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Although air filter towers are commonly used to improve air quality in urban areas,
their operation often produces significant noise levels, and their noise impact is
unknown. In this research paper, a case study on the noise impacts of an outdoor air
filter tower in city open areas and on building façades is conducted by noisemapping.
Noise levels around the filter towerwere firstmeasured in situ, and a predictionmodel
for noise mapping was built and well-calibrated by comparing the predicted and
measured results. Noise mapping was then carried out to investigate noise exposure
in city open areas and on façades in four typical urban blocks with different
morphology. Simulated results highlight noise level improvement with the increase
of façade height at some high-rise buildings whose heights are higher than the
neighboring ones. In addition, urban morphology, including building height and
density, as well as the distance between the source and the building, has an
impact on noise exposure. The utilization of sound-absorbing building envelopes
has been identified as an effectivemeans of reducing noise on building façades, with a
maximumattenuation of approximately 4 dB(A) observed, but the effectiveness of this
method is limited at certain positions. This study provides valuable insights into the
impact of filter towers on noise levels and offers suggestions for urban sound
planning.
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1 Introduction

Noise is an important public issue and is recognized as an environmental pollution source.
Noise evaluations and mapping (Licitra et al., 2022) are needed for the well-being of citizens or
workers exposed to high noise levels. Noise prevention plays a vital role in avoiding noise levels
that lead to complaints (Gaetano et al., 2019; Lou andOu, 2019; Tong andKang, 2021) and health
effects, such as sleep disorders with awakenings (Erickson and Newman, 2017; Minichilli et al.,
2018), hypertension ischemic heart disease (Bluhm et al., 2007; Dratva et al., 2012; Van Kempen
and Babisch, 2012), diastolic blood pressure (Lee et al., 2019; Petri et al., 2021), decreased working
performance (Horr et al., 2016; Rossi et al., 2018; Vukić et al., 2021), and annoyance (Miedema
and Oudshoorn, 2001). It is a growing concern among both the general public and policymakers
all over the world. In response to this concern, various organizations (ISO, 1987; World Health
Organization, 2018) and national governments (BS, 1991; ASTM E, 2003; GB, 2008) have
developed guidelines and recommendations for noise exposure to safeguard public health and
welfare by providing measures to mitigate the impact of noise pollution.

Large cities are confronted with substantial challenges arising from noise pollution
generated by human activities. Nevertheless, long-term noise monitoring in these urban
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environments presents a financial burden for administrations.
Consequently, a paradigm shift has occurred in urban area
management, leveraging the information and communication
technology revolution and giving rise to the concept of smart
cities. In line with the evolution toward smart cities, new
technologies (Jezdovic et al., 2021; Renaud et al., 2023) have been
developed to provide smart noise solutions and address the cost
concerns associated with measurement instruments (asdrubali and
D’alessandro, 2018). One such technology is the Internet of Things
technology within smart cities, through the design and development
of wireless acoustic sensor networks (WASNs) (Liu et al., 2020). Low-
cost, high-capacity sensors have started being used tomonitor specific
noise sources in urban environments (Alías and Alsina-Pagès, 2019).
For instance, a digital signal processor based on an acoustic sensor was
designed by López et al. (2020) for outdoor noise monitoring in smart
cities. In addition, intelligent transportation systems (ITSs) can also be
utilized to monitor noise levels based on traffic flow detection using
camera images and machine learning methods (Fredianelli et al.,
2022a). The instrumentation and methodology could be integrated
with the existing ITS for traffic control to design an integrated
method, which could also provide updated data over time for
noise maps and action plans.

Noise monitoring, noise mapping, and noise modeling are
widely utilized to investigate noise impact. Researchers have used
noise monitoring data for the development of noise maps, which
gives a clear picture of the noise level around the source. Predicting
the noise level by noise modeling is always necessary for taking
decisions regarding the noise level for any development project
(Alam et al., 2020). It has been observed that 90% of the studies on
noise evaluation are focused on traffic noise, such as road traffic (
Cueto et al., 2017; Fredianelli et al., 2022b; Ruiz-Padillo et al., 2016),
railway traffic (Bunn and Zannin, 2016), airport (Iglesias-Merchan
et al., 2015), and port activities (Nastasi et al., 2020; Fredianelli
et al., 2022b), while the remaining 10% focused on residential,
commercial, and industrial areas (Alam et al., 2020). For
instance, a case study (Paiva et al., 2019) found that noise levels
at measured points exceeded the critical level of 55 dB(A) and
demonstrated the associations between living in areas exposed to
road traffic noise and feeling annoyed with the noise. Another field
study (Alam et al., 2021) investigated traffic noise near major roads
passing through densely populated residential areas, and monitoring
results showed non-compliance with regulatory standards for
daytime and nighttime noise. Xie et al. (2016) also found that
both the outdoor and indoor acoustic environment of residential
areas along light rapid transit lines largely exceeded the national
standards by up to 15 dB(A). Bunn and Zannin (2016) pointed out
that the simulated noise mitigation measures, such as the exclusion
of trains’ horns, the inclusion of acoustic barriers, and the removal of
railway tracks from the urban perimeter, could lead to a reduction of
2–12 dB(A) in railway noise levels reaching the façades of hospitals
and schools. For air traffic noise, it was found that sound pressure
levels increased by approximately 8 dB(A) from natural ambient
levels, but public opinion did not perceive aircraft noise disruption
as being relevant as that quantified by technical procedures (Iglesias-
Merchan et al., 2015). In addition, Nastasi et al. (2020) measured the
noise emissions of moving ships and built a multiple regression
analysis to understand the influence of parameters, such as
minimum distance, speed, and draught, on ships’ noise

emissions. Studies have also examined the impact of various
types of environmental noise, including residential noise (Akhtar
et al., 2016), commercial noise (Akhtar et al., 2016), and wind
turbine noise (Qu and Kang, 2017).

The literature review reveals the noise problem as an important
public issue. Traffic noise is the most commonly recognized
environmental noise concern, while other sources, such as
commercial noise, wind turbine noise, and leisure noise, are also
being increasingly acknowledged. It is also demonstrated that
different types of noise can have varying effects on noise levels (Hao
et al., 2015; Qu and Kang, 2017), and the results obtained regarding
noise impact may be influenced by source types, including the height of
the source, sound power level, and spectrum. An air filter tower is a kind
of facility for mitigating outdoor pollutant concentrations and
increasing wind ventilation by fan blowers, and it is, thus, widely
utilized in urban areas (Tan et al., 2017; Bachler et al., 2021). Air
pollution in high-density megacities has a higher impact on public
health than in cities of lower population density (Kunzli et al., 2000).
Bulky building blocks, compacted urban volumes, and very limited
open spaces seriously block pollutant dispersion in deep street canyons
(Hang et al., 2012). Nevertheless, the generation of high-level noise,
both mechanical and aerodynamic, during the operation of air filter
towers inevitably has a negative impact on the urban soundscape.
However, published studies (Tan et al., 2017; Bachler et al., 2021) have
primarily focused on the effectiveness of air filter towers in reducing
urban pollutant concentrations. It is interesting to examine their impact
on noise levels and to investigate noise distributions of airfilter towers in
urban environments.

Therefore, this study aimed to evaluate and understand the noise
impacts of an outdoor air filter tower in city open areas and on
building façades by noise mapping. Specifically, noise levels around
the filter tower were first measured in situ, and a prediction model
for noise mapping was built and well-calibrated by comparing the
predicted and measured noise levels. Noise mapping was then
carried out to investigate noise exposure in city open areas and
on building façades in four typical urban blocks with different
morphology. In addition, the effects of sound-absorbing building
envelopes on noise reduction were also discussed.

2 Methodology

2.1 Site selection

In this study, the noise impact of an outdoor air filter tower was
investigated at four common sample sites, as shown in Figure 1. The
sample sites were selected based on their position in relation to
neighboring buildings, also taking into account the location of the
air filter tower (indicated by the solid dot at the intersection of the x-axis
and y-axis). Each of the four sample sites was selected to represent a
different scenario for the placement of the air filter tower. Site A was
situated in an open area with low building density, resulting in a sound
field that closely approximated a semi-free field. In contrast, site B
featured the air filter tower placed in front of a row of buildings,
simulating a single vertical reflection boundary near the source in
outdoor space. Sites C and D were selected to represent scenarios with
four and two vertical reflection boundaries, respectively, in order to
capture a range of potential noise propagation patterns. In addition,
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sites A and B were selected from residential areas with a range of multi-
story and high-rise residential buildings of varying forms. Site C was
situated in a mixed-use area featuring a combination of single-story
factories and multi-story office buildings, while site D was located in a
commercial area characterized by high building density and deep street
canyons. A grid of 250 × 250 m was created for each site, with
consideration given to both computational efficiency and the
potential impact of filter tower noise.

As shown in Figure 2, the outdoor air filter tower in this study is
of a pentagonal prism with a height of 5.35 m, and each side of the

pentagonal plane is 1.1 m in length. The air flows through the inlet to
be purified in the filter chamber, and the purified air, driven by fan
blowers, flows through the circular outlet toward urban areas. High-
level noise, emitting from the fan blower chamber, propagates
toward the surrounding environment.

2.2 Measurement of the air filter tower noise

Noise measurement aims to verify the acoustic parameters
and reliability of the prediction model of the outdoor air filter
tower by comparing the predicted noise levels and the measured
ones. As shown in Figure 3, the air filter tower was positioned
on an outdoor flat, hard ground between two buildings, 220 m
away from the vehicle road, and operated at its maximum fan
blade speed of 1780 r/min. To ensure that the noise levels were
solely produced by the air filter tower and not by other sources
(mainly traffic noise), noise measurements were conducted
after rush hour at approximately 18:00. Measurements were
conducted at two different heights (1.2 m and 6 m) above the
ground, and six microphone positions were evenly arranged at
each height in a semicircular pattern, 5 m away from the exterior
wall of the air filter tower, to obtain the sound power level of
the air filter tower noise (ISO, 2010). A portable sound level meter
(type 01 dB Fusion, Acoem, France) was utilized to record sound
pressure levels (SPLs) at 1/3 octave bands and A-weighted
equivalent SPLs (LA,eq). A recording time of 20 min was chosen
for each microphone position to ensure accuracy and consistency in
the measurements. In addition, immediately after the noise of the
filter tower was measured, the background noise was also recorded
at each microphone position over the same measurement time
interval.

FIGURE 1
Plans and 3Dmodels of the four selected sites with different urban forms, each with 250 m × 250 m, where buildings are in gray and open areas are
in white. The solid dot at the intersection of the x-axis and y-axis represents the air filter tower; the capital letters, (A–D), are the number of the
corresponding sites; the hollow circles in sites C and D are some typical calculation positions in noise mapping in Section 3.5.

FIGURE 2
Photograph of the outdoor air filter tower used in this study.
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2.3 Simulation of the air filter tower noise

To investigate noise exposure and impacts of the filter tower on
the sample sites, an acoustic prediction model was built for noise
mapping with a commonly used noise mapping package: Raynoise
3.0 by LMS International. It uses advanced beam tracing methods to
predict the sound field produced by sources at any locations in
closed, open, or partially open spaces (Bistafa and Bradley, 2001;
Gerges and Gomes, 2001; Huang et al., 2012). The 3D virtual model
of each site was first built in AutoCAD, and then it was imported to
Raynoise. As shown in Figure 1, the ground was situated in the x–y
plane (z = 0), and the center of the bottom of the air filter tower was
located at the origin of three axes. The filter tower noise wasmodeled
as the point source, and the sound power level of the source was
calculated (ISO 3744: 2010, 2010) based on themeasured noise levels
on the microphone positions and is given in Table 1. Three-point
sources were positioned at the geometric center of the fan chamber,
4.8 m above the ground. Background noise, in accordance with the
measured values, was also considered in noise mapping and is given
in Table 1. In addition, ground and building envelope surfaces were
considered acoustic boundaries with specific sound-absorption
coefficients. The sound-absorbing properties of the materials of
the prediction model, which were initially set in accordance with
the values in Raynoise and the literature (Vorländer, 2008; Cox and
D’Antonio, 2004), were adjusted to decrease the differences between
the predicted SPLs by noise mapping and measurement at
microphone positions. The final absorption coefficients of
different materials used in noise mapping are listed in Table 2.
In addition, the effects of sound diffraction on building edges were

also considered. The air temperature was set to 25°C and relative
humidity to 60% for atmospheric absorption. The number of rays
was 4,000 and the reflection order was set as 5.

3 Results and discussion

3.1 Validations on the prediction model for
noise mapping

To verify the acoustic parameters and reliability of the
prediction model of the filter tower noise, comparisons of noise
levels between the measured and predicted values at different
heights are shown in Figure 4 and Table 3, where the noise levels
in Figure 4 are the average values at microphone positions of the
given height. It can be seen that, in Figure 4, measured noise levels at
the height of 6.0 m were higher than the results at 1.2 m since the fan
blower chamber was located around 5 m above the ground. For each
measurement height, a difference of approximately 4 dB at the
frequency range of 63–500 Hz between the measured and predicted
results was found, and the difference was up to 5 dB over 1,000 Hz.
However, predicted noise spectra were equal to those obtained by
measurement. In Table 3, smaller differences for LA,eq within 2.2 dB
(A) are observed. It should be mentioned that LA,eq was utilized to
describe the noise levels of the air filter tower in the present work,
and minor errors, thus, exist when investigating noise exposure in
open areas in Figure 5 and Figure 7, but there was no influence of the
uncertainty of the prediction model on noise reduction.

3.2 Noise exposure in open areas

Noise exposure in open areas with sound-reflecting building
envelopes, 1.2 m above the ground, of the four sample sites by
noise mapping is presented in Figure 5A. Noise maps vertically
along the y-direction (x = 0) are also illustrated in Figure 5B. It can
be seen that open areas and building façades were impacted by the air
filter noise. For instance, in site A, noise levels on building façades were

FIGURE 3
Schematic diagrams of noise measurements of the filter tower
(unit: m).

FIGURE 4
Measured and predicted SPLs at different measurement heights
above the ground, 5 m away from the exterior wall of the air filter
tower.
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lower than the recommended values in residential areas during
daytime (55 dB(A) in ASTM E 1686-03 and GB 3096-2008), while
noise levels on some building façades impacted by direct sound of the
filter tower exceeded the limit at night (45 dB(A) in GB 3096-2008).
High noise levels larger than 55 dB(A) were also found on those
building façades impacted by the direct sound in site B, which exceeded
the limits in residential areas both during daytime and at night
(50 dB(A) in the nighttime in ASTM E 1686-03 and 45 dB(A) in
the nighttime in GB 3096-2008). In sites C and D, noise levels on
building façades close to the air filter tower also exceeded the limits in
commercial areas at night (50 dB(A)) in GB 3096-2008. It is worth
noting that the comparisons between the noise levels generated by the
air filter tower and the recommendations provided by the World
Health Organization (World Health Organization, 2018) were not
discussed in this study. This is because the noise criteria outlined by the
WHOprimarily focus on transportation noise, wind turbine noise, and
leisure noise rather than specific noise sources such as air filter towers.

Strong reflection against the surfaces of buildings was clearly
observed due to the low absorption performance of the façades,
leading to higher noise levels in open areas. However, noise levels
on buildings that were insulated by others decreased dramatically,
achieving the creation of shadow zones with lower noise levels around
buildings. These observations highlight the significant impact of
buildings on noise resistance, as evidenced by the limited impact
areas in the street canyon of site D. The resisting effect of buildings
was also observed in other published studies on wind turbine noise
(Qu and Kang, 2017) and traffic noise (Hao et al., 2015). The resisting
effects of built environment morphology can create large variances

among noise exposures at different buildings (Qu and Kang, 2014).
This is because noise propagation in a densely built area is affected by
the acoustical effect of absorbing, reflecting, and shielding from
buildings, which promotes the creation of protected areas or
shadow areas in an urban context (Oliveira and Silva, 2011).
Furthermore, the present study also observed varying effects of
urban form on noise resistance and exposure in open areas across
the selected study sites, and it is interesting to further investigate
quantitative correlations between noise exposure and urban form to
enable more accurate predictions, analyses, and prevention of noise
pollution through the efficient design of urban planning.

3.3 Noise attenuation in open areas

This section investigates the noise attenuation of the filter tower in
open areas when considering the impact of sound-reflecting building
envelopes. As shown in Figure 6A, the relative attenuation of noise
levels (LA,eq) at different distances from the filter tower along the
horizontal direction (parallel to the y-axis) and vertical direction
(parallel to the z-axis) was calculated for the four selected sample sites.
It should be mentioned that the relative attenuation observed in this
study was the difference between the noise level at a given point and
the A-weighted sound power level of the source (89.5 dB(A)). As seen
in Figure 6A, similar attenuation among the four sites was found
within the horizontal distance of 10 m to the filter tower, and the
differences became larger with the increase in the distance. The
highest levels of noise reduction were observed in site A, followed

TABLE 1 Sound power level (LW) of the filter tower and sound pressure levels (SPLs) of background noise used in noise mapping.

63 Hz 125 Hz 250 Hz 500 Hz 1,000 Hz 2000 Hz 4,000 Hz 8,000 Hz

LW of the filter tower/dB 83.8 92.7 85.8 81.2 78.9 74.2 70.6 67.2

SPLs of background noise/dB 43.9 38.0 35.2 36.7 37.1 34.6 34.5 33.9

TABLE 2 Sound-absorption coefficients of the acoustic boundaries in noise mapping.

63 Hz 125 Hz 250 Hz 500 Hz 1,000 Hz 2000 Hz 4,000 Hz 8,000 Hz

Sound-reflected ground 0.03 0.04 0.05 0.06 0.06 0.07 0.09 0.09

Sound-reflecting building envelope 0.07 0.08 0.04 0.03 0.03 0.02 0.02 0.02

Sound-absorbing building envelope 0.05 0.09 0.13 0.38 0.50 0.50 0.35 0.30

TABLE 3 Measured and predicted A-weighted equivalent SPLs (LA,eq) at 12 microphone positions (unit: dB(A)).

Height (m) a b c d e f Mean value Median Variance value

1.2

Measured LA,eq 70.4 70.4 70.8 70.5 70.3 70.2 70.4 70.4 0.04

Predicted LA,eq 68.8 68.9 68.9 68.5 68.2 68.0 68.6 68.7 0.15

Error 1.6 1.5 1.9 2.0 2.1 2.2 1.8 2.0 0.08

6.0

Measured LA,eq 71.5 72.1 72.2 71.4 71.8 71.8 71.8 71.8 0.10

Predicted LA,eq 70.0 70.3 70.2 69.7 70.0 70.2 70.1 70.1 0.05

Error 1.5 1.8 2.0 1.7 1.8 1.6 1.7 1.8 0.03
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by sites B, D, and C. This can be attributed to the fact that the filter
tower in site A was situated in a more open space with lower building
density and less reflection, resulting in rapid decay of sound energy
over an essentially free field and a reflecting plane.

Analysis of the attenuation on the vertical direction in Figure 6B
reveals that site A experienced the highest levels of noise reduction
within the vertical distance range of 7.5 m–22.5 m, followed by sites
B, D, and C. These results are consistent with those obtained for the

horizontal direction in Figure 6A. In addition, the attenuation rate in
site C from a height of 22.5 m was higher than that observed in both
sites B and D. It can be seen in Figure 1 that the filter tower was very
close to the neighboring high-rise buildings in sites B and D, leading
to strong reflection against building façades and low sound energy
attenuation. In addition, noise reduction in open areas in the four
sample sites was lower than the attenuation in semi-free fields due to
the reflection against building surfaces.

FIGURE 5
Noise exposure maps (A) on the horizontal plane (1.2 m above the ground) and (B) on the vertical plane in the four sample sites.

FIGURE 6
Relative attenuation of the noise level in open areas with different distances to the filter tower (A) along the y-direction (x = 0, z = 1.2 m) and (B)
z-direction (x = 0, y = 0) in the four sample sites with sound-reflecting building envelopes. The relative attenuation is the difference between the noise
level at a given point and the A-weighted sound power level of the source (89.5 dB(A)), and a larger absolute value of the relative attenuation means a
stronger reduction of the filter tower noise.
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3.4 Noise exposure on building façades

To evaluate the noise exposure on building façades, LA,eq on
façades with sound-reflected building envelopes at different heights
were first calculated by noise mapping, and the arithmetic averaged
value and maximum value at each height were then obtained as
shown in Figures 7A, B, respectively. As seen in Figure 7A, there
was a slight increase in noise level from the height of 1.2 m–5.0 m
since the fan blower chamber was located approximately 5 m above
the ground. Site C showed the highest value of averaged noise levels
below the height of 30 m among the four sample sites due to the
strong reflection on the surrounding buildings around the filter
tower, while the lowest noise level was found in site D due to the
effects of buildings on noise resistance. A sharp increase in noise

levels was observed at sites C and B. Interestingly, it was observed
that the average noise levels on façades in site B slightly increased
with height, which was in contrast to the results obtained in other
cases. Observation of Figure 1 reveals that the buildings situated
along the negative direction of the y-axis were much higher than
those in other directions in sites B and C. Additionally, the distance
between the filter tower and the impacted façade was extremely
small, with no insulation during sound propagation. These factors
contributed to the observed improvement in average noise levels on
higher façades. Although a similar condition (high-rise building
and slight distance between the filter tower and impacted façade)
was also found in site D, high building density and significant
effects of buildings on noise resistance reduced the averaged noise
levels.

FIGURE 7
(A) Averaged and (B) maximum noise levels at different heights on façades with sound-reflecting building envelopes in the four sample sites.

FIGURE 8
Effects of sound-absorbing building envelopes on noise reduction at some typical positions (see Figure 1 marked with a, b, c, and d) with different
heights on façades in sites (A) C and (B) D.
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However, the maximum noise level distribution on façades at
different heights in Figure 7B is quite different from the results in
Figure 7A. Site A was found to be the quietest, while site D exhibited
the highest noise levels at the calculated heights, with a maximum
noise level of 63.0 dB(A) at a height of 2.5 m. This study highlighted
the issue of noise pollution in street canyons occupied by high-rise
buildings with high density, as demonstrated by the results obtained
for site D. In addition, the noise level improvement with increasing
height on façades of high-rise buildings is shown in Figure 7B, with a
slight enhancement of the maximum noise level observed from a
height of 50 m in site B.

3.5 Noise reduction on façades by sound-
absorbing building envelopes

To further investigate noise reduction at typical positions (marked
by hollow circles with a, b, c, and d in Figure 1) on façades at different
heights in sites C and D, we compared noise levels under different
absorption performances of the building envelope. Specifically, we
assumed the building envelope to be sound-reflecting in the first case
and moderately absorptive in the second, while maintaining the
ground as sound-reflective. The absorption coefficients used in
these calculations are presented in Table 2. As shown in Figure 8,
using sound-absorbing building envelopes for noise reduction on
façades was found to be effective in noise mapping, though it was very
limited at some positions, and the effect differed according to the
positions. The results showed that noise reduction at position ‘a’ in
both sites was lower than at any other position, followed by positions
‘b’ and ‘c’. The highest reduction was observed at position ‘d’, with a
maximum value of approximately 4 dB(A) at a height of 5 m in both
sites. In addition, the effect decreased with the enhancement of façade
height. As seen in Figure 1, positions ‘c’ and ‘d’ were isolated by
buildings and were only impacted by the reflected sound of the filter
tower. It is known that better performance of absorptive treatment for
noise reduction can be achieved in spaces where reverberated sound
energy is dominant in an acoustic field. It seems that decreasing the
noise impact of the air filter tower by sound-absorbing building
envelopes in outdoor spaces is very limited. Attenuating the sound
power of the filter tower can be an efficient and significant method for
noise reduction. For instance, installing a muffler on the outlet or
strengthening the sound insulation of the fan chamber can help to
reduce noise levels.

4 Conclusion

In this study, a virtual acoustic prediction model was built and
well-calibrated by comparing the predicted noise levels and the
measured ones, and noise impacts of an outdoor air filter tower in
city open areas and on building façades were, thus, evaluated and
understood by noise mapping. The results highlighted noise level
improvement with the increase of height on façades at some high-
rise buildings whose heights were higher than the neighboring ones.
It was also revealed that urban morphology influences the noise
exposure and noise reduction of the filter tower, and the effects of
buildings on noise resistance and attenuation of the averaged noise
levels on façades were observed in noise mapping. Furthermore,

using sound-absorbing building envelopes for noise reduction on
façades, though very limited, was found to be effective.

4.1 Strengths and limitations

Study strengths: This research demonstrates several key strengths.
First, it highlights the significant noise impact of the air filter tower,
emphasizing how noise levels improve as the façade height increases,
particularly in high-rise buildings that surpass neighboring structures.
Second, it underscores the influence of urban morphology, including
building height and density, as well as the distance between the noise
source and buildings, on noise exposure and propagation. Finally, the
study sheds light on the importance of sound-absorbing building
envelopes in reducing noise levels.

Study limitations: It is important to acknowledge the limitations
of this study. First, the selection of only four study sites may limit the
generalizability of the findings and may not fully represent the
diversity of urban blocks with varying forms. Additionally, the
present work does not explore quantitative correlations between
noise exposure and urban morphology, which could provide
valuable insights into the noise impact of the filter tower. Further
research in this area is warranted to better understand the
relationship between urban morphology and noise levels and to
provide meaningful suggestions for urban sound planning.
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