135.02 201.10 187.00 194.20 189.60 237.10 239.80 243.90 241.30 267.60

IFIELD |
76.50 75.60 56.8) 45.20  126.20 125.63  112.00 133.80 145.20 144.80; 138.00 133.90
HORLEY .
111.30 120.10 132.40 94.20 152.20 154.90 158.60 147.20 190.10 185.90! 180.10 198.10
MANCHESTER 3
46.60 49.40 49.70 37.30 54.00 57.9) 58.20 40.80 57.40 61.70 62.10 42.30
ABERDEEN !
17.60 19.00 16.89 26,40 21.20 22.12 20. 60 25.80 25.20 25.80" 264.70 28.80
LUTON A
32.40 33.50 34.9) 31.22 38.00 39.1) 41.90 34.60 4£1.40 4£2.70 45.70 36.70
LUTON B ‘
32.40 33.50 34.9) 31.20 38.00 39.1) 41.90 34.60 £1.40 42.70 4£5.70 36.70
EALING
15.40 22.30 12.7) 128.10 15.60 22.6) 12.90 129.80 16.10 23.30 13.30  134.00
EGHAM
62.80 50.20 63.83 70.70 68.00 55.3) 69.00 76.00 75.80 72.70 76.80 88.10
SLOUGH
120.90 113.50 123.90  139.40  129.60 121.60 132.70 148.10 147.00 137.90! 150.60 168.30
SHEEN ‘

208.90 187.30 202420 256443 255.00 230.0) 248.40 299.50 275.00 249.00 268.20 319.40
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Table C2

A FORMATTED REPORT OF NOISE AND ANNOYANCE DATA

AREAS WITH

THREE

DOUBLE SAMPLES MODNTH

SPLIT

HARLESDEN A
HARLESDEN B
WILLESDEN
WOODHAM
CHISWICK
FELTHAN A
FELTHAM B
HOUNSLOW
ISLEWORTH
COLNBROOK
HOUNSLOW
HOUNSLOW C
STANWELL I
STANWELL II
STANWELL III
STANWELL 1V
IFIELD
HORLEY
MANCHESTER
ABERDEEN
LUTON A
LUTON B

EAL ING

EGHAR

SLOUGH

SHEEN

DAY
LEQ

5%.8
5%.8
55.6
52.2
53.6
65.3
65.3
70.9
68.0
73.1
66.3
62.9
61.1
573
64.0
62.4
4.0
63.3
58.5
57.3
61.3
61.3
61.2
661
65.%

62.6

ONE ONE
MONTH WEEK
DAY DAY
LEQ LEQ
59.1 57.3
59.1 57.3
56.5 52.7
51.2 50.3
53.8 55.0
65.5 69.1
65.5 67.1
69.5 70.1
68.5 68.4
71.9 68.9
65.6 64.5
62.7 62.1
61.5 61.8
57.4 56.6
63.5 62.8
62.1 61.6
5420 54.1
62.9 62.4
57.7 57.6
57.8 57.0
61.3 60.0
61.3 60.0
62.8 60.4
65.8 6641
65.5 6540
62.1 62.4

AORST
YODE
GAY
LEQ
65.2
65.2
61.6
53.8
57.0
70.8
70.8
75.7
71.4
78.1
70.8
64.5
62.6
57.9
65.5
64.58
54.1
63.9
6datb
59.3
62.6
62.6
70.%
58.0
67.1

63.7

164

THREE
MONTH
EVNT"G
LEQ
55.7
55.7
51.7
£3.5
52.4
61.8
51.8
7.1
67.0
6.6
62.6
51.6

57.4

609
391
52.7
6).9
55.6
9.2
37.3
57.3
58.2
63.3
63.7

62.2

ONE
MONTH
EVN'G
LEQ
54,7
54.7
2.7
47.1
31.9
61.6
61.6
69.5
66.9
69.0
62.0
61.7
57.5
5.6
60.4
58.7
52.5
60.6
56.5
49.4
57.2
57.2
61.1
63.1
62.6

61.9

JNE
dEEK
EVN'G
LERQ

64.5
64.5
63.1
67.3
68.4
61.8
61.9
57.1
53.6
60.7
59.¢
3.3
59.6
2644
474
56.6
56.6

59.0

61.6

65a.1

63.0

WORST
MODE
EVN®3
LEQ
62.1
62,1
37.5
50.3
55.8
63.1
63.1
75.3
73.7
73.5
675
63.1
59.7
56.)
63.5
61.3

Shal

55.5
51.3
8.2
58.2
6745
65.5
66.5

64.1

THREE
MONTH
MIGHT
LEQ
37.8
.37.38
36.3
35.7
43.5
50.3
50.3
63.)
55.5
5%.0
50.%
52.%
44.3
£1.3

47.8

39.2
51.2
£3.4%

56.2

ONE
MONTH
NIGHT
LEQ
37.4
37.4
36.3
36.5
45.5
50.1
50.1
60.7
58.5
52.6
49.7
51.3
44.8

41.6

ONE
WEEK
NIGHT
LER
37.2
37.2
36.3
35.8
42.6
22.8
2.8
62.8
57.3
50.4
£9.9
3.2
4%.8
39.9
43.2
45.5
50.2
33.7
1.4
-1.3
5.1
55.1
39.9
>0.8
42.9

35.3

d0RST THREE

MODE

NIGHT

LEQ
40.3
40.3
36.5
37.9
48.4
5541
55.1
66.7
60.9
535.2
52.1
5445
46.3
43.9
50.5
43.7

52.2
44.6

57«1

MONTH

2&HR

LEQ
57.3
537.3
53,2
49.8
51.8
63.0
63.0
6%9.5
66.2
70.7
63.9
61.1
58.7
55.2
61.7
60.1
2.7
61.3
56.7
56a5
5%9.8
5%9.8
58.9
63.9
63.7

61.2

ONE
HONTH
24HR
LEQ
56.6
56.6
56.1
48.8
52.0
63.1
63.1
68.1
66.6
6956
63.2
61.0
59.1
55.2
61.2
59.8
52.7
61.0
56.2
55.0
5%.8
>9%9.8
60.7
63.56
63.2

60.8

ONE
WEEK
24HR
LEQ
55.0
55.0
50.0
47.9"
52.8
66.5
66.5
67.8
66.6
67.1
62.3
60.6
59.3
543"
60.7
59.4
53.0.
606 )
56.1
54.1
58.5
58.5
58.3
63.7
66.0 |

61.3

Page 5 of g

f0RST THREZ SAMPLE

. MODE

2&HR
LEQ

61.0
61.0

68.1

. 65.8

65.2

C62.3

MONTH SIZE
NNI
35.8 66
35.8 66
31.5 66
27.7 94
30.2 75
£3.3 38
43.3 88
54.3 82
530.5 71
56.3 83
8.3 76
4.1 71
392.5 B0
32.5 97
£3.3 81
40.5 99
31.7 90
1.0 90
36.3 76
33.7 101
39.7 80
39.9 79
36.5 77
44.6 77
4.9 72
42.8 72
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APPENDIX D
SEARCH FOR A NEW GUTTMAN SCALE FROM THE ANIS RESULTS

Introduction

* The Guttman Annovance Scale (GAS), developed from the .results of the

1967 Heathrow Survey (Ref Dl), has been established as one of the
principal indices for assessing annoyance by aircraft noise. Using a
combination of the responses to a series of questions relating to the
annoyance experienced when specific activities and states are
disturbed by aircraft noise, the scale gives a single measure of
annoyance (expressed as a score of 0 to 6) which has been found to
exhibit a strong relationship to the Noise and Number Index NNI (Ref

-D2). In subsequent smaller studies of aircraft noise, for example the

General Aviation Study and Helicopter Disturbance Study (Refs D3 and
D4 respectively), the questions which make up the scale have been
asked with respect to different aircraft types, together with three
additional questions which ascertain a respondent’s reactions when
concentration and moments of relaxation are disturbed, and when
aircraft noise necessitates the shutting of windows. Although
alternative scales have been developed from the responses to the
expanded set of questions using the Guttman techniques, the 1967 scale
was maintained as the ‘measure of annoyance for general aviation
traffic, and for helicopters in conjunction with fixed-wing aircraft.
The new scales were not adopted because of the relatively small sample
sized involved, compared with the 4678 sample in.the 1967 survey, and
because of the ease of comparison with previous results which the old
scale affords. ANIS is the first major study which provides a
sufficient sample size, first to test the scale fully and second to
devise a new scale without the danger of sampling fluctuations
discounting the improved performance of any new scale over the old.

The Guttman Technique

Scalogram analysis, or. Guttman Scaling, is a method of analysing the
responses to three or more questions (items) in order to determine
whether or not their inter-relationships satisfy the two special
properties which define a Guttman scale.

These properties are:-
a) Unidimensionality : the component items in a scale must all

measure movement towards, or away from, the same single underlying
altitude or continuum; and,

b) Cumulativeness : it must be possible to order the component items
by degrees of 'strength of attitude' so that respondents who reply
positively to a particular item will reply positively to less
strong ones. Hence it is possible to reproduce the pattern of any
respondent’'s answers from a knowledge of his final score on the
scale. The pattern of responses for each scale type on a perfect
six questions scale is shown in Figure Dl. Ttems A - F are
ordered in decreasing order of strength so a respondent with scale
score 1, must "pass' item F and 'fail' items A - E. In practice,
these conditions are unlikely to be met fully: it is the extent to
which they are satisfied which determines whether or not the items
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D.3

D.4

D.5

concernced can be said to form a Guttman scale. A judgement is
made by sxamining the values of a number of standardized
coefficients desctibed in para D.5

Possible items for a new Guttman scale are formed from two questions,
Qlla and Q17 (i) - (xi) (see ANIS questionnaire, Appendix A). At Ql7,
a respondent is asked whether or not aircraft noise causes disturbance
to, or lnterference with, various activities and states. If the
answer is yes, he is asked to select one of the categories 'Very
much', 'Moderately', 'A little' or 'Not at all' which best describes
the annovance felt. He is also asked for his general ‘

opinion of aircraft noise on the same rating at Qlla. Each of these
items 1s ordinal in the semnse that it can be divided at some point-
called the cutting point — into two portions. Respondents who have

. values equal to or greater than the cutting point ( i.e. those who

express that degree of annoyance or greater) are considered to have
'passed' an item and score a point. Likewise, those with values less
than the cutting point are considered to have 'failed' and score

zero. Potentially there are three alternative cutting points for each
item viz 'Very much' 'Moderately' and 'A little' annoyed, giving a
total of 3 x 12 scale items from which to select six for a new Guttman
scale.

The consistent items in a scale are usually ordered by sorting into
descending order according to the proportion of respondents who score
zero. Errors on the scale occur when the actual response pattern
differs from that expected for a particular score. TFor example,
consider the six items scale in Figure D2. Each of the scale points
is scored by three respondents but there are 3 errors in deviations
from the pattern of Figure Dl: a responent with scale score 4 has
passed item B instead of item C; one with score 2 has passed item A

.instead of item E and a second has passed item C instead of item F.

The test of scalability of the items is the degree to which the data
fits the model of Figure DI.

Guttman devised an index called the 'Coefficient of Reproducibility'
which give a measure of how good or how bad a scale is by measuring
the number of errors. This, and three other statistics useful in
assessing the performance of a scale are examined below:

a) Goefficient of Reproducibility : This evaluates the scalability
of the items and is given by :

CR ! 3. errors

L items x respondents
This statistic ranges from 0 to 1, with a value of 1 indicating a
perfect scale. The minimum value for a valid scale is considered
to be 0.9 (Ref D5).

b) Minimum Marginal Reproducibility : This represents the minimum
coefficient of reproducibility that could have occurred by chance,
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D.7

given the items used and the proportion of respondents passing and
failing each of them. It is given by,

T Max (sums)
Ltems

LItems x I Respondents
c) Percent Improvement : This indicates the extent to which the
coefficient of reproducibility is due to the response patterns rather
than to the inherent cumulative interrelation of the items used. It
is given by
CR - Minimum Marginal Reproducibility

d) Coefficient of Scalability : This is given by

Percent Improvement

1 - Minimum Marginal Reproducibility

It represents the ratio of the actual percent improvement to the
largest possible percent improvement. If a scale is truly
unidimensional and cumulative, this statistic should take a value well
above 0.6.

A New Guttman Scale

A major difficulty faced in constructing a new scale is that there
appear to be no formal statistically-based rules for including or
excluding items when selecting the contents of a scale. In previous
studies, a method of search was used based in general terms on the
heuristics suggested by Guttman et al (Ref D6), which imposed strict
limits on the number of scales considered (see Appendix C of Ref D3).
The first step in this method was the exclusion of any cutting points
on questions giving less than 15Z of the sample above the cutting
point. This is used to reduce the effect of sampling fluctuatioms in
low response questions resulting from the small sample size. Next,
all possible scales involving all of the remaining components were
evaluated and the 'best' scale (i.e. one with the highest CR) was
examined to reveal the item contributing the largest minimum error *
to that CR. This question was then eliminated, and again, all
possible remaining scales were evaluated. In this way, questions were
discarded until a six~question scale was reached which could be
compared with the 1967 scale.

The large sample size in ANIS allows the '15% above the cutting point'
criterion to be relaxed leaving 36 scale items to be considered, This
number may be reduced to 30 by combining** the responses to Ql7(iv)

* Minimum error = min (no. of errors on passes, no. of errors on

failures).

o = vy L L e T

*% The 'very much', 'moderately' and 'a little' categories of the
composite item represent the greatest degree of amnoyance expressed
over the three questions.
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D.9

(x) and (xi) as in the 1967 scale. The percentage of the sample above
the three cutting points on each question is given in Table Dl. Under
the old procedure, the number of different scales to be exdmined at
the first stage is immense, viz 310= 59049. Moreover the amount of
analysis time and computing expenditure required would exceed the
resources available. A second method for Searching was therefore
devised which used the 1967 scale as a starting point, and followed on
algorithm for replacing one item in the scale at a time, if the
coefficient of reproducibility could be improved. The method is
detailed in flow chart of Figure D3 and the results of the search are
presented in Table D2Z. Since any new scale must be compared with the
1967 version, it is reasonable to use the latter as the basis of a
search procedure. However, the scale attained under this algorithm is
not necessarily the best possible scale ie the global optimum, but
must represent a local optimum scale. Wevertheless, it is difficult
to see how it can be improved upon without recourse to an exhaustive
search or by some justification for some statistically-based search
algorithm,

Figures D4 and D53 show how scores are calculated on the old and new
scales respectively. The new scale uses two questions mot included as
items in the 1967 survey : annoyance when moments of relaxation are
disturbed and when windows need to be shut because of aireraft noise.
The most noticable feature of the new scale is that four of the items
have their cutting point as 'very much' annoyed whereas the 1967 scale
used cutting points of 'moderately' and 'a little' annoyed. Hence a
smaller proportion of respondents pass the stronger items in the

scale and the overall scores are consequently lower than those on the
old GAS scale. The performance of each scale with the data is given
in Figures D6 and D7. The Coefficient of Reproducibility achieved on
the old scale is below 0.9 while the coefficient of scalability is
just 0.626. On the new scale, these values have risen to 0.94 and 0.72
respectively.

Table D3 shows a comparison between the two scales. Each cell gives
the number of respondents who have a specific pair of scores under the
old and new scales. As expected, the correlation between the scales
in extremely high (0.846) but the average score on the new scale is
markedly lower thanm on the 1967 scale; 1.68 compared with 2.36. 49%
of respondents have the same score under both scales and 47% record =z
lower score on the new scale.
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TABLE DI1:

Possible Items for a New GAS Scale

Question Percentage of sample above the cutting point
Very much Moderately A little

11a 20.0 46.0 70.38
174 11.6 22.3 31.1
17ii 12.3 23.6 34 .6
17441 15.1 26.6 35.1
17v 9.4 13.6 20.1
17vi 24.0 41.1 56.6
17vii 9.3 17.6 28.9
17viii 12.3 23.6 36.8
17ix 19.7 34.2 47.8
17iv,x,x1 12.8 17.8 24.1
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TABLE N2

Search for a new Guttman scale: cuttinz points

oo 5 4T

17(v) Coeff.
17(4) 17(i4) 17(iii) 17(v) 17(vi) 17(vii) 17(viii)  17(ix) (x) of -
(x1) Reproducibility ‘
1
WM ML [V M L VMM WM L v ou L| vowu Vi M L[ owoM WML |
0.887
1967 Y, J J J
1 / y Y, W WV 0.891
2 0. 907
v / J v v
3 G. 910 |
SV J v |
4 I / y 0.912
5 N/ Y 0.920 |
6 |/ J Y 0.922
7 [ p // 0.923 ‘
8 [/ Y, N 0. 927 ‘
9 4 M/ “/f v/ v 0.931
N v S J/ J/ 0.937
11 , 0. 940
v v / v
Vi 4 % o 0. 940* |
P / v Ve v 0.941 |

* Higher Coefficient of Scalcability



TABLE D3: A Comparison of the 1967-Type Guttman
scale with the new scale

OLD SCALE
6 5 4 3 2 1 0 Totals
6 37 14 2 53
NEW 5 28 37 17 7 89
SCALE
4 10 49 46 21 1 127
3 18 47 61 54 3 188
2 9 30 81 117 95 5 337
1 4 39 79 184 205 1 513
0 1 2 22 64 404 493

Totals 102 181 247 280 310 274 405 1799
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FIGURE Dl:

Scale
Type

Pattern of responses expected on
a perfect six—item Guttman scale

ITEMS
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FIGURE D2: An example of a six-item scale

ITEMS
TOTAL
Scale A B C D E F
Score
0 1 0 1 0 1 0 1 0 1 0 1l ==——— pass
ERR-—  ERR—-  ERR—  ERR--  ERR——  ERR—=——__fail
6 0 3 0 3 0 3 0 3 0 3 0 3 3
—-ERR
5 3 0 0 3 0 3 0 3 0 3 0 3 3
—-ERR
4 3 0 2 1 b 2 0 3 0 3 0 3 * 3
—-ERR "
3 3 0 3 0 3 0 0 3 0 3 0 3 3
——ERR
2 2 1 3 0 2 1 3 0 2 1 0 3 dedk 3
p ~-ERR —
1 3 0 3 0 3 0 3 0 3 0 0 3 3
--ERRT
0 3 0 3 0 3 0 3 0 3 0 3 0 3
Sums 17 &4 14 7 12 9 9 12 8 13 3 18 21
Errors O L/ "0 1 ~] 1 0 0 2 0 0 0 3

Coefficient Reproducibility = 0.976

Minimum Marginal Reproducibility = 0.683

Percent Improvement = 0,293

Coefficient of Scalability = 0.924

*No. of respondents with score 4 who passed item E

**No. of respondents with score 2 who failed item F

tA response is in error if it is a pass below 'ERR--', or
a fail above.
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FIGURE D3 Search Procedure for a new Guttman Scale

1967 Scale

lSelect strongest item in scale;l

.Find all possible replacement items from questions ‘

not ailready in the scale for that position.

————{ max overall increase

Y

Run scales with each replacement item in
turn. Select the 'best' scale from these
scales.

is
the 'best'
cale an improvemen

over the previous
'best’ scale?

Any
item with
an increase in
errors campared
with previous
best scale

Select item with the

in errors

Select item with the

error
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Go back to previous
scale

NEW SCALE

Select item with
next highest
increase in
errors

Select another
item in the scale
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FIGURE D4: The 1967-type Guttman sScale

Qlla How much does the noise of aircraft here bother or annoy you?
(Score one point for 'very much', 'moderately' or 'a little')

Q17(v) Does aircraft noise ever wake you up? IF 'YES', ASK: When
they wake you up, how annoyed does this make you?

(Score one point for 'very much' or 'moderately')

QL7 (vi) Does aircraft noise ever interfere with listening to radio,
TV or Hi-fi*? TIF 'YES', ASK: When they interfere with
listening to radio, TV or Hi-fi, how annoyed does this make
vou?

(Score one point for 'very much', 'moderately' or 'a little')

Q17 (viii) Does aircraft noise ever make the house vibrate or shake? IF
'"YES', ASK: When they make the house vibrate or shake, how
annoyed does this make you?

(Score one point for 'very much', 'moderately' or 'a little')

Q17(ix) Does aircraft noise ever interfere with conversation? IF
'YES', ASK: When they interfere with conversation, how
annoyed does this make you?

(Score one point for 'very much' or 'moderately')

Ql7(iv), Does aircraft noise ever startle you, interfere with or

(x), (xi) disturb any other activity, or annoy or disturb in any other
way? IF 'YES', ASK: When they startle you, interfere with
or disturb any other activity, or amnoy or disturb in any
other way, how annoyed does this make you?

(Score one point for 'very much', 'moderately' or 'a
little').

* "Hi-fi’ was not included in the question asked in the 1967

Heathrow survey.
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FIGURE D5:

Qlla

Q17(ii)

Q17(iii)

Q17 (v)

Ql7(vi)

Q17 (ix)

The new Guttman scale

How much does the noise of aircraft here bother or annoy you?
(Score one point for 'very much', 'moderately' or 'a little')

Does aircraft noise ever disturb you moments of rest or
relaxation at home? IF 'YES' ASK: when they disturb your
relaxation, how annoyed does this make you?

(8core one point for 'very much')

Does aircraft noise ever make you shut your windows? IF
'YES' ASK: when they make you shut your windows, how annoyed
does this make you?

(Score omne point for 'very much')

Does aircraft noise ever wake you up? IF 'YES' ASK: when
they wake you up, how annoyed dées this make you?
(Score one point for 'very much')

Does aircraft noise ever interfere with listening to radio,
IV or Hi-fi? 1IF 'YES', ASK: when they interfere with
listening to radie, TV or Hi~fi, how annoyed does this make
you?

. (Score one point for 'very much' or ‘moderately')

Does aircraft noise ever interfere with comversation? IF .
'YES' ASK: when they interfere with conversation, how annoyed
does this make you?

(Score one point for 'very much').
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FIGURE D6: The 1967 type Guttman scale used in ANIS
ITEMS
Ql7v Ql7iv,x,xi Ql7ix Ql7viii Ql7vi1 Qlla
RESP 0 1 0 1 0 1 0 1 0 1 0 1 TOTAL
ERR--=f ERR--={ ERR--—t ERR--~f ERR——=-f ERR——+=
0GAS 6 0 102 0 102 0 102 0 102] 0 102 0 102 102
- ————ERR
54{ 104 77 45 136] 11 170 15 166] 6 175 0 181 181
~———~ERR
4 211 36 156 91 57 190 50 1971 17 230 3 244 247
———-ERR
3 258 22| 224 56| 150 130 158 122] 42 238 8 272 280
- ———~ERR
2 304 61270 40| 288 22} 256 54 89 221 33 277 310
' -—--ERR
1} 274 0| 264 10( 274 Of 255 119|226 48 77 197 274
- --~ERR
0| 405 0] 405 O] 405 O] 405 0J405 0 J405 . 0 405
SUMS 1556 243 {1364 4351185 614]1139 660|785 1014§526 1273 1799
PCTS 86 14 76 24 66 34 63 37| 44 56} 29 71
ERRORS 0 141 45 197 68 152 223 73]154 48121 0 1222

1799 CASES HERE PROCESSED
0 (OR 0.0 PCT) MISSING

STATISTICS:

COEFFICIENT OF REPRODUCIBILITY = 0.8868

MINIMUM MARGINAL REPRODUCIBILITY = 0.6977
PERCENT IMPROVEMENT = 0.1891
COEFFICIENT OF SCALABILITY = 0.6255
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FIGURE D7: The new Guttman scale developed for ANIS

Ql7v Ql7ii  Ql7iii Ql7ix Ql7vi Qlla
RESP 0 1 0 1 0 1 0 1 0 1 0 1
ERR——— ERR——-— ERR--— ERR--=y ERR-=- —; ERR—==
NGAS 6 0 53 0 53 0 53 0 53 0 53 0 53
~——-ERR
5 46 43 15 741 15 74| 10 79 3 86 0 89
. - ———ERR
4 97 30{ 67 60 46 8l} 35 92 8 119 1 126
----- ERR
3 | 158 30| 161 27] 141 47 82 106| 20 168 2 186
- ———-ERR
2 1 325 12) 331 6] 322 15| 315 22 50 287 5 332
— ————ERR
1 | 512 0| 511 1] 511. 1] 512 0§ 489 23 25 487
— ————ERR
0 | 493 0) 493 0| 493 0| 493 0{ 493 01 493 0
SUMS 1631 1681578 2211528 271}1447 3521063 7361 526 1273
PCTS 91 9| 88 121 85 15} 80 20| 59 41| 29 71
ERRORS 0 115{ 15 94t 61 63| 127 22| 81 23] 33 0
1799 CASES HERE PROCESSED
0 (OR 0.0 PCT) MISSING
STATISTICS:
COEFFICIENT OF REPRODUCIBILITY = 0.9413
MINIMUM MARGINAL REPRODUCIBILITY = 0.7893

PERCENT IMPROVEMENT = 0.1619
COEFFICIENT OF SCALABILITY = 0.7212
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APPEFDIX E

STATISTICAL ASPECTS OF STUDY DESIGN AND RESULTS

This Appendix deals with some of the major aspects of the study design
and results which are concerned with the statistical properties of
variables. It is in two main parts; the use of multiple regression
theory in estimating the mnoise level and number 'trade-off' precision
of noise variable measurements. These paragraphs only sketch out the
statistical mathematics involved.

Multiple Regrassion Theory

The general form of the regression model used is:
Yi = b1X1i+ baX2i+ b3Xzi +...+ Ej

where -

Subscript i ° : denotes the ith set of data points,
i ranging from 1 to n (n=26 for the sample areas).

Y, : independent variable

X;i» X935 X35 : dependent variables

£

i : error, viz lack of fit,term

by,b2,b3 : regression coefficients

All these variables are taken - without loss of gemerality - to be
measured about their sample means. In statistical testing the error
term e; is taken to have a Gaussian distribution with zero mean and
variance oZ.

The object of the analysis here is to determine the precision of the
'trade-off' factor defined by,

k = b1/b2

where by corresponds to a mnoise level variable and b] to a number
variable. The intention is to make an estimate of k from the
regression analysis and determine the sampling error on k. In the
following, only the final algebraic expressions are quoted: the
matrix version of least squares analysis can be found in Ref El.

Initially consider the case when there are no additional 'confounding'
variables, i.e. MRA I of Appendix F with only variables Xjj and X 24
Define sample variances etc:

n
0j= E X ji/ n ,i=1,2
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n .
Tyi= E Y:'I.in/ n s = 1,2

i=l

Then it can be shown (e.g. Ref El) that the variances etc for b, b,
are given by - 5 2

var (b;) = nd 02/A

var (b,) = ncza%/A

Cov (b1b2)= - ]'10'20'%2/ A
where A= nzc%c% (1 —p%z),

P12 being the correlation between Xland Xz.

From a Taylor expansion approach {(e.g. Ref E2, para 10.17) it can be
shown that -~ to first order:-

~ 2
var(k) = 1 . (var (b1) + k'var (bp) — 2k cov (b;bs) )
2 .
by
which on substitution gives

var (k) = 1. E? . 1. (05 + kzgg + 2k plZGiUZ)
2 2 2 >
b2 m% % lwpp

For MRA I in Appendix F;-

b = 0.148

0% = 0.324

c§= 0.136

c% = 23.8

p1p~ —0.0993

n o= 26

kK = 0.9521 £0.1481 = 6.43

which gives

~ 2
var (k) 45.7x0.00385x1.01x(23.8 + k (0.136) - k(0.357) )

i

I

2
4.23 + 0.0242k - 0.0634k

181




For It = 15 - the NNI trade-off ~ this becomes
Var (k) = 8.73, i.e. standard error = 2.96

The difference between the estimate k and the value of 15 used in NNI
is thus about some 2.9 standard errors, so it is therefore unlikely
that the observed value is merely a product of sampling fluctuations
from a hypothesized value of 15.

The above analysis ignores the possible effects of a confounding
variable {or set of variables), e.g. MRA II in Appendix F. 1If this is
examined, the values of by, Var (bl) etc need to change to accommodate

ij-(SHIFTl), It can be shown that the new expressions are
2 2

2 2
Var (bl) = B_g_ (02?—.‘53‘-‘ 023)
B 2 2 2 2
Var(bz)— E%_ (9193~ 95
2 2

Gov (blbz) = E% (003 = Oz053)

where
_ 2,2 2.2 . 2 2 2
? =" (d) 0503+ 20,0303 9] 3792 37 % 3)
and the wvariances 02 etc are analogous to those previously defined.

Using the var(k) expression of E.5 and correlations P 0 gives the
revised equation: 132723

var (k) = 1 . 3_2. 1 .[(l—.p%z)cr% + (1—p%3) kZU% +
| % + 2 (P17 A3 83 BoyY

»

nU%U% &)
. 2 .2 o2
12P23°13 F127 P13~ P23

This equation has the (necessary) quality that it reduces to the two
variable case if Py%s-Pyz tend to O.

with @=1 + 2 p

From MRA II in Appendix F:-

b, = 0.165
a% = 0.244
2 -
o2 = 0.136
7 -
o5 2.38

p12= —0.0993
= 0.249

= 0.187
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n = 26

k

1.128 £ 0.1649 = 6.84
which gives:

36.7 x 0.00290 x 1.13 (22.3+k (0.131)-k{(0.525) )

Var (k)

2.68 + 0.0158k2 -~ 0.0631k

I

for the k = 15 NNI trade-off, this gives
Var (k) = 5.29, i.e. standard error = 2.3

Again the standard error value implies that a k value of 10 or less is
unlikely to be just a sampling fluctuation.

The simple analysis of the two variable case of paragraph E.S5 was used
in the original statistical design for ANIS, A particular aim was to
minimise the sampling error om k , This was achieved by:

(i) as large a range — and hence variance for both noise level and
number - as possible.

(ii) the choice of areas which produced a small correlation between
noise level and number - through the omission of "inefficient’
combinations and double samples at 'efficient' combinations.

In the planning work a target standard error for k was set at about 2
units. This value has been achieved for the 'Leq trade-off' of k=10.

Precision of Noise Variable Measurements

In the regression analysis approach, used here to identify good
relationships between noise stimuli and disturbance responses, the
aggregated data for the 26 single survey areas has been used. This
means that the noise metrics obtained for the measurement site in each
area have been used to characterise the noise exposure for all the
respondents surveyed in that area. The following paragraphs examine
the questions of bias and accuracy arising from this approach, and the
precision of noise metric estimation.

Common noise areas are discussed in Appendix B. To reiterate, they
are delineated such that if the highest peak noise level recorded in
the area for an event is L PNdB then nowhere in the area should a peak
noise level of less than (L-p) PNdB be heard form that event - for a
'p'dB common noise area. Given this range of pdB, what is the
distribution of the level of noise events within the area?

It can be shown that for sites under landing routes the common noise
area is approximately triamgular. This is also the case for departure
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routes, sites away from routes requiring special examination. First,
congider the landing case:
AE = h
AB = AB' = d
‘BC = B'C
AC = b flight path
——eme
d A ground
B! common track

noise area

The sketch above illustrates the common noise area (isosceles triangle
BB'C) in relation to the landing flight path FE and corresponding
ground track CA. The maximum noise level in the area is heard at
point A (base mid-point): points C, B and B' receive pdB less than
point A because the aireraft is further away from them. On the
assumptions of 8dB attenuation for doubling of distance, constant
source noise and propagation vertically downwards, then it can be
shown that

26.6 log ((d2+h2)%/h) ~ from B,B'

g’
I

H

26.6 log ({h + btan 3°)/h) - from C.

Solving for b and d, then keeping only first order terms for p in
expanding out exponential terms, leads to a triangle area:
A =

, b.2d = 0.69 po/ 2n2=2g/2 *

It can be shown that this is an approximation of the exact area to
within 20% or so, for p around 3dBA - adequate for present purposes.

[

By differentiating, the difference in area dAp between pdB and (p+dp)

dB triangles is 1/2k~p%' dp. Now assume that the population demsity is
uniform throughout the triangle: this gives the mean Mp and variance
oo, for the noise levels heard in the triangle for an aircraft event
(referenced down from the mid-base level) as

P 3/2 P %
e.= s 1/2xp dp / J Ap dp
P )
= 3/5p
and g % = (3/7 - (3/5)2)p2 = 0.0686 p2
i.e. p = 0.26p

* 3} is a constant
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Hence, for example, for 2,3 and 4dB triangles the average mnoise
levels over the whole area are 1.2dB, 1.8dB and 2,4dB respectively
less than the mid-base level, with corresponding standard deviations
0.52dB, 0.78dB and 1.04dB.

The common noise areas for departing aircraft can be constructed in an
analogous fashion, except that account has to be taken of the lateral
dispersion about take—off routes. The essential difference is that
the area AI’Of a 'p'dB triangle is, to leading order, of the form

A = gp2
P
where £ is a constant. Following the mode of analysis of the previous
section gives:

= 2/3
My /3p
ag = (1/2-(2/3)%)p 2= 0.055p2
i.e. a = 0.24]_3
P

Thus again for 2, 3 and 4dB triangles, the values of W, are 1.3dB, 2d4B

and 27dB, and the corresponding standard deviations 0.48dB, 0.72dB and
0.96dB. Note, however, that the measurement site is generally at or
near the centroid of the triangle, i.e. 1/3 of the AC distance. To
first order this is p/3dB down from the mid-base noise level, i.e. for
landing sites the 'bias' of the true mean versus the measured value
is (3/5-1/3)p = 0.27p, and for departure sites (2/3-1/3)p = 0.33p. As
a rough rule for the common noise areas used in ANIS the bias is
therefore around 1dB down -the actual average is 1dB lower than the
measured value i.e. the 'stimulus' is being over estimated. As
uniform population densities have been assumed here, this is probably
an appropriate figure to use generally. However, it must be noted
that the few irregular or 'nmon-route' sites used will not necessarily
have this bias.

In the above the bias and variation in noise level measurements within
a common noise area have been examined. The noise metrics quoted in
the data base for each measurement site are subject to further causes
of inaccuracy:-

(a) Measurements for the different modes are taken on a number of
days and then used to synthesize noise metrics for longer
periods.

(b) The 80, 75 and 70 PNdB cut-off points for the number of
aircraft heard will each produce different number of aircraft
values throughout the common noise area, i1.e. there will be a
bias and variation in the estimate for the area's respondents.

In the case of (a) above, the traffic at major airports does not vary
dramatically throughout the summer, and for dominant modes of
operation of the airport the number and noise level of overflights
will not vary markedly. Less important modes tend to correspond to
activity a greater distance away, with an associated noise level
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reducticn through greater atmospheric attenuation, For the demirnant
modes - inm noise energy terms - a sample examination of the noise data

underpinning the noise metric data base indicates that a standard
error of estimate for Leq is of the order of one unit or less. For
minor modes standard errors of 2 or 3 units are possible, but the Leq
estimates quoted for the 1 week etc periods are probably determined,
as regards standard error, by the dominant modes.

Reference to the data base will show that the difference in the number
of aircraft noise effects heard above 70 PNdB and 80 PNdB can be very
marked — sometimes more than 100Z. This sort of difference is likely
to be reflected throughout the common noise area -~ so from a 100%
change in a 10dB range it might be expected that there is a 30% change
over a 3dB triangle. As the number of aircraft enters through a
logarithmic term, the range of difference would be log 1.3 = 0.11. The
standard deviation of a distribution must be less than the range, so
this gives a log number variance less than 0.013, which is an order
down on the variance of log number over the range of area values -
e.g. 0.136 for MRA I of Appendix F. Better estimates of the effect
are difficult to make because the distribution of the number of
airecraft above the cut—off within the common noise area vary so much
from area to area. However, on similar grounds to the noise level
estimation above, it can be assumed that any bias due to the location
of the measurement site will tend to be be an overestimate of the
'stimulus’' variable.

The variability in noise level and number throughout each area

does not markedly affect the validity of the multiple regression
analysis examined in the earlier paragraphs. Essentially the
variability in the noise stimulus variable turns up as an increase in
the response variable variance. '

Trend
Responseh Response “ line

Trgnd”—' ' E //f
tane : !)fﬁvariability Incrgased
1 - variance
Measured/l stimulus stimulids.
value

The above figures illustrate the positiom in a schematic way. The
trend line has a set of sampling confidence bands about it - the
shaded area might be the one standard deviation band, the unshaded
area might be two standard deviations. The variability in the (x)
stimulus value about the measured value means that the respondents in
the area will produce responses within the parallelogram box shown.
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However, if these responses are all allocated to the measured value -
as in the figure on the right - then the parallelogram responses are
'squashed together' to produce an increased variance about the trend
line. When several areas are plotted on the figure the general effect
will therefore be an increase in the size of the confidence bands.

Several of the response variables used, e.g. ARCBOTH, are binomial in
character. The implication of this additional variance component is
that the binomial sampling confidence bands will not coincide - even
for a perfect regression relationship — with those derived from the
regression analysis error terms. However it can be seen from the
analyses in Section 8 and in Appendix F that the estimated standard

error d is - for the better regression fits — not dramatically
greater than the typical binomial sampling values. This implies that
the effect of the area measurement variability is not producing a
large, distorting effect on the estimation of the trend line.
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APPERDIX F

MULTIPLE REGRESSION ANALYSES

The SPSS (Ref F1) routine MULTIPLE REGRESSION allows variables to be
entered into the regression equation either by forced inclusion, or as
conditional on a given criterion. Either of these types of inclusion
may be used hierarchically by admitting variables, or groups of
variables, for consideration sequentially. They may also be mixed
together. It is not possible to drop a variable once it is included
in the equatiom.

The principal criterion for inclusion is the sequential 'F' test (Ref
F2), which, in simple terms, tests how 'valuable' the explanatory
contribution of a variable would be to the equation, were it to be
added as a new variable to the set already there. Because it is not
possible to drop variables from the equation using a parallel
criterion for exclusion, it may happen that several very highly
correlated variables are entered into the equation in succession,
reducing the significance of variables already in the equation almost
to nothing, and resulting ultimately in an overfitted equation. To
help avoid this, a second criterion for admission is brought in. This
'tolerance' factor - denoted as 't'— here tests the proportion of the
variance of new variable unexplained by variables already in the
equation. This proportion must exceed a set amount for a new variable
to be entered into the equatiom.

The independent variables can be divided into several sets, and an
order defined in which the sets are to be considered. For each set,
individually forced or conditional entry may be chosen. If a
particular set is to be forced into the equation, the variables in it
are entered as a block. If it is to be conditionally included, the
variables are considered in turn until none are left which pass the
entry criterion. However, those variables not entered at this stage
will still be considered with any new set of variables to be
conditionally included, and may enter the equation if they
subsequently pass the entry criterion.

Two sets of variables are introduced in this section which are not
defined elsewhere in this report. These are the 'STEP' and 'JUMP'
variables : defined (for three-month and one-week data respectively)
to be zero for those areas with an Leq below or equal to a set level,
and one for areas with Legq above that level.

Specifically :

STEP56 = [0 1IF M3LQ24 ¢ 56 dBA
f1 IF M3LQ24 > 56 dBA
STEPS58 = [0 1IF M31.Q24 g 58 dBA
[1 TIF M3LQ24 > 58 dBA
and so on at intervals of 2dBA to 64dBA
whereas
JUMP56 = [0 IF WILQ24 « 56 dBA

[1 1IF wiLQ24 > 56 dBA
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F.5

F.6

F.7

JuMps7 = [0 IF W1LQ24 < 57 dBA
[1 IF W1LQ24 > 57 dBA

and so on at intervals of 1dBA to 64dBA

Multiple Regression Analysis Sets

MRA I

MRA II

MRA TII

Testing the traditional'anﬁbyaﬂce scale AVOGAS

against the components of NNI (Tables and Figures to accompany
the MRAS are given in sequence). Coipare with results of rank
correlations shown in Table Fl.

(See Figure Fl.) ;

Dependent variable :  AVOGAS

Independent variables :
lst set M3L80 : forced entry
LM3N80

As above, but with the various 'confounding factors' which may
be influencing response. - - .
(See Figure F2)

Dependent variable ¢ AVOGAS

Independent variables
lst set M3LBO forced entry
IM3L80

2nd set DGL
SHIFT1 conditional
WORKAP F=2.92 (104) *
NONMAN
LRES
FEMALE

As above, but now including the lower cut—offs at 75 & 70
PNAB. The 'tolerance' factor t=0.2 1s brought in to prevent
overfitting by inclusion of more than one of the highly
correlated or logN variables.

(See Figure F3.)

Dependent variable : AVOGAS

Independent variable :

1st set : M3L80, M3L75, M3L70, conditional:
ILM3N80, LM3N75,LM3N70 F = 2.92 (10%)
t=0.2
2nd set - : Confounding set conditional
F=12.92
t =0.2

* MNote that F~test levels quoted are approximate — because of the varying
values of the number of degrees of freedom.
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F.8

¥ZA IV The Leq variable most closely paralleled by NNI is forced in,
thea L, logMN and confounding variatles are selected to
pive any necessary adjustments. {(Residuals sorted by M3LG24
are shown with analyeis cf variance tables in accompanying
figures).
(See Figure F4)
Dependent variable AVOGAS
Independent variable :
lst set M3LQ24 forced
2nd set M3L80, M3L75,M3L70 conditional
LM3N8(, LM3N75,LM3N70 F =2.92 (10%)
t =0.2
3rd set Confounding set conditional
F = 2,92 (10%)
t =0.2
F.9 MRA V As above, but STEP56 to STEP64 are brought into allow for

apparent non—linearity in the residuals in MRA IV
(See Figure F5)

Dependent variable

AVOGAS

Independent variable

F.10 MRA VI

i

lst set M3LQ24 forced
2nd set M3L80, M3L75,M3L70 conditional
LM3N80, LM3N75,LM3N70 F = 2.92 (10%)
t = 0.2
" 3rd set STEP56 TO STEP64 conditional
+confounding set F=2.92 (10%)
t = 0.2

Regression carried out on each of the four main annoyance
measures; allowing free selection of any variable from:

full set of L at all cut-offs and over all periods
full set of N at all cut-offs and over all periods
full set of logW at all cut-offs and over all periods
full set of day, evening, night and 24hrs Leq variables
full set of confounding variables.

STEP56 ..... STEP64*

(See Figures F6 to F9)

Dependent variables A : AVOGAS
B : VMANN
C : ARCBOTH
D

: ARCNA

3

———————, _—

%. .Notg that whenever the format 'A... B' is used, it is implied that all
. -variqbles lying between A and B om the data base are included in the
‘order in which they appear in the data base.
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Independent variables:

lst set M3L80, M1L80, WI1L80, WMLSO,
M3L75.... WML75
M3L70.... WML70
M3N80, MINBO, WIN80, WMN8O
M3N75..... WMN75
M3N70..... WMN70
IM3N80. ... LWMN80
LM3N75.... LWMN75
LM3N70.... LWMN70
M3LEQ, MILEQ, WILEQ, WMLEQ
EM3LEQ. ... EWMLEQ
NM3LEQ. ... NWMLEQ

M31Q24, M1LQ24, WILQ24,WMLQ24
STEPS6, STEP58, STEP60, STEP62, STEP64
+ Confounding set

- conditional
F = 2.92 (10%)
t = 0.2

F.11 MRA VII Regression carried out on four annoyance scales forcing in
W1LQ24 and WORKAP, choosing from set of JUMP56...JUMP64 and
selecting as necessary- from the remainder of the variable set
above. F value at the 1% level is brought in to prevent
random selection from very large variables set. (Residuals
sorted by W1LQ24 are shown with analysis of variance tables in
accompanying Figures F10 to F13).

Dependent variables: A : AVOGAS

B : VMANN
C : ARCBOTH
D : ARCNA
Independent variables:
lst set W1LQ24, WORKAP forced
2nd set JuMP56, JUMP57...JUMP63, JUMP64
conditional
F =7.82 (1%)
t =0.2
3rd set M3L80.....WML70
M3N8O. ... .WMN70
LM3N80....LWMN70
M3LEQ..... M1LQ24, WMLQ24
+DGL,SHIFT1l ... FEMALE
conditional
F = 7.82 (1%)
t = 0.2
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F.12 MRA VIII Regression carried out on four annoyance scales
forcing in WORKAP, selection first from the set of L,
then from combined set of N and logN,
then from confounding and JUMP variables as necessary.
(See Figures Fl4 to F17)

Dependent variables A : AVOGAS
B : VMANN
C : ARCBOTH
b : ARCNA
Independent variables:
lst set WORKAP forced
2nd set M3L80 to WML70 conditional
‘ F=17.2 Q0%
t =0.2
3rd set M3N8O ....WMN70 conditional
LM3N80....LWMN70 F = 7.82(1%)
t = 0.2
4th set JUMP56, JUMP57..JUMP64 conditional
~ +DGL,SHIFTl ... FEMALE ¥ = 7.82 (1%)
‘ ) t = 0.2

F.13 MRA IX Regression carried out on two annoyance scales, forcing in
WORKAP and WIL70, then logWIN70, then allowing to choose any
other noise variable, JUMP or confounding factor as
necessary. (Note that for VMANN and ARCNA, this is identical
to MRAVIII).

(See Figures F18 to F19)

Dependent variables A : AVOGAS
D : ARCBOTH

Independent variables

lst set WORKAP, WIL70 (&) forced

2nd set LWIN70 (2) forced

3rd set M3180....MI1L70,WML70 conditional
M3N80....LMIN70, LWMN70 F = 7.82 (1%)
JUMP56 to JUMP64 t =0.2

+ confounding set.
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Teble F1:

A

Rank Correlation of M3LBO + k log M3NBO agalnst AVOGAS

M3L.80 k=
+ 'k log M3NBO 5 6 7 8 9 10 1 12 13 14 15
AVOGAS 0.8743 0.8763 0.8798 0.8765 0.8428 0.8093 0.7943 0.7730 0.7423

0.8661

0.7854

LA L
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TABLE F2 Correlation matrix (MRAV)
L
AVOG M3L M3L MBL MBL LMB LM3 MBN DG S'HI WORK NON LR FEM
A th 8 T T “80 N 7 L 3 A MAN £ A
AVOGAS| 1
M3tQ2k] . T739 1
M3L80 . 7280 .6823 1
M3LT5 | .7333 | .6942 | .9958 1
M3L70 | L7509 | .7069 | .9901 .9981 1
1M3N80) L2956 | .6438 |T.0993 T.0738 | ".obko 1
LM3NT5{ .1.596 .ho85 | . a72) L2600 | T.2346 | L9730 1
LM3N7o| ,0818 | .37k | T.3363 T.3304 | T.3109 | .94bk { 9926 1
DGL L1167 L5455 { 0562 .0k30 .9533 L6437 | .BLLG .650L 1
SHIFTL| .0275 | .3110 | .2486 .2597 2613 | .1868 | .1160 L0971 769 1
WORKAP| ~,1547 | .3175 [ .1308 T.1286 | T.1289 | .s5213 ] .5388 .5571 .8013 | .s5003 1
NonMAN| .1bk27 | .0hk9O | .1595 “.1824 | T.1859 | .2423 | ,3085 . 3316 L0977 | .2654 | " .0603 1
LRES L0648 | 0029 | .1987 | .1877 | .1818 | .1k87 | .1648 172 {0226 | .37k .1393 | .0330 1
FEMALE] —.1638 | ~.35h1 “.1125 T.1ks2 ) T.1620 | .3930 f.3127 [ .275h | .3030 | .okko | T.3546 | .1933 | L0751 1
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Figure F1 MRA I: Analysis

AULTIPLL
i SaUARE
aodbarcl
STANDAKD

VhLTAGLEL
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Kat 44

" U.oloae

tabbuld
W OSAuAxL F.063770
LExGA Jd.50601
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I

0,75213517
U. 14281480

{COAsTARTY —12.00u71

of Variance Table

ANA_YS1S JF VARIANLE bF SUM OF SQJARES
REGARLSSION 2. 14.87208
RESIOUAL 23. 7.43356
IH Tdo LCUATIUN mommemmmem e
OGLTh sTO ERROK o r
o d?lod JoA0UYS F.535
.l Yod2i4d 39.9835

HEAN SQUARE
7.43604
0.32320

r
23.00766
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Figure F 2 MRA II:

Sl TIrLL o
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STAdLAKD ERWUR

VARIALL

HiLel
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LIUSETFEYS ERIERTR

~16.54052

Figure F.3 MRA III:

MULTIPLE R 0.88015
R SOQUARE D.77466
ADJUSTED R SAQUARE 0.74394
STANDARD ERROR 0,47798
————————————————— VARIABLES
VARIABLE b

M3L70 0.1568203
LM3INTS 1.070916
SHLFTY ~-0,37408800-01

(CONSTANT)

-13.36210

Vaxiavlza

Analysis of Variance Table

AJALYSES DT VARIANCE DF SUM OF SUUARES

RebALLS1a9N 5. 16.93049

RESILJAL 22, 5.37515
19 THE EQUATION -===mmmm—cmame—an—

we A aTh CRKUK 3 F

Jaabtould .21l tdahbs
Uoatd27 u.27u2e 16.47%
—u i 4ho D.U13502 b.429

Analysis of Variance Table

ANALYS515 DF VARIANCE bF SUH OF SQUARES
REGRESSION 3. 17.27936
RESIDUAL 22. 5.02629
I THE EQUATION —————wo—ssosm—we—-
BETA S5TD ERROR B | F
0.93170 0.01834 72.936
0.41513 0.27350 15.332
~0.319211% 0,01254 8.933

HEAN SQUARE
5.64330
0.26433

MEAN SQUARE
5.75979
0.22847

F
23,0983t

- F
25.21052
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Figure F 4 MRA IV: Analysis of Variance Table

MULTIPLE

R 0.88503
R SQUARE 0.78328
ADJUSTED R SQUARE 0.75372
STANDARD ERROR 0.46876
----------------- VARIAGLES
VARIABLE ,B
H3LaZ4 0.14B1304
M3ILTO D.214664180-01
WORKAP ~0.45754870-01

(CONSTANWT) -7.97143

SEGNUK

RN R T W P U

6

ANALYSIS OF VARIANCE

SUR OF SQUARES
17.47149 5,82383
£.33616 0.21973

REGRESSEON
RESIDUAL
LN THE EQUATION ———————ememmme e
DETA STD ERROR B F
U.30828 0.03164 21.923
0.12871 0.02778 D.408
-0.39477 0.01427 16.278

Residuals sorted by MSLQ24

OBSERVED
AVOGAS

1.369565
1.653333
1.325842
1.393939
1.454545
1.14B935
2.028985
1.599999
1.637500
1.233766
3.12986%9
3.31944%
3.115942
1.6464064
2.B63636
3.081666
2.797752
1.938e7¢
3.929411
3.920454
2.750000
3.131578
2.743243
4.028169
3.462687
3.325301

PREDICTED
AVOGAS RESIDUAL
0.9678605 0.6017053
1.341003 0.312328%9
1.096611 0.22%2306
1.809049 =0.4151100
2.041000 ~0.5864553
1.46512% ~0.3161856
2.338793 -0.30%8084
2.41421%8 ~0.8142186
2.275566 -0.5880669
1.709536 -0.4757701
2,711266 0.4186035
2.741352 0.5780913
2.358635 0.2573065
1.183222 0.4632424
2.603449 0.2601865
2.935426 0.5623937e-01
2.509184 0.28B5678
2.0622135 =0.1239434
3.254228 0.6751830
3.306222 0.61462319
3.093615 -0.3436151
3.060723 0.70B54B4€-01
2.880829 ~0.1375861
3.594504 0.4336625
5.902256 ~0.4395700
3.834405 -0.5091050

HMEAN SQUARE

PLOT OF STANDARDIZED RESIDUAL

0.0 1.0 2.0

-

*

P Pl P P e bmp o P B Pt et bt b gy Bt bt bt Bt el bt el b e R P
L]

F
26.50394
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Figure F.5 MRA V: Analysis of Variance Table

MULTIPLE
R SOQUARE
ADJUSTED
STANDARD

VARILIABLE

M3LG24
H3L7O0

WORKAP
STEPS8
STEPGOD
STEPOS

R 0.955a6

0.91329
R SAUARE 0.88591
ERROR 0.31905

------- VARLABDLES
B

~0.23208620-01

0.45760920-01

~0.5470511bp-0N
1.147933
0.6130562
0.5771324

{(CONSTANT) -0.9637138

AMALYSIS OF VARLAMCE

REGRESS]
RESIDUAL

IN YHE EQUATION ———=-———-—=--

BETA

-U.12664
n.27187
=0.47199
0.58261
0.33094
0.19904

5TD ERROR B

0.06454
0.02224
0.01005
D.24E05
0.25544
0.31379%

On

oF

19.

SUM OF SQUARES
20.37162
1.93403

HEAN SQUARE
3.39527
0.10179

F
33.35529
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Figure F.6 MRA VIA: Dependent Variable AVOGAS

Analysis of Variance Table

ANALYSES OF VARIANCE
REGRESSION
RESILUAL

STDP ERROR O

0.02334
0.00747
0.20044
0.197%96
0.00075
0.00611%
D.19086
0.0%447

MULTIPLE R 0.98015
R SQUARE 0.96069
ADJUSTED R SQUARE 0.94219
STANDARD ERROR 0.22711
————————————————— VARIADLES IN TUE EQUATION
VARIABLE B BETA
wiLaz4 0.32076490-u1 0.184024
WORKAP -0.43901130-01 —0.37877
STEPS8 0.9053910 0.456504
STEPG4 0.44365%90 0.15303
MINZO ~0.31673260~02 -0.313468
NWMLEQ 0.20857580-01 0.27786
STEPGO 0.5937530 0.32052
LRES ~0.26351630~-01 ~0.12137
(CONSTANT) -0.7%11916D-01

Sumary Table
VARLABLE
wiLazs ONE WEEK 24HR LEG
HWORKAP LWORK CONNEC TED WITH A-PORT
STEPSS
STEPG4
M3R70 THREE MONTH W7D
NWHLEQ WORSTHODE NIGHTLEUW
STEP&0
LRES AV LENGTHOF RESIDENCE

(CONSTANT)

SUMMARY TADLE

MULTIPLE R

(.83048
0.9128%
0.94095
0.95018
0.95821
0,96640
D.97623
b.98015

R

SQUARE

0.68969
D0.83337
0.68538
0.90285
0.91816
0.93393
0.95302
0.96U69

DF

17.

R5Q CHANGE

0.68969
D.14368
0.05201
0.01747
0.01531
0.0t577
0.01909
0.007a67

SUM OF SQUARES

21.42879
0.87686

SINPLE R

0.83048
-0.15473
0.74236
0.44540
0.08692
0.60453
0.62773
0.06479

HEAN SQUARE
2.67860
0.05158

B

0.32076490-01
-0.43901130-01
0.9053910
0.4436590
-0.31673260-02
0.20837580-01
0.5937530
~0,.26351630-01
=0.79119160-01

F
51.93100

BETA

0.18626
-0.378%7
D.46504
0.15303
=0.31368
0.27786
0.32052
~0.12187
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Figure F.7 MRA VI B: Dependent Variable VMANN
Analysis of Variance Table

0.97776 ANALYSLES OF VARIANCE DF

MULTIPLE R SUM OF SOQUARES MEAN SQUARE
,R SQUARE 0.956ut REGRESSION 7. 5458.01319 779.71617
ADJUSTED R SGQUARE  D.93890 RESIDUAL 1B. 251.13773 13,95210
STANDARD ERROR 3.73525 '

————————————————— VARIADLES IN THE EQUATIQN ==m—=———rm—w—=—-—-

VARLABLE & BETA 5Th ERROR B F

W1L70 2.743044 0.99747 G.24773 122,404

NW1LEQ 0.4956041 0.39296 0.08400 34.815

NOUNMAN 0.2144848 - 0.173804 G.07Ulo 9.320

STEPbL4 -17.15172 -0.36979 3.63982 22.205

HHNTS 0.59434610-01% 0.32165 0D.0115% 26,541

WORKAP ~-0.3498030 -0.13445 U.11473 9.297

STEPS6 ~7.696278 ~0.21883 3.25114 5.604

(CONSTANT) ~254.6769

Summary Table
SUMMARY TABLE

VARIABLE MULTIPLE R R SQUARE RSG CHANGE SIMPLE R B
KIL7O DNE WEEK L7 .81536 0.648360 0.443640 D.80536 2.743044

NW TLEQ ONE WEEK HIGHTLEQ 0.48071 0.775645 0.12705 0.50447 0.4956041
NONMAN AHON= MANUAL 0.91831 0.84330 006745 0.18155 0.21445848
STEPG4 0.93593 0.375946 0.03266 0.37838 ~17.15172
WMNTS WORST MODE N5 0.95040 0.90327 0.02731 0.35922 0.5943461p-01
WORKAP XWORK CONNEC TCD WITH A-PORT 0.97073 0.96232 0.03905 =0.24559 =0.3498030
STEPSE 0.97776 0.95601 0.01369 0.58721 ~7.696278
(CONSTANTY) =256,46769

F
55.88524

BETA

0.99747
0.3999&
0.17804
=0.36979
0.39165
~0.18845
~0.21883
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Figure F.8 MRA VI C: Dependent Variable ARCNA

Analysis of Variance Table

KULTIPLE Rt 0.95948
R SQUARE 0.97%900 REGRESSION
ADJUSTED R SQUARE D.967¢9 RESIbUAL
STANDARD ERROR - °  3.50144
mmmm—mmmmm—mmm—mem YARIABLLS N THE EQUATIQHN wmm=m=mmrm————meem
VARIABLE B BETA STO ERROR D F
wiLG24 1.720912 0.4B75% D.42095 16.713
WORKAP -0.5799186 ~0.24413 0.12130 22.857
KUMLED 0.5943120 0.38630 0.08459 £9,.367
H1L 50 2.192811 0.53754 0.37846 33.571
W1KB0 0.75691120-01 0.29516 0.02444 9.594
STEPS56 ~12.768358 ~-D.28&372 3.3t1007 14,915
STEPGA ~13.37040 -0.22502 3.90023 11.752
SHIFT1 D.3268671 0.13583 0.13115 6.212
NONHMAN 0.1422723 0.09218 0.06594 4.655
(CONSTANT) —302.6381
Summary- Table

SUNMARY TADLE
VARIABLE MULTEPLE R R SQUARE
WjLG24 . ONE  WEEK 24HR L0 0.39439 0.79993
WORKAP . YUDAK CONNEC  'TED MITH A~PORT 0.94099 D.88546
NwMLEQ WORSTHODE NHIGHTLEW 0.95346 0.90908
M1L80 ONE  MUNTH L3U . 0.96883 0.93363
wiNEBO ONE  WEEK HBO 0.97502 0.95067
STEP56 0.97895 0.95833
STEP64 098364 0.96755
SHIFTY % IN MORK LON SHIFT 0.98639 0.97297
NO NMAN %NON- MANUAL D.98948 0.97906

(CONSTANT)

R e

ANALYSIS OF VARIANCE

DF

16.

RSG CHANGE

0.79993
0.08553
0.02362
0.02954
0.01204
0.00767
0.00922
0,00542
0.00609

SUM OF SQUARES
9173.59229
196.16181

SIAPLE R

0.8943%
~0.05471

0.61761°

0.72829
0.59941
0.64456
0.53785
0.10745
0.14281

MEAN SQUARE
1019.28803
12.26011

B

1.720912
=0.5799136
D0.5943120

2.192811 -
0.75691120-01
~12.78358
-43.37046
D.3268671
0.1422723
-302.6381

F
83,13835

BETA

0.487%6
-0.24413
0.38630
0.53754
0.29316
-0.28372
~0.22502
0.13583
0.09218
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Figure F.2 MRA VI D: Dependent Variable ARCBOTM

Analysis of Variance Table

MULTIPLE R

R SQUARE
ADJUSTED R SQUARE
STANDARD ERROR

0.96803
0.93708
0.92135
6.21963

VWARLAOLES IN THE EQUATIDN

VARIABLE <]

wiLazs 1.750902
WORKAP =0.6445199
STEPSE 19.59665
H1L70 0.9488654
NONMAN B.2496038

CCONSTANT} ~151.031%

BETA

0.43303

~0.23684

0.42870
0G.23576
0.14117

Summary Table

VARIADLE

H1La24 ONE WEEK 24HR LEQ

WO RKAP LUORK CONNEC TED WITH A-PORT
STEPSE

MiL70 ONE MONTH L7D

NGONMAN XNON- MANUAL

CCONSTANT)

ANALYSIS OF VARIANCE DF
RCGRESSICON 5.

RESICUAL 20.

STD ERROR B

0.47305
0.13917
4.860162
0.35473
0.10924

SUMMARY TABLC

0.89062 0.79321
0.92339% 0.35265
0.95334 0.90B87
0.95951 0.92066
0.96803 0.%37038

SUM OF SQUARES

MULTIPLE R R SQUARE RSO CHANGE

0.79321
0.05945
0.05621
0.01179
0.01642

11522.83900
773.67315

SIHPLE R

0.89062
-0.00864
0,82009
0.74508
0.15487

MEAN SQUARE
2304.56780
38.48376

B

1.7509462
~0.6445199
19.59663
0.9486656
0.2496038
-131.0319

F
39.57456

BETA

0.43303
-0.23684
0.42870
0.23576
0.14117
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Figure F 10 MRAVII A:

Dependent Variable AVOGAS

Analysis of Variance Table

MULTIPLE R
R SUUARE

ADJUSTED R SGUARE

STANDARD ERROR

mmemmemee—e—e—e—— VARIABLES IN THE EQUATION

0.940%5
V. 82538
J.B80975
0.34039

VARIABLE

WiLaz2é 0.1034%980
WORKAP -0.54161780-01
JUNPST 0.83234453
CCONSTANT) -3.733273

JETA

0. 60097

~0.46730

G.42295

Residuals sorted by W1lG24

SEGNUINM

P R
oSN WE R O O I LR e

L2t
Q

NN PR
(SRR Y

[aN]
(=]

OBSERVED
AVOGAS

1.369565
1.393939
1.653333
1.325842
1.454545
1. 148935
1.599999
1. 687500
2.028985
3.129869
3.319444
3.115942
1.2337066
1.646464
2.797752
2.863636
1.938272
3.041666
2.763243
3.431578
2.750000
3.920454
3.929411
4.028149
3.325301
3.4620687

PREDICTED
AVOGAS

0.8765949
1.439656
1.585020
1.148355
1.756747
1.270494
1.8675085
1.710958
1.9997340
2.71111¢9
2.868602
3.007434
2.210105
1.321177
2.7376848
2.902479
2.166941
3.432634
Z2.8234179
3.0L7971
3.260733
3.8538081
3.796534
3.599754
3.054098
3.378816

<
&

TD

AHALYSIS DF VARIANCE

REGRESSION

RESIDPUAL

ERXROR B

0.02¢208
0.009038
0.,26061

RESIDUAL

0.4929701
-0.4571690E-01
0.6831181E-01
0.1774877
-0.3022030
~0.1215590
-0.2750860
~0.2345891E-01
0.2925425E~-01
G.2187496
0.4508414
0.1085073
-0.9763393
0.325287
0.6006410E-01
~0.3884403E-01
-0.22B6695
-0.3909694
~0.8023584E~01
0.8360678E-01
-0.5107331
0.6237236L-01
0,1328767
0.4284130
0.2712021
0.8387077E-01

~2.0

OF 5uM OF SOQUAREGS MEAN SUUARE F
3. 19.74904 6.58301 56.64797
22, 2.553660 0.11621
PLOT OF STANDARODIZED RESIDUAL
~1.0 0.0 1.0 2.0

»

L4

=
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Figure F.11 MRA VII B:

Analysis of Variance Table

MULTIPLE R D.91762
R SGUARE 0.84202
ADJUSTED R SQUARE 0.82829
STANDARD ERROR b.246206
VARLIABLE B OETA
W1LQ24 - 2.519299 0.91437
WORKAP -0.8877737 ~0.47377
(CONSTANT) ~119.4252
Residuals sorted by W11Q24
CUSERVED PREDICTED
SEQNUM VHANN VMANN
1. 6.382974 =4. 417480
2 10.60606 6.4939692
3 6. 666466 11.22634
& 3.333333 4.233442.
5 6.060606 15.11083
6 4123711 7.305146
7 10.60606 17.79106
8 16.66666 15.10085
9 17.10526 20.73926
10 37.66232 23.99101
11 29.11392 23.454866
12 25.00000 25.73428
13 3.T749999 13.32342
14 6.060606 -1.164842
15 17.77777 22.87622
14 25.35211 25.74191
17 9.876543 13.767858
15 22.164646 35.00777
19 31,57893 25.84583
20 29.37012 30.67749
2% 30.55554 34.41174
22 52.27272 46.34235
23 51.72414 £5.33431
24 £3.66196 42.10809%
25 28.91545 33.575538
20 40,24390 39.47404

Dependent Varisble VMANN

ANALYSIS OF VARIANCE bF
REGRESSIOKN 2.
RESIDUAL 23,

ERROR 8 F

0.23615 113.810

0.158%3 31,202

RESIDUAL

10. 80047
4.06636E
~4.559672
-y.9001021
=9.050219
=3.181435
=7.155013
1.565806
~3,634011
13.47130
5.655243
=0.7342963
~9.573420
7.225458
-5.098458
-0.3393094
~3.891338
-5,.341117
5.733093
~0.8U75820
~3.856215
5.930362
6.390611
1.553458
~4.659929
0.7698409

MEAN SQUARE
2603.62099
39.21343

SUM OF SQUARES
6307.24199
901.90893

PLOT OF STANDARDIZED RESIDUAL
-1.0 0.0 1.0 2.0

»

*

el B N e N N N N N NN

*

F
61.29586
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Figure F. 12

MRA VII C:

Dependent Variable ARCNA

Analysis of Variance Table

HULTIPLE
R SQUARE

0.94079
0.88540

ADJUSTED R SQUARE 2.567550
STAMDARD ERROR 6.83043

VARIADLE

uiLaz4
WORKAP
{CONSTANT)

u

3.629144

-0.7184970
-163.7912

VARTAMLES 14 THE ECUATLON

OETA

0.97152
-0.302406

Residuals sorted by WiLQ24

SEONUHM

DO my O W Bl B =

DDSERYLD
ARCHA

5.3191064
15.153154
13,333534
12,35957
7.920795
i0.309:28
15.1515¢
24246245
22.66067
41.55840
40.50633
41.2500¢
17.50002
t8.18142
31.11114
60,84508
19.75308
38.388¢29
45.05204
§0.25975
W1.668607
64.77274
67.064540
59.15492
60.24G%97
64.53416

PREDICTED
ARCHA

~ha121423
7005947
15.55156
9.970U0868
20. 30263
14,26530
23.7¢302
21.54576
27.63529
33.32849
35.1754%9
35.91741
26.08516
14.49846
35.364570
37.94302
28.57116
bo.41527
4%.359050
4db.chlld
49.60646
6?5673
2. 14024
22.52965
53. 31957
$9.00631

ANALYSIS OF VARIAHCE DF SUM OF SQUARES MEAN SQUARE
REGRESSICH L. B296.56900 L1453,23450
RESTDUAL 23. 1073.14510 46.06088

STD ERH#OR 9

0.25760
0.17337

RESIODUAL

F. 440598
T.4E3595
-2.01321¢
2« 2RF494
~-12. 38183
5. 9540643
~8,5371503
2.696668
-4,%71622
b.22795¢c
7.33003G
T 6.232595
-8.585152
3.683360
~6.23459E
2.702051
=t.633090
=7.526387
5.662132
=5.787430
~8.019804
1.4159L%
4.90% 154
=L.3747325
6.921541

5.560732¢

177.207
17.176

PLOT OF STANDARDIZED RESIDUAL
-2.0 -1.0 0.0 1.0 2.0

-

»
e R R i e R R

F
88.9040%



Figure F.13 MRA VII D: Dependent Variable ARCBOTH

Analysis of Variance Table

MULTIPLE R 0.95334 ANALYSIS OF VARIANCE DF SUM OF SUUARES MEAN SQUARE
? SUUARE 0.903387 REGRESSION 3. 11175.88885 3725.29628
ADJUSTED R SQUARE 0.89644 RESIDUAL 22. 1120.62530 50.93751
STANDARD ERROR 7.43705

————————————————— VARIADLES 1N THE EQUATION =——w———-——=iesamom-

VARIAOLE B BETA STD ERROR 3 F

W1LG24 2.476298 0.612481 0.46237 28.483
KOQKAP ~0.8292C26 ~(,33043 0.17U14 22,364
JUMPS? 20.09937 0.43926%9 5.45616 13.57]

(CONSTANT) ~95.85129

Residuals sorted by W1LQ24

O8SERVED PREDICTED PLOT OF STANDARDIZED RESIDUAL
SEQNUM ARCBOTH ARCBOTH RESIBUAL -2.0 -1.0 0.0 1.0 2.0
g 1 19.35483 17.02377 2331041 L -
Q 2 23.80951 27.96361 ~4.154108 # 1
@ 3 35.61642 3249939 3.§17037 I+
4 34.,38371 2540137 9.432339 1 *
5 45.45454 36.33552 9.1%8725 1 -
6 20.83333 2541457 ~7.581237 * i
7 33.340615 33.98263 ~5.136535 " I
8 43.93939 36.25781 7.68156¢ 1 »
? 27.02702 41.45585 -14.85883 * 1
10 69.33333 65.11287 4.220L48 1 *
11 66.55696 44.,95859 ~0.1633883E-D2 .
12 72.15189 60456351 5.284372 1 *
13 44.99998 $4.23251 -9.232532 * 1
14 41.61614 39.55U17% 1.563953 I L]
15 49.318182 63.82532 5.472845 L "
16 59.42029 - 6u.71281 ~7.292540 N i
17 43.75000 54.5770% -10.82710 * 1
18 71.83098 76.04515 -4.214183 & 1
19 67.999%8 66468783 1.310137 1 *
20 75.99998 71.67409 4.521882 1 &
21 81.15941 75.2317% 5.921404 1 *
22 81.39534 B7.12535 ~5.730529 . f
23 81.60919 86.10603 ~bahP4BST * 1
24 89.99998 52.337U8 7.162866 I *
25 80.24690 74.15701 6. 0898863 i D
26 79.99992 80.J756U ~D.7066153E-01 %

F
73.13463
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Figure ¥ 14 MRA VIII A: Dependent Variable AVOGAS

Analysis of Variance Table

MULTIPLC R 0.95323
f SuDARE 0.90864
ADJUSTED & SGUUARE D.b¥124
STANDARD ERROR 0.31150
----------------- VARIAGLES
VARIADLE R H

WwORKAP ~0.46354970-01
WiL70 0.94837870~01
LWiINT5 0.8017967
JUHPST 0.7982523

(CONSTANT) ~-7.831386

ARALYS1S UF VARLAMCE Df SUM OF
REGRESSTON ' 4.
ReSlGUAL 21.

1 THL LUUATION ~--———mmemm e

wETA STD CKROK U F

-U.3820v 0.00949 21.367

0.55%173 U.01741 29.0F5

0.3450e B.o14383 13.927

U 40495 U.22480 12,111

Summary Table

SUMMARY TADNLE
VARIABLE MULTIPLE R R suunRE £59 CHAIGE
WORKAP XWORK CONHEC TED WITd A-POUKT 0.15473 0.023%4 002394
wiL70 ONE WEEK LTD U.alu?s D.o61C5 0.46%730
LWIN7S Ui 9es1a 0.B55%0 U.21471
JUMPST G.vh323 D.90864 0.05269

C(CONSTANT)

I e e L L L s

SOQUARES
20,2671
2.437735

SIMPLE R

~0.153473
0.g0034d
1.30384
0.74236

MELAN SQUARE
5.006%0
009703

o]

~0.,66254970~01
0,24337670-01
1}.4U17%67
U,7962523
-7.8313484

F
52.21809

BETA

~0.3824%
0.55173
D.34302
0,408%98
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Figure F 15 MRA VIII B: Dependent Variable VMANN

Analysis of Variance Table

KULTIPLE R 0D.9221u ANALYSLS OF VARIAMCE 113 SUW OF SGUARES MEAN SQUARE F

R SQUARE U.85027 REGRKESSIOK ' 3. 5454.30554 1618.10185 41.64290
ADJUSTED R SQUARE 0.82938% RESIDUAL 22. 354.84539 38.85661

STANDARD ERROR 623391 :

————————————————— YARLAGLES IM FIE EGUATION —omsmmomoemmm s

VARIAGLE b BETA 5TD ERROXR D F

WURKAP -0.6671353 -0.35978 0.17074 14.210

WiL?0 2.353318 0.453575 0.23278 102.205 ¢
LWIn70 20.06007 0.506b0 3.81575 27,638

(CUNSTANT) -—225.8952

Summary Table

SURMARY TALLE

VARIABLE MULTIPLE R R SUUARE KH3SQ CHANGE  SIMPLE R 8 BETA

HORKAP AWORK CONNEC TED WITh A-PORT U.24559 0.05032 0.06032 ~0.24559 -0.6671353 ~-0.35978
WiL70 ONE  WCEK L70 0.81373 Ub.65216 (.60135 0.80536 2.3533138 0.85575
LWINTO 0.92219 0.65027 0.18410 0.14349 20.06007 0.50680

(CONSTANT) -225.8952
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Figure F.16 MRA VIII C:

Analysis of Variance Table

Y HEE N )

SUMMARY TAdJLE

R

]

Dependent Variable ARCNA

SGUARE

0,00299
D.61983
0.920206

MULTIPLE R 0.94977 ANALYSIS OF VARIANWCE
R SQUARE D.90206 REGRLSSION
ADJUSTED B SQUARE 0.88871 KHES1DUAL
STANDARD ERROR G 45847

----------------- VARIALLES EIH Tt CQUATION === s o
VARIAGLE b BETA SYD ERROR D F
WORKAP ~0.52603062 -3.22170 0.18332 B.25%3
W1L?0 3.104192 J.ob112 0.24118 165.659
Lwiw70 31.478c0 G.6L078 3.9534e 63,397
(CONSTANTY -307.4277

Summary Table

VARIADLE MULTIPLE R
WURKAP ZWORK COKWNEC TEVD WITH A-PORT D.05471
€1L70 ORE WEEK L7u D.7373D
LWINTC J.4L97T7
(CGHSTANTY

DF

D L L S e

2
Ca

RSQ CHANGE

0.00299
0.61684
0.2a3223

A L

SO OF SQUARES

8452.09341
F1r.606069

SINPLE R

~0.05471
0.78386
0.32097

MEAN SQUARE
2817 . 30447
41.71185

=0.5246362
3.104192
31.478256
~307.4277

L A . T

F
67.54350

HETA

-0.22170
0.83112
0.62078

PN e A
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Figure F 17 MRA VIII D: Dependent Variable ARCBOTH
Analysis of Variance Tahle

MULTIPLE R 0.95949 ANALYSIS OF VARIANCE F SUM OF SQUARES MCAN SAQUARE . F

R SAQUARE 0.92042 REGRESSION 4, 11320,.33154 2830.09539 60.88517
ARJUSTED R SQUARE D.90G550 RESI{UAL 21. ?76.13261 46.48251

STAMDARD ERROR 5.81731

e i VARTABLES IN THE EQUATION ~w=—m—mmmmemm e

VARLABLE 8 BETA 5T ERROR B . F
WORXAP ~0.6773526 -0.24890 U.20744 10.463
wW1L70 1.923647 U.&7564 0.35709 29.019
LW1HBD t7.97144 D.34477 4.58314 15.376 -
JUMPST 19.70343 0.43103 5.73033 16,747

(CONSTANT) -153.0726

Summary Table

SUMHMARY TACDLE
VARIADLE . MULTIPLE R R SAUARE RSQ CHANGE SIMPLE R B DETA
WORKAP ZWORK CONNEC TED WITH A-PORT D.DDAs4 0.00007 0.00007 ° ~0.008644 =0.6773526 ~0.24890
wlL70 QNE WEEK L70 0.79580 0.63339 0.63331 0.78666 1.923647 0.4766%
LWINBD D.%2998 0.86407 0.23148 0.55118 17.97144 0.34477
JUMP57 0.95949 D.92062 D.US575 0.82007 19.70343 0.437103

(CONSTANT) ~158,0726
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Figure F.18 MBA IX A: Dependent Variable AVOGAS

Analysis of Variance Table

HULTIPLE &R

i SAUARE

ALDJUSTLL R SGUARE
STANDARD ERROR

(IR APY A |
Jd.9a7UY
U.33929
0.31474

memm s m e YARIALGLES 1IN THE EQUATION ————-wssswo—wo—cw-

VARIABLE

ATLvu 0.%34640250-G1
WJIRKATP ~0.455%07440-U1
Lu1H7D 0.58410646
Juips 7 ND.8355703

(CUNSTANT) ~3.300734

DETA

u.oTen?
~U.593%15
D.535495
v.4208

ANALYSIS OF VARIANCE bF
REGRESSION L,
RESIDUAL 21.
51D ERROR ¥ f

0.01808 29.652

U.uu962 22.44%

0.23024 13.342

J.22568 13.701

Figure F 19 MRA IX C: Dependent Variable ARCBOTH

Analysis of Variance Table

nULTIPLE R

B SUUARE

ADJUSTED ® SQUARE
ST AdDARD ERROR

0.92770
0.¥1730
U.9u155
b.95817

VARLALLES Ik

VARIABLE 7]
WiL70 2.235945
UORKAP -0.7080559
L INTU 19.02001
JUkPS? 21.5%077

(CINSTANT)

-192,.866208

ANALYSIS OF WARIANCE DF

RCGRESSION 4.

RESIDUAL 21.
THE EQUATIDH ==-=—w——-——me—co—ee

BETA STD cERROR & F

0,55402 0.40U45 31.177
-0.20119 0.¢1305 11.046
1.32754 5.10021 13.917
UubhTes2 4.99%21 18.652

SUM OF SGUARES
20.23322
2.07242

S5um OF SQUARES
11279.060048
1016.91368

- % K

MEANH SQUARE
5.05831
0.09869

MEAN SQUARE
2819.,90012
48.42446

F
51.2%612

F
55.23297

ol
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