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Abstract
The COVID-19 pandemic has brought unprecedented changes to our mobility. It has not only
changed our work-related travel patterns but also impacted leisure and other utilitarian activities.
Non–work-related trips tend to be more seriously affected by the neighborhood/contextual factors
such as socioeconomic status (SES), and destination accessibility, and COVID-19 impact on non-
work trips may not be equal across different neighborhood SES. This study compares non–work-
related travel patterns between the pre- and during COVID-19 pandemic in the City of El Paso,
Texas. By utilizing smartphone mobility data, we captured the visitation data for major non-work
destinations such as restaurants, supermarkets, drinking places, religious organizations, and parks.
We used Census block groups (n = 424) within the city and divided them into low- and high-income
neighborhoods based on the citywide median. Overall, the total frequency of visitations and the
distances traveled to visit these non-work destinations were influenced by the COVID-19 pan-
demic. However, significant variations existed in their visitation patterns by the type of non-work
destinations.While the overall COVID-19 effects on non-work activities were evident, its effects on
the travel patterns to each destination were not equal by neighborhood SES. We also found that
COVID-19 had differently influenced non-work activities between high- and low-income block
groups. Our findings suggest that the COVID-19 pandemic may exacerbate neighborhood-level
inequalities in non-work trips. Thus, safe and affordable transportation options together with
compact and walkable community development appear imperative to support daily travel needs for
various utilitarian and leisure purposes, especially in low-income neighborhoods.
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Introduction

Mobility is a critical element of daily living, independence, health, and quality of life. Abundant
research has been conducted on travel behaviors, and their relations to land uses with different
densities and destinations. Accessibility metrics refer to the ease of reaching destinations, which are
used to help guide transportation and land use planning, equity analyses, and policy decisions based
on the relationship between people and places (Saif et al., 2019; City of El Paso, 2020). The majority
of transportation research on accessibility metrics has focused on access to jobs and spatial
mismatch between work-related destinations and homes of the job seekers (Grengs, 2010; Yeganeh
et al., 2018). However, commuting to work does not represent people’s daily travel patterns which
include many other important destinations, such as recreational facilities, grocery stores, and
restaurants (McCahill, 2018).

The spread of coronavirus disease 2019 (COVID-19) has disrupted people’s daily travel and
social activities, as reported by many recent studies (Beck and Hensher, 2020; Saha et al., 2020;
Bourdas and Zacharakis, 2020; Huang et al., 2020). For example, Sehra et al. (2020) examined cell
phone location data and witnessed greater reductions of cell phone activities in the workplace and
retail, while observing greater increases of activities at home. According to Beck and Hensher
(2020), approximately 78% of the survey participants in Australia have made multiple changes to
their weekly travel patterns (e.g. reductions in overall travel, in travel by private cars and public
transport, in travel for commuting, social/recreational purposes, and education/childcare). Saha
et al. (2020) analyzed the impact of COVID-19 lockdown in India and observed a significant
decrease in mobility trends across different categories of places, including retail and recreation,
transit stations, and workplaces. As of 31 January 2021, the COVID-19 Community Mobility
Report from Google shows decreases in all categories except residential compared to before
COVID-19: transit stations (�30%), workplaces (�23%), retail, and recreation (�15%), and parks
(�13%) (Google LLC, 2022). However, the long-term impacts of COVID-19 on visitations to
specific non-work locations such as food, merchandise, and sports are not known. In addition, only a
few studies reported patterns of potential recovery in travel activities and behavior after the travel
restrictions were removed (Van Wee and Witlox, 2021; Ding et al., 2021).

Previous studies showed that people from low-income households face more daily mobility
challenges compared to other income groups. As transport constitutes approximately 16% of an
average household expenditure based on the U.S. Bureau of Labor Statistics (BLS) Consumer
Expenditure Surveys (CE) 2020 (Bureau of Labor Statistics, 2021), those in low-income areas with
a lack of public transportation systems face challenges when accessing jobs, goods and even
community services, such as schools and groceries (Lawson, 2018; Reuscher et al., 2017). Ac-
cording to the 2017 National Household Travel Survey (NHTS), lower-income individuals tend to
walk, bike, or use public transit for 21% of their trips, while only 13% of higher-income individuals
do the same (Federal Highway, 2017). During the COVID-19 pandemic, we witnessed less travel
decline among less-educated and lower-income groups while we saw large average declines in
overall travel (all income groups) since the travel restrictions, including in the use of public transit
(Dueñas et al., 2021; Ruiz-Euler et al., 2020; Fraiberger et al., 2020). In other words, this is referred
to as the mobility gap—seeing the difference in the drop of mobility rates between high- and low-
income groups (Ruiz-Euler et al., 2020).

With the advancement of mobile devices, social media, cloud computing, and Artificial In-
telligence, large-scale individual-level and location-based data have been widely available through
mobile-phone applications enabling place-based studies on user mobilities and experiences (Prestby
et al., 2020; Ye et al., 2021; Song et al., 2022b). These automatically collected data can reveal
behavioral patterns and reach populations who do not typically participate in research studies, and
therefore offer opportunities to uncover new environmental, social, and personal factors that drive

Song et al. 643



health and well-being (Hicks et al., 2019; Fernandez et al., 2022). In this study, we use SafeGraph
(SafeGraph, 2020), an anonymized cell phone location dataset merged with machine-generated and
human-verified Point of Interest (POI) boundaries, to study mobility patterns related to non-work
activities. With 6 million POI listings and 19 million smartphone devices collected in the US,
SafeGraph has shown that its aggregated mobility trends match Google mobility data, and it does
not systematically overrepresent individuals in specific counties, racial compositions, and income or
education levels (SafeGraph, 2019). SafeGraph has been used to support various research topics in
economics, public health, transportation, urban planning, etc. It has been used to study parking in
business locations and parks in cities (Gao et al., 2019; Song et al., 2022a), COVID-19 trans-
missions and reopening strategies (Chang et al., 2021), social distancing mobility adaptation (Lio
et al., 2021; Huang et al., 2021), unhealthy eating patterns (Ashby, 2020), political and social
mobilization (Van Dijcke and Wright, 2020).

By utilizing smartphone-based mobility data, this study compares non–work-related travel
patterns between pre- and during COVID-19 for the US–Mexico border city of El Paso, Texas.
Popular utilitarian and leisure destinations (i.e. supermarkets, merchandise stores, restaurants, liquor
stores, drinking places, religious organizations, parks) were included as the non–work-related
destinations in this study.We used the neighborhood-level analysis and focused on the travel pattern
differences by neighborhood SES. Three research questions related to COVID-19 impacts on non–
work-related travel patterns were answered:

1. How far and frequently do people travel to different non–work-related destinations?
2. How did the travel distances and visitation frequencies change after the COVID-19

outbreak?
3. Are there any mobility disparities between high- and low-income neighborhoods?

Answers to the abovementioned questions can help understand the magnitude and disparities of
the impact that COVID-19 has brought to the mobility of populations, especially in a city with high
proportions of Hispanic and economically disadvantaged populations. It offers insights for future
economic development and urban planning policies to improve daily mobility needs during and
beyond pandemics like COVID-19.

Methodology

Study location

We used the city of El Paso, Texas located along the US–Mexico border as the study site. El Paso has
a land area of 259 square miles and a population of 678,815(U.S. Census Bureau, 2020) as the 23rd
largest city in the US and the 6th in Texas. As a major Mexico–US border city, El Paso has a large
proportion of Hispanic population (81.4%). The median household income in 2019 was $47,568,
significantly lower than the US average of $69,560 (U.S. Census Bureau, 2020). Only 25.1% held a
bachelor’s degree or above according to the 2019 US Census, which is higher than the national
average of 22.5%. About 7.4% of its residents live in a household without a car, compared to 8.7% at
the national level (Maciag, 2017). The homeownership rate in El Paso was 58.9% (U.S. Census
Bureau, 2020). In terms of the unemployment rate, the early phase of the COVID-19 pandemic had
dramatically changed job security. In September 2019, the unemployment rate of the city was 3.7%,
which has increased to 14.3% in April 2020 right after the national declaration of the COVID-19
pandemic and gradually decreased to 8.2% in September 2020 according to the U.S. Bureau of
Labor Statistics.
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Mobility data

Two datasets provided by SafeGraph included (1) “Core Point of Interests (POI)” including place-
based information such as name, location, brands, address, and category (based on North American
Industry Classification System by US Census Bureau) for 6.1 million locations in the US; (2) “Place
Patterns” providing information of weekly travels for users of each POI including the distance
traveled and the number of visitors from each home or origin Census block group (BG), which are
the main measures in this study.

SafeGraph defines a device’s home BG by tracking mobile devices that stay overnight at a
Geohash-7 space (153m x 153m) as their common places between 6 PM and 7 AM over a previous
6-week period. For privacy considerations, if a home BG only has less than five devices detected per
month going to a POI, the records of that home BG are excluded. Any visitor records (either POI or
BG) smaller than four are counted as four. A Laplacian noise algorithm is applied to certain
SafeGraph variables (Safegraph, 2022). These methods will produce slightly different numbers than
reality to protect users, so people won’t be able to find any personally identifiable information
through SafeGraph. Other limitations that Safegraph fails to track correctly may include people who
leave home without their phones and frequently change sleep locations. To reduce the impact of
these potential measurement errors on our final results, we focus on patterns over a long timeframe
(about 3 years) which should generate similar statistical properties to real situations when focusing
over a long timeframe (Chiou and Tucker, 2020).

On 13March 2020, a national emergency was declared in the US due to the COVID-19 outbreak,
and the World Health Organization declared the global spread of COVID-19 as a pandemic on 11
March 2020. Accordingly, the city and county of El Paso declared a state of emergency on 13March
2020 (City of El Paso, 2020). Since the national emergency declaration, the federal and state
governments have released multiple guidelines for individual safety and prevention from COVID-
19 (United States, 2020; Adams, 2021). From March to June of 2020, a series of guidance, orders,
and restrictions on mass gatherings, public spaces, workplaces, and businesses have been im-
plemented. However, by early July of 2020, all restrictions on the POIs included in our dataset have
been terminated. To make more comparable comparisons, we define the pre-COVID period as
September 2019 to February 2020. The post-COVID outbreak period was from September 2020 to
February 2021 when all travel restrictions were lifted. Moreover, only the weekend mobility records
were used in this study to mitigate the confounding effects of commuting and work-related activities
during workdays.

As Figure 1 shows, 1,524 POIs (as place destinations) in eight categories in the city of El Paso
were included. Overall, the POIs in this study represent non-work locations for foods, outdoor and
recreational activities, shopping, social and spiritual events, etc. SafeGraph includes “parent” POIs
that geographically overlap with their “child” POIs. For instance, a shopping mall as a parent POI
may include other stores as child POIs located within the shopping mall. To avoid double-counting
errors and given the focus on the individual destinations in this study, all “parent” POIs are deleted.
Home BGs outside of El Paso are excluded to focus on daily and local travel behaviors. Weekly
smartphone travel records of home BG (origin) to POI (destination) visitations were collected with a
total of 503,961 observations. Each week, SafeGraph adjusts its device samples for every BG. For
all data periods, the sampling rates (device-to-population ratio) for all BGs follow a normal
distribution with a 4.2% average. A random pick of a BG also shows a normal distribution of its
sampling rate throughout our study periods.
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Data processing methods

To understand the travel patterns for different destinations, we specified aggregated measures at the
POI category level that estimate POI visitors, travel distances, and proximities to home BGs. A POI
category refers to a group of POIs designated by North American Industry Classification System as
the same and a total of eight POI categories are included in this study.

Point of interest category visitation. SafeGraph provides weekly data on the number of smartphone
signals detected from the home BG to a POI. However, these numbers don’t represent the actual
number of visitors to the POI since the BG device sampling rate varies every week and across the
BGs. Similar to previous studies (Jay et al., 2020), we account for temporal (weeks) and spatial
(BGs) variation in the device-to-population ratio for each BG by using equation (1.1) to estimate the
total number of real visitors from home BG to a POI. Equation (1.2) is for aggregating total visitor
numbers of a POI. Equation (1.3) is used to estimate the average number of visitors from each BG to
a POI category

Figure 1. Point of interests (POI) locations.
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Visitors POI BGi, k, t ¼
�
Visitors SG POI BGi, k, t * POPj

��
SGDi, t (1.1)

where i represents the individual BG that the study included; k represents the individual POI that the
study included. Visitors POI BGi, k, t refers to the visitor number from BGi to POIk during the tth

weekend of our study period; SVisitors SG POI BGi, k, t refers to the number of smartphone devices
from BGi to POIk during the t

th weekend of our study period, provided by SafeGraph; POP refers to
the total population of the BGi; SGDi, t refers to the total device number sampled for BGi at the t

th

weekend of our study, provided by SafeGraph

POI Visitorsk, t ¼
Xn

i ¼ 0

Visitorsi, k, t (1.2)

where POI Visitorsk, t refers to the total visitor number of POIk from all BGs during the tth weekend;
Visitorsi, k, t (calculated by equation (1.1)) refers to the visitor number from BGi to POIk during the t

th

weekend; n refers to the number of BGs that have traveled to POIk during the tth weekend

Total Visitors per BGj, t ¼
X

k2j POI Visitorsk, t = Num BG (1.3)

where Total Visitors per BGj, t refers to the total visitor number per BG to all POIs in category j
during the tth weekend; POI Visitorsk, t (calculated by equation (1.2)) refers to the total visitor
number of POIk from all BGs during the tth weekend; POIk belongs to category j. Num BG is the
total number of BGs included in the calculation.

Point of interest category distance traveled. We estimate the distance users traveled for each POI
by calculating the network distances between all pairs of home BG centroids to POIs. Street
network distances are more accurate in capturing the actual distance people traveled than the
Euclidean distances (straight line). To account for the varying popularity of each POI, we
weighted the aforementioned network distances based on the weekly home BG visitors to the
POIs using equation (2.1) to calculate the weighted distance traveled per POI. This method
gives higher weights to distances of the BG-POI pairs that have larger visitor counts. Using a
similar approach, we then aggregated category-level distances traveled by weighting all POI
distances traveled in the category based on the corresponding total POI visitor counts as shown
in equation (2.2)

Distance POIk, t ¼
Pn

i ¼ 0Visitorsi, k, t *Distancei, kPn
i ¼ 0Visitorsi, k, t

(2.1)

where Distance POIk, t refers to the visitor weighted distance traveled for POI k during the tth

weekend; Visitorsi, k, t (calculated by equation (1.1)) refers to the visitor number from BGi to POIk
during the tth weekend; Distancei, k refers to the network distance between BGi centroid and POIk

Distance Categoryj, t ¼
P

k 2 j POI Visitorsk, t *Distance POIk, tP
k 2 j POI Visitorsk, t

(2.2)

whereDistance Categoryj, t is the visitor weighted distance traveled for POI category j during the t
th

weekend. POI Visitorsk, t (calculated by equation (1.2)) refers to the total visitor number from POIk
(belongs to category j) at the tth weekend. Distance POIk, t is the visitor weighted distance traveled
for POIk during the tth weekend calculated by equation (2.1).

Another analysis involves the calculation of the proximity to different POI categories to represent
their physical accessibility. Given the fact that people are more likely visit places closer to them, we
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consider the proximity of a BG to a POI category equals the distance between the BG centroid and
its nearest POI of the category. Then by weighting all these nearest distances with the BG pop-
ulations, we developed our proximity measure for BGs went to the POI category using equation (3)
below. It is a representation of an assumed scenario that all home BG populations visit their nearest
category POI every weekend

Cat proxj ¼
Pn

i ¼ 0Near Distij * PopiPn
i ¼ 0Popi

(3)

where Cat proxj is the population weighted proximity traveled for POI category j. Near Distij is the
distance between BGi and its nearest POI in category j. Popi is the population of BGi. n is the total
number of BGs in our study.

Results

Data introduction

Table 1 provides the basic aggregated information about the POI data, including the total number of
POIs and a few specific examples of POI names in each POI category. The “General merchandise
stores” category includes major retailers like Walmart and Dollar Generals with a high volume of
visitors. Eating places including “Full-service restaurants,” “Limited-service restaurants,” and
“Drinking places” are popular POIs, like in most urban communities. The “Limited-service res-
taurants” category is dominated by fast-food restaurants in our study community of El Paso, Texas.

Overall COVID-19 impacts on POI visitation patterns

We compare pre- and during COVID-19 data using a two-sample t-test (Snedecor and Cochran,
1989) to test if two population means are equal. From Table 2, all categories showed significantly
lower numbers of visitors during COVID-19, with the two-sample t-test results showing a p-value <
0.05. “General merchandise stores,” “Full-service restaurants,” “Limited-service restaurants,” and
“Nature parks and other similar institutions” have higher visitor counts than the other categories.
Regarding distance traveled, most categories have shown a significant decrease (p-value < 0.05) in

Table 1. List of POI categories and descriptions.

Category
# of POIs
included Example POIs

General merchandise stores 82 Dollar General, Dollar Tree, Walmart
Supermarkets and other grocery (except
convenience stores)

89 Sprout Farmers Market, JC Grocery,
Albertsons

Beer, wine, and liquor stores 29 Barrel House Liquor, WB Liquors &
Wine

Full-service restaurants 564 China House, Tortas Grill, Lulu’s Café
Limited-service restaurants 291 Domino’s Pizza, Wendy’s.

Whataburger
Drinking places (alcoholic beverages) 115 Jacky’s Sports Bar, Kinda Classy Bar
Snack and nonalcoholic beverage bars 78 Starbucks, Milky’s ice Cream
Nature, parks, and other similar institutions 247 Aviators Park, Estrella Park, Feather

Lake
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the distance traveled (4 out of 8 categories). The only significant increase in distance traveled is for
“General merchandise stores.” “Full-service restaurants,” “Limited-service restaurants,” and
“Supermarkets and other grocery stores” are the stable categories that did not change significantly
after the COVID-19 outbreak.

“Beer, wine, and liquor stores” is the highest on average proximity measures, suggesting that
these POIs in our study community are located closer to the origins (BGs) than other POIs. “Nature,
parks and other similar institutions,” “Full-service restaurants,” and “Limited-service restaurants”
are categories with the lowest proximity measures, suggesting lower accessibility to these desti-
nations from user home BGs.

Differential impact of COVID-19 on POI visitation patterns by neighborhood
income levels

We use the median household income of El Paso ($42,515) to define low versus high-income BGs
and aggregate their mobility data for each POI category. Figure 2 plots the total weekly visitors per
BG (calculated by equation (1.3)) to different POI categories during weekends for both income
groups. We also overlaid the box plots that the length of the whiskers indicates a maximum of 1.5
times the interquartile range. The patterns in both Figure 2 and Table 3 confirmed the results from
Table 2 for lower visitor numbers after the COVID-19 outbreak. Figure 3 provides a visual display
of the distributions for the visitor weighted distance traveled for both income groups. Each dot
represents a weekly visitor weighted network distance traveled during the weekends for the
corresponding category. Visually speaking, the high-income group has more dispersed patterns. The
average distance traveled for the high-income group for all categories is 1.64 miles for during
COVID-19 and 1.69 miles for pre-COVID-19, while low-income group has an average distance
traveled of 1.72 miles during COVID-19 and 1.69 miles pre-COVID-19. “General merchandise
stores” and “Supermarkets and other grocery stores” are generally the categories with shorter
distances traveled, while visitors travel longer distances for “Drinking places” and “Liquor stores.”
Only one category (limited-service restaurants) has shown significant decreases for the low-income
group. “Supermarkets and other grocery” have not shown significant differences between pre- and
during COVID-19 (all p-values > 0.05) for all income groups. “Drinking places” have shown
disparity between income groups as low-income distance traveled significantly increased

Figure 2. POI visitations during pre- versus during COVID-19 periods from the high-income BGs (left) and
low-income BGs (right).
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(T-stats 2.103, p-value 0.04) while high-income groups significantly decreased (T-stats �3.5,
p-value < 0.001).

Discussion

Although the lockdowns and capacity/gathering restrictions due to COVID-19 were lifted, its direct
and indirect impact on our daily living is still apparent (Caroppo et al., 2021; Kumari et al., 2020;
Park et al., 2021). Technological advances allowed various alternative forms of working, learning,
and living possible through remote working, hybrid teaching/learning, and telemedicine (Shah et al.,
2020; Triyason et al., 2020). However, relatively few studies have explored the effects of the
COVID-19 pandemic on non-work activities. By using the case of El Paso, Texas, this is one of the
first studies that investigated how COVID-19 changed travel patterns related non-work destinations.
Our results offered new insights into the changes that COVID-19 brought to the travel patterns of the
populations in low- versus high-income neighborhoods. Further, we considered major destinations
essential to everyday living such as grocery stores, restaurants, and general merchandise as well as
those that support leisure time activities (e.g. nature, parks, sports clubs) important to keep physical
and mental health of the populations, especially during the pandemics like COVID-19.

Overall negative effects of COVID-19 on non-work activities are evident as all POI categories
showed decreases in visitations during the pandemic (Table 3). After the COVID-19 outbreak, most
businesses have undertaken a digital transformation to keep up with heightened safety protocols and
changed consumer preferences. As consumers opt for the online option and make larger orders, we
might see less frequent visitations to the retail stores and service destinations. Speed and con-
venience advantage of curbside pickups and home deliveries are found to remain popular and have
the potential to thrive beyond the COVID-19 pandemic (Morgan, 2020). Especially for retail, more
purchasing time will spend at homes and cars instead of strolling the aisles and choosing products in
stores. This may lead to less traveling and reduced physical activities in people’s daily routine,
although the extent of such effects needs to be seen in future studies.

Figure 3. Visualization of distance-traveled distributions (high-income BGs left, low-income BGs right).
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Regarding the distance traveled to POIs, visitors traveled shorter distances to most the desti-
nations (4 out of 8 POI categories, Table 4). Both the use of and the average travel distance to eating
(e.g. full-service restaurants and limited-service restaurants) and drinking places (e.g. beverages,
snack, and nonalcoholic) and outdoor physical and social activity places (e.g. parks) had decreased
significantly during the COVID-19 pandemic. It seems that visitors choose more local places closer
to their homes for these destinations that often involve social interactions. Shopping and food-
related service destinations, including general merchandise stores, supermarkets, liquor stores, did
not show significantly changes in the distance traveled during the COVID-19 pandemic. Each store
has different delivery service policies and customers’ preference of the delivery service also differs
by various demographic and socioeconomic factors. However, those living near shopping and
grocery stores may be more likely to use these delivery services (Grashuis et al., 2020; Chenarides
et al., 2021), which may reduce the number of visitors who live close to the shopping and grocery
stores and even lead to increase the average distance traveled for these merchandise stores during the
COVID-19 pandemic (1.35 miles to 1.37 miles, p < 0.02) and supermarkets (1.4 miles to 1.44 miles,
p = 0.08). The distance traveled to liquor stores has also significantly increased from 1.55 miles pre-
COVID-19 pandemic to 1.81 miles during COVID-19 (p < 0.001). The recent liquor shortage
during COVID-19 (Hernandez, 2021) may have an effect since consumers have to look for other
stores further away if nearby stores have limited choices or supplies.

We also found that the COVID-19 pandemic had differently influenced non-work activities
between high- and low-income BGs. Most of the patterns of decreasing visitation after the COVID-
19 pandemic were similar between high- and low-income BGs, but total visitations of some places
decreased more significantly in high-income BGs after the COVID-19 outbreak, compared to the
low-income BGs. For example, the decrease in the use of general merchandise stores was significant
only in high-income BGs (Δmean Change:�50.22 visitors per BG, p < 0.001 in high-income BGs;
Δ mean Change: �22.76 visitors per BG, p = 0.058 in low-income BGs). This pattern may be a
result of those with high-income and high educational attainment being more aware and accepting of
new technology, including online food delivery ordering (Gavilan et al., 2021; Zanetta et al., 2021).
Another reason may be that the supplemental nutrition assistance program (SNAP) for low-income
households can only be used with in-store visits (National Conference of State Legislature, 2019),
requiring the SNAT users to physically visit the stores.

In terms of the distance traveled, those in high-income versus low-income BGs were traveling
similar distances before the COVD-19 pandemic (H: 1.69 miles and L: 1.69 miles). However, high-
income BGs have decreased their distances traveled to POIs (1.69 mi to 1.64 mi) while low-income
BG increased (1.69 miles to 1.72 miles). From Table 3, most places (8 out of 9 POI categories) were
further from high-income BGs than from low-income BGs (1.48 miles vs. 1.17 miles), likely
because of the tendency that high-income residents tend to live in suburban communities that are
predominantly residential, compared to low-income residents more commonly finding their resi-
dences in mixed-use areas near downtown and commercial properties (Parker et al., 2018). The
strong trend of local consumption (a likely byproduct of working from home) may lead to shorter
post-COVID outbreak distances traveled to POIs in high-income BGs. As the travel demand shifts
to areas closer to high-income BGs, its business implications and impacts on social segregation and
suburbanization need to be further examined in future studies. Moreover, it is worth noting that we
see a clear difference in drinking places as visitors in high-income BGs travel shorter distances
(post-COVID outbreak decrease of 0.19 miles) while low-income counterparts travel longer
distances (post-COVID outbreak increase of 0.1 miles). Since alcohol consumption is responsible
for many health and safety consequences (Collins, 2016), future studies may investigate how the
change of travel patterns found in this study may affect drinking behaviors and associated risks.
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Limitations and future directions

Several limitations of this study should be acknowledged. We relied on the limited information
provided by SafeGraph data and descriptive analysis. SafeGraph data are somewhat limited in
representing low-income populations or children who often have limited access to smartphones with
GPS, and in the coverage of POIs of small size (Wang et al., 2021). Since SafeGraph data is only
provided with aggregated geographical data at the Census BG level, we were unable to consider any
individual health and behavior outcomes. Since this study aimed to explore the changes in the
general travel patterns in relation to the COVID-19 pandemic, further research is needed to identify
the multi-level factors that influence this causal relationship. Another limitation is that we only
considered the limited study periods with two 5-month periods before and during COVID-19, and
therefore we were unable to assess more completed trends about pre- vs post-COVID-19 changes.
However, we used this timeframe to control for the impact of the strict lockdown policy and the
short-term surges due to the reopening of the shops immediately after such restrictions. We also
mitigated the effects of commuting and work-related activities, which are subject to many other non-
environmental confounders that are not of interest to this study, by only including weekend travel
activities. Although commonly used in previous studies (DeCoster et al., 2011), our median split
method may have BGs of small household income differences ($147 in this case) be classified to
different categories. This method can only show general differences between higher vs lower-
income groups and could not compare differences of income levels for detailed quantile clusters
(e.g. 20% vs 80%). Future research could use regression modeling analysis to offer more detailed
analysis on income disparities. There will also be opportunities to test how each policy intervention
can influence mobility change and how and to what extent the travel patterns have been changed
between weekdays and weekends.

Policy implication

This study has several implications for policy and interventions in urban planning, transportation,
and public health. First, our finding provides evidence of the COVID-19 effects on daily lifestyle
even after the initial COVID-19 restrictions were removed. Due to the remote work arrangement by
many companies and job loss due to the pandemic, changes in the work-related travel patterns have
already been reported. This study provided a comprehensive study on non–work-related desti-
nations and their categorical differences, including grocery shopping, dining, retail shopping, and
visiting outdoor physical/social activity places. These non-work destinations and amenities are great
benefit to people’s well-beings and qualities of lives (Orsega-Smith et al., 2004; Thompson et al.,
2011). They play an important role in supporting basic needs such as food intake, social interaction,
physical activities, and shopping goods. They are also often small businesses and services that
support large amount of local job positions and spending. Urban planners and city managers should
not only be aware of the possible impact of future pandemic (e.g., like COVID-19) on work-related
travels but also behavior changes of non-work activities. Equitable access should be considered to a
variety of non-work amenities for everyone that can support daily utilitarian and recreational needs.
It can lead to improving people’s coping capability to pandemics like this in the future, by helping to
reduce the negative impact of social isolation while also increasing access to non-work destinations.
Second, the COVID-19 pandemic may exacerbate the environmental inequalities about non-work
destinations by the neighborhood socioeconomic status. Given our findings, low-income residents
may be less likely to have reduced visitations and short distances. Compared to high-income
residents, low-income residents tend to have greater needs for safe and affordable transportation
options, and a compact and walkable urban environment would be advantageous to support their
daily travel to non-work destinations during the future contagious pandemic like COVID-19.
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Conclusion

Using the city of El Paso, Texas, as the study site, this study provides a comparison of the travel
patterns for different non-work destinations before and during COVID-19 (but after the travel
restrictions). By utilizing a large smartphone mobility dataset from SafeGraph, we aggregated
measures to estimate travel distances and visitations at the Census BG level to different POI
categories such as restaurants, supermarkets, drinking places, and parks. We also evaluated the
differences between low- and high-income BGs on those travel patterns. In summary, visitations had
a more significant decrease after the COVID-19 outbreak. Travel distances decreased for most POI
categories, except for shopping and food-related categories. High-income BGs were more likely to
travel shorter distances for non-work activities compared to low-income BGs. Our results presented
a comprehensive picture of the changes in travel patterns for non-work destinations after the
COVID-19 outbreak and provided insights into future urban mobilities in the post-COVID-19 era.
The COVID-19 pandemic exacerbates environmental inequalities by neighborhood socioeconomic
status. We think safe and affordable transportation options and compact and walkable urban de-
velopments would be imperative to mitigate the negative impact of COVID-19 and similar pan-
demics or disasters in the future.
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