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Abstract7

Aircraft noise metrics are used to assess airport and heliport noise impacts on host8

communities. Airports and heliports host communities need to be carried along to contribute9

to deliberations, understand proposals, and have their views heard on aircraft noise reduction10

strategies. People can feel disillusioned by noise metrics that are too complex and do not11

express what residents experience. Selecting the best noise metric is essential if all aviation12

stakeholders are to engage meaningfully on modalities for aircraft noise reduction. A single13

global noise metric that would capture all the factors influencing people?s perception of14

aircraft noise and produce a definitive measure of annoyance is highly desirable, but such does15

not exist. Some of these noise metrics are simple but do not include subjective factors in their16

analysis; others that capture both the objective and subjective aspects of aircraft noise effects17

are complex and difficult to interpret. In selecting a noise metric to use for the measurement18

of aircraft noise, it is necessary to strike a balance between precision and simplicity. This19

paper examines the various noise metrics currently used to assess aircraft noise exposure20

globally and makes a case for equivalent continuous sound level(Leq) as the best based on the21

fact that it is easy to understand and communities can easily relate it to their experiences.22
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4 I. EQUIVALENT SOUND LEVEL (?? ???? )

the objective and subjective aspects of aircraft noise effects are complex and difficult to interpret. In selecting a43
noise metric to use for the measurement of aircraft noise, it is necessary to strike a balance between precision and44
simplicity. Selecting a metric for assessing aircraft noise is no simple task because it must reflect the impact on45
people and must be easy to understand. There is no single aircraft noise metric that can describe all responses46
in all situations. However, nowadays, the most used noise exposure measure for all sources is the L eq and, for47
aircraft noise, this is in widespread use around the world. It is the aim of this paper to provide a critical review48
of the various noise metrics that are currently in use globally in the evaluation of aircraft noise and the associated49
effects.50

II.51

2 Theoretical Framework a) Noise Metrics: what are they?52

Noise metrics are an attempt to emulate the way humans respond to sound (Lamancusa, 2000). Most sounds53
that occur in the environment are not constant, but their sound level varies over time. To characterize the54
magnitude of such sounds, various descriptors, or metrics, have been developed. In other words, noise metrics55
are the units or quantities that measure the effect of noise on the environment, and they fall into two groups56
(Plotkin et al., 2011). (Murphy and King, 2014)further, expatiate that noise metrics are used to reduce large57
volumes of information about a noise situation into a single number system. They further explained that noise58
metrics were designed to make acoustic information easier to handle while still providing accurate results about59
the noise environment. All noise metrics are used to help quantify various aspects of noise and depending on60
the type of noise and relevant legislation in a country, noise metrics can take many different forms. While they61
are all based on the decibel scale, there is no agreement on a single best measure (Lamancusa, 2000).Some noise62
metrics are used to describe a single flight phase, such as take-off or landing, while others describe the combined63
effect of the various phases of flight within a specified time. Both types of noise metrics help in understanding64
how people tend to respond to a given noise condition.65

3 Introduction66

An aircraft noise metric refers to the unit or quantity that quantitatively measures the effect of aircraft noise67
on the environment. Various aircraft noise metrics that are used to measure aircraft noise have evolved globally.68
These noise metrics were developed to capture different aspects of aircraft noise over time, and to oise is any69
sound perceived to be loud or unpleasant by the ear through any medium. It is a health hazard that causes70
discomfort, stress, lack of concentration, reduction in performance, and in extreme cases, loss of hearing. People71
get exposed to harmful noise levels through the use of machines, equipment at workplaces, and social gatherings,72
hence the need to evaluate noise and identify areas where people are prone to be exposed to harmful levels of73
noise to protect their health and safety.74

Noise metrics are basically of two types: single event metrics and cumulative noise metrics.75
Single event metrics describe the noise impact of a single aircraft movement or over-flight in terms of its76

intrusiveness, loudness, or noisiness. They quantify the impact of an event, and the duration and time are also77
considered. There are four single event metrics, which include: maximum sound level (L max ), Sound Exposure78
Level (SEL), Single Event Noise Equivalent Level (SENEL), and Effective Perceived Noise Level (EPNL).79

To adequately describe noise on a broadband spectrum, several metrics have been used. These metrics or80
descriptors have various areas of application. Some of the metrics mentioned below were adapted from (Page et81
al., 2015) and (Plotkin et al., 2011); however, it is important to state categorically that from a scientific point82
of view, the best noise metric to employ is the one that performs best in predicting the effect of interest (WHO,83
2018). A single global noise metric that would capture all the factors influencing people’s perception of aircraft84
noise and produce a definitive measure of annoyance is highly desirable, but such does not exist.85

4 i. Equivalent Sound level (?? ???? )86

Equivalent Sound Level (L eq ) is a measure of the exposure resulting from the accumulation of A-weighted87
sound levels over a period of interest, which could be an hour, 8-hour, night-time, or 24 hours. It is defined88
as the hypothetical steady sound, which contains the same energy as the actual variable sound, over a defined89
measurement period, T (Figure 1). It is important to state the applicable period because the length of the period90
can be different depending on the time frame of interest. L eq is the most used noise metric for all types of91
noise sources, and for aircraft noise, its use is widespread across the world. It is the metric used in Germany, the92
United Kingdom, Nigeria, and the International Organization for Standardization (ISO) for measuring aircraft93
noise (Airbus, 2003). Conceptually, L eq may be thought of as a constant sound level throughout the period of94
interest that contains as much sound energy as the actual time-varying sound level with its normal crests and95
troughs. It is an energy-based indicator as it represents the total amount of acoustic energy over the specified96
period. The equation for computing ?? ???? is presented as shown in Eq1 as:?? ???? = 10 log 10 ? 1 ?? ? 1097
(0.1?? ?? ) ?? ??=1 ?(1)98

Assuming the reference pressure = 20 µPa Where: Note that the average sound level suggested by L eq is not99
an arithmetic mean but a logarithmic or energy-averaged sound level. L eq can be measured or calculated in a100
variety of ways. The total noise exposure is determined if the meter runs continuously during the measurement101
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period. If we want to monitor only the Cumulative noise metrics refer to metrics that quantify the noise impact102
from multiple aircraft movements during a given time frame. They quantify noise over an extended period and103
cover several events. There are nineteen cumulative event metrics. Examples include Equivalent Sound Level (L104
eq ), Percentile Noise Levels or Statistical metrics (L 10 , L 50 , L 90 ), Time-Above a Specified Level (TA), Day-105
Night Average Sound Level (L dn ), Day-Evening-Night Average Sound Level (L den ), Noise and Number Index106
(NNI), Weighted Equivalent Continuous Perceived Noise Level (WECPNL), Community Equivalent Sound Level107
(CNEL), Composite Noise Rating (CNR), etc. contribution of aircraft noise to the total, as aircraft events are108
discontinuous, the meter can be programmed to read only when aircraft noise is controlling the overall sound level.109
When individual aircraft noise levels are higher than those due to other sources, this is often readily accomplished110
with automatic noise monitoring systems by choosing a suitable threshold level to trigger the integration (Jones111
and Cadoux, 2009).L i = A -112

ii.113

5 Maximum Noise Level (L max )114

The most basic measure of a noise event, such as the over-flight of an aircraft is the maximum sound level recorded115
(Jones and Cadoux, 2009). L max represents the highest noise level measured during a single event in which the116
sound changes with time (Murphy and King, 2014). For instance, during an aircraft over flight, the noise level117
starts at the ambient or background noise level, rises to the maximum level as the aircraft flies closest to the118
observer, and returns to the background level as the aircraft recedes into the distance (Wyle, 2008). So, L max119
depicts the highest noise level reached during a flyover. L max is important in judging if a noise event will affect120
the conversation, watching television or listening to the radio and other routine activities. L max is frequently121
used in noise disturbance research as it has been found to correlate well with levels of both sleep disturbance122
and reading and speech interference for school children. However, L max is not able to reflect the number of or123
frequency with which very noisy events occur. The disadvantage of L max is that it describes only one dimension124
of an event and provides no information on the cumulative noise exposure generated by a noise source. Although125
it gives some measure of the intrusiveness of the event, it does not entirely describe the total event because it126
does not take into consideration the period that the sound is heard (Wyle, 2008). To further emphasize, two127
events with identical L max may produce very different total exposures with one having a very short duration128
and the other may be much longer.129

iii.130

6 Peak Noise Level (L peak )131

The peak sound pressure level is the highest instantaneous level obtained by a sound level measurement device.132
The peak sound pressure level usually measured using 20 microseconds or faster sampling rate and is usually133
based on unweighted or linear response of the meter (Wyle, 2008). It is the highest C-weighted sound level134
measured during a single event with no time constant applied. It is used for the assessment of impulsive noise135
(Murphy and King, 2014).136

7 iv. Single Exposure Level(SEL)137

The most common measure of noise exposure for a single aircraft flyover is the SEL. SEL is a normalized value138
of L eq ; the period considered being one second. This SEL value represents the A-weighted sound level, which,139
when produced during one second, would result in the same L eq . This allows us to get rid of the influence of140
the measurement period and compare events of different durations. It is also expressed in dB(A) (Airbus, 2003).141
(Murphy and King, 2014)further clarified that the SEL of a noise event is the constant level, which if maintained142
for only one second, would contain the same A-weighted noise energy as the actual event itself. In other words,143
SEL is essentially an Aweighted L eq level normalized to one second. Since SEL is normalized to one second, it144
will almost always be bigger in magnitude than the L max for the same event.145

higher than the L max . SEL is used in aircraft noise assessments allowing for an easy comparison of different146
types of aircraft (Murphy and King, 2014).Since SEL combines an event’s overall sound level along with its147
duration, SEL provides a comprehensive way to describe noise events for use in modelling and comparing noise148
environments. Although the SEL noise metric attempts to capture the total noise energy, it is difficult to149
accurately account for differences in background noise. It is also complex and difficult for communities to150
understand. The main disadvantage of SEL is that, for events lasting more than one second, it provides a151
measure of the net impact of the entire acoustic event. Still, it does not directly represent the sound level heard152
at any given time.153

8 v. Single Event Noise Exposure Level (SENEL)154

SENEL is a very slight variation on SEL. Just like SEL, it is the one-second-long steady-state level that contains155
the same amount of energy as the actual timevarying level. However, unlike SEL, it is calculated only over the156
period when the level exceeds a selected threshold. SENEL is derived from SEL in the way that only transient157
sounds exceeding a certain level are accounted for [typically 65 dB(A)] (Airbus, 2003).158
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12 ???????? =

For most aircraft events, the SEL is about 7 to 12 dB vi. Percentile Noise Levels or Statistical Sound Levels159
(L 10 , L 50 , L 90 )160

Sometimes, it may be preferable to represent noise levels with statistical indicators, and these give the noise161
level exceeded for a certain percentage of the measurement time. This metric is commonly used for traffic noise162
measurement. The most common are L 10 (which represents the noise level exceeded for 10% of the time, L 50163
(which stands for the noise level exceeded 50% of the time, and L 90 (which stands for the noise level exceeded164
90% of the time) (Murphy and King, 2014). L 90 is a good measure of background noise; L 50 is the median165
noise, which is not necessarily the same thing as L eq (the mean); L 10 is a good measure of intermittent or166
intrusive noises, such as traffic, aircraft flyovers, barking dogs, etc. (Lamancusa, 2000).167

9 vii. Noise Pollution Level (NPL)168

Noise pollution level can be determined using Eq. 2 found in (Peirce, Weiner, and Vesilind, 1998), and also cited169
in (Nwaogozie and Owate, 2000)?????? [????(??)] = ?? 50 + (?? 10 ? ?? 90 ) + (?? 10 ? ?? 90 ) 2 60(2)170

Where:171
L 10 = Noise level at 10% time exceeded L 50 = Noise level exceeded 50% of the time L 90 = Noise level172

exceeded 90% of the time?????? = ?? ???? + ????(3)173
Where: K = Constant with a value of 2.56 ?? = the standard deviation of the computed L eq values viii. Noise174

Criteria (NC) Curves be highly annoying and interfere with the smooth performance of occupational tasks or175
other activities. Noise criterion curves were established in 1957 in the USA and are used to rate the background176
levels in buildings and rooms, for example, noise from airconditioning equipment. For a given noise spectrum,177
the NC rating may be obtained by plotting its octave band levels on the set of NC curves (shown in Figure ??178
below). The noise spectrum is specified as having an NCrating the same as the lowest NC curve, which is not179
exceeded by the spectrum (Lamancusa, 2000). Source: (Eargle, 1994) For example, a sound having the following180
octave-band noise (Table 1) is rated as NC-46 since when plotted in Figure ??, it exceeds the NC-45 curve by 1181
dB at 500 Hz. The recommended Noise Criteria range for urban residence is ??5-35 NC (ASHRAE, 1996).182

Source: (Robinson and Dadson, 1956) Figure ??: Noise Criterion (NC) curves183

10 ix. Preferred Noise Criteria (PNC) Curves184

The PNC curves were introduced in 1971 as a modification on the NC curves in response to criticism that in offices185
designed to NC curves, the airconditioning noise was too rumbly (low-frequency sound) and hissy (high-frequency186
sound). The curves are shown in Figure 3 below. In the previous example given earlier, the noise spectrum will187
have a rating of PNC-47 as it exceeds the PNC-45 curve by about 2 dB at 4 kHz. The recommended Preferred188
Noise Criteria (PNC) range for living quarters is 20-30 PNC (ASHRAE, 1996). Noise levels below 80 dB are189
considered safe from a hearing loss perspective. However, they can still190

The NPL may also be determined using Eq. 3 as: Source: (Beranek, Blazier, and Figwer, 1971) Source:191
(Schultz, 1982) Figure ??: Noise Rating (NR) Curves xi. The Articulation Index (AI) (French and Steinberg,192
1947) developed the Articulation Index (AI) noise metric. The basic concept of AI is that speed intelligibility193
is proportional to the average difference in dB between the masking level of noise and the long-term root194
mean squared dB level (plus 12 dB) of the speech signal. Twenty relatively narrow frequency bands are used,195
corresponding to the critical bandwidth of the ear. This method determines a masking spectrum of a noise that196
may be different from the noise spectrum due to the spread of masking. It considers background noise, masking,197
and non-flat noise spectra. The disadvantage of the AI noise metric is that the calculation of AI is relatively198
complicated. It is not well suited for highly reverberant environments or when the speech is distorted, such as199
by mumbling or poor-quality amplification.200

11 xii. Speech Interference Level (SIL)201

Speech interference level (SIL) is a metric that estimate show much a given noise spectrum will disrupt, or interfere202
with, effective speech communication. SIL is evaluated using different formulae depending on the industry. All203
the various forms of SIL are computed by taking the arithmetic mean of un-weighted, full-octave band sound204
pressure levels, as expressed in decibels (dB). The only difference between the various forms of SIL is the octave205
bands included in the calculation. The various forms are: Preferred Speech Interference Level (PSIL) used by the206
Acoustical Society of America, SIL used by the aviation industry, and ANSI SIL used by the American National207
Standards Institute (ANSI). According to (Lamancusa, 2000), some industries, especially the aviation industry,208
prefer to use the 1 000, 2 000, and 4 000 Hz bands to calculate SIL.209

12 ???????? =210

?? 500 + ?? 1000 + ?? 2000 3211
?????? = ?? 1000 + ?? 2000 + ?? 4000 3212
(5)???????? ?????? = ?? 500 + ?? 1000 + ?? 2000 + ?? 4000 4(6)213
xiii. Perceived Noise level (PNL) Different types of aircraft, such as jets, propeller-driven aircraft, and214

helicopters, all have distinctive noise characteristics due to combinations of sound from various sources having215
different frequency ranges, intensities, and time histories. The annoyance perceived by an observer as an aircraft216
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type flies over is described by its noisiness. Perceived noisiness may be defined as a measure of how unwanted,217
objectionable, disturbing, or unpleasant the sound is. The PNL scale allows for different human sensitivity218
to different frequencies, but it is more complicated (Jones and Cadoux, 2009). PNL has been adopted as the219
best descriptor of aircraft noise nuisance, according to (Airbus, 2003). PNL is determined by a combination of220
measurement and mathematical calculation, involving spectra analysis. To determine PNL, it is measured with221
a sound level meter equipped with electronic one-third octave filters. Each frequency band level in the spectrum222
is converted to a noisiness value, and these are summed specially to obtain the total noisiness of the sound (Jones223
and Cadoux, 2009). It is used in rating the noisiness of sounds, and it is evaluated in three steps.224

Step 1: The measured one-third octave band sound pressure level in the range 50 -1 000 Hz that occurs in225
each instant of time is converted to perceived noisiness (noy) using the noy chart in Figure 5.226

Source: (Sincero and Sincero, 1996) Where:227
?? ?? = the noy value corresponding to each frequency band and sound pressure level. ?? ?????? = the228

maximum noy value obtained in the conversion of the octave band data to noy.229
Step 2: The perceived noisiness values gotten from step I is then combined using Eq. 7230
Step 3: The effective noy value (?? ?? ) is finally converted to Perceived Noise Level (PNL) using the Eq231

8?????? = 40 + 10 log 10 ?? ?? log 10 2(8)232
The unit of PNL is PNdB (Perceived Noise Decibel).233

13 xiv. Noise and Number Index (NNI)234

The noise and number index attempt to measure the subjective noisiness of an aircraft. It uses the PNdB as a235
basis and considers the number of aircraft per day (or night) as a primary annoyance factor. NNI represents a236
composite level measure of exposure to aircraft noise, considering the average event noise level and the number237
of aircraft in a specific period (0700-1900 hours).Mathematically, it is expressed as: This considers the results of238
social surveys that showed that the annoyance factor was zero at 80 PNdB.239

NNI was propounded using social surveys and noise measurements. Social surveys measured, amongst other240
things, the annoyance from aircraft noise expressed by a sample of individuals living at different places around241
Heathrow airport. Noise data were then matched to this reported disturbance, measured by scales constructed242
from the social survey data (Jones and Cadoux, 2009). According to (Airbus, 2003) The main criticisms of NNI243
were that it was out of date; that people’s reactions and the change in attitudes to aircraft traffic and noise244
invalidated its use. It was also considered to be out of line with the metrics used by other countries and therefore245
was not standardized. The weighting was not considered to be sufficient for the number of aircraft. The noise level246
and number are not the arithmetic mean from all aircraft, including all aircraft in this count would constitute247
a better match with annoyance. A final disadvantage of the NNI was that the exclusion of night movements248
led to an under-estimation of disturbance, which eventually led to a change from NNI to L eq as the metric for249
monitoring aircraft noise exposure for airports in the United Kingdom in 1990 (Jones and Cadoux, 2009). When250
some pure sounds are in the frequency spectra, the annoyance appears to be higher. The sound pressure level251
obtained by adding a tone correction to the perceived noise level is the PNLT and was developed for aircraft252
noise. It is evaluated from octave or one-third octave spectra. Each individual spectrum is examined using a253
specified process for the presence of tones, identified by spikes, for which a tonecorrection is evaluated. This is a254
penalty added to the PNL calculated for that individual spectrum to give the so-called tone-corrected perceived255
noise level or PNLT (Jones and Cadoux, 2009). Mathematically, it may be represented as: C is a tone correction256
factor calculated for each spectrum to account for the subjective response to the maximum tone (Airbus, 2003).257

14 xvi. Effective Perceived Noise level (EPNL)258

The noise made by an aircraft flying over is complicated by its motion, which causes its intensity and frequency259
composition to change with time. Much research into human perception of aircraft noise led to the conclusion260
that PNL did not adequately reflect the true noisiness of a complete aircraft event unless the effects of both tones261
and duration are considered (Jones and Cadoux, 2009). EPNL is commonly used when assessing aircraft noise,262
and it is vital to note that this metric is used for noise certification of all commercial subsonic jet aircraft and263
also propellerdriven airplanes (Airbus, 2003;Murphy and King, 2014). It is a metric that considers the duration264
of the noise event based on a tone corrected perceived noise level time history. In order to determine EPNL, the265
complete set of ½-second PNLT values is integrated to determine the level of the 10-second long steady sound,266
which would have the same perceived noisiness. Mathematically, it is defined as:???????? = ?????? ?????? + 10267
log ? ?? 10 20 ? + ?? (????)(11)268

where PNL max is the maximum perceived noise level during a flyover in PNdB, t 10 is the duration (in269
seconds) of the noise level within 10 dB of the peak PNL, and F is a correction (generally found to be more270
annoying than broadband noise without perceived tones). For many practical applications, F is about +3 dB.271

The unit of EPNL is EPNdB (Effective Perceived Noise Decibel).272
The reason for normalizing EPNLs to 10 seconds is to penalize those aircraft that make a lot of noise for a273

relatively long time. EPNL tends to be more accurate at high noisier events than quieter events. EPNL is usually274
larger than the certified values, which is particularly noticeable for departure noise levels. This means EPNL275
is unlikely to represent the noise experienced by communities surrounding an airport or heliport. Coupled with276
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19 XXII. DAY-EVENING-NIGHT AVERAGE SOUND LEVEL (L DEN )

the tone corrections that are thought to be subjective, EPNL, and related noise metrics are less powerful and277
complex to communicate.278

xvii. Weighted Equivalent Continuous Perceived Noise Level (WECPNL) WECPNL may be considered as a279
hybrid of EPNL, since it incorporates EPNL which is tone and duration corrected, but also includes a time-of-day280
energy average and a seasonal correction based on temperature (Jones and Cadoux, 2009). It characterizes flyover281
and run-up noise events with EPNL and PNLT, respectively. WECPNL, like CNEL, averages sound levels and282
10 dB representing the evening and night-time, because of increased sensitivity to noise during those hours. It is283
the metric used for aircraft noise measurement in Japan, although there is now a move towards the L eq metric284
(Airbus, 2003).285

15 xviii.286

Day Equivalent Sound Level (L day ) Day Equivalent Sound Level (L day ) represents the noise exposure level287
over the day-time period, typically 0700-1900 hours.288

16 xix. Night Equivalent Sound Level (L night )289

According to (Jones and Cadoux, 2009), L night represents the noise exposure level over the night-time period,290
typically 2300-0700 hours. Measures of L night have been used to assess night flying restrictions, but this metric291
is not widely used.292

17 xx. Day-Night Average Sound Level (DNL or L dn )293

For the evaluation of community noise effects, and particularly aircraft noise effects, the Day-Night Average294
Sound Level (DNL or L dn ) is used. It is a cumulative metric that accounts for all noise events in 24 hours295
with a night-time penalty of 10 dB for events during the night. It considers a night time (2200-0700 hrs) event296
ten times more disturbing than a daytime (0700-2200 hrs). It is widely used in Belgium, New Zealand, and the297
United States of America, especially the Environmental Protection Agency (EPA) ?? The values of DNL or L dn298
can be measured with standard monitoring equipment or predicted with computer models. Due to the DNL or299
L dn metric’s close correlation with the degree of community annoyance from aircraft noise, it has been formally300
adopted by most federal agencies in the United States for measuring and evaluating aircraft noise for land use301
planning and noise impact assessment. Countries currently using this metric include Denmark and Finland (SI,302
2005). EPA recommends a maximum residential level of 55 L dn , which is equivalent to a steady noise of 48.6303
dB(A) (Lamancusa, 2000).304

Several issues have arisen from the use of DNL or L dn and the percentage of persons highly annoyed: no one305
actually ”hears” a DNL; there is a high variability from study to study around a nominal Schultz curve, and in306
many situations ”highly annoyed” is not an appropriate measure of human response. Although the percent highly307
annoyed and DNL approach has been widely accepted, variability around a nominal Schultz curve is troubling.308
There are reports that this approach is not enough to predict community response (Fidell, 2002).309

18 xxi. Community Noise Equivalent Level (CNEL)310

CNEL was developed in the early 1970s by the State of California in the United States of America for community311
noise exposure, with particular emphasis on airport noise. It is similar to L dn but considers three time periods,312
namely day (0700-1900 hours) for which there is no weighting or penalty; evening (1900-2200 hours) for which313
there is a three times weighting corresponding to approximately 4.8 dB penalty; and night (2200-0700 hours)314
with ten times weighting equal to 10 dB penalty. It is used in comparing the noise impact of communities and315
for regulating airport noise impact. Mathematically, it is expressed as: ???????? = 10.316

19 xxii. Day-Evening-Night Average Sound Level (L den )317

For long-term noise exposure, L den has a proven relationship with the degree of community noise annoyance318
and particularly with the percentage of highly annoyed respondents. It has been a noise metric in use in the319
Netherlands since 2003.320

L den , in combination with special dose-effect relations, is also applicable in the following cases: annoyance321
due to noise with strong tonal components, annoyance due to noise with an impulsive character, and adverse322
effects on learning by children.323

The definition of the L den is like the CNEL. The only difference is that the weighting factor for the evening324
for L den is 5 and 3 for CNEL respectively. This is the metric adopted for use for aircraft noise measurement325
by the World Health Organization (WHO, 2018). Mathematically, it is expressed as: Where: n is the number of326
events L AE(i)day is the SEL produced by a trajectory during the [0700-1900] period.327

L AE(j)evening is the SEL produced by a trajectory during the [1900-2200] period. L AE(k)evening is the328
SEL produced by a trajectory during the [2200-0700] period.329

86400 is the day duration in seconds. That is, 24 × 60 × 60 = 86400 Note that in France, the day-time period330
is 0600-1800 hrs, the evening is 1800-2200 hrs, and the night-time period is 2200-0600 hrs (Jones and Cadoux,331
2009).332
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20 xxiii. Störindex (Q)333

The German Störindex (Q) is like L dn but gives a greater emphasis to the number factor (trade-off factor ?334
13.3) and less to the night-time weighting (5 dB penalty only). Luxembourg has also adopted this noise metric335
(Jones and Cadoux, 2009).336

21 xxiv. Airport Noise Level (L VA )337

This metric is used in Italy as an equivalent continuous sound level. A 10 dB weighting factor is applied to the338
night movements (Jones and Cadoux, 2009).339

According to (Cotana and Nicolini, 2003), an airport noise level (L VA ) is defined as:?? ???? = 10 log 1 ??340
? 10 ?? ?? 10 ?? ?? =1 ????(??)(15)341

Where: N is the observation time (days), which must be equal to 21 days. L j is the airport noise level referred342
to as a one-day observation time.343

The one-day airport noise level is defined mathematically as: ?? ?? =344
Where: L d and L n is the airport noise levels referred respectively to a daytime period (0600-2300 hours) and345

a night-time period (2300-0600 hours) xxv. Flygbuller (FBN)346
The Swedish equivalent of L eq , this metric includes a 9-hour night period (2200-0700 hours), with a weighting347

of 10 dB, and a 3-hour evening period (1900-2200 hours) with a weighting of 4.78 dB. Using 4.78 dB gives a348
numerical weighting on the number of flights of exactly 3, whereas the 5 dB weighting in L den effectively makes349
one evening flight count as 3.162-day flights (Jones and Cadoux, 2009).350

22 xxvi.351

Equivalent Aircraft Noise (EFN) Equivalent Aircraft Noise (EFN) is Norway’s L eq based metric. It is a composite352
index based on the equivalent continuous A-weighted sound level comparable to L den but including a continuous-353
time weighting factor. This applies the commonly used night weighting factor of 10 but avoids discontinuities at354
the beginning and end of the night period. Also, a Sunday day-time penalty is introduced. These functions are355
based on considerations of both sleep disturbance and annoyance (Jones and Cadoux, 2009).356

23 xxvii. Hourly L eq around the shoulder hours357

In civil airports in Switzerland, the 16-hour L eq is used (0600-2200 hours) for the daytime, whereas for the358
night-time, three 1-hour L eq values apply, for 2200-2300, 2300-2400, and 0500-0600 hours. The 1-hour L eq at359
night has a twofold function: they impose a limitation of the maximum allowable noise from a single event to360
minimize sleep disturbance, while on the other hand, they are also sensitive to the number of movements (Jones361
and Cadoux, 2009).362

24 xxviii. Kosten Index (Ke)363

Kosten Index (Ke) is a noise metric based on L max and has been in use in the Netherlands since 2003. However,364
in February 2003, the Kosten Index was replaced by L den , after a new Aviation Act came into effect for365
Schiphol Airport. Metrics based on L max do not consider the duration of the noise, and hence are possibly less366
representative of the disturbance due to the noise event. However, they are easier to measure and often much367
simpler for the public to understand (Jones and Cadoux, 2009).368

25 xxix. Psophic Index (IP)369

The Psophic Index (IP) is based on the PNL scale, with night-time movements weighted by a 10 dB factor, and370
with a trade-off of 10, and has been in use in France until April 2002. It was also used in Frenchspeaking areas of371
Belgium. However, the Psophic Index (IP) has been replaced with L den since 2002 (Jones and Cadoux, 2009).372

26 xxx. Noise Exposure Forecast (NEF)373

The NEF noise metric was first developed by the United States in the 1960s to predict noise levels in commercial374
airports. It combines the sound level expressed in EPNL with the number of events. A tradeoff factor of 16.7 is375
applied to night-time operations only (10 for day-time movements). It is like NNI in that only events above a376
certain EPNL are considered. NEF is used in Canada, Hong Kong, Spain, and Greece. A practical disadvantage377
of NEF is the difficulty of routine noise monitoring in EPNL. Australia uses a modified version of NEF, the378
Australian Noise Exposure Forecast (ANEF), which incorporates a weighting for1900-0700 hours.379

27 xxxi. Number of Events Above a Specified Level (NA)380

The Number of events Above (NA) is a noise metric that reflects the average number of times noise equals or381
exceeds a chosen threshold level during a specified period. NA contours can be depicted at any noise threshold382
level (x) and any user-defined number of events (z), using the notation ’NAx(z),’ meaning ’z’ events at or above383
noise level ’x.’ These analysis F parameters (x and z) may differ in each affected community, based on specific384
circumstances. No guidelines have yet been established for NA analyses, but individual jurisdictions may apply385
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national guidelines in such a way as to reflect unique conditions at each airport or heliport. So, each jurisdiction386
has some latitude in establishing local noise standards. The NA metric provides for much flexibility and can be387
applied to any noise environment, such as daytime, night-time, or any user-defined number of hours.388

28 xxxii. N 70389

To provide an easier way to relate the effects of aircraft noise to the Australian public, a new metric called the390
N 70 noise metric was developed (Southgate et al., 2000).The N 70 is useful because it can easily be understood391
by a novice. Also, the N 70 noise metrics are more sensitive to changes in noise levels than the ANEF. The N 70392
also has the advantage of permitting measured noise levels to be very neatly summarized for any given period.393
This type of information is useful as a supplement to L eq -based noise metrics and as a communication tool.394
A strong drawback of this noise metric is that it treats a noise event at 70 dB(A) the same as one at 90 dB(A)395
(Jones and Cadoux, 2009). xxxiii. Time-Above a Specified Level (TA)396

The Time-Above a Specified Level (TA) metric describes the total number of minutes that instantaneous sound397
level (usually from an airplane or helicopter) is above a given threshold. For instance, if 90 dB is the specified398
threshold, the metric would be referred to as ”TA90.” Any threshold may be chosen for the TA calculation. The399
metric can be sensitive to the type of aircraft that creates the noise, as different aircraft models will have different400
noise signatures. Time above threshold TA is determined from:???? (???? ??????????????) = ???????? (?? ??401
? ?? ?? )(17)402

Where:L A = A-weighted sound level L T = Threshold of reference in dB(A)403
The TA metric is typically associated with 24hour annual average daily conditions but can represent any404

period.405

29 xxxiv. Person Events Index (PEI)406

According to (Jones and Cadoux, 2009), the PEI allows the total noise load generated by an airport to be evaluated407
by summing, over the exposed population, the total number of instances where an individual is exposed to an408
aircraft noise event above a specified noise level over a given period. For example, if a departure off a specific409
runway at an airport by an aircraft type leads to 20 000 people being exposed to a single event noise level greater410
than 70 dB(A) then the PEI(70) for that event would be 20 000. If there were a further similar event, the PEI(70)411
would double to 40 000 since there would have been that number of instances where a person was exposed to a412
noise level louder than 70 dB(A). The PEI is expressed mathematically as:??????(??) = ? ?? ?? ??(18)413

where, ?? = the single event threshold noise level expressed in dB(A) P N = the number of persons exposed414
to N events > ?? dB(A)415

xxxv. The Average Individual Exposure (AIE) (Jones and Cadoux, 2009) argued that the PEI does not indicate416
the extent to which aircraft noise is distributed throughout a community. For instance, an annual PEI(70) of 2417
million for an airport could mean that one person has been exposed to two million events over70 dB(A) (if we418
imagine it were possible), or that two million people have each received one event or it could be arrived at by419
any other combination of the two factors. The AIE is mathematically expressed as:AIE = PEI Total exposed420
population(19)421

xxxvi.422

30 Composite Loudness level (L)423

This measure provides a quantitative measure of the overall loudness, and the relative contribution of each octave424
band to the overall loudness. It is useful for comparison purposes and gives vital information for the cost-effective425
application of noise control treatments. It was derived from empirical data with relatively flat spectra (no pure426
tones) and diffuse sound fields.427

Loudness levels in each octave band are determined from Tables. The composite loudness level L for all the428
octave bands is then:?? (??????????) = 0.7?? ?????? + 0.3 ? ?? ??(20 )429

where S max = Loudness index of loudest octave band S i = Loudness index of the i th octave band xxxvii.430
Noise Gap Index (NGI)431

The NGI is defined as the difference between aircraft noise and background noise. The NGI assumes that432
people living in areas of different background environmental noise levels may have different reactions to the same433
aircraft noise level. Mathematically, it is given as prescribed by (Issarayangyun, Samuels, and Black, 2004)434

31 Review of Previous Studies435

In the quest to determine the best and efficient method to evaluate noise, studies have been conducted on the436
different methods used in noise evaluation. One study is research by (Lamancusa, 2000), where he shed more437
light on the basic noise metrics, their application, computation, and drawbacks. Another study by (Miedema and438
Oudshoorn, 2001) produced a modelled noise annoyance distribution system with the mean varying as a function439
of noise where day-night level (L dn ) and day-evening-night level (L den ) were used as noise metrics. ??Revoredo440
and Slama, 2008)went further to present the Integrated Noise Model (INM) generated noise footprints method for441
establishing relationships between L dn used in airport noise zoning and L eq used in urban areas for evaluating442
annoyance. Also, (You and Jeon, 2008) investigated just noticeable differences (JND) of sound quality metrics443
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using refrigerator sounds. A substantial amount of improvement for each sound quality metric, which affects444
subjective responses to refrigerator noise, was noticed.445

In a review by (Hooper et al., 2009), the authors concluded that there was no best method to demonstrate446
aircraft noise exhibition, and any attempt to improve noise management should be engaged with the physiological,447
psychological, and sociological determinants of disturbance. From another survey on metrics, (Jones and Cadoux,448
2009) stated that the L eq indicator constitutes the basis for aircraft noise computation, it can quantify the449
number of noise occurrence, the noise energy, and the period in which the event occurred. Sound metrics for the450
description of environmental noise were reviewed by (Fiebig and Genuit, 2010).In apsychoacoustic test (More et451
al., 2010)showed that loudness has a higher annoyance magnitude than toughness, while roughness varies slightly452
in annoyance due to aircraft noise. These noise characteristics hurt humans living around airports as calculated453
and measured by (Osueke and Ofondu, 2011) using NNI, CNR, NEF, and CNEL noise metrics. ??Mertre et.al.,454
2011) developed a method for rating noises of diverse spectra character called perceived noise level (PNL) to rate455
annoyance effect of aircraft flyover noise. It was computed from sound pressure magnitudes quantified in octave.456
??Wang, Xia, and Xu, 2012) analyzed the foundational principles, computational method, and control standard457
of noise metrics of major countries of the world. He observed that existing airport noise metrics are not complete458
and needs improvement.459

In another development by (Helenoand Slama, 2013), a fuzzy logic system was used to evaluate the relationship460
between annoyance percentage, L day , and L night metrics for noise effects on aircraft inhabitants. Similarly,461
(Heleno, Slama, and Bentes, 2014) and a hybrid metric ISBAP) for their ability to predict human response to462
sonic boom out of twenty-five evaluated metrics. Also, (Torija, Self, and Flindell, 2016) estimated the 57dB(A)463
L eq contour area for the UK for several projected aviation growth rates and noise reduction rates due to new464
technologies. (Johansen, Horney, and Tien, 2017) reviewed the strength, limitations, and classified the existing465
community resilience metrics that apply across hazard and geographic areas.466

Out of the different noise metrics analyzed by (Spilski et al., 2019), L eq predicts annoyance better compared467
to L den , L max , Emergence, and NAT. Sound quality metrics, loudness, roughness, tonality, sharpness, and468
fluctuation strength analyzed in (Vieira et al., 2019) showed that sound quality metrics for aircraft landing and469
taking off were different, and the two metrics EPNL and PA mod were not in agreement for all aircraft types.470
(Taufner et al., 2020) compared metrics for environmental noise identification in schools in the airport area. The471
L dn and TA were investigated using acoustic simulation and noise mapping. Results showed that the criteria472
adopted by municipal and airport officials were unsatisfactory and do not reflect the intermittent behavior of this473
type of noise.474

Recently, (Asensio, Pavón, and de Arcas, 2020)proposed a minimum set of basic energetic indicators that475
allows communication and reporting, as the COVID-19 pandemic lockdown has affected environmental noise476
and modified urban soundscapes. In a review by (Rob, 2020) he emphasized the need to keep up with the use477
of the L eq -based metrics presently used for noise tracking and statutory description and also suggested that478
additional single event metrics be regularly issued by airports to better illustrate how noise is encountered on479
the ground.(Ma, Mak, and Wong, 2020) studied the impact of spatial factors on physical sound metrics and480
psychoacoustic metrics; the role and statistical parameters of the metric in characterizing acoustical properties.481
The study showed that that the sound intensity metrics L Z or L A , as well as the subjective loudness metric N482
are distance-dependent.483

Research by (Issarayangyun, Samuels, and Black, 2004) dealt with the development of a new noise metric for484
reporting and evaluating aircraft noise. The noise metric, which was termed the Noise Gap Index (NGI) was485
formed on the presumption that people living in places of dissimilar surrounding noise react dissimilarly to the486
same aircraft noise magnitude.487

Despite the detailed analysis done in all the reviewed literature, none of these studies captured all the important488
aircraft noise metrics in a single volume. This review paper has been able to itemize all the important aircraft489
noise metrics used internationally in a single volume. This will be a very useful reference for future researchers490
in environmental noise.491

32 IV.492

33 Conclusion493

A descriptive account of all the global aircraft noise metrics was given, emphasizing that L eq is the best for494
aircraft noise measurement because it is easy to measure and easy to understand by laypersons. The equivalent495
sound level (L eq ) gives the steady-state noise level over a specified period. It is the most widely used global496
aircraft noise metric since it considers the number of noise events, the noise energy, and duration of events. The497
L eq metric provides a more accurate evaluation of aircraft noise exposure for a specific period, particularly498
for day-time periods when the nighttime penalty under the DNL or L dn metric is not suitable. Just as SEL499
has proven to be a good measure of the noise impact of a single event, L eq has been established to be a good500
measure of the impact of a series of events during a given period. L eq can be adapted to account for different time501
sensitivities and have different weightings applied. This means that it has the potential to be adjusted to suit the502
preferences or characteristics of a community or noise source. L eq provides the basis for which other secondary503
aircraft noise metrics such as DNL or L dn and CNEL are developed. The multiple advantages of L eq as an504
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33 CONCLUSION

aircraft noise metric makes it the preferred choice for airport and heliport noise impact assessments, especially505
in Nigeria. This has resulted in a substantial volume of consistent aircraft noise data over the years, which can506
be easily compared to make a more informed judgment on the effects of aircraft noise on host communities.
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,
2014)

proposed a conversion based on noise annoyance
(CBA) method regarding interoperable use between
aircraft noise metrics, noise measurements, and socio-
acoustic surveys in converting Korean WECPNL into
L den .
Furthermore, (Loubeauet al., 2015)
recommended eight metrics (PL, ASEL, BSEL, ESEL,
LASmax, LAFmax, PNL,
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