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A B S T R A C T   

Noise pollution can reduce the ability of urban protected areas to provide a refuge for people and habitat for 
wildlife. Amidst an unprecedented global pandemic, it is unknown if the changes in human activity have 
significantly impacted noise pollution in metropolitan parks. We tested the hypothesis that reduced human 
activity associated with the COVID-19 pandemic lockdowns would lead to reduced sound levels in protected 
areas compared with non-pandemic times. We measured sound levels in three urban protected areas in metro-
politan Boston, MA (USA) at three time periods: in the fall and summer before the pandemic, immediately after 
the government-imposed lockdown in March 2020 when the trees were leafless, and during the beginning of 
reopening in early June 2020 when the trees had leaves. At all time periods, sound levels were highest near major 
roads and demonstrated a logarithmic decrease further from roads. At the two protected areas closest to the city 
center, sound levels averaged 1–3 dB lower during the time of the pandemic lockdown. In contrast, at the third 
protected area, which is transected by a major highway, sound levels were 4–6 dB higher during the time of the 
pandemic, likely because reduced traffic allowed vehicles to travel faster and create more noise. This study 
demonstrates that altered human levels of activity, in this case associated with the COVID-19 pandemic, can have 
major, and in some cases unexpected, effects on the levels of noise pollution in protected areas.   

1. Introduction 

Protected areas in cities promote ecosystem services and biodiver-
sity, provide economic and cultural benefits to local communities, and 
offer an opportunity for people living in urban settings to interact with 
nature (Buckley et al., 2019; Kim and Jin, 2018; Secretariat of the 
Convention on Biological Diversity, 2008). Protected areas also provide 
a home to many animal and plant species for which highly developed 
areas lack suitable habitat (Dudley, 2008). People seek out protected 
areas for relaxation and recreation, and a growing body of evidence 
shows that human physical and mental health is enhanced through such 
experiences with nature (Larson et al., 2016; Schwartz et al., 2019; 
Secretariat of the Convention on Biological Diversity, 2008). 

Urban protected areas have taken on added importance during the 
current COVID-19 pandemic. Due to the difficulty of practicing social 
distancing in urban areas like Boston, MA (USA), large numbers of 
people have relied on local parks when looking for a safe place for 
relaxation and exercise. On March 10, 2020, the government of Mas-
sachusetts declared a State of Emergency, and on March 23 the 

administration ordered the closure of all non-essential businesses. The 
administration also limited gatherings to less than 10 people and issued 
a stay-at-home advisory, instructing Massachusetts residents to practice 
social distancing, avoid non-essential activities, and stay home as much 
as possible (The Commonwealth of Massachusetts, 2020). As a result of 
these actions, referred to collectively throughout this paper as the initial 
lockdown, most recreational and social facilities were closed, including 
schools, summer camps, children’s playgrounds, indoor gyms, and 
swimming pools. Local news organizations Boston.com and Boston CBS 
reported on state parks being forced to close parking lots as these areas 
continued to exceed safe number of visitors during the pandemic 
(Dwyer, 2020; “Massachusetts DCR makes adjustments”, 2020). 

It remains to be investigated if park-goers managed to find quiet, 
relaxing spaces in these urban protected areas during the initial lock-
down. Noise pollution has become a common problem for protected 
areas across the country, and it is often associated with road traffic and 
airplanes (Anderson et al., 2011; Buxton et al., 2017; Xing and Brim-
blecombe, 2020). In over half of US protected areas, anthropogenic 
noise creates a soundscape that is at least 3 dB higher than background 

* Corresponding author at: Office 515, 5 Cummington Mall, Boston, MA 02215, United States of America. 
E-mail address: lzipf@bu.edu (L. Zipf).  

Contents lists available at ScienceDirect 

Biological Conservation 
journal homepage: www.elsevier.com/locate/biocon 

https://doi.org/10.1016/j.biocon.2021.109039 
Received 21 September 2020; Received in revised form 9 February 2021; Accepted 12 February 2021   

http://Boston.com
mailto:lzipf@bu.edu
www.sciencedirect.com/science/journal/00063207
https://www.elsevier.com/locate/biocon
https://doi.org/10.1016/j.biocon.2021.109039
https://doi.org/10.1016/j.biocon.2021.109039
https://doi.org/10.1016/j.biocon.2021.109039
http://crossmark.crossref.org/dialog/?doi=10.1016/j.biocon.2021.109039&domain=pdf


Biological Conservation 256 (2021) 109039

2

sound levels, equivalent to a doubling in acoustic energy (Buxton et al., 
2017). In one fifth of US protected areas, anthropogenic noise has 
increased background sound levels by 10 dB or more, equivalent to a 
ten-fold increase in acoustic energy and perceived by humans as a 
doubling in sound volume. Protected areas near urban centers experi-
ence particularly high levels of noise pollution (Buxton et al., 2017). 

Repeated exposure to high levels of noise pollution can have a va-
riety of negative effects on people, including hearing damage, disruption 
of spoken communication, and disturbance of sleep cycles, with serious 
long-term health impacts (Bloemsma et al., 2019; Goines and Hagler, 
2007). High sound levels in parks can negatively affect the visitor 
experience; for visitors to national parks, enjoyment begins to decline 
after sound levels exceed 37 dB (Merchan et al., 2014). In many animal 
populations, noise pollution impacts physiology, behavior and fitness, 
and interferes with communication (Rabat, 2007; Salaberria and Gil, 
2010; Sun and Narins, 2005; Uran et al., 2012; Warren et al., 2006). In 
bird populations, the effects on communication can result in increased 
success for some species and reductions in fitness for others, leading to a 
change in community structure (Francis et al., 2009; Francis et al., 2011; 
Derryberry et al., 2020). While it is clear that noise pollution has sig-
nificant impacts on human visitors and wildlife of protected areas, sound 
levels can vary greatly over time and space in ways that are difficult to 
model or predict, particularly when large changes in road and air traffic 
occur. Barber et al. (2011) developed a model to predict sound levels 
based on road traffic, air traffic, and the activity of industrial oil and gas 
operations, and found that protected areas are significantly affected by 
road noise even at moderate traffic levels. 

In general, noise pollution from large industrial sources, such as 
stone quarries, has decreased significantly in the months following the 
COVID-19 lockdown (Mandal and Pal, 2020; Derryberry et al., 2020). 
However, it is largely unknown how the pandemic has affected noise 
pollution in protected areas from local sources such as cars and trucks on 
roads, construction, landscaping, and human activity. Since the start of 
the pandemic, vehicular road traffic has been substantially reduced in 
many parts of the USA (Lockwood et al., 2020). According to Massa-
chusetts Department of Transportation (MassDOT) traffic data, volume 
on major roads was down 67% in March, and down 30% in July; this is 
particularly notable considering that 2020 traffic volume prior to the 
lockdowns was up 3–5% from 2019 (MassDOT, 2020). This lower traffic 
volume might be expected to reduce the amount of noise pollution in 
protected areas, as traffic is a primary source of noise in these areas (Zipf 
et al., 2020). At the same time, the number of people using urban pro-
tected areas has been reported to be higher than normal, and increased 
human activity could create more noise in these parks (Brown et al., 
2012). 

It is also possible that the sound levels in urban protected areas have 
changed over the course of the pandemic as a result of natural biological 
cycles. At the beginning of the lockdown in March in the northern 
hemisphere most deciduous trees had not yet leafed out, and only 
gradually produced their leaves as the lockdown continued. As leaves 
can have a dampening effect on noise (Maleki and Hosseini, 2011), 
protected areas dominated by deciduous trees may have experienced 
lower sound levels only after leaf out in late April and May. Overall, it 
remains unknown if the combination of these potential sources of noise 
pollution and changing effects of sound dampening by leaves impacted 
noise pollution in urban protected areas during the initial COVID-19 
pandemic lockdown. 

To better understand the effects of the COVID-19 pandemic on noise 
pollution created by road traffic and other human activities in urban 
protected areas, we address three key questions:  

1. During pre-pandemic times, how do sound levels in urban protected 
areas vary spatially and how rapidly do sound levels decline with 
distance from major roads?  

2. Are urban protected areas quieter during the initial COVID-19 
pandemic lockdown than they were in pre-pandemic times? 

3. During the initial COVID-19 pandemic lockdown, are urban pro-
tected areas quieter after the trees have leafed out than before they 
leafed out? 

This study will provide a fine-scale understanding of noise pollution 
in our protected areas both before and during the COVID-19 pandemic. 
It will also determine if our parks and protected areas have been quieter 
during the pandemic, and if so, by how much. These results will 
strengthen our general understanding of noise pollution in protected 
areas as well as provide novel information on the impacts of the COVID- 
19 pandemic on the environment. 

2. Materials and methods 

2.1. Research sites 

Sound measurements were collected before and during the pandemic 
lockdown at three different Massachusetts, USA parks that vary in size 
and proximity to Boston’s urban center: Blue Hills Reservation 
(42.2142◦ N, 71.0933◦ W), Hammond Pond Reservation (42.3228◦ N, 
71.1741◦ W), and Hall’s Pond Sanctuary (42.3459◦ N, 71.1120◦ W; 
Fig. 1). Detailed descriptions of the parks and noise monitoring efforts 
are available in Table 1. The vegetation at these three parks is pre-
dominantly deciduous forest, with an understory of deciduous shrubs 
and perennial herbs. 

Blue Hills Reservation (hereafter “Blue Hills”) is a large 2800-hectare 
state park located in Milton, MA, with hiking and ski trails, a recrea-
tional lake area with swimming and a beach, a weather observatory, and 
a nature center. The reservation is 24 km from downtown Boston and is 
divided by U.S. 93 (a major interstate highway), two busy state high-
ways (Route 138 and Route 24), and other smaller roads. Sound moni-
toring was performed in the western half of the park (both north and 
south of U.S. 93), which contains the most popular hiking trails. 

Hammond Pond Reservation and the adjacent Webster Woods Con-
servation area (hereafter “Hammond Pond”) is an intermediate sized 82- 
hectare woodland park consisting of Massachusetts state and Newton 
city land, located in Newton, MA, 11 km from Boston. It has many hiking 
trails and a large pond, and is transected by the Hammond Pond 
Parkway, a moderately active four lane road, and the Riverside Green 
Line railroad. 

Hall’s Pond Sanctuary (hereafter “Hall’s Pond”) is a small conser-
vation area in Brookline, MA encompassing a total area of 1.4 ha. It is 
4.2 km from downtown Boston and is surrounded by apartment build-
ings, residential neighborhoods, and retail businesses. Beacon Street, a 
high-volume thoroughfare, and Amory Street are nearby but with 
intervening apartment buildings (in the case of Beacon Street) and 100 
m of fields (in the case of Amory Street). 

The most common source of noise in these areas is vehicular road 
traffic. Other sources include airplane traffic (especially at Blue Hills), 
leaf blowers and lawn mowers (especially at Hammond Pond and Hall’s 
Pond), construction, and park visitors. 

2.2. Sound level measurement 

A-weighted sound levels were measured using the SPLnFFT app 
(Lefebvre, 2010) with iPhones 5s-8 (Apple Inc., 2013–2017). The A- 
weighted sound level scale measures sound energy at the frequencies to 
which human hearing is most sensitive (Maling, 2014). iPhone mea-
surements taken with the SPLnFFT app give a high level of accuracy and 
precision, with an accuracy of −2.3 dB compared with reference levels 
measured by a type 1 sound level meter, indicating that SPLnFFT mea-
sures sound levels 2.3 dB lower than their actual value. The standard 
error around this difference is 0.25 dB, indicating that it is fairly 
consistent (Kardous and Shaw, 2014; Murphy and King, 2014; Nast 
et al., 2014). The sound levels in these urban parks range from 30 (very 
quiet) to 80 (very noisy) dB, so for the purposes of this study this 
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variability in measurements is minor and acceptable. In addition, 
SPLnFFT is highly consistent between measurements and among iPhone 
versions (Zipf et al., 2020), which is an important requirement in a study 
with multiple people and three separate sites. 

2.3. Pre-COVID-19 noise measurements 

Pre-COVID-19 sound measurements were collected initially as part of 
a study on the value of documenting and mapping noise pollution with 
community scientists (Zipf et al., 2020); additional measurements were 
collected as part of an unpublished undergraduate thesis analyzing noise 

pollution patterns in protected areas around Boston (Terry, 2020) When 
the initial lockdown of the COVID-19 pandemic began, these measure-
ments created an opportunity to analyze the change in sound levels due 
to the pandemic. 

Pre-COVID-19 measurements were collected during two time pe-
riods. The first were taken at Blue Hills and Hammond Pond during one- 
day community science events in September and October 2017, 
respectively (see: Zipf et al., 2020). Additional pre-COVID-19 mea-
surements were taken by researchers at Blue Hills, Hammond Pond, and 
Hall’s Pond during six, seven, and four daily trips to each park, 
respectively, in July and August 2019. In all cases, iPhones were 

Fig. 1. The locations of the three protected areas, Blue Hills Reservation (42.2142◦ N, 71.0933◦ W), Hammond Pond Reservation (42.3228◦ N, 71.1741◦ W), and 
Hall’s Pond Sanctuary (42.3459◦ N, 71.1120◦ W), as well as downtown Boston, MA, USA (Park Street Train Station). 

Table 1 
Characteristics of the three urban protected areas including size, distance from Boston’s urban center (Park Street MBTA Station), roadways that border or intersect the 
protected area, general site characteristics, and the number of noise measurements collected during the three sampling events: before the COVID-19 lockdown 
(designated “pre-COVID-19”), data gathered at the beginning of lockdown in March when there were no leaves on the trees (designated “COVID-19 with non-leafed 
trees”), and data gathered later during lockdown when the trees had regained leaves (designated “COVID-19 with leafed trees”).  

Protected 
area 

Size 
(ha) 

Distance from 
Boston (km) 

Major roads 
nearby 

General characteristics Sample size pre- 
COVID-19 

Sample size COVID-19 
with non-leafed trees 

Sample size COVID-19 
with leafed trees 

Blue Hills  2800  24 U.S. 93 
Route 138 
Route 24 

Recreational lake area with 
swimming 
Weather observatory 
Nature center 
Hiking and ski trails  

1037  265  173 

Hammond 
Pond  

82  11 Hammond Pond 
Parkway 

Large pond 
Hiking trails 
Nearby houses and large shopping 
center  

637  252  219 

Hall’s Pond  1.4  4.2 Beacon Street Large recreational field 
Nearby apartment buildings, 
retail businesses, and houses  

84  45  45  
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calibrated to one common standard prior to measurement (Zipf et al., 
2020). 

Researchers and community scientists recorded sound levels along 
trails at each protected area. Noise measurements were taken approxi-
mately every 25–30 m along trails at Blue Hills and Hammond Pond and 
every 15–20 m at Hall’s Pond to create a well-dispersed distribution of 
sound measurements throughout each park that could be used to make 
maps of noise pollution. Sound levels were measured for a period of 
20–30 s at each point in accordance with the methods of Zipf et al. 
(2020). Sound measurements were recorded as the median sound level 
for each period, referred to as the L50 value. The latitude and longitude 
were also recorded for each measurement. 

All measurements were taken between 9 am and 4 pm on days with 
low wind (less than 5.8 m/s) and without rain (Table S1). While 
measuring, iPhones were held so that the body and hand of the 
researcher blocked most wind, a method found to be effective by Zipf 
et al. (2020). Average temperatures on measurement days ranged be-
tween 19 and 27 ◦C (Table S1). According to the Massachusetts 
Department of Transportation, traffic data and our own observations, 
the road traffic levels were generally comparable between the different 
visits to any one location during pre-pandemic times (MS2 Trans-
portation Data Management System, 2020), and researchers observed 
that the numbers of park visitors were generally similar as well. There 
were leaves on the trees during all pre-COVID-19 measurements. Re-
searchers also noted if airplane noise was noticeable during the 
recording period. Airplane noise affected a small percentage of the 
measurements (8% at Hammond Pond and 20% at Blue Hills) at the 
three sites before the pandemic, and airplane noise was virtually absent 
after the pandemic. Due to its low occurrence and our interest in map-
ping the effects of road noise and other localized noise sources, in the 
analyses presented here we excluded noise measurements that included 
airplane noise. 

2.4. COVID-19 pandemic noise measurements 

Pandemic noise measurements were first taken at Blue Hills, Ham-
mond Pond, and Hall’s Pond in the weeks after the implementation of a 
strict stay at home order in Massachusetts due to COVID-19 which began 
on March 10, 2020. Measurements were taken on March 24 (Hammond 
Pond), March 31 and April 1 (Blue Hills), and April 15 (Hall’s Pond). 
Measurements were taken using the same methods as the initial pre- 
COVID-19 measurements. There were no leaves on the deciduous trees 
that dominate these protected areas in Massachusetts in March, in 
contrast to the pre-COVID-19 measurements. In addition, the amount of 
visitor traffic to these parks was higher, according to the authors’ ob-
servations, while the amount of road traffic was noticeably lower during 
this time than pre-COVID-19; volume on major roads was down 67% in 
March, and down 30% in July (MassDOT, 2020). According to Mass-
DOT’s Transportation Data Management System, the major roadways 
that surround the protected areas in this study typically receive average 
annual daily traffic volumes on the order of thousands or tens of thou-
sands of cars per day. This large reduction in road volume lead to a 
noticeable increase in the speed of traffic on U.S. 93 at Blue Hills; 
although full data is not available for all roads, MassDOT data for the 
Massachusetts Turnpike, which is a major highway that leads into Bos-
ton, shows that, during the days and times of day that measurements 
took place, average traffic volume (vehicles per hour) had greatly 
decreased from pre-COVID to post-COVID. Additionally, the data shows 
that the proportion of vehicles traveling greater than 112 km/h had 
greatly increased (Table 2). We noted that road blockages that would 
normally slow speeds, such as traffic jams and construction, were 
nonexistent (Terry, personal observation). 

Additional noise measurements were taken at each site in late May 
2020, at the beginning of the Phase 1 of reopening plan, when Massa-
chusetts went from a “stay at home” order to a “safer at home” order 
with certain businesses reopening, such as manufacturing, construction 

sites, and lab sites (The Commonwealth of Massachusetts, 2020). The 
dates for these measurements were May 26 (Hammond Pond), May 27 
(Blue Hills), and May 26 (Hall’s Pond). At this time, the deciduous trees 
had leafed out and the volume of traffic on Massachusetts highways was 
about 30–50% of normal volumes (MassDOT. 2020). As with the March 
measurements, the low traffic volumes on highways like the Mass 
Turnpike and U.S. 93 resulted in substantially increased vehicle speeds 
(Table 2). 

During all data collection, researchers followed social distancing 
guidelines; wearing masks, arriving to sites in separate vehicles, and 
staying at least 2 m away from each other and from park visitors. 

2.5. Data analysis 

All statistical analyses were done in R statistical software version 
3.5.2 and all results were considered significant at alpha ≤0.05 (R Core 
Team, 2018). We first created noise maps of the measurements taken in 
each protected area to map the spatial distribution of sound levels in the 
parks using the R packages ggplot2 version 3.3.2 and ggmap version 3.0.0 
(Kahle and Wickham, 2013; Wickham, 2016). Using the packages gstat 
version 2.0-6 and sp version 1.4-4 (Gräler et al., 2016; Pebesma, 2004; 
Pebesma and Bivand, 2005; Bivand et al., 2013), we fit the data to a 
spatial variogram, and used ggplot 2 version 3.3.2 and ggmap version 
3.0.0 to create interpolated maps of the sound levels for Hammond Pond 
and Blue Hills (Kahle and Wickham, 2013; Wickham, 2016). To assess 
the spatial extent of the impact of road noise pre-COVID-19, linear re-
gressions were performed between sound level and the log of the dis-
tance to the nearest road at Blue Hills and Hammond Pond (Kesten and 
Tauck, 2012). In addition, sound levels at Blue Hills and Hammond Pond 
were binned based on distance from the nearest road using R packages 
rgeos version 0.5-5, tigris version 1.0, sp version 1.4-4, and ggplot2 
version 3.3.2 with bins defined at every 50 m (Bivand et al., 2013; 
Bivand and Rundel, 2019; Pebesma and Bivand, 2005; Walker, 2019; 
Wickham, 2016). Using the R package multcompView version 0.1-8, we 
performed a one-way ANOVA and a post-hoc Tukey test to test for sig-
nificant differences between road distance groups (Graves et al., 2019). 
We did not perform distance from road analyses with the Hall’s Pond, as 
there are no data points further than 100 m from the nearest road. 

To compare sound levels pre- and during COVID-19, we separated 
the data into three categories: data collected before the COVID-19 
lockdown (designated “pre-COVID-19”), data gathered at the begin-
ning of lockdown in March when there were no leaves on the trees 
(designated “COVID-19 with non-leafed trees”), and data gathered later 
during lockdown when the trees had regained leaves (designated 
“COVID-19 with leafed trees”). For each site, we employed a generalized 
linear model approach to assess the combined impacts of road distance 
and category. We created three alternative models (Table 3) to predict 
the sound level for each location based on category and log distance to 
the nearest roads. We used the AIC model comparison score to determine 
the best performing model for each site; the model with the lowest AIC 
score was selected as the best fit model (Table S4). When creating the 
category divisions, pre-COVID-19 data was defined as the reference 

Table 2 
Vehicle traffic data on Massachusetts Turnpike (42.337433, −71.288790). Data 
from days of Blue Hills collection dates. “Percent of vehicles traveling 112+ km/ 
h” and “average volume per hour” used only data from 10:00 AM to 3:00 PM. 
Data gathered from MassDOT MS2 Transportation Data Management System 
(Location AET10).  

Sampling events Percent of vehicles traveling 
112+ km/h 

Average volume per 
hour 

Pre-COVID-19  47.5  7628 
COVID-19 with non- 

leafed trees  
66.7  2909 

COVID-19 with leafed 
trees  

57.8  4675  
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category in order to directly compare pre- and during-COVID-19 sound 
levels. We created a set of models without the pre-COVID-19 data and 
used COVID-19 data with non-leafed trees as the reference category, in 
order to directly compare sound levels at the beginning and end of the 
lockdown. In addition, we created individual models for each category 
at Blue Hills and Hammond Pond comparing sound level and log dis-
tance from roads. 

3. Results 

3.1. Pre-COVID-19 spatial pattern of sound levels 

At Hammond Pond and Blue Hills, pre-COVID-19 sound levels were 
highest near the roads and lowest in the interior of the park (Fig. 2A and 
B). Sound levels varied greatly at both locations: Hammond Pond ranged 
from 35 dB to 78 dB, while Blue Hills ranged from 32 dB to 73 dB. At 
Blue Hills, the median sound level within 50 m of a road was 56 dB, 
while the median sound level in the interior of the park (more than 400 
m away from a road) was 43 dB. At Hammond Pond, the median sound 
level within 50 m of a road was 54 dB, while the median sound level in 
the interior of the park (more than 400 m away from a road) was 42 dB. 
Hall’s Pond had sound levels ranging from 44 dB to 66 dB (Fig. 2C), a 
much lower range of sound levels than Blue Hills or Hammond Pond due 
to its smaller area and lack of points close to busy roads. There was also 
no spatial pattern of noise at Hall’s Pond. 

Sound levels at Hammond Pond and Blue Hills declined significantly 
with logarithmic distance from the nearest road (p < 0.001; Table 4). 
When analyzed by 50 m distance intervals from the nearest road, there 
was a statistically significant difference in sound levels of distance in-
tervals at Hammond Pond, determined by a one-way ANOVA (F =
46.48, p < 0.001) and distance intervals at Blue Hills, determined by a 
one-way ANOVA (F = 42.71, p < 0.001). At both Hammond Pond and 
Blue Hills, the mean sound level between 0 and 50 m from a road was 
significantly greater than every other distance grouping. At Hammond 
Pond, none of the mean sound levels past 300 m were significantly 
different from each other, and at Blue Hills, none of the mean sound 
levels past 400 m were significantly different from each other. 

3.2. COVID-19 sound levels 

At Hammond Pond, model 3 (distance to road + category) was the 
best performing of the sound models according to the AIC score 
(Table S5). The data continued to demonstrate a significant logarithmic 
relationship with distance to road. After the model accounted for dis-
tance to road, COVID-19 sound measurements taken in March when the 
trees did not have leaves were on average 1.5 dB lower compared with 
pre-COVID-19 sound levels (SE = 0.41, t =−3.63, p < 0.001). COVID-19 
sound measurements taken in June when the trees had leaves were on 
average 2.8 dB lower than pre-COVID-19 sound levels (SE = 0.38, t =
−7.33, p < 0.001; Table 4; Fig. 3A). Sound levels were lower during 
COVID-19 by 1.4 dB when the trees had leaves compared with non- 
leafed trees (SE = 0.44, t = 3.25, p = 0.0012; Table 5; Fig. 3A). 

Model 3 (distance to road + category) was also the best performing 

model at Blue Hills according to the AIC score (Table S5). In a major 
departure from expectations, sound levels at Blue Hills were higher 
during COVID-19 than during the pre-COVID-19 era. After accounting 
for the logarithmic relationship with distance to road, COVID-19 sound 
measurements taken in March, when the trees did not have leaves, were 
on average 5.4 dB higher compared with pre-COVID-19 sound levels (SE 
= 0.4, t = 10.66, p < 0.001). Sound measurements taken during COVID- 
19 in June when the trees did have leaves were on average 4.1 dB higher 
than pre-COVID-19 sound levels (SE = 0.42, t = 9.61, p < 0.001; Table 4; 
Fig. 3B). Sound levels were lower during COVID-19 by 1.3 dB when the 
trees had leaves compared with non-leafed trees. (SE = 0.64, t = 1.98, p 
= 0.049; Table 5; Fig. 3B). 

At Hall’s Pond, the best performing model was model 2 (category 
only) according to the AIC score (Table S5). COVID-19 measurements 
taken in March when the trees did not have leaves were on average 3.1 
dB lower than pre-COVID-19 sound levels (SE = 0.55, t = 5.57, p <
0.001), while COVID-19 measurements taken in June when the trees did 
have leaves were on average 1.5 dB lower than pre-COVID-19 sound 
levels (SE = 0.55, t = −2.81, p = 0.006; Table 4). Sound levels were 
higher by 1.5 dB during COVID-19 when the trees had leaves compared 
with non-leafed trees (SE = 0.46, t = −3.25, p = 0.002; Table 5). 

4. Discussion 

The field of soundscape ecology has demonstrated the importance of 
noise in environmental conservation efforts (Pijanowski et al., 2011). 
Soundscapes are natural resources; noise pollution has detrimental 
health impacts for people, and can restructure species assemblages and 
impact reproductive performance in wildlife (Dumyahn and Pijanowski, 
2011). The primary goal of this study was to compare the extent and 
magnitude of noise pollution in urban protected areas during the 
beginning of the COVID-19 pandemic and associated lockdowns in 
Massachusetts to control measurements. Each of our three study sites 
demonstrated a change in sound levels during the pandemic lockdown; 
however, the directions of the changes and the details vary across sites 
(Fig. 4). 

4.1. Impact of roads on pre-COVID-19 sound levels 

Road traffic noise was the primary source of elevated sound levels at 
our study sites. Sound level has a logarithmic relationship with distance 
from the nearest road; the sound impact of traffic was greatest within the 
first 50 m and declined progressively with increasing distance from 
roads. This decline continued up to 300 m from a road at Hammond 
Pond and to 400 m at Blue Hills. Beyond this distance, sound levels were 
fairly constant and there was not a detectable change as distance in-
creases. The lack of a significant decrease past these thresholds could 
indicate that road noise does not have a substantial impact past 300 or 
400 m. However, it is also possible that the protected areas in our study 
are not large enough to observe the full impact from road noise; with 
greater distances away from roads, it is possible we would continue to 
observe a decline in sound level. 

Other sources of noise were noticeable at particular parks and are 
also worth investigating in later studies. Most notably, airplane noise 
was a concern of park advocates at the Blue Hills site, and noise pollu-
tion from landscaping equipment, such as leaf blowers and lawn 
mowers, was particularly evident at Hall’s Pond and is a contentious 
local issue in Newton. 

4.2. Effects of the COVID-19 pandemic on sound levels 

At Hammond Pond, as expected, sound levels during the pandemic 
after the trees had leafed out were several decibels lower than sound 
levels pre-COVID-19. The sound levels in March were greater than the 
sound levels in June, but were still significantly lower than pre-COVID- 
19 levels, though to a lesser extent. The difference in sound levels 

Table 3 
Model equations used to predict sound levels at different locations. L50 is 
the median sound level over the measurement duration, dist.min is the 
minimum distance to any major road, and category is the time period in 
which measurements were taken (pre-COVID-19, COVID-19 with non- 
leafed trees, and COVID-19 with leafed trees).  

Model number Equation 
0 L50 ~ 1 
1 L50 ~ log(dist.min) 
2 L50 ~ Category 
3 L50 ~ log(dist.min) + Category  
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Fig. 2. Sound levels at the (A) Hammond Pond Reservation (Newton, MA), (B) Blue Hills Reservation (Milton, MA), and (B) Hall’s Pond Sanctuary (Brookline, MA) 
taken pre-COVID-19. Each point represents the L50 median sound level of a 20–30 s noise measurement. 
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Table 4 
Best performing models for Hammond Pond (Newton, MA), Blue Hills (Milton, MA), and Hall’s Pond (Brookline, MA), with pre-COVID-19 data as the reference 
category.  

Site R2 Explanatory variables Coefficients SE t-Value p value Significance 
Hammond Pond  0.57 Intercept  70.15  0.64  109.44  <0.001 *** 

log(road distance)  −10.24  0.12  −37.74  <0.001 *** 
COVID-19 with non-leafed trees  −1.49  0.41  −3.63  <0.001 *** 
COVID-19 with leafed trees  −2.79  0.38  −7.33  <0.001 *** 

Blue Hills  0.48 Intercept  72.89  0.84  87.11  <0.001 *** 
log(road distance)  −10.73  0.15  −31.88  <0.001 *** 
COVID-19 with non-leafed trees  5.38  0.50  10.66  <0.001 *** 
COVID-19 with leafed trees  4.06  0.42  9.61  <0.001 *** 

Hall’s Pond  0.15 Intercept  49.40  0.32  152.90  <0.001 *** 
COVID-19 with non-leafed trees  −3.05  0.55  −5.57  <0.001 *** 
COVID-19 with leafed trees  −1.54  0.55  −2.81  0.006 **  

Fig. 3. Interpolated sound levels at the (A) Hammond Pond Reservations (Newton, MA) and (B) Blue Hills Reservation (Milton, MA), from measurements taken pre- 
COVID-19. 
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between March and June is likely due to the fact that the noise from 
roads was able to penetrate further into the forest due to the lack of tree 
leaves (Maleki and Hosseini, 2011). 

At Hall’s Pond, as hypothesized, sound levels were lower in March 
and June during the pandemic, both before and after trees leafed out, 
than pre-COVID-19 sound levels. This decrease in noise is most likely 
due to lower urban activity levels during the pandemic, including both 
reduced volume of urban traffic and less construction and landscaping 
activity in the surrounding area. Sound levels were somewhat higher 
after trees leafed out in June, presumably due to increasing activity in 
the surrounding area and on the roads as the pandemic lockdown began 
to be relaxed. Most notably, construction activities resumed during 
Phase 1 of reopening. 

The large reduction in noise pollution in these two protected areas 
indicates reduction in traffic and human activity dramatically affects the 
soundscape of urban protected areas. Three of the key sources of noise 
present in urban areas are traffic, human voices, and sirens (Dumyahn 
and Pijanowski, 2011). By limiting human activity, the early COVID-19 
lockdown in Boston reduced at least two of the primary sources of noise. 
Noise pollution in protected areas has been associated with changes in 
bird species composition and reproductive performance (Francis et al., 
2009; Newport et al., 2014; Derryberry et al., 2020). In particular, road 
noise can mask bird song (Nemeth and Brumm, 2010). This masking is 
associated with declines in bird densities. The short-term reductions in 
road noise at Hammond Pond documented in this study may have 
benefited local bird populations, in that bird call adjustments to noise 
can be energetically costly (Lowry et al., 2012). However, it is unclear if 
reductions in noise during a single breeding season will have measurable 
ecosystem impacts. These short-term wildlife impacts warrant further 
exploration. 

Maintaining urban biodiversity can increase human enjoyment and 
ecosystem services provided by protected areas (Larson et al., 2016; 
Schwartz et al., 2019; Secretariat of the Convention on Biological Di-
versity, 2008). Decreasing the road volume or speeds of nearby city 
streets could reduce noise pollution in this park in the long-term. 
Continued monitoring of noise in urban protected areas is needed to 
better understand the seasonal changes in noise pollution and long-term 
impacts of the pandemic on urban noise. The marked and sustained 
reduction in noise pollution during the pandemic lockdown indicates 
this environmental pollutant can be better managed in Hall’s Pond and 
Hammond Pond, which will have positive ecosystem outcomes for 
wildlife and human visitors. 

At Blue Hills, in contrast, sound levels were 4–6 dB higher during the 
pandemic lockdown in both March and June than during the pre-COVID- 
19 measurements. This increase in sound level in March and June, which 
occurred both near the road and hundreds of meters into the park, is 
most likely due to higher vehicle speeds during the time of the pandemic 
on U.S. 93, the interstate highway that runs through the park. Traffic 
noise comes from two major sources: the running of the vehicle systems, 
such as the engine and the exhaust system, and interaction between the 
tires and the road. With technological advancements reducing much of 
the vehicle running noise, tire/road interaction becomes the dominant 
noise source. This noise becomes more prominent at greater speeds 

Table 5 
Best performing models for Hammond Pond (Newton, MA), Blue Hills (Milton, MA), and Hall’s Pond (Brookline, MA), using only COVID-19 data, with measurements 
taken when trees were non-leafed as the reference category.  

Site R2 Explanatory variables Coefficients SE t-Value p value Significance 
Hammond Pond  0.66 Intercept  67.41  0.68  90.58  <0.001 *** 

log(road distance)  −9.56  0.33  −29.11  <0.001 *** 
COVID-19 with leafed trees  −1.43  0.44  3.25  0.0012 ** 

Blue Hills  0.48 Intercept  81.95  1.47  55.08  <0.001 *** 
log(road distance)  −12.37  0.62  −19.98  <0.001 *** 
COVID-19 with leafed trees  −1.26  0.64  1.98  0.049 * 

Hall’s Pond  0.10 Intercept  46.36  0.33  145.68  <0.001 *** 
COVID-19 with leafed trees  1.51  0.46  −3.25  0.002 **  

Fig. 4. Sound level vs. distance from nearest road at (A) Hammond Pond 
Reservation (Newton, MA), (B) Blue Hills Reservation (Milton, MA), and (C) 
Hall’s Pond Reservation (Brookline, MA). For Hammond and Blue Hills (A and 
B) lines indicate a significant regression. 
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(Maling, 2014). Before the pandemic, traffic congestion throughout the 
day frequently resulted in traffic traveling under 65 km per hour and 
sometimes even completely stopped car movement (MassDOT Trans-
portation Data Management System; Terry, personal observation). In 
contrast, during the pandemic, lower numbers of cars and trucks would 
allow cars to travel at speeds of 100–130 km per hour. At these greater 
speeds, the tire/road interaction would become louder and generate 
higher sound levels than were caused by the previously slower-moving 
vehicles (Cowan, 1993; Maling, 2014). It is also possible that while 
there was a large reduction in vehicle volume overall, commercial ve-
hicles, such as large trucks, may not have had much of a reduction in 
volume compared to passenger vehicles; in fact, national data indicates 
that commercial traffic saw hardly any reduction at all (PrePass, 2020). 
Given that commercial vehicles produce more noise than other vehicles, 
and that commercial vehicles are far more likely to be found on major 
freeways such as U.S. 93 than smaller roads, it is likely that they made up 
a much larger proportion of traffic volume overall during COVID than 
before, and therefore a large portion of the increased volume traveling 
over 112 km/h (Table 2). In addition, similar to Hammond Pond, sound 
levels were slightly lower at Blue Hills in June after leaf out than in 
March, again likely due to the dampening effect of leaves (Maleki and 
Hosseini, 2011). This finding provides evidence that vehicular traffic 
volume is not a linear predictor of noise pollution in protected areas and 
changes to the primary sources of urban noise pollution do not always 
manifest as reductions in noise levels. 

Based on these results, reducing speed limits and restricting the size 
and types of vehicles allowed to travel on roads near protected areas 
may prove more effective at reducing noise pollution than attempts to 
reduce the overall traffic volume. In addition, while visitation during 
COVID-19 was not specifically measured at our 3 sites, it is likely that 
changing numbers of visitors played a role in the differences observed. 
The U.S. National Park Service has found that in more remote protected 
areas, visitor conversations often play a large role in noise pollution. The 
Park Service has seen some success reducing sound levels through the 
institution of “quiet zones” at selected areas (Abad et al., 2017). 
Establishing “quiet zones” would likely be effective at reducing noise at 
our sites, particularly in the interior of Blue Hills where road noise is less 
prominent. 

4.3. Conclusions 

Overall, our results demonstrate that the three urban protected areas 
in our study have considerable noise pollution concentrated near the 
roads, as well as lower-level noise pollution throughout the entire park 
area. Noise pollution from roads diminishes only at 300–400 m from 
roads, meaning only a small fraction of each of these parks is truly quiet. 

As predicted, we found decreases in sound levels during the time of 
the pandemic lockdown at Hammond Pond and Hall’s Pond, but these 
improvements were only 1–3 dB in magnitude. In contrast, Blue Hills 
became 4–6 dB noisier during the time of the pandemic, contrary to our 
predictions, likely due to the increased road speed. A 3 dB increase is 
equivalent to a doubling in sound energy; however, it takes a 10 dB 
increase for people to perceive sound as twice as loud (Buxton et al., 
2017). The small 1–6 dB changes observed in our study are likely 
noticeable by people walking through the parks, and make a difference 
in the aesthetic qualities of a park experience, but these changes may not 
have a major impact on the experiences of human visitors and the 
behavior of wildlife. 

Although the changes that we found in sound level due to the 
pandemic are small relative to the range of human hearing, they are 
significant, and can be used to inform our approach to noise manage-
ment. Most importantly, this study confirms that roads are large sources 
of noise pollution in urban protected areas. It also shows that traffic 
volume is not necessarily the best indicator of noise pollution, as fewer 
vehicles going faster can create more noise than more vehicles going at 
slower speeds. This finding suggests that strict speed limits on roads 

going through protected areas may be an effective and inexpensive way 
to reduce noise pollution, though this will have other consequences for 
humans including a greater travel time along roads. Finally, this study 
demonstrates that noise pollution can penetrate hundreds of meters into 
protected areas and has the potential to diminish the value of natural 
spaces for wildlife habitat and human recreation at great distances from 
roads. While specific remediation efforts can help to reduce road noise, 
such as walls, berms, and evergreen plantings (Renterghem and Bot-
teldooren, 2012), the construction of any roads through protected areas 
will invariably increase noise pollution. 
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