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Glossary 
% of highly annoyed (%HA) In accordance with convention (see e.g. WHO Guidelines on 

Community Noise [1] and WHO Night Noise Guidelines [2]) this 
report uses as principal measure of annoyance the number of 
participants that reported an annoyance greater than 72% of a 
standardised annoyance scale (i.e., ≥ 7 in an 11-point scale and ≥ 4 
in a 5-point scale). See also Miedema Curves. 

𝐿𝐿A,max  Measured in dBA, this indicator typically refers to the “maximum 
outdoor sound pressure level in a given period” – e.g. the night – 
and often correlates well with sleep disturbance [2]. In this study, 
we use LA,max as the “maximum outdoor sound pressure level 
associated to an acoustic event” (e.g. a plane passage), typically 
averaged using a SLOW time constant, unless specified.  

𝐿𝐿𝑑𝑑𝑑𝑑𝑑𝑑, 𝐿𝐿𝑛𝑛𝑛𝑛𝑛𝑛ℎ𝑡𝑡 These indicators represent the acoustic energy averaged over a 
specific period. They are related to SEL as follows [2]: 

𝐿𝐿𝑇𝑇 = 10 ⋅ 𝐿𝐿𝐿𝐿𝐿𝐿��10
𝑆𝑆𝑆𝑆𝐿𝐿𝑖𝑖
10

𝑁𝑁

𝑛𝑛=1

� − 10 ⋅ 𝐿𝐿𝐿𝐿𝐿𝐿(𝑇𝑇) 

Where 𝑇𝑇 is the duration of the reference period and 𝑆𝑆𝑆𝑆𝐿𝐿𝑛𝑛  is the 
𝑆𝑆𝑆𝑆𝐿𝐿 of each of the 𝑁𝑁 single events. 

Acoustic indicator A means of describing an acoustic signal, usually from specified 
source(s) over specified period(s)  

Analysis phase The period, after 1st October 2017, when the Sussex team analysed 
the acquired data. 

ATC Air Traffic Control 

Average Unless explicitly noted (e.g. in sections 8 and 9), we only used one 
type of averaging operation in this report i.e. the arithmetic mean 

𝑚𝑚 =
1
𝑁𝑁
�𝑥𝑥𝑛𝑛

𝑁𝑁

𝑛𝑛

 

where the mean is calculated of N occurrences of the variable 𝑥𝑥𝑛𝑛. 
The statistical reasons behind this choice is that, when the 
distribution of variable is not known, a Gaussian distribution is 
typically chosen to start with. This is because the Gaussian 
distribution is very common in nature (it describes the cases when 
many independent forces, themselves subject to variation, combine 
additively to produce a central tendency…which can be said almost 
of everything), but also because, when the number of occurrences 
is sufficiently large, a Gaussian is a good approximation to many 
other distributions. In these conditions, the (arithmetic) mean also 
corresponds to the most frequent value of the random variable. 
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Average ground height The average height (referred to sea level) of a specific survey area. 
It was calculated using Google Maps during the field interviews. 

CASPER This is the website where heights of the planes were collected in 
post-processing, both by Sussex and by Helios. Since the website 
reports planes’ height as referred to Gatwick, these were corrected 
to sea level before being adjusted for the average ground height in 
each survey area. It was not possible to use CASPER in the field: not 
only it is not compatible with Android, but a reliable data 
connection could not be always guaranteed. 

CENSUS 2011 Refers to the latest detailed snapshot of the UK population and its 
characteristics, available online when this report was completed [3]. 
The database was queried through the NOMIS website 
www.nomisweb.co.uk Data reported in this report refer to the 
Parishes and Wards databases within CENSUS 2011. 

Curves, Miedema Also known as “annoyance” curves, they predict the percent of 
highly annoyed (%HA) for a given value of 𝐿𝐿𝐷𝐷𝑆𝑆𝑁𝑁, depending on the 
source.  

dBA A-weighted sound pressure level. A-weighting considers the 
response of the human ear to different frequencies. 

Elevation angle The angle starting from the horizontal to the plane, used for 
overflight definitions. 

FAST Time-averaging constant for acoustic measurements: it corresponds 
to 1/8th of a second (125 ms). 

Field study Refers to the second part of the study, where interviews were 
conducted in the field. About 350 people were approached, either 
at home or in a local park, with a response rate of about 30%. 

FLIGHTRADAR24 The app used in the field to monitor when there was a plane 
approaching (i.e. when it was a suitable time to start an interview) 
and sometimes to detect the plane’s flight code. Plane heights were 
later acquired in CASPER, during post-processing. 

GAL Gatwick Airport Limited 

ILS An Instrument Landing System (ILS) enables aircraft to land if the 
pilots are unable to establish visual contact with the runway. It does 
this by way of transmitted radio signals and, in practice, is an 
extension of the runway in the sky. 

In-person questionnaire Refers to the guide used by the interviewers during the semi-
structured field interviews. The questionnaire was used to ensure 
everyone got the same wording of the questions, to maintain a 
similar sequence of the questions and occasionally to steer back 
conversation to the study. The flow of the interview was otherwise 
loose, both to capture interviewees’ unstructured feedback and to 

http://www.nomisweb.co.uk/


Perception of Aircraft Height and Noise  Glossary 

vi 
 

allow for the “plane-spotting” exercise.  

Interaction modality Refers to the experience of either filling in the postal questionnaire 
or participating in the field study or to its design. The postal 
questionnaire took more time to be completed, as it was designed 
to trigger answers related to long-term perception, while the 
interviews were designed to last no longer than 15 minutes, as we 
wanted interviewees to be focused on their short-term perceptions. 

Interviewee One of the persons that participated in the second part of the study 
i.e. the one based on “in-person”, 15-minutes long interviews. 

Interviews, long Refers to the third part of the study, where the participants 
volunteered for an interview which could last up to 45 minutes. 
Participants to this part of the study were compensated with a 
shopping voucher (as good practice for such long interviews). 

Lateral distance The distance between the point on the ground just below an 
observed plane and the observer. 

Measurement campaign It refers to the set of noise measurements acquired in parallel to the 
noise surveys. These were obtained through the NTK monitors (for 
plane events with 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 ≥ 55 dBA) and through Sussex team’s 
noise meter. NTK monitors associated automatically the recorded 
events to plane tracks, while Sussex team used CASPER and Google 
Maps to do so, in the analysis phase. 

NNG Abbreviation for Night Noise Guidelines [2]. 

Noise The word typically used to describe “unwanted sounds” from an 
acoustic source. It contains a perceptual judgement. 

NOMIS  The website, managed by the Office for National Statistics, 
reporting “official labour market statistics” [4]. It was used in this 
study to gather information on the demographics in the survey 
areas and the household addresses for the postal survey. 

NTK monitor (or, simply, 
NTK) 

One of the Noise Tracking Monitors present near the survey areas. 
For the duration of the study, these monitored the acoustic 
environment around them and recorded the events with 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 ≥
55 𝑑𝑑𝑑𝑑𝑑𝑑. 

Plane altitude The elevation of a plane referred to sea level 

Plane height The elevation of a plane referred to the average ground level in a 
specific survey area. 

Plane-observer distance See “visual distance” 

Plane-spotting See “single plane observations”. 

Postal questionnaires Refers to the first type of survey, which was sent to 550 households. 
The response rate was about 20%. 
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Preliminary tests Refers to a period, before the survey started, in which we tested 
and optimised both interaction modalities (i.e. the postal 
questionnaire and the guidance for the field interviews). The goals 
of this period were: 1) minimise the time for an 
interviewee/respondent to answer and 2) minimise the risk of the 
respondent/interviewee misunderstanding the questions. 

Present address The address to which we have sent the postal questionnaires. 

Radar Manoeuvring Area 
(RMA) 

The Radar Manoeuvring Area (RMA) is the airspace in which 
Gatwick approach units can safely vector aircraft. Definition from 
http://ivao.co.uk/atc/egkk/app 

Region Another name for the survey area, used for the case of 
Penshurst/Speldhurst/Bidborough, where the survey area covers 
more than one village. Region 1 = Crowborough, Region 2 = 
Tunbridge Wells; Region 3 = Penshurst/Speldhurst/Bidborough; 
Region 4 = Cowden. 

Respondent One of the persons who returned the postal questionnaire. 

Response rate The ratio between the number of respondents/interviewees and 
the overall number of people approached by each interaction 
modality. 

Sample Depending on the context, it refers either to the respondents, the 
interviewees or, for some questions common in both interaction 
modalities, to both. 

SEL Measured in dB, the Sound Exposure Level (SEL) indicates the 
overall acoustic energy in a defined noise event (e.g. a plane 
passage) and therefore considers also its duration 𝑡𝑡. For an event of 
constant sound pressure level, this gives:  

𝑆𝑆𝑆𝑆𝐿𝐿 ≈ LA,max + 10 ⋅ 𝐿𝐿𝐿𝐿𝐿𝐿10𝑡𝑡 [square event] 

For a plane event, a better approximation of the event is with a 
triangle [2]. If the sound pressure level increases at a rate 𝑎𝑎 (in dB 
per second) and then decreases with a rate −𝑎𝑎 after reaching 
𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 then  

𝑆𝑆𝑆𝑆𝐿𝐿 ≈ LA,max − 10 ⋅ 𝐿𝐿𝐿𝐿𝐿𝐿10𝑎𝑎 + 9.4 [triangular event] 

According to NNG [2] (page 3), a practical formula for plane noise 
would be: 

𝑆𝑆𝑆𝑆𝐿𝐿 = 23.9 + 0.81 ⋅ 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 

Single plane observations A set of answers collected during field interviews. Whenever a 
plane could be seen in the sky, the flow of the discussion was 
interrupted and the interviewee was asked to judge the height/size 
and annoyance on the specific plane. Typically, we would try to get 
up to three such observations during a 15 minutes’ interview. 
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SLOW Time-averaging constant for acoustic measurements: it corresponds 
to 1 second. 

Steering Committee A team of experts was selected by Gatwick Ltd. to advise and 
comment on the findings of this research work. The steering 
committee, chaired by Steve Mitchell from ERM, held regular 
meetings with the Sussex team.  

Survey area One of the 3 main locations used for this study. Each of the survey 
areas comprised 300 households, at least one park and some shops. 
Two of the areas are clearly located in a single town – i.e., 
Crowborough (TN6), Tunbridge Wells (TN3) – while one comprises 
parts of three different villages: Penshurst, Speldhurst and 
Bidborough (all under the same postcode, TN3). 

Survey area (pilot) Refers to the survey area in Cowden (postcode: TN8), which was 
used as a pilot. 

The Sussex team This refers to the team of researchers from Sussex University that 
worked on the present study involved into this study i.e. Dr. 
Gianluca Memoli, Dr. Giles Hamilton-Fletcher, Mr Federigo Ceraudo. 

Visual distance The distance between an observer and a passing aircraft, along the 
line that connects the two. It is calculated adding in quadrature the 
lateral distance and the height of the plane over ground. 

Volunteers Refers to the respondents of the postal survey who shared their 
contact details, to be considered for the third part of the study i.e. 
the long interviews by appointment. Only a random selection of 
these volunteers was interviewed.  

Westerly arrivals The planes arriving to Gatwick from the East, which are the subject 
of this study.  
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1 Executive summary 
Introduction 

This study responds to one of the recommendations of the Gatwick Independent Arrivals Review [5], 
commissioned by Gatwick Airport in 2015, which highlighted the need for independent academic 
research on the relationship between the altitude of planes, their noise, and the perceptions of 
residents under the arrivals flight paths (see also www.gatwickairport.com/nmb).  

The need for additional research arises from a lack of studies relating plane height to community 
perception and from the suggestion, captured during the Arrivals Review, of a link between 
annoyance and the commonly reported perception that “planes are flying lower than before”. 

Background 

It is well accepted that, for a given noise level, aircraft are perceived by local communities to be 
more annoying than other sources [2]. Our literature review also identified different studies 
reporting “an ongoing increase in aircraft noise annoyance in communities”: for the same noise 
level, these studies record more annoyance to people than, say, 10 years ago [6]. The reasons for 
this increase are still unclear: part of the research community attributes this to the “rate of change” 
in the number of aircraft movements [7] and in the composition of aircraft fleets (e.g. over the scale 
of 1 or 5 years [8] [9]), while others report a general change in the attitude towards planes and an 
increase in the weight of non-acoustical factors [10]. The reported effect on community perception 
of the altitude of planes, described in detail in the Arrivals Review [5] and very briefly mentioned 
elsewhere [11] [12], suggests a combined effect of visual and acoustic factors. This cross-modal 
interaction on acoustic judgements has been highlighted in the context of quiet areas [13], but its 
presence in the case of planes needs to be further understood. This study is a first attempt to 
address this aspect of community perception.  

The study focuses on the communities in areas where planes are on their approach to Gatwick 
airport (‘arrivals’), and focused on 4 populated areas between 15 and 30km from the airport, well 
outside the usual 𝐿𝐿𝑒𝑒𝑒𝑒,16ℎ = 57 dB contours. 

Scope and Method 

In this study, we investigate the correlation between objective numerical indicators (airplane height, 
size and noise levels, as determined by measurements) and community perception. We answer 
perception-oriented questions such as “is height perceived by individuals reasonably accurately?” 
and “Is there a correlation between aircraft size and height perception?”.  We compare perception 
and measurements with the impact of noise on the local communities around Gatwick and therefore 
provide answers to questions like “do people react worse to ‘low flying’ (i.e. lower than normal) 
aircraft and to what extent is this because they are noisier? “and “on which activity in the home is 
plane noise most impactful?”. 

To the authors’ best knowledge, this is the first time that academic researchers have attempted to 
tackle the relationship between the height of planes and how they are perceived, so it was necessary 
to design a novel method of collecting community responses: not only questions focused on height 
perception, but also a new way of interacting with the residents to maximise their participation. We 
decided to use a combination of postal questionnaires (traditional) and 15-minutes in-person semi-
structured interviews (for the first time used as a study of this type). While the two surveys had 
some key questions in common (to compare the two samples), they addressed two distinct aspects 
of community perception: long-term and short-term. Both surveys were supported by noise 

http://www.gatwickairport.com/nmb
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monitoring and radar based flight tracking data (NTK monitors), which run in parallel throughout the 
study, and gave detailed accounts of noise levels and aircraft height distributions for plane events 
with 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 ≥ 55 𝑑𝑑𝑑𝑑𝑑𝑑. Thanks to the collaboration of the residents, in the period August-
September 2017 we collected 112 postal questionnaires (“postal sample”: 20% response rate) and 
123 in-person interviews (“field sample”: 30% estimated response rate). The two samples were 
randomly chosen and were both representative of the local demographics (i.e. as given by the local 
data from CENSUS 2011). At least for the questions equally repeated both in the postal 
questionnaire and during interviews, the two social surveys can be compared, allowing access to a 
“total sample” of 203 individuals (having taken out participants that randomly took part in both 
surveys). During the field study, we discussed with the interviewees more than 240 aircraft arrivals, 
as they occurred during the interviews (“single-plane observations”). While the two social samples 
may seem relatively small, since they both represent independently the local demographics, we 
believe them to be sufficiently representative to highlight trends.  

Perception of Height – study findings 

Results show that, when asked about the “average plane”, both respondents and interviewees, in 
each location, had in mind a clear image, which is positioned at a specific height, size and visual 
distance from where they live. In this study, we found that the characteristics of this “average plane” 
correspond to the most frequent plane in the height, size and visual distance distributions as 
obtained from CASPER data. In summary, respondents know very accurately where most of the 
planes are and how the most frequent planes should appear when viewed from the ground. 

Conversely, when asked to assess precisely the height of a plane (including the “average plane” or 
the “lowest plane”), most of the respondents underestimate the height. On average, both postal 
respondents and interviewees judged the planes they spotted to be 1,200-1,500ft lower than 
reported on CASPER, even after correcting for local ground height. This under-estimation is repeated 
in all areas, irrespective of the actual distance between ground and plane levels. We also found 
evidence that respondents tend to overestimate plane size, by as much as twice for planes further 
away from the observer. In summary, we found that most respondents could correctly judge the 
characteristics of the “most frequent plane”, but not its height and size in an absolute way. 

In these conditions participants were very good in perceiving changes from the “average plane” and 
these changes, more than the absolute value of height and size of a passing plane, were correlated 
with whether plane noise “annoyed, disturbed or bothered” them or “disturbed their sleep”.  

Hours in the field monitoring arrivals and talking to residents, showed that participants made their 
long-term perceptions of height and annoyance based on the lowest/noisiest planes: 35% of the 
interviewees (43 out of 123) set the maximum of their personal annoyance scale on these planes. 
This is a novel result, that could only be achieved looking at planes singularly. If confirmed by a larger 
sample, it may have a significant impact on airport noise management policies (which are currently 
guided by average values).  

We also found that while about 47% of the postal sample (53 out of 112) think that the height and 
size of the “average plane” did not change in the past 12 months, the opinion changes when 
comparing to 5 years ago (i.e. only 25% of the postal sample, or 28 out of 112, reported no change 
compared to 5 years ago). A more thorough analysis shows that while only 15-16% of the postal 
sample (17 out of 112) think that the “average plane” is larger and lower than 1 year ago, about 34% 
of the postal sample (38 out of 112) reported that the “average plane” is now bigger and lower than 
5 years ago. There is therefore evidence, confirmed by the field survey and the open feedback 
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received, that a net change in the perceived “most frequent plane” happened between 5 years ago 
and last year, and that this change is still affecting people’s judgement. 

In this sense, even within our limited statistics of single plane observations, we found evidence of a 
number of planes repeatedly flying lower than the “average plane”. This finding was confirmed by 
the NTK measurements and was sufficient to support the public view that there are planes flying 
much lower than the “average plane”.  

In order to quantify this phenomenon of the scale of the whole arrivals, GAL asked Helios to conduct 
a more detailed research of the airports radar profiles. Looking at the summer period (July to 
September) in the past 5 years (2011, 2012, 2013, 2015 and 2016), Helios found that while the 
height of the “average plane” did not change much, a small proportion of planes (2-5%, depending 
on location) has started flying much lower (by more than 1,000 ft.) than the “average plane”. These 
planes have always been there, but in recent years their number has increased. In the context where 
the perception scale is set by the “lowest plane”, these numbers are crucial: at peak hours there is at 
least one plane which hits the maximum of the annoyance scale. Such percentages also agree with 
what we recorded in the field survey: 50% of the interviewees (62 out of 123) reported noticing only 
a limited number of “extremely low or extremely noisy” planes each day. Addressing what is causing 
these outliers and reducing them may potentially reap a large benefit for the community.  

Finally, our sample of 240 planes did not highlight a direct correlation between perceived height and 
size, but both factors were dependent on visual distance (i.e. how “close” a plane is to the observer) 
and on the noise produced by the passing plane. We found a correlation between the intensity of 
the noise produced by a passing plane (e.g. its SEL) and its perceived height: according to our data, in 
the range of heights explored, the height of a plane is perceived to be 250ft lower that it is for every 
dB above 67.5 dB This is different from having an increased noise due to a lower height: for the same 
height above ground, noisier planes were perceived to be lower by most of our 123 interviewees. A 
similar correlation with 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 was also present, but weaker, confirming that some acoustic 
indicators may correlate better than others with perception. Further study would be needed on this 
aspect, for example to consider how much the plane event noise level exceeded the background 
noise and the number of successive noisy events [14]. 

Other Relevant Findings 

We found that 40-50% of our postal survey sample (i.e. 50-56 of 112 respondents) were not 
“annoyed, disturbed or bothered” by plane sounds when indoors. This percentage, however, 
dropped to 30% (34 out of 112) when the respondents were asked to consider their time outdoors: 
15-20% of the respondents (17-22 out of 112) stated that plane sounds prevent them from “enjoying 
the outdoor” or “opening their windows”. As confirmed by the open feedback provided at the end of 
the postal questionnaire and by the field interviews, for 10-15% of our total sample (20-30 out of 
203) the impact on their quality of life outdoors seems to be what causes annoyance in the first 
place. This agrees in principle with one of the key findings of the SoNA study [15], which highlighted 
an increased annoyance for participants with a garden.  

In terms of sleep disturbance, postal respondents who reported a low sensitivity to awakening (26% 
of the sample, or 29 out of 112) also reported low disturb during their sleep. Conversely, when asked 
when they mostly notice planes, one third of the interviewees reported being awakened “at night” 
(20%, or 25 out of 123, between 23:00 and 03:00) or “in the early morning” (13%, or 16 out of 123, 
between 05:00 and 08:00). We did not check whether these planes tend to fly lower, but if they are 
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much noisier than the background, they may be perceived to be lower anyway due to the 
relationship between noise and perceived height. 

Field interviews captured more participants that were not disturbed by plane sounds (45% of the 
interviewees, or 55 out of 123, vs. 25% of the postal respondents, or 28 out of 112), but also 
highlighted a wide divergence of perceptions between individuals. It was not uncommon to find 
someone highly annoyed living next door to someone who did not notice planes or even “enjoyed” 
them. It is not surprising, then, that our data did not highlight an effect of non-acoustical factors like 
house type or employment conditions on self-reported annoyance.  

We could highlight, however, an effect from having sound insulation on the feeling of “being in 
control”: a non-acoustical factor that correlated well – in both our samples – with reported 
annoyance (i.e. the more perceived control, the less annoyance). Nearly 18% of the total sample (37 
out of 203) declared to be without any noise insulation at home and about 30% of these (i.e. 11 out 
of 203, or nearly 5% of the total sample) felt they have no control on noise. Conversely, of the 
respondents with double glazing (i.e. 83 % of the postal sample, or 93 out of 112), one-third (31 out 
of 112) reported they can “shut noise out” when indoors (i.e. control score ≥ 9) and are therefore 
less annoyed, disturbed or bothered by plane noise, at least in the winter months.  

While the percentage of highly annoyed does not seem to depend on the survey area, we found a 
higher average level of annoyance in the less urbanised areas (survey areas of Cowden and 
Penshurst) compared to the survey areas where other sources of sounds were more present (i.e. 
Crowborough and Tunbridge Wells). This difference could not be justified by self-reported sensitivity 
to noise and there was insufficient data to confirm whether it depends on expectations on the 
surrounding environment (i.e. on how much plane noise overcomes the other sources). Certainly, 
while NTK measurements assign a similar 𝐿𝐿𝐴𝐴𝑒𝑒𝑒𝑒,16ℎ due to aircrafts to the 4 survey areas, Cowden and 
Penshurst are interested by the lowest “average planes” in this study. Further data would be needed 
to fully understand the weight of this non-acoustical factor in our survey areas. 

Finally, asking both the postal respondents and the interviewees “when you would consider a plane 
to be flying over you?” we were able to compare the “definition of overflight” proposed by  
CAP1498 [16] with community perception. We found that a 48° angle represents significantly better 
the perception of both samples. In terms of the total sample, a 60° angle from the horizontal works 
for 44% of our participants (90 out of 203), while a 48° angle agrees with the perception of 71% of 
our total sample (144 out of 203). This suggests a potential advantage in designing a flight path 
strategy based on the 48° angle. 
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2 Introduction 
This study responds to recommendation Imm-15 of the Independent Arrivals Review [5], 
commissioned by Gatwick Airport in 2016, which highlighted the need for independent academic 
research investigating the relationship between the altitude of planes, their noise, and the 
perceptions of residents under the arrivals flight paths. 

The need for additional research is justified by the lack of studies relating plane height with 
community perception, in a context where different studies across the world register an increased 
annoyance towards plane noise in correspondence with the general belief that planes are flying 
lower than before (see section 3.3). 

This work was commissioned by Gatwick Airport Limited (GAL) in July 2017 to an independent team 
at the University of Sussex. The university was tasked to provide a wholly independent professional 
survey over the summer (August-September 2017), when the number of flights reaches its peak and 
the noise is typically highest. To do this, a research team of scientists from diverse backgrounds was 
formed, selected among Sussex employees (see section 2.1). 

Section 3 presents a critical analysis of the existing literature, focused on the different parameters 
that may affect community reaction to planes, either acoustic or not. In this report, we (i.e. the 
research team) use this section to put our research in context, discussing different results and 
highlighting the relationships between self-reported annoyance and non-acoustical factors, like 
plane height.  

Since we felt that the question “is there a relationship between annoyance due to planes and their 
height/size” had never been addressed properly, we proposed an initial study covering 
simultaneously long-term exposure, short term exposure and specific case studies. In a way, since 
we did not know where to look, as we found no precedent study, we had to cover all bases. As 
described in section 4, the methodology included postal questionnaires, field interviews, noise 
monitoring and plane tracking. For the first time with real planes, we tried to capture both acoustical 
and visual aspects of their impact on the community. The procedure was reviewed by the Sciences & 
Technology Cross-Schools Research Ethics Committee at the University of Sussex 
(crecscitec@sussex.ac.uk), under project reference number ER/GM330/1. 

To achieve this goal, we selected three main locations, characterised by different (measured) 
average aircraft heights (referred to ground level): Crowborough, Penshurst and the centre of 
Tunbridge Wells. Each of these locations comprised 300 households and, for the duration of the 
study, was covered by a noise monitoring unit (“NTK unit”, provided by Gatwick and managed by 
one of their contractors). A postal questionnaire – focused on long-term perceptions – was sent to 
450 randomly selected households on 23/08/2017, covering 50% of the households in each selected 
survey area. We also decided to conduct a pilot study in Cowden, where both arrivals and 
departures are present. We therefore sent the postal questionnaire also to 100 households in 
Cowden (50% of the households in the selected survey area). The survey was well received and 112 
useful questionnaires were returned in the first two weeks of September 2017. More than 90% of 
the returned questionnaires also included open feedback. The anonymous analysis of this part of the 
study can be found in section 5. 

In parallel, we started to visit the selected areas, to get our own assessment of the local noise 
climate and to conduct field interviews, focused on the immediate impact of different plane 
altitudes. Interviewees were addressed either on their doorstep or in a local park and invited to a 15-
minutes “plane-spotting” activity. The duration and the informal nature of the interaction were 

mailto:crecscitec@sussex.ac.uk
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designed to maximise response: during September 2017, it was possible to collect 111 interviews 
(30% estimated response rate). The anonymous analysis of this part of the study (section 6) also 
includes the answers of a randomly selected group of (12) people who accepted to disclose their 
identity while responding to the postal questionnaire (i.e. a total of 123 interviews).  

Section 7 reports the answers to some of the key questions in this study (as summarised earlier, in 
section 4.2), as assessed during the 243 single-plane observations of the field survey. We also discuss 
here the measurements relative to these planes conducted using the NTK monitors and Sussex’ 
noise meter. Some of the findings reported in this section triggered further analysis, that can be 
found in sections 8 and 9. 

The research team, in fact, strongly believes that community perception studies cannot be complete 
without the analysis of a larger sample of quantitative data. For this reason, this report incorporates 
the work of two consultants, who independently produced a noise climate analysis (ERM 
Consultants, section 8, based on the NTK data) and a plane movement analysis (Helios, section 9, 
based on CASPER data [17]). Both analyses were produced to address some of the open questions 
resulting from the social surveys, in a bottom-up approach. 

Section 10, finally, presents some meta-analysis on the two social surveys described above (sections 
5-6) and compares their findings with the quantitative data (section 7-9), discussing differences and 
similarities. This comparison leads to the conclusions of this study and highlights its limitations: both 
are summarised in section 11. 

This study would not have been possible without the response of the people in the selected 
communities. They have spent their time answering our questions, plane-spotting and sharing their 
opinions with us, hoping that this additional information will facilitate discussions with their local 
airport. Our sincerest thanks go to all participants. 

2.1 About the team 
Due to the suspected multi-sensory relationship between plane height and community perception, 
the University of Sussex put together a team comprising experts of different disciplines. The team 
was led by Dr. Gianluca Memoli a lecturer in Interactions, with experience in soundscape assessment 
and noise-related questionnaires, and included Dr. Giles Hamilton-Fletcher (a psychologist, whose 
expertise sits at the boundary between visual and acoustic perception) and Mr. Federigo Ceraudo (a 
visiting summer student, with experience in environmental noise monitors and data analysis, who 
joined for the month of August 2017). The team conducted interviews and measurements together. 

The Sussex team held periodic meetings with a Steering Committee, chaired by Steve Mitchell and 
comprising Gatwick personnel (Vicki Hughes, Andy Sinclair, Brendan Sheil), external consultants 
(Matt Brooks, Colin Grimwood) and a representative of Gatwick’s Noise Management Board 
(Graham Lake, who is also one of the authors of the Arrivals Review). The Steering Committee 
questioned our choices and the methodology used, to make sure that we responded to the 
questions set (by the community) in recommendation Imm-15. Dr Colin Grimwood, who has 
previously managed several national noise attitude surveys, provided an independent review of the 
methodology used and the presentation of our results. Colin also reviewed a final draft (January 
2018) of this report.  Responsibility for all underlying data analysis and the final content of this 
report rests solely with the main report authors. 
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3 Background 
In January 2016, the Gatwick Airport Independent Arrivals Review team published their report of 
concerns surrounding the impact of airplanes utilising the Gatwick arrival flight paths, focusing on 
key topics specified by residents, concerned individuals and elected officials in these areas. While 
most of research into community annoyance from aviation relates to the impact of noise, other, 
sometimes related factors remain almost entirely unstudied, both near Gatwick and internationally, 
despite being mentioned as a core concern by affected communities. For the Arrivals Review, this 
produced ‘recommendation Imm-15,’ suggesting independent academic research exploring the 
factors surrounding aircraft height, both in terms of recorded flight data and community 
perceptions. Through providing an examination of both the objective and subjective factors 
surrounding flight height, the present report aims to not only quantify the effect this characteristic 
has on affected communities, but also provide a template for further academic work in this area. 

3.1 Gatwick Outline 
Gatwick is the second largest and second busiest airport in the United Kingdom, with flights catering 
to the largest number of destinations of any UK airport i.e. 228 destinations across 74 Countries, 
with 60 additional connections being planned for implementation in late 2017 [18]. In 2016, Gatwick 
was responsible for over 275,000 flights – a figure representing both departures and arrivals, for 
what is probably one of the busiest runways in the world. For the month of August 2017, the total 
number of flights was up on the previous year by 0.4% with over 28,000 flights (departures & 
arrivals), furthermore Gatwick also reported a 4% increase in the total number of flights for the last 
12 months (Sep-16 to Aug-17), with long-haul flights up by 11.1%, in comparison to the 12 months 
prior to that (Sep-15 to Aug-16). While Gatwick features a wide range of airlines, the air traffic is 
dominated by the following companies catering to the largest number of passengers with Easyjet 
(40%), British Airways (15%), and Norwegian (9%) [18].  

3.2 Community concerns 
During the social surveys described in this study, many participants shared with us (i.e. the Sussex 
team) their reasons of concern on Gatwick arrivals. While most are widely known, as they are 
detailed in the Arrivals Review [5], we decided to summarise the ones we encountered most often in 
this section, for easy reference.  

3.2.1 Presence of “whining noise” 
The Airbus A320 family of aircraft (A318 / A319 / A320 / A321) have been the focus of recent 
community concern regarding their production of a distinctive ‘whining’ noise, resulting from airflow 
passing over circular vent holes in the wing. This distinctive noise produces a spectral pattern with 
higher dBs for the higher frequencies (see Figure 3-1). Both Airbuses produced after February 2014, 
and those retrofitted with a cavity vortex generator modification over the wings – known as the Fuel 
Over Pressure Protectors (FOPP) – do not feature this characteristic ‘whine,’ with most of the airlines 
committed to complete retrofitting these modifications on their fleet by December 2017.  
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Figure 3-1. Spectrogram of A320 series aircraft noise (3 seconds) either before (left) or after (right) a vortex generator has 
been installed. Darker patches indicate higher amplitudes. Of note are the substantially higher amplitudes in the 0-1000 Hz 
range, but higher amplitudes are also present for several bands of frequencies above this. After the modification, the 
spectral profile is more uniform and features a lower intensity overall. 

As of this study, most of the planned vortex retrofitting has already been completed [19]. In 
addition, with effect from 1 January 2018, a new noise charge will apply to any A320 family aircraft 
(A318 / A319 / A320 / A321) which does not have the FOPP modification. 

For the purposes of this study, the possibility of distinguishing some planes over the others (from 
their characteristic noise) even when not visible (e.g. when above the clouds) may have had an 
impact on their perceived height, which needs to be assessed. 

3.2.2 Joining point change (2013) 
Flight path changes have also been mentioned as a key source of friction, like at many other airports 
across the world. For the participants to our surveys, the main event to report was a “change to 
aircraft flight paths in 2013”, which was argued to have produced a more constricted distribution of 
flights for the Gatwick arrivals paths (see also the Arrivals Review [5]). 

There was indeed a change to the minimum ILS1 joining point in 2013, which passed from 7 NM 
(nautical miles) minimum to 10 NM minimum during the day-time period2. Approaching aircraft can 
in fact be directed by Air Traffic Control (ATC) to join the ILS between this minimum point until the 
end of the Gatwick radar manoeuvring area (RMA). Extending the area of automatic control meant 
that, in some cases, aircraft could pick the ILS up at an increased distance and perform a straight in 
approach, thus squeezing the traffic distribution. For communities close to this path, the density of 
‘nearby’ flights increased, with a consequent decrease in the variation of flights (along with the 
associated respite). For other communities, the distribution of ‘overflights’ even decreased.  

Even if the situation has now returned closer to what it was in 2013 (the 8NM minimum ILS joining 
point trial commenced on the 15th August 2016 and transitioned to permanent operations in May 
2017) the lack of variation, respite, and potential increase of overflights have led to suggestions 
favouring a ‘share the impact’ approach from the most affected communities (e.g. “widen the 
arrivals swathe [to] create a fairer and more equitable distribution of aircraft noise” in section 5.7).  

In practice, this change may have created a difference in sensitivity to plane noise over the different 
communities, which needs to be monitored. A change in flight path may even be linked to 
perceptions of decreasing plane height (discussed below) if the two apparently distinct factors 

                                                           

1 The ILS is a radio-system that allows landing even in conditions of bad visibility (see also Glossary). 
2 The ILS at night (23:00-6:00) has been at 10 NM since before 2004 [5]. 
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“narrowing flight paths” and “aircraft height” turn out to be perceptually related in observers. For 
the reasons above, results in this study are presented area-by-area whenever possible.  

In addition, 2017 is for Gatwick the initial year of the process that will lead to the Fair And Equitable 
Dispersal (FED) of arriving aircraft by 2022 [20]. This is a process that involves the Noise 
Management Board (NMB) and the local communities and aims at re-distributing the swathe by 
applying a larger amount of control on arriving aircraft. Investigations on the relationship between 
visual distance and height may inform this process too. 

3.3 Introducing Height 
As discussed in the Arrivals Review [5], reports of arrivals aircraft flying at lower heights also started 
in 2013, but there are several key areas surrounding this perception that remain under-explored, 
including both objective and subjective factors.  

In terms of objective factors, the distribution of aircraft heights over a given month, the number and 
height of outliers, other related factors surrounding aircraft (their noise profile, size), time (daytime, 
night), or the environment (clear skies, clouds) could all have varying levels of influence on the 
perception of aircraft height. In terms of subjective measures, it is unclear: 

A. how widespread this perception of lowering aircraft height is,  

B. whether all communities along the Gatwick arrivals path report similar experiences,  

C. whether perceptual reports change between live viewing specific aircraft (i.e. short term 
acoustic memory [10]) and long-term memory (as assessed, e.g., by postal questionnaires  
filled at home [8] [11],  interviews by telephone [12] or in-person appointments [15]); 

D. whether reported changes in height are present for all aspects of examining flight heights 
e.g.  attempts at objective descriptions, subjective descriptions, and visual size tasks. 

All these aspects state the focus of the present report. In addition, the same concept of plane height 
requires some important distinctions to be made:  

1. While height-tracking data for arrivals at Gatwick are objectively measured relative to 
Gatwick’s ground level, the perceived height of aircraft will be influenced by local conditions 
(e.g. the local ground-level, but also the distant one for highly off-set flights), by the 
presence of reliable comparison points (e.g. cloud formations at a similar height as the 
plane) or by memory of previous flights.  

2. The “height” needs to be distinguished from the “visual distance” (i.e. the distance along the 
line connecting the observer and the plane), as aircraft at similar heights will be at different 
distances, depending on how close to being overflown the observer is (i.e. the angle 
between the plane and observer).  

From the visual point of view, some of the reporting by individuals of ‘decreasing aircraft height’ 
since 2013 i.e. “closer” and “lower” could be perceptually linked. For this reason, both height and 
visual distance will be monitored in this study. Other causes behind the perception of “decreasing 
aircraft height” may be: 

• the presence of more outlier planes (i.e. atypical heights); 

• an actual increase in planes operating at a relatively low height;  
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• if ‘plane-observer distance’ rather than plane height is the primary factor, an increased 
density of ‘near’ flights to the observer (this may or may not be related to the 2013 change 
of the ILS minimum point); 

• changes in the fleets arriving at Gatwick, as there might be a relationship between the 
produced noise levels and the planes’ average visual size perceived by the observer.  

One potential side effect is that for communities that have been positively affected by the change to 
Gatwick’s arrival flight path (i.e. are less overflown now, than prior to 2013), may be predicted to 
have the perception of increased plane height, due to the lower number of overflights. 

3.4 Community reports of plane height 
Reports to the independent arrivals review suggested that there was a community perception of 
“lower aircraft” relative to years prior. The Arrivals review suggests that this may be due to the 
changing fleet makeup, with larger, but similar proportioned planes being increasingly used over 
time [5]: an argument used by other studies to explain an increased awareness of plane noise [9].  

The explanation proposed in [5] is that the difficulty inherent to making judgements of size, when 
the distance / height of the plane is ambiguous, may mean that observers believe that the planes are 
closer due to their larger visual size during observation and, potentially, due to a potential 
contribution on the acoustic side (i.e. larger aircraft may appear even bigger due to increased noise).  

For the present study, gathering information on how accurate observers are at making size/height 
judgements on distant planes will shed light on this potential explanation, and contextualise the 
‘perceptual height and distance’ a plane must be at, given the combination of both the ‘visual size’ 
and ‘physical plane size’ judgements made by its observers. 

Community perceptions around the height of aircraft are likely also influenced by the increasing 
prevalence of applications used for tracking plane movements, most notably, ‘Flightradar 24’ which 
provides a live view of the flight path of each plane, so that planes observed in the sky can be linked 
to planes indicated on the application. However, the height information given here is relative to sea-
level rather than local ground level which may provide misleading height data for app users. 
Potentially more relevant flight height data is provided by CASPER, and is given relative to Gatwick 
ground-level, albeit, with a slight time delay during app usage. As such, the exposure and context 
that the affected communities have to specific flight height data, is potentially misleading, and may 
further fuel distrust, both in terms of conflicting aircraft heights (e.g. Flightradar 24, Casper), and 
context (relative to Gatwick / Sea-level, and relative to local ground-level). At present there is no 
automatic height data that is adjusted for local ground-level for communities. 

3.5 Overflights 
The extent to which a flightpath is said to have ‘overflown’ a community or observer, depends on a 
variety of physical factors and is associated with specific effects on perception – both auditory and 
visual. With the change to the Gatwick arrivals flight path in 2013, different communities would have 
experienced more or less overflights than prior to 2013. As such, the influence that an ‘overflight’ 
has on communities in terms of the perception of planes is of particular importance to establish. In 
order for airports to have a working definition of overflight, the Civil Aviation Authority produced a 
series of physical thresholds that had to be reached for a plane to officially ‘overfly’ an area [16]. 
These factors include the following (see Figure 3-2):  
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• the plane must be at an altitude below 7,000 ft (relative to sea level), 

• the plane must stay within a 60-degree elevation angle (i.e. the angle starting from the 
ground to the plane), which is expected to produce a 1.5dB decrease in noise relative to 
direct overflights (an angle of 90 degrees). 

• As a second option, [16] proposes to consider an angle of 48.5° (corresponding to a 3.5 dB 
decrease in noise relative to direct overflights). 

Even if at these two angles the reduction in dB relative to a direct overflight is mainly due to 
geometrical diffraction3, “atmospheric scattering effects, engine shielding (which is also influenced 
by engine type/location) and, at lower elevation angles, ground absorption” may all be relevant [16]. 
As such, whether a plane is flying over or not may be a more salient perceptual auditory marker to 
observers on the ground.  

In addition, the extent to which observers agree with the visual angle proposed is currently not 
known. Quantifying the community perception on this will help to consolidate community and 
airport perspectives. Prior research has noted that annoyance from the number of overflights levels 
off at 50 per 24 hours, and that some noise indices better predict community annoyance and activity 
disturbance better than others [21]. For communities experiencing more overflight from arrivals 
than pre-2013 levels, this may also help explain the reports of lowering aircraft height for the 
following reasons; increased saliency of individual planes (auditory dB, visual size), increased saliency 
for air traffic quantity (i.e. more are noticed in a set period of time), may result in the perception or 
reporting that planes are of a ‘lower height’ rather than planes being ‘less offset’ or having a ‘closer 
distance’ to the observer.  

 

 

Figure 3-2. Working definition of ‘overflight’ from observer perspectives from CAP 1498, using an elevation angle of 60 
degrees [16]. 

 

In terms of decreasing dB from decreasing elevation angles (i.e. more offset to the horizon), angles 
below 40 degrees elevation correspond to exponentially decreasing dB levels. As such, this may be a 

                                                           

3 The distance linking the plane to the observer increases when the angle relative to the ground decreases. 
Consequently, for the same plane the noise level is lower. 
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more salient perceptual auditory marker to observers on the ground, in addition, the extent to 
which observers agree with the visual angle proposed is currently not known. Quantifying this aspect 
of perception will help to consolidate community and airport perspectives.  

3.6 Seasonal effects: summer 2017 
The busiest months for arrivals and departures according to Gatwick’s own data were between July 
and September for both 2015 and 2016 (see Figure 3-3)4. During the summer months, an increase in 
air traffic (due to holiday destinations) typically happens alongside an increase in outside behaviours 
(due to warmer temperatures) and a reduction in insulation against noise in households (due to the 
open windows). These effects combined increase exposure to the effects of planes, both in terms of 
noise, and visually [22]. As a result, the summer months are likely to produce higher general 
annoyance and official complaints around planes: a change that will also impact on social survey 
results [23]. By running this study in August-September, we (i.e. the Sussex team) wanted therefore 
to gauge the impact of planes during their most impactful time of year.  

During 2017, however, there have been several newsworthy events affecting air traffic near Gatwick. 
These include a reduction in Ryanair flights during September and October, due to simultaneous 
holiday time for pilots being taken, as well as Monarch airlines going into administration on the 25th 
of September. The impact on both events Gatwick’s arrivals is likely to have been minimal (both 
Ryanair and Monarch are not the major carrier in Gatwick), but general members of the public will 
have been informed of them, and this may have influenced their perceptions.   

 

 

Figure 3-3. Gatwick Air transport movements (arrivals and departures) per month for 2015 and 2016.  

 

                                                           

4 The data relative to 2017 were released too late to be analysed in this report. 
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3.7 Noise and annoyance 
Triggered by the European Noise Directive [24], the past 15 years have seen an increasing scientific 
attention into the relationship between environmental noise and its impact on local communities, 
both within the UK and internationally. Understanding the wider context and specific factors that 
lead to negative effects – such as increased annoyance – is now accepted as a crucial step towards 
mitigating e.g. negative-health outcomes [25].  

In this section, we summarise a selection of studies relevant to the present research project, starting 
with a glimpse on established noise indicators and methods to assess annoyance, and ending with an 
examination of the most recent academic context.  

3.7.1 Measuring noise 
The most common way to evaluate the acoustic impact of aviation noise is by noise indices. These 
are used to unambiguously indicate sound pressure level changes in dB produced by aircraft, with 
these measurements taken from the ground underneath the flight path using geographically 
distributed noise monitors (NTKs). The frequencies present in the sound are then weighted in one of 
a variety of ways (see Figure 3-4):  

[A-weighting] uses loudness equalisation contours between 20 and 20k Hz [26] [27] and weights the 
frequency components according to typical human hearing sensitivity for those frequencies - 
reducing the impact that lower frequencies and infrasound (<20 Hz) have on the final dBA value;  

[C-weighting] increases the impact that low frequencies and infrasound have on their value;  

[Z-weighting] dB score does not apply any weighting based on human hearing characteristics. 

While A-weighted dB scores are the most common acoustic metric used for evaluating the impact of 
aviation noise, C-weighted dB scores can provide a better correlation with certain sensory 
annoyances such as low frequency noise or physical vibration in take-offs [28]. 

 

 

Figure 3-4 Frequency weighting for dB weighting curves. Red line indicates A-weighting, while the blue dotted line indicates 
C-weighting. 
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There are a variety of noise indices that report specific properties of either individual ‘noise events’ 
(e.g. a single plane passing by) or over certain periods of time - either with or without weighting 
applied to specific times (e.g. daytime, night). The most common metrics for aircraft noise are [29]: 

• 𝑳𝑳𝑨𝑨,𝒎𝒎𝒎𝒎𝒎𝒎 – This metric reports the highest dBA level recorded for an individual noise event [30] 
[31]. Typically, the loudest point in a noise event corresponds to the closest distance 
between the noise tracker and the aircraft. 

• 𝑺𝑺𝑺𝑺𝑳𝑳 – (Sound Exposure Level) This metric reports the whole energy associated with a plane 
event, without time averaging. 

• LAX – The sound exposure level refers to the length of time that a given’s sound events 
pressure level is 10 dBA below the maximum sound pressure level recorded for that event. 
[currently not used at Gatwick] 

• LAeq – When a noise varies over time, the 𝐿𝐿𝑒𝑒𝑒𝑒 is the energy, measured in dBs, of the 
equivalent continuous sound which would contain the same sound energy as the time 
varying sound. The letter “A” refers to the A-weighting discussed above and this metric 
requires to state clearly the period of reference. In the case of plane noises, values are 
typically averaged between 7am and 11pm over all days during the ‘Summer Busy’ season 
for aircraft (typically June 16th to September 15th), according to the Aircraft Noise Index 
Study [29]. This metric with these recommendations is referred to as the LAeq, 16h with 1990 
UK Government thresholds for this metric classed as low (57 dBA), medium (63 dBA), and 
high (69dBA) annoyance brackets, with 57dBA being the threshold for ‘significant 
community annoyance’ [32] [33]. The current threshold is now 54 dB. 

• Lnight – for plane noise, it indicates the LAeq calculated over the period 23:00 – 07:00, typically 
averaged over the “Summer Busy” period. 

• Lden – indicates a 24-hour annual average noise level, with separate weightings for the 
evening and night periods. Introduced by the European Noise Directive (2002/49/EC [24]), in 
the UK this metric splits the 24-hour period into day (7am-7pm), evening (7pm-11pm), and 
night (11pm to 7am). The purpose of this classification is to weight the Lden value based on 
recorded sound levels during hours deemed more disruptive to the community, with the 
following weightings for day (1), evening (3.16), and night (10). 

• N65 / N70 – Indicating the number of times that recorded sound levels exceed either a 65 or 
70 dBA sound pressure level. As such, this metric represents a way of summarising the more 
disruptive flights, with sound level limits chosen based on when dBA levels start to disturb 
speech comprehension.  

These noise indices provide not only a method of rapidly communicating and comparing locations in 
terms of acoustical noise, but also provide important predictors for what percentage of a population 
report being ‘highly annoyed’ by aircraft noise, an exposure-response relationship typically shown in 
Miedema-curves [34] (see Figure 3-5). An examination of these relationships immediately shows 
that, for the same value of LAeq, the community responds differently to air traffic, road traffic, and 
rail noise: the percentage ‘highly annoyed’ (“%HA”, see figure 5) for aircraft noise is higher. This 
result indicates that sound pressure levels are only the tip of the iceberg: they do not account for a 
large number of variables that distinguish these sources. This observation has opened the door for 
evaluating the role that a variety of factors play in terms of annoyance in the community, including 
but not limited to: alternative acoustic indices of noise generated (e.g. temporal variation, frequency 
components); other sensory measurements (e.g. visual noise, vibration), environmental context (e.g. 
quiet / busy environments); the extent of behavioural disturbance; and the social / psychological 
influences on how various types of environmental noise are perceived. 
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Figure 3-5. Example of exposure-response curves for 3 sources of environmental noise from a meta-analysis by Miedema 
and Vos [34]. Percentage highly annoyed persons (%HA) as a function of Day-Night Average Sound Level [35] are shown. 

 

3.7.2 Measuring annoyance 
Following recommendations by team 6 of the International Commission for the Biological Effects of 
Noise [36], measuring the outcomes of noise pollution in terms of annoyance has been standardised 
into a variant of the following question: “Thinking about the last 12 months, when you are at home, 
how much does noise from [planes, traffic, rail] bother, disturb, or annoy you?” This is quantitatively 
assessed using Likert scales, with either a 5-point verbal scale (‘not-at-all’ to ‘extremely’) for use with 
verbal questions, or an 11-point numerical scale (0-10) for use in written questions.  

‘High annoyance’ is typically defined as indicating a score in the top 28% of the scale [34], with the 5-
point verbal scale defined as ‘highly annoyed’ for ‘very’ and ‘extremely’ responses, while it is defined 
as a score 7 and above for the written scale. Since ‘highly annoyed’ takes up 40% of the 5-point 
verbal scale, and 27% of the 11-point written scale, some researchers have suggested that, since the 
responses to the two scales are not easily comparable, smaller weightings should be given to scores 
of ‘very’ (4/5) on the verbal scale (e.g. valuing it as 0.4), to make the scales more comparable [37]. 
Nguyen et al. also suggest that care must also be taken to ensure different languages / cultures view 
the translation of “very” as a similar quantity, equidistant between 3 and 5 on the scale. Similar 
considerations have been applied by Brink et al. [23]. 

Alternative evaluations of annoyance have focused on behavioural measures rather than subjective 
reporting. This was the approach of The Attitudes to Noise from Aviation Sources in England study 
(ANASE 2007) [7]. This study examined the financial cost respondents ‘were willing to pay’ to avoid 
hearing aircraft noise. For individuals living in high noise areas (𝐿𝐿𝐴𝐴𝑒𝑒𝑒𝑒,16ℎ >60dB), the removal of a 
single aircraft was given a valuation of between £5-9 for removing a Jumbo jet (84-95dB), and £2-5 
for quieter aircraft like a Tailjet (67-84dB). While this valuation appears to value reducing aircraft 
traffic numbers greatly, such a change in real-life may go unnoticed if the change barely decreases 
𝐿𝐿𝐴𝐴𝑒𝑒𝑒𝑒,16ℎ values - in response some studies have suggested that the 𝐿𝐿𝐴𝐴𝑒𝑒𝑒𝑒,16ℎ does not value aircraft 
numbers enough [38] [39]. One alternative to these suggestions is that it may be that reducing that 
number from those that are explicitly noticed during specific times of day by observers may be a 
truer reflection of this valuation. Likewise, paying to reduce 𝐿𝐿𝐴𝐴𝑒𝑒𝑒𝑒,16ℎ values were valued at £3.80-
11.50 per dB reduction, and highly dependent on income. However, many respondents valued these 
reducing quantity / loudness metrics at zero (i.e. unwilling to pay), as such, these behavioural 
measures seem less robust than stated preferences regarding annoyance. In addition, some airports 
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that regularly fluctuate in their amount of air traffic without a persistent increase in air traffic have 
seen an increase in %HA over time, as such continual change may in of itself increase annoyance 
[12].  

3.8 Academic Research Context 
The weight of non-acoustic factors. As observed by [34], dB classifications alone do not explain all 
the variation in community responses to noise. Guski (1999) goes further in estimating that only 1/3 
of the variation in annoyance scores can be explained by acoustic measures, spurring a renewed 
focus on examining to what extent other factors explain variations in annoyance, disturbance, and 
health [40]. In a related example, sound levels were found to explain approximately 25% of the 
variation in people’s assessment of environmental soundscapes [41] [42]. This means that, according 
to these studies, 66-75% of variation in annoyance could be explained by non-acoustical factors. 
Examining the respondents’ environment, culture, circumstances and psychological traits are 
broadly covered in the literature. However, aspects such as visual perceptions, expectations and 
judgments regarding these sound sources are rarely covered. 

The soundscape approach. A 2009 report by DEFRA into soundscape research [43] examined over 
academic 500 papers, to evaluate new approaches and thinking around acoustic measurements and 
community responses. By focusing on soundscapes, the report looked at wider contextual factors as 
it examines an individuals’ response to the components that make up their acoustic environment, 
rather than focusing purely on one physical aspect in isolation (e.g. aircraft noise dB levels). The 
authors report a variety of methodological approaches that not only help identify more precise 
patterns and cover the weaknesses of other studies, but also serve to provide more robust support 
for theoretical insights into how individuals evaluate their soundscape environments. This approach 
helps go beyond the physical parameters, instead looking at an individuals’ experience with various 
sound sources, their opinion of the sound source itself, its perceptual prominence against 
background sounds, their memory, behaviour, sensitivity, demographics, culture, and feeling of 
control. The “soundscape approach” provides multiple avenues for explaining variance in the 
annoyance to plane noise, highlighting the multisensory character linked to the experience of a 
passing aircraft i.e., the way observers experience, memorise, and utilise the relationships learnt 
between the planes’ auditory noise, visual size, and spatial height. 

On the process of selecting “sources” from the “background”. As Bregman [44] notes, in a complex 
auditory soundscape, individual sound sources can be identified through their use of different 
frequencies, and/or through temporal pattern variations. The listener is therefore not just a passive 
observer, but can direct attention, picking out and focusing on one of these streams (termed ‘the 
figure’), increasing its impact while dampening the unattended streams’ influence (termed ‘the 
background’). This attentional selection is influenced by the listeners’ expectations and background 
knowledge of relevant sound sources (e.g. aviation experts vs laypeople), as well as their perceptual 
discrimination abilities, to parse, categorise, and attend to their discriminated sound streams [45] 
[46] [47] [48]. A consideration of an individuals’ psychological predisposition to separate out, attend 
to, and evaluate plane noise more regularly than other sources of noise (e.g. traffic, rail, neighbours) 
may also help explaining variations in annoyance. 

On the process of moving “sources” in the “background”. Observers repeatedly show a preference 
for treating several single events (e.g., the noise of a car) as one single, continuous event (e.g., traffic 
noise) even when cumulatively they have higher sound pressure levels than the individual events in 
a quieter context. This change may indicate, over time, the transition of auditory noise from ‘figure’ 
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to ‘background’ with an associated drop in annoyance. This finding has not yet been applied to 
continuous air traffic, but if periods of continuous plane noise are deemed less annoying than the 
status quo – e.g., when air traffic numbers remaining similar – this could provide more respite 
opportunities. A further point to consider is that multiple continuous events (e.g. traffic and rail 
noise) do appear to increase annoyance rather than stop at the limit associated with the ‘more 
annoying’ source [49] [50]. 

Psychoacoustical indicators and the weight of “sound quality”. The combination of frequency and 
temporal variations inherent to sounds generated by specific sound sources not only help distinguish 
it from other environmental sound sources, but also influence the emotive response to the sound 
and assessment of the sound source itself. These acoustic properties relate to not only loudness, but 
other sound qualities such as pitch, roughness, clarity, centre of gravity, sharpness, fluctuation 
strength and timbre [41] [51] [52] [53] [54]. Different planes can produce different qualities of sound 
(e.g. A320 with and without a vortex generator) and the presence of acoustics with particularly 
negative aesthetics may impact on judgements about the value of planes, and deplete a 
psychological trait that helps mediate against noise annoyance. 

Asking the right questions in the right order. Since different individuals will perceive the same 
soundscape differently, care must be taken not to bias recruitment of participants in soundscape 
studies that favour certain interpretations of the environment. Even the process of asking 
participants to evaluate their acoustic environment can fundamentally alter their attention and 
listening strategy (e.g. switching between ‘background listening’ to ‘listening in search’ for sounds), 
putting the investigated sound sources into a more prominent focus and potentially making them 
more distracting, disturbing, or annoying than they would otherwise be5 [55]. Likewise, the verbal 
framing of the questions can direct and influence perceptions [56]. These findings reveal a complex 
interplay of psychological, social, and acoustic factors, when evaluating the reported annoyance 
from a given sound source. As such, care must be taken for questionnaires not to bias respondents, 
by allowing neutral or positive responses to ‘noise sources’ such as planes. In addition, researchers 
and interested parties should be aware that the act of asking questions may increase annoyance as a 
result of altering attention patterns (e.g. “I didn’t notice the plane, but now that you mention it, it is 
annoying”), so care must be exercised to make sure this alleged shift is the same for all participants6. 

The role of vision. The influence of vision on the perception and interpretation of sounds is also 
important to consider, especially when it comes to spatial perception such as those involved in plane 
height judgments. The multisensory interaction is not balanced, since there is a stronger tendency to 
favour visual information on acoustic stimuli, rather than the reverse [57] [44]. A key modulator in 
this is the level of ambiguity present in the sensory signals, where high ambiguity results in increased 
reliance on and influence from alternate senses. When it comes to plane height estimations, the 
isolated visual size stimuli require an interpretation of both distance, and the plane’s physical size. 
Other influencing factors such as the sounds generated by the planes may help to resolve the 
ambiguity when the visual sizes are equivalent between ‘smaller planes, closer by’ and ‘larger 

                                                           

5 As in quantum mechanics, the act of measuring (annoyance) influences the result. 
6 In a study with multiple ways of assessing perception, this is typically achieved by maintaining the same 
question wording and position. 
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planes, further away.’7 Beyond the interaction of vision and audition, other sensory qualities relating 
to tactile vibration, or air pollution will influence and compound annoyance measures [58] [59] [60]. 

Statistical percentiles. If the perception of individual noise events appears to be influenced by their 
relationship with their background, it becomes important to establish acoustic metrics for the 
background and the deviation that individual noise events have from this. Metrics such as the 
statistical percentiles (𝐿𝐿𝐴𝐴95, 𝐿𝐿𝐴𝐴90 , or 𝐿𝐿𝐴𝐴50), describe the lowest dBA value which is exceeded for 
95%, 90%, or 50% of a period respectively. This gives a measurement of the auditory ‘background’ 
that prominent auditory events (the ‘figure’) can be compared to. Understanding the auditory 
context that plane noise is present in can help explain differences between areas due to their 
variation in background noise. 

Dynamical metrics. More complex metrics, like ‘slope’, try to encompass also the dynamic behaviour 
of sounds – i.e. the way an acoustic environment can change with time – and chart simultaneously 
the number of peak dBA noise events, as well as their size and length of build-up, as they become 
more prominent against background sound levels [54] [61] [62]. In this approach, characteristics of 
the “average” event like its duration, its peak value, and the temporal distance until the next 
auditory event become crucial in determining the soundscape that is evaluated by observers. The 
authors of these studies also establish that, for quiet public spaces such as parks, noise monitoring 
over 15 minutes are sufficient to explain the difference between ‘relaxing’ and ‘annoying’ auditory 
environments8. This type of indicator has proven to be very successful in predicting annoyance: for 
road traffic noise, ‘slope’ values managed to get an accurate prediction in 60% of cases, over three 
different countries [54] [61] [62]9.  

3.8.1 The Survey of Noise Attitudes (2017) 
Published in 2017, the Survey of Noise Attitudes (SoNA) examined findings from interviews with 
residents in areas experiencing values of 𝐿𝐿𝐴𝐴𝑒𝑒𝑒𝑒,16ℎ close to and higher than 51dB.  

The SoNA team looked at multiple locations around 9 major airports in England (including Gatwick) 
from Oct 2014 to Feb 2015, addressing over 2,300 respondents in 2014 – to be added to the over 
1,800 responses captured in 2013. Of these respondents, only about 200 were from around Gatwick 
(see Appendix 12.5). 

SoNA examined a variety of demographic, environmental, and psychological factors and their 
prediction for noise annoyance from several sources (plane, road, rail), as well as sub-dividing these 
non-acoustical parameters into different events (e.g. plane arrival, plane departure). Results indicate 
a general increase in annoyance and ‘percentage highly annoyed’ with increasing 𝐿𝐿𝐴𝐴𝑒𝑒𝑒𝑒,16ℎ, 𝐿𝐿𝐷𝐷𝑆𝑆𝑁𝑁 as 
well as the number of noise events above 65 / 70dB.  

Non-acoustical predictors of annoyance included elements related to age (55-74 most annoyed), 
housing (lived there between 1-5 years, lack of double-glazing), expectations of the area (unaware of 
noise prior to moving, being worse than expected, or getting worse), expectations of the future (e.g. 

                                                           

7 This means that multisensory interactions (i.e. an effect of sound on visual) should be expected when the 
perceptual judgement on a visual stimulus (e.g. the height of a plane) in uncertain (e.g. when height is 
estimated incorrectly). 
8 The success of indicators like “slope” suggest that field interviews, during which specific planes events are 
likely to occur, should last at least 15 minutes. 
9 This means that the non-conventional indicators may account for some of the spread currently attributed to 
non-acoustical factors. 
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“will next summer be better / worse”), working from home, and whether the respondent believes 
they are moderately to extremely sensitive to noise in general.  

 
Figure 3-6. Variation in exposure-response relationships for both noise exposure levels and ‘sensitivity to noise’ responses. 
Taken from SoNA, 2017. 

Figure 3-6 shows how self-reported sensitivity, and expectations of upcoming noise levels impact 
upon currently experienced annoyance levels, accounting for a large amount of variation beyond 
sound pressure levels (see also [35]). An accounting of these factors not only helps predict 
individuals’ responses to noise, but since advanced statistical modelling can account for the 
individual variation attributable to these psychosocial factors, this allows more sensitive measures 
for examining other factors that may affect community responses to noise.  

3.8.2 The ICBEN conference (2017) 
The International Commission for the Biological Effects of Noise (ICBEN) was held between the 18th 
and 22nd of June 2017, and brought together a wide variety of experts from around the world to 
showcase the latest research into how environmental noise affects annoyance, sleep, health and a 
variety of other factors.  

The “rate-of-change” effect in airport noise. Janssen and Hong (2017) [63] reported on 
advancements in understanding community responses to noise consisting of an evaluation of 44 
scientific papers published between 2014 and 2017. They suggest that scientific focus is shifting 
towards local or case-specific factors as a greater explanatory force than can be achieved by more 
generalised exposure-response curves. Noting that recorded community responses are highly 
variable, Janssen and Hong identify the causes in the makeup of the population (demographics, 
culture, situational factors), in survey design (question order, wording, time-frame), and in the 
nature of the airports (airports that make ‘step-changes’ in operations vs. more stable ones). 
According to these authors, airports that vary the characteristics of their air traffic, either through 
paths, fleet makeup, or quantity, tend to lower community tolerance for noise, resulting in increased 
public discussions, awareness, and annoyance. When accounting for the effect of the ‘rate-of-
change’ in airports, measures of annoyance do not significantly increase over time. Similarly, 
communities affected by similar noise levels do not necessarily show similar exposure-response 
relationships, particularly for rail and plane noise, either within a country or internationally [64] [65] 
[66]. As such, the only reliable way to chart a specific community’s response to noise is to survey the 
population, rather than rely on general applications of long-standing exposure-response curves. 

http://icben2017.org/
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Applied to the current study, the change in Gatwick’s arrivals ILS joining point in 2013 may have 
lowered noise tolerance thresholds in some communities.  

Spectral content. In terms of acoustic characteristics, there are a variety of spectral and temporal 
factors that have varying influences on noise annoyance beyond the traditional metrics of sound 
pressure level. In terms of frequency variations, changes to lower frequencies are less perceptually 
dominant than equivalent changes to higher frequencies [67]. Sounds that could be described as 
“dull/shrill,” “spluttering,” and “nasal” were found to be more annoying than sounds that lacked 
those descriptors [68]. Likewise, “irregular/continuous” temporal characteristics and “bass/treble” 
spectral power was also found to influence annoyingness. While some descriptors such as 
“dull/shrill” are strongly correlated with objective indicators such as TETC (Total Energy of Tonal 
Components), identifying the remaining temporal/spectral characteristics that form the basis of 
these factors may be important in differentiating the annoyance generated by sounds at equivalent 
sound pressure levels. However, the studies cited here have been conducted in laboratory 
conditions and on road / rail noise sources. Given the different exposure-response curve found for 
planes in general, as well as for specific communities, it is unknown whether these findings will 
translate directly into aviation noise. In addition, the changing acoustic properties of the Gatwick 
fleet produced by adding vortex generators to the A320 planes may reduce the amount of acoustic 
descriptions of “whining” noises, which as figure 3-1 showcases, reduces both overall intensity and 
alters their spectral distribution. In addition, Marquis-Favre and Gille [69] have proposed creating a 
psychoacoustic index that combines acoustic (spectral content) and non-acoustic aspects (sensitivity 
to noise) with different weightings to predict annoyance and found improvements in predictive 
power over 𝐿𝐿𝐷𝐷𝑆𝑆𝑁𝑁 metrics alone. These insights into specific acoustical characteristics can help 
explain any changes to annoyance resulting e.g. from changes to aircraft fleet at Gatwick. 

Taking overflights into account. In the COSMA study [10], it was found that traditional acoustical 
indicators in isolation only explained 13.7% of the variance of annoyance scores (rated hourly). In 
response to this result, Breugelmans et al. [14] compared – on community annoyance due to military 
aircraft noise – traditional acoustic metrics with metrics focusing on individual events (e.g. 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚) or 
the number of events above certain thresholds (TAx, NAx). They found, however, that these metrics 
did not tend to exceed traditional indicators in their predictive utility: it was necessary to tweak the 
𝐿𝐿𝐷𝐷𝑆𝑆𝑁𝑁 formula to account for the number of noise events, to increase its predictive power on 
annoyance. The way forward seems therefore to be adding acoustical and non-acoustical measures. 
In COSMA [10], for instance, this was achieved using the ‘number of overflights’: taking this into 
account raised the predictive power of the model to 27.6%, leaving situational (e.g. insulation) and 
personal variables (e.g. sensitivity to noise) to modulate the results10. One potential acoustic 
measure of overflights is by looking at the temporal variability in sound pressure levels such as with 
the ‘Intermittency Ratio’ metric [70]. This indicator looks at the proportion of overall acoustic energy 
that is accounted for by distinct ‘events’ above certain thresholds, and by its nature, considers the 
scale of the difference between these events and background noise levels. Investigating ‘overflights’ 
will first require an understanding of the differences in definition between aviation authorities and 
residents, with respect to acoustics, angles, and distance. It is likely to be crucial to define these 
relationships when before using ‘overflights’ to predict annoyance. 

Insight from other sources. While not specific to plane noise, investigations into other factors 
affecting annoyance provide some key insights going forward. Annoyance to wind turbines has been 
                                                           

10 This means that other non-acoustical factors account for 72.4% of the registered annoyance. 
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found to be affected by seeing the noise source, rationalisations (e.g. perception of personal 
benefit), safety concerns as well as property ownership [71]. While lower frequencies appear to have 
reduced effects in plane noise, for wind turbines and helicopters, the temporal and spectral profile 
of low frequency noise varying in amplitude is viewed as more annoying than planes at similar sound 
pressure levels11 [72] [73] [74]. Likewise, insulation against low frequency components of noise 
reduce annoyance more than other frequency components (Hong & Jeon, 2014). Some have argued 
that the prominence of dBA-weighting for assessing aviation noise obscures the annoyance inherent 
to frequencies below and above human hearing (infrasound, ultrasound), which are associated with 
increased annoyance and health-risks, even if not consciously heard [75] [76]. Furthermore, 
experience and perceptual factors of respondents also has an effect, with lower dB detection 
thresholds and higher annoyance ratings for those most familiar with turbine noise ( [77] [78]). For 
those that are ‘attuned’ to noticing noise, the time frame for which individual events are noticed 
against background noise might be longer, and with more attentional focus, further increase 
annoyance. 

Environmental factors. Environmental and behavioural factors can in turn affect noise annoyance, 
while ‘greenspace’ buffers have been effective for a naturalistic aesthetic cover for practical 
shielding [79], however whether access to green areas has any effect on annoyance levels is not 
clear. As shown in Appendix, meta-analysis on SoNA’s data on annoyance in ‘outside areas,’ 
respondents with gardens tended to be more annoyed on average (2.4/5) than those with Terraces 
(2.2/5) or a Balcony (1.7/5). Part of this may be due to increased investment to own a property with 
a garden, or it could be that utilising these areas during leisure-time is more readily impacted by 
noise. In support of this is that properties in ‘quiet areas’ are more annoyed by plane noise (3.1/5) 
relative to moderate (2.5/5) and loud areas (2.2/5). This data further underscores that plane noise 
becomes increasingly annoying when the background noise level drops (in ‘quiet areas’) or situations 
encouraging behaviours with a lack of insulation against noise (e.g. Garden access). Related to this is 
that the percentage of time spent outside correlates with annoyance to noise, as does dwelling and 
insulation type [80] [81]. These factors are likely to vary across the sites investigated in the present 
study, from built up urban areas further from Gatwick (Crowborough, Tunbridge Wells), progressing 
to sparser rural areas closer to Gatwick (Penshurst, Cowden). Not only environmental factors are 
likely to influence reported ‘annoyance’, but may also affect the number of reported outlier planes, 
as they will increasingly be noticed and disturb activities more common in rural communities. 

Other reasons behind changes in annoyance. Guski [9] examines studies between 2000-2014 to 
look at the reasons behind unique increases in reported annoyance to plane noise over time, 
highlighting the differences with other sources, like road traffic [6]. For aircraft noise, increases in 
annoyance occurred even in cases when recorded sound pressure levels within the investigated 
communities remained stable. It is suggested that this can occur because of several reasons, from 
changes in research methodology to changes in the environment not reflected in Lden metrics, either 
relating to the airport (low/high rate change airports, or change number / types of air traffic), or 
residents (changes in context, attitudes, trust in aviation authorities, and perception of future noise 
levels [82] [83]). For example, changes in research methodology, like transitioning from face-to-face 
/ telephone interviews to postal questionnaires not only have been found to reduce the response 

                                                           

11 This means that, for the same noise level, helicopters are more annoying than planes. 
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rate, but also associated with increases in reported annoyance12 [8] [63]. The social and political 
context has also been found to change reported annoyance, like in the case of surveys on plane 
annoyance run within a news context of considered airport expansions. Even before any step-
changes in airport operation are implemented, responses may be affected by this expectation of 
change in multiple ways. The ‘annoyance score’ may genuinely increase due to the increased 
attentional focus on noise sources, or it may reflect respondents exerting agency over preferences 
for future development plans13 (see Figure 3-7). In many airports (Cologne, Frankfurt, Heathrow, 
Amsterdam), change means an increased number of aircraft movements that started in 1990, 
levelled off and remained stable from 2000 onwards, except for a 2-year dip after 2008 (most likely 
attributable to the 2008 financial crash). The qualitative make-up of air traffic has not undergone 
rigorous analysis yet, with only initial explorations into light vs heavy aircraft [84].  

  

Figure 3-7. Relationship between Lden and %HA for plane noise across 10 studies separated into high rate of change 
airports (red) and low rate of change airports (black). Size of icons indicates number of participants within the specific 
study. Figure from Guski, Schreckenberg, & Schuemer [6]. 

As described in section 4, the present study includes a combination of face-to-face and postal 
questionnaires, so that any shifts in responses occurring in a specific approach can be identified. It 
also includes live viewing and tracking of outliers, allowing an exploration of the ‘annoyingness’ of 
specific planes, including variations of plane types.  

Questioning annoyance scales. In attempts to measure negative community reactions to noise, the 
single dimension of ‘annoyance’ is traditionally used in the scientific literature. However, beyond the 
behaviour of rating one’s own annoyance on a scale, surprisingly little research has explored the 
underlying characteristics of ‘annoyance.’ Since the outcome of ‘annoyance’ typically results from 
the standard ICBEN question of how much a given noise source “…bothers, disturbs, or annoys you?” 
it could be that these three facets of the question could vary independently, and that participants 
might be focusing or prioritising on different elements of these. Guski, Felscher-Suhr, and Schuemer 
[85] found that ‘annoyance’ has previously had a varied interpretation by researchers, by some as 
the outcome of disturbance, or as helplessness, however contemporary perspectives pose it as a 
multidimensional concept spanning behaviour and evaluation, and very similar to ‘disturbance’ and 

                                                           

12 According to Jannsen et al. [8], postal questionnaires should result in a higher level of annoyance than face-
to-face interviews. 
13 That is, the reported score may be willingly reported to be higher to avoid future developments. 
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‘nuisance’ – furthermore these relationships vary by culture. One study explored the concept of 
‘annoyance’ by using factor analysis to break down the key independent components that correlate 
with ‘annoyance’ (‘multiple item annoyance scale’ – MIAS – [86]). By seeing how multiple-items 
related to noise annoyance also relate to one another, ‘annoyance’ is revealed to be a multi-
dimensional construct by respondent data (N >13,000), utilising an experiential/behavioural 
dimension, an emotional/attitudinal dimension relating to disturbance, and finally a dimension 
relating to the respondents’ ‘perception of control’ over noise exposure.  Factors relating to 
‘disturbance’ and ‘control’ explained 81% of variation in 5-point annoyance scores. The present 
study utilises questions probing these constituent parts of ‘annoyance’, which should shed light on 
how each element is influenced by planes, and in turn can potentially be mitigated.  

It is also unclear how ratings vary between retrospective judgments that require a contemplation of 
a history of experience with noise sources, and how this varies from the ‘in-the-moment’ evaluations 
of annoyingness while live-listening to a source. In addition, one regular limitation of using 
‘annoyance’ in the literature pertains to only reporting ‘percentage highly annoyed’ as the outcome, 
obscuring what might be more subtle shifts in the mean level of annoyance from the investigated 
communities (e.g. if communities show an increase in %HA, is it because a new section of the 
community are reaching this threshold, or has the entire community increased in annoyance). For 
this reason, our analysis will also report the “mean” annoyance score, as suggested by Guski [9]. 

3.8.3 Current study 
While there has been a great deal of research on the acoustic, psychological, and social dimensions 
unpinning noise annoyance, to date there has been no available research on plane height – both in 
terms of perception, and in terms of its impact on annoyance. Investigating height has several 
components that need to be disentangled.  

At the end of the literature review, we were left with some key questions:  

1. What do observers mean with “height”? Is it different whether the aircraft is a direct 
overflight, or on the horizon? 

2. Related to this is the role of visual distance (i.e. the observer-plane distance, calculated 
along the line that joins the two): is there a difference between ‘higher planes’ with direct 
overflight and ‘lower planes’ further away, but at the same visual distance?  

3. Is annoyance related to the angle between observers and planes, and does the community 
have a similar definition of ‘overflight’ to that proposed by CAP 1498, and what is the 
difference in annoyance between planes that ‘overfly’ them or not?  

4. While individual reports have suggested that people believe planes have gotten lower over 
the past 5 years, is it a common perception in the community?  

5. What is the role of “proximity” (i.e. visual distance) on the judgement of height?  
6. How accurately do observers perceive, judge, and describe the height of planes, and does 

this change between live viewing, and at-home contemplation?  
7. Is any variation between respondents explained by psychological and social characteristics? 

(i.e. which is the role of non-acoustical factors, which in other studies have been accounted 
for 75-80% of the variation in annoyance?) 

8. Will a consideration of height explain aspects of the community response not accounted for 
by traditional acoustic metrics?  
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4 Survey design and procedure 

4.1 Study design 
When deciding the structure of our survey, we took inspiration from three recent studies on the 
impact of aircraft noise on local communities: the Survey of Noise Attitudes (SoNA) – which covers 9 
UK airports [15]; the NORAH study, conducted near Frankfurt airport [12], and a study conducted 
near Narita airport [11].  

SoNA was an obvious choice, not only because it covers UK airports including Gatwick, but also 
because the questions used by the SoNA team come directly from the ICBEN report [36], which set 
the standards of assessing community response to acoustical and non-acoustical factors and 
eventually is on the way to become an ISO standard (ISO/TS 15666:2003 [87]). Like similar studies, 
SoNA was concerned primarily with the long-term relationship between noise level and annoyance 
“at home”, in areas where aircraft contribution to the acoustic environment is greater than or close 
to 51 dBA.  

The present study, instead, is particularly interested in the effect on perceptions of aircraft height 
during arrivals: a specific question, not properly addressed before. Answering questions like “does 
the height of a plane impact on how it is perceived, beyond the increased noise produced?” or “is 
there a relationship between the size of a plane and the height at which it is perceived to fly?” 
required a different insight, and long-term exposure to noise was for us only one piece of the puzzle. 
These questions seemed to us more related to short-term perception, as determined during a plane 
event. We guessed a potential role of outliers (e.g. the anecdotal memory of a low-flying plane that 
settles in the memory and therefore affects perception) and wanted to assess the impact of aircraft 
sounds even outdoor (it was clear from the first visit in the survey areas that time spent in the 
garden was a key part of local community life), so we needed a new set of questions specifically for 
height perception. In addition, having established that there was not sufficient time in August-
September 2017 to acquire a significant sample of interviews (i.e. at least 30 for each survey area 
was our target) only by appointments, we also needed a different method to deliver the core 
questions from ISO/TS 15666:2003. 

We looked therefore at the study near Narita [11]: the Japanese survey team sent a postal 
questionnaire to their selected sample and followed it with visits (by appointment) to assess physical 
effects (e.g. high-blood pressure). In a context where existing literature points to an expected 
reduction in response rate using postal questionnaires only [8], the combined approach in this study 
resulted in an extremely high response rate: 60% of the randomly-selected sample returned the 
questionnaire. In addition, one of the members in the Sussex team (i.e. Dr Memoli) experienced in 
other countries across Europe that the presence of a postal questionnaire fertilises the terrain for in-
person appointments, which are then better received. Simultaneously, the news of interviewers 
conducting field studies often moves undecided people into returning the postal questionnaire, with 
an overall increase of the response rate on both fronts.  

We therefore decided to conduct simultaneously two different, but interlinked surveys: a postal 
survey and a field survey. We assigned the key questions from SoNA to the postal survey, which we 
focused on “indoor” exposure to unwanted sounds and on long-term perception, adding to them 
some specific questions on the perception of plane size/height and overflies. The postal survey only 
contained two key questions related to perception outdoors, which was instead better assessed 
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during the field study. We also assigned to the field study the role of looking at planes “there and 
then”: a goal that could only be achieved by interviews. 

We decided to run the field studies in a semi-structured way, in order to leave more space for free 
comments: being open to free comments helps interviewers to get a more complete picture and 
creates a friendlier atmosphere during interviews. We even added a playful component as “ice-
breaker”: interviewers had a questionnaire as a guidance, but invited perspective interviewees “to 
do some plane spotting” together. We ran this part of our study in two steps, thus maximising the 
participation of the local communities:  

[28/08-23/09]: we visited the survey areas unannounced and run field interviews designed to last no 
longer than a successful marketing or fundraising interaction (i.e. 15 minutes, according to the 
Market Research Society [88]), meeting people at their doorstep or in a local park; 

[23/09-30/09]: we arranged voucher-compensated appointments, up to 45-minutes long, randomly 
selecting from the pool of volunteers recruited during the postal survey. 

While a two-phase interaction has been attempted in other studies – e.g. the NORAH team [12] 
combined telephone and online interviews to monitor the change of perception overtime in the 
communities around Frankfurt airport – there is no precedent in the literature of running 15-
minutes field interviews or of conducting “plane spotting” activities. Recent models of noise 
perception [89], however, indicate that the acoustical judgement over a site is established in less 
than 15 minutes: a conclusion also supported by experimental studies, which point to indicators 
beyond LAmax and SEL to predict annoyance for planes [14] and other sources [90] [91]. Therefore, 
an interval of 15 minutes was considered sufficient for establishing short-term perception. 

The two social surveys were assisted by a measurement campaign, which ran in parallel. GAL 
contributed with a NTK station in each of the 4 survey areas, programmed to record events with 
𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 ≥ 55 dBA and compare them to radar tracks. As shown in section 8, for each recorded event, 
NTKs associated acoustic indicators like 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 and 𝑆𝑆𝑆𝑆𝐿𝐿 with the relative plane identifier and with its 
coordinates (i.e. its height referred to Gatwick and its distance from the NTK location).  

In addition, we (i.e. the Sussex team) ran our own measurement campaign: a calibrated class I 
spectrum analyser (Norsonic 121) was present during most of our field interviews, with its 1/2’’ 
microphone mounted on a tripod at 1.5 m from the ground. Our measurements were aimed at 
capturing those plane events with 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 ≤ 55 dBA, where the visual component of a plane event 
(i.e. its height, size and distance from the interviewee) could potentially be as important as the 
produced noise14. 

4.2 From top level questions to questionnaire design 
At the start of summer 2017, the team from Sussex held two brainstorming meetings with the 
Steering Committee, in which the aims of the study were distilled into a set of top level “take-home 
messages”. At the end of the study, it was concluded, the Steering Committee wanted (at least) 

                                                           

14 The reasoning goes as follows: we know that there is an acoustic effect on annoyance, which is well known. 
Let’s now suppose that there if there is a visual effect of plane height on annoyance (i.e. for the same 
acoustics, the lower plane is more/less annoying), one way to identify this component is to explore the areas 
where there is very little annoyance due to noise i.e. the quieter areas. 
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answers to the questions in the leftmost column of Table 4-1, which constitute the scope of this 
study, as summarised in [92]. 

The other two columns of Table 4-1 report how these research questions were incorporated into our 
two social surveys, thus highlighting both the similarities and the complementarity of the two 
approaches. It can easily be noted, for instance, that questions which required a short-term 
judgement (like the ones relative to a single airplane) were moved to the field interviews, while 
those questions requiring a more settled perception were primarily addressed in the postal survey.  

In Table 4-1, each part of the postal survey is reported with its section and question number (e.g. 
“C3” is the third question of section C – see Appendix for the full questionnaire), with the text of the 
question and with a brief description of the scale – e.g., “{extremely low – extremely high, numeric}” 
in question C8 stands for an 11-point numeric scale (see section 4.1) starting with “0=extremely low” 
and ending with “10 = extremely high”. When the description reports a word in square brackets, the 
text refers to a question in two parts – e.g. in Table 4-1, the text of question C8 reads “In the last 
month, I would describe the average [lowest] plane that flew over me as…” and it means that 
question C8 has two parts, one referring to the “average” plane and one to the “lowest” one (see 
Appendix for the full questionnaire). Acoustic indicators, when present, refer to the measurement 
campaign.   
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Table 4-1 Key top-level questions that we wanted to address in this study and how we translated them in the two types of 
survey. It is worth remembering that, when a question is present in both surveys, it is assessed on a 11-point numeric scale 
in the postal questionnaire and with a 5-point verbal scale during interviews. 

Key question Postal Field survey 
Is height perceived by 
individuals reasonably 
accurately? 

C1. I would guess that last month the 
lowest plane was at about {numerical}. 
C2. I would guess that last month the 
average plane was at about {numerical}. 

Height of the specific plane 
assessed directly by questions 
A/B/C during single plane 
observations. Height/size of the 
specific plane in comparison with 
“average” plane was assessed by 
questions E, F and G. 

Is plane size perceived by 
individuals reasonably 
accurately? 

C5. Which silhouette below looks about 
the size of the lowest plane flying over 
your home? {graphical scale}. 
C6. Which silhouette looks the size of a 
plane flying at average height above your 
home? {graphical scale}. 

Is there a correlation 
between aircraft size and 
height perception? 

Not assessed here. Assessed by single plane 
observations 

Is there a correlation 
between noise level (Lmax 
or other) and height 
perception or actual 
height? 

Not assessed here. Assessed by single plane 
observations 

Do people react worse to 
‘low flying’ (i.e. lower than 
normal) aircraft, and if so 
why? 

C8. In the last month, I would describe the 
average [lowest] plane that flew over me 
as… {extremely low – extremely high, 
numerical scale}. 

Q8: “was there any specific period 
when you particularly noticed 
planes in the past 24 hours?” 
Also, questions E, F, G. 

Do people react worse to 
aircraft they perceive as 
lower, and to what extent 
is this because they are 
noisier? 

Not assessed here. Assessed by single plane 
observations 

Is the response to aircraft 
perceived as ‘off-track’ 
worse than those following 
usual track routings? 

Not assessed here. Assessed by single plane 
observations 

What other factors affect 
the perceived impact of 
noise from individual 
aircraft?  
 

Assessed: deviation from expected flight 
path, individual characteristics, self-
reported sensitivity, individuals’ sleep 
sensitivity (non-acoustic)), windows state, 
other local conditions (e.g. perception of 
the local environment, presence of other 
sources). 
Not assessed:  noise level, angle of view, 
weather/temperature. 

Assessed: Noise level (Lmax/SEL), 
deviations from expected, angle of 
view, other local conditions 
Not assessed: individual’s sleep 
sensitivity, windows state, 
dwelling design 
Controlled conditions: 
weather/temperature. 

Does CAP 1498 adequately 
define people’s view of 
being ‘overflown’; height, 
angle of view, noise level? 

C3: Of the flights you notice, what 
proportion fly over you? {None of the 
flights – All of the flights, numeric}. 
C4. Tick all the boxes where you would 
consider the plane to be flying over you 
{graphical scale}. 

Question 3 and 4 in the main 
interview flow. 
Question H during single plane 
observations. 
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4.3 Site selection 
Our study ran in the summer of 2017, when the number of flights reaches its peak and the noise is 
typically highest. In the period 28/8-30/9, we focused on three locations along the main westerly 
arrival path (see Figure 4-1), characterised by different (measured) aircraft altitudes: Crowborough, 
Penshurst and the centre of Tunbridge Wells. We also conducted a pilot study in Cowden, where 
both arrivals and departures are present. 

 

Figure 4-1: Westerly arrivals profile in 2016. The map also shows the approximate position of the survey areas: 
Crowborough (1), Tunbridge Wells (2), Penshurst (3), Cowden (4). Sizes of the survey areas are not in scale (see Figure 4-2): 
the plot only highlights how the survey locations are located relative to the regions of high density in 2016. 

For each of these locations, we selected an area containing a fixed number of households: 300 for 
the primary areas and 200 in Cowden (see Figure 4-2). The physical extension of the survey area thus 
depended on the population density: it was quite small for Tunbridge wells, much larger for Cowden. 
This part was completed using data on the households obtained from AddressBase Plus15. 

4.4 Postal survey 
For the first part of our study (August), we randomly selected (via a computerised random number) a 
sample of 50% of the households in the survey areas and sent them a postal questionnaire (80 
questions), focused on assessing long-term perceptions (see Appendix I). The last page of the 
questionnaire included space for open feedback, and the possibility to share – in writing – either the 

                                                           

15 https://www.ordnancesurvey.co.uk/business-and-government/products/addressbase-plus.html 
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respondent’s full postcode or address. Returning the questionnaire with the address and a contact 
email/number allowed the respondent to volunteer for the third part of the study.  

Each questionnaire was anonymised with a unique numerical ID and was accompanied by a letter 
explaining the context of the study, a pre-paid envelope for returning the answers and a consent 
form to the team at Sussex. When tested at Sussex University, reading the instructions and filling the 
questionnaire required a time between 30 and 45 minutes. Ethics approval was obtained from the 
Sciences & Technology Cross-Schools Research Ethics Committee at the University of Sussex 
(crecscitec@sussex.ac.uk), under project reference number ER/GM330/1. 

  

Region 1: Crowborough (scale: 100 m) Region 2: Tunbridge Wells (scale: 100 m) 

  

Region 3: Penshurst/Speldhurst/Bidborough 
(scale: 200 m) 

Region 4: Cowden (scale: 200 m) 

Figure 4-2: Areas selected for the survey. Each picture reports all the postcodes associated to residential households in the 
survey area (i.e. some postcodes are associated to more than one household). Also reported is the approximate shape of the 
survey areas. 

mailto:crecscitec@sussex.ac.uk
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4.4.1 Sample selection and survey preparation 
The query on AddressBase used to identify the size of the survey areas also gave us the associated 
residential addresses. For each survey area, the addresses which were invited to take part in the 
postal survey were selected according to the following procedure: 

1. Each address was associated with a 4-digit random number, between 0 and 9999, using the 
=rand() function in Excel 

2. Data were ordered by this random number, from lowest to highest. 
3. Duplicate numbers were manually differentiated, so that there was a unique identifier for 

each address. 
4. The first 150 addresses (or 100 for Cowden) were examined to see if they were usable: 

a. any individual parts of the address missing on the AddressBase table were recovered 
or checked using the Royal Mail's Post Code finder online. 

b. Some households (no more than 10 out of 450) were omitted because they lacked a 
flat number or house name and the latter could not be recovered.  

5. The remaining first 150 addresses (or 100 for Cowden) were chosen and prepared for the 
printer e.g. we added “The Occupier” to the front of each address. 

Before printing, the selected addresses were separated from their random numbers. At the end of 
the procedure, we were left with 4 separated databases: 1) a list of the selected addresses, now 
printed on pre-stamped envelopes (from Royal Mail); 2) a list of the used random numbers, 
separated from their corresponding address; 3) a list of the non-selected addresses in the survey 
areas, to be used if further questionnaires needed to be sent; 4) a separated list of the unused 
random numbers, again to be used in case further questionnaires needed to be sent.  

We asked the printer to anonymise each questionnaire with a unique ID, in the format “Y-XXXX” 
where “Y” identified the survey area and “XXXX” was one of the numbers between 0 and 9999 
previously used to select addresses. This step in the procedure ensured that, if further 
questionnaires were to be sent in the selected survey areas (e.g. to monitor people’s perception 
over time in future studies, as in some key examples from the literature [93] [25]), there is still a set 
of unique identifiers available differentiated from the ones used in this study. 

On 23/8/2017 we sent to each selected address one C4 envelope containing: an introductory letter 
(with a general explanation of the study), a set of instructions on how to complete the questionnaire 
and the ethics details involved, a consent form (at the end of the questionnaire) and a pre-paid C5 
return envelope. As a further protection for the anonymity of the responders, ensuring no link 
between the addresses and the questionnaire IDs, the printed questionnaires were separated by 
region and shuffled before inserting them into the C4 envelopes. 

The ID of each returned questionnaire was checked against the list of used random numbers, to 
avoid potential duplicates. 

4.4.2 Instructions in the accompanying letter 
The accompanying letter specified that, “while anyone could answer the questionnaire, the best 
person in the household to answer is the person (aged 18+) who had lived there the longest or 
spends the most amount of time at home”. It continued specifying that the answers to the questions 
should reflect the views of that person, leaving some space for free comments – from the whole 
household – at the end of the questionnaire.  

We asked households to return the questionnaire by the 9th of September, but we also accepted any 
questionnaire received in the following week. This choice was based on previous experiences with 
postal returns, to make sure we did not exclude people on holiday in the first week of September 
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and respondents who interpreted our deadline as a final date for despatch (and not for us to receive 
the questionnaires). 

4.4.3 Ethics 
The consent form was based on a template produced by the Sciences & Technology Cross-Schools 
Research Ethics Committee at Sussex (crescitec@sussex.ac.uk) and explained how:  

a) returning the questionnaire was considered an “explicit” act of consent to take part in the 
study [94] and to treat the answers anonymously. 

b) the participation was entirely voluntary, and in particular how the reader could choose not 
to participate in part or all of the study, without having to give a reason and without being 
penalised in any way. 

c) data and answers could be withdrawn without any penalty until 01/10 2017 – when the 
analysis started – just by sending an email to noise.survey@sussex.ac.uk and mentioning the 
participant ID. 

d) personal information provided (age, gender etc) would be treated as strictly confidential 
(subject to legal limitations) and handled in accordance with the Data Protection Act 1998. 

e) the collected data was going to be anonymised and stored on a password-protected 
computer, with hard-copies stored behind a locked door. De-identified data (e.g. using ID 
numbers) may be made publicly available through ‘Sussex Research Online’ data repository 
alongside publications. 

f) respondents’ identities would remain confidential in any written reports of this research,  
g) special care was taken so that no disclosed information could lead to the identification of 

any individual, either by the researchers or by any other party. 
The consent form for the postal survey, however, also included two specific instructions relative to 
this study, covering two optional disclosures of personal data from the respondent:  

h) “I understand that if I decide to disclose my postcode at the end of the questionnaire, I have 
given approval to use this information in any written reports of this research.” This part was 
added to cover the optional disclosure of the full postcode, in case the respondent wanted 
the answers to be linked to a specific location. In this study, this information was only used 
to draw the maps in Figure 4-2 and to connect the questionnaire to a specific survey area. 

i) “I understand that if I disclose my identity (e.g., sharing my contact details to take part in the 
third part of the study), this information will be kept separate from the questionnaire 
answers unless my written permission is obtained at a later stage (e.g., during one of the 
arranged interviews).” This part referred to the slip at the end of the questionnaire, where 
respondents could volunteer to take part in the third part of the study (see below). 

4.4.4 General questions 
The postal questionnaire includes the assessment of responses to transportation and environmental 
sounds, such as annoyance and disturbances, variables of quality of life, potential modulating 
variables and co-determinants, variables concerning residential conditions (e.g. sound insulation, 
type of house) and demographics. Here are some generic considerations on its design: 

a. Annoyance was assessed using the scale recommended for written questions [36] i.e., the 
ICBEN 11-point numeric scale conform to the Technical specification [87]. The 5-point ICBEN 
verbal scale is instead the recommended choice for interviews (e.g., this is the scale used in 
SoNA or NORAH) and was therefore used in the field studies (see Figure 4-3). There are 
specific studies on how to compare the two apparently different scales [23], which we 
followed here. 

b. When possible, we maintained the same scale in all the questions that required a perceptive 
judgement i.e., a 11-point numeric scale in the postal questionnaires and a 5-point verbal 

mailto:crescitec@sussex.ac.uk
mailto:noise.survey@sussex.ac.uk
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scale in the interviews. In our preliminary tests, in fact, multiple scales in the same 
interaction modality made answering more difficult. A similar choice was taken near Narita 
[11].  

c. Self-reported sensitivity to noise is believed to be the major parameter affecting annoyance 
[15], followed by perceived control, gender and employment status [25]. We decided to 
assess sensitivity using the Weinstein scale (WNS-6B) [95], allowing for each answer an 11-
point scale (question D6). We preferred this method to the single question (“Would you say 
you were sensitive to noise?”) used in other studies (e.g. SoNA and NORAH) for two reasons: 
1) it adds to this single question different parameters, like “being easily awakened by noise”; 
2) it has been shown to be more effective when an interviewer is not present [11]. 

d. The postal questionnaire starts with an introductory set of questions, which investigates 
whether the respondent has participated to a noise survey before or has filed a complaint. 
This section was mainly an “ice-breaker” (i.e., we hoped it would help to focus the 
responder’s mind on the task ahead) and helped us putting the respondent in context. At 
the end of the section, we ask the respondent to write down the date when the 
questionnaire was filled. 

e. The following section A, titled “Yourself”, asks about age, gender and employment status.  

f. Section B, titled “Your circumstances”, investigates how long the respondent had lived at the 
present address/village, the type of home he/she lived in and how much he/she liked living 
there. This was useful not only to establish expectations on the local acoustic environment, 
but also because some of the later questions related to perception changes in the last 5 
years. 

g. Section B also investigates the (perceived) agency towards external noise i.e. the perceived 
control on external noises when indoors. We start asking whether the respondent has any 
form of noise insulation at home(P-B5), then in which period of the day he/she is mostly 
“aware of noise outside” (P-B7) and finish questioning “When indoors, how much control do 
you have on the impact of noise?” (P-B8). As mentioned above, agency (or “perceived 
control”) is believed to be one of the main parameters influencing annoyance, but we found 
no evidence that a multi-statement test [12] is better than a single question. 

 

Figure 4-3 Answer scale for recommended annoyance questions [36]. 

h. Section C contained a set of questions specific to this study on perception of height and size 
for the “average” and the “lowest” plane (see next subsection). The section ends with the 
question “Is plane noise less or more noticeable than all other noises (traffic, neighbours, 
animals etc)?” (C11) that prepares the responder to next section, on annoyance. 
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i. Section D, titled “Noise over the past 12 months”, reports different variations of the classical 
annoyance question “When indoors, how much has noise from source X bothered, disturbed 
or annoyed you?” (questions D2-D5). We decided to start the section asking how much the 
respondent likes the sounds coming from outside when indoors at home (question D1). We 
chose to position this question at the start of section D, to clearly differentiate positive 
sounds from unwanted ones and therefore preserve a neutral judgement on what the 
respondent may call “noise” [43]. 

4.4.5 Questions specific to this study 
Section C of the postal questionnaire reports the questions that were specifically designed for this 
study, as described in Table 4-1. As discussed earlier, since the postal survey was filled by 
respondents unassisted (i.e. without researchers nearby), it was better placed to address long term 
perceptions.  

In addition to the questions already described, we decided to use the postal questionnaire also to 
investigate long term-factors like changes in perception. The resulting additional questions can be 
found in Table 4-2 (page 33). 

4.4.5.1 Gathering initial information 
One crucial part in the design of section C was deciding the limits and the tick interval for the scales 
of length/size to be used. In order to do so, we needed to have at least an idea of how much the 
data spreads in the various locations. We therefore asked Helios to summarise the current situation, 
both in terms of height and size distribution of the planes.  

Figure 4-4 shows an analysis of the altitude profiles recorded in Summer 2016 [96], where each 
trajectory is represented as the 2D projection of a 3D curve. Within this approximation, it is possible 
to determine the height of an “average plane” at each survey area (i.e. the plane of average height 
and size), but also how much the height of planes can vary at the various locations.  
Figure 4-4 shows that: 

1) There is a significant difference between the 5th percentile and the 95th percentile: 1,500 ft. 
at 13 nautical miles. 

2) The variation between the mean and the 25th or 75th percentile is 600 ft. (i.e. 50% of the 
planes fly in a corridor which is 600 ft in height). The same difference appears between the 
5th and the 25th percentile. 

3) Once the ground level is considered, Figure 4-4 also confirms that the 4 selected survey 
areas are characterised by different average plane height.  
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Figure 4-4: Altitude profile of the arrivals in summer 2016, referred to Gatwick (CASPER data). Also reported are the average 
and the lowest plane heights referred to ground at the distinct locations. Source: Helios [96]. 

 

It is worth adding that, since the arrivals height distribution in the survey areas is very close to a 
Gaussian (see e.g. Figure 9-6), the average height corresponds to the most frequently observed 
height. 

4.4.5.2 Height scale 
Figure 4-5 reports the wording and the graphics used for questions C1 and C2. During the testing 
phase for the postal questionnaire, we felt that height assessment required some reference, either 
in the memory of the observer (e.g. the Shard or a tower block) or, better, something that could be 
found on the scene. We initially thought of the clouds, but discarded the idea once we saw their 
potential height range (1,200-6,500 ft). We then realised that the only object always on the scene is 
the plane itself, so we added one to the graphical scale. Equally important in Figure 4-5 is the 
presence of a dotted vertical line, to resolve any potential ambiguity between “visual distance” and 
“height”.  

We used the maximum height variation from Figure 4-4 (i.e. the 95% height in Crowborough – the 
5% height in Cowden) to determine the scale reported in Figure 4-5. Note that, even in this section 
we are we are just reporting the methodology, we decided it helpful to show the questions, as this is 
such an important aspect of the questionnaire design. 
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Table 4-2 Additional questions to be assessed in the postal survey. 

Top-level question Postal survey 

Do people perceive there has been 
any change in height/size/number 
of planes in the past 1 year? And in 
the past 5 years? 

C7. Compared to a year ago, the average [lowest] plane now 
is… {much smaller -much larger, numerical scale}. 

C9. Over the last year [Over the last 5 years], the average 
[lowest] plane flying over me has… {got much lower – got 
much higher, numerical scale}. 

C10. Over the last year [Over the last 5 years], the number of 
planes between 7AM and 7PM [between 7PM and 11PM / 
between 11PM and 7PM] has… {significantly decreased – 
significantly increased, numerical scale}. 

 

 

Figure 4-5 Quantitative assessment of the perceived height in the postal questionnaire. 

  

In this section, we would like you to guess some heights of planes when they are nearest to 
your home (see dotted line below). 
 

               
 
C1. I would guess that last month the lowest plane was at about: 
   500 ft   1,000 ft  1,500 ft  2,000 ft   2,500 ft  3,000 ft  
   3,500 ft  4,000 ft  4,500 ft  5,000 ft   5,500 ft  6,000 ft 
 
C2. I would guess that last month the average plane was at about: 
   500 ft   1,000 ft  1,500 ft  2,000 ft   2,500 ft  3,000 ft  
   3,500 ft  4,000 ft  4,500 ft  5,000 ft   5,500 ft  6,000 ft 
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Figure 4-6 Qualitative assessment of the perceived size in the postal questionnaire. 

 

4.4.5.3 Size scale 
Figure 4-6 shows the graphical scale that accompanies questions C5 and C6.: it is designed to 
facilitate a visual assessment of the size of a passing plane. We used the average heights from Figure 
4-4, already adjusted to the local ground level, to determine the silhouettes of the airplanes that 
went into the size chart (used both in the postal questionnaire and in the interviews). We followed 
this procedure: 

1) The physical height data (relative to Gatwick) for the investigated areas was obtained for the 
month of August 2016 for the majority of key areas used in the present study (Cowden, 
Penshurst, Bidborough, Tunbridge Wells, Crowborough) 

2) Outliers were excluded for two locations – Cowden (2 outliers) and Penshurst (2 outliers), for 
whom 1-2 planes were recorded as low as 2699 and 2523 ft respectively. These were 
significantly below the ‘typical lowest height’ for daily operations. 

3) Local ground level differences for these areas was calculated and subtracted from these 
heights to produce ‘heights relative to local ground level’ metrics. 

4) ‘Closest’ and ‘Average’ plane heights were calculated for arrivals (see below) 
5) Visual size was worked out for direct overflights at this height, using a plane of average size 

(worked out from an average of all plane types arriving at Gatwick) – resulting in a size of 
48.12m wingspan and 49.37m length (ratio of 1.0765), a silhouette of an A330 was used due 
to having the closest wingspan: length ratio (1.05572) of all the plane types. The expected 
size in the sky from the lowest height (direct overflight) was worked out using visual size 
calculations (e.g. http://elvers.us/perception/visualAngle/). 

When holding this page at a normal  
reading distance (about 45cm away), 
which of the below silhouettes are about  
the size of planes flying near your home? 
 
 
                      
C5. Which silhouette below looks about the size of the lowest plane flying over your home? 

 
                                                                                    
 
C6. Which silhouette looks the size of a plane flying at average height above your home? 

                                                                                    
 

http://elvers.us/perception/visualAngle/
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6) At the end of the procedure, all essential measures were translated into ft (size, distance 
[height]) to produce the degrees of visual angle that the object would take up. For 
Crowborough at 2700 ft lowest height (adjusted for local ground level), the height is 
822.96m, the plane size is 49.37, results in a visual angle of 3.435 degrees. Knowing this, and 
the average reading distance (45.7 cm / 18 inches), we reverse calculated using visual angle 
required, distance (45.72cm), visual angle (3.4362 degrees) = a size of 2.74 cm silhouette size 
on the page.  

This formed the basis for the middle point on the visual inspection chart and results for the different 
planes used at Gatwick can be found in Table 4-3. This table allowed us to determine e.g., that the 
visual size of an A320 flying at 5,200 ft just above the observer should be “size C” (row: A320, 
column: the closest class to 5,200 ft), while should be perceived as “size D” when flying at 3,800 ft. 

 

Table 4-3 Visual distance at which different planes enter a new size class. According to this chart, an A320 flying 2,200 feet 
above the observer is seen as class F i.e., as the same size as an A330 flying at a visual distance of 3,700 ft. 

 

Visual Plane Size (45cm away) 

 

0.1cm 0.5cm 1cm 1.5cm 2cm 2.5cm 3cm 3.5cm 4cm 4.5cm 5cm 

Class A B C D E F G H I J K 

 

72.9 14.6 7.3 4.9 3.6 2.9 2.4 2.1 1.8 1.6 1.5 

A319 50.0 10.0 5.0 3.3 2.5 2.0 1.7 1.4 1.2 1.1 1.0 

A320 55.5 11.1 5.5 3.7 2.8 2.2 1.8 1.6 1.4 1.2 1.1 

737-800 58.3 11.7 5.8 3.9 2.9 2.3 1.9 1.7 1.5 1.3 1.2 

A321 65.7 13.1 6.6 4.4 3.3 2.6 2.2 1.9 1.6 1.5 1.3 

A330 94.0 18.8 9.4 6.3 4.7 3.8 3.1 2.7 2.3 2.1 1.9 

777-200 94.0 18.8 9.4 6.3 4.7 3.8 3.1 2.7 2.4 2.1 1.9 

787 92.7 18.5 9.3 6.2 4.6 3.7 3.1 2.6 2.3 2.1 1.9 

 

Visual distance at which the plane is seen under the same angle as at 45 cm (in 1000s of 
feet). 

 

4.5 Field survey 
In the second part of the study (August & September), we visited the selected areas, conducting 
short interviews focused on the impact of different plane heights. This activity was assisted by GAL, 
who placed a NTK noise monitoring station nearby, linked to airplane trajectories. We had many 
reasons to run a survey based on field interviews in parallel to the postal one:  

1. According to some studies [89, 91], the acoustic judgment on a place is formed in less than 15 
minutes, so we wanted to capture impressions on the planes as they passed (i.e. short-term 
perception). According to others, while there is a correlation between short-term and long-term 
perception, the two modalities assessed together give a more complete picture [10].  
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2. Not knowing whether the alleged impact of height on perception was due to short-term or 
long-term perceptions, we wanted to cover all possible cases. 

3. Some of the starting research questions (see Table 4-1) could only be answered through face-
to-face interaction, as they were linked to the single plane event (e.g. impact of outliers, impact 
of height on perception). 

4. According to some other studies [8], postal questionnaires and interviews get responses from 
different samples of the population (e.g. postal respondents are more prone to negative 
comments), so running two different types of surveys would allow us to get a more complete 
picture. 

5. We wanted to maximise community involvement (e.g. picking the age groups or group of 
respondents not fully represented by the postal survey returns) and, at the same time, build up 
our own impression of the local reality. 

We wanted to keep the atmosphere as relaxed as possible during interviews and at the same time 
keep them short, to make sure the interviewee arrived at the end. We therefore designed interviews 
that lasted no longer than 15 minutes, leaving the interviewee in control of his/her time. We also 
added single plane observations as a flow stopper, to give a more interesting (almost “playful”) 
rhythm to the interaction.  

We collected 112 interviews, meeting interviewees at their doorstep (and interviewing them in their 
back-garden) or in local parks. We estimated the response rate to be 30%. 

In a day scheduled for the team to visit one of the survey areas, we would start by checking the 
weather forecast: if the wind were unfavourable to westerly arrivals, we would reschedule. 
Otherwise, once arrived in the selected survey area, we would split: Researcher 1 would stay close to 
the Norsonic noise meter, while the other(s) would start knocking at doors nearby. If possible, 
Researcher 1 would prefer to mount the meter in a park: not only the instrument would need less 
attention, but people in the park (e.g. dog walkers) could be interviewed by Researcher 1 while 
waiting for his colleague(s) to come back and to move to another site. At the end of the day, one of 
the Researchers would track on a map the doors and the area visited (see Figure 4-7 for an example 
of this process).   

 



 
 
 
Perception of Aircraft Height and Noise  Section 4: Survey design and procedure 

39 

 

Figure 4-7 The area covered by interviewers in Speldhurst, as mapped at the end of each day. The lines represent a moving 
researcher, and the dots represent one standing near the noise meter. 

Every time one of the Sussex researchers encountered a person willing to be interviewed, he/she 
would start reading the ethics form (see Appendix 2). In doing so, he/she would formally invite the 
potential interviewee to be part of the study, would explain our procedure of data storage, would 
mention how to cancel the responses at any time and would ask for an explicit consent.  

Following advice from the Ethics Committee at Sussex, consent could be registered either by getting 
a signature or by recording a pre-prepared sentence. Then, the interview would start.  

The researcher would then follow the flow suggested by the pre-prepared questionnaire, 
interrupting it as soon as a plane could be spotted in the sky. The goal for each interview was in fact 
to acquire the interviewee’s opinion on at least three different planes, while the interaction lasted. 
(i.e. 10-15 minutes, depending on the day). 

4.5.1 Questionnaire layout 
The guide questionnaire (see Appendix 2) was like the one in the postal survey, plus something 
specific. It had:  

• key general questions (age, gender, type of home, employment status, local to the area); 
• questions related to non-acoustical parameters (“feeling in control”, presence of sound 

insulation at home, sensitivity to noise); 
• questions related to annoyance at home and to sleep disturbance; 
• questions related to changes in the number/height/noise of planes in the past 24 hours; 
• “when does a plane fly over you”, assessed in two questions, like in the postal case. 

The key difference with the postal survey was in the scales used: since interactions were verbal, we 
used in the interviews only 5-points verbal scales throughout [36]. We added:  
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1. In the ice-breaking section (i.e. at the start of the guide questionnaire), we asked whether 
the interviewee had heard about our study. This allowed us to identify potential external 
influences on the interviewee but also, more simply, the interviewees who had already filled 
in the postal questionnaire. 

2.  Questions 8, 9 and 10 only appeared in the field interviews, and were aimed at 
understanding the role of outliers (i.e. “extremely noticeable planes”) in the perception of 
the interviewees and on which of their activities they felt noise impacted most. 

Whenever a plane passed on sight, however, the interviewer would pass to a “plane-spotting” 
questionnaire (inset of the main questionnaire). This contained questions on the absolute 
assessment of height/size of the specific plane, but also an assessment of short-term annoyance. 
The single plane questions also covered by how much the observed was far from the “average 
plane” (see section 5). 

4.6 Survey by appointments 
In the last part of the study, during the last week of September, we interviewed a limited number of 
people, randomly selected from those which had returned a completed volunteer form (at the end 
of the postal questionnaire). Volunteers (or a representative of their household) were interviewed 
either in their garden or in a nearby park and were rewarded with a £15 shopping voucher. 

These visits lasted up to 45 minutes and used the same format of the field survey interactions, with 
some differences:  

a. They left a lot of space for free feedback (which was even tape-recorded in some cases);  
b. They were accompanied by local noise measurements; 
c. They aimed at detecting some specific aspects of how the height of planes is perceived.  
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5 Results of the postal survey 
In this section, we present the results of the postal survey, after putting them in context by reporting 
the associated question. In reading the results, it should be kept in mind that they refer to a sample 
of 112 respondents, so percentages or differences lower that 2% are considered null. 

5.1 Introductory questions 
As discussed in section 4, the initial non-numbered questions were inserted for two reasons: a) act 
as an “ice-breaker”, helping the respondent to focus on the task ahead; b) put the respondent in 
context. As shown in Table 5-1, while almost none had participated in a noise survey before, about 
20% of the respondents declared they (or someone in their family) had made an official noise 
complaint. 

 

Table 5-1: Responses to the first two questions of the postal survey. 

 Yes No NA 

Have you answered a noise survey before? 2 110 0 

Has anyone in your home made an official noise complaint? 22 89 1 

 

According to Maziul et al. [97], “complaint data do not reflect noise annoyance in the surroundings 
of airports to the full extent, as there are residents living in affected areas who do not complain, as 
well as residents living in areas with relatively low noise levels who complain”. Previous studies 
reported by Maziul et al. show that “even when a large number of residents is annoyed by noise, 
many of them do not complain because they feel that nothing can be done about the noise or that 
residents just have to put up with the noise”, with the percentage of those complaining ranging from 
2% [98] to 19% [99] of the highly annoyed ones.  

In our case, the 22 respondents who filed a complaint are about 50% of the highly annoyed ones (i.e. 
44 out of 112 respondents who reported a score ≥ 7 to question D3 in the part regarding “plane 
noise”): a greater percentage than in other studies. They also represent 48% of the ones who 
reported sleep disturbance (i.e. 46 out of 112 respondents scored ≥ 7 to question D3 in the part for 
“sleep disturbance”). 

Conversely, those that made complaints don’t have the typical traits reported by Maziul et al. [97]: 
they are equally distributed between males and females, they are spread across the age groups and 
their sensitivity to noise is equally distributed along the 11-point self-assessed scale (average score: 
5.0). In this sense, we decided to treat them as normal respondents.  

A further analysis, however, shows that 11 of these respondents came from Area 3 (Penshurst), 
which the field surveys (section 6) will show has the highest average annoying level among the 
survey areas. There might then be an effect of local politics in this high number of complainers in the 
Penshurst sample.  
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5.2 Part A: Yourself 
This section is composed of three questions, covering the main demographic variables: age (A1), 
gender (A2) and occupation of the respondent (A3). The answers are here compared with data from 
CENSUS 2011, as reported in Parishes and Wards databases16 (see Figure 5-1). 

 

Figure 5-1 Geographical representation of the Parishes and Wards databases used as reference in this study. 

Even if the areas in Figure 5-1 are much larger than those used in this study, the gender composition 
of the postal sample is very similar to the one in CENSUS 2011 for these locations (56% males vs. 
51% in CENSUS 2011). The same can be said for the age distribution of the respondents, aggregated 
in the classes of CENSUS 2011 (see Figure 5-2). Our postal sample has a slightly larger % of people 
aged over 55 than in the areas selected in Figure 5-1.  

 

Figure 5-2 Age distribution: comparison between the postal respondents and CENSUS 2011.  

                                                           

16 Having checked different databases of CENSUS 2011 from NOMIS, this was the most consistent. 
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During the survey design stage, the wording describing who should fill the questionnaire was 
thoroughly scrutinised (also with the help of the Steering Committee): we were afraid the postal 
questionnaire would trigger response mostly among retired people, spending most or all of their 
time at home. The analysis in terms of occupation (Figure 5-3) shows that this was indeed the case: 
respondents were equally divided between full/part jobs and retired, with over 70% (78 out of 112) 
of the respondents older than 50.  

 

A3. What is your current employment status? 
(Tick all that apply) 

Full-time employed Full-time student 
Retired                          Part-time employed
Part-time student Unemployed 
Self-employed Working from home
Carer (home / family) Other:___________ 
Would rather not say  

 
Figure 5-3 Question A3 (occupational status) and the distribution of its answers. 

 

5.3 Part B: Your circumstances 
When asked “How long have you lived in this home?” (B1) or “How long have you lived in this village 
/ town?” (B2), more than 60% of the respondents (67 out of 112) declared they had lived at the 
same address for 10 years or more. We also noticed that 12% of those who lived in the same village 
for 20+ years have moved in the past 5 years or less (8 out of 112). The average age of these 
“movers” is 65 and their most common occupational status is “retired”. 

 

Figure 5-4 Time spent by the respondent living at the same home or in the same village. 



 
 
 
Perception of Aircraft Height and Noise  Section 5: Results of the postal survey 

44 

Since so many of the respondents have lived in the area for so long, it is not a surprise that – when 
asked “How much do you like living in this area?” (B3) – the majority of people scored ≥ 7 (see 
Figure 5-5). It is worth noting that all 6 respondents (4.5% of the postal sample) with a score ≤6 
attribute to noise their dislike of the area. Only one of the 6 respondents with a score ≤6 has filed a 
complaint before. 

 

B3: How much do you like living in this area? 

 

Definitely 

dislike 

Neither like, 

Nor dislike 

Definitely 

like 

 0 1 2 3 4 5 6 7 8 9 10 

  

Figure 5-5: Question B3 and a graphical representation of its answers. 

 

Question B4 investigated what type of home the respondents lived at the time of the survey (Figure 
5-6). This information is one of the indicators of the socio-economic status of the respondent, which 
– in urbanised areas – has been found to impact on the level of annoyance and on the possibility of 
complaining [25] [97] [100]. The postal survey identified that 80% of the respondents (90 out of 112) 
reported they live in a house, with most of them being detached.  

 

B4. What type of home do you 
currently live in? 

 

 House: detached  
 House: semi-detached 
 House: mid-terrace 
 Bungalow: detached 
 Bungalow: semi-detached 
 Bungalow: mid-terrace 
 Flat 
 Maisonette (Flat on 2+ floors) 
 Other: ____________ 

Figure 5-6: Question B4 and a graphical representation of its answers. 

 

Question B5 investigated the presence of sound insulation in the respondents’ home. As the postal 
questionnaire focused on the respondents being indoors (e.g. for annoyance statements), it was 
anticipated that there could be an effect from the presence of sound insulation would influence the 
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feeling of being in control (question B8). According to Maziul et al. [97], “stress is a consequence of a 
person's inability to effectively cope with demands from the environment. Central to the coping 
concept is the belief of the person to successfully manage the situation. The feeling of having 
sufficient coping strategies is based upon the appraisal of a situation and their own coping strategies 
and therefore reduces the effects (stress) caused by this situation (e.g. noise)”. Coping strategies 
comprise direct (e.g. turning off noise source, shutting windows) as well as indirect ways” (e.g. 
complaining). If having issued a complaint is one of the mechanisms, shutting the noise out (e.g. 
shutting double-glazed windows, or moving to another room) and installing sound insulation are 
others. 

 

B5. Do you have any form of noise insulation at 
home? (Tick all that apply) 

 Windows (double-glazing) 
 Windows (triple-glazing) 
 Wall insulation 
 Roof insulation 
 Other: ____________ 
 Don’t know  

Results: 
No insulation: 18 respondents 
Double/triple glazing: 90 respondents 
Double Glazing + Roof insulation: 50 
Double Glazing + Roof insulation + Wall 
insulation: 19 
No answer/don’t know: 4 respondents 

Figure 5-7 Presence of sound insulation (question B5) and its answers. 

 
It is worth noting that the question did not have a specific “no insulation” response (Figure 5-7): 
respondents who wanted to highlight this condition reported “no insulation” under “other”. As 
shown in Figure 5-7, about 80% of the respondents (93 out of 112) had at least double glazing and – 
except for 1 case – the presence of any other type of insulation was subject to the presence of 
double glazing. In the postal sample, the presence of double glazing does not depend on the type of 
home (question B4) or on the employment status (question A3). 

Only 5 of the 112 respondents had their sound insulation installed in the past 12 months (question 
B6) and with no correlation with the level of reported annoyance (question D3) or sensitivity (D7). 
Two of these respondents specified that they installed insulation during house renewal and mainly 
for thermal reasons: if the respondents installed sound insulation for reasons related to their 
annoyance, this may have been done earlier than 2016. 

Question B7 covers awareness to all types of unwanted sounds (i.e. noise) at various times in the 
day. This question is positioned here in the questionnaire – i.e. outside the context of being 
“bothered, annoyed or disturbed” by unwanted sounds (section D) – to prepare the respondent to a 
judgement on his/her feeling of control (question B8), with minimal impact on the questions in 
section C. As shown in Figure 5-8, differences between weekdays and weekend are negligible and 
more than 35% of the respondents are aware of noise all day (i.e. 40 out of 112 ticked all boxes) 
while 3-5% are not aware of noise (i.e. a maximum of 6 over 112). Looking at the single period, 
respondents in our postal sample were mostly aware of noise during the day (33%, or 37 out of 
112)17. 

Question B8 interrogates the respondent on his/her agency – i.e. the feeling of having control over 
the impact of outside noise when indoors – also mentioning some example of “coping” actions [97] 
                                                           

17 Note that the percentage of 33% accounts for “day” (13%), “day & evening” (13%) and “day and night” (7%). 
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to further clarify the question. As shown in Figure 5-9, 52% of the respondents, or 58 out of 112, put 
a score ≥ 7. One key result from this section is the correlation between the presence of sound 
insulation and the feeling of being in control, which will be discussed in section 10.  

 

Figure 5-8 Awareness of noise at various times of the day. (B7). 

 

 

Figure 5-9 Feeling in control over unwanted sounds outside. 

 
Some meta-analysis on questions B5 and B8 (see Table 5-2, which replicates Table 10-1 for 
convenience) shows that about 28% (26 out of 112) of the respondents which reported at least 
double glazing insulation, also reported an average value in B8 (i.e. did not feel the insulation made a 
difference). Conversely, 56% (5 out of 9) respondents with no glazing or insulation reported they 
have no control on noise (this corresponds to 4.5% of the postal sample), while more about 60% of 



 
 
 
Perception of Aircraft Height and Noise  Section 5: Results of the postal survey 

47 

the people with insulation (i.e. 55 out of 93, or 49% of the postal sample) feel they are in control. As 
we will see later (section D), “control” is one of the parameters that well correlates with the 
annoyance of our sample (i.e. the more respondents felt in control, the less annoyed they were). 

 

Table 5-2: Meta-analysis between the presence of insulation and the feeling of control. DG = double glazing RI = roof 
insulation. Details on how these percentages have been calculated can be found in Section 10. 

 People 
with no 
glazing or 
insulation 

People 
with 
double 
glazing 

People with DG + 
roof insulation 

People with DG + RI + 
wall insulation 

How many of the 
people feel in control 
(scores above 7)? 

33% 59% 54% 53% 

How many of the 
people feel it does not 
make a difference 
(score of 5 or 6)? 

11% 28% 30% 37% 

How many people feel 
they are not in control? 
(score of 4 or lower) 

56% 13% 16% 11% 
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5.4 Part C: height and size 
The key questions of this section cover assessments of plane height and size, in relation to the 
“lowest plane” and to the “average plane”. It is worth remembering that the wording of the 
questions (see e.g. Figure 4-5) refers to memory of the respondents: the “average” and the “lowest” 
plane are already perceived judgements. 

 

  
a) Height of the lowest plane b) Height of the average plane 

Figure 5-10. Answers to questions C1 (height of “lowest plane”) and C2 (height of “average plane”) and comparison with 
the data in Figure 4-4. All heights are referred to ground. Error bars represent the standard deviation for the specific survey 
area (i.e. 68% of the respondents gave a value within the error bars). 

 

5.4.1 Numerical assessment of height 
Figure 5-10 reports the answers to questions C1 and C2 from the postal survey, with the error bars 
relative to one standard deviation (i.e. 68% of the respondents gave an answer within the error bar): 

• The estimated height (over ground) of the lowest plane agrees very well with the values 
reported in Figure 4-4 (relative to summer 2016).  

• The height (over ground) of the average plane is typically underestimated by more than 
1,200 ft in all the main sites. It is underestimated by about 900 ft in Cowden. 

• The decreasing trend in height (i.e. 1,200ft between Crowborough and Cowden in Figure 
4-4), which differentiated our survey areas at the design stage, mostly disappears in 
perception: in Figure 5-10b the average perceived heights (over ground) are all within 500ft. 

• In both cases, the values reported in CASPER are within 1 standard deviation from the ones 
obtained from the postal survey: even if the postal responses are quite spread numerically, 
each respondent had a 32% chance of getting the right numerical estimate18.  

The fact that the height of lowest plane is so accurately reported highlights its strong presence in the 
memory of the respondents. The field survey (next section) will in fact demonstrate that every 

                                                           

18 If the answers are randomly distributed, the probability of giving a value within ±1 standard deviation from 
the most common answer is 68%. 
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interviewee had a story to tell about one “exceptionally low-flying” plane. The field studies will ask 
how often these low-flying planes arrive and assess how far away typical planes are from the survey 
areas. 

 

 
 

a) Size of the lowest plane b) Size of the average plane 

Figure 5-11 Answers to questions C5 (size of “lowest plane”) and C6 (size of “average plane”) reported by survey area and in 
aggregated form (continuous line). In each plot, the arrows represent the visual size of an A320 flying just above the 
observation point, calculated using CASPER data (Figure 4-4) and the perceived height (Figure 5-10). 

 

Figure 5-10 summarises the answers to questions C5 (size of “lowest plane”) and C6 (size of “average 
plane”) for the different survey areas. Also reported in the graphs are: 

[green arrow]: the size calculated for an A320 flying at the lowest height from Figure 4-4 
(e.g., an A320 flying at 2,400 ft, the lowest height for Crowborough, which would be size F); 

[yellow arrow]: the size calculated for an A320 flying at the perceived height (either the 
“lowest” or the “average”) from Figure 5-10. 

From Figure 5-11 we observe that:  

• Size class C is very wide: it was designed to cover all the average heights in Figure 4-4 (from 
3,800 ft to 5,300 ft). 

• More than 50% of the respondents (56 out of 112) reported that, in their perception, the 
lowest plane has size G or greater. 

• For the “lowest plane”, the size corresponding to the perceived height leads to the most 
diffused opinion on the size of the “lowest plane” (i.e. the highest peak in the histogram 
from Figure 5-10a). Since the perceived height of the lowest plane (PHLP) is correct (i.e. 
agrees with CASPER data, as shown in Figure 5-10a), this means that, for at least 20% of the 
respondents (i.e. 22 out of 112), there is a consistent picture (in respondents’ visual 
memory) about the lowest plane.  

• The perceived height from Figure 5-10b leads to a perceived size which is larger than the real 
one (i.e. the one from CASPER): an average difference of 2 size classes that corresponds to 
the average “error” in height perception. Considering that most of the planes should be in 
class C, this would correspond to the next range of sizes. 
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• The average size plot (Figure 5-10b) shows three main perceived sizes (D, F and H): a result 
that does not depend on the survey location. The “perceived size of the average plane” 
(PSAP) points only to one of these peaks: the size of the plane with “perceived average 
height” (PHAP) corresponds to PSAP only for 10% of the respondents. This confirms that the 
concept of “average plane” is somewhat more complex, in respondents’ visual memories, 
than the one of the “lowest” plane. This aspect was addressed during the field studies. 

 

5.4.2 Overflying 
Questions C3 and C4 address the definition of planes overflying, which is covered in CAP1498 [16] 
and, according to Figure 5-12, at least 52% of the respondents (58 out of 112) reported that more 
than half of the flights fly over them (i.e. scored ≥ 6 in C3). As shown in Figure 5-13, 46% of the 
respondents (51 out of 112) reported that a plane overflies them if it can be seen within an angle ≥
60° from the horizontal (the first choice in CAP1498). The number of respondents that would 
consider a plane overflying them for an angle ≥ 48° from the horizontal (second option in CAP1498) 
is instead 67% (75 out of 112).  

The CAP1489 option of 48° seems therefore the best option to define overflight (see section 6 for a 
confirmation of this result from the field studies). There is then a part of the respondents (15%, or 17 
out of 112) that defined a plane to be overflying them at any angle when they could hear or see 
them. These results will be integrated with the feedback collected during the field interviews and 
extended to the total sample in section 7. 

 

 

Figure 5-12: Answers to question C3 of the postal questionnaire. 
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Figure 5-13 Answers to question C4 of the postal questionnaire: definition of overflight. 

 

5.4.3 Perceived changes  
Questions C7 to C10 address the perceived changes in height, size and number of planes comparing 
today to 5 years ago – i.e. we believed that respondents would consider “5 years ago” as the period 
before the changes to ILS joining point in 2013 (see section 3.2). 

The first to be addressed is size (question C7, in Figure 5-14): while 56% of the postal respondents 
(63 out of 112) reported that they did not perceive a change in the size of planes in the last year, the 
percentage drops to about 30% (34 out of 112) when comparing with 5 years ago. This means that 
about 26% of the respondents believe that plane size changed sometimes in the period 2013-2016. 
Almost all the respondents that believed in a change, agree in the perception that planes got larger 
in the period 2013-2017. 
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Figure 5-14 Answers to question C7 of the postal questionnaire: changes in the physical size of planes. 

 

Question C8 is the first in the set of questions on qualitative changes in planes’ heights. As shown in 
Figure 5-15, it asks about the perceived changes to the average and the lowest plane in the past 
month. We observe only a slight skew of the average plane distribution towards “low”, while the 
lowest plane was perceived as “very low” (i.e. a score ≤ 2). 

 

Figure 5-15. Answers to question C8 of the postal questionnaire: heights. 
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Following size, respondents also believed that planes fly lower than they were in 2013 (question C9). 
As shown in Figure 5-16a, at least 30%of the respondents (34 out of 112) think that the lowest plane 
is lower (score of 4 or lower) than 1 year ago. This percentage jumps to 45% (50 out of 112) when 
compared to 5 years ago. Similarly, the height of the “average plane” was perceived to have not 
changed compared to 1 year ago by most participants (55%, or 62 out of 112) and more certainly 
lower than in 2013 (38% of the answers, or 43 out of 112). 

Question C10 analyses the third aspect of change: perceived changes in the number of planes at 
different periods of the day. As shown in Figure 5-17, results vary very little over the period of the 
day: 30-32% of the respondents (35 out of 112) reported the number of planes has not changed in 
the past 5 years, while 34-40% (38-45 out of 112) reported that, in their perception, the number of 
planes is increased both in comparison to last year and to 5 years ago. The difference between 1 
year ago and 5 years ago is stronger at night: 17% of the respondents (19 out of 112) noted an 
increase at night from 5 years ago that did continue in the last year.  

5.4.4 Noticing planes 
The last question in this section (C11) reads “Is plane noise less or more noticeable than all other 
noises (traffic, neighbours, animals etc)?”. We notice that (Figure 5-18): 

• 62% of the respondents (69 out of 112) marked plane noise as more noticeable than all 
other noises (scores ≥ 7); 

• 17% (19 out of 112) reported it is just as noticeable (scores: 5 and 6); 
• 19% (21 out of 112) reported that it is less noticeable (scores ≤ 4). 

The position of C11, just after the questions on perceived change (which weight changes on 
expectations), but one page before the ones specifically on annoyance, suggests investigating 
whether perceived changes in size/height/number (i.e. expectations) impact on noticing plane noise. 
Another potentially interesting cross-investigation is with question B7, to determine when during 
the day planes are most noticed. These analyses can be found in section 10.1. 
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 (a) 

 (b) 

Figure 5-16 Answers to question C9 of the postal questionnaire: changes in the height of the “lowest” plane (a) and of the 
“average” plane. 
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Figure 5-17. Answers to question C10 of the postal questionnaire: perceived changes in the number of planes. Results are 
presented by period and in three categories: “decreased” (scores 0-4), “same” (scores 5-6) and “increased” (scores 7-10). 

 

 

Figure 5-18 Answers to question C11 of the postal questionnaire: noticing plane noise. 

 

C10. Amount of planes  Significantly 
decreased 

Stayed  
the same 

Significantly 
increased 

Question      0    1    2    3    4    5    6    7    8    9   10 

Over the last year, the 
number of planes...  

between 7AM and 7PM has   

between 7PM and 11PM has   

between 11PM and 7AM has   
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5.5 Part D: annoyance and sensitivity 
Given the feedback we received on the postal questionnaire, it is worth noting that while this section 
may seem focused on the impact of unwanted sounds from planes (i.e. plane noise) on activities 
indoors, some of the questions were a key indicator to highlight disturb once when respondents 
were outdoors. Similarly, while most of the questions seem to be focused on activities when awake, 
some of the questions address sleep disturbance. Annoyance due to noise when outdoors and sleep 
disturbance have been further investigated in the field interviews (section 6). 

Figure 5-19 summarises the expectations of the respondents on the typical sounds outside (i.e. the 
soundscape) as perceived from indoors. The wording of this question covers both wanted and 
unwanted sounds. We notice that 43% of the respondents (48 out of 112) are indifferent to the 
sounds around them. 

 

Figure 5-19 Answers to question D1: perceived soundscape from indoors. 
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Figure 5-20 reports the answers to question D2, which was explicitly focused on unwanted sounds 
(i.e. noise) from all sources. The distribution of respondents’ scores has two peaks (i.e. one at 2 and 
one at 6) but it is otherwise flat just above 10% (11 out of 112). This is the first indication that the 
judgement on whether noise disturbs or not is not a binary (“yes/no”) answer: the whole scale of 
perception is used even for intense noise conditions. In addition: 

1. Comparison with Figure 5-18 shows more respondents are “aware” of noise (i.e. answered 
with a score above 6) than the ones who are highly disturbed by it (Figure 5-20). 

2. As will be clearer later (Figure 5-25), the presence of two peaks reflects the sensitivity to 
noise of the respondents. The first peak comes from the very sensitive participants, the 
second from the ones with average sensitivity. There is no peak in Figure 5-20, however, for 
the most sensitive ones. 

3. There is no peak at “not at all”, while at least 10% of the respondents (11 out of 112) 
answered they were not bothered at all when asked explicitly about plane noise (Figure 
5-21). The presence of other sources, reported in the rest of question D3, accounts for this 
difference. 

4. Note that this question focuses with exposure to noise when indoors. Figure 5-23 will detail 
the difference with what happens outdoors. 

 

 

Figure 5-20 Answers to question D2: general disturb indoors due to outside noise. 
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Figure 5-21 focuses on plane noise. The percentage of respondents not noticing planes is consistent 
with what was found in question C11: a percentage of the respondents (10-12%, or 11-13 out of 112) 
scored “10” whatever the time of the day and there is a difference between day and night (27%, or 
30 out of 112, scored “0” for “disturbing my sleep”, while only 12%, or 13 out of 112, scored “0” 
when asked about being “bothered/disturbed/annoyed” without a specific reference to the period 
of the day).  

 

 

Figure 5-21 Answers to question D3, reporting different types of disturb due to plane noise. In the scale used for this 
question, “0” is “not at all” and “10” is “all the time”. 

 

Figure 5-22 details the description of question D4, while the answers to this question can be found in 
Figure 5-23: 

• When indoors, 40-50% of the respondents (45-56 out of 112, depending on the activity) 
marked 0 to this question (i.e. not disturbed at all). 

• There is a net increase in disturbance when outdoors: 10-12% (11-13 out of 112) marked 
“10” at “preventing to open windows”. 

• 30% of respondents (34 out of 112) marked “0” for disturb outdoors vs. the 15% that 
marked “10” (17 out of 112). 

There is therefore evidence that 10-15% of the respondents who were not 
bothered/disturbed/annoyed when indoors, became so when moving outdoors. 
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Figure 5-22 Activities potentially disturbed by noise. 

 

 

Figure 5-23 Percentage of respondents for the different scores and activities in question D4 (see Figure 5-22).  

 

The difference between indoors and outdoors is even clearer when the results from question D4 are 
presented in aggregated form (see Figure 5-24): 

D4. Does noise from planes disturb any of the following activities for you? 

  Not at all Sometimes All the time 

Noise Activity   0 1 2 3 4 5 6 7 8 9 10 

Noise 
from 
planes 

 

This disturbs my conversations 
indoors (inc. phone calls, online)  

This disturbs my TV viewing 
(including radio, games, music)  

This disturbs my reading or 
concentration indoors  

This disturbs my working indoors  

This disturbs my relaxing indoors  

Disturbs my family or pets  

Prevents me opening windows  

Stops me enjoying the outside  
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• The number of respondents who marked “low disturb” indoors is between 70% and 80% 
(78-90 respondents out of 112) 

• The percentage who marked “mid disturb” is fixed at 10%, which is the same as “no 
disturb” for most of the activities. 

• There is a slight increase in disturbance for “relaxing”. 
• There is a net increase when the person cannot enjoy the outside environment, either 

opening windows or moving outdoors. 
 

 

Figure 5-24 Impact of plane noise on different activities (question D4), aggregated in “low disturb” (scores ≤ 4), “medium 
disturb” (scores 5 &6) and “high disturb” (scores ≥ 7).  

As expected for a social survey run during summer [23], these answers highlight the presence of a 
group of respondents (20-30%) that is affected by plane noise mostly in their life outdoors (see also 
open feedback). While their overall annoyance is probably decreased by the presence of sound 
insulation (which, in turn, well correlates with the feeling of being “in control” in our sample), it 
cannot be eliminated. According to our sample, there will always be about 10% of the population 
with a score of “10”, whatever the activity. 

Finally, Figure 5-25 reports a comparison (for the different survey areas) between self-assessed 
sensitivity as obtained from a single question (only last part of question D7) and the full Weinstein 
scale (i.e. the averaged value of the scores in D7). The response from a single question has a random 
– Gaussian – distribution, while the full Weinstein scale highlights three types of respondents: 
people with low sensitivity to noise (scores between 0 and 4, with a peak at 2.5), people with 
average sensitivity (scores of 5 and 6) and people with high sensitivity (scores between 7 and 10, 
peak at 9). 

As discussed earlier, the presence of three classes of respondents is similar to the one describing 
“being disturbed/annoyed/bothered” by all types of noise (Figure 5-20), but not the one explicit for 
plane noise (Figure 5-23).  

As discussed in section 3, at the start of the study we wondered whether the change to the ILS 
minimum point in 2013 had created a change in the sensitivity to noise for the different locations. As 
shown in Figure 5-25, this is not the case: the clustering is similar in the three locations (slightly 
clearer in Crowborough, maybe). If there is a difference in annoyance between the 4 areas for what 
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concerns plane noise specifically, then, this cannot be accounted to sensitivity (at least for the postal 
sample). 

 

 

Figure 5-25 Comparison between different methods to determine sensitivity to noise: the blue histogram refers to the last 
question Weinstein questionnaire (i.e. “I am sensitive to noise”), while the orange bars report the average score. 

This statement is confirmed by Figure 5-26, which shows the % of postal respondents as a function 
of sensitivity to noise (Weinstein’s scale) and the self-reported annoyance (question D3, part 1): in 
the postal sample, no effect of sensitivity on the annoyance score was detected. This is different 
from what observed by SoNA (see Figure 3-6) and other studies [11] [12], where sensitivity to noise 
was one of the major parameters affecting annoyance. This effect is not due to the method of 
collecting data ( [11] also used postal questionnaires), so we believe it may be due to the basic 
difference among our survey areas and the ones in [11] [12]: in all the other studies, participants 
were exposed at higher noise levels (≥ 51 dBA in SoNA), so the attitude of participants towards 
noise was clearer. We report a more thorough discussion on the correlation between sensitivity and 
annoyance in the postal sample in section 10, using conditional analysis. 

 



 
 
 
Perception of Aircraft Height and Noise  Section 5: Results of the postal survey 

62 

 

Figure 5-26 Percentage of postal respondents to question D3 (from Figure 5-21) as a function of self-assessed sensitivity to 
noise (Figure 5-25). 

5.6 Open feedback 
At the end of the postal questionnaire, respondents were invited to express their views (and those 
of the rest of their household) that had not been captured so far. The feedback was directed to the 
Sussex team, but we asked the permission to use it in this report (see Figure 5-26). In this section 
(Table 5-3, Table 5-4, Table 5-5, Table 5-6), we present a selection of the feedback we were allowed 
to share, organised by survey area. When possible, the text has been anonymised, to preserve the 
privacy of the respondent: in these cases, text that could lead to identifying the respondent was 
omitted and substituted with something enclosed in brackets […]. We grouped the answers in 4 
categories, for ease of reading: 

[General] reports a general comment, to clarify the context in which perception is nurtured 

[Indoor/outdoor] reports at least one comment on how planes may be differently perceived indoors 
or outdoors. 

[Other sources] collects comments on other sources 

[Specific] often reports a suggestion from the respondent on how things may be changed for better. 

It is worth noting that the feedback we selected is not necessarily representative of the opinion in an 
area: it reflects instead the wide range of opinions we received, often contrasting with each other. 
The reader should therefore refer to the whole feedback, as reported in Appendix 3.  
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Figure 5-27 Space for open feedback at the end of the postal questionnaire. 

 

  

Feedback to us (University of Sussex) 
Below we would like to give you the opportunity to express the views of yourself and the rest of 
your household that have not been captured so far. 
 

- Do you feel the questionnaire accurately captured your views? 
- Were there any question responses you would like to elaborate on here? 

 

 
 
 
 
 
 
 
 
 
 

 
   Tick if you are happy for us to include your feedback in our final report 
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Table 5-3 A selection of the feedback from the postal survey in Crowborough (region 1). 

 Comment 

General • In recent months, my wife and children as well as myself have 
noticed more low flying aircraft where you can see the names and 
colors of the respective airline. The lowest aircraft do seem to be 
lower than before.  

• Only to add that [for personal reasons] aircraft flying over does not 
bother me. I quite enjoy seeing them….at a reasonable height 
(3000') that is less intrusive. 

Indoor/outdoor • Most of the questions about the effects of noise relate to being 
indoors. Most of the noise of aircraft affects life outdoors i.e. 
sitting/working in garden 

Other sources • The noise from helicopters and small aircraft is very disturbing. I 
think I remember that Gatwick used to change the stacking 
arrangements so that each area had one week on and two weeks 
off. This seemed a fair + sensible way to spread the problem.  

• Worst noise is from low flying helicopters to & from Crowborough 
cadet camp - much lower than planes. 

• The noise of building work and in-filling is continuous in this area 
and most annoying. 

Specific • More dispersal of planes in the last 12 months has reduced the 
problem, but they don’t need to fly so low. We all fly, so spread the 
load far and wide. 

• You do not perceive noise it either noisy or it is not!! C5 might be a 
convenient way to ask the question, but its method (diagram of 
silhouette) will lead to inaccurate answers. Gatwick changed flight 
paths in 2013 greatly affecting [Crowborough]! 

• Why do they have to follow the same flight path all the time? Surely 
this can be spread over a wide area. 
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Table 5-4 A selection of the feedback from the postal survey in Tunbridge Wells (region 2). 

 Comment 

General • I am concerned about the number of planes increasing as this will 
impair the quality of my life in my house and also my enjoyment of 
the surrounding countryside 

• Airplane noise does not bother me at all. In fact, if I hear a loud 
plane I will often go outside to see what kind of aircraft it is. 

Indoor/outdoor • We seriously notice the plane noise more in the summer when there 
are more flights and have windows plus doors open all day/night. In 
the winter, we hardly notice any outside noise when indoors. 

Other sources • I live across the road from a pub so the main source of noise here is 
from drunk people leaving.  

Specific • A few years ago, the plane noise was bearable, then they changed 
the flight paths, without consultation, and now the noise is very bad, 
and they could change the flight paths to vary the direction or bring 
them in higher. 

• Questions were fine on the whole, but not any emphasis on noise at 
different times of day. Noise is perceived to be louder/disturbing at 
night, especially when sleeping. No questions on whether noise 
from aircrafts is actually acceptable especially with respect to time 
of the day 
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Table 5-5 A selection of the feedback from the postal survey in Penshurst/Speldhurst/Bidborough (region 3). 

 Comment 

General • We suffer from absolutely no noise pollution apart from planes 
arriving into Gatwick, and we no longer believe that the owners care 
at all about us. 

• Planes seem to fly quite high and the noise doesn't disturb us.  
• […] Looks to me like GAL trying to make things look better then they 

are. We know how high the planes are, so don't need this.  

Indoor/outdoor • We like to have open windows to enjoy fresh air and to sit outside 
enjoying the rural scene. Not to be cooped up in an insulated, closed 
window home. 

• It would be good to have included impact noise when outside i.e. in 
garden. The impact of noise from airplanes is minimal inside but 
significantly worse outside during the summer. 

• I live in the country and expect to hear farm animals, birds, etc when 
outside on a nice day. The incessant nature of plane noise is 
overwhelming and moves all other natural noise into insignificance. 

Other sources • N/A  

Specific • We are aware of the planes day and night. It seems surprising that 
there is a curfew imposed on Heathrow but not on Gatwick. We all 
enjoy going on continental holidays so we must accept some of the 
noise, but having planes at 3AM flying overhead is NOT acceptable. 

 

  



 
 
 
Perception of Aircraft Height and Noise  Section 6: Results of the field study 

67 

Table 5-6 A selection of the feedback from the postal survey in Cowden (region 4). 

 Comment 

General • The real issue relates to the flight path changes to LGW where 
previously all flights into LGW travelled to the north of the house 
(Edenbridge/Hever). Now an increasing number fly low directly 
overhead.  

• There are many more planes than 5 years ago and more fly lower. 
Some airlines are noisier as they have an old fleet.  

• In Cowden, we are really not bothered by the planes. It is so 
different in Cheddington-Hever. 

Indoor/outdoor N/A 

Other sources • Planes travelling to and from Gatwick is not the only traffic passing 
over us. We get a lot of helicopters. This increases the general 
feeling of noise from the sky. 

Specific • From our property we sometimes have planes flying over us on 
three sides as they turn to line up with the flight path.  

• I believe the flight path has moved closer to going over our house in 
the past two years.  

 

6 Results of the field study 
In this section, we present the results of the field study in terms of the answers acquired during the 
short and the long interviews. Results relative to the single-plane observations will be discussed in 
section 7. As discussed in section 4, both short and long interviews were guided by a questionnaire 
which included three types of questions: 

a. Questions on short-term perception (e.g. Q5: “Thinking about today, are there 
normally this number of planes, or is it more or less busy than usual?”), which were 
designed to link to measurements (e.g. NTK measurements of the daily amount of 
planes in section 8).  

b. Questions specific to the field study (e.g. Q8: “Was there any specific period when 
you particularly noticed planes in the past 24 hours?”), which will be treated 
separately. 

c. Long-term questions (e.g., Q11: “Over the last 5 years, have planes generally 
become lower or higher at all?” or Q12: “gender”), which were already present in 
the postal questionnaire. When possible, the answers to these questions will be 
presented here, in direct comparison with the results in section 5.  

In each interview, the interviewer used the wording in the guide questionnaire (to make sure every 
participant got the same question) and aimed at completing all the questions in it (and at least one 
plane observation) within 15 minutes and in the right sequence. Part of the interview time, however, 
was spent answering questions or recording comments and feedback from the interviewee and, in 
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this sense, the questionnaire was a guide: it helped in some cases to bring back the interaction to 
the original pace, if needed.  

It is worth remembering that we used in the interviews a 5-point verbal scale, in contrast with the 
11-point numerical one used in the postal questionnaire (see section 5). The reasons behind this 
choice have been detailed in section 4, we will only recall here that the 5-point verbal scale is highly 
recommended when the interviewer is present [26] [36].  Brink et al. [23] write that “the differences 
in exposure-annoyance models that emerge from differences in the presentation of annoyance 
questions and the use of a particular annoyance scale can be significant”. A rule of conversion 
between the 11-point scale and the 5-point scale is therefore needed before attempting any 
comparison. In this work, we use the conversion described in Figure 6-1, which is similar to the one 
proposed by Brink et al. [23]. 

 

 

Figure 6-1 Weighting of the different answers to report the 11-point scale to a 5-point one. 

 

In terms of the sample characterisation, the data presented in this section include the answers from 
the survey area visits (unannounced, 112 participants) and home visits (in the last week of 
September, by appointment, 11 participants). All these participants received in fact the same type of 
interview (based on a guide questionnaire in Appendix 2), but the ones reached by appointment 
were offered a chance to have their feedback recorded and the possibility to comment on twice as 
many planes (6-7 planes instead than 3). 

6.1 Setting the scene 
As soon as a potential participant had expressed interest in taking part in an interview, the 
interviewer explained him/her the ethics and acquired a recorded consent to be part of the study. 
Then, the interviewee was given a plaque containing the graphical scales from Figure 4-5, Figure 4-6 
and Figure 5-13, to be held at 45cm. The questions in Figure 6-2 arrived shortly afterwards, and are 
placed at the start of the guide questionnaire to help both the interviewer and the interviewee in 
focusing on the task ahead.  
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These questions address weather condition, “being local to the area” and previous knowledge of the 
study: 

• Interviewees who defined themselves “not local”, but lived just outside the survey areas, 
were counted in the final analysis. 

• Of the interviewees who had already heard of the study, 17 had received our letter in the 
post, 4 had heard from parish/neighbourhood/concerned individuals, 11 had volunteered to 
be interviewed at home. 

• The 17 who received the questionnaire by post were counted only once for the analysis 
where (long-term) questions were examined together with the corresponding ones in the 
postal questionnaire (see section 4). 

 

 

 

 

Figure 6-2 Number of answers for each of the options in questions Q1-Q3 from the field questionnaire. % are relative to 112 
interviews. 

 

6.1.1 Weather 
We recorded weather conditions as they may significantly affect sound propagation [101] [102] and, 
for the purposes of this study, the visibility of planes. There is even evidence [103] [23] suggesting 
that long-term noise annoyance reactions may be affected by the time of the year when residents 
are interviewed, with higher annoyance in warmer seasons. In addition, we originally thought that 
the height of clouds could be used as a reference from interviewees to gauge the height of planes.  

In the field, however, we found that interviewees treated the relationship between planes and 
clouds in a binary way: either the plane was above the clouds or below them. In addition, some 
interviewees wanted to guess the height/size of planes they could not see (as they were above the 
clouds) from the noise produced, while others reported the impression that planes fly lower when 
they cannot see them. While this was an indication of a potential relationship between perceived 
size/height and produced noise (that will be discussed later), we decided to limit our study to planes 
that could be seen clearly during interviews. This required us to avoid times when there were too 
many clouds or days when the Met Office did forecast rain (there were 18 usable days in the period 
of the field study, when rain was less than 1mm [104]).  

According to the Met Office [104], the daily mean temperature in August 2017 was 16.4 ± 0.3 ℃ 
and moved to 14.0 ± 0.1 ℃ in September. The maximum and minimum daily temperatures in 
September were respectively 18.2 ± 0.2 ℃ and 9.9 ± 0.3 ℃. According to the Aircraft Noise and 
Performance (ANP) database [105], which summarises all current models on aircraft noise, the 
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variation in average temperature between August and September accounts for almost unnoticeable 
difference of ±1 dB. More than the average temperature, however, it is the presence of 
temperature gradients with altitude (i.e. like the ones that can be present at sunset or at dawn) 
which has the largest effect on the propagation of noise produced by a flying aircraft.  

A 1978 study near Gatwick [106] shows that this effect, within 3 km from the airport, can be as large 
as ±10 dBs for an observer on the ground. While the effect of gradients is expected to be much 
lower in our survey areas (as they are further away on the arrivals path and therefore planes are 
further above ground), there is however no accepted way of determining the presence of these 
gradients – as determined by the Working Group 4 on modelling aircraft noise of the EU-CNOSSOS 
project [102]. In order to avoid gradients, we concentrated our visits to the survey areas in the hours 
before sunset19. 

Finally, it is worth noting that we did not record wind direction: we only went out for interviews 
when the wind forecast of the day maximised westerly arrivals. This check was done on every day on 
CASPER, before leaving for the selected survey area. This check removed 4 days from the list of the 
18 usable ones (see above). 

In summary, interviews were conducted in similar weather conditions, in the absence of rain and 
when the wind maximised the westerly arrivals: we went out in 11 of the 14 available days with 
these conditions. Because of this choice, weather differences will be neglected in the rest of this 
study: it is however expected they will contribute to uncertainties. 

6.2 Yourself (Q12-14) 
We present the answers to questions Q12-Q14 before the others, as they describe the participants 
in the field study in terms of gender (Q12: 46% males, or 57 out of 123), age distribution (Q13: in 
Figure 6-3) and occupational status (Q14: in Figure 6-4). In the in-person interviews, we tried to 
capture a larger part of the younger population: 4 categories out of 6 in Figure 6-3 are now very 
close to the CENSUS local data. There is still however a large number of participants among the over 
65: this may be due to the way questionnaires were collected (i.e. there is a greater chance to find 
retired men and women at home) or to the CENSUS data being too coarse (i.e. the population in the 
survey areas is actually older than elsewhere in the villages). Occupational status is similar to what 
we observed in the postal survey. 

In this study, we will consider the postal and the field sample as independent. Under this assumption 
and due to their similarity (in terms of demographics), when the questions asked are similar, we will 
compare the two samples as part of the same population, highlighting the differences in the two 
groups of participants. Whenever both surveys reached the same conclusion independently on a 
specific question, we present a single meta-sample, comprising both respondents and interviewees, 
for an additional analysis with about twice the number of participants. Some confirmations for this 
assumption will be highlighted in the text, when appropriate. 

 

                                                           

19 Sunset time was determined in advance e.g. from www.timeanddate.com  

http://www.timeanddate.com/
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Figure 6-3 Age distribution for the postal and in-person participants (Q13). Percentages for in-person are relative to 123 
interviewees, % for postal to 112 respondents. 

 

 

Figure 6-4 Occupational status for the postal and field participants (Q14). Percentages for in-person are relative to 119 
interviewees, as 4 did not want to answer. Percentages for postal are relative to 112 respondents. 

6.3 Definition of overflight 
Questions Q3 and Q4 address the definition of overflight, as described in CAP1498 [16].  

As shown in Figure 6-5, Q3 has the same wording as question C5 of the postal questionnaire, thus 
allowing for direct comparison between the two samples. Figure 6-5 also reports – as a continuous 
line – the combined results of the two samples (as explained in section 4). Results show that:  

• Figure 6 5 is the first example, in this study, of a comparison between the answers from the 
postal and the field survey. We see that the postal survey captured a more pessimistic 
stance (i.e. there is a greater percentage of participants who gave a response with large 
angles from the vertical, which often reflected annoyance towards planes): while both 
samples agree on the angle at 48° from the horizontal, when it came to the angle of 60° 
from the horizontal, interviews got 15% more positive comments. In addition, 15% of 
respondents from the postal survey reported they would consider as flying over them also 
planes as low as 30° from the horizontal. Slight differences among the postal and field 
samples will also appear in other questions. 
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• 44% of the overall participants (90 over 203) consider a plane to overfly them if it arrives at 
an angle ≥ 60° from the horizontal, which is the first choice in [16]. This percentage moves 
to 71% (144 out of 203) for angles ≥ 48° from the horizontal (second choice in [16]), so 
there may be an advantage in using this angle for deciding flight strategies. 

• There is a group of participants (5-10% or 10-20 out of 203) which has a larger definition of 
overflight, from whom we heard “if I can hear a plane, it is overflying me”. These 
interviewees ranged across the whole scale of annoyance (i.e. they were not “highly 
annoyed” or “not annoyed”): any choice of angle would not make a difference for those.  

 

 

Figure 6-5 Results from both the postal and the field surveys on the angle of overflight.  Degrees reported in this graph are 
from the vertical, as originally asked in the questionnaire. 

Figure 6-6 reports the answers to question Q4 (5-points, verbal scale), compared with the ones to 
question C4 (11-point, numeric scale, weighted according to Figure 6-1) from the postal survey. As 
before, the continuous line reports the statistics of the composite sample (obtained joining the 
postal and the field samples, but not counting the interviewees that had already returned the postal 
questionnaire). Figure 6-6 shows that: 

• Both interviews and postal answers identified a similar trend: most of the participants 
reported that most or all of the planes are flying above them. When interviewed in person, 
however, participants were more pessimistic (i.e. the histogram is skewed to the right).  

• Using the meta-sample, 48% of the overall participants (102 out of 203) think that most or 
all of the planes “that they notice” are flying above them. 

Again, we have highlighted some minor differences between the postal and the field samples. 
However, since each of the two samples contains only 110-120 participants, comments on the 
reasons behind the differences should be taken with due care: numbers are not large enough to 
ascribe without doubt these differences to a different attitude in the postal and field participants. 
There are too many factors that could cause them (e.g. the length of the interaction). 

While further study would be needed to reach a definite conclusion on the differences between the 
postal and field samples (e.g. comparing the answers of the participants that returned a 
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questionnaire and also volunteered for an interview), we notice here that the differences are often 
small: the two samples can be treated as part of the same population, when the question allows. 
 

 

Figure 6-6 Results of Q4 from the field questionnaire, compared to the values from the postal survey (question C4). Also 
reported is the composite meta-sample (continuous line). 

6.4 Thinking about today (Q5-Q7) 
Using questions Q5-Q7, the interviewer asked the participants whether the past 24 hours were 
“average” or different from the others. These questions introduce the theme of outliers, which will 
be the subject of question Q8: responses covered the number of planes (Figure 6-7), their height 
(Figure 6-8) or their loudness (Figure 6-9). We observe that: 

• In almost all cases, at least 50% of the interviewees (i.e. at least 61 out of 123) thought that 
their day was “average” in terms of number/height/loudness of planes. 

• All the interviewees who answered “average” on the height also added “but it is not always 
like this”, steered the conversation towards outliers (Q8). 

• Most of the interviewees who answered “quieter” also added “it is probably because of the 
wind” or “it is not always like this” and steered the conversation towards outliers (Q8). Note 
that the wind direction was checked at the start of each day. 

A comparison with the number/height/loudness as seen by the NTK monitors (section 8) confirmed 
that the days interviews were conducted were indeed “average”. In terms of number of planes, for 
instance, averaging the NTK counts (Figure 8-2) over the dates in common with the field survey (i.e. 
12/9, 14/9, 19/9, 22/9, 28/9) and picking the site of Penshurst as an example, we get the 177 ± 21 
planes each day20, to be compared with the median of 168 planes/day (over all the days in Figure 
8-2). 

                                                           

20 The “uncertainty” after the ± symbol here represents 1 standard deviation over the selected days. 
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Figure 6-7. Question Q5: perceived number of planes in the past 24 hours. 
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Figure 6-8. Question Q6: height of planes in the past 24 hours. 
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Figure 6-9 Question Q7: loudness of planes in the past 24 hours. 
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6.5 Noticing planes (Q8-Q11) 
When asked “Was there any specific period when you particularly noticed planes in the past 24 
hours?” (Q8), 65% of the interviewees (80 out of 123) answered negatively, but almost everyone had 
a story to share referring to an older date.  

This was an output we did not expect and, as we went along with the field studies, we realised that 
the memory of “particularly noisy or busy periods” had settled in the interviewees and maybe 
conditioned their short-term judgement. For this reason, from 14/09 onwards, we also started 
noting down stories of outliers from further away in the past and labelling them as “old stories”. 
First, the interviewer would ask about the past 24 hours, and if the response was negative, 
suggested to think about further in the past. 

In general, “old stories” refer of disturbance or annoyance while relaxing at home or spending time 
with friends/family outdoors (e.g. a barbecue). The “oldest” story we collected dates to July 2017.  

There are instead two types of stories that refer to the past 24 hours: 

1. The event is repeated daily, either in the early morning or at night and disturbs sleep. Size 
and height are often not important in this case, as the event is characterised by its loudness. 
Some of the interviewees mentioned the presence of a whistle (i.e. probably referring to 
planes not retro-fitted). 

2. The event is occasional and disturbs gardening/relaxing (mainly outdoor). In these cases, the 
interviewee could usually name the airline (“I could wave at the pilot”) and commented on 
height/size and frequency content. 

The most important finding, however, was obtained from question 8.5. When asked “Out of 5, how 
annoying would you say [the specific period when you noticed planes] was?”, the specific period hit 
the top the top of the annoyance scale for 35% of the interviewees (i.e. 43 out of 123 – see Figure 
6-10). In practice, we observed that the interviewees did not use “5” in their judgement on 
annoyance for the actual planes passing by, because “5” was used for the worst event in their 
memory. 

 

 

Figure 6-10 Q8.5: Annoyance relative to “a specific period when you particularly noticed planes”. The graph covers both 
“old stories” and the previous 24 hours. 
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In order to conclude that “outliers set the top of the scale for everyone”, we need to check whether 
those assigning e.g. “4” to the specific event in Q8.5 did not assign “5” during their plane-spotting 
exercise, even at the passage of planes judged by the interviewer as extremely noisy. A quick check 
shows that, unfortunately, the evidence in this study is not sufficient to conclude that “outliers set 
the top of the scale for everyone”: further work would be needed to confirm this.  

Comparing our notes after the interviews, however, we noticed that: 

1. One of the “stories” was about the same plane that was noticed in all the three main sites, 
and therefore was mentioned by interviewees in Crowborough, Speldhurst and Tunbridge 
Wells. While further analysis would be needed to identify it, this confirms that a policy 
focused on avoiding isolated negative events (e.g. the occasional very low flying plane) may 
have a significant impact on community perception. 

2. We were present when one of the outliers passed over Cowden and we recognised this 
event in the interviews later.  

3. Some hours were repeatedly reported as “most difficult” in the stories (e.g. around 
midnight, between 7PM and 8PM, between 7AM and 8 AM, between 1PM and 2PM). The 
interviewers themselves reported (in their daily summaries) an increase in the number of 
low-flying planes between 2PM and 3PM, so we made sure to be interviewing during this 
time slot, when possible. 

4. The presence of hours when planes tend to fly lower or are noisier is also confirmed by the 
analysis in section 8 (see e.g. Figure 8-3 and Figure 8-5). 

Question Q9 asks directly to interviewees when in a “typical day” they are most annoyed by planes 
(and therefore covers the first type of stories for the past 24h). In Figure 6-11 we see that: 

• There is a specific box to tick in the interview guide for signalling “not annoyed”, which was 
not present in postal questionnaire. It was in fact practical to have a quick way to skip this 
question if, at any time during the interview, it was clear the interviewee was not annoyed.  

• 22% of the interviewees (27 out of 123) reported “night” as the period when they are most 
annoyed. As people are always indoors at night, this result can be compared with the 
percentages in Figure 5-8, where respondents reported daytime as the period when they are 
most aware of noise outside home.  

• The other interviewees reported different hours, depending on their lifestyle. The next 
common period, however, is in the early morning (or, generally, in the morning) with a 
percentage between 8% and 12% (i.e. 10-15 interviewees out of 123). 

• 21% of the interviewees (26 out of 123) reported to be “not annoyed”, which is similar to 
the percentage of respondents in the postal survey “not noticing planes” (19%, or 21 out of 
112 in Figure 5-18).  
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Figure 6-11 Periods of the day when planes are mostly perceived by interviewees (Q9). 

 

The NTK monitors were used to get an objective assessment on how the number of planes (with 
𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 ≥ 55 dBA) changes with the hour of the day. Results presented in section 8 (e.g., Figure 8-3) 
show that some of the hours reported in the interviews are indeed characterised by an increased 
number of planes. In the case of the survey area in Penshurst, the number of planes increased at 
12:00, 19:00 and between 23:00 and 1:30AM.  

To understand what happens in the other periods of the day, we conducted hourly analysis on the 
height of planes, which can be found in Figure 6-12, where we report data relative to a specific 
survey area (Penshurst) and a random weekday in September. Figure 6-12 confirms that there 
indeed are hours of the day in which some planes may fly 1,000 ft lower than the “average plane” 
(here represented by the arithmetic mean) for the specific hour21. These hours correspond, at least 
in the selected example, to the periods in Figure 6-11 not covered by an increased number of planes. 
A more thorough and robust analysis will be conducted in section 9. 

Question Q10 addresses how many “extremely low or noisy planes” are noticed in a day. As shown 
in Figure 6-13, 56% the interviewees (69 out of 123) notice less than 5 extremely noisy or extremely 
low aircrafts in a day. If we assume that there is at least 1 plane for each of the “low-flying hours” in 
Figure 6-12, these add up to 6 planes per day: a number like the one reported by 93 interviewees 
out of 123 (76%). 

 

                                                           

21 We don’t have enough data to conclude whether the planes that fly 1,000 ft lower impact on how the 
“average plane” is perceived, but it is curious that the real difference is so similar to the average difference 
between real plane height and perceived height.  
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Figure 6-12 Dependence of plane heights on the time of the day. Heights were acquired by the NTK monitors. Green 
triangles represent the mean value for the specific hour. 

 

 

Figure 6-13 Question Q10: how many noticeable planes each day? 

 

Last in this section of the interviews, question Q11 covers changes in the height of planes in the past 
5 years. Even if the wording is different from the one in question C9 (e.g. there is no mention of the 
“lowest” or the “average” plane), we expected this question to cover the “average plane”: therefore, 
Figure 6-14 shows the answers to questions C9 and Q11 side-by-side. In person interviews confirm 
the trend obtained from the postal questionnaire: about 50% of the interviewees reported that 
planes fly lower or much lower than 5 years ago (61 out of 123). 
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Figure 6-14 Changes in the height of planes over the past 5 years (Q11) 

6.6 Annoyance, sensitivity and control (Q15-Q18) 
This section covers the generic, long-term annoyance questions already used in the postal 
questionnaire, but assessed using a 5-point verbal scale. Following the suggestions in [23], we 
delivered the annoyance-related questions as late as possible in the interview, therefore Q15 
investigated the self-assessed sensitivity first. As shown in Figure 6-15, the self-assessed sensitivity 
has no clear pattern, but: 

• Cowden is the place with the largest percentage of interviewees who declared themselves 
“not at all” sensitive to noise (42%, or 9 out of 21), shortly followed by Crowborough (30%, 
or 11 out of 38). 

• The sensitivity distribution is peaked in Tunbridge Wells (52%, or 15 out of 29, declared 
themselves “slightly” sensitive to noise) and in the region of 
Penshurst/Speldhurst/Bidborough (60%, or 20 out of 33, reported “moderately). 
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Figure 6-15 Self-assessed sensitivity in the interviews (Q15), reported by survey area. “1” = “not at all”, “2” = slightly, “3”= 
moderately, “4” = “very”, “5” = extremely”. 

Question Q16 addresses the feeling of being in control (Figure 6-16), just like B8 in the postal 
questionnaire. Interviewees were more pessimistic than their postal counterparts as they reported 
less control on noise. In the interviews, the lower score was motivated by the necessity of keeping 
the windows open during summer (“we like to enjoy the environment, not to be closed in a cage” – 
man from Penshurst’s region). Another likely reason is that 20% of the interviewees (25 out of 123) 
declared not to have any form of sound insulation at home (Q20): a factor that clearly impacts on 
not feeling “in control”. Finally, this difference could be due to an intrinsic difference in the two 
samples (i.e. when they are in their garden or in a park nearby their home, participants may be 
answering differently than when they are indoors, where they can action their control). 
 

 

Figure 6-17 Control on outside noise when indoors (Q16). 



 
 
 
Perception of Aircraft Height and Noise  Section 6: Results of the field study 

83 

 

Figure 6-18 reports a comparison between the answers of the in-person interviews relative to being 
bothered/disturbed/annoyed by plane noise during the day (Q17) and the ones in Figure 5-21, from 
the postal questionnaire. Figure 6-19 reports, on the same 5-point scale, self-reported disturbance 
to sleep. 

The most obvious feature in both Figure 6-18 and Figure 6-19 is the number of participants who 
declared not to be bothered at all by plane noise: field interviews captured more participants that 
declared themselves to be in this category (40% during the day, or 50 out of 123 and 55% during 
sleep, or 67 out of 123) than the postal survey (22% during the day, or 25 out of 112, and 38% during 
sleep, or 42 out of 112). It could be argued that, since the interviews were conducted outdoors (i.e. 
in the interviewee’s garden or in what he/she considered to be his/her “local park”), while the postal 
questionnaires were probably filled indoors, we should not be surprised of a different result. Also, 
we know from the literature [8] that postal surveys tend to involve respondents with a more 
negative attitude towards noise. In practice, however, there is a net shift of collected judgements 
from “extremely” to “not at all”. 

Also interesting is that the annoyance-by-day curve (Figure 6-18) shows three peaks (i.e. one at “not 
at all”, one at “moderately” and one at “extremely”), like the ones observed in the sensitivity plots 
from Figure 5-25: this indicates a correlation between sensitivity and annoyance, like the one found 
in [15]. Since such correlation was not detected by the postal survey (see Figure 5-26), the 
magnitude of this impact, for what concerns this study, will be discussed in section 10, together with 
the relationship between the feeling of being in control and self-reported annoyance.  

 

 

Figure 6-18 Indoors annoyance during the day (Q17). Also present in this graph are the data from Error! Reference source 
not found. and the curve relative to the meta-sample. 
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Figure 6-19 Indoors disturbance to sleep (Q18). Also present in this graph are the data from Error! Reference source not 
found. and the curve relative to the meta-sample. 
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7 Single-plane observations 
 

In this section, we report the results of the single-plane observations: a set of questions on the 
planes passing at the time of the interview itself. It is worth remembering that these questions 
interrupted the flow of the interview, to reinforce (in the interviewee as in the interviewer) the 
difference between the questions related to memory (which were part of the semi-structured 
interview) and short-term perception. Before proceeding with presenting the results, a few warnings 
on their validity are needed: 

1. During the 123 interviews (whose results are described in section 6), we commented on the 
passage of 242 planes, distributed between 11:00 and 19:00. This is a very small sample, 
compared to the number of movements at Gatwick during the study, and does not cover the 
night or the early morning (i.e. the periods where interviewees most noticed planes, 
according to Figure 6-11). For this reason, we considered some of the findings only as 
indicative and asked Helios to check them in the bigger picture (see section 9). 

2. According to our literature review, this is the first structured attempt to capture the 
perception of observers while a plane is passing: since there are no tools approved by the 
international community in this direction, it should be expected that conclusions from this 
part of the study have a larger uncertainty, when considered alone.  

At the design stage, when we realised that some of the questions in Table 4-1 could only be 
answered by direct single-plane observations, we added to them two benchmarking exercises: the 
postal survey (where we asked about the “average plane” and the “lowest plane”) and the semi-
structured interviews. The two social surveys investigated two distinct aspects of perception (“long-
term” and “short term”), were potentially aimed at different parts of the population (according to 
[8], we should have expected postal respondents to be more critical towards plane noise and 
interviewees to be less critical), but were independently representative of the local demographics 
(as assessed by CENSUS 2011). Together, the two surveys created a picture of the participants and 
allowed to understand their perception (e.g. the importance of outliers on the scale of annoyance), 
preparing the terrain for the “plane-spotting” exercise.  

From an academic point of view, then, this section is where most of the research is: the three 
methods of assessing perception reinforce one another in a single statement for some of the 
questions, while leave others still unclear. The reader should therefore not be surprised to read that, 
for some of the results presented in this section, there is not sufficient data to understand the 
reasons behind them.  

For each passing plane on which the interviewee was questioned, the interviewer noted down the 
time of passage as soon as it appeared on the horizon22. Sometimes, when internet connection 
through smartphone was available, he also noted the plane’s ID from Flightradar24. In post 
processing, the team tracked the identified plane on CASPER and assigned to it: 

• the airline operating the plane; 
• the height at the closest point to where the interview had taken place, in feet (there were 

then adjusted for average ground height); 

                                                           

22 We had synchronised our watches, to make sure the time was correct. This was particularly important in 
hours of the day when planes arrived every 2 minutes. 
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• the shortest lateral distance (i.e. the horizontal distance between the interview point and 
the plane track); 

• the values of 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 and 𝑆𝑆𝑆𝑆𝐿𝐿 as recorded by the NTK monitors (see section 8) – this was 
possible for 65 of the total 242 planes; 

• the values of 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 and 𝐿𝐿90 (background noise) as recorded by our noise meter (when 
available) – this was successful for 58 of the observed the planes. 

7.1 General results 
Figure 7-1 presents an analysis of our sample in terms of the airline. When compared with the 
percentages presented on Gatwick’s website [18], our sample mimics the whole picture: the largest 
carrier is Easyjet (48%, or 116 out of 242), followed by British Airways (11%, or 26 out of 242), 
Norwegian and Thomson (both at 8% in our sample, or with 19 out of 242 observations) and then 
the others. In this comparison, our sample slightly under-represents Monarch (only at 5% - 12 out of 
242 – instead of the 8% on Gatwick’s website), but this may be due to a reducing number of flights 
for this airline close to it going into administration. 

 

Figure 7-1 Composition of the sample (i.e. planes observed during the field interviews) in terms of airline. 

 

Figure 7-2 reports the height distribution, for the planes observed during the field interviews, 
separated by survey area. Also reported (with the arrows) are the heights of the most frequent plane 
in each location which, as we learned in sections 5 and 6, also corresponds to the “average plane”. 
We notice that, in all the survey areas: 

a. The height distribution has two peaks: the top one, close to the average value from historical 
data (from Figure 4-4 and highlighted by the arrow), and the lower one is 500-750 feet 
lower.  

b. The lowest observed plane is about 1,200 ft lower than the average one. 

c. The distribution is skewed to the left i.e. there are more planes to the left of the “most 
frequent” plane.  

Figure 7-2 is the first evidence, observed in the field during this study, supporting the community 
perception that there are indeed planes flying lower than the most frequent plane (i.e. the “average 
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plane”). Even if the percentages may not be correct (as our sample of planes is small and some of 
the planes in Cowden were flying over Hever), this result was sufficient to promote a more thorough 
analysis of all the arrivals (Figure 9-6 and Figure 9-7), which identified the second peak to be real, but 
just a “step” in the main distribution. These results will be discussed in section 10. 

 

 

Figure 7-2 Heights (referred to ground) of the planes observed during the field interviews. The arrows point to the “most 
frequent plane” from Figure 4-4. Percentages are relative to 72 planes in Crowborough, 55 in Tunbridge Wells, 77 in 
Penshurst and 37 in Cowden. 

 

 

Figure 7-3 Actual size of the planes observed during the field interviews. Percentages are relative to 72 planes in 
Crowborough, 55 in Tunbridge Wells, 77 in Penshurst and 37 in Cowden. 
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Figure 7-4 Lateral distance of the planes observed during the field interviews. Percentages are relative to 72 planes in 
Crowborough, 55 in Tunbridge Wells, 77 in Penshurst and 37 in Cowden. 

 

Figure 7-3 shows that most of the planes observed during the field interviews were of the same size. 
The number of larger planes is too small to be conclusive on the increased presence of “large” 
planes reported by both the postal respondents and the interviewees. Analysing a larger dataset 
may be desirable. 

Figure 7-4 reports instead an analysis of the lateral distance for our observed sample. The graph 
shows that, according to our sample, Crowborough and Penshurst/Speldhurst/Bidborough are the 
most overflown of the 4 study areas.  

An historical analysis over all the summer planes in the period 2011-2016 will be presented in 
section 9 (Figure 9-2, Figure 9-4, Figure 9-3, Figure 9-5): the reader should refer to those graphs for 
the correct percentages, relative to the total number of movements. 
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7.2 Perceived size and height 
Figure 7-5 highlights the difference between perceived size and actual size of planes, as reported 
during observations, aggregated by survey area and size category. The top of the picture reports the 
expected sizes, calculated by us using the visual distance from CASPER, while the perceived sizes, as 
reported during the interviews, can be found in the lower part of the graph. Figure 7-5 shows 
confirms what was found during the postal survey: in all survey areas, planes were perceived as 
larger than they actually were (on average, 2 classes larger).  

As an example, in Crowborough, where we interviewed 38 people and observed 72 planes, only 20% 
of the planes (14 out of 72) were perceived in class C, while 50% of the planes should have been in 
that class (37 out of 72). In Cowden, where most of the planes (32 out of 37) were in class B, almost 
none was perceived in that range by the 21 people we interviewed: the highest number of 
judgements placed planes (11 out of 37) in class F.  

 

 

Figure 7-5 Real and perceived size of the planes observed during the field interviews, presented by size categories and by 
location. The top graph reports the expected sizes, calculated the size of the plane and the visual distance, while the lower 
graph reports the perceived sizes. Percentages are relative to 72 planes in Crowborough, 55 in Tunbridge Wells, 77 in 
Penshurst and 37 in Cowden. 
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This discrepancy could be due to a range of factors: 

1. Both interviewees and respondents were asked to keep the reference sheet” at normal 
reading distance”, which was assumed to be 45 cm. In the field, however, we noticed that 
some of the interviewees (e.g. short-sighted people) tended to use a closer distance. Since 
the interviewer could only check this reading distance with an uncertainty of ±5 cm, this 
introduces an uncertainty of approximately one step in the perception scale (i.e. a correct 
judge of size holding the visual chart at 40 cm instead than 45 would judge the planes to be 
one size larger).  

2. The assessment of size depends on the visual distance i.e. it is more difficult to assess the 
size of planes further away. This is shown in Figure 7-6a, which reports the ratio between the 
perceived size of the passing plane and its actual size: passing planes were most frequently 
judged to be 1.5 times larger than they were (65% of the cases, or 157 out of 242), but the 
assessment of their size became less and less accurate with their distance from the observer. 

3. Conversely, we could not find a clear relationship between the error in perceiving size and 
the noise produced by the plane (i.e. 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 in Figure 7-6b). 

 

  
(a) (b) 
Figure 7-6 Ratio between perceived size and actual size of planes as a function of (a) the visual distance from the observer; 
(b) the noise of the passing aircraft. Figure (b) includes both the NTK measurements and the data acquired directly by 
Sussex (i.e. data relative to 110 planes). 

 

Figure 7-7 presents question C of the plane-spotting part of the interviews i.e. the one with a 
quantitative assessment of the perceived height. When the question was originally designed, we had 
provided a space for reporting cloud height as a reference, but this quantity proved to be confusing 
for the interviewees, so was not used. As in the case of size, the top graph reports the actual height 
(adjusted to the average ground level) and the top graph the perceived height, in steps of 500 ft. 
Figure 7-7 shows that, in all survey areas, we recorded a tendency of interviewees to underestimate 
the height of passing planes.  
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Figure 7-7 Perceived and actual height (both referred to ground level) for planes observed during field interviews, 
aggregated for survey area. Percentages are relative to 72 planes in Crowborough, 55 in Tunbridge Wells, 77 in Penshurst 
and 37 in Cowden. 

This means that in the Penshurst region, where we had 33 interviews and commented 77 planes, 
most of the observed planes (30 out of 77, or 39%) were flying between 4,000 and 4,500 ft, but only 
2 perceptive judgements fall in this range (3% over 77). A similar result was obtained in Tunbridge 
Wells, where we interviewed 31 participants and spotted 55 planes: there were 21 planes flying 
between 4,000 and 4,500, but only 4 judgements fall in this range (7% over 55). Most of the 
judgements in both survey areas stated instead “2,500 ft”. 

It should be noted that, even if the interviewer referred to the heights of the buildings in Figure 4-5 
in articulating the question, interviewees had 20-25 seconds23 and no reference to judge the height 
of a passing plane. In absence of references, it is therefore not surprising that plane heights were 
judged not so accurately: what is interesting is that heights were mostly underestimated, on average 
by 1,500 ft (see Figure 7-8). Equally interesting is that this difference is like the one between the 

                                                           

23 This was the average time a plane remained in sight. 
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“most frequent” plane (from Figure 4-4) and the “average plane” in the postal questionnaire, and 
that the final height is the one of the “lowest plane”, for which also the postal respondents gave an 
accurate estimate (see Figure 5-10). 

This suggests that, in absence of references, interviewees may have reported the height of the 
lowest plane in their memory, as this is the one where their judgement of height was (presumably) 
most correct. We don’t have enough data in this study to support this hypothesis, which will need to 
be investigated in future studies. 

 

 

Figure 7-8 Average actual and perceived heights of the planes observed during the field study.  

 

The fact that the responses to the postal questionnaire identified the “lowest plane” more 
accurately than the “average plane”, however, suggests an effect of visual distance also on height 
assessment. The fact that interviewees could give a judgement on height even when they could only 
hear a plane (e.g. because of the clouds) suggest a correlation with aircraft noise. Both these 
hypotheses are tested in Figure 7-9.  

Figure 7-9a confirms that the assessment of height is more accurate for closer planes, but shows no 
clear dependence on visual distance. A correlation between the error in assessing plane’s height and 
the noise produced by the plane can be seen in Figure 7-9b: the louder the plane (i.e. the higher the 
𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚), the lower the plane is perceived to be, compared to its actual height.  

Section 8 investigates (in Figure 8-8) the correlation between measured height and 𝐿𝐿𝑚𝑚𝑑𝑑𝑚𝑚 as 
determined by the NTK measurements (i.e. for planes flying within 500 m from the NTK and with 
𝐿𝐿𝑚𝑚𝑑𝑑𝑚𝑚 ≥ 55 dB), registering the expected tendency to decrease by 6dB for each doubling of the 
height, even within a large scattering of the data. So, it is easy to determine by how much the noise 
produced by a plane increases if one day it flies lower that it normally would. 

The correlation in Figure 7-9b points to something different: planes flying lower than they normally 
are, with a 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 between 57.5 dBA and 67.5 dBA, might be perceived to be flying even lower than 
they actually are. This effect is better explained with an example. Let’s consider a plane normally 
flying within 500 m from the centre of Penshurst at 4,200 ft (the height of the “average plane” in 
Penshurst) with a 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 of 57 dBA, which one day (for whatever reason) flies at 3,000 ft. Flying 
lower increases the 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 on the ground by ∼ 3 dB (Figure 8-8) but, according to Figure 7-9b, its 
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height will be underestimated by 1,000 ft and therefore will be reported flying at 2,000 ft. A noisier 
plane, producing an 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 of 57 dBA at 6,000 ft, would be perceived to be flying at 3,500 ft when 
actually flying at 4,500 ft. 

 

  
(a) (b) 
Figure 7-9 Difference between perceived and real height as a function of (a) visual distance and (b) aircraft noise. Also 
highlighted in (b) is a correlation between perception error in height and aircraft produced noise (dotted line). The second 
graph includes data both from NTKS and Sussex measurements (i.e. noise measurements for 110 planes out of 242). 

 

 

Figure 7-10 Difference between perceived and real height as a function of Sound Exposure Level (dB). SEL is only available 
for the 55 planes also tracked by the NTKs. 
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As shown in Figure 7-10, this correlation is more apparent when SEL is used as the noise indicator 
(i.e. as results are more aggregated along a linear trend): the dotted line in the graph corresponds to 
a decrease in the perceived height of -250ft/dB for 𝑆𝑆𝑆𝑆𝐿𝐿 >67.5 dB.  

The fact that some acoustical indicators correlate better than others e.g. with different health 
effects is a well-established fact [2] [25], so the reader should not be surprised something similar 
may apply at the boundary between audio and visual perception. Should the correlation (between 
SEL and error in perceived height) be confirmed by a larger sample, it could be used in practice to 
predict the changes in perceived height due to minor changes in the fleet or in operations.  

In this sub-section, we have highlighted that: 

a. the error in estimating size depends on visual distance (Figure 7-6a: the farther is the plane, 
the most difficult is to determine its size), but not on 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 (Figure 7-6b); 

b. the error in estimating height depends on noise (Figure 7-9b: the noisier the plane, the lower 
it appears to fly compared to its real height), but not on visual distance (Figure 7-9a). 

It is therefore not surprising that, as shown in Figure 7-11a, we could not identify a correlation 
between perceptual error in height and size assessment: for a broad range of errors in assessing 
height, the error in size did not change much.  

It only remains to investigate how perceived size itself depends on noise and visual distance. We 
represent this 3D dependence in Figure 7-11b, using a bubble plot: a graph where the size of each 
bubble is proportional to the perceived size of the corresponding plane. We notice that, at fixed 
noise levels and for visual distances below 3 km, the perceived size tends to increase when the visual 
distance decreases. There is however no apparent effect of an increased 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 on perceived size. 
 

 
 

a) colour represents the number of occurrences b) bubble size represents perceived plane size 

Figure 7-11 Investigating potential correlations between noise, size and height perceptions: a) Error in assessing the height 
of a passing plane as a function of the error on its size; b) Perceived size as a function of 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 and of the visual distance 
(bubble size corresponds to perceived size of the passing plane). The second graph includes both NTK and Sussex 
measurements, relative to 110 of the 242 planes. 
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7.3 Self-reported annoyance 
Figure 7-12 reports the self-reported annoyance for the single-plane events captured during the field 
study. As observed earlier, the top of the scale is seldom used in these judgements, as it was 
reserved to the outliers (see section 6.5). Also interesting is that the 4 locations seem to have a 
similar distribution, which shifts along the X axis. Overall, these results show a total of 35 plane 
events with a score greater than or equal to 4 i.e., 14% of the 242 plane events. 

 

 

Figure 7-12 Self-reported annoyance relative to the planes observed during the interviews. 

 
Figure 7-13 reports the percentage of events with annoyance score ≥ 4 as a function of the 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 
level (data relative to single plane observations, as collected during the interviews). Overall, we 
recorded 35 of these “high-annoying events” out of 242 observed planes, but only 19 of these 
events had an associated noise measurement. To calculate the values in this graph, we have: 

a. Taken all the plane events with an associated noise measurement (110 out of 242); 

b. Organised the plane events in classes 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 2 dB wide; 

c. Calculated within each class the percentage of the high-annoying events (i.e. those scoring ≥
4 relative to all the events in the class) e.g. or the class 61-63 dB, they were 2 out of 23.  

d. Calculated the error bars, using 1 dB on the horizontal and the standard error in the vertical 
direction. 

This procedure was necessary, as it is not directly possible to obtain a %HA score (which would 
require long-term perception statements, by definition) from out short-term focused survey, but 
Figure 7-13a is the closest approximation to more classical representations of annoyance (e.g. Figure 
3-5 or Figure 3-6).  
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In Figure 7-13, we observe three behaviours:  

1) A region with a net increase in annoyance with 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚, which resembles the trend (between 
𝐿𝐿𝐷𝐷𝑆𝑆𝑁𝑁 and %HA) characteristic of the most recent WHO correlations [6] (see also Figure 
3-7)24. Here each point is relative to more than one plane event and the plane observations 
were mostly run in Crowborough and Tunbridge Wells. 

2) A region with stable value of annoyance, where we have a limited number of events, 
traceable to Tunbridge Wells.  

3) A region with a much higher annoyance than the rest, corresponding to 2 plane events 
observed (with different interviewees) in the area of Penshurst. 

Unfortunately, there were no measurements associated to the 2 high-annoyance events reported in 
Cowden, so they don’t appear in Figure 7-13. 

 

 
Figure 7-13 Percentage of the events reported as highly annoying as a function of the noise level (110 planes out of 242)  

 

Figure 7-14 reports instead the “mean” annoyance in the different survey areas. The “mean” 
annoyance in a location is a parameter only recently suggested to be included in perception studies 
[9], as it has a chance of being less dependent on wording and interpretation than the %HA. Also, we 
(the authors) think that knowing what happens to the mean value allows to better monitor changes 
over time in the distribution of annoyance. According to this metric, based on the single plane 
observations, Penshurst/Speldhurst/Bidborough are the most annoyed areas followed by Tunbridge 
Wells. 

 
                                                           

24 Note that a direct comparison between the WHO curves and the results in this study has not been 
attempted, because of the many differences between 𝐿𝐿𝐷𝐷𝑆𝑆𝑁𝑁  and 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 . Success in predicting perception from 
dynamical noise indicators (at least for road traffic and quiet areas – see academic context in section 3) shows 
that it should be possible to obtain an estimate of perception from the analysis of the single plane events in a 
relatively short period of time. This will be the subject of future studies. 
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Figure 7-14 Mean annoyance in the different survey areas. 

 

7.3.1 The “average” plane 
In the analysis of the postal questionnaire and of the field interviews, we found evidence that 
participants knew very accurately the characteristics of the “most frequent plane” (i.e. the plane 
whose height corresponds to the average of the distribution). We tested this hypothesis, by asking 
how the height of a passing plane compared to the “average” plane (question F during the single 
plane observations). Results in Figure 7-15 confirm that interviewees were very accurate in deciding 
when a plane was flying at “average height”: the height of the plane described as “average” 
corresponds to the height of the most frequent plane. In terms of annoyance, the response to the 
“average” plane is similar in three of the four survey areas, with a slight increase in annoyance (6% 
of the 5-point scale) as the “average plane” flies lower. Different is the case of Penshurst, where the 
annoyance towards the average plane is already high. 

 

 

Figure 7-15 Height of the observed planes as a function of the plane height description on a qualitative 5-point scale. The 
table reports a comparison between qualitative data (1st column), the actual “average” plane, in the 2nd column (see also 
Figure 3-4) and the self-reported annoyance averaged over the planes identified as “average” (see also Figure 7-12).  
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Figure 7-15, in practice, reports the average actual height of the planes reported to be “average”, 
“lower”, “much lower” etc. in the different survey areas (i.e. a comparison between question F, 
obtained during single-plane observations, and the relative CASPER data, adjusted to local ground). 

As discussed earlier, however, this is not the complete picture. We also found evidence showing that 
changes from the “average” figure of height/size are the largest factor impacting on annoyance, 
followed by the presence of outliers. To test this hypothesis, in Figure 7-17 we investigate the 
correlation between the single-plane annoyance (question D) and how the height of the plane was 
described by the interviewees (question F). 

 

 

Figure 7-16 Annoyance as a function of the plane height descriptor (5-point qualitative scale). Also reported on the graph 
are the annoyances relative to the “most frequent” plane. 

 
Figure 7-17 reports the mean annoyance score (from question D) for each height category (i.e. 
“much lower” to “much higher” from question F). It also reports, with a dotted line, the mean 
annoyance score (from question D) for the category “average annoying plane” from question E.  
We see that the planes classified as “lower” or “much lower” were perceived to be more annoying 
than the ones classified as “average” in all the areas, but this difference was net only in two survey 
areas: Penshurst/Speldhurst/Bidborough and Cowden. These two sites also reported a net decrease 
in the mean annoyance (question D) with an increase in the perceived height (see Figure 7-17). 

Comparing these results with Figure 7-15, however, we note that: 

a. In two survey areas (Figure 7-15, Cowden and Tunbridge Wells), interviewees reported very 
little difference in absolute height between the planes which were judged to be “lower” and the 
ones which were “average” or “higher”. While this reflects in the mean annoyance score (Figure 
7-17) for Tunbridge Wells, in Cowden there was instead a net decrease of the annoyance score 
(question D) with increasing perceived height (question F).  
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b. In two survey areas (Figure 7-15, Crowborough and Penshurst), interviewees followed with 
good approximation the absolute trend in height with their judgement: planes judged to be 
lower were actually lower etc. While in Penshurst this reflects in the mean annoyance score, as 
assessed by question D (which decreases with perceived height), this is not true in 
Crowborough (where the variation is very small). 

In practice, while in Penshurst/Bidborough/Speldhurst and Cowden there is some evidence of a 
relationship between the mean annoyance score and the changes in perceived height, the 
relationship between perceived height changes and real heights changes is only relevant in 
Crowborough and Penshurst/Bidborough/Speldhurst. This difference in behaviour may be due to 
several factors:  

• There might be a difference in sensitivity between the survey areas, but this aspect was not 
captured by Figure 6-6 (as sensitivity seems the same in all sites); 

• Cowden and Penshurst have a more “village-like” atmosphere and therefore the 
expectations of the residents (i.e. in how much planes noise exceeds background sounds) 
may be different. This could be assessed by looking at how much the plane noise exceeds 
the background noise (section 8) and will be discussed elsewhere. 

• There might be an effect of visual distance: “closer” planes (in terms of lateral distance) not 
only produce more noise, but also remain in the sky a different period than the ones flying 
further away. This may also be described as an effect of being overflown. 

• The percentage of planes flying “lower than the average” (Figure 7-2) may be confirmed as 
larger in these two areas (see section 9). There are in fact planes that interest all the sites 
(and therefore if are “low” in one, tend to be seen as “low” in all the others). 

 

7.3.2 Impact of other parameters on annoyance 
In this section, we explore the role of other parameters on interviewees’ perception. Figure 7-17 
summarises the effect on self-reported annoyance for two parameters: the actual height of the 
plane and its visual distance from the observer. We observe that: 

1. The numerical height of the single aircraft has negligible impact on annoyance i.e. there is no 
visible trend in Figure 7-17. This result confirms the low (6%) effect noted in Figure 7-15 
(where absolute values of height were used). 

2. The “visual distance”, instead, better correlates to annoyance, at least as far as “closer” = 
“more annoying”. 
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(a) (b) 
Figure 7-17 Dependence of self-reported annoyance on (a) the actual plane height and (b) the visual distance. 

 

Figure 7-18 shows a net increase in annoyance for planes where the participant declared “this plane 
is flying above me”, more on the subjective side than on the quantitative one (i.e. the actual visual 
distance). The proportion of planes considered to be ‘overflights’ was similar across the primary 
areas: Crowborough (64%, or 46 out of 72), Tunbridge Wells (53%, or 29 out of 55), Penshurst (63%, 
or 48 out of 77). Cowden – our pilot location - was an exception at 13% (5 out of 37). 

 

 

Figure 7-18 Effect of believing to be overflown on annoyance. 
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8 Noise climate (Environmental Resources Management ltd.) 
This section is based on a report that was sent to the Sussex team on 1st December 2017, which is 
reported here with little modifications. The content is the result of different interactions between 
ERM, who analysed the data, and Sussex, which reviewed them and performed some additional 
analysis at a later stage. 

8.1 Introduction 
Noise surveys were carried out for several weeks during the social survey period in order to provide 
an understanding of the noise climate in each of the four survey areas.   

Gatwick Airport Ltd provided four Noise and Track Keeping (NTK) monitors that were deployed with 
the cooperation of local land owners between 9th August and 12 October, at the four locations 
shown in Figure 8-1. 

 

Figure 8-1 Survey Areas and NTK Sites 
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8.2 Method 
Details of the four NTK survey sites are given in Table 8.1. 

Table 8-1 NTK Survey Sites 

Survey Area Height 
Above Mean 
Sea Level (m) 

Description Comment 

1 
Crowborough 

170 Rear garden of a 
resident’s house within 
Crowborough within the 
Survey Area. 

Aircraft noise levels representative 
of Survey Area. 

Ambient noise levels typical of rear 
gardens in Survey Area. 

2 Tunbridge 
Wells 

115 Front garden of a 
resident’s house 
approximately 3oom 
West of the Survey Area. 

Aircraft noise levels representative 
of Survey Area. 

Ambient noise levels much lower 
than Survey Area (see text below). 

3 Penshurst 70 Field away from 
resident’s house. 

Aircraft noise levels representative 
of Survey Area. 

Ambient noise levels typical of rear 
gardens away from roads in Survey 
Area. 

4 Cowden 85 Field, 250m northeast of 
Cowden village. 

Aircraft noise levels representative 
of Survey Area. 

Ambient noise levels typical of rear 
gardens away from roads in Survey 
Area. 

 

In all survey areas, the NTK site was chosen to measure aircraft noise levels that represent the 
aircraft noise levels in the social survey area. Sites were chosen away from local noise sources as far 
as practicable and noise thresholds were set close to 55dB (for at least 10-15 seconds) to help 
prevent wrongly identifying local noise sources as aircraft noise events.  The NTK monitors measure 
noise events above these thresholds which, when downloaded to Casper, are cross-referenced to 
the airport’s flight operations database to identify the aircraft in the area at that time, to give its 
type, tail number etc.  The system then links to the aircraft’s radar track to give its height and lateral 
distance from the NTK site etc. 

In addition to measuring noise for triggered noise events, the NTK monitors also log noise levels 
continuously, to given levels of ‘community’ or ‘ambient’ noise. At Crowborough and Penshurst the 
ambient (i.e. non-aircraft) noise levels are likely to be broadly representative of the ambient noise 
levels experienced by those interviewed in the survey, as indicated in Table 8.1. In Cowden, the 
background value may have been affected by the presence of a roaring diffused noise due to the 
planes on the ILS. This is not the case in the Tunbridge Wells area, 2, where it was not possible to 
gain access to a suitable monitoring location in the centre of Tunbridge Wells, and the ambient noise 
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levels measured in the suburban location 300m West are likely to be significantly lower. The ambient 
noise levels measured by the NTK monitor in Tunbridge Wells should therefore not be used for area 
2. Ambient noise levels for area 2 were measured during the face to face surveys. 

To provide a comparison between the levels of aircraft noise across the four sites the noise levels 
recorded were analysed over the 3-week period from Saturday 9 September to Friday 29 September 
2017.  During this period, the weather was generally favourable with westerly winds prevailed and 
arriving aircraft passed through the area on 19 of the 21 days.  On several days, there were arrivals 
and departures east of the airport, and the measured data was filtered to consider arrivals only.   

Although the NTK process of linking aircraft to noise events is tried and tested, it is not perfect and it 
is possible that noise events recorded as aircraft could be from other noise sources (lawn mowers, 
people, animals, etc).  During these 3 weeks, over 5,500 noise events were recorded, and although 
there is no way to verify that each event was an aircraft, from experience on these sites and other 
NTK surveys it is reasonable to assume that the vast majority were aircraft. A small number of 
triggered noise events were removed from the dataset, for example event over 60 second long.  

The number of aircraft noise events identified at each of the 4 sites in the 3-week period studied is 
summarised as follows: 

• Crowborough 1,450 

• Tunbridge Wells 1,350  

• Penshurst 2,600 

• Cowden 170 

At the pilot study site in Cowden this sample is quite small and limits the analysis possible.  However, 
this was the survey pilot site.  At the three-main survey sites, this set of aircraft noise levels is 
considered adequate to study the levels of aircraft noise that typically arise in the summer period. 

8.3 Results 
8.3.1 Overview 
This section provides an account of the aircraft noise levels in each of the survey areas, as measured 
during the social surveys.  There are many factors that influence the noise situation due to arriving 
aircraft at a given community location on the ground, including: 

• numbers of aircraft 

• type of aircraft 

• aircraft thrust and other settings 

• heights of aircraft above site 

• lateral distance of aircraft from site  

• weather. 

Thus, the noise situation at a given site various considerably from hour to hour and day to day.  The 
results are therefore presented in terms of two main parameters that can be used to describe the 
noise situation, numbers of aircraft and aircraft noise levels. For both, statistical distributions of 
levels are provided to illustrate the ranges.  Noise levels from aircraft noise events are presented as 
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LAmax (Slow) and, later, the logarithmic average Leq levels are also used to report noise levels from 
all aircraft and other ambient noise sources over hourly periods of the day and night.  

In addition, distributions of aircraft heights are also reported, and in the penultimate section the 
relationship of aircraft noise with height is plotted. Aircraft heights are given in feet relative to the 
local ground levels given in Table 8.1. 

It should be noted that aircraft noise events below LAmax 55dB, although audible above ambient 
noise in some cases, were not recorded by the NTK monitors, and are therefore not accounted for in 
this analysis.  

 

8.3.2 Number of Aircraft 
The numbers of aircraft noise events recorded on each of the 21 survey days are shown in Figure 8-2 

• In Cowden, there were small numbers of aircraft noise events logged, up to 20 per day, 
because of the location of Cowden at the edge of the arrivals route swathe will less aircraft 
flying overhead. It was noted in the social surveys, however, that many more aircraft are 
audible on their approach to the ILS, but being further to the north, often generate noise 
levels below the 55dB trigger in this case. 

• At Penshurst 80-200 aircraft were measured on most days. 

• At Tunbridge Wells and Crowborough between 40 and 120 aircraft were measured on most 
days. 

Figure 8-3 shows the average distribution of aircraft noise events each hour at the four sites: 

• During the day, there was a peak in the numbers of noise events around 19:00 hours in all 
the three main survey areas. Other peaks (i.e. other hours where there is an average larger 
number of planes) appear in the distribution of each other location. 

• At all sites, the average number of aircraft noise events per hour drops to below one at night 
from 02:00 to 05:00 hours. 
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Figure 8-2 Numbers of Aircraft Noise Events Each Day.  
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Figure 8-3 Distribution of Aircraft Noise Events Each Hour.  
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8.3.3 Aircraft Noise Levels 
The ranges in 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 aircraft noise levels on each day of the survey are shown in Figure 8-4, while 
the ranges and means of aircraft noise events each hour can be found in Figure 8-5. 

It can be observed that: 

1. At each site, 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 levels vary over a wide range, with some aircraft more than 10dB louder 
than others (10dB can be taken as subjectively half/twice as loud).   

2. At each site, 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚  levels do not vary greatly by time of day, but are slightly lower in the 
middle of the night in some cases.  

Hourly averages are as follows (see Figure 8-5)25: 

• Crowborough   𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚: 58-61 dBA,  range: 55-72 dBA 

• Tunbridge Wells  𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚: 59-62 dBA,  range: 55-74 dBA 

• Penshurst   𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚:60-63 dBA,  range: 55-76 dBA 

There was insufficient data to analyse hourly variations at Cowden. 

Figure 8.6 gives the distribution of all the aircraft noise levels, at each site, hence highlighting that 
the average here corresponds to the most frequent value. 

 

  

                                                           

25 It is worth remembering that the NTK monitors only recorded planes flying within 500 m and with an 
associated 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 ≥ 55 dBA.  
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Figure 8-4 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 Levels Each Day  
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Figure 8-5 Hourly ranges of 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚. 
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Figure 8-6 Distribution of Aircraft Noise Event Lmax Levels.  
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8.3.4 Aircraft Heights 
Figure 8-7 shows the distributions of aircraft heights above local ground level for all aircraft for 
which aircraft noise events were recorded in the 21 days. 

At Cowden, all aircraft are below 3,500 ft descending to join the ILS.  At Penshurst, Tunbridge Wells 
and Crowborough there was a wide distribution of aircraft heights during the 21-day survey period.  
This is discussed elsewhere in this report (sections 7 and 9).  

Figure 8-8 gives plots of aircraft noise event Lmax against height for all noise events logged in the 
survey (as noted above, some could be from non-aircraft sources) for the Crowborough and 
Penshurst sites.  Noise levels only from aircraft flying within a 500m lateral distance from the NTK 
are plotted. 

In this analysis, only aircraft passing within 500m laterally of the monitor are considered.  The noise 
levels of those further away will vary less with height and may be more acoustically screened.  

At the two sites studied, there is a wide scatter of noise levels at most heights, over 10dB in many 
cases, even for a given type of aircraft.  This may be because the way in which an aircraft is flown 
(e.g. thrust, flaps, speed etc), at a given height, affects its noise level on the ground, as well as its 
height 
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Figure 8-7 Aircraft Heights relative to the ground.   
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Figure 8-8 Aircraft Noise Lmax Versus Height 
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8.3.5 Ambient Noise levels 
Figure 8.9 provides the results of the monitoring of all noise sources over the 21-day period.  ‘Total’ 
noise (i.e. aircraft and all other noise source) is plotted as hourly Leq noise levels averaged for each 
hour over the 21 days.  ‘Aircraft’ noise is also plotted as 21-day average hourly levels. As mentioned 
above, only aircraft noise above the 55dB threshold is captured as aircraft noise in this analysis and 
the planes considered are only those flying within 500 m from the NTK monitor. ‘L90’ is also plotted 
as an indicator of the background noise level, it that which is experienced between uplifts from 
transient noise sources including aircraft.  

In Cowden measured aircraft Leq, 1-hour levels in the day were around 43-45dB and were lower 
than total Leq levels, because there are relatively few aircraft noise events. There was insufficient 
aircraft noise data at night to provide an analysis. As noted above, aircraft noise events below the 
55dB trigger (e.g. planes flying over Hever) were not captured and, in this area, may contribute 
significantly to overall aircraft Leq noise levels. 

In Penshurst measured aircraft Leq, 1-hour levels were around 45-48dB, and 2-3dB below total noise 
levels during the day, and dropped to 37dB at night.  Background noise levels were low, 35dB in the 
day dropping to 21dB in the middle of the night. 

In Tunbridge Wells (noting the monitoring site was not representative of ambient noise in the social 
survey area) measured aircraft Leq, 1-hour levels were 41-44dB during the day, dropping to 38dB at 
night 

In Crowborough measured aircraft Leq, 1-hour levels were 41-45dB in the day, generally 5-6dB 
below total noise levels.  In the middle of the night aircraft noise dropped to Leq 1-hour 37dB only 
1dB less than total noise. Background noise levels were 10dB or more below total Leq levels. 
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Figure 8-9 Ambient Noise   
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9 Flight analysis (Helios) 
Note: In all of the following flight analysis, Helios provided analytics using data collected from the 
Casper NTK system. Key points from the data analysis were highlighted to the study team, but 
detailed discussion was not performed and was instead conducted by the University of Sussex to 
allow the study to remain fully independent.    

9.1 Question C9: changes to the average and lowest plane 
Two key questions of the postal questionnaire were in C9: “Over last 5 years, the lowest plane flying 
over me has got” {much lower – much higher} and “Over last 5 years, the average plane flying over 
me has got” {much lower – much higher}. These were reprised in the field interviews as question 11: 
“Over the last 5 years, have planes generally become lower or higher at all?”.  

In support to question C9, Helios produced a comparative analysis of the lateral distances and of the 
heights referred to (the centre of) our survey areas for the months of August 2011 and August 2016 
(Figure 9-2 to Figure 9-5).  

Helios analysts looked at CASPER data [17] over a 24hr time period, for runway 26 (i.e. westerly 
arrivals only) and used 4NM-wide gates (7.14 km) centred on our survey locations (see Figure 9-1). If 
an arrival intercepted a gate, the flight ID, aircraft callsign, aircraft type, the altitude at the gate and 
distance along the gate were recorded26. In practice, the method identifies the planes that ‘overflew’ 
the survey area: an information relevant to questions C3 and C4 in the postal questionnaire (and to 
questions 3 and 4 of the in-person interviews). 

 

Figure 9-1: Gate filtering to study the passage of airplanes over the areas selected for the Imm-15 study. Source: Helios. 

The comparison of August 2011 and August 2016 can be summarised as follows: 
                                                           

26 If an aircraft intersected the gate more than once, i.e. a go-around, it was recorded twice. 
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1. Crowborough saw an increase in aircraft altitude between 2011 and 2016 (Figure 9-2), while 
the lateral spread has remained similar. 

2. Bidborough also saw an increase in the average height, and the general lateral movement of 
the planes away from the centre of the village. On the other hand, there is an increase of the 
planes flying below 3,000 ft. Penshurst has shown almost no variation on the average plane 
height, apart from an increase in the number of planes flying below 3,400ft. (Figure 9-4). 

3. Tunbridge Wells was the only location to show a decrease in aircraft altitude in comparison 
to 2011/12, with between 1 to 2% of arrivals approximately 200ft lower. In addition, there 
were more planes overflying the survey area in 2016 than in 2017 (Figure 9-3). 

• Like Penshurst and Bidborough, in Cowden (Figure 9-5) the average flight did not decrease 
its altitude, but there was a doubling of the planes flying below 3,400 ft. Also, there seems 
to be a general movement of the arriving planes towards the outside the survey area (i.e. at 
lateral distances greater than 3 miles). 

According to these results, more than an overall shift, there is a slight change to the shape of the 
distribution in some of the locations i.e. the appearance of a step below the main distribution, at 
heights between 3,000 and 3,400 ft.  

 

 

Figure 9-2: Preliminary analysis of the height and lateral position of the planes for Crowborough. Source: Helios 

 

 

Figure 9-3: Preliminary analysis of the height and lateral position of the planes for Tunbridge Wells. Source: Helios 
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Figure 9-4: Preliminary analysis of the height and lateral position of the planes for Penshurst and Bidborough. 

 

 

Figure 9-5: Preliminary analysis of the height and lateral position of the planes for Cowden. Source: Helios 

 

In order to understand better this change in the distribution, Helios analysts looked at CASPER data 
for the whole summer (i.e. the months between July and September), in the period 2011-2016. 
Figure 9-6 and Figure 9-7 show that: 

• There is indeed a step in Cowden, at about 1,000 ft below the “most frequent” plane (i.e. 
the plane corresponding to the average of the large height distribution). This feature is 
already present in 2011 and 2012, but it is small: it becomes much clearer in 2013 and 2015. 

• Due to the proximity of Penshurst to Cowden, the trend is similar here.  
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• In Tunbridge Wells, which is located further east of the previous two locations, the ‘step’ is 
not as pronounced. It still appears though, and again approximately 1,000 ft below the 
“average plane”. 

• Crowborough is located further away from Gatwick than all other study locations, however 
the ‘step’ is still apparent. However, it is clearer in 2013 and 2015 than in other years. 

In summary, this analysis confirmed what we learned from the social survey and from the 
measurements: there is indeed a certain number of planes that fly lower than the others by about 
1,000 ft. The number of these planes has increased over the years since 2013 (i.e. when, according 
to our total sample, planes started to fly lower or much lower). 

 

 

 

Figure 9-6: Further spatial analysis on the westerly arrivals: Cowden and Penshurst. Data relative to July-September in each 
year. 
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Figure 9-7: Further spatial analysis on the westerly arrivals: Crowborough and Tunbridge Wells. Data relative to July-
September in each year. 

The two charts in Figure 9-8 present the same summer data as a histogram: 

• Each column represents a year and each row represents a 100ft interval.  

• The colour spectrum shows the arrivals traffic (as a percentage) across the gate. 

• Grey arrows show the location and trend of the identified ‘step’.  

• White arrows show the location and trend of the main distribution.  

In Cowden, this “step” feature fitted as part of the main distribution before 2013, so it is not clearly 
identifiable on the histogram. After 2013, while the main distribution increased in height, this step 
decreased in height reaching its lowest point in 2015 which became lower and lower, with a total 
decrease of 200 ft over the 4 years. The maximum height of this “step” was reached in 2015. 

In Tunbridge Wells, for a period both the main distribution and the secondary step decreased with 
time, but when the trend of the main distribution was inverted in 2015, the planes flying in the 
“step” continued to get lower whilst the main distribution increased in height.  
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a) Crowborough 

 
b) Tunbridge Wells 

  
c) Penshurst d) Cowden 

Figure 9-8. Monitoring the evolution of the step over the years: a) Crowborough, b) Tunbridge Wells, c) Penshurst, d) 
Cowden.  
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9.2 Questions C1 and C2: variation in height 
Both the postal questionnaire and the in-person interviews have highlighted a large variation in the 
altitude of planes, both in terms of long-term perception (questions C1 and C2 of the postal 
questionnaire) and in the sample of observed planes (data from the in-person interviews). In 
addition, in all locations interviewees remembered a “very low flying” outlier within the past 6 
months (question 8 of the in-person questionnaire) and most of the times could report the airline 
and the time of the day.  

Helios had already looked at the altitude profiles as a function of distance from Gatwick for Imm-05 
(Increase in the continuous descent approach commencement to point to 7,000ft) (see Figure 4-4), 
which seems in agreement with spread found by Sussex (see discussion in section 0). Following a 
question from the Sussex team, Helios conducted a further analysis and showed that, while the 
lowest aircraft overflying the locations over the years was a light twin prop (probably not generating 
a great deal of noise in comparison to a commercial jet), aircrafts of all types flew in the lowest 
percentile (see Figure 9-9). 

 

Figure 9-9: Analysis of the lowest airplane flying over the different gates in the period 2011-2016 (months: July-September). 
Source: Helios. 

9.3 Questions C5, C6, C7: Perceived size 
Both the postal questionnaire (questions C5, C6 and C7) and the in-person interviews (question A) 
investigated the perceived size of the aircrafts. In addition, the field surveys identified some hours of 
the day when the perceived size of the planes was higher. In support to this finding, Helios analysed 
when the types of aircraft are most common during the day (Figure 9-10). This analysis covered 
summer of 2016, and although there have been slight variations in 2017, some commonality remains 

Assuming that the traffic has not changed much in 2017 (at least in terms of volume, see Figure 3-3), 
and a continuous presence of the interviewers from Sussex on the field between 10:00 and 19:00, 
Figure 9-10 shows that (traffic categories from [107]): 

• Super-heavy (A380) traffic only occurs in specific times of the day. While the Sussex team 
was in the field, they should have observed no more than 2 super-heavy planes each day. 

• The presence of heavy (B747 etc.) aircrafts decreases significantly after 9:00 AM. The Sussex 
team should have spotted no more than 4 of these heavy planes in a day. 
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• The presence of upper medium (B757) aircrafts peaks in the night hours and just before 
12:00. Subsequent peaks appear every 4 hours. While they were in the field, Sussex 
interviewers should have expected no more than 3 of such planes. 

• Most of the planes spotted during field interviews (and in general, experienced by the 
residents), should be of the lower medium type (A320, B737 etc.). 

• The number of small aircrafts in the Helios analysis and this study is negligible. 
 

 

Figure 9-10: Analysis of the type of aircraft with the hour of the day. Source: NMB-06 IP07 [20]. Data are relative to all 
arrivals (including the easterly ones, not treated elsewhere in this report)  

 
These results are consistent with the presence of specific hours where planes may appear larger or 
fly lower, reported during the field interviews.  

The results of this analysis can be summarised by the Sussex team as follows: 

a) It was expected to see some variation in the height of the lowest aircraft as the airport 
operation varies throughout the day, with the height varying in response to changes in 
holding, track distance etc. as noted in NMB-5 WP04 [108]. Figure 9-11, instead, shows 
limited to no variation over the hours of the day or the years assessed. The only real 
noticeable variation is between day/night-time operations and this is probably due to 
changes in traffic levels, not just at Gatwick, but also to the other London airports. 

b) When looking at the lowest flight per hour (see Figure 9-12) there are some clear outliers 
which are lower than the norm. The majority of these occur in the night, but there are small 
twin prop aircraft and due to their type are probably conducting testing of the airports 
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navigational aids. Another group of outliers appears between 10:00 AM and 14:00 (i.e. 
when super heavy and upper medium aircrafts are present, according to Figure 9-10).  

c) Most of the lowest flight aircraft are either Airbus A320 family or Boeing 737 family aircraft, 
the two most common types. 

 

 

Figure 9-11: 5th percentile lowest aircraft altitude. Source: Helios. 
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Figure 9-12: Single lowest aircraft as a function of the hour. Source: Helios. 

Arrivals are a dynamic phenomenon with a variety of variables including air temperature, wind, 
aircraft type, aircraft weight and ATC/pilot experience of a busy TMA/Gatwick (see [20] for a more 
thorough analysis of these factors). As a result, a range of altitudes over a single point is to be 
expected (see Figure 4-4): the data in Figure 9-11 and Figure 9-12 refer to the 5th percentile of Figure 
4-4. It is beyond the scope of this study to investigate the reasons behind the observations reported 
here, but the reader may find some considerations in the discussion (section 10). 
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10 Discussion 
In this section, we will conduct some meta-analysis on the results presented in the previous sections, 
in order to answer the key questions identified at the start of the study, as reported in Table 4-1 and 
Table 4-2.  

We will use mainly one statistical instrument: conditional analysis. This technique gives a measure of 
the probability of an event given that another event has occurred. In this study, it is used to explore 
potential correlations between trends: taken two parameters, data are filtered for participants that 
have both parameters “true”, so that participants can be counted. In this way, the mutual influence 
between the two parameters can be explored in tabular form. As an example, it is used to determine 
whether the participants who perceive that planes are flying lower also perceive them to be bigger.  

We will also discuss more in detail the findings on height highlighted previously. 

As scientists, we are conscious that this analysis may not be comprehensive: we have a large 
database of measurements and interviews, and while the present study is focused on the questions 
in Table 4-1 and Table 4-2, other interesting correlations between the different indicators may 
appear after further work. These will have to wait for future studies. 

10.1 Conditional analysis 
When applied to questions B5 and B8 of the postal questionnaire, this technique allows us to 
explore the question: “does the presence of sound insulation affect the feeling of control?”. Table 
10-1 shows that about 30% of the postal respondents (28 out of 93) reported that insulation has no 
effect on their feeling of being in control. Conversely, nearly 60% of the respondents (5 out of 9) who 
reported no sound insulation or special glazing feel they have no control on noise (this corresponds 
to 4.5% of the postal sample), while 59% of the people with insulation (i.e. 55 out of 93, or 49% of 
the postal sample of 112 respondents) feel they are in control. As reported in the literature, 
“control” is one of the parameters that correlates well with the annoyance.  

 
Table 10-1 Conditional analysis between the presence of insulation (B5) and the feeling of control (B8) in the postal 
questionnaire. DG = double glazing RI = roof insulation. 

 People 
with no 
glazing or 
insulation 

People 
with 
double 
glazing 

People with DG + 
roof insulation 

People with DG + 
RI + wall 
insulation 

How many of the people 
feel in control (scores 
above 7)? 

33% 59% 54% 53% 

How many of the people 
feel it does not make a 
difference (score of 5 or 
6)? 

11% 28% 30% 37% 

How many people feel 
they are not in control? 
(score of 4 or lower) 

56% 13% 16% 11% 
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This is confirmed by Figure 10-1, where conditional analysis is used to investigate the correlation 
between these two parameters in our sample. We notice that as the self-reported feeling of control 
increases (i.e. the more interviewees felt in control), the more annoyance moves towards lower 
values (i.e. the less annoyed they were). 
 

 

Figure 10-1 Conditional analysis on field interviews data to assess the influence of “feeling in control” on annoyance. 
Percentages are relative to the whole postal sample (112 respondents). 

 
When applied to questions C7 and C9 of the postal survey, conditional analysis answers the 
question: “Do the perception of reduced height and increased size go together?” (see Table 10-2). 

Table 10-2 shows that, 46% of the postal respondents (51 out of 112), reported that, in their opinion, 
there was no change in height or size compared to 1 year ago. This percentage drops to 25% (28 out 
of 112) when compared to 5 years ago, with a difference of 23 out of 112. A similar difference (20 
out of 112) can be found between the 16% of respondents (18 out of 112) who reported that, in 
their opinion, planes got larger and lower than 1 year ago and the 34% (38 out of 112) who reported 
that, in their opinion, planes are now larger and lower than they were 5 years ago.  

There is therefore evidence of a perception shift: 18-20% of the respondents reported that, in their 
opinion, planes stayed the same in terms of size and height in the last 1 year, but are larger and 
lower than 5 years ago. 

According to Table 10-2, 22-24% of the postal sample (25-27 out of 112) reported that, in their 
opinion, planes got lower, but not larger than 1 year ago. The fact that this percentage does not 
change points to a continuous decrease in perceived height, which may be also due to an increased 
number of planes flying lower.  

.  
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Table 10-2 Conditional analysis to investigate correlations between the perceived height and size (questions C7 and C9): 
results for the “average plane”. Results add to 100% in each of the two sub-tables (i.e. 1 year ago and 5 years ago). 

 1 year ago 5 years ago 

 Lower No change Higher Lower No change Higher 

Smaller 2% 3% 0% 1% 2% 0% 

No change 24% 46% 1% 22% 25% 1% 

Larger 16% 8% 1% 34% 11% 3% 

 

Table 10-3 reports the result of a conditional analysis between questions B7 (“when do you most 
notice sound?”) and C11 (“are plane noises more or less noticeable than other sources?”). This 
analysis confirms that the period when respondents are mostly aware of plane noise is the day, but 
also the small difference between this period, evening and night. Since C11 did not explicitly refer to 
“indoors”, the fact that the columns of this table don’t add up to 100% may be an indication that 
there are certain respondents who mostly notice plane noise (above all the other sources) when 
outdoors. It is worth noting that this was a summer season survey and, as such, biased towards 
outdoors: this result may be season-dependent. 

 

Table 10-3 Conditional analysis to determine the period of the day when plane noise is most noticed (questions B7 and C11). 
Each position in the table reports the % of the 112 respondents that marked awareness in a specific period of the 24 hours. 
Percentages don’t add up to 100% in rows as the periods accounts for different statements in Figure 5-8 e.g., “night” in this 
table accounts for “night”, “day and night”, “evening and night” and “all day” from Figure 5-8. 

 People who were aware of noise when indoors (B7)… 

 
Day Evening Night 

…did not notice plane noise above all 
other sources (score below 4) 10% 9% 6% 

…think plane noise is similar to other 
sources (score of 5 or 6) 12% 10% 10% 

…think plane noise is more noticeable 
than others sources (score ≥ 7) 48% 43% 41% 

TOTALS 70% 62% 57% 
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Table 10-4 and Table 10-5 report the use of conditional analysis to investigate which perceived 
change (C7-C10) impacts more on the fact that respondents notice plane noise above all other 
sources (C11). Results indicate that: 

a) the percentage of respondents that notice noise from planes above all other sources 
(“noticing” is a preliminary to being “bothered, annoyed or disturbed”, but not the same) are 
systematically higher for those respondents who also “noticed” a change in 2013 than for 
those who noticed a change in the past year. This may indicate that perception is still strongly 
dependent on the change to ILS which occurred in 2013. The other evidence in this direction 
comes from the open feedback to the postal questionnaires (Appendix 3) and by what we 
were told during interviews. We don’t have enough data to be conclusive on this, but if it was 
true, an immediate action from the airport will take time to settle in the memory of at least 
20% of the respondents. 

b) Perceived changes in the number of planes during the day have the largest impact on 
“noticing” statements. There is a 10% difference among the different potential causes: on the 
scale of 1 year, perceived change in size is third cause (at 19%, or 21 out of 112) after 
perceived changes in height (at 29%, or 32 out of 112).  

 

Table 10-4 Conditional analysis on how perceived changes affect noting plane noise (questions C7-C11), relative to 1 year 
ago. Each position in the table reports the % of respondents who scored greater than 7 in the corresponding column and the 
aggregated score from question C11 in the corresponding row. 

 …also noticed a change in the last 1 year towards… 

 Larger 
Size 

Lower 
Height 

Increased 
Number /day 

Increased 
Number 
/night 

Respondents who did not notice plane 
sounds above all others (score ≤ 4)… 

4% 2% 3% 1% 

Respondents who think planes sounds are 
similar to others (score of 5 or 6)… 

1% 4% 5% 4% 

Respondents for whom plane noise is more 
noticeable than others (score ≥ 7)… 

19% 29% 37% 34% 

TOTALS 24% 35% 45% 39% 

 

  



 
 
 
Perception of Aircraft Height and Noise  Section 10: Discussion 

130 

 

Table 10-5 Conditional analysis on how perceived changes affect noting plane noise (questions C7-C11), relative to 5 years 
ago. Each position in the table reports the % of respondents who scored greater than 7 in the corresponding column and the 
aggregated score from question C11 in the corresponding row. 

 also noticed a change in the last 5 years towards… 

 Larger 
Size 

Lower 
Height 

Increased 
Number 
/day 

Increased 
Number 
/night 

Respondents who did not notice plane 
sounds above all others (score ≤ 4)… 

6% 4% 1% 1% 

Respondents who think planes sounds are 
similar to others (score of 5 or 6)… 

11% 7% 8% 8% 

Respondents for whom plane noise is more 
noticeable than others (score ≥ 7)… 

32% 41% 48% 49% 

TOTALS 49% 52% 57% 58% 

 

Finally, Table 10-6 and Table 10-7 report a comparison between question D3 (“sleep disturbance” 
and “cannot open windows”) and one particular aspect of noise sensitivity (D7) i.e. being easily 
awakened by noise. As reported in the Night Noise Guidelines [2], we expected a correlation 
between the highly sleep disturbed and “being easily awakened by noise”: high levels of noise 
sensitivity are often associated with high levels of disturbance. Table 10-6 and Table 10-7, however, 
shows that that there is a correlation only in the lower part of the scale i.e. 26% of the respondents 
reported both a low sensitivity to awakening and low disturb during their sleep or low disturb due to 
not being able of opening their windows. 

 

Table 10-6 Conditional analysis to highlight sleep disturbance (D3) as a function of “being easily awakened by noise” (D7). 
Results are aggregated in “low disturb” (unweighted score ≤ 4), “medium disturb” (unweighted score = 5 𝐿𝐿𝑜𝑜 6) and “high 
disturb” (unweighted score ≥ 7). 

 People who were disturbed in their sleep (D3)… 

 

Low disturb Medium High disturb 

…are not easily awakened (scores below 4) 26% 3% 13% 

…are mediumly awakened (score: 5 or 6) 14% 4% 10% 

…are easily awakened (scores above 7) 12% 8% 12% 
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Table 10-7 Conditional analysis to highlight disturbance due to “not being able to open windows” (D3) as a function of 
“being easily awakened by noise” (D7). Results are aggregated in “low disturb” (unweighted score ≤ 4), “medium disturb” 
(unweighted score = 5 𝐿𝐿𝑜𝑜 6) and “high disturb” (unweighted score ≥ 7). 

 People who cannot open their windows (D3)… 

 

Low disturb Medium High disturb 

…are not easily awakened (scores below 4) 27% 4% 10% 

…are mediumly awakened (score: 5 or 6) 15% 2% 11% 

…are easily awakened (scores above 7) 22% 4% 5% 

 

10.2 Height analysis 
Helios analysis suggests that there is an increasing proportion of planes that has been flying lower 
than the main distribution of arrivals (≤ 5% in summer 2016). This ‘step’ has existed below the main 
distribution since the start of the analysis in 2011, however it has slowly decreased in altitude until 
these small number of arrivals are, on average, 1,000 ft lower than the “most frequent” or “average” 
plane.  

The analysis in Figure 9-8 indicates that the change happened sometimes after 2013, so some of the 
planes are indeed flying lower than 5 years ago in all locations. It also shows, however, that there are 
some locations where planes have indeed become lower also in the last 12 months: something that 
also appears in our sample’s perception.  

The presence of a correlation between noise and real plane height (section 8) and of a different 
correlation between produced noise and perceived height (section 7) may lead to situations where a 
slight decrease in height (producing, say, 1 dB increase in 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚) may be perceived to be much 
larger. Future studies should look specifically at the planes in the “step”. 

Helios analysists have looked briefly into the causes behind this step and have found that: 

• The ‘step’ itself is created by a combination of go-arounds (2% of the approaches in the 
‘step’) and low altitude arrivals (98% of the approaches in the “step”).  

• These low arrivals are, in the majority, compliant with the UK CDA definition but are flying a 
low approach with an average descent angle of 1⁰.  

• Additionally, 76% of the operators flying the low approaches are non-UK based operators, 
with in some cases, all of the approaches made by that operator are within the ‘step’.  

• There was limited variation in the number of low approaches in the step with time and 
traffic load. 

It is worth noting that, even if the percentage of low-flying planes is small, in a context when there is 
a plane every two minutes (as observed in some cases in the field) there might be one of them each 
hour. Also, our field observations (and the NTK tracks) show that these low-flying aircraft may not be 
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equally distributed in the day. Finally, the overall number of these planes has been increasing over 
the years. This “step” is certainly a feature that needs to be investigated more thoroughly.  

11 Conclusions  
In this work, we describe the results of a study conducted in August-September 2017 near Gatwick 
airport. The study originated from Gatwick Independent Arrival Review and responds to 
recommendation Imm-15:  

“To better inform stakeholders, independent academic research should be undertaken to validate the 
reasons why arriving aircraft are often perceived by residents to be lower than in the past and to 
identify measures to establish the actual facts in a controlled analysis with community involvement”.  

Our initial literature review confirmed the need for academic research: we could not find any study 
addressing a possible relationship between aircraft noise, perceived height/size and the effect of this 
multisensory input on community perception. We found instead different studies worldwide 
reporting that aircraft noise is perceived today to be more intrusive than, say, 10 years ago. We also 
found diverse warnings on the impact of non-acoustical factors on perception, in scale of importance 
(e.g. noise sensitivity, feeling of being “in control”, gender and living circumstances are expected to 
have the highest impact). Depending on the study, they account for 77-81 % of the variability on 
annoyance scores. 

In collaboration with the Steering Committee, we distilled a list of key questions (see Table 4-1) and 
set a strategy to address them. Answering to these questions will be the most important part of this 
section (see Table 11-1).  

What did we do? 

We selected 4 survey areas below the westerly arrivals path: two in towns (1: Crowborough and 2: 
Tunbridge Wells) and two in more rural areas (3: Penshurst and 4: Cowden). We used three different 
methods to interact with local communities:  

1. A postal questionnaire survey (Part 1), aimed at long-term perception. This was sent to 550 
randomly-selected households, with the necessary instructions to be run unassisted. 
Response rate: 20% (112 respondents). 

2. A field survey (Part 2), based on semi-structured interviews and aimed at short and 
immediate perception. Interviewees were recruited at their doorstep or in a local park and 
participated in an interaction designed to run no longer than 15 minutes. Estimated 
response rate: 30% (111 interviews). 

3. A standard interview-based survey (Part 3), with the interaction lasting between 15 and 45 
minutes. Interviewees were randomly selected among those who volunteered to take part 
and were compensated with a shopping voucher (12 interviews). 

During the field studies (Part 2 and Part 3), 242 different planes were discussed with the 
interviewees. These discussions were assisted by a measurement campaign, where acoustical 
indicators (𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚 𝑆𝑆𝑆𝑆𝐿𝐿 and 𝐿𝐿90) were acquired for each passing plane, either by NTK monitors 
(directly linked to Gatwick’s radar) or by local measurements. Tracking, either in real time (NTK 
monitors) or in post-processing CASPER) was used to obtain data such as plane’s height relative to 
ground, lateral distance from the interview point, plane type and size. 
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Our method produced 3 different samples: a postal sample (“respondents”), a field sample 
(“interviewees”) and a sample made of “single-plane observations”. The two social samples 
potentially addressed distinct parts of the local population (e.g. postal surveys get more negative 
individuals, according to previous studies and, in our case, questionnaires were presumably filled 
indoors, while field interviews were conducted outdoors) and a different aspect of perception 
(“long-term” for the postal, and “short-term” for the interviews), but each survey was also 
representative of the demographics in the area. In practice, we run two different surveys, each 
probing the same population: a group not addressed by previous studies around Gatwick, living 
beyond the 57 dB noise-mapping contour.  

The independence of the two social surveys was a powerful tool during data analysis. When a 
question had the same wording in both surveys, we could compare the two results side-by-side and 
(if they showed the same trend) getter a stronger (joint) statement. Equally, in some cases the two 
social samples could even be considered as part of the same meta-sample (i.e. the “participants”, 
formed of 203 individuals) and their results can be considered part of the same statistics to get a 
more relevant picture27.  

The plane sample was representative of the fleet composition at Gatwick, but limited to arrivals 
between 11AM and sunset. 

Main findings 

What either respondents or interviewees labelled to be an “average plane” corresponds to the 
“most frequent” plane in terms of height (above ground), size and lateral distance. When asked to 
determine numerically the height of a plane, however, participants underestimated it on average by 
1,200 ft (respondents) or 1,500 ft (interviewees). In summary, participants were very accurate in 
determining where planes should be when watched from the ground, but tended to underestimate 
aircraft height and overestimate aircraft size in an absolute way. 

When asked about “the lowest plane”, participants pointed to what turned out to be a “dent” in the 
historical distribution of the arrivals’ heights (1-5% of the total arrivals, depending on the survey 
area). The perception of the “lowest plane” seems therefore linked to a small number of planes, but 
we found those are indeed flying lower than the others, potentially every day. This finding justifies 
(perception-wise) the community judgement “planes are flying lower than before”. Addressing these 
low-flying planes and understanding why they are more frequent in some hours may be very 
beneficial. 

In terms of annoyance, we found that at least 40% of the respondents (45 out of 112) were not 
bothered/disturbed/annoyed at all by noise when indoors, but also that this percentage decreased 
to 30% when considering life outdoors (34 out of 112). Our samples show an unambiguous evidence 
that, for 10% of the participants and at least in the summer, annoyance is mainly determined by not 
being able to enjoy life outdoors. We also found that, for at least 35% of the interviewees (43 out of 
123), the top of the personal scale of annoyance is set by outliers i.e. an exceptionally low or noisy 
plane event that remains in the memory of interviewees for long term.  

In terms of non-acoustical factors affecting perception of aircraft noise indoors, we highlighted in 
our sample the expected effects of “feeling in control” (and therefore of the presence of sound 
                                                           

27 In doing this, it is necessary not to count twice the participants that appear both in the postal and in the field 
survey (e.g. those who volunteered for Part 3). 
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insulation measures) and of the place of living (i.e. rural vs. town). In our samples, instead, non-
acoustical factors like noise sensitivity or demographics did not have a clear effect on self-reported 
annoyance. The reasons for this difference is not known.  

The perception of “being overflown” impacts on annoyance, increasing it by one point, and this 
effect is highly affected by visual distance. While investigating the effect of the angle of view, we 
found that 71% of the participants (144 out of 203) agree with the second option in CAP 1498 
(48° from the horizontal), while the first option (60° from the horizontal) meets the general opinion 
in only 44% of the cases (90 out of 203). 

These key findings underpin the answers to the top-level questions in Table 11-1. 

Other findings  

When asked which change in the “average plane” they noticed most, postal respondents reported in 
order number/height/size. When asked whether they had noticed a change, in the past year or in 
the past 5 years… 

[number] …57% of the respondents (64 out of 112) reported that, in their opinion, the number 
has increased since last year while 34% (38 out of 112) reported the increase happened 
already 5 years ago.  

[size and height] …25% of the postal respondents (28 out of 112) shared the perception that 
the size and height of planes has not changed in the past 5 years. At the same time, 22-24% of 
the respondents (25-27 out of 112) reported that planes are now flying lower than 5 years 
ago, but did not get bigger in size. Finally, 34% (38 out of 112) reported that, in their opinion, 
planes have become 57% of the respondents (64 out of 112) reported that, in their opinion, 
the number has increased since last year while 34% (38 out of 112) reported the increase 
happened already 5 years ago. This and other evidence across the social surveys (e.g. open 
feedback) suggest that the change to the ILS minimum point tested by Gatwick in 2013 is still 
prominent in the participants’ memory (even if no longer applies).  

The height of the single plane has minor impact on annoyance. Changes from the “average height”, 
instead, have an impact, especially where the annoyance related to the average plane is already 
high. In this study, we registered an increase in annoyance when the plane was perceived “lower” or 
“larger” than the “average”: this effect was not dependent on the survey area. 

Self-reported sensitivity was assessed, during the postal survey, using Weinstein’s scale. We found 
this method to be more successful than the single question used in other studies, as it well clustered 
respondents (“Participants not sensitive”, “Participants with average sensitivity”, “Participants with 
high sensitivity”). A similar division was found in the question where participants commented on the 
presence of “noise”, whatever the source. 

Limitations 

1. The social survey samples are representative, but small. The conclusions on the “dent”, for 
instance, would not have been possible without looking at the a much larger sample of radar 
data. An extension of the current database would be desirable. 

2. The use of 15 minutes in-person interviews to directly assess community perceptions related 
to aircrafts is novel to this study. It is based on the hypothesis that perceptual judgements 
are made in short periods, and while this has been successfully shown for quiet areas and 
road traffic (by different authors), it needs further testing with aircraft sources. 
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3. This was the first-time researchers tried to assess the effect of height and size of planes on 
their community annoyance, so there is no standardised method. Further studies may 
produce different questions, that may be able to highlight more pronounced correlations. 

4. The possibility of comparing 11-point numeric results with 5-point verbal questions is still a 
subject for research, but we have used the latest results here, directly from the ICBEN 
Conference 2017. 

5. Looking at differences between the postal and the field data would certain be useful and 
may highlight something about the population, but there are only 32 participants that took 
part in both: statistics is minimal, but a comparison should be attempted in future studies. 

6. Results show that the region of Penshurst is made of three distinct locations, with 
differences that need to be taken into account 

7. The surveyed population are uncertain as to possible plans and growth at Gatwick: as shown 
by other studies, this may affect individual’s responses to surveys at this time.  

8. The scope of this report is informative: in the space of two months this study collected the 
(reported) opinions of 203 different participants and compared them with objective noise 
measurements and acquired flight tracks. There was no time to investigate thoroughly the 
causes underpinning some of the results – e.g. the reasons why an increasing number of 
aircrafts decide to fly 700-1,000 ft below the “most frequent” plane or the weight that a 
changing airplane fleet has on noise perception – these will have to wait for further studies. 

9. It is known that equivalent noise levels explain annoyance at most up to 23% of its 
variability. I would recommend future studies to consider more complex acoustical 
indicators (e.g. emergencies, self-criticality based indicators, indicators modified to include 
the number of planes) as they may account, at least in part, for what is currently attributed 
to non-acoustical factors. 
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Table 11-1 Key top-level questions and their answers according to this study. 

Key question Answer from this study 
Is height perceived by 
individuals reasonably 
accurately? 

• Participants could accurately define how the “average plane” should look 
from the ground in terms of height/size/lateral distance. Their assessment, 
however, was inaccurate in absolute sense: the height of a single plane was 
underestimated on average by 1,200 ft (postal) or 1,500 ft (interviews).  

Is plane size perceived by 
individuals reasonably 
accurately? 

• As with height, participants spotted accurately how large the “average 
plane” should be, but overestimated the size (by 50% on average). This 
sizing judgement was worse for planes flying further away from the observer 
i.e. there is an effect of visual distance. 

Is there a correlation 
between aircraft size and 
height perception? 

• We did not find any firm correlation between “real” size and “perceived 
height”. For 18-22% of the respondents, however, the two perceptual 
judgements “planes are flying lower” and “planes are larger” go together. 

Is there a correlation 
between noise level (Lmax 
or other) and height 
perception or actual 
height? 

• The correlation between 𝐿𝐿𝐴𝐴,𝑚𝑚𝑑𝑑𝑚𝑚  and actual height was compatible with 
geometrical diffraction and, in general, with the accepted models of aircraft 
noise propagation.  

• Perceived height depends on noise level (better SEL, in this study): above 
67 dB, the error in perceiving height increased by 
250 ft/dB. Feedback from interviewees on cloudy days show that this 
correlation is often used to judge height by noise.  

Do people react worse to 
‘low flying’ (i.e. lower than 
normal) aircraft, and if so 
why? 

• We found evidence that participants are mostly sensitive to changes from 
the “average plane” e.g. the small “dent” in the larger height distribution. 

• The top of the perception scale (i.e. extremely annoying) is set on outliers 
(low flying or exceptionally noisy aircrafts) for 35% of the interviewees (43 
out of 123). Needs to be confirmed by larger statistics, as may have impact 
on noise-management strategies.  

Do people react worse to 
aircraft they perceive as 
lower, and to what extent 
is this because they are 
noisier? 

• The height of the single plane has minor impact on its associated annoyance. 
Changes from the “usual height”, instead, have an impact, especially in areas 
where the annoyance related to the average plane is already high.  

• Since the correlations “noise vs. actual height” and “noise vs. perceived 
height” are different, there will be situations where annoyance depends 
more on height than on noise (some examples in section 7).  

Is the response to aircraft 
perceived as ‘off-track’ 
worse than those following 
usual track routings? 

• Less overflying = less annoying 

What other factors affect 
the perceived impact of 
noise from individual 
aircraft?  
 

We found an effect on annoyance from: 
1. deviation from expected flight path;  
2. feeling in control; 
3. presence of sound insulation; 
4. noise level (Lmax/SEL); 
5. the necessity of opening windows; 
6. angle of view (and visual distance); 
7. perception of local environment 

(either self-reported or 𝐿𝐿90). 

 
We found a limited impact on 
annoyance from: 
a. sleep sensitivity; 
 
We did NOT find impact from: 
b. self-reported sensitivity. 
c. individual characteristics  

Does CAP 1498 adequately 
define people’s view of 
being ‘overflown’; height, 
angle of view, noise level? 

• 50% of the participants (101 out of 203) reported that most or all of the 
planes they notice fly above them. 

• The second choice of angle of view (48° from the horizontal) appeals to 76% 
of the participants (154 out of 203), while the first (60° from the horizontal) 
only to 49% (99 out of 203). There is a 10% of participants (20 out of 203) for 
whom “hearing planes means that they are overflying them”. 
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12 Appendices  

12.1 Postal Questionnaire 
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This questionnaire is 8 pages long        138 

Your views on the local environment 
Answers given should reflect the views of one person (18+ years old), ideally the most familiar with 
daily noise. Skip any questions that do not apply to you. In returning this questionnaire, you allow 
the University of Sussex to use the data for this study. 

________________________________________________________________________ 

Some initial questions 

1. Have you answered a noise survey before?      Yes    No 

2. Has anyone in your home made an official noise complaint?     Yes    No 

3. What is today’s date? (DD/MM/YYYY)     ______ / ______ / 2017

_________________________________________________________________________ 

SECTION A - Yourself 

A1. How old are you?       I am  ______ years old 

 

A2. What gender are you?       ___________

 

A3. What is your current employment status? (Tick all that apply) 

Full-time employed  Full-time student  Retired 

Part-time employed  Part-time student  Unemployed 

Self-employed  Working from home  Carer (home / family) 

Would rather not say Other: _____________ (please state)

_________________________________________________________________________ 

SECTION B - Your circumstances 

B1. How long have you lived in this home?       _______ Year(s) _______ Month(s) 

 

B2. How long have you lived in this village / town?     _______ Year(s) _______ Month(s) 

B3. About this area Definitely 

dislike 

Neither like, 

Nor dislike 

Definitely 

like 

Question  0 1 2 3 4 5 6 7 8 9 10 

How much do you like living in this area? 
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B4. What type of home do you currently live in? 

House: detached  House: semi-detached  House: mid-terrace 

Bungalow: detached Bungalow: semi-detached  Bungalow: mid-terrace 

Flat    Maisonette (Flat on 2+ floors)  Other: ____________ 

 

B5. Do you have any form of noise insulation at home? (Tick all that apply) 

Windows (double-glazing)  Roof insulation  Don’t know  

Windows (triple-glazing)  Wall insulation  Other: ____________ 

 

B6. Was any noise insulation applied in the last 12 months? (Tick all that apply) 

No         Yes - Windows         Yes - Roof         Yes - Walls         Don’t know 
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B7. When you are indoors, at which times are you aware of noise outside your home? 

(Tick all that apply) Day (7AM-7PM) Evening (7PM-11PM) Night (11PM-7AM) 

Mon-Fri    

Sat-Sun    

 

B8. Control No 

control 

Some 

control 

Complete 

control 

Question  0 1 2 3 4 5 6 7 8 9 10 

When indoors, how much control do you have over 
the impact of external noise (e.g. shutting windows)?   

 

SECTION C - PLANE HEIGHT 

In this section, we would like you to guess some heights of planes when they are nearest to your 
home (see dotted line below). 

 

               

 

C1. I would guess that last month the lowest plane was at about: 

   500 ft   1,000 ft  1,500 ft  2,000 ft   2,500 ft  3,000 ft  

   3,500 ft  4,000 ft  4,500 ft  5,000 ft   5,500 ft  6,000 ft 

 

C2. I would guess that last month the average plane was at about: 
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   500 ft   1,000 ft  1,500 ft  2,000 ft   2,500 ft  3,000 ft  

   3,500 ft  4,000 ft  4,500 ft  5,000 ft   5,500 ft  6,000 ft 

 

C3. Planes flying over None of 

the flights 

Half the 

flights 

All the 

flights 

Question  0 1 2 3 4 5 6 7 8 9 10 

Of the flights you notice, what proportion fly over 
you?   
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C4. Tick all the boxes where you would consider the plane to be flying over you 

                                                 

.                                                        . 

 

When holding this page at a normal  

reading distance (about 45cm away), 

which of the below silhouettes are about  

the size of planes flying near your home? 

 

 

                      

C5. Which silhouette below looks about the size of the lowest plane flying over your home? 

 

                                                                                    

 

C6. Which silhouette looks the size of a plane flying at average height above your home? 
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C7. Physical size of planes Much 

smaller 

The same 

size 

Much 

larger 

Question  0 1 2 3 4 5 6 7 8 9 10 

Compared to a year ago, the average plane now is...   

Compared to 5 years ago, the average plane now is...   

 

C8. Plane height Extremely 

low 

Neither low, 

nor high 

Extremely 

high 

In the last month, I would describe... 
     
0 

1 2 3 4 5 6 7 8 9 10 

the lowest plane that flew over me as   

the average plane that flew over me as   

 

C9. Plane height changes Got much 

lower 

Stayed 

the same 

Got much 

higher 

Question 
    
0 

1 2 3 4 5 6 7 8 9 10 

Over the last year, the lowest plane flying over me has  

Over last 5 years, the lowest plane flying over me has  

Over the last year, the average plane flying over me 
has  

Over last 5 years, the average plane flying over me has  
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C10. Amount of planes  Significantly 

decreased 

Stayed  

the same 

Significantly 

increased 

Question      0    1    2    3    4    5    6    7    8    9   10 

Over the last year, the 
number of planes...  

between 7AM and 7PM has   

between 7PM and 11PM has   

between 11PM and 7AM has   

Over the last 5 years, 
the number of 
planes...  

between 7AM and 7PM has   

between 7PM and 11PM has   

between 11PM and 7AM has   

 

C11. Noticing noise Much less 

noticeable  

About 

the same 

Much 
more 

noticeable 

Question 
     
0 

1 2 3 4 5 6 7 8 9 10 

Is plane noise less or more noticeable than all other 
noises (traffic, neighbours, animals etc)?   
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SECTION D - Noise over the past 12 months 

All questions below refer to when you have been inside your home (i.e., indoors) over the past 12 
months (or however many months you have lived at your current home). 

D1. All sounds Completely 

dislike 

Neither like, 

nor dislike 

Completel
y 

like 

Question      0 1 2 3 4 5 6 7 8 9 10 

When indoors, how much do you like the typical 
sounds that come from outside your home?   

 

D2. All noise Not at all Moderately A lot 

Question      0 1 2 3 4 5 6 7 8 9 10 

When indoors, how much has all noise from outside 
your home bothered, disturbed or annoyed you?   

 

D3. How much have the following types of noise bothered, disturbed or annoyed you? 

  Not at 
all 

           Moderately A lot 

Noise Question    0    1    2    3    4    5    6    7    8    9  10 

Plane Noise 

 

How much has this bothered, 
disturbed, or annoyed you?   

How much has this  

disturbed your sleep?   

How much has this  

spoiled your homelife?   

Traffic 
How much has this bothered, 
disturbed, or annoyed you?   



 
PLEASE RETURN THIS PAGE 
Participant ID_______________ 
 

This questionnaire is 8 pages long        146 

Noise 

 

How much has this  

disturbed your sleep?   

How much has this 

spoiled your homelife?   

All Other 
Noises 

 

 

 

How much have these bothered, 
disturbed, or annoyed you?   

How much have these  

disturbed your sleep?   

How much have these 

spoiled your homelife?   

 

D4. Does noise from planes disturb any of the following activities for you? 

  Not at all Sometimes All the 
time 

Noise Activity   0 1 2 3 4 5 6 7 8 9 10 

Noise from 
planes 

 

This disturbs my conversations 
indoors (inc. phone calls, online)  

This disturbs my TV viewing 
(including radio, games, music)  

This disturbs my reading or 
concentration indoors  

This disturbs my working indoors  

This disturbs my relaxing indoors  

Disturbs my family or pets  

Prevents me opening windows  
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Stops me enjoying the outside  

 

D5. Do all other types of noise (i.e. not planes) disturb any of the following activities? 

  Not at all Sometimes All the 
time 

Noise Activity  0 1 2 3 4 5 6 7 8 9 10 

Other 
types of 
noise 
(except 
planes) 

 

 

 

 

This disturbs my conversations 
indoors (inc. phone calls, online)  

This disturbs my TV viewing 
(including radio, games, music)  

This disturbs my reading or 
concentration indoors  

This disturbs my working indoors  

This disturbs my relaxing indoors  

Disturbs my family or pets  

Prevents me opening windows  

Stops me enjoying the outside  

 

D7. Indicate how much you agree or disagree with the following statements.  

 Strongly 

disagree 

Neither agree, 

nor disagree 

Strongly 

agree 

Question  0 1 2 3 4 5 6 7 8 9 10 

I wouldn't mind living on a noisy street if the 
apartment I had was nice.   
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I am more aware of noise than I used to be.   

No one should mind much if someone turns up his 
stereo full blast once in awhile.   

At movies, whispering and crinkling sweet wrappers 
disturb me.   

I am easily awakened by noise.   

If it's noisy where I'm studying, I try to close the door 
or window or move someplace else.   

I get used to most noises without much difficulty.   

It would not matter to me if an apartment I wanted to 
rent was located across from a fire station.  

Even music I normally like will bother me if I'm trying 
to concentrate.   

It wouldn't bother me to hear the sounds of everyday 
living from my neighbours (footsteps, running water, 
etc). 

  

When I want to be alone, it disturbs me to hear 
outside noises.   

I'm good at concentrating no matter what is going on 
around me.   

In a library, I don't mind if people carry on a 
conversation if they do it quietly.   

There are often times when I want complete silence.  

Motorcycles ought to be required to have bigger 
mufflers.   

I find it hard to relax in a place that's noisy.   
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I get mad at people who make noise that keeps me 
from falling asleep or getting work done.   

I wouldn't mind living in an apartment with thin walls.   

I am sensitive to noise.   
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Permission for the treatment of data 

Thank you for completing the questionnaire! This study has been approved by the Sciences & 
Technology Cross-Schools Research Ethics Committee (crecscitec@sussex.ac.uk). The project 
reference number is ER/GM330/1 and the University of Sussex has insurance in place to cover its 
legal liabilities in respect of this study. By returning the questionnaire, you give the research team 
the permission to treat your responses anonymously. If you would like us to link your answers to 
your specific location, please enter your postcode below: 

 

Postcode: _______________  

 

If you desire to remove your answers from our study at a later stage, please let us know by 
contacting us at the email address noise.survey@sussex.ac.uk before the 1st of October 2017. After 
this date, removal will no longer be possible. 

 

Feedback to us (University of Sussex) 

Below we would like to give you the opportunity to express the views of yourself and the rest of 
your household that have not been captured so far. 

 

- Do you feel the questionnaire accurately captured your views? 
- Were there any question responses you would like to elaborate on here? 

 

 

 

 

 

 

 

 

 

 

 

 

   Tick if you are happy for us to include your feedback in our final report 
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   Tick if you are happy for us to include your data again in future studies if these have gained 
independent ethically approval, based on the strict confidentiality terms described before. 

 

------------------The research team will tear this part to separate personal data from questionnaire 
answers---------------------- 

 

Interview Appointment Schedule (leave blank if you do not wish us to contact you) 

I authorize you to contact me to arrange an interview for this study. I understand that only a random 
selection of interviews will be eventually conducted. My personal data will be kept separated from 
my answers above unless I give explicit written consent (e.g., during the interview), will only be kept 
for the duration of this study and will not be shared with anyone else. 

Name: 
_____________________________________________________________________________ 

Address: ______________________________________________________Postcode: 
_____________ 

Phone: ______________________________     E-mail: 
______________________________________ 

It is best to contact me via:   Phone  E-mail 

Best time to contact me:     Morning Afternoon Evening 

 

Signed: _______________________________________     Date: _____________________ 
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12.2 Guide questionnaire for in-person interviews 
 

 

 

 



 
 
Study Name: In person noise survey                              
Date: __/__/2017  Participant ID____________ 
Version: 1 
 

For further information about this research please contact Dr Giles Hamilton-Fletcher or the project 
supervisor Dr Gianluca Memoli at noise.survey@sussex.ac.uk. This study has been approved by the 
Sciences & Technology Cross-Schools Research Ethics Committee (crecscitec@sussex.ac.uk). The 
project reference number is ER/GM330/1. If you have any ethical concerns, please contact the ethics 
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respect of this study. 153 
 

 

INFORMATION  SHEET 

 

Invitation to take part 

You are being invited to take part in a quick face-to-face interview on the perceived height of 
planes. The purpose of the study is to understand the relationship between measured 
heights of planes, perceived heights and impact on local communities. We would like to 
thank you for carefully reading this information sheet, a copy of which you can keep for your 
records. This study is being conducted by Dr Giles Hamilton-Fletcher, Dr Gianluca Memoli 
and Mr Federigo Ceraudo, all from the School of Engineering and Informatics at the 
University of Sussex. They are happy to be contacted at noise.survey@sussex.ac.uk  if you 
have any questions. Even if the cost of this study has been met by Gatwick Airport Limited, 
the work is being carried out independently by the University of Sussex. 

 

Why have I been invited for testing and what will I do? 

We are interviewing approximately 90 adults across 3 locations underneath the westerly 
arrivals flight path for Gatwick Airport. The interviews take under 10 minutes to complete, 
and follow a repeated list of questions. During the interview we will ask you about your 
experiences with various sources of noise in the environment and to make some judgements 
about planes in the sky. In parallel, we will be monitoring acoustic indicators and noting the 
identity of planes passing above us, looking for correlations between your answers and 
these measurements. 

 

What will happen to the results and my personal information? 

The results of this research will be written into a public report and may appear in scientific 
publications on local noise perception. We anticipate being able to provide a summary of our 
findings on request from 01/01/2018 (noise.survey@sussex.ac.uk). Your anonymity will be 
ensured at all stages, in the way described in the consent information below. Please read this 
information carefully and then, if you wish to take part, we will either require recorded verbal 
consent or a signature to show you have fully understood this sheet, and that you consent to 
take part in the study as it is described here.   
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CONSENT (COPY FOR THE PARTICIPANT) 

 

• I understand that by giving verbal or written consent below I am agreeing to take part in this  
University of Sussex research, and that I have read and understood this information sheet. 

 

• I understand that my participation is entirely voluntary, that I can choose not to participate 
in part or all of the study, and that I can withdraw at any stage of testing without having to 
give a reason and without being penalised in any way. 

 

• I understand I can request without penalty that my data be withdrawn and deleted even 
after testing is complete, any time up until the results are analysed (01/10/2017). I will 
contact you at noise.survey@sussex.ac.uk if I desire to do so, quoting the questionnaire ID at 
the top of the page. 

 

• I consent to the processing of my personal information provided (age, gender etc) for the 
purposes of this research study. I understand that such information will be treated as strictly 
confidential (subject to legal limitations) and handled in accordance with the Data Protection 
Act 1998. 

 

• I understand that my collected data will be stored in a de-identified way (e.g. using ID 
numbers not names), and kept separate from other details about me (e.g. from the consent 
form). Electronic data will be stored on a password-protected computer, and hard-copies 
will be stored behind a locked door. De-identified data may be made publicly available 
through ‘Sussex Research Online’ online data repository alongside publications.   

 

• I understand that my identity will remain confidential in any written reports of this research, 
and that no information I disclose will lead to the identification in those reports of any 
individual either by the researchers or by any other party, without first obtaining my written 
permission. 

 

• I understand that my name and data will not be shared with any third party outside the 
research group, unless I later provide written permission.  

 

 

 Tick here if you are providing a recorded consent 

 

Read “My name is ____________, my participant ID is _________________ and I consent to be part 
of this study.” 
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 Tick here if you are providing a written consent 

 

 

________________________ ________________ _____________________ 

Name of Participant   Date    Signature 
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Introduction Hello my name is ______ and I am from the University of Sussex. We’re doing a study 
in the local community on the perception of plane height, could we ask you some questions about 
the next few planes we see in the sky, and your general opinion about plane noise here? It would 
take about 15 minutes. Please hold this chart, as some of the questions refer to it. 
 
Location____________________  Start time ___________ 
 
Weather conditions Clear  <50% cover   >50% cover  Cloudy         
Avg. Cloud height _______________   
 
1) Are you local to the area?        Yes         No          
 
2) Did you hear that we were conducting this study? 
 Yes         No          

 Our letter in the post  A neighbour/friend 
 Local authority/parish  Website 
 Media/Social network  Other 

 
‘FLYING OVER’ YOU --------------------------------------------------- 
 
3) Looking on the chart, what angles would you consider a plane to be 
still flying over the person? 
10        20        30      40       50      60 
 
4) Overall, what proportion of flights that you notice would you 
consider flying over you? 

 None  Some 
 Half  Most 
 All of them  Do not know 

 
THINKING ABOUT TODAY-------------------------------------------- 
 
5) Are there normally this amount of planes, or is it more or less busy 
than usual? 

 Much less  Less 
 Average  More 
 Much more  

 
6) Are the planes normally flying at this height, or are they higher or 
lower than usual? 

 Much lower  Lower 
 Average  Higher 
 Much higher  

 
7) Are the planes normally at this volume, or are they louder or 
quieter than usual? 

 Far quieter  Quieter 
 Normal  Louder 
 Far louder  

 
 

Time :  _____________  
Casper ID:  _____________ 
HEIGHT: _____________ 
 
A) How large is it on the chart when it’s 
closest to us? 

A  B  C  D  E  F  
G  H  I   J   K     

 
B) These are some of the planes you 
might see here, which of those would 
you say it was? 

1          2          3          4          
5          6          7 

 
C) If clouds today are at _____ft, how 
high was that plane in feet? 

 500  1,000  1,500  
 2,000  2,500  3,000 
 3,500  4,000  4,500 
 5,000  5,500  6,000 

 
D) Out of 5, how annoying would you 
say that plane’s noise was?  

0   1    2     3   4   5 
 
E) Was this plane more or less 
annoying than the average? 

 Much less  Less 
 Average  More 
 Much more  

 
F) Would you say this plane was any 
lower or higher than the average? 
(elaborate if needed) 

 Much lower  Lower 
 Average  Higher 
 Much higher  

 
G) Would you say the physical size of 
that plane is any smaller or larger than 
the average?  

 Much smaller  Smaller 
 Average  Larger 
 Much larger  

 
H) Was it “flying over us”? 

Yes         No          
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OUTLIERS ----------------------------------------------------------------- 
 
8) Was there any specific period when you particularly noticed planes 
in the past 24 hours?  
           No           Yes (answer all ‘8.xx’ questions) 
 
8.1) When was that?       Time: __________________ 
 
8.2) Does it happen every day?  Yes         No          
 
8.3) Where approximately? 

 Home, inside  Home, outside 
 Work, inside  Work, outside 
 Leisure, inside  Leisure, outside 
 Prefers not to say  

 
8.4) Did it disturb you from doing anything? 

 Resting/sleeping  Working/studying 
 Gardening/sport  Leisure/activity with friends 
 Prefer not to say  Other: 

 
8.5) Out of 5, how annoying would you say that one was? 

0     1     2      3     4     5 
 
8.6) What was the most noticeable aspect about it? 

 Loudness  Height 
 Size  Time 
 Frequency of flights  Sound quality 
 Tonal component  Other: 

 
9) What time of the day do you tend to be most annoyed by planes?  
 
Time: __________________         Tick if 'not annoyed' 
 
10) How many extremely low or noisy planes do you tend to notice in 
a day? 
 
Amount: ________________ 
 
11) Over the last 5 years, have planes generally become lower or 
higher at all? 

 Much lower  Lower 
 Same  Higher 
 Much higher  

 

  

Time :  _____________  
Casper ID:  _____________ 
HEIGHT: _____________ 
 
A) How large is it on the chart when it’s 
closest to us? 

A  B  C  D  E  F  
G  H  I   J   K     

 
B) These are some of the planes you 
might see here, which of those would 
you say it was? 

1          2          3          4          
5          6          7 

 
C) If clouds today are at _____ft, how 
high was that plane in feet? 

 500  1,000  1,500  
 2,000  2,500  3,000 
 3,500  4,000  4,500 
 5,000  5,500  6,000 

 
D) Out of 5, how annoying would you 
say that plane’s noise was?  

0   1    2     3   4   5 
 
E) Was this plane more or less 
annoying than the average? 

 Much less  Less 
 Average  More 
 Much more  

 
F) Would you say this plane was any 
lower or higher than the average? 
(elaborate if needed) 

 Much lower  Lower 
 Average  Higher 
 Much higher  

 
G) Would you say the physical size of 
that plane is any smaller or larger than 
the average?  

 Much smaller  Smaller 
 Average  Larger 
 Much larger  

 
H) Was it “flying over us”? 

Yes         No          
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YOURSELF ---------------------------------------------------------------- 
12) Gender:    Male    Female Notes: ___________ 
 
13) Age range:  

 Under 25  25-35  36-45  
 46-55  56-65  Over 65 

 
14) What is your employment status? 

Employed: full time Working from home 
Employed: part-time Retired 
Self-employed Carer/family/pregnant  
Student: full time Other 
Student: part-time Prefer not to say 

 
15) Would you say you were sensitive to noise? 

 Not at all  Slightly  Moderately  
 Very  Extremely  Don’t know 

 
AT HOME ------------------------------------------------------------------- 
16) When you are indoors at home, how much control do you feel 
you have over the impact of outside noise? (e.g. shutting windows, 
using headphones, or visiting quieter rooms) 

 Not at all  Slight  Moderate 
 A lot  Complete control  Don’t know 

 
17) When you are indoors at home, how much does noise from 
planes, bother, disturb, or annoy you? 

 Not at all  Slightly  Moderately  
 Very  Extremely  Don’t know 
 Don’t hear it   

 
18) When you are indoors at home, how much does noise from 
planes disturb your sleep? 

 Not at all  Slightly  Moderately  
 A lot  All the time  Don’t know 
 Don’t hear it   

 
19) What type of home do you currently live in? 

House: detached Bungalow: detached 
House: semi-detached Bungalow: semi-detached 
House: mid-terrace Bungalow: mid-terrace 
Flat  Maisonette (2+ floors) 
Other: 

 

20) Is your home insulated against noise?   Yes         No          

 

Time :  _____________  
Casper ID:  _____________ 
HEIGHT: _____________ 
 
A) How large is it on the chart when it’s 
closest to us? 

A  B  C  D  E  F  
G  H  I   J   K     

 
B) These are some of the planes you 
might see here, which of those would 
you say it was? 

1          2          3          4          
5          6          7 

 
C) If clouds today are at _____ft, how 
high was that plane in feet? 

 500  1,000  1,500  
 2,000  2,500  3,000 
 3,500  4,000  4,500 
 5,000  5,500  6,000 

 
D) Out of 5, how annoying would you 
say that plane’s noise was?  

0   1    2     3   4   5 
 
E) Was this plane more or less 
annoying than the average? 

 Much less  Less 
 Average  More 
 Much more  

 
F) Would you say this plane was any 
lower or higher than the average? 
(elaborate if needed) 

 Much lower  Lower 
 Average  Higher 
 Much higher  

 
G) Would you say the physical size of 
that plane is any smaller or larger than 
the average?  

 Much smaller  Smaller 
 Average  Larger 
 Much larger  

 
H) Was it “flying over us”? 

Yes         No          
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12.3 Full feedback from the postal questionnaire 
In this appendix, we report the feedback received with the postal questionnaires that we have been 
given permission to use, organised for survey area. We made all the efforts to understand the 
writing of the respondent, but this was not always possible. Our apologies go to those whose 
feedback we have reported incorrectly. 

12.3.1 Crowborough 
Area ID # Feedback 
1 0632 Yes q c1+c8 refer to light aircraft. They are noisier plus lower than jets. However helicopters are 

noisiest of all though less frequent-but they sound big like military airforce ones (deeper plus 
louder than smaller helicopters). Summary: jets seem fine here. PS [we cannot follow up for 
personal reasons]. PPS No-one else from our family here notices jets. Hence no post-code 
given.  

1 0811 Windows installed this year for temperature insulation, not noise insulation.  
1 1535 In recent months my wife and children as well as myself have noticed more low flying aircraft 

where you can see the names and colours of the respective airline. The lowest aircraft do seem 
to be lower than before.  

1 2041 As I live in a [location] many questions did not apply -noise from other sources 
1 2479 Most of the questions about the effects of noise relate to being indoors. Most of the noise of 

aircraft affects life outdoors i.e. sitting/working in garden 
1 2904 Good questionnaire thank you and good luck 
1 3176 Over the past year there has been variations in flight paths coming over us which is more 

acceptable and on some days no flights over us at all. We question why they have to be so low.  
1 3650 The noise from helicopters and small aircraft is very disturbing. I think I remember that Gatwick 

used to change the stacking arrangements so that each area had one week on and two weeks 
off. This seemed a fair + sensible way to spread the problem.  

1 3702 Perhaps a little more of aircraft disturbance as that is key to where we are situated. 
1 4161 Only to add that [ for personal reasons] aircraft flying over does not bother me. I quite enjoy 

seeing them….at a reasonable height (3000') that is less intrusive. 
1 5301 No elaboration except car alarms + house alarms are probably the most annoying noises 
1 6191 You do not perceive noise it either noisy or it is not!! C5 might be a convenient way to ask the 

question, but its method ( diagram of silhouette) will lead to inaccurate answers. Gatwick 
changed flight paths in 2013 greatly affecting TN6! 

1 7553 Why do they have to follow the same flight path all the time? Surely this can be spread over a 
wide area.  

1 7802 main issue re: plane noise is how flying planes sound often like thunder. One of my dogs and 
some of my neighbours are frightened of the sound - variable barking and behaviours. Could 
also have effect on wildlife? Worst noise is from low flying helicopters to & from Crowborough 
cadet camp - much lower than planes. 

1 8111 Questionnaire captured my views. I'm on flightpath to Gatwick planes overhead are high 
enough not to cause inconvenience or annoyance. The noise of building work and in filling is 
continuous in this area and most annoying 

1 8154 Peak of noise: 7AM-9AM. Peak: 11PM-1PM. The number of flights between certain times, 6AM-
9AM and 11PM-1AM, have increased in recent years with more passing directly or almost 
directly overhead. About 2 flights out of 12 are now exceptionally low. 

1 8217 Our house is at 760 ft and we are 100 yds from a public road. The area is very quiet and plane 
noise is very intrusive and planes flying over us are lower than elsewhere-closer to our house. 
More dispersal of planes in the last 12 months has reduced the problem.  

1 8684 Virgin atlantic makes most early morning noise and the other big airbus possibly Catay Pacific 
an ETIHAD 

1 8748 By now Gatwick should have increased the swathe that arrivals enter the final approach. From 
5.30 am the long haul big boys start arriving one after the other and always over us (east early 
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app) .Flight radar 24 shows the extraordinary extent they go to bring them over us in 
Crowborough. We all fly, so spread the load far and wide. Higher-wider-quieter. 

1 1992 There are many more planes than 5 years ago and more fly lower. BA planes are the noisiest as 
they have an old fleet 

1 2700 This focuses on noise. However it is the concentration of flights with a narrow band that's 
annoying rather than the noise itself as there is little respite 

1 5846 1) yes 2) planes at 2000 ft not a problem for me 
 

12.3.2 Tunbridge Wells 
Area ID # Feedback 
2 0614 Airplane noise does not bother me at all. In fact if I hear a loud plane I will often go outside to 

see what kind of aircraft it is. At present there is a building site at the rear to my property and 
this has influenced my answers.  

2 1131 I live across the road from a pub, so the main source of noise here is from drunk people leaving. 
We do feel our garden is spoiled by low-flying planes but we aren't bothered by them when 
indoors. 

2 1285 We do get light aircraft flying at 1000-1500 ft. The airlines go over at 2000-3000 ft. The bigger 
the aircraft-less noise.  

2 2352 I was not overly aware of plane noise until we camped in this area. Then the noise seemed very 
loud and very frequent.  

2 2904 Definitely like my environment except plane noise. B7 question: which noise, plane or all? Some 
questions rather vague, also are you trying to find out if plane noise is different to other noises 
or that some people just don't like noise. I can live with everyday noises, dogs, cars, bin men 
etc., but the plane noise is bad, as it doesn't have to be so awful if changes were made. A few 
years ago the plane noise was bearable, then they changed the flight paths, without 
consultation, and now the noise is very bad, and they could change the flight paths to vary the 
direction and also bring them in higher. Some planes go over at 6000 ft plus without any 
problems, so why do some (majority) come over much lower? 

2 4396 We would like to add that we seriously notice the plane noise more in the summer when there 
are more flights and have windows plus doors open all day/night. In the winter we hardly 
notice any outside noise when indoors. 

2 4865 The level of noise and frequency of planes has noticeably increased over the last few years-
especially planes coming into land before then-usually aware of planes from 4.30-5am. 

2 5566 I think this questionnaire accurately captured our views. We are lucky in this area, as the planes 
coming over us are only landing and so are not as noisy as those taking off. With Gatwick being 
such a major airport, they must get a second run-away as soon as possible.  

2 5787 Yes-was able to capture our points of view. 
2 6317 I am concerned about the number of planes increasing as this will impair the quality of my life 

in my house and also my enjoyment of the surrounding countryside 
2 9614 On the main RD in and out of TWELLS traffic noise is massive but I don't mind plane noise is 

next to non […] Love the sound of their engines makes the sky more beautiful. 
2 4998 Questions were fine on the whole, but not any emphasis on noise at different times of day. 

Noise is perceived to be louder/disturbing at night, especially when sleeping. No questions on 
whether noise from aircrafts is actually acceptable especially with respect to time of the day 

 

12.3.3 Penshurst/Speldhurst/Bidborough 
Area ID # Feedback 

3 1253 

The form was difficult to complete because of the use of double negatives. My observation is 
the annoying disturbance of the increased noise from increased aircraft traffic during the day 
and night.  We like to have open windows to enjoy fresh air and listen to bird song etc. Not to 
be cooped up in an insulated, closed window home; and to sit outside enjoying the rural scene. 

3 1498 We live in a quiet [location].  Planes seem to fly quite high and the noise doesn't disturb us.  
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3 0257 
Yes [it captured well our views], although we are very lucky to live in a perfect rural spot in 
[location]. We suffer from absolutely no noise pollution apart from planes using Gatwick, - and 
we no longer believe that the owners care at all about us. 

3 1777 

Some of the questions c4,c5,c6 for example are not scientifically sound as different people 
would give different answers for the same planes. Looks to me like GAL trying to make things 
look better than they are. We know how high the planes are, so don't need this.  

3 2030 

We are aware of the planes day and night. It seems surprising that there is a curfew imposed on 
Heathrow but not on Gatwick. We all enjoy going on continental holidays so we must accept 
some of the noise, but having planes at 3AM flying overhead is NOT acceptable. 

3 2032 

It would be good to have included impact noise when outside i.e. in garden. The impact of noise 
from airplanes is minimal inside but significantly worse outside during the summer, we spend a 
lot of time outside in the garden in the summer-plane noise then can be very annoying. 

3 4989 

- The random nature of the noise is upsetting. Some planes fly over and you are not aware of 
them. Others intrude. It spoils sitting in the garden. I cannot hear the radio as I lay in bed at 
night 
'- We never noticed the planes before except on the odd busy summer night. Now they are 
greatly reducing the quality of our lives. No one seems to care at Gatwick. At one stage the 
planes were coming over every minute. What power do we have to stop this? 

3 5777 
Significantly more planes since the landing corridor was narrowed. Having lived in area for 4 
years there have always been planes. Night flights and early mornings have also increased.  

3 6533 

The whole point of moving to this apartment was to be able to spend time in the grounds to 
enjoy the tranquillity of the countryside. The excessive plane noise destroys this peacefulness. 
It is not just the lowness of the flights or the trajectory directly over [location] but the 
persistent frequency especially at weekends (every 1 minute some days) 

3 7484 

Just a general observation: I live in the country and expect to hear farm animals, birds, etc 
when outside on a nice day. The incessant nature of plane noise is overwhelming and moves all 
other natural noise into insignificance.  

 

12.3.4 Cowden 
Area ID # Feedback 

4 0598 
Not sure! In Cowden, we are really not bothered by the planes. 
It is so different in Cheddington Hever. 

4 2924 
Planes travelling to and from Gatwick is not the only traffic passing over us. We get a lot of 
helicopters. This increases the general feeling of noise from the sky. 

4 3188 Cars too should have mufflers. 

4 3410 

The real issue relates to the flight path changes to LGW where previously all flights into LGW 
travelled to the north of the house (Edenbridge/Hever). Now an increasing number fly low 
directly overhead-particularly EasyJet +others.  

4 5162 Countryside living-external noise is harvesting tractors late evening. 

4 5201 
It is rather difficult to be as accurate as I would have liked regarding last 5 years, but have tried 
to be as honest as possible. 

4 6363 Only received questionnaire 25-8-2017 little time to consider and respond. 
4 6426 We moved ….. 

4 2434 
I believe the flight path has moved closer to going over our house in the past two years. We 
definitely have planes flying closer to us now than when we first moved in 

4 6834 
From our property we sometimes have planes flying over us on three sides as they turn to line 
up with the flight path 

4 6999 
If aircraft fly directly overhead, which happens from time to time, they are deviating from the 
designated flight paths which pass to the east and north of the village of Cowden 

4 2924 
Planes travelling to and from Gatwick is not the only traffic passing over us. We get a lot of 
helicopters. This increases the general feeling of noise from the sky. 
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12.4 Field study: areas explored and dates 
As discussed in section 4, at the end of each day in which were interviewing in the field, we recorded 
on a map the path we covered. This section reports all such paths. Each map also reports, for each 
survey area, the origin of the axis from which horizontal distances were calculated during “plane 
spotting”. The number of visits in each site was determined by an initial goal: having at least 30 
interviews for each region. 

 

Figure 12-1 Paths and visits in Crowborough (region 1) and Tunbridge Wells (region 2). 
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Figure 12-2 Paths and visits in Penshurst/Speldhurst/Bidborough (region 3). 
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Figure 12-3 Paths and visits in Cowden (region 4). 
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12.5 Survey of Noise Attitudes (SONA): further analysis of Gatwick 
data (13th October 2017) 

 

12.5.1 Background 
 

The Survey of Noise Attitudes report, February 2017, reports the results of face-to-face interviews 
with 2,000 people living around 9 UK airports.  200 of these were around Gatwick.  Interviews were 
carried out in the winter of 2014/15 and lasted around 35 minutes, resulting in a large set of data 
when combined with noise exposure data from ERCD modelling.  DfT released the full dataset in a 
spreadsheet with 923 data fields for each of the 2,000 interviews. This dataset has the potential to 
give useful insight into who is most affected by noise, and in what circumstances (e.g. indoors or out, 
day or night etc) from which Gatwick could obtain insight into how best to manage noise in the 
future. 

 

12.5.2 Scope 
 

As a first step, we reviewed what SONA survey data fields are potentially useful to Gatwick.  And 
what data Sussex University are collecting in the Imm-15 field work from August to October 2017 
that we can collect from SONA to set the wider context, and at higher noise levels ? 

• Then we mapped the Gatwick data. 
• Then we carry out an initial analysis of the most interesting fields. 
• Then we considered what conclusions can be drawn from this analysis. 

 

Possible Queries to analyses: 

Query 
Is the annoyance noise response different at Gatwick than 
other airports? 
Is annoyance due more to day or night noise? 
Where are the more annoyed people – map the 200 
responses  
Is there a relationship between annoyance and lower ambient 
noise? 
Are people with gardens, balconies etc more annoyed? 
What is the demographic of those most annoyed, retired etc? 
The Imm-15 social survey work may be showing the 
importance of ‘outliers’ in terms of aircraft height on arrival.  
Is there a better correlation between outlier noise levels (e.g. 
indicated by high counts of N70 day or N60 night compared to 
Leq) for example in arrivals areas? 
 

The following sections give the main assumptions and results for each of these queries. 
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12.5.3 SONA Survey Site and Noise Annoyance at Gatwick  
 

The 200 survey sites around Gatwick are shown in the figure below along with their daytime 
annoyance score (on a scale of 1-5). This figure also shows the Leq hr hour 51dB contour (the LOAEL 
as proposed in the Government’s Airspace Policy Consultation in February 2016) within which all the 
survey sites were chosen. 

 

 

Figure 12-4 Distributions of respondents to the SoNA study [15]. 

The distribution of annoyance scores shows some higher levels nearer the airport in higher noise 
areas, but no clear pattern from which to learn.  

 

12.5.4 Annoyance comparison with other airports 
 

Three biggest UK airports are compared together – Manchester, Gatwick and Heathrow. The 
remaining airports’ sample sizes were too small or data was not available.  
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Figure 12-5. The annoyance levels are sorted to the 3 dB bands (from min value <45 to max value >63) of Leq 16hr day, 
which is predicted to occur in the correspondent location and averaged per each band. Samples less than 10 are ignored. 

 

The general upward trend of annoyance score with daytime noise level score is visible, particularly 
for Heathrow which has the largest sample sizes by some margin. In the lower noise level bands 
Gatwick and Heathrow show similar annoyance scores. 

There is no discernible difference between levels of daytime annoyance at the three airports with 
reasonably adequate sample sizes. 

 

 

Figure 12-6 The annoyance data is sorted to the 3 dB bands (from min value <45 to max value >63) of Leq 8hr night which is 
predicted to occur in the correspondent location and averaged per each band. Samples less than 10 are ignored. 
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The night-time trend of annoyance score with Leq 8 hr noise level is weaker than for daytime, 
although sample sizes limit clear conclusions, particularly as the SONA survey sites were focused on 
the low noise levels. 

 

12.5.5 Annoyance due to the predicted background noise at Gatwick 
 

The 200 survey locations were cross-checked with the Defra strategic noise mapping contours for 
the UK in 2012 which map noise levels from the M23 and A roads in the area and the mainline 
railway as shown in the following figure.  

 

Figure 12-7 Strategic noise mapping around Gatwick. 

 

It should be noted that this mapping is approximate, and only maps noise from a small proportion of 
the roads in the area. Nonetheless it offers the opportunity to identify some areas with high 
background noise levels (i.e. excluding aircraft noise) 

Three nominal categories were defined, to sort the houses into the Quiet, Medium and Loud areas.  

• Quiet areas are assumed to be at least 300 m away from any A/B class road, which is 
potentially noisy. Sample Size 16 

• Loud areas are assumed to be the areas, where according to the Defra Noise Contour, there 
is >60 dB Leq 16 hr. Sample size: 11 

• Remaining areas are assumed to be in the medium background noise class. Sample size: 153 
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3 houses were added to the loud area are also assumed to have background noise level over 60 dB, 
as they are located close to a railway where there is no Defra noise map information.  

 

 

Figure 12-8 Daytime annoyance for different areas. Annoyance levels are arithmetically averaged across each of the areas 
and plotted next to one another, separating day and night. 

 

There is some evidence of higher annoyance scores with lower background noise, with scores on 
average 1 point higher for the quiet areas than in the loud baseline areas. Given the small sample 
size, these results should be treated cautiously, but it may be worthy of further analysis given its 
potential implications.  If it can be demonstrated that aircraft are significantly less annoying in areas 
of high baseline noise, then there may be a case to consider if routes over built up areas could have 
lower impacts than those over rural areas. 
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Figure 12-9 Night-time annoyance for different areas. Annoyance levels are arithmetically averaged across each of the 
areas and plotted next to one another, separating day and night. 

 

There is no evidence of a similar relationship between daytime background noise and night-time 
annoyance.  Night-time background noise data was not available. 

 

12.5.6 Gardens-Balconies-Terrace 
 

For the Gatwick sample 177 survey locations had gardens, so sample sizes for others were small.   

 

 

Figure 12-10 Effect of gardens/terrace/balconies. The annoyance level data from all the airports is arithmetically averaged 
per each of the area types to determine the type of area being most/least annoyed on average in UK. 
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There is some evidence that people with gardens are more annoyed by aircraft noise.  This may be 
because aircraft noise disturbs them in their garden or because of indirect factors, and may be worth 
further investigation of the SONA data. 

 

12.5.7 Annoyance dependent on demographic status around Gatwick 
 

Data was sorted into bands, which represent the demographic status of the questioned person. This 
includes Working Full Time, Working Part Time, Unemployed, Retired, Student, Care Taker and 
Other. For samples less than 10 data was ignored. Annoyance level averaged per each band, day and 
Night time annoyance were analysed.  

 

Figure 12-11 Daytime annoyance as a function of occupational status 

 

12.5.8 Annoyance due to N70 number 
 

The annoyance level was averaged for each airport for each band. Samples smaller than 10 are 
ignored. 

There is a slight upwards trend of annoyance with N70 count, but it is weak and sample sizes are 
small even at Heathrow when considered in 50 event steps. Nothing concerning Gatwick can be 
seen. This analysis does not attempt to query the conclusion that SONA reached that there was no 
better indicator of annoyance than Leq 16 hr.  
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Figure 12-12 Gatwick, Manchester and Heathrow airports are compared together in terms of the annoyance dependence on 
the N70 metric. Remaining airports’ sample size was too small or data was not available. N70 data is split into 50 bands. 
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