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  To assess the effect of aircraft noise on people in Vietnam, socio-acoustic surveys of community response to aircraft
noise were conducted in residential areas around three airports in Ho Chi Minh City, Hanoi, and Da Nang. The commu-
nity response was obtained by face-to-face interviews during the daytime on weekends. The aircraft noise was measured
for seven successive days. Aircraft noise exposures ranged from 53 to 71 dB, from 48 to 61 dB, and from 52 to 64 dB
Lden in Ho Chi Minh, Hanoi, and Da Nang, respectively. A representative dose-response relationship for aircraft annoy-
ance in Vietnam has been proposed on the basis of 3487 responses and noise data obtained by field measurements at 25
sites. The curve for Vietnam was found to be slightly higher than, but otherwise consistent with, the European Union’s
curve. The respondents in each surveyed city exhibited different levels of annoyance for the same aircraft noise exposure.
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1. Introduction 
 
In areas near airports,�aircraft noise annoyance has become an increasingly important issue with the 
increasing prevalence of air travel�and environmental awareness. Assessing the response of residents 
exposed to aircraft noise is important for achieving a reliable solution to manage and minimize the effects 
of aircraft noise on people. This study reports the results from surveys on aircraft noise annoyance 
conducted in residential areas around three airports in Vietnam. This study marks the first effort to assess 
the impact of aircraft noise on the communities in Vietnam through comprehensive, large-scale research. 
In order to establish policies and perform appropriate noise countermeasures for the communities, it is 
essential to understand the variations in the responses between communities [1]. In the present study, we 
propose a representative dose-response relationship for aircraft noise annoyance in Vietnam, compare it 
with the European Union’s curves, and identify the factors that moderate the differences in the responses 
among cities. 
 
2. Methods 
 
2.1 Survey sites 

The three cities selected for study are evenly spaced along the length of Vietnam from north to south; each city is 
distinct with regard to size. Ho Chi Minh City and Hanoi are the busiest metropolitan areas in Vietnam with 
populations exceeding 7 million. The population in Da Nang is about 0.9 million. Tan Son Nhat Airport in Ho Chi 
Minh City, Noi Bai Airport in Hanoi, and Da Nang Airport in Da Nang are the three largest international airports in 
Vietnam. However, their handling capacities are considerably different. During the measurement periods, the 
average number of flights per day in Da Nang Airport was 78, and the averages for Noi Bai and Tan Son Nhat 
Airports were 157 and 225, respectively.  

At each airport, sites were chosen to give a range of aircraft noise exposures by including locations at various 
distances and directions relative to the airports. Ten residential sites around Tan Son Nhat Airport were selected, 
consisting of eight sites under the approach and departure paths of aircraft and two sites to the north and south of 
the runway. Nine sites around Noi Bai airport were selected, consisting of seven sites under the approach and 
departure paths of aircraft and two sites to the south of the runway. Six sites were selected along the north to the 
south direction of Da Nang Airport including one site to the north and five other sites to the south of the airport. Tan 
Son Nhat Airport is located in a crowded residential area of Ho Chi Minh City and is surrounded by busy 
commercial streets. Noi Bai Airport is located in a scattered rural area far from downtown Hanoi but right at the 
hub of many national arterial roads and industrial zones. Da Nang Airport is located 3.2 km southwest of 
downtown Da Nang, and all the target houses lie in rural and sparsely populated villages along the national 
highway crossing Da Nang except the site to the north of the airport. Unlike the surveys on aircraft noise in Hanoi 
and Ho Chi Minh City, which surveyed the impact of aircraft noise in both single and mixed-noise environments, 
aircraft noise in Da Nang was investigated as only a single source. Since the situations in the vicinities of the three 
airports were quite different, this study was expected to provide an elaborate approach to rate aircraft noise 
annoyance across communities in Vietnam. 
 
2.2 Social surveys 
 
Social surveys of the community response to aircraft noise and combined noise from aircraft and road traffic were 
conducted around Tan Son Nhat Airport in Ho Chi Minh City from August to September of 2008, around Noi Bai 
Airport in Hanoi from August to September of 2009, and Da Nang Airport in September of 2011. Community 
responses were obtained through a face-to-face interview questionnaire presented as a social survey of the living 
environment. Two scales—5-point verbal and 11-point numeric—constructed according to the method of the 
International Commission on Biological Effects of Noise (ICBEN) were used [2].  
 
2.3 Noise measurements 
 
Since there was a lack of available noise data in Vietnam, all noise databases for this study were compiled using 
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field measurements that were conducted during the social surveys. Aircraft noise exposure was measured every 1 
s for seven successive days using sound level meters (RION NL-21 and NL-22) at selected sites. Microphones 
covered with omni-weather wind screens were positioned on the rooftops of the highest houses at the sites—1.5 
m above the roofs and at least 1 m away from any other reflecting surface. Flight numbers and conditions were 
obtained from the home page of the airport offices. Combined noise was measured every 1 s for 24 h on the road 
shoulders of selected streets. Traffic volume was counted by panel-replaying recorded video for 10 minutes every 
hour. 
 
3. Results and discussions 
 
3.1 Demographic factors of the surveys 

 
In total, 3487 responses were obtained in the surveys at 25 sites of the three cities. The outline of the surveys is 
summarized in Table 1. The response rates were high, from 84% to 87%, with comparable numbers of 
respondents at each site. Some of the socio-demographic factors of the surveys are summarized and compared 
with the demographics of the Vietnamese population in Table 2. The ratio of males to females in all surveys was 
well balanced and comparable to the ratio obtained in the Vietnam population census. The response rates from the 
age groups ranging from 20 to 60 were slightly higher than those obtained in the Vietnam population census. The 
contributions of employed respondents varied over a slightly wider range among the surveys, but they were still 
comparable to those obtained by the Vietnamese population census. All data represent the balanced and unified 
structure of the responses to our study surveys. 

3.2 Noise exposure  
Noise exposures were from 53 to 71 dB, 48 to 61 dB, and 52 to 64 dB Lden in Ho Chi Minh City, Hanoi, 
and Da Nang, respectively. The highest noise exposures observed in the surveys were in Ho Chi Minh 
City, which is reasonable considering its relatively high flight volume. The highest aircraft noise 
exposure level (Lden = 71 dB) was found at Site 5, which had a measurement point outside the fence of 
the airport under the landing path of the aircraft. This is also the closest site to the airport that was found 
in all the surveys of this study. The highest levels in Hanoi were observed at Sites 3 and 8 (Lden = 61 
dB), which were the sites closest to the areas under the landing and takeoff paths of aircraft, 
respectively. In Da Nang, the residents of Site 4, the second nearest site, were exposed to the highest level of 
aircraft noise (Lden = 64 dB). Despite the large difference in airflow, aircraft noise exposure level was 
equivalent between Ha Noi and Da Nang. In Hanoi, the airflow was high but largely the result of civil 
aircraft traffic. Da Nang, on the other hand, operates many military aircraft, which emit a high noise level 
from their engines. The average background noise levels defined by the 95th percentile (L95) were 47.6 dB, 
43.6 dB, and 41.1 dB in Ho Chi Minh City, Hanoi, and Da Nang, respectively. These results correspond 
to the significantly larger traffic volume recorded in Ho Chi Minh City and the moderate number of road 
vehicles in Da Nang. 

Table 1 – Outline of the surveys. 

 Site ID 
Total 

 1 2 3 4 5 6 7 8 9 10 
Ho Chi Minh City             

Sample size 
Single noise survey 85 86 90 90 90 83 90 88 89 89 880 
Combined noise survey 90 66 88 89 90 85 87 87   682 

Response rate           87% 
Hanoi             

Sample size 
Single noise survey 96 89 100 99 76 99 88 90 87  824 
Combined noise survey 99 70 53 27 67  81 77 99  573 

Response rate           85% 
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Da Nang            
Sample size 85 78 77 99 99 90     528 
Response rate           84% 
 

Table 2 – Some demographic factors of the surveys. 

Items Ho Chi Minh 
(%) 

Hanoi 
(%) 

Da Nang 
(%) 

Demographics of 
Vietnam (%) 

Gender  
Male 47 49 47 49
Female 54 52 53 51
Age  
20-39 59 47 48 84
40-59 32 42 39 
Older than 60 9 11 13 16
Occupation  
Employed 42 59 61 52
Students, housewives, retired, and unemployed 58 42 39 48
 
3.3 Dose-response relationships 
 
Figure 1 shows the dose-response relationships established for Ho Chi Minh City, Hanoi, and Da Nang. Ho Chi 
Minh City and Da Nang’s curves are much lower than Hanoi’s. The dose-response curves for aircraft in Da Nang 
were consistent with those in Ho Chi Minh City. The separation of Hanoi’s curve and the good fit of Da Nang and 
Ho Chi Minh’s relationship have not been explained fully. However, the results can be expected considering the 
geography and history of the three cities. Da Nang and Ho Chi Minh City are quite similar in climate, living 
conditions, social customs, history, and so forth.  

Finally, the synthesized curves of Da Nang, Hanoi, and Ho Chi Minh City were superimposed and compared 
with those of the European Union (Figure 2). The data obtained from Da Nang clarifies that the relationship for 
aircraft annoyance in Vietnam is closer to the European Union than previously considered, but it shows a lower 
curve for road traffic noise. It could be argued that, at the same noise exposure level, Vietnamese were more 
disturbed by aircraft noise but less annoyed by road traffic noise than European people. 

 
Figure 1 – Comparison of the relationships established for Da Nang to those for Hanoi and Ho Chi Minh City. 
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Figure 2 – Comparison of the dose-response relationships for aircraft and road traffic noises synthesized from the 

data of Hanoi (HN), Ho Chi Minh (HCM), and Da Nang (DN) to the European Union’s corresponding curves. 

 
In this study, Lden represented the day–evening–night average aircraft noise. The 95th percentile (L95) was 

defined as the background noise level, while the 1st percentile (L1) was used to indicate the upper limit of 
fluctuating aircraft noise. Pearson’s correlation coefficients were calculated to measure the relationship between 
the noise metrics and annoyance represented by each of three variables: individual annoyance score, average 
annoyance score, and percent highly annoyed (Table 3). The results showed that all three annoyance variables 
were statistically and significantly correlated at the 0.01 level with the noise metrics except at the individual score 
and L1 of the Da Nang survey, which correlated at the 0.05 level. It is worth noting that the coefficients between 
L95 and annoyance variables were negative for the surveys in Ho Chi Minh and Da Nang but positive for those in 
Hanoi. These results indicate the different effect of background noise level on the responses among the cities. 
While the annoyance became higher when the background noise level increased in Hanoi, it decreased when the 
background noise level became higher in Ho Chi Minh and Da Nang. This finding is similar to the outcome of 
our study on the response difference between the respondents in the combined and single noise surveys [3]. This 
study pointed out that the higher background noise level yielded more annoyance in combined noise surveys but 
helped to mask the aircraft events; therefore, it decreased the annoyance in single noise surveys. This finding 
emphasizes the role of the background noise level on the annoyance of the respondents in the surveyed cities and, 
at the same time, helps explain the similarity of the responses obtained in Da Nang and Ho Chi Minh and the 
difference of the response community in Hanoi. 

Table 3 – Pearson’s correlation. 

 Ho Chi Minh Hanoi Da Nang 
 Lden L95 L1 Lden L95 L1 Lden L95 L1 
Individual score 0.521** -0.101** 0.316**  0.328** 0.240** 0.375**  0.252** -0.131** 0.100* 

Average score 0.707** -0.122** 0.401**  0.503** 0.445** 0.551**  0.573** -0.240** 0.270** 

%HA 0.610** -0.101** 0.447**  0.522** 0.329** 0.512**  0.344** -0.469** 0.146** 
 
3.4 Community tolerance level 
The dose-response relationships resulting from this study were derived from a fitting function produced 
by a logistic regression %HA = 100/(1+ea+b*Lden) based on the individual respondent-level data set. The 
wide scatter of data points for the percentage of the highly annoyed at each interview site (Figure 3) 
implied the contribution of other variables than noise exposure to the reaction of the residents to noise.  

Recent studies of Fidell et al. developed a different approach by applying a model based on the 
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hypothesis that the rate of change of annoyance with transportation noise should increase at the same rate 
as the duration-adjusted loudness of exposure [4]. In this model, instead of fitting a curve to the entire 

data set, each set of surveyed site’s data was fitted and calculated as m=����
���

	
 ���� . Then, the 

probability of high annoyance was computed as p(HA) = �
��

�

�
���, where A is found by minimizing the 

least square difference between the probability of high annoyance predicted by “the effective loudness 
function” and those observed at the interviewing sites. This approach created a new definition termed the 
Community Tolerance Level (CTL), given by CTL = 5.31 + 3.33× Log10A. CTL defined a noise level 
value at which half of the people in a community describe themselves as “highly annoyed” by noise.  

Figure 3 shows a comparison of the dose-response relationships established by fitting the data to the 
effective loudness function with the curves produced by using the logistic regression function. The CTL 
values of the aircraft noise surveys in Ho Chi Minh City, Hanoi, and Da Nang were 75.1, 66.5, and 77.1 
dB, respectively. In other words, the respondents in Da Nang were the most tolerant of aircraft noise 
among all the investigated cities. The CTL provides a tool to understand the level of differences in 
reactions to noise between communities in decibel units.  
 
 

 

 

 
 
 

Figure 3 – Comparison of the dose-response 
relationships established by fitting the data to 

the effective loudness function with the 

curves produced by using the logistic 

regression function. 

4. Conclusions 
Representative dose-response relationships for aircraft in Vietnam were proposed according to data 
obtained in Hanoi, Ho Chi Minh, and Da Nang City. It was found that the surveyed Vietnamese 
populations were more disturbed by aircraft noise than European people were. The respondents in Da 
Nang were found to be the most tolerant of noise among all those in the investigated cities according to 
the results of CTL. 
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