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Abstract: COVID-19 has affected people’s lives in different
ways from reduced mobility and staying-at-home orders
to other daily life routines. These changes have, in turn,
affected the quality of life in urban environments including
air quality and noise. The noise aspect, for example, sug-
gests quieter environments due to fewer vehicles on streets,
and less human activities. On the other hand, staying at
home may cause more activities happening at the build-
ing level, i.e., more people in buildings may make more
noise for neighbors. In order to understand this nexus, the
study examines the noise complaints data in Dallas, USA.
To do this, the study first compares the noise complaints
after the COVID-19 intercourse and the same data period in
2019. Findings surprisingly show reduced noise complaints
during the COVID-19 time frame by about 14% compared
to the pre-COVID-19 period. The majority of this reduction
occurred in and around the city center. In other words, the
noise complaints seem more spatially dispersed at the out-
skirts of the city. Another finding that directs more detailed
analyses, however, considers the massive reduction of rid-
ership, traffic circulation, and building permits. This needs
some other techniques for determining the sources for in-
commensurate noise complaints.

Keywords: COVID-19, noise complaints, 311 data, city center,
suburbs

1 Introduction

Once officially identified, the first COVID-19 case in China
rapidly spread all over the world. With the first case re-
ported on January 20, the government declared a public
health emergency at the end of January 2020. An immediate
application of a number of international restrictions and
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controls ensued national-level actions, including testing
and travel restrictions. After announcing the strict COVID
Act in March 2020, though the U.S. did not mandate lock-
down, regional and local officials considered several reac-
tions, i.e., canceling large gatherings, stay at home orders,
and school closures.

Fewer commutes as well as reduced outdoor human
activities and witnessing new urban lifestyles, travel behav-
iors, and home-bound adaptations were associated with
other observations such as the cleaner air quality, and noise
reduction in the built environment. Staying at home al-
lows people to have more time for various activities such
as watching TV, listening to’ loud music, workout activ-
ities, home repairing, kids’ play, etc. Thus, while traffic-
related and other outdoor anthropogenic activities may re-
duce noise complaints, staying at home may increase other
forms of noise. Consequently, the prolonged COVID-19 era
has stimulated noise complaints for various reasons. In
order to understand the direct linkage between COVID-19
and noise complaint requests, this study has culled and
analyzed them from March through December 2020, and
has compared the same sourced noise complaints with the
same period last year.

2 Related studies

2.1 COVID-19 and Noise

Several studies have examined the relationship between
the unpredicted COVID-19 outbreak and noise from various
aspects. Perhaps as a pioneer study in examining noise dur-
ing the COVID-19, Aletta et al. created a traffic simulation
that represented noise pollution in Rome, Italy [1]. Their
findings report almost 65% reduction in both traffic and
noise emissions during the lockdown [1]. Pages et al.’s [2]
study in the same location and Milan examined the effects
of the COVID-19 on traffic and non-traffic noise activities by
using the DYNAMAP system. To do this, the authors com-
pared the same noise events in the same period of time
in 2019. Aletta et al. [3] collected soundscape assessments
from 11 locations in London before the 2019 lockdown, and
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during the 2020 lockdown. The study shows a 5.4 dB (LAeg)
noise reduction within the author-based urban setting clas-
sifications during the lockdown period. Sakagami reported
results in a study that shows a small difference between
the sound measurements in June 2020, and the previous
year [4]. The author triggers two interpretations based on
the findings that either the noise levels were lower during
the state of emergency or excessively higher immediately
after the cancellation of the state of emergency. De Laura
et al. also examined the soundscape at a relatively smaller
scale location (Fontana di Trevi- in Rome, Italy), where they
collected sound samples [5]. Their findings help differen-
tiate the anthropogenic effects of sound levels. Basu et al.
examined noise levels in Dublin, Ireland by comparing pre-
and post-lockdown periods from January to May 2020, and
found pre-lockdown noise levels to be higher than the ones
collected during the lockdown [6]. In another study, Rum-
pler et al. investigated the noise level variations during the
COVID-19 period in Stockholm, Sweden [7]. To show the
variation, the authors account for the restriction days in
April 2020 and found noise levels considerably lower dur-
ing the measurement period [7]. Curovi€ et al. assessed the
noise level variance at the port vicinity by comparing pre-
COVID-19, and during the COVID-19 period, measured the
noise levels in three locations, and found that evening and
night measurements showed around 25% reductions during
the COVID-19 period [8]. Mostafa et al. conducted a com-
prehensive environment-related investigation including air
pollution indicators, solid wastes, and noise in Egypt, and
reported a strong negative link, specifically 75% noise mea-
surement reduction [9]. Covering various regions in the
world in regards to the nexus between COVID-19 and noise
shows a literature gap in North America, particularly the
U.S. In only one study [10], volunteer participants used
their Apple watch and headphone sound-related data in
four states. The authors collected 8-hour normalized expo-
sure sound data for both COVID-19 initial date and interven-
tion date with 5,894 participants. Their findings show an
approximately 3 dBA noise level reduction, therefore claim-
ing that everyday life had less exposure to noise due to the
COVID-19 restrictions. However, in addition to collecting
sound parameter-related studies, residents who actually
experience noise in their daily life could report potential
changes and their relative consequences. Noise complaint
records show one way of acting this way.

2.2 311 System and noise complaints

Noise complaints in the U.S. partly reflect 311 non-
emergency city services including self-reported concerns,
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resident requests, and occasionally visitors as service stan-
dards for urban governance [11]. Records for this service
offer people to report concerns that reflect the quality-of-
life aspects of daily lives [11]. Several studies have used 311
system data to identify urban environment-related circum-
stances. Wang et al. represent this dataset by examining
New York City, Boston, and Chicago cases where they clus-
tered various 311 data-related urban context patterns and
concluded that such efforts may help both refine local city
solutions, and clarifying resident concerns [11]. Other stud-
ies also covered the 311 system analytics, including smart
city dynamics [12], socio-spatial disparity patterns [13], pub-
lic health examination of discarded needles [14], and urban
informatics of the planning field [15].

As with noise specification, few studies assessed the
311 data or similar systems. Minkoff investigated the 311
system-related engagement for the census-tract level data
on government-provided goods, graffiti, and noise in New
York City [16]. They showed how noise complaints reflect
resident behavior or built-environment features that cause
annoying environmental noise [16]. In a pioneer study ex-
amining the nexus between noise and 311 datasets, Dun-
can et al. assessed noise and socio-demographic aspects
of neighborhood features in New York City, and found a
significant difference in neighborhood noise complaints,
particularly in low-income areas [17]. Tariq et al. performed
machine learning algorithms such as Decision Tree, Ran-
dom Forest, Naive Bayes, etc., by using noise data of the
311 datasets [18]. The study shows that Convolutional Neu-
ral Networks (CNN) performs best with such data com-
pared to other models [18]. Liu et al. examined the entire
gamut of resident complaints in Brisbane, Australia, and
performed a number of analyses to find patterns between
four-classified complaints: animal-related, building con-
struction, property management, and health [19]. The study
examined the following noise categories: animals, builders’
and other sources [19]. To understand the relationship with
other factors, another study examined data on 311 noise
complaints in Vancouver, Canada [20]. The findings show
a strong relationship between noise complaints and con-
struction activities [20].

While the studies discussed in the former section
mainly assessed noise level measurements, other methods
account for noise concerns including residents’ self-reports.
While somewhat similar, this study examines the nexus be-
tween COVID-19 and noise from a different angle. Arguably,
no study has investigated such a relationship based on
self-reported data. This study gathered the residents’ self-
reported noise complaints data after the COVID-19 outbreak
in Dallas, Texas, and compared them with the same period
in 2019. This study seeks two key answers within its scope:
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1) Have people called 311 city service to report more noise-
related complaints, or not during the COVID-19? 2) Does a
spatial pattern of noise complaints exist between before
and during the COVID-19 periods?

3 Materials and methods

3.1 Study area

With over 1.2 million population, as the third-largest city in
the state of Texas, and the ninth in the U.S., Dallas provides
an appropriate case study for noise-related concerns. Well-
positioned in the core of the Dallas-Fort Worth Metropolitan
Statistical Area with approximately 7 million people, and
located 245 miles north and northwest of Houston, and
300 miles north of the Gulf of Mexico, Dallas attracts many
businesses 20 of which rank within the Fortune 500 compa-
nies. With these characteristics and like many other large
cities, Dallas has experienced both emergency and non-
emergency situations.

3.2 Materials

The data used in this study came from Dallas, and com-
prise calls and requests from 311 about residents’ commu-
nities [21]. The requests and complaints range from home,
traffic circulation, traffic signals, parking, sidewalks, public
health, safety, and noise. The data include details including
addresses, service request numbers, service request types,
city council numbers, dates-related information, priority
types, methods of report, longitude and latitude informa-
tion, and so on. To achieve appropriate formats for under-
standing the on March 2019, and to conduct comparable
assessments, the authors applied various filtering and clear-
ing processes. As many other studies have pointed out, the
311 noise data determine trouble and pollution indicators
that come from Dallas residents [17, 22].

As a methodological procedure, the research mainly
aimed to compare the previous and during the COVID-19
period data both spatially and statistically. To observe differ-
ences, the study first compared monthly noise complaints,
followed by a spatial examination of detecting potential
before and during COVID-19 periods patterns. As a unique
aspect of this method, the study adopted small scale spa-
tial units. To examine the nexus between noise complaints
and distance from the city center that also covered multiple
buffer zone proximities, it also set up a particular procedure.
Lastly, to ensure spatial understanding, a two-way ANOVA
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statistical analysis factored in the distance from the city
center, and the time period for reporting noise complaints.

4 Findings and results

After performing thereof analyses and mapping procedures,
several findings emerged. The research examined a total of
4315 noise complaints from March to December 2019, and
March to December 2020. Of these, 2315 complaints were
reported in the former period, and 2000 complaints in the
latter. In other words, the noise complaints show 13.6%
reduction after the COVID-19 breakout period compared
to the same period in 2019. To identify the micro-details
with a different lens, the study also examined these cases
month by month. As shown in figure 1, overall, each month
in 2020 includes lower noise complaints at about 4% to
40%, except for September that reports 20% more noise
complaints compared to 2019. The lowest noise complaints
occurred in November, July, and August during the COVID-
2019 period, while for 2019, they occurred in July, August,
and September, respectively. The highest noise complaints
also differ in May and September for the COVID-19 period,
and in May and October of 2019. Furthermore, perform-
ing the t-test shows no statistical difference between the
months (¢ = 1.893, p = 0.077).

Figure 1: Monthly noise complaints comparison of before the COVID-
19 and during the COVID-19

To better understand, the study also examined the
noise complaints data spatially and generated maps us-
ing the ArcGIS Tools (10.7.1 version). As the first notice-
able difference, the spatial maps (Figure 2), show the re-
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Figure 2: Noise complaints comparisons of before the COVID-19 and during the COVID-19 at the census tract level
Table 1: Number of noise complaints and highest census tracts of buffer zones
Category 1 mile 3 mile 5 mile 8 mile +8 mile
Before COVID-19 186 (3) 439 (10) 138 (4) 205 (6) 111 (2)
During COVID-19 45 (0) 379 (4) 117 (5) 241 (9) 176 (7)
No Change 0(0) 13 (2) 14 (4) 39 (11) 32 (13)

ported noise complaints before the COVID-19 period clus-
tered more around the city center, while during the COVID-
19, the complaints show a more dispersed pattern surround-
ing the city. Furthermore, pre-COVID-19 noise complaints
show higher concentrations in north and northwest direc-
tions compared with south and southwest directions during
the COVID-19 period.

This evidence-based pattern required further detailed
spatial examinations. The study filtered the census tracts
that include more noise complaints compared to another
year as well as whether those that present no change in
terms of the number of noise complaints. To demonstrate
this, Figure 3 shows the noise complaints’ spatial variance,
where the census tracts with the yellow color include more
noise complaints during the COVID-19 compared to the pre-

vious year (the highest 25 census tracts). The census tracts
with blue show more noise complaints in 2019 compared to
the COVID-19 breakout period (the highest 25 census tracts).
Finally, the census tracts with white color represent the
same number of noise complaints (not zero) both before
the COVID-19 and during the COVID-19 (Total 30 census
tracts).

The study also examined possible spatial patterns or
lack thereof in noise complaints. Establishing buffer zones
from the city center serves as a method of observing the
noise complaints that allow researchers to understand the
city center effects. To do this, five categories of buffer zones
— 1 mile, 3 miles, 5 miles, 8 miles, and +8 miles — helped
analyze the data for a meaningful interpretation. As Table 1
illustrates, the pre-and during COVID-19 census tracts show
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no change between these periods (except O value) in the five
buffer zones. While the numbers in parentheses refer to the
census tracts with higher noise complaints in certain buffer
zones, the numbers represent the quantity of the actual
noise complaints. For instance, 186 actual noise complaints
were reported in the 3 highest number census tracts before
COVID-19, and 45 noise complaints during COVID-19 with
0 highest number census tracts, and not any “no change”
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Figure 3: Census tracts with major noise complaints before the
COVID-19 and during the COVID-19

Table 2: Two-way ANOVA Results
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noise complaints in census tracts within 1-mile buffer zone
of the city center. The rest of the table can be interpreted
with similar instructions.

The study also examined “trade-offs” for changing pat-
terns on noise complaints before and during COVID-19 (in
case they existed). As Figure 4 shows, the left figure rep-
resents the number of noise complaints and their change
with distance while the figure on the right refers to the num-
ber of highest representative census tracts and their change
with distance from the city center. Surprisingly, both the
number of noise complaints and the highest census tracts
show similar patterns with an increasing trend, where be-
fore COVID-19 cases are higher than during the COVID-19
cases for 1-mile and 3-mile distance from the city center.
Both categories decrease with the same pattern at about a
5-mile buffer zone. Then, the odds change in a way that the
number of noise complaints increases in the highest census
tracts during rather than pre-COVID-19 conditions. After a
5-mile distance, the gap between proximity and number of
cases gets larger in the same pattern as during COVID-19.
This pattern demonstrates an interesting spatial aspect of
noise complaints that while showing more concentration
in the city center before the COVID-19 period time, they
get surprisingly dispersed around the outskirts of the city
— more specifically around a 5-mile distance, during the
COVID-19.

The two-way ANOVA test results also confirm the pat-
tern that represents the main effects including both the
distance from the city center and the comparison period of
time in the census tracts have p=0.000, though the interac-
tion between distance and time comparisons could not be
demonstrated, F(6,149)=.79, p=0.57. Last but not least, as
Table 2 shows, based on the same test results, adjusted R
squared implies that 35.1% of the variance in the number
of noise level complaints belong to proximity to the city
center and the period of time measured.

Source Type lll Sum of df  Mean Square F Sig.  Partial Eta
Squares Squared

Corrected model 16826.1497 12 1402.179 8.259 .000 .399

Intercept 23963.769 1 23963.769 141.156 .000 486

Distance to city center 5054.343 4 1263.586 7.443 .000 167

Period time 3785.132 p 1892.566 11.148 .000 .130

Distance to city center * Period time 812.600 6 135.433 .798 .573 .031

Error 25295.462 149 169.768

Total 67735.000 162

Corrected Total 42121.611 161

4 R squared = .399 (adjusted R squared = .351)
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Figure 4: Number of noise complaints and majority census tracts comparisons with the proximity of city center
Table 3: Word frequency of noise complaints in each buffer zone
Category 1 mile 3 mile 5 mile 8 mile
Construction Noise Construction Dumpster
Work Night Until night Weekends
Before COVID-19 Loud Saturday Working Sleep-time
Music Loud Loud Construction
Night Building Music Management
Apartment Apartment Neighbor House
Neighbor Street Screaming Parties
During COVID-19 Music Night Bass Constant music
Street Parking Lot Unit Car
Loud Music Ongoing Days and nights
The plot profile of two-way ANOVA illustrates that the Categor
estimated marginal means of noise complaints before and \
during COVID-19 shrinks gradually moving towards out of \

the city center, though noise complaints during the COVID-
19 seem to increase compared to before COVID-19, at an
about 3-mile distance to the city center. As Figure 5 shows,
this pattern continues for about a 5-mile radius. As spatial
analyses also show, the pattern has changed from a 5-mile
distance in a way that estimated marginal means during
COVID-19 noise complaints increase and continues until
the city morphs into suburbs while the before COVID-19
noise complaints reduce gradually with the distance from
the city center.

After confirming the statistical and spatial attributes of
the noise complaints before and during the COVID-19, the
study compared them one more time to obtain a better un-
derstanding. Hence, to interpret the most frequently-used
words and statements, the noise complaints were coded
accordingly. As Table 3 shows, the overarching finding from
this examination suggests that the residents’ reports of their
noise complaints based on the frequency of words vary be-

§

Estimated Marginal Means of Noise Complaints

Smie Bmie +8mie

DISTANCE from CITY CENTER

Imie

Figure 5: Estimated marginal means and distance from city center
among period times

tween the before and during the COVID-19 periods. In most
frequently-used word statements in a 1-mile buffer zone,
while noise complaints include more “construction, work,
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and night” words before the COVID-19 period, they include
“apartment, neighbor, and street” during the COVID-19. In
a similar and unique pattern, the 3-mile buffer includes
more “apartment, parking lot, music, and street” words dur-
ing the COVID-19 whilst “noise, night, loud, and Saturday”
words were most frequently used before the COVID-19. The
difference in using words become more notable with the 5-
mile buffer that highlights “neighbor, screaming, bass, and
unit” words during the COVID-19 and “construction, work-
ing, loud, and music” words before the COVID-19. Some
other new words emerged in 8-mile buffers and residents
used “house, parties, constant music, and car” more dur-
ing the COVID-19 while “dumpster, weekends, sleep-time,
and management” before COVID-19.

5 Discussion and conclusion

Using noise complaints data, this study for the first time at-
tempts to examine and conduct different analytical spatial
methods by comparing the before and during the COVID-19
time frames.

A total of 4315 noise complaint records accounted for
this study show fewer reports during the COVID-19 com-
pared to the same period of time in the previous year. Delv-
ing deeper into monthly examination also showed that
almost every month, except September in pre-COVID-19
periods included higher noise complaints. Also, analyz-
ing of the most frequently-used words enhances the idea
of transforming noise traced back to its sources. So, re-
duced traffic, ridership, construction, as well as working
from home played crucial roles in forming these patterns.
Perhaps a more provocative finding shows that the city cen-
ter has received fewer noise complaints during COVID-19
compared to before the COVID-19 period. Both the spatial
and statistical analyses confirm this finding, which goes
somewhat contradictory to other studies, i.e., Basu et al.
finding that shows less noise reduction in the city center.
However, a couple of reasons could explain this difference.
First, the studies occurred in completely different regions.
Also, while they measured the noise level in various loca-
tions in Dublin, this research examined the self-reported
noise complaints.

As its limitation, this study did not conduct any noise
sampling and only assessed the noise complaints data.
However, perhaps future study directions, both in-situ
noise sampling and noise complaints could incorporate
both of these aspects, thereby, providing a more compre-
hensive understanding. Also, this study did not include any
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of the built-environment effects as it could have required a
broader examination.

On the other hand, as for the greater reduction of the
ridership, traffic movements, construction activities in the
city, noise reduction seems relatively lower for the afore-
mentioned dynamics. Hence, to some extent, besides ob-
serving a more dispersed noise complaints pattern during
the COVID-19 period, these areas could experience some
other bothersome noise causes. This situation may require
further analyses as stay at home and related home-based
activities including children’s welfare, home repairs, home-
related hobbies and sports, music and movie sounds, etc.
that may generate more noise. This might suggest “relo-
cating modified noise concerns” from city centers to more
suburbs needing further studies to confirm such pattern
changes in the face of a global pandemic. This also directs
further understanding of as some other studies [23, 24]
claimed that COVID-19 related noise reduction may result in
a decrease in cardiovascular diseases (CVD). Therefore, if
our premise in relocating noise concerns through suburbs
has some legs, then such noise-related health problems
also travel through suburban areas.
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