
 

 

 

 
Int. J. Environ. Res. Public Health 2024, 21, 420. https://doi.org/10.3390/ijerph21040420 www.mdpi.com/journal/ijerph 

Review 

Measuring Community Response to Noise—Factors Affecting 

the Results of Annoyance Surveys † 

Truls Gjestland 

SINTEF Digital, N-7465 Trondheim, Norway; truls.gjestland@sintef.no; Tel.: +47-932-05-516 

† This article is a revised and expanded version of a paper entitled [Comparing results from annoyance  

surveys -Factors affecting the results of a survey], which was presented at [14th ICBEN Congress on Noise 

as a Public Health Problem, Serbia, Belgrade, 18–22 June 2023]. 

Abstract: Social surveys are conducted to determine how annoyed people are in a certain noise situa-

tion. The results are typically presented as exposure–response curves showing the percentage of the 

area population that are highly annoyed as a function of the noise exposure level. It is a well-known 

fact that the survey results are not only dependent on the accumulated noise exposure, DNL, DENL, 

or similar, but also on various other factors such as maximum levels, exposure patterns, noise spectra, 

etc. A re-analysis of previously reported surveys shows that the results are also, to a large extent, de-

pendent on survey-specific factors like the wording of the annoyance questions, how the question-

naires are presented, response scales, methods of scoring highly annoyed, etc. This paper discusses 

and quantifies the influence of such factors and suggests ways of comparing results from surveys that 

have been conducted according to different protocols and different analysis methods. 
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1. Introduction 

People who are exposed to environmental noises are affected in various ways. The 

most prominent effect, i.e., the effect that is experienced by the largest number of people, 

is annoyance, a concept that, according to Koelega [1], is associated with disturbance, ag-

gravation, dissatisfaction, concern, bother, displeasure, harassment, irritation, nuisance, vexation, 

exasperation, discomfort, uneasiness, distress, and hate. Even with a lack of a more precise 

definition, annoyance is widely used to characterize the negative impact of noise. The 

prevalence of highly annoyed residents in a community is used as a measure to quantify 

the negative effects. Noise regulations are based on a percentage of the area population 

being highly annoyed, and the noise situation is considered unhealthy if the percentage 

of highly annoyed residents exceeds a specific limit. Yet there is neither any universally 

accepted definition of high annoyance, nor any standardized way of measuring it. 

Schul� published his synthesis of social surveys on noise annoyance in 1978 [2]. In 

this paper, he introduced the concept of percentage highly annoyed to quantify the prev-

alence of annoyance in a community. Various response scales had been used in the sur-

veys that were reviewed. Schul� defined highly annoyed as a response corresponding to 

the two upper categories of a 7-point numerical scale or the three upper categories of an 

11-point numerical scale. This definition represents the upper 27–29 percent of the annoy-

ance scale. Schul� chose a relatively high degree of annoyance in order not to trivialize 

the annoyance concept. He wanted to include only those for which noise was a serious 

issue, and not just annoyed persons in general [3]. If a verbal scale was being used, Schul� 

included those that indicated they were very or extremely annoyed (or using similar mod-

ifiers). This method would typically include the upper two categories of a 5-point verbal 

scale [4]. 
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Later, the US Federal Interagency Commi�ee on Noise, FICON, declared “Annoy-

ance is its preferred summary measure of the general adverse reaction of people to noise, 

and that the percentage of the area population characterized as “highly annoyed” by long-

term exposure to noise is its preferred measure of annoyance” [5]. Since then, this has 

become a de facto standardized way of presenting the results from social surveys on noise 

annoyance: the results are shown as so-called dose–response curves, also known as expo-

sure–response functions, ERFs, showing the percentage of highly annoyed residents as a 

function of the noise exposure. 

A lot of work has been concentrated on finding ways to describe the noise exposure 

in detail, either by direct measurements or predictions, but there has been li�le concern 

about the quantity percentage highly annoyed. Therefore, how annoyed, actually, is a per-

son that is highly annoyed, and how is the degree of annoyance determined? 

Accurate exposure–response functions are instrumental for regulatory purposes. Ex-

posure limits for environmental noises are often determined on the basis of a certain per-

centage of the area population being highly annoyed. The European Regional Office of the 

World Health Organization (WHO), for instance, strongly recommends that noise should 

be kept below levels corresponding to 10% highly annoyed, as, according to WHO, noise 

above this level is associated with adverse health effects [6]. However, WHO makes no a�empt 

at defining the quantity “highly annoyed”, nor does it give any advice on how the quantity 

should be determined. 

The ISO Technical Specification ISO/TS 15666  [7}gives a recommendation on how 

social or socio-acoustic surveys should be conducted, but the first version of the document 

did not define highly annoyed at all. Researchers, therefore, relied on the initial ICBEN  

(International Commission on Biological Effects of Noise) definition [4], which referred 

back to the original Schul� paper from 1978, or they used their own definition. It was only 

in the revised 2021 version of the ISO technical specification that a definition of highly 

annoyed was introduced [7]. But, still, there are a number of variables that need to be 

taken into account. 

The ISO technical specification 15666 introduces two different definitions of high an-

noyance depending on which response scales, verbal or numerical, have been used in the 

survey. The TS also recognizes that these two quantities are different and suggests a way 

of recalculating the verbal score to be comparable with the numerical score. This indirectly 

indicates that the numerical response scale is the preferred one, but, nevertheless, the 

quantity percentage highly annoyed is not uniquely defined. 

Social surveys on noise annoyance are conducted by many researchers in many coun-

tries. New dose–response curves are compared, and differences are discussed with refer-

ence to previously reported data and commonly accepted reference curves. However, few 

researchers seem to realize that most, if not all, of the observed differences are not caused 

by actual changes in the basic annoyance response, but reflect differences in survey de-

sign, questionnaires, analysis methods, etc. 

This paper discusses different factors that affect the results of an annoyance survey 

and suggests ways to compare the results from surveys that have been conducted accord-

ing to different protocols. 

Exposure–response curves typically show the percentage of the exposed population 

that is highly annoyed as a function of the equivalent noise level, or a derivative such as 

DNL or DENL. All factors that affect the exposure–response function, other than the ac-

cumulated noise level, are referred to as non-acoustic factors. Such factors may modify 

the annoyance response. This is the case, for instance, for operational changes where peo-

ple who are exposed to abrupt changes typically are more annoyed. Other factors may 

affect the apparent results of a survey, but not necessarily the annoyance response itself. 

The use of different response scales, for instance, may indicate a varying prevalence of 

annoyance, which is only caused by methodological differences and not by differences in 

the actual subjective annoyance response. 
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2. Method 

2.1. Data Collection 

Data from previously reported surveys on environmental noise annoyance were col-

lected from the literature. A database compiled by Jim Fields comprising copies of more 

than 1300 journal articles and reports on surveys on noise annoyance proved to be most 

valuable. This database covers the period 1960–2008. Data from more recent surveys was 

found from searches in relevant scientific journals and conference proceedings. The Socio-

Acoustic Survey Data Archive (SASDA), established by the Institute of Noise Control En-

gineering, Japan, was also a valuable source for survey data [8]. Some datasets were pro-

vided directly by the researchers responsible for the surveys. All the analyses were based 

on already completed surveys, and no new surveys were conducted or initiated. 

A complete table of all the survey data would be outside the scope of this paper, but 

the interested reader may find comprehensive tables with relevant survey data in the fol-

lowing research papers: 

 Fidell et al.: A first-principles model for estimating the prevalence of annoyance with 

aircraft noise exposure [9], (aircraft noise). 

 Gelderblom et al.: On the stability of community tolerance to aircraft noise [10]. 

 Gjestland: Recent World Health Organization regulatory recommendations not sup-

ported by existing evidence [11], (aircraft noise). 

 Schomer et al.: Role of community tolerance level (CTL) in predicting the prevalence 

of annoyance from road and rail noise [12]. 

 Gjestland: On the temporal stability of people’s annoyance with road traffic noise 

[13]. 

 Fidell et al.: Updating a dosage–effect relationship for the prevalence of annoyance 

due to general transportation noise [14]. 

 Brink: A survey on exposure–response relationships for road, rail, and aircraft noise 

annoyance [15]. 

 Yokoshima et al.: Representative exposure–annoyance relationships due to transpor-

tation noises in Japan [16]. 

 Miedema et al.: Exposure–response relationships for transportation noise [17]. 

 Guski et al.: WHO environmental noise guidelines for the European region: a sys-

tematic review on environmental noise and annoyance [18]. 

2.2. The CTL Method 

Until recently, the favored way of developing exposure–response functions, ERFs, 

from annoyance survey data has been by conventional polynomial regression techniques. 

This method yields curves where two variables, slope and intersect, have been deter-

mined. A direct comparison of two curves with different slopes is not trivial. 

There is, however, another standardized method to establish such ERFs that facili-

tates a comparison of different curves. This method, based on the community tolerance 

level (CTL), is described in the standards ISO 1996-1 [19], and ANSI S 12.9 [20]. 

The CTL method is based on the assumption that annoyance increases with the noise 

level at the same rate as the loudness function. This implies that all exposure–response 

functions have the same “shape”, and the only variable is the positioning of the exposure–

response curve relative to the noise axis (x-axis). Therefore, as opposed to standard poly-

nomial regression where the objective is to find a function that has “the best fit” to a set of 

data points, the CTL method seeks to position a fixed function to these data points. The 

position is described by the noise level at which 50% of the exposed residents are highly 

annoyed (and the other half not highly annoyed). This is the so-called community toler-

ance level, CTL or Lct. A high CTL value characterizes a community that is very tolerant 

to noise, and, hence, the annoyance with noise is low, and a low CTL value indicates the 

opposite, low tolerance to noise and a high prevalence of annoyance. 
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The exposure–response function, i.e., the probability of being highly annoyed at a 

certain noise level, is given by the following equation: 

��� = 100 ��� 

where the exponent a is given by: (
�

���.�(����������.�))
0.3 

The complete exposure–response function is uniquely described by a single decibel 

quantity Lct. This quantity shifts the position of the ERF back and forth along the noise 

axis. The difference in the annoyance response between two noise situations can, there-

fore, be described with a single number, the difference between the CTL values. This quan-

tity can be explained as the number of decibels the noise in one situation must be changed 

in order to get the same annoyance response as in the other situation. 

If community A is characterized by Lct = 74 dB and community B by Lct = 78 dB, one 

may argue that residents of community B on average will tolerate 4 dB higher noise levels 

in order to express the same degree of annoyance as residents of community A. 

2.3. Data Analyses 

New exposure–response functions based on the CTL method for all the selected sur-

veys were established on the basis of reported paired observations of noise exposure and 

prevalence of high annoyance. For some surveys, we had access to the original individual 

responses, but, in most cases, we had to rely on pooled data: prevalence of high annoyance 

per exposure bin, typically 5 dB wide. 

The surveys were then sorted and analyzed based on different criteria such as word-

ing of the questionnaire, presentation mode, response scales, principal noise source, etc. 

This was carried out by the author together with other colleagues. Some of the results 

from these analyses have been published as separate papers elsewhere [9,10,12,13,21,22]. 

This paper summarizes the results and compiles them in a way that renders them suitable 

for direct application when the task is to compare results from social surveys on noise 

annoyance that have been conducted in different ways and according to different proto-

cols. 

3. Non-Acoustic Factors 

3.1. Response Scales 

The technical specification ISO/TS 15 666 recommends two standardized questions 

to be included in a survey [7]. Both deal with the assessment of long-term noise annoyance 

for a specified period of time (e.g., 12 months). One question refers to a 5-point verbal 

response scale and the other to an 11-point numerical scale. Highly annoyed is defined by 

the two upper categories of the verbal scale and the three upper categories of the numer-

ical scale. The document underlines that these two definitions of highly annoyed do not 

yield identical answers. When reporting survey results, it is, therefore, necessary to spec-

ify how the quantity highly annoyed was derived; HAV for the verbal scale and HAN for 

the numerical scale. HAV is normally larger. The technical specification also has a proce-

dure for transforming HAV to a quantity, HAVW (highly annoyed, weighted verbal re-

sponse), that can be readily compared with the numerical response. 

Gjestland and Morinaga have shown that the average difference between the two 

quantities is equivalent to a 6 dB shift in the noise exposure [22]. They analyzed 43 annoy-

ance surveys on transportation noise, aircraft, rail, and road traffic, comprising nearly 

27,000 respondents in which the participants were asked to assess the noise situation using 

both a numerical and a verbal scale as recommended by ICBEN [4]. These surveys had 

been conducted in Germany, Japan, Norway, Swi�erland, and Vietnam. References to all 

the original response data for these 43 surveys can be found in Gjestland and Morinaga 

[22]. 

Figure 1 illustrates the effect of making adjustments to the annoyance assessed on the 

verbal scale. The CTL value based on the numerical scale is normally larger than the CTL 
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value for the verbal scale as shown in panel A (a high CTL value means low annoyance). 

After an adjustment, the CTL values are brought within a difference of typically less than 

±2 dB as shown in panel B. 

Since the annoyance assessments in these surveys were carried out by the same indi-

viduals and the only outcome of the analysis was the relative difference between the two 

responses, any possible confounding factors become irrelevant. Gjestland and Mori-

naga[22] found that people who were classified as highly annoyed according to their ver-

bal responses seemed to tolerate, on average, 6 dB higher noise levels in order for their 

numerical responses to indicate the same degree of high annoyance 

 

 

Figure 1. Comparison between CTL values calculated from the response on a numerical scale and 

from the response on a verbal scale (Panel A) and a weighted response on a verbal scale (Panel B) 
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as described in ISO/TS 15666. The dashed lines indicate an interval of ±2 dB. Panel A shows that all 

CTLV values are smaller than the corresponding CTLN values, thus demonstrating that the verbal 

response always indicates a greater prevalence of high annoyance than the numerical response. 

3.2. Mode of Presentation 

The earliest surveys were usually conducted as face-to-face interviews in the re-

spondent’s home. Later on, telephone interviews became a favorite method, being faster 

and less expensive to carry out. Postal surveys are also being used. The potential respond-

ents are contacted by mail or otherwise, and are requested to complete a self-administered 

wri�en questionnaire, which, in turn, is returned by mail. In some countries, this has be-

come the favored survey method as there is an increasing number of potential respond-

ents that decline to participate in telephone surveys. 

The US Federal Aviation Administration recently conducted a large survey by mail 

[23], but the researchers that were responsible for the survey also complemented the study 

with a smaller number of telephone interviews with the same mail respondents to check 

the influence of the survey mode. The participants in these studies, via mail or via tele-

phone, were selected randomly using the same selection protocol. A total of 10,000 indi-

vidual responses were collected via mail and about 2000 responses via phone interviews. 

Miller et al. who conducted the survey [23] found that people responding to the wri�en 

questionnaire, on average, seemed to be more annoyed than people responding to the 

telephone interview. They found that the difference increased with increasing noise expo-

sure levels. The average difference across the range 50 dB < Ldn < 75 dB was equivalent to 

a shift in the exposure of about 5 dB. The results reported by Miller et al. are shown in 

Figure 2. The two curves represent a logistic fit to the responses from the mail survey and 

phone survey respectively. 

 

Figure 2. Results from a survey on aircraft noise annoyance conducted either by mail or as telephone 

interviews from the same survey respondents [23]. 

A CTL analysis of the two response categories using data reported in [23] confirmed 

this finding, the difference in CTL values being 4.8 dB. 

The issue of the survey mode is an ongoing discussion. It has, for a long time, been 

recognized that the response to a survey question may depend on how the question is 

presented: one-on-one interview, postal or web-based questionnaire, etc.—see, inter alia, 

Brink [24], Canturia et al. [25], and National Academies of Sciences [26]. The results pre-

sented by Miller et al. [23] quantify such differences. 
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Fidell et al. have analyzed 45 surveys on aircraft noise conducted either face-to-face, 

via telephone, or as a postal survey [27]. They found no significant differences between 

face-to-face and telephone interviews, both involving contact with a live agent. However, 

mail surveys produced a higher prevalence of highly annoyed respondents with an aver-

age difference equivalent to a 10 dB shift in the noise exposure. This difference may also 

be due to the combined effect of other non-acoustic factors, but the result shows the same 

tendency as observed by Miller et al. [23]. More survey results that allow a direct compar-

ison of the two survey modes—interview by a live agent or a self-reporting wri�en ques-

tionnaire—as reported by Miller et al. have not been found. Based on the other analyses 

reported above, however, we find it plausible that the difference between the two modes 

corresponds to a shift in the noise level of at least 5 dB, and people dealing with a live 

survey agent report lower annoyance. 

3.3. Changes in Airport Operations 

The effect of abrupt changes in the airport operations has been observed in many 

aircraft noise studies. Most airports experience a gradual increase in traffic over the years. 

In most cases, this growth is small, and week-to-week or year-to-year changes in the noise 

exposure will hardly be noticed by the neighborhood community. However, occasionally, 

abrupt changes will occur such as the opening of a new runway, the introduction of a new 

fleet of aircraft (for instance, if a major airline is moving to a new hub), the introduction 

of new operational procedures and new flight trajectories, etc. 

Janssen and Guski [28] have presented a study on temporal trends in the aircraft 

noise annoyance response. They analyzed a set of 32 aircraft noise studies contained in 

the TNO database. They observed that abrupt changes in the airport operations will affect 

the annoyance response, and, therefore, introduced a classification procedure as follows: 

We call airports “low-rate change airports” (LRC), as long as there is no indication of a 

sustained abrupt change of aircraft movements, or the published intention of the airport 

to change the number of movements within 3 years before and after the study. An abrupt 

change is defined here as a significant deviation in the trend of aircraft movements from 

the trend typical for the airport. Each trend is calculated by means of total movement 

data during a five-year period. If the typical trend is disrupted significantly and perma-

nent, we call this a “high-rate change airport” (HRC). We also classify an airport in the 

la�er category if there has been widespread public discussion about operational plans 

within 3 years before and after the study. 

Janssen and Guski found that the average difference in the annoyance response be-

tween an HRC and an LRC airport was equal to a 6 dB shift in the exposure level. 

Gelderblom et al. [10] have made a similar analysis of a set of 62 aircraft noise annoy-

ance surveys to study the stability of community tolerance to noise. Their dataset com-

prised about 650 paired observations of aircraft noise exposure and the prevalence of high 

annoyance. Gelderblom et al. carried out a classification of the airports according to the 

protocol suggested by Janssen and Guski and defined 45 LRC airports and 17 HRC air-

ports. They found that the average difference in the annoyance response between these 

two categories of airports was equal to a 9 dB shift in noise exposure. People living near a 

high-rate change airport seem to tolerate 9 dB less noise in order to express the same de-

gree of annoyance as residents living in a low-rate change airport community. 

The results reported by Gelderblom et al. [10] are shown in Figure 3. The figure shows 

CTL values for aircraft noise surveys conducted over a period of about 35 years. The air-

ports have been classified as LRC (blue triangles) or HRC (red squares) according to the 

proposed method by Janssen and Guski. Trendlines have been fi�ed to the two datasets. 

Both trendlines have a small positive slope, indicating that the CTL values increase a li�le 

for more recent studies. This indicates a decrease in the annoyance response, contrary to 

the claim by several authors [18,29]. The average difference between the two lines is about 

9 dB. 



Int. J. Environ. Res. Public Health 2024, 21, 420 8 of 14 
 

 

 

Figure 3. CTL values for 51 surveys on aircraft noise annoyance conducted after 1975. Blue triangles 

indicate LRC airports and red squares HRC airports (see text for explanation). Trendlines (dashed) 

for the two datasets indicate growing CTL values corresponding to a decrease in the prevalence of 

annoyance [10]. 

The increased prevalence of annoyance due to a situation that makes the airport an 

HRC airport actually seems to last longer than the three-year period suggested by Janssen 

and Guski. This is discussed by Gelderblom et al.[10]. They argue that the shift in a person’s 

attitude may be permanent, and that the community response only shifts gradually as peo-

ple move in and out of the airport neighborhood. 

Many new noise surveys are conducted because noise has become an issue of public 

debate, and the residents demand proof of the actual annoyance situation. Since surveys 

are time-consuming and expensive to carry out, it is more likely than not that new study 

sites are located at an HRC airport rather than at an LRC airport. A greater portion of HRC 

airports in the total number of noise surveys may explain the claim that aircraft noise 

annoyance is increasing [30]. For most of the airports characterized as HRC in this study, 

the classification was based on quite recent operational changes or recent announcements 

of controversial plans. 

We find it plausible that a similar increase in the annoyance response due to abrupt 

changes may also be observed for other noise sources, for instance, in connection with the 

construction of a new road or a major refurbishing of an existing one. 

3.4. Traffic Volume 

Annoyance with transportation noise increases when the traffic volume increases. An 

increased number of noise events per day will increase the DNL level. However, the an-

noyance seems to increase at a faster rate than the equivalent level. 

Gjestland et al. [21] have studied the prevalence of noise-induced annoyance and its 

dependency on the number of aircraft movements. They analyzed the results from 32 air-

craft noise surveys and concluded that, for a given noise exposure level, the percentage of 

highly annoyed residents increased equivalent to a DNL increase of 1.8 dB per doubling 

(=6×log(2)) of the number of aircraft movements. This increase comes in addition to the 

regular 3 dB per doubling. 

Consequently, residents living near a small airport seem to tolerate 6 dB more noise 

than neighbors to an airport with ten times more traffic (=6×log(10)) in order to express 

the same degree of annoyance. 
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A similar analysis of road traffic noise surveys shows the same tendency, but with a 

slightly smaller effect: 1.5 dB per doubling (=5×log(2)) [31]. 

4. Reference Curves 

The exposure–response curves for transportation noise sources developed by 

Miedema and Vos [17] are widely used as standard references. These so-called Miedema 

curves are simple second-order polynomial regression functions fi�ed to the results of a 

selection of surveys. The curves were refined by Miedema and Oudshoorn [32] who used 

a third-order regression function. The Miedema curve for aircraft noise is almost identical 

to a CTL function anchored at Lct = 73.3 dB. An analysis of the input data used by Miedema 

and Vos when they derived at this average ERF for aircraft noise shows that the curve can 

be used to predict the dose–response function for an airport with about 250,000 aircraft 

movements per year. For airports with other traffic volumes, the curve should be adjusted 

according to paragraph 2.7. 

Schomer et al. [12] have shown that a CTL function anchored at Lct = 78.3 dB is a good 

approximation for the Miedema curve for road traffic noise. This curve seems to fit a situ-

ation with a traffic volume of about 2000 ADT (annual daily traffic) [31]. 

Figure 4 shows the Miedema curves for air, road, and rail traffic (solid lines), together 

with the CTL curves (dashed lines) that are fi�ed to similar datasets. 

 

Figure 4. Exposure–response curves for transportation noise. Solid lines are third-order polynomial 

functions developed by Miedema and Oudshoorn [32]. Dashed lines are CTL functions for Lct = 73.3 

dB (air), Lct = 78.3 dB (road), and Lct = 83.5 dB (rail). 

The difference between the Midema curves and the CTL functions seem to increase 

towards higher noise levels. This is mainly due to the fact that the Miedema curves are 

polynomial regression functions, and the CTL curves are logistic functions. 

The Miedema curves for transportation noise are based on surveys conducted be-

tween 1965 and 1994. They can still be considered valid according to the findings by Geld-

erblom et al. 

5. Comparison of Survey Results—Three Examples 

5.1. The US Environmental Survey, NES 

The results from the recent 20 US airports study [23] were used to construct a new 

US national average dose–response curve. At first glance, this curve indicated a much 

higher prevalence of annoyance than the earlier FICON curve [14] and the Miedema curve. 

The average CTL value for the responses at 20 airports was Lct = 60.2 dB. For comparison, 

the Miedema curve for aircraft noise has a CTL value Lct = 73.3 dB (see Figure 4). Miller et 

al. concluded that annoyance with aircraft noise had increased markedly. A closer look at 
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the Miller et al. report, however, reveals that the two curves cannot be directly compared. 

The surveys that were the basis for the Miedema curve were conducted as face-to-face or 

telephone interviews, whereas the 20-airport study was a mail survey (only the mail re-

sponses were used.) Miller et al. have showed in their report that the difference in the 

response mode for this particular study was equal to a 5 dB shift in the exposure (see 

Figure 2). 

Similarly, the scoring of high annoyance carried out by Miedema and Oudshoorn 

was based on a cut-off of around 72% on the annoyance scale. Miller et al. defined high 

annoyance as the two upper categories of a 5-point verbal scale, equivalent to a 60% cut-

off. The individual verbal responses of the 20-airport study have been re-calculated as 

described in the standard ISO 15666:2021 with category #5 counted in full and category #4 

given a weight of 0.4. The difference between the two procedures for scoring the preva-

lence of high annoyance turned out to be equal to a 5 dB shift in the noise exposure. This 

is a li�le less than the average value found by Gjestland and Morinaga [22]. The average 

traffic volume at the 20 US airports was about 280,000 movements per year, so the required 

adjustment for traffic volume when comparing with the Miedema curve is only 0.3 dB 

(=6*log(280,000/250,000)). 

Therefore, the reported exposure–response curve for the 20-airport study, described 

by the CTL value Lct = 60.2 dB, should be adjusted by 5 dB to account for mail vs. live agent 

mode, and an additional 5 dB for the definition of high annoyance, plus 0.3 dB for the 

traffic volume. The new value Lct = 70.5 dB (60.2 + 5 + 5 + 0.3) can be compared with the 

Miedema curve. This is shown in Figure 5. The two curves are quite similar for exposure 

levels below about LDN = 60 dB, the range of primary interest for regulatory purposes. This 

indicates that reactions to aircraft noise at low exposure levels in the US today is similar 

to what was found by Miedema and Vos 25 years ago. The large difference between the 

two curves at high exposure levels should not be considered problematic and is probably 

caused by methodological differences in the curve-fi�ing process. Exposure levels that 

leave 40–50% of the population highly annoyed are not acceptable anyway. 

 

Figure 5. Exposure–response curves for the US 20 airport study adjusted according to response 

scale, traffic volume, and mode of survey presentation (see text). 
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5.2. Japanese Road Traffic Noise Surveys 

Yokoshima et al. have reported ten surveys on road traffic noise conducted between 

1994 and 2011 [16]. Nine of the Japanese surveys have similar results, having CTL values 

between Lct = 71 dB and Lct = 81 dB, whereas one survey from Kanagawa (SASDA reference 

JPN010RT1999), reported by Yokoshima and Tamura [33], is a typical outlier with Lct = 54.6 

dB. This study was excluded from the analysis by Yokoshima et al. A CTL function, Lct = 

72.3 dB, was fi�ed to the accumulated data reported by Yokoshima et al. They reported an 

average exposure–response curve for road traffic noise in Japan to be somewhat above the 

Miedema curve. However, in the Japanese surveys, the respondents were given a wri�en 

questionnaire to be filled in and returned by mail (or collected otherwise). For a direct 

comparison with the Miedema curve, the response should, therefore, be adjusted between 

5 dB and 10 dB, as explained in paragraph 3.2. 

The resulting adjusted average exposure–response curve for road traffic noise in Ja-

pan is quite similar to the Miedema curve as shown in Figure 6 (minimum adjustment: 5 

dB), indicating that, at low exposure levels, people in Japan seem to be somewhat less 

annoyed by road traffic noise than predicted by the Miedema curve. 

 

Figure 6. Exposure–response curves for road traffic in Japan. Quadratic regression function reported 

by Yokoshima et al. [16] (red solid line). Corresponding CTL function: Lct = 72.3 dB (solid blue line). 

CTL function adjusted 5 dB for postal vs telephone interview (dashed blue line). Miedema curve for 

road traffic noise (solid black line). 

5.3. Norwegian Average ERF for Aircraft Noise 

Gelderblom et al. [34] reported results from surveys at five Norwegian airports. 

These airports can be considered representative for Norwegian airports, serving mainly 

intermediate-range aircraft like B737 and A320. The largest airport, OSL, has about five 

times more movements per year than the smallest one, TOS. 

For direct comparison with the Miedema curve, the CTL values must be adjusted for 

the traffic volumes. In addition, Oslo airport, OSL, is a typical HRC airport. The OSL re-

sult, therefore, needs to be adjusted between 6 dB and 9 dB, as explained in Section 3.3. 

Here, we have chosen the mean value, 7.5 dB. The adjustments and results are listed in 

Table 1. 
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Table 1. Data for surveys at five Norwegian airports. 

Airport Movements CTL −95% Conf. +95% Conf. 6×log n 
HRC 

LRC 

CTL 

Adjusted 

OSL 250,000 67.0 −2.1 2.0 0.0 7.5 74.5 

SVG 94,000 77.7 −2.4 2.5 −2.5 0 75.2 

TRD 65,000 79.3 −2.8 3.1 −3.5 0 75.8 

BOO 55,000 76.6 −2.4 2.3 −3.9 0 72.7 

TOS 47,000 82.2 −2.8 3.2 −4.4 0 77.8 

Airports identified by their IATA code. +/- 95 % confidence interval. HRC/LRC high/low rate of 

change as explained in the text. 

The average adjusted CTL value for these five airports is Lct = 75.2 dB ±1.7 dB. The 

results are quite similar for all five airports, indicating that the response to aircraft noise 

is stable across all of Norway. 

This average CTL value for Norway can be compared directly with the CTL value for 

the Miedema curve Lct = 73.3 dB, which is slightly lower. In other words, the average an-

noyance response for aircraft noise in Norway indicate that people in Norway “tolerate” 

about 2 dB higher noise levels in order to express a certain degree of annoyance, than 

predicted by the standard reference curve. The corresponding exposure–response curves 

are shown in Figure 7. 

 

Figure 7. The average adjusted exposure–response curve for five Norwegian airports (solid blue 

line) compared with the reference curve by Miedema and Vos (black line): Lct = 73.3 dB. The dashed 

lines indicate the outer 95% confidence interval for all five individual ERFs. 

6. Conclusions 

A review of previously conducted surveys reveals that the results are not only de-

pendent on acoustic and community-specific parameters, but also on survey protocols and 

how the results are analyzed. The traditional way of comparing results from social surveys 

is to compare exposure–response functions. 

The Miedema and Vos reference curves were constructed on the basis of surveys con-

ducted as face-to-face or telephone interviews, and the scoring of high annoyance was 

based on a 72% cut-off of the annoyance scale. For comparison purposes, new exposure–

response curves should either be constructed on the same basis, or they should be adjusted 

as explained in this paper depending on the objectives of the comparison. A detailed anal-

ysis of many previous surveys shows that what has been presented as “new” results, 
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usually an increased prevalence of annoyance, most often are caused by differences in 

survey design and analysis methods rather than actual differences in the annoyance re-

sponse. 

There are few indications that annoyance caused by transportation noise has changed 

significantly over the past 50 years. 

Funding: This research received no external funding. 

Acknowledgments: The author acknowledges the enthusiastic support from colleagues in the sci-

entific community, having provided original survey data, calculations, comments, and valuable sug-

gestions throughout the writing process. 

Conflicts of Interest: The author declares no conflicts of interest. 

References 

1. Koelega, H.S. Environmental annoyance: Characterization, measurement, and control. In Proceedings of the International Sym-

posium on Environmental Annoyance, Woudschoten, The Netherlands, 15-18 September, 1987; pp. 1–7. 

2. Schul�, T.J. Synthesis of social surveys on noise annoyance. J. Acoust. Soc. Am. 1978, 64, 377–405. 

h�ps://doi.org/10.1121/1.382013. 

3. Schul�, T.J. Comments on K. D. Kryter’s paper, “Community annoyance from aircraft and ground vehicle noise”. J. Acoust. Soc. 

Am. 1982, 72, 1243. h�ps://doi.org/10.1121/1.388333. 

4. Fields, J.M.; de Jong, R.G.; Gjestland, T.; Flindell, I.H.; Job, R.F.S.; Kurra, S.; Lercher, P.; Vallet, M.; Yano, T.; Guski, R.; et al. 

Standardized noise-reaction questions for community noise surveys: Research and a recommendation. J. Sound Vib. 2001, 242, 

641–679. 

5. US Federal Interagency Commi�ee on Noise (FICON). Federal Agency Review of Selected Airport Noise Analysis Issues; US Federal 

Interagency Commi�ee on Noise (FICON): Washington, DC, USA, 1992. 

6. WHO Europe. Environmental Noise Guidelines for the European Region; World Health Organization: Copenhagen, Denmark, 2018. 

Available online: h�ps://iris.who.int/bitstream/handle/10665/279952/9789289053563-eng.pdf?sequence=1 (accessed on 1 Febru-

ary 2024). 

7. ISO/TS 15666; Acoustics—Assessment of Noise Annoyance by Means of Social and Socio-Acoustic Surveys. International Stand-

ards Organization: Geneva, Swi�erland, 2021. 

8. Yokoshima, S.; Yano, T.; Kawai, K.; Morinaga, M.; Ota, A. Establishment of the socio-acoustic survey data archive at INCE/J. In 

Proceedings of the INTER-NOISE and NOISE-CON Congress and Conference Proceedings, Osaka, Japan,4-7 September, 2011. 

9. Fidell, S.; Mestre, V.; Schomer, P.; Berry, B.; Gjestland, T.; Vallet, M.; Reid, T. A first principles model for estimating the preva-

lence of annoyance with aircraft noise exposure. J. Acoust. Soc. Am. 2011, 130, 791–806. h�ps://doi.org/10.1121/1.3605673. 

10. Gelderblom, T.; Gjestland, T.; Fidell, S.; Berry, B. On the stability of Community Tolerance to aircraft noise. Acta Acust. United 

Acust. 2017, 13, 17–27. 

11. Gjestland, T. Recent World Health Organization regulatory recommendations not supported by existing evidence. J. Acoust. Soc. 

Am. 2020, 148, 511–517. h�ps://doi.org/10.1121/10.0001643. 

12. Schomer, P.; Mestre, V.; Fidell, S.; Berry, B.; Gjestland, T.; Vallet, M.; Reid, T. Role of community tolerance level (CTL) in pre-

dicting the prevalence of annoyance from road and rail noise. J. Acoust. Soc. Am. 2012, 131, 2772–2786. 

h�ps://doi.org/10.1121/1.3688762. 

13. Gjestland, T. On the temporal stability of people’s annoyance with road traffic noise. Int. J. Environ. Res. Pubic Health 2020, 17, 

1374. h�ps://doi.org/10.3390/ijerph17041374. 

14. Fidell, S.; Barber, D.S.; Schul�, T. Updating a dosage-effect relationship for the prevalence of annoyance due to general trans-

portation noise. J. Acoust. Soc. Am. 1991, 89, 221–233. h�ps://doi.org/10.1121/1.400504. 

15. Brink, M.; Schãffer, B.; Vienneau, D.; Foraster, M.; Pieren, R.; Eze, I.C.; Cojochen, C.; Probst-Hensch, N.; Röösli, M.; Wunderli, 

J.-M. A survey on exposure-response relationships for road, rail, and aircraft noise annoyance. Differences between continuous 

and intermi�ent noise. Environ. Int. 2019, 125, 277–290. h�ps://doi.org/10.1016/j.envint.2019.01.043. 

16. Yokoshima, S.; Morinaga, M.; Tsujimura, S.; Shimoyama, K.; Morihara, T. Representative exposure-annoyance relationships due 

to transportation noises in Japan. Int. J. Environ. Res. Public Health. 2021, 18, 10935. h�ps://doi.org/10.3390/ijerph182010935. 

17. Miedema, H.; Vos, H. Exposure-response relationships for transportation noise. J. Acoust. Soc. Am. 1998, 194, 3432–3445. 

h�ps://doi.org/10.1121/1.423927. 

18. Guski, R.; Schreckenberg, D.; Schümer, R. WHO environmental noise guidelines for the European region: A systematic review 

on environmental noise and annoyance. Int. J. Environ. Res. Pubic Health 2017, 14, 1539. h�ps://doi.org/10.3390/ijerph14121539. 

19. ISO DIS 1996-1; Acoustics—Description, Measurement, and Assessment of Environmental Noise. International Standards Or-

ganization: Geneve, Swi�erland, 2016. 

20. ANSI. S12.9-2021; Quantities and Procedures for Description and Measurement of Environmental Noise, Part 4. American Na-

tional Standards Institute: New York, NY, USA, 2021. 



Int. J. Environ. Res. Public Health 2024, 21, 420 14 of 14 
 

 

21. Gjestland, T.; Gelderblom, F.B. Prevalence of Noise Induced Annoyance and Its Dependency on Number of Aircraft Movements. 

Acta Acust. United Acust. 2017, 103, 28–33. 

22. Gjestland, T.; Morinaga, M. Effect of alternate definitions of “high” annoyance on exposure-response functions. J. Acoust. Soc. 

Am. 2022, 151, 2856–2862, h�ps://doi.org/10.1121/10.0010354. 

23. Miller, N.; Czech, J.; Hellauer, K.; Nicholas, B.; Lohr, S.; Jodts, E.; Broene, P.; Morganstein, D.; Kali, J.; Zhu, X.; et al. Analysis of 

the Neighborhood Environmental Survey; US Dept. of Transportation, Washington, DC, USA; HMMH Report 308520.004.001, Pre-

pared for the Federal Aviation Administration under Contracts DTFACT-15-0-00008 and DTFACT-15-0-00007. 2021. Available 

online: h�ps://www.airpor�ech.tc.faa.gov/Products/Airport-Safety-Papers-Publications/Airport-Safety-Detail/tc-21-4-analysis-

of-nes (accessed on 1 December 2023). 

24. Brink, M. A review of explained variance in exposure-annoyance relationships in noise annoyance surveys. In Proceedings of 

the ICBEN, Nara, Japan,1-5 June, 2014. 

25. Cantuaria, M.L.; Blanes-Vidal, V. Self-reported data in environmental health studies: Mail vs. web-based surveys. BMC Med. 

Res. Methodol. 2019, 19, 238. h�ps://doi.org/10.1186/s12874-019-0882-x. 

26. National Academies of Sciences, Engineering, and Medicine. Research Methods for Understanding Aircraft Noise Annoyance and 

Sleep Disturbance; The National Academies Press: Washington, DC, USA, 2014. h�ps://doi.org/10.17226/22352. 

27. Fidell, S.; Mestre, V.; Gjestland, T.; Tabachnick, B. An alternate approach to regulatory analyses of the findings of a 20-airport 

social survey. J. Acoust. Soc. Am. 2022, 152, 3681–3694. h�ps://doi.org/10.1121/10.0016591. 

28. Janssen, S.A.; Guski, R.: Aircraft noise annoyance: In Evidence Review on Aircraft Noise and Health; Stansfeld, S.A.; Berglund, B., 

Kephalopoulos, S., Pavio�i, M., Eds.; Directorate General Joint Research Center and Directorate General for Environment, Eu-

ropean Union: Bonn, Germany, 2015. 

29. Babisch, W.; Houthuijs, D.; Pershagen, G.; Codum, E.; Katsouyanni, K.; Velonakis, M.; Dudley, M.-L.; Marohn, H.-D.; Swart, W.; 

et al. Annoyance due to aircraft noise has increased over the years—Results of the HYENA study. Environ. Int, 2009, 35, 1169–

1176. https://doi.org/10.1016/j.envint.2009.07.012. 

30. Civil Aviation Authority. Aircraft Noise and Annoyance: Recent Findings; CAA: Gatwick, UK, 2018. Available online: 

www.caa.co.uk (accessed on 1 December 2023). 

31. Eggers, S.; Popp, C.; Legarth, S.V.; Pedersen, T.H.; Volk, C.P.; Bendtsen, H.; Gjestland, T. Factors moderating people’s subjective 

reactions to noise—Guidebook on how to reduce noise annoyance. In Proceedings of the European Directors of Roads, Copen-

hagen, Denmark, 2022. 

32. Miedema, H.; Oudshoorn, C. Annoyance from transportation noise: Relationships with exposure metrics DNL and DENL and 

their confidence intervals. Environ. Health Perspect. 2001, 109, 409–416. 

33. Yokoshima, S.; Tamura, A. Community response to road traffic noise in living environments. In Proceedings of the Forum 

Acusticum, Sevilla, Spain, 17-20 September, 2002. 

34. Gelderblom, F.B.; Gjestland, T.; Granøien, I.L.N.; Taraldsen, G. The impact of civil versus military aircraft noise on noise annoy-

ance. In Proceedings of the INTER-NOISE and NOISE-CON Congress and Conference Proceedings, Melbourne, VIC, Australia, 

16-19 November, 2014. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 

 


