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Abstract 
Subjective discomfort of airport community is often assessed as reported noise annoyance in rela-
tion to noise exposure level and noise sensitivity. In addition, it has been mentioned that higher 
affluent people appear to have higher contention to aircraft noise, but there is little literature ex-
plicitly supporting that. This paper investigates the relationships among aircraft noise exposure 
level, noise sensitivity, affluence status, aircraft noise annoyance, and annoyance by other noise 
sources (e.g., road traffic and neighbor noise). A structural equation model is developed and esti-
mated using data collected from residents, aged between 18 and 77 years old, living near Manila 
airport in the Philippines (N = 321). Results show that noise sensitivity, noise exposure level, and 
affluent status have positive effects on aircraft noise annoyance, suggesting that higher affluent 
people are substantially more annoyed by the aircraft noise than lower affluent people. The re-
sults also indicate that the annoyance by other noise sources is significantly influenced by noise 
sensitivity (p < 0.01), but not by the affluent status. This implies that people with higher affluent 
status consider more about the noise generated from aircraft than the noise from other sources. 
Following an airport development plan, the aviation authorities should also consider the affluent 
status of nearby communities in order to formulate a better aircraft noise management near that 
airport. 
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1. Introduction 
People often use their own definitions and construct their own evaluative contexts in response to the effects of 
aircraft noise [1]. Individual differences in the perception of aircraft noise could be the cause of noise com-
plaints, opposing to the airport development. Several studies examine the direct relationship between noise ex-
posure levels and annoyance to describe the effects of aircraft noise on people [2]. However, the perceived an-
noyance itself has been found to be affected by other factors, including background noise [3], frequency of 
overhead flights [4], time of day [5], and noise sensitivity [6]. 

Subjective annoyance is also affected by individual consideration about possible noise effects on health. 
People may promptly react to changes in noise exposure levels if they anticipate adverse health effects [7] [8]. In 
addition, noise annoyance is shaped by individual positions on aircraft noise and is strongly associated with the 
policy discourse. Ref. [1] found, based on a discourse resonance theory, that individuals developed their evalua-
tive frames on aircraft noise in relation to the (dominant) policy discourse. While some people may contemplate 
more on the economic growth rather than opposing the airport development plan, for instance, others may be 
dissonant with the plan due to distrust in the government to effectively reduce the effects of aircraft noise on 
nearby communities. The individual position on aircraft noise was investigated using two influential factors: 
noise exposure and noise sensitivity. Noise sensitivity is defined as personality trait that describes individual at-
titudes towards the effects of environmental noises [9]. When exposed to a given noise level, certain individuals 
report high annoyance while some others remain calm. This shows that noise sensitivity is a major predictor of 
noise annoyance, as has been demonstrated in both the field survey and laboratory experiment [10] [11]. When 
noise exposure is controlled for, noise sensitivity plays an important role in determining the difference in noise 
tolerance across individuals. 

Further, it is claimed that less affluent people are likely to be more tolerant of aircraft noise or feel unable to 
express their noise concerns [12]. Such noise tolerance would increase further if local residents benefited from 
the continued growth of the airport through job opportunities or business improvement. Although affluent status 
of airport nearby residents is claimed to have effects on noise perception, to the best of our knowledge, there is 
little study conducted to explicitly supporting that. 

This study explores the casual relationship among aircraft noise annoyance, noise exposure level, noise sensi-
tivity, affluent status, and annoyance by other noise sources. We develop a structural equation model (SEM) to 
investigate the casual relationship among the interested variables, using data collected from an interview survey 
with residents living near Manila Airport in the Philippines. The outcomes of this study add the understanding of 
individual perception towards the aircraft noise effects near an airport; specifically the effect of affluent status of 
airport nearby communities on their annoyance is empirically analyzed. 

2. Methodology 
2.1. Study Area 
The targeted subjects were those residents living near the Ninoy Aquino International Airport (NAIA), approx-
imately seven kilometers south of Manila in the Philippines. At first, several areas were considered. The local 
authorities, however, only granted us permission to conduct the survey in five locations, Figure 1. NAIA, the 
main international gateway for passengers and also the hub for all Philippines airlines, was selected as the study 
area because it has reached its maximum capacity, and a planning process is underway to accommodate its 
growing air traffic volume. 

There were 62 commercial airline fleets operated at NAIA and approximately 18 million passengers were 
transported in 2008. NAIA posted 6.46% increase in aircraft movements for the year 2010 [13]. In 2012, NAIA 
handled a total of 37 airlines for both international and domestic flights, yielding an increase in the commercial 
airline fleets to 119 with about 30 million passengers [14]. The increase in air transport service has affected the 
runway capacity. The runways of NAIA were reported to possibly accommodate an average of 36 takeoffs/ 
landings per hour, but the actual scheduled flights went up to 50 movements per hour. Consequently, traffic in 
NAIA reaches its maximum capacity during peak hours, resulting flight delays and cancellations [13] [14]. 

According to the Civil Aviation Authority of the Philippines (CAAP), NAIA’s secondary runway (RWY13/ 
31) has just opened to full operational aircraft services in order to decongest air traffic at the country’s premier 
airport. RWY13/31 has been upgraded to allow instrument operations. This runway is in operation only on a  
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Figure 1. Study area and estimated noise contour maps of NAIA. 

 
limited basis; for example, only southbound departures are allowed from this runway due to security reasons, 
while the operations of the northbound takeoffs were prohibited due to the possibility of aircraft incursions to-
wards the Malacañang airspace (Danilo Atienza Air Base). To accommodate the ever-increasing air traffic vo-
lume, the CAAP resolved the security issues by plotting a new take-off pattern that would prevent the intrusion 
of aircrafts over the presidential air space. The new take-off pattern currently allows up to 550 flights daily, on 
average, with about 450 flights using the main runway RWY06/24 and the remaining flights using RWY13/ 31, 
only if the wind conditions are favorable. Based on an estimate in [15], more than 200,000 people living within 
a six-kilometer radius from RWY06/24 were affected by a day night average noise level (DNL) of 65.0 dBA or 
above. This number is expected to increase following the new operation of the secondary runway. Targeted sub-
jects were mainly those living along the flight paths using the secondary runway. 

2.2. Aircraft Noise 
The official noise contour map at NAIA has not yet been made available to detail the recent operations of the 
secondary runway. For our analysis, we used the Integrated Noise Modeling package (INM 7.0) to generate the 
noise contour maps; so that, the (outdoor) noise exposure levels near the airport can be assessed. Due to the 
cross wind, the landing/takeoff operations can be made for all directions of both runways. Because the noise 
exposure level from a departure of an aircraft is relatively higher than the noise from a landing operation, we es-
timated the noise generated from a single departure operation for all departure directions. The operating aircraft 
types were chosen based on the actual evening flights: B777-300 and A320 for both departures from ends of 
runway RWY06/24 and RWY13/31, respectively. In this study, a maximum sound level (Lmax) measured in 
A-weighted decibel (dBA) was selected as the acoustical unit. Noise was measured in dBA in order to account 
for the relative loudness perceived by human ear. Lmax is the measurement of a single noise event and it is used 
here as a proxy variable representing the cumulative noise metric (i.e., DNL) at NAIA. The estimated noise 
contour maps were illustrated in Figure 1. The average noise exposure levels were Lmax = 67.4 dBA at site 1, 
Lmax = 52.6 dBA at site 2, Lmax = 65.5 dBA at site 3, Lmax = 67.8 dBA at site 4, and Lmax = 68.6 dBA at site 5. 
Because the size of the survey sites were small and address of interviewed residents was not recorded, each par-
ticipant was assumed to be affected by the site’ average noise exposure level. This resulted in ±5.0 dBA varia-
tion in noise exposure levels measured within the survey sites. 
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2.3. Interview Survey 
A face-to-face interview survey was carried out by canvassing door-to-door in the permitted survey sites near 
NAIA. Three experienced interviewers, who were trained to fully understand and administer the questionnaire, 
visited approximately 500 houses from May 27 to June 3, 2013. The effective sample size was obtained from 
321 volunteer participants, aged between 18 and 77 years old. Each participant received a monetary incentive of 
100 Philippine Pesos (PhP, 100 PhP = 3.32 US $, as of June 2013) for their time participation in the survey. The 
questionnaire was first written in English and later translated into Tagalog version. 

The questions were verbally back-translated into English in a pilot test, to ensure the consistency between the 
Tagalog and English versions. Although many of the Filipinos who were questioned could actually understand 
English, the interview was conducted in Tagalog in order to assist local residents in clearly understand the con-
tents of the questionnaire. The questionnaire comprised of six sections. Section 1 and 5 inquired about general 
noise perceptions that occurred on a daily basis. The questions were designed based on previous aircraft noise 
studies and according to the real situations at NAIA. Twenty questionnaire items were designed using a 7-point 
scale (1: unlikely, 4: neither, and 7: likely) because it is easy for participants to decide their judgments [16]. Sec-
tion 2-4 inquired about individual noise tolerance levels (i.e., the tolerable flyovers per hour) under a hypotheti-
cal airport. Section 6 inquired about personal information including age and income. This study only uses the 
information on the general noise awareness (e.g., annoyance by road, rail, and air traffic) and general noise sen-
sitivity from Section 1 and 5, and the personal information from Section 6. After the information screening 
process, the collected data are valid for further analyses. 

2.4. Participant Characteristics 
The characteristics of participants are summarized in Table 1. They had an average age of 38 years old. Majori-
ty of them was female (63.9%), married (65.4%), and living in their own house (73.8%). For those living in a 
rented house (26.2%), the average rental free was 3240 PhP. 31.0% of the participants were staff of a compa-
ny/government, having both part time and fulltime job, and 11.4% had own business. In average, except for  
 
Table 1. The characteristics of participants (N = 321). 

Variables Summary statistic 

Count data Mean SD Min. Max. 

Age of participants 38.02 12.21 18 77 

Number of family members in the house 4.89 1.92 1 13 
Monthly house rental fee (1000 PhP), 
84 observations 3.24 2.77 0.20 11 

Years of residing at the current residence, 
up to 2013 15.75 12.00 0 65 

Lmax
 (dBA) 64.8 5.6 52.6 68.6 

Categorical data Percentage 

Gender Male (36.1%), female (63.9%) 

Marital status Single (34.6%), married (65.4%) 

Tenant status House owner (73.8%), house renter (26.2%) 

Number of owned cars No car (73.2%), 1 (18.7%), 2 (5.9%), 3 or more (2.2%) 

Number of owned motorcycles No bike (75.1%), 1 (22.4%), 2 (2.2%), 3 or more (0.3%) 

Occupation Student (9.5%), self-employed (11.4%), staff/employed/part time (31.0%)  
housewife (25.3%), jobless/retired (11.1%), other jobs (11.7%) 

Average monthly income in 1000 PhP, ten classes 
from 1 to 10 

Less than 3 (47.3%), 3 - 6 (13.7%), 6 - 10 (10.0%), 10 - 15 (8.1%), 15 - 20 (6.2%), 
20 - 30 (5.0%), 30 - 40 (5.6%), 40-60 (1.9%), 60 - 100 (1.3%), 100 or more (0.9%) 

Monthly living expenses in1000 PhP, five classes 
from 1 to 5 2 or less (39.2%), 2 - 4 (29.3%), 4 - 6 (12.2), 6 - 8 (2.8%), more than 8 (16.5%) 

Survey site Site 1 (16.8%), Site 2 (16.8%), Site 3 (23.4%), Site 4 (19.6%), Site 5 (23.4%) 

1000 PhP = 33.2 USD as of June 2013 
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house and tuition fee, the participants spent approximately 4450 PhP for their monthly living including trans-
portation fee, foods, and health. However, more than haft (61.0%) could earn less than 6000 PhP per month. 
This because 25.3% of the participants were housewives, and their living expenses may mainly be based on the 
husbands’ income. While majority did not own a vehicle (73.2% had no car and 75.1% had no motorcycle), their 
common modes of transportation (88.8%) were public bus and paratransit (i.e., Jeepney, taxi, tri-cycle). In 2013, 
the average period of residence was about 16 years. Based on our estimation, interviewed residents at their cur-
rent house were exposed to an average aircraft noise of Lmax = 64.8 dBA. 

3. Model and Hypotheses 
3.1. Measurement Model 
For the measurement model, four latent variables (i.e., Aircraft noise annoyance, Annoyance by other noise 
sources, Noise sensitivity, and Affluent status) are defined to confirm the casual relationship among these va-
riables, see Figure 2. Each latent variable is operationalized using at least three questionnaire items, which 
would results in less biased estimates between the structural variables in the model. The model is specified by 
assuming that each set of items indicates its corresponding latent construct. Each item represents a subjective 
question, evaluated based on the 7-point scale (1: unlikely, 4: neither, and 7: likely). Table 2 shows the descrip-
tive statistics of these questionnaire items for each latent variable. 
 

 

Aircraft noise 
annoyance 

Noise 
sensitivity 

Affluent 
status 

H1 

Annoyance by 
other sources 

H2 

H3 

H4 

 
Figure 2. Conceptual SEM model and stated hypotheses. 

 
Table 2. Descriptive statistics of the subjective variables of the model. 

Latent variables and corresponding indicators Effect Mean SD Min. Max. 

Aircraft noise annoyance      

Aircraft noise is more annoyed than other noise (+) 2.91 1.87 1 7 

Annoyed by aircraft noise (+) 2.93 1.85 1 7 

Aware of problems causing by aircraft noise (+) 2.94 1.82 1 7 

Bearable several times with moderate aircraft noise (−) 4.86 1.96 1 7 

Care about aircraft noise when hearing indoor (+) 3.67 2.05 1 7 

Importance to have airport in the city (−) 5.01 2.17 1 7 

Annoyance by other sources      

Annoyed by neighbor noise (+) 3.70 2.38 1 7 

Annoyed by rail traffic noise (+) 1.99 1.67 1 7 

Annoyed by road traffic noise (+) 3.36 2.05 1 7 

Noise sensitivity      

Being easily awaken by noise (+) 4.51 2.35 1 7 

Good at concentrating (−) 4.78 1.94 1 7 

Sensitive to noise (+) 4.01 2.23 1 7 
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The “noise annoyance” construct is subjective in nature. To correct this construct for structural and random 
measurement errors, it is measured indirectly by six items related to the following questions: 1) Do you think 
aircraft noise is more annoyed than noise from other noise sources? 2) How likely does aircraft noise often an-
noy you? 3) How much do you know about the problems causing by aircraft noise? 4) Do you think you can 
endure with aircraft sound which is moderately loud several times per hour? 5) Do you care about aircraft noise 
when you hear it inside your house? And 6) Do you think it is important to have an airport in this area? Based on 
the average scores, it showed that participants highly acknowledged the important role of airport in their living 
area (5.01) while they appeared to get used to the moderately loud aircraft noise (4.86). The aircraft noise an-
noyance is expected to be positively influenced by items 1, 2, 3, & 5, and negatively influenced by items 4 & 6. 

The “annoyance by other noise sources” construct is indirectly measured by three questionnaire items, rele-
vant to the subjective responses of annoyance by rail traffic, road traffic, and neighbor noise. It was observed 
that the most annoying source was noise from neighbors, following by the noise from road traffic, and from air 
traffic. Higher score of each item represents a higher level of annoyance by other noise sources. 

Three items were used as indicators for the “noise sensitivity” construct. They are associated with the follow-
ing general noise sensitivity questions: 1) Are you easily awoken by noise? 2) Are you good at concentrating no 
matter what is going on around you? And 3) Are you sensitive to noise? The average score (4.01) indicates that 
participants were moderately noise sensitive people. Noise sensitivity is likely to have higher value for individu-
al who is sensitive to noise (Item 3) and who is easily awoken by noise while sleeping (Item 1), but have lower 
value for individual who is good at concentrating no matter what is happening around (Item 2). 

For the “Affluent status”’ construct, indicators are those variables representing the wealthy level of each indi-
vidual such as the monthly average income and expense, number of own vehicles (car and motorcycle), and oc-
cupation. A higher value of each item indicates a higher affluent status of an individual. For instance, individual 
with higher average income or with more monthly expense is whose wealthy level is higher. 

The noise exposure level, as contextual variable, is expected to have a positive effect on aircraft noise an-
noyance. This refers to the hypothesis that individual would have higher annoyance due to aircraft noise when 
they are exposed to a higher aircraft noise level [17]. On the other hand, the objective variables included in the 
model are individual age, marital status as married, rental fee of house, and the period of residing at the current 
house. The effects of these variables on latent constructs are to be explored. 

3.2. Hypotheses 
There are four hypotheses (H1, H2, H3, and H4) to be tested in the SEM; two related to the effects of “noise 
sensitivity” and other two related to the effects of “affluent status” on “aircraft noise annoyance” and “an-
noyance by other noise sources,” see Figure 2. Positive effects are expected for the four hypotheses. Individual 
who is sensitive to surrounding noise are likely to be more annoyed by that noise [6] [18]-[20]. Moreover, indi-
vidual who have higher affluent status is likely to react stronger to the noise annoyance from various noise 
sources [12] [21] [22]. This is true because richer people would prefer better environmental amenities including 
quietness around their living places. 

4. Results 
Figure 3 shows the results of the structural equation modeling that was employed to test the four hypotheses. 
The model was estimated using the statistical package AMOS 7.0, and its estimated standardized effects are 
provided in the figure, annexing to each path effect. The model has χ2 value of 645.211 with 197 degrees of 
freedom (df), which is significant (p < 0.000). The ratio between χ2 and df is computed at 3.275, which falls 
between 2 and 5, indicating a reasonable fit [23]. This model has the goodness-of-fit index (GFI) of 0.860 and 
the adjusted goodness of fit index (AGFI) of 0.820, which are slightly lower than 0.9 [23]. In addition, the root 
mean square error of approximation (RMSEA) has value of 0.084, a badness-of-fit index, which is slightly 
higher than 0.080 for a good fit but lower than the upper limit of 0.10. It seems the overall goodness-of-fit of the 
model is adequate for us to investigate the casual relationship among the interested variables. 

The numbers at the tails of arrows pointed to latent variables represents the percentages of explained variance 
in each endogenous latent construct. Particularly, R-square value for the aircraft noise annoyance is 0.25, indi-
cating that 25% of variance is explained; this is reasonably high comparing to previous studies (e.g., [6] [17] 
[24]). 
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Note: 
Value in italic is fixed to one 
*p < 0.1, **p < 0.05, ***p < 0.01 

0.25 

0.27 

.05 

 
Figure 3. Structural equation model and its estimate results with standardized effects. 

4.1. Effects of Noise Sensitivity 
Results show that the noise sensitivity construct has a positively significant effect on aircraft noise annoyance 
(H1, p < 0.01), consistent with the literature [20]. It is shown that noise sensitivity was not related to noise ex-
posure level, but rather included as an effect modifier in the noise-annoyance relation. Noise sensitivity is re-
garded as a major non-acoustical factor in determining individual reaction to noise; especially, it is a major an-
tecedent of aircraft noise annoyance, accounting for 10% - 26% of the explained variance in reaction responses 
[19]. Noise sensitivity seems to influence annoyance irrespective of aircraft noise exposure level [6]. To this end, 
by reducing high noise exposure level does not necessarily mean reducing noise impacts for highly noise sensi-
tive people, who simply get annoyed at low noise level. 

Positive effect of noise sensitivity on the annoyance by other noise sources is also significantly confirmed (H2, 
p < 0.01). This finding is consistent with previous studies (e.g., [25]). Considering across noise sensitivity 
groups, it was found through a laboratory experiment that annoyance increased with sensitivity to outdoor noise, 
including road and rail noise [18]. According to [26], approximately one out of five people are highly sensitive 
to moderately loud noise. Any planning that involves with environmental noise problems should consider the 
noise sensitivity people because noise sensitivity is a major cause of annoyance and other health related prob-
lems [18]. 

Further, noise sensitivity has previously been found to positively be influenced by age [6]. A similar influence 
is observed in this study; the effect of age on noise sensitivity is statistically significant at 10% confidential level. 
Other objective variables have insignificant effects on noise sensitivity. The sometime weak relationship be-
tween objective characteristics and latent constructs led to the belief that objective variables alone are not suffi-
cient as determinants of a latent construct [17]. The percentage of explained variance is small (R-square = 0.05), 
however, the indicators of noise sensitivity construct are highly significant. 

4.2. Effects of Affluent Status 
The results show that the affluent status has a highly significant effect on aircraft noise annoyance (H3, p < 0.01). 
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The positive sign indicates that individual with higher affluent status appeared to have higher annoyance by air-
craft noise. This finding is supported by [22] which found that people living in the area of greatest affluence 
have a significantly greater proportion of high annoyance due to aircraft noise. On the other hand, the noise 
complaint is partially linked to the affluent status of airport-nearby communities [12]. The potential to act as 
constraints to an airport development vary considerably with the social and economic needs. Less affluent 
people appear to be more tolerable with aircraft noise or weak to express their opposition to noise. Tolerance of 
aircraft noise for less affluent people would further increase if they receive benefits from the airport develop-
ment. However, high socioeconomic people have higher awareness of noise [27]. In contrast to low socioeco-
nomic people, they feel easier to avoid noise exposure (e.g., by relocation or having soundproofing installed in 
their houses). 

The affluent status had insignificant effect on annoyance by other noise sources (H4, p = 0.449). This implies 
that participants were not annoyed by other noise sources (rail, road, and neighbor noise). Although high afflu-
ent people near NAIA were not critically affected by other noise sources, they were indeed affected by the air-
craft noise. The relationship between the affluent status and subjective annoyance by other noise sources (not 
aircraft noise) might not be alike among people in developing and developed countries. In particular, there is a 
case that annoyance due to road traffic noise was found to be influenced by affluent and education status in 
France, but this was supported by the fact that a number of people with high affluent and educated neighbor-
hoods were exposed to very high traffic noise in at least part of the nearby areas [27]. 

It should be noted that the effect of affluent status on noise sensitivity was found to be insignificant and the 
corresponding path was removed from the model. This indicates that higher sensitivity to noise were not among 
wealthier participants. A conflict result was found for affluent communities around a UK regional airport [22]. 

4.3. Effects of Other Variables 
Aircraft noise exposure has a positively significant effect on aircraft noise annoyance (p < 0.05). This finding is 
consistent with previous research which has continuously reported that the subjective noise annoyance is closely 
linked to the noise exposure level [1]. Noise exposure level is often reported together with the corresponding 
subjective impression to describe the impacts of aircraft noise on human [2] [7]. This is one of the criteria to as-
sess the impacts of long term noise exposure [28]. Noise exposure is also used as potential variable to assess the 
property values affected by aircraft noise in the vicinity of airport [29]. In sum, noise exposure level serves as a 
potential variable for studies on the impacts of aircraft noise on airport nearby properties and lives. 

Results also show some significant effects of the objective variables on noise annoyance. For instance, the in-
dividual age has positive effect on noise sensitivity and negative effect on annoyance by other noise sources. 
Although older participant appeared to have higher noise sensitivity, they are less likely to be annoyed by 
ground transportation and neighbor noise, and they did care about the aircraft noise. Further, results suggest that 
participant who were residing longer period at the current house appeared to be more annoyed by the surround-
ing noise. Participant with longer residing period might have observed the increase in noise exposure level 
around the house due to, for example, increase in road traffic volume. By seeing so, the participant may have 
concerned over the surrounding noise. 

5. Conclusions 
This study explored the casual relationship among aircraft noise exposure, noise sensitivity, affluent status, and 
annoyance by aircraft noise and other noise sources. We paid special focus on the effects of noise sensitivity and 
affluent status on aircraft noise annoyance. The causal relationship was investigated under a structural equation 
modeling. The best selected model was estimated using data collected from interview survey with residents liv-
ing near NAIA in the Philippines. The results showed positively significant effects of noise sensitivity on an-
noyance due to aircraft noise and other noise sources (road, rail, and neighbor noise), consistent with previous 
studies. In addition, it was found that the affluent status had positively significant effect on the annoyance due to 
aircraft noise (i.e., not other noise sources), empirically confirming the claims by the literatures. Moreover, the 
effect of noise sensitivity was about twice, comparing to the effect of affluent status on aircraft noise annoyance. 
This indicates that primary provision of aircraft noise countermeasures for highly noise sensitive people and 
then affluent residents would help the aviation authorities to lessen the noise contention by the airport-nearby 
communities and to better manage the aircraft noise near airport. 
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The problem caused by aircraft noise will remain the main obstacle to airport growth following increased de-
mand for air transport services. In addition to technological improvement and the available noise mitigation 
procedures [30], on the other perspectives, the impacts of aircraft noise can possibly be minimized by addressing 
the differences in individual noise perception (e.g., noise sensitive person) and individual characteristics (e.g., 
affluent status, education level). Further research is required to profoundly investigate the effects of differences 
in individual attitude and social status towards the environmental noise—so that the appropriate noise counter-
measures could be suggested as number of flights seems to increase worldwide. 
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