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Abstract: The COVID-19 pandemic amplified social, economic, and environmental inequalities in
American cities, including inequities in commuting and access to employment. Frontline
workers—those who had to work on site during the pandemic—experienced these inequalities
in every aspect of their daily lives. We examine the labor force characteristics and commuting of
frontline workers in New York City with a focus on gender and race/ethnic disparities in wages and
commuting modes and times. Using Census PUMS microdata for a sample of New York City resi-
dents in the 2015–2019 period, we identify frontline workers from detailed industry and occupation
codes and compare characteristics of frontline workers with those of essential workers who could
work remotely. The data highlight wide disparities between frontline and remote workers. Minority
men and women are concentrated in the frontline workforce. The residential geographies of frontline
and remote workers differ greatly, with the former concentrated in low- and moderate- income areas
distant from work sites and with long commute times. Compared to men, women frontline workers
rely heavily on public transit to commute and transit dependence is highest among Black and Latina
women. Low-wage employment, long commute times, and transit dependence intersected to increase
minority women’s economic and social vulnerability during the pandemic.

Keywords: frontline work; gender; race/ethnicity; commuting

1. Introduction

The rise of digital technologies, the emergence of new divisions of labor, and the
increasing emphasis on cognitive and cultural capital in production are transforming ur-
ban economies and heightening social inequalities in cities [1]. These transformations
accelerated during the recent global pandemic, as COVID-19 upended working lives
around the globe, profoundly changing the geographies of employment. While many
workers were able to work remotely, protecting themselves from exposure to the novel
SARS-COV-2 virus, others—frontline workers—continued to go to work. Interrogating
unequal opportunities to work remotely allows us to investigate how social and techno-
logical processes transforming the geographies of work contribute to gender, race, and
class inequalities.

The analysis contributes to knowledge of the changing geographies of paid work by
focusing on workers whose daily lives and well-being are constrained by the separation of
home and work and the need to commute between them. Aside from a handful of national
studies [2,3] that lack geographic detail, our knowledge of who frontline workers are, where
they live, and their work trips and the wages they earn is limited. Our goal is to fill this
gap via a descriptive analysis of frontline workers in New York City in the early phase
of the pandemic. While the need to work frontline will change over time, especially as
technological innovations enable more telework, the pandemic demonstrated the urgency
of understanding the social characteristics and geographies of frontline workers.
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1.1. Literature

The large and growing geographic literature about telework [4–6] provides little infor-
mation about workers who are unable to perform their jobs remotely. Frontline workers
whose jobs involved face-to-face interactions commuted throughout the pandemic [7,8].
They provided the paid care and productive and distributional labor that undergirds
society’s social and economic relations and enables growing numbers of employees in
other industries to work remotely. In addition to concerns about their own health and
safety during work trips, many frontline workers had to negotiate reductions in public
transit services instituted in response to declining demand, staff shortages as transportation
workers became ill with COVID-19, and the need to clean equipment more often and
more thoroughly [9]. Service changes affected all aspects of commuting: the availability of
different modes, commuting times, and commuting distances [8], forcing frontline workers
to adapt, often extending the distance and time of work trips.

As remote work increased during the pandemic, the total number of people com-
muting plummeted and the decline was especially marked for those who used public
transit [10–12]. Surveys revealed that working from home was only one of the reasons that
users abandoned transit. Concerned about the cleanliness and safety of transit [11,13,14],
transit users started using alternative modes. While many walked and biked to work, cars
quickly became the favored commuting mode. Even as the pandemic has eased, transit use
has not returned to pre-pandemic levels.

Using information from small residential areas, studies in cities worldwide confirmed
that COVID-19′s impacts on travel generally, and commuting specifically, were marked
by income and racial inequalities [15–17]. Travel and transit use declined more in high-
income neighborhoods than in low-income ones. Often considered more convenient and
comfortable than other modes, commuting by private automobile was also judged safer
than commuting by bus or rapid transit at the beginning of the pandemic [11,18]. Many
highly educated and well-paid workers whose cognitive and cultural capital is highly
valued worked remotely, and the few who had to go to the workplace often drove to
work rather than commuting on public transit [13,19,20]. In low-income areas, transit use
declined, but less precipitously than in high-income areas [15–17]. Reductions in transit
use were often racialized, especially in American cities where residential areas dominated
by affluent Whites recorded larger drops in transit use than low-income areas with large
minority populations [15,19].

The shifts in mode use affected commute times and workers’ overall well-being. Mode
has a direct impact on commuting time: trips on public transportation often take more time
than corresponding trips by car [21]. Time is a crucial resource: workers who endure long
commuting trips have less time available to care for themselves and their households and
to maintain friendships. Long commutes have been linked to stress, anxiety, and other
health concerns [22]. Low-wage workers are especially vulnerable to the adverse effects
of long commuting trips [23], as their limited economic resources compound the stresses
associated with lack of time to meet basic needs.

Gender has not been considered much in the literature about commuting during the
pandemic. For example, Brough et al. [19] and Hu and Chen [15] document the rapid decline
in transit use at the beginning of the pandemic, but they do not distinguish between men
and women. When research takes account of gender, it is often treated as one additional
variable rather than a dimension of identity that is equally important as income and
race/ethnicity in shaping mobility and commuting [24]. On average, women still commute
shorter distances and times than men, although the gender gap is diminishing [25,26].
This well-established gender difference has been attributed to many factors, but three are
particularly relevant for understanding frontline workers’ commutes. Gender segmentation
in the labor market means women’s jobs are concentrated in health care and social services,
and compared with men, women also hold a smaller share of managerial, executive,
scientific, and professional jobs [27], potentially reducing women’s opportunities for remote
work. Gender also influences access to cars. While women in the United States now account
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for more than half of all licensed drivers [28], they still drive fewer miles on average than
men and are more reliant than men on transit, which posed more risks and required
more adaptation during the pandemic [29]. Finally, gender roles, especially women’s
responsibilities for housework and child-care, influence frontline workers’ commutes. To
accommodate the responsibilities of paid work and social reproduction, some women work
closer to home than men. Others increase their daily trips to accommodate the trip chaining
by which they accomplish domestic tasks [30,31]. As schools and childcare centers shut
down during the pandemic, frontline workers who were women scrambled to arrange
care for their children, even as they continued to commute, often depending on constantly
changing and increasingly infrequent public transportation.

Race and ethnicity affect gender differences in commuting, and we expect this to be
especially true for frontline workers. In the U.S., Black and Latinx workers make up a
disproportionate share of the frontline workforce [2]. Residential segregation by race and
ethnicity and relatively low rates of car ownership result in challenging commutes for many
minority workers, leading to longer commute times and higher rates of transit reliance
than for White workers [32].

The effects of gender and race/ethnicity are often evident in tradeoffs between com-
muting time and wages. Although still positively related in many urban settings in the
United States, the relationship between commuting time and wages depends on the res-
idential location of workers as well as their race and gender. For example, in New York
City in 2010, commuting time declined as wages increased for White and Asian workers
in central neighborhoods in Manhattan, where there is a dense concentration of jobs, res-
idences, and public transit. High-wage workers in Manhattan were “advantaged” both
economically and by their short travel times to work. In the inner suburbs of New York City,
limited residential choices, infrequent transit service, and lack of proximity to well-paid
employment opportunities result in a commuting disadvantage, as workers, especially
workers of color, commute long times to low wage jobs [33].

1.2. Aims

The analysis concentrates on essential workers, “who are vital for the core functioning
of societal infrastructure” [2] (p. 1). We distinguish frontline essential workers who must
provide their labor in person at the worksite from remote essential workers who can work
from home [2,34]. Using detailed individual information from the American Commu-
nity Survey (ACS) that captures the residential distribution of male and female frontline
workers just before the pandemic, we investigate essential workers’ opportunities to work
remotely by comparing the social characteristics of frontline and remote essential workers,
documenting their residential and work geographies, and assessing the commuting pat-
terns that link them. By comparing the commutes of men and women who are frontline
workers from four race/ethnicity groups: Black, Latinx, Asian, and White, in New York
City, the central city for the New York metropolitan area, one of America’s most racially
segregated municipalities [35], the spatial analysis adds crucial information about gendered
and racialized inequalities and points to the geographical factors that determine them.

The analysis extends the current and rapidly growing literature about commuting
and geographies of frontline and remote work during the pandemic [4,10–12,15,36] in
three directions. By investigating the social and geographical characteristics of frontline
workers and their commutes, we concentrate on a group who was less able to adjust their
work locations and travel to pandemic conditions, complementing research that focuses
on workers who worked remotely [18,37,38]. We evaluate commuting disadvantage for
frontline workers by a spatial analysis that documents their residential locations, their
commuting modes and times, and the relationship between commuting time and wages.
Finally, the analysis incorporates an intersectional perspective that takes account of gender
and race/ethnic segmentation in the labor market.
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2. Methods and Materials
2.1. Study Area: New York City

The analysis focuses on New York City for three reasons. Services dominate the New
York City economy, where opportunities for remote work were distributed unevenly across
the large financial, retail, accommodation and food, health care and social services, and
entertainment sectors. While highly valued workers in sectors such as finance mostly
worked remotely, workers in other sectors, such as retail and health care, were either
deemed essential frontline workers or laid off [7]. With the densest and most widely
used public transportation system in the United States, New York City is often cited as a
model of sustainable transportation. By examining the geographies of frontline workers in
New York City, we learn about the challenges facing frontline workers who rely on transit
even during a pandemic. Finally, New York City was the epicenter of the pandemic in
North America between March 2020 and June 2020, and it adopted strict stay-at-home and
essential work orders very early in the pandemic. Examining commuting in New York City
provides detailed information about the gender, race, and class inequalities of remote and
frontline work.

Reviewing some of the state and city orders affecting frontline workers and the
availability of public and private transportation sets the stage for this study. On 20 March
2020, New York State issued a stay-at-home order that required all residents, except those
in essential industries, to stay home [39]. The list of essential industries was very short;
health care operations and essential infrastructure that included utilities such as public
transportation. Retail businesses selling groceries, food stuffs, pharmaceutical and medical
products, and other goods deemed essential stayed open with capacity limits. On the same
day, the state required masks to be worn on all public and private transportation carriers.
In New York City, where additional cleaning protocols reduced the frequency of buses
and subway service, the subway started a nightly shut down on 6 May 2020. On 8 June
2020, New York City entered Phase 1 of reopening, allowing all retail and wholesale trade,
construction, manufacturing, and agriculture workplaces to reopen fully, and on 17 May
2021, the subway system resumed 24-h service and night bus service was reduced.

Stay at home orders reduced mobility precipitously in the city, with subway use
declining by more than 90% [12]. Transit ridership has never returned to pre-pandemic
levels, hovering between 60 percent and 70 percent of pre-pandemic bus and subway
ridership in November 2022 [40]. We document the commuting patterns of frontline
workers and assess how their wages and commuting times intersect among workers
differentiated by gender, race, and ethnicity.

2.2. Defining Essential and Frontline Workers

In the U.S., the terms “essential” and “frontline” workers came to the forefront as
federal, state, and local governments formulated lockdown and stay-at-home policies in
response to COVID-19. The designation “essential” refers to people employed in indus-
tries vital for maintaining societal health, well-being, and political–economic relations.
According to the U.S. Department of Homeland Security, essential workers “protect their
communities, while ensuring continuity of functions critical to public health and safety,
as well as economic and national security [41]”. They provide health care, education, and
transportation services; maintain infrastructure; supply food; sustain digital information
networks; and manufacture products.

Within the broad category of essential workers, an important distinction exists between
frontline workers and those who can work remotely. To be considered a frontline worker,
the worker must be engaged in work that is performed in person at a worksite. For example,
all employees of a hospital work in an essential industry, but only some employees, such as
nurses, orderlies, physicians, and cleaners who must perform their work in the hospital,
are frontline workers. The hospital accountant who can work from home is employed in an
essential industry but is NOT a frontline worker.
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Identifying remote and frontline essential workers is challenging. Little data is avail-
able on the social and geographical characteristics of the workforce deemed essential during
the pandemic and who among that group worked on-site or remotely. Much of the data
that we have about work during the pandemic [3] comes from national samples that do not
reveal detailed local patterns. Therefore, to identify potential frontline and remote essential
workers in New York City, we follow the method developed by Blau et al. [2] that uses
Census microdata collected before the pandemic to characterize essential workers and to
distinguish between those who were likely to work on-site or remotely. Frontline workers
are identified in two stages:

1. Essential industries, as listed by the U.S. Department of Homeland Security [41], are
identified based on detailed NAICSP industry codes. Essential industries include
health care, manufacturing, transportation, education, etc. Construction was consid-
ered an essential industry in New York City, although many construction sites shut
down for short periods in March 2020.

2. For people employed in essential industries, frontline workers are identified based on
occupation. Workers in occupations in which less than a third of all workers can work
from home [34] are classified as frontline workers.

It is important to note that our research and research findings only consider workers
employed in industries designated as “essential” early in the pandemic. Those employed
in sectors like entertainment and tourism that mainly shut down during that time, are
not included. Within the essential workforce, we draw a distinction between frontline
workers and the remainder of essential workers who were able to work remotely. Thus,
in discussing the results, the term “frontline workers” refers only to frontline workers
employed in essential industries. Similarly, “remote workers” describes those employed in
essential industries who worked remotely.

We acknowledge that identifying essential and frontline workers is challenging and
potentially problematic. We use relatively broad industrial and occupational codes to
designate frontline workers; however, the opportunity to work remotely varies within each
category. Additionally, during the pandemic, definitions of essential workers varied among
states and municipalities; some states did not adopt stay-at-home policies and therefore
had no need to define essential workers. Even at the federal level, the definitions put forth
by the U.S. Department of Homeland Security were only advisory. Moreover, in states like
New York that designated essential workers, policies about frontline work changed over
time. For example, primary and secondary teachers mainly worked remotely through the
first year or so of the pandemic, then shifted to in-person instruction. These changes clearly
affect the gender composition of the frontline workforce. For this research, we focus on
the early period of the pandemic and consider education workers to be part of the remote
essential workforce.

2.3. Data

Our analysis draws on the combined ACS 2015–2019 Public Use Microdata Sample
(PUMS) data for New York City, labeled as PUMS 2019. Collected by the U.S. Bureau of
Census, the PUMS data are individual records that provide detailed information for each
sampled individual including the following variables that were used in this study: industry
of employment and occupation, earnings, typical hours and weeks of work, commuting
time, and usual mode of transportation, along with information about social characteristics
such as sex and race/ethnicity group. In this analysis, the sample consisted of New York
City residents who reported working in the past year and whose earnings from wages and
salary income or self-employment were greater than zero. Hourly wage was estimated
by dividing earnings by weeks worked by typical hours worked per week. Each sampled
individual is assigned a person weight that is used in all analyses to ensure the results
represent population-level characteristics and associations.

The PUMS data allow us to specify the residential location of each worker. In this
instance, workers are assigned to one of 55 Public Use Microdata Areas (PUMAs) in
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New York City. PUMAs correspond approximately to Community Districts and range
in size from less than 900 acres to almost 15,000 acres, with populations exceeding
100,000. Due to privacy and confidentiality restrictions, the data are only readily
available at the coarse PUMA scale; therefore, we are unable to analyze in detail the
neighborhoods where frontline workers live and their proximity to transportation, jobs,
and health and social services.

2.4. Methods

To identify essential workers, we followed the procedure discussed earlier that uses
NAICS industry codes to designate people employed in industries classified as essential.
Focusing on essential workers only, the next step was to identify frontline workers based
on 4-digit, 2018 occupation codes. Essential workers who were not classified as frontline, or
who reported working from home, are referred to as remote workers. To examine disparities
in frontline work by gender, race/ethnicity, and class, we include descriptive tabulations
and a logistic regression analysis with frontline worker (Yes = 1) as the outcome variable.
Predictor variables include sex (Female = 1), Black (non-Latinx Black = 1), Asian (non-Latinx
Asian = 1), Latinx (Latinx = 1), and log of hourly wage. These analyses focus on essential
workers only and identify characteristics of those who were likely to work on-site (frontline)
versus those who could work remotely.

To examine and compare the residential locations of essential workers employed
frontline with those employed remotely, we map the residential concentration, by PUMA,
for each group. As a measure of residential concentration, we use the location quotient,
a ratio that compares the proportion of frontline workers who live in a PUMA to the
PUMA’s proportion of the total resident workforce. Specifically, the location quotient for

frontline workers in PUMA i equals: (Ai/
n
∑
j

Aj) / (Ti/
n
∑
j

Tj), where Ai equals the number

of frontline workers living in PUMA i; Ti equals the total number of workers living in
PUMA i; and n is the number of PUMAs. A value of 1 indicates that the proportion of
frontline workers residing in a PUMA equals the area’s share of the total resident workforce.
Values greater than one show residential concentration of frontline workers while values
less than 1 indicate show lack of concentration—i.e., frontline workers’ share of the PUMA’s
resident workforce is less than frontline workers’ city-wide share.

We investigated frontline workers’ commute modes and the time spent commuting in
two stages. A descriptive analysis is conducted to analyze differences in commute time and
transit use across gender and race/ethnicity groups of frontline workers. To investigate the
complex associations between commute times and hourly wages among frontline workers,
we create wage/commute time typologies [33] that show the concentration of workers in
various combinations of hourly wages and commute times. Hourly wages, shown on the
vertical axis, are categorized into quartiles, and commuting time (horizontal axis) into five
categories: up to 15 min, 16–30 min, 31–45 min, 46–60 min, and more than 60 min. Commute
time categories are arrayed in reverse order so that commute time advantage increases along
the axis. The value (quotient) in each cell of the typology measures a group’s representation
in that category—i.e., the group’s proportion of workers in that category divided by
the corresponding proportion of the total workforce. Quotient values greater than one
show concentration, and values less than one indicate that the group is underrepresented.
Focusing on essential workers, the typology is first constructed for all frontline, essential
workers (compared to all workers), and then separately for frontline workers differentiated
by gender and race/ethnicity. These typologies reveal which groups of frontline essential
workers are most concentrated in disadvantaged commutes characterized by low wages
and long travel times to the work site.
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3. Results
3.1. Who Are Frontline Workers?

Essential industries employed slightly more than 2,800,000 workers, almost 70 percent
of New York City’s resident workforces just prior to the pandemic (Table 1). Numbering
more than 1,500,000, frontline workers were a significant share of the total workforce in
New York City, accounting for more than one in three resident workers (37.42%). The
data show that the remainder of the City’s workforce is divided equally between essential
workers who could work remotely (31.62%) and those employed in industries that were
not considered essential (30.96%).

Table 1. Essential and non-essential workers living in New York City.

Number of Workers (est) Percent of Total (est)

Total 4,081,238 100%
Non-essential 1,263,392 30.96%

Essential 2,817,846 69.04%
Frontline 1,527,060 37.42%
Remote 1,290,786 31.63%

The overall share of frontline workers is substantial, but it masks racial differences in
frontline employment (Figure 1). In New York City, the data indicate that higher percentages
of minority workers were putting themselves at risk to do their jobs on site during the
pandemic than White workers. Minorities are more likely to be frontline workers than
Whites, by a large margin. Where more than 50% of Black men are frontline workers, only
30% of White men have frontline jobs. There are equally large gaps in the percentages
of frontline workers by race/ethnicity group for women; about 45% of Black women are
frontline workers compared with only 20% of White women.

Figure 1. Remote and frontline essential workers by gender and race/ethnicity group.

Men predominate among frontline workers in every race/ethnicity group. This is con-
sistent with our definition of frontline work that includes transportation and construction
and excludes education, a female-dominated industry. The gender disparity in frontline
work varies, with the largest gender gap, 10.7%, for White workers and smaller disparities
for Latinx, Black, and Asian workers of 8.7%, 7.9%, and 6.9%, respectively. For remote
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essential jobs, women outnumber men in every race/ethnicity group, with large gender
disparities of 12.7% and 11.1% for Latinx and Black workers, respectively.

The odds ratios estimated in a logistic regression model that examines the combined
associations between gender, race/ethnicity, and hourly wage and the likelihood that an
essential worker is a frontline worker highlight gender and race/ethnic disparities. With
an odds ratio of 0.49, women essential workers are half as likely as their male counterparts
to work frontline (Table 2). At the same time, Black and Latinx essential workers are
more than twice as likely to work on site as compared to White essential workers, with
odds ratios of 2.24 and 2.41, respectively. The disparity is somewhat smaller for Asian
workers, but even they are 60 percent more likely to work in frontline jobs than similar
White workers. As expected, hourly wages are inversely associated with frontline work.
Low-wage essential workers are much more likely to be required to work on site than
those with higher wages, even when gender and race/ethnicity are controlled. Overall, the
chances of being a frontline worker in New York City are higher for low-wage, minority,
and male essential workers.

Table 2. Logistic regression estimates for predicting frontline work vs. remote work (reference value),
essential workers only.

Odds Ratio ** 95% Confidence Interval (95%)

Woman * 0.497 0.494–0.500
Log hourly wages 0.565 0.563–0.567
Latinx 2.415 2.400–2.432
Black 2.237 2.221–2.252
Asian 1.619 1.607–1.632
Constant 6.000 5.925–6.078

* Reference values are man and white. **All odds ratios are significant, p < 0.01.

The residential locations of essential workers employed on site differ from those who
work remotely. Frontline workers are concentrated in far-flung districts of New York City,
whereas remote essential workers are more likely to live in central locations (Figure 2a).
The location quotients show that frontline workers are concentrated in distant areas of
Queens, Bronx, and Brooklyn (Figure 2a). Many of these areas are at the ends of long
subway lines, or distant from the nearest subway line, and bus service in these areas can be
slow, unreliable, and often involves a mode change between bus and subway [42].

Figure 2. Residential locations of (a) frontline and (b) remote essential workers by PUMA based on
location quotients.
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In contrast, the residential locations of essential workers who can work remotely
(Figure 2b) are concentrated in Manhattan, particularly lower Manhattan, and the Up-
per East and West Sides. Residential concentrations also exist in western Brooklyn, in
neighborhoods like Brooklyn Heights. These are affluent areas located nearby the large con-
centrations of job sites in lower and central Manhattan. The City’s hub and spoke subway
lines converge in these areas, so access to transit is convenient and trips are short. For some
workers, walking and biking to work are feasible. An additional concentration of remote
essential workers exists in southwestern Staten Island, a relatively affluent area, where
average commute times are long. For those workers, the opportunity to work remotely
results in substantial savings in commute time and cost.

3.2. Commutes of Frontline Workers

The impacts of gender and racial differences in transit use are evident in frontline
workers’ mean commuting times. As expected, male frontline workers commute longer
times than women frontline workers (Table 3). Minority frontline workers also commute
longer times than White frontline workers, with Black workers of both sexes reporting the
longest travel times.

Table 3. Commuting time (mean min.) for frontline workers by gender and race/ethnicity.

Average Commuting Time (min)
Gender Difference

Men Women

Asian 33.42 28.53 4.89
Black 35.95 34.84 1.11
Latinx 32.21 29.89 2.32
White 32.56 28.45 4.11

Gender differences in commuting time vary among race/ethnicity groups. As reported
in earlier analyses of New York City [32,33], Black workers have the smallest gender
disparity in average commuting time, approximately one minute (Table 3). Black women
who are frontline workers commute almost as long on average as their male counterparts.
For Latinx frontline workers, men commute approximately 2.5 min more than women on
average. Only Asian and White workers have gender disparities in travel time exceeding
four minutes, 4.89 and 4.11 min, respectively.

Differences in transit use likely contribute to the gender and race/ethnic inequalities
in commute time. Transit is crucial for Black and Latinx frontline workers of both sexes
to get to their jobs, and is used by more than half of them (Figure 3). Although used
less by Asian and White workers, transit is still an important commuting mode for these
workers. Gender strongly influences frontline workers’ transit use. For each race/ethnicity
group, women in frontline jobs use transit more than male frontline workers, although
the magnitude of the gender gap varies by race/ethnicity (Figure 3). The biggest gender
gap is apparent for White and Asian workers. While approximately half of White and
Asian women who are frontline workers commute on transit, less than 40% of their male
counterparts use this mode. Black and Latinx men and women both rely more on transit
than either Whites or Asians. Black and Latinx men’s high use of transit reduces the gender
gap, which is smaller for Black and Latinx workers than for White and Asian workers.
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Figure 3. Percent of frontline workers commuting by transit by gender and race/ethnicity.

3.3. Commuting Disadvantage: Wages and Commuting Time

To evaluate commuting advantage and disadvantage, we created typologies examining
how hourly wages and commuting time covary, first for all frontline workers (Figure 4),
then for groups of frontline workers defined by gender and race/ethnicity (Figure 5). In
the typologies, the upper right cell (quadrat) identifies commuting advantage—high wages
and short commutes. Frontline workers in this category have commuting times of 15 min or
less and hourly wages in the highest quartile. The lower left-hand cell identifies commuting
disadvantage. Wages for workers in this cell are low, in the bottom quartile of the wage
distribution, and their commuting times are long, over an hour. Each cell of the typology
is shaded according to its relative concentration (quotient) of workers: red colors indicate
that workers are overrepresented in that category compared to the overall workforce, and
blue tones indicate that workers are underrepresented.

Figure 4. Wage and commute time typology for frontline workers.
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Figure 5. Typologies of commuting time categories (horizontal axis) by hourly wage quartiles (vertical
axis) for frontline workers by gender and race/ethnicity.

The typology for all frontline workers (Figure 4) indicates that wages for frontline
workers are lower than for all workers in New York City, a trend also reported by Stringer [7].
Frontline workers are underrepresented in all cells with above-average wages and concen-
trated in cells with below-average wages. The degree of under-representation is higher for
the top wage quartile than for the upper-middle quartile. At the other end of the wage
distribution, the concentrations tend to be higher for the lowest wage quartile than for the
lower middle quartile, indicating that frontline workers are over-represented most in the
lowest wage quartile.

Despite their low wages, some frontline workers have long commutes of over an hour.
The concentration (quotient) values indicate that for workers with below-average wages,
the percentages of frontline workers commuting more than an hour are almost the same
as the percentages for the entire workforce. However, low-wage workers are strongly
concentrated in commutes of 45 min to an hour. For all other commuting time categories,
the quotients are above 1.0 for frontline workers who have below-average wages, indicating
their concentration in jobs that afford shorter commute trips. The typology confirms that
frontline workers are clearly disadvantaged by low wages, although there is no distinct
trend in commute time.

Commuting advantage and disadvantage differ by frontline workers’ gender and
race/ethnicity (Figure 5). White frontline workers of both sexes enjoy a commuting advan-
tage. They are overrepresented in jobs in the top wage quartile that involve short travel
times to work. Similarly, White men and women frontline workers are underrepresented
among those experiencing commuting disadvantage, that is, in low-wage jobs with long
commuting times.
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For Black men who are frontline essential workers, commuting disadvantage is the
norm (Figure 5). They are strongly underrepresented in jobs in the highest wage quartile,
and commute trips of 45 min or more are common. Commuting disadvantage is even more
pronounced for Black women, who are over-represented in frontline jobs associated with
below-average wages and long commuting times.

The commuting situations of Latinx frontline workers are similar to those of Black
workers, but with a more pronounced concentration in low-wage jobs and less evidence
of commuting time disadvantage. Latinx workers are concentrated in commuting disad-
vantage situations with below-average wages and commuting times that range up to an
hour. Compared with Black frontline workers, more Latinx frontline workers of both sexes
have short commutes; however, Latinx workers, especially women, are clustered more
in below-average wage quadrats than any other ethnicity/race group. Although Latinx
workers’ wage disadvantage stands out, the data also show a gender disparity, with Latinx
women much more concentrated than men in jobs in the lowest quartile of hourly wages
and requiring commutes of over an hour. Among gender/race groups, Latinas are the most
concentrated in that category (quotient = 1.56), followed by Black women (quotient = 1.42).
Both groups of women frontline workers are approximately 50% more likely than the entire
resident workforce to hold jobs that involve very long commutes and low hourly wages.

As with Black and Latinx frontline workers, Asian workers are overrepresented in
low-wage jobs, although they are also more concentrated than either group of workers
in jobs in the highest wage quartile (Figure 5). In the quadrat with the highest average
wages and commuting times of no more than 15 min, the quotients of 0.48 and 0.29 for
Latinx men and women, and 0.49 and 0.47 for Black men and women, compare unfavorably
with values of 0.75 and 1.04 for Asian men and women in the same situation. There is
also evidence of gender disparity among Asian workers, as women’s and men’s disparate
quotient values show overrepresentation of Asian women in frontline jobs with low wages
and commuting times that exceed an hour (quotient = 1.27), and underrepresentation of
Asian male workers (quotient = 0.83).

Comparing women across the four race/ethnicity groups underscores the commuting
advantage of White women with respect to commute time. White female frontline workers
have jobs close to home. They are the only frontline essential workers concentrated in
the lowest commuting time category across the wage spectrum (Figure 5). Asian women
come closest of all other female frontline worker groups to enjoying the same commuting
advantage. The quotients indicate that Asian women are over-represented in most of the
short commuting time quadrats. The low wages of Latinx women mean that they are
over-represented only in low wage and short commute quadrats. As the mirror image
of White female frontline workers, Black women are under-represented across the wage
categories for the shortest commuting times.

4. Discussion

This analysis has underscored the importance of frontline, essential workers in the
urban economy. In New York City, a global financial and producer services center, frontline
workers comprise more than a third of the total resident workforce, according to definitions
of frontline work that prevailed in the early phase of the COVID-19 pandemic. Frontline
work is a major source of employment for minority men and women, employing half or
more of Black and Latinx workers living in the city. Confirming the findings of other recent
studies, our results indicate that Black and Latinx essential workers had less opportunity
than others to work remotely [7,43]. The health and wellbeing of these frontline workers,
and their commuting challenges, have been critical issues during the pandemic, when
their essential contributions to the urban economy were finally unveiled and made starkly
apparent to all urban residents [44].

The data also highlight key gender disparities in the frontline, essential workforce. Re-
flecting their concentration in sectors like manufacturing, transportation, and construction,
men predominate among frontline essential workers, as was found in a recent, pioneering
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national study that used the same methodology [2]. As the pandemic went on, changing
government policies added new sectors, notably primary and secondary education, to the
frontline workforce, which made it more evenly balanced by gender. However, even using
our restrictive definition of frontline, essential workers, our results show gender dispari-
ties in labor market outcomes and commuting trips. Women frontline workers are more
concentrated than men in low-wage jobs that afforded limited economic compensation
for traveling to work during the pandemic, revealing women frontline workers’ economic
precarity, as noted in other recent studies [45]. The findings also highlight women’s greater
reliance on public transit for their work trips, which heightened their commuting chal-
lenges. During the pandemic, frontline workers who depended on transit struggled with
disrupted subway and bus services that often lengthened their commutes [46].

Our analysis also shows important differences in the residential geographies and
average commute times of frontline and remote essential workers. Compared with essential
workers who could work remotely, frontline workers were more likely to live on the edges
of the city, where transit service is slow and often involves mode changes. In contrast, the
map of remote workers’ residential locations shows high concentrations in centrally located
neighborhoods in Manhattan and Brooklyn that are close to workplaces and public transit
opportunities. Thus, paradoxically, workers living in the most accessible neighborhoods
often could work remotely, while many workers living in peripheral neighborhoods had to
work on-site and faced long commutes. Geographical challenges were especially significant
for Black and Latinx frontline workers, whose long commute times indicate that racial
segregation and associated income segregation isolated minority frontline workers far from
workplaces and convenient rapid transit.

The race and ethnic inequalities in commuting disadvantage we have observed un-
derscore white privilege. Black and Latinx frontline workers experience commuting dis-
advantage more than Asian or White frontline workers. Black workers commute the
longest times and are strongly concentrated in long commutes to low-wage jobs. There
is little gender difference in Black men’s and women’s commuting times, although long
commutes intersect with poorly paid employment more strongly for Black women. For
Latinx frontline workers, our results show high segmentation in low-wage jobs, but little
association with commuting time. Thus, commuting disadvantage for Latinx frontline
workers is primarily rooted in their low wages, as seen in research nationally [47] and
for all Latinx workers in the New York metropolitan region [48]. At the same time, our
findings show that Latinx women who hold frontline jobs are highly concentrated in low-
wage, long-commute positions, evidence that they, along with Black women, face strong
commuting disadvantage. In contrast, White frontline workers, both men and women,
are more likely to enjoy commuting advantage, as evident in their concentration in jobs
with above-average wages and short commute times. White women’s tendency to work
close to home sets them apart from Asian, Latinx and Black women who also hold frontline
jobs. Regardless of their wages, White women are over-represented in frontline jobs that
involve short commute times, a commuting advantage that is not shared with women from
the other race/ethnicity groups. These findings mirror those uncovered for the New York
metropolitan region [32,33].

The uneven distribution of commuting (dis)advantage between men and women
across ethnicity/race group is consistent with the broader literature on changes in daily
mobility during the pandemic in New York City and elsewhere [12,15–17]. That liter-
ature reveals wide class and race/ethnic inequalities in mobility change among urban
neighborhoods in response to stay-at-home policies and other pandemic restrictions, as
mobility declined less among low-income groups. Our findings suggest that those changes
may, in part, be rooted in labor market segmentation within the essential workforce, as
men and women of color, earning low wages and living in peripheral neighborhoods,
predominated in frontline work. This research also underlines the value of an intersectional
analysis of employment during the pandemic to take account simultaneously of gender
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and race/ethnicity. Gender differences in frontline employment and commuting cannot be
evaluated separately from the effects of race/ethnicity.

Along with the empirical findings, this research emphasizes the importance of ana-
lyzing place of work as a central dimension of urban labor markets and broader economic
geographies. The past two decades have witnessed a steady increase in remote telework,
enabled by digital technologies, which is re-making the geographical separation of home
and work that emerged during the industrial revolution [49]. The COVID-19 pandemic
fueled the growth of remote work, as those who could work at home were urged to do so.
As remote work expands, our findings emphasize that a substantial proportion of essential
jobs cannot be done remotely, exposing frontline workers to the costs, stresses, and risks
of daily commuting trips [9,12]. In New York City, the workers who performed those
jobs were not representative of the City’s overall resident workforce. Rather, they were
disproportionately men and women of color, many of whom worked in low-wage jobs
with long commuting trips. As the pandemic subsides, evidence is mounting that the trend
towards remote work will continue, as some workers embrace the flexibility of working
from home and as employers reduce costs by eliminating or downsizing workspaces [5].
This research suggests that such a shift will be uneven and unequal by race, ethnicity, and
gender, rather than contributing to enhanced mobility justice. Given this, we support the
call [44] for increased attention to the changing meanings of the commute in post-pandemic
times.

The findings raise questions for future research. Having documented commuting
advantage and disadvantage among frontline workers, additional research is needed to
specify the effects of residential location and commute mode. While we recognize that the
two are closely related, since transit service is more frequent and more reliable at central
locations than in the peripheral areas where so many frontline workers live, it is crucial
to evaluate their separate effects to avoid the well-intended calls for frontline workers to
drive to work that occurred during the COVID-19 pandemic. The definitions of essential
and frontline work that underpin our empirical analysis also warrant more investigation.
Such definitions are socially constructed and contested. The definitions we used follow
national criteria in the early period of the pandemic, but definitions changed over time. As
remote work expands, it will be important to develop definitions of frontline work that
are appropriate for non-pandemic times. For example, many workers in tourism, retail,
and recreation sectors must work on-site; however, they were omitted from our definition
due to the focus on essential workers during the pandemic. Investigating economic, social,
and geographical dimensions of that wider frontline group would facilitate analyses of
this crucial segment of the workforce. Our research is also constrained by the limited
availability of fine-grained spatial and temporal data on the residential locations, daily
routines, and well-being of frontline essential workers. Detailed surveys and daily mobility
studies [50] for the pandemic period are important for understanding pandemic frontline
workers’ social and geographical patterns in more detail.

5. Conclusions

The transformations of urban geographies discussed by Scott [1] accelerated during
the pandemic. As digital technologies disseminated rapidly across many economic sectors,
the divisions between remote workers and frontline workers took on added weight and
significance, and employers relied on workers’ cognitive and social skills to innovate
and adapt under unprecedented circumstances. Our results show that in New York City,
frontline workers comprised more than one third of the resident workforce and even higher
percentages of Black and Latinx workers. Rarely rewarded with high wages, frontline
workers, especially minority workers, used public transit to commute. Concentrated in
peripheral areas with poor transit service, many frontline workers endured long commuting
trips that compounded the risks and stresses associated with frontline work. Minority
workers of both sexes experienced commuting disadvantage, with Black frontline workers
being the most disadvantaged, over-represented among workers commuting long times
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while earning low wages. The commuting advantage enjoyed by White frontline workers
stands out, underlining the privilege of New York City’s White residents. The findings
confirm the value of a spatial analysis of inequality, especially for understanding the nature
and causes of social inequalities in mobility.
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