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Unlocking Nighttime Mobility: Land Use and Accessibility in Public Transit for
Night Commuters

ABSTRACT

Night commuters are integral to urban transportation systems. Essential services such as healthcare and
manufacturing rely on workers who travel at night, and reliable mobility options are crucial for them. A
gap exists in understanding how land use and accessibility influence public transportation use among
night commuters. This study addresses this gap by using public data to explore land use and accessibility
factors that affect night commuters’ public transportation use in New York State. We investigated (1) the
demographic characteristics of night commuters; (2) the influence of land use and accessibility on
nighttime public transportation use; and (3) potential improvements to increase public transportation use
and their impact. We combined data from the National Household Travel Survey with the Smart Location
Database to link home locations with land use characteristics. Using logistic regression, we found that
although females are generally less likely to be night commuters, they are more likely to use public
transportation. Longer commute distances are associated with higher use of public transportation.
Increasing job density along fixed-guideway transit routes and improving overall job accessibility via
public transportation significantly enhances public transportation use among night commuters. This
research provides actionable insights for public transportation agencies and urban planners to support
night commuters, improving access and encouraging nighttime employment.

Keywords: Night commuters; public transportation; land use; job accessibility; Smart Location Database;
National Household Travel Survey
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1. INTRODUCTION

Night commuters are essential to the functioning of key sectors such as healthcare, hospitality, and
manufacturing, yet their transportation needs are often overlooked in traditional planning models. These
models primarily focus on daytime travel patterns, failing to account for the unique challenges faced by
night commuters. A 2019 study by the American Public Transportation Association found that late-shift
workers relying on public transit experience commute times that are, on average, twice as long as those
who drive (7). This disparity highlights a critical gap in transportation planning, where limited nighttime
transit options can exacerbate inequities and reduce workforce accessibility. Addressing this issue is not
just about convenience—it has significant implications for sustainability, social equity, and environmental
impact. By integrating night travel considerations into broader transportation strategies, planners can
create a more inclusive and resilient transit system that supports economic mobility while reducing
reliance on personal vehicles.

Efforts to enhance nighttime public transportation have included strategies such as implementing new
mobility technologies like ride-sharing for flexible services and expanding bus routes for late-night
workers, such as King County’s Night Owl service in Washington (2—4). Additionally, studies have
examined factors influencing night commuters’ transportation choices, including concerns about safety,
long travel times, and high perceived costs (3, 6).

However, a significant research gap remains in understanding how land use and public transportation
accessibility factors influence transit use specifically among night commuters. While extensive research
has demonstrated that strategies such as increasing job density along transit corridors can shift daytime
commuters from personal vehicles to public transportation (7, 8), it is unclear whether these approaches
are equally effective for night commuters. Furthermore, many prior studies rely on survey methods that
focus on small, homogeneous regions, limiting their ability to capture the systemic, macro-level factors
necessary for broader urban planning and policymaking (9).

To address these gaps, this study employs a data-driven approach using a case study in New York State
(NYS). The key research question guiding this study is: How do land use and transportation accessibility
influence public transit use among night commuters, and what policy interventions can enhance transit
accessibility and ridership? Specifically, it seeks to answer three research questions:

1) What are the demographic characteristics of night commuters? Understanding these
considerations helps identify unique attributes of night commuters compared with the general
population.

2) What are the land use and public transportation accessibility factors of existing public
transportation users among night commuters? This information helps show the distinct
characteristics of current public transportation users compared with non-users.

3) What can be improved to promote more public transportation use among night commuters? How
would the likelihood of this behavior increase with specific improvements in these factors?

Instead of relying on time- and resource-intensive surveys with often limited sample sizes, this study
leverages publicly available datasets. These include the 2017 National Household Travel Survey (NHTS),
which provides detailed individual trip data, and the Smart Location Database (SLD), which offers
information on land use and public transportation accessibility. By integrating these datasets, the study
develops a cost-effective framework for urban planners and transit agencies to strategically identify where
night commuters are located as well as who may need or be inclined to use public transportation. This
framework enables targeted investments in public transit, ensuring resources are allocated efficiently to
align night commuting demand with adequate supply. Ultimately, this approach supports effective
decision-making to maximize the impact of transportation service improvements.
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2. LITERATURE REVIEW

Understanding the travel characteristics and public transportation accessibility for night commuters is
crucial in urban transportation planning and has received increasing attention in recent years. Commuters
who travel during off-peak night hours often face distinct challenges compared with daytime commuters,
and addressing their mobility needs can significantly enhance their quality of life and contribute to
broader sustainability goals. This literature review aims to synthesize existing research on night commuter
travel behavior, their public transportation challenges, and the adopted solutions to improve public
transportation services during night hours. The findings from this literature review are summarized in
Table 1.

Table 1. Summary of findings from the literature

Category Findings References
Socioeconomic and e  Primarily employed in essential services such as (10, 11)
travel characteristics healthcare, hospitality, and manufacturing
of night commuters e Higher proportion of lower-income and minority

groups than daytime commuters
e Unique travel patterns compared with daytime

commuters
Public transportation e  Reduced service frequency and longer wait times 1, 12-14)
challenges and mode during late-night hours
choice factors for e Lower transit service availability at night, especially
night commuters in rural areas

e Safety concerns regarding heightened sleepiness and
impaired driving performance among night workers

e High reliance on private vehicles because of
unreliable transit services

e Increased likelihood of using cars over other modes at
night, influenced by factors such as gender, urbanity,
and weather

Built environment and e  Higher urban density, mixed land uses, and proximity — (/5—18)

land use policies’ to transit stops linked to increased public
effect on public transportation use
transportation use e Increased jobs and amenities around transit stops to

encourage shifts from private vehicles to public transit

A substantial body of research highlights the unique travel patterns and socioeconomic characteristics of
night commuters. Studies indicate that night commuters are often employed in essential services such as
healthcare, hospitality, and manufacturing—sectors that operate around the clock and rely heavily on
workers during off-peak hours (/0, /7). This demographic tends to include a high proportion of low-
income and minority groups, underscoring the critical need for equitable and reliable transit services
tailored to their needs. Their other activities also differ significantly from that of regular commuters.
Studies have shown that night and evening shift workers are less likely to make trips for recreation,
visiting others, or dining out on workdays. Similarly, evening shift workers are less inclined to engage in
community or religious activities. Additionally, evening shift workers are less likely to run household
errands on workdays, with this effect being particularly pronounced among women, especially for tasks
such as shopping and other errands (/9).

The frequency and reliability of nighttime transit services are major concerns for night commuters.
Reduced service frequency and longer wait times during late-night hours have been identified as
significant barriers to public transportation use (/). Research suggests that transit service availability is
significantly lower at night, especially in rural communities (20, 217). Increasing the frequency and
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reliability of nighttime transit could enhance travel experiences for night commuters, boost ridership, and
reduce reliance on private vehicles. Cities with improved nighttime services have reported higher public
transit use and decreased car dependency (/3). Discrete choice models revealed that individuals are
significantly more likely to use cars over other modes of travel at night, with variations based on gender,
urbanity, and weather (/2). Safety concerns are critical; night workers often experience heightened
sleepiness on their commutes, which impairs driving performance and increases the risk of accidents (/4).
Addressing these risks through targeted interventions, such as late-night shuttle buses, can improve safety
and mobility (22).

Built environment factors and land use policies play a crucial role in shaping transit use among night
commuters. For general commuters, higher urban density, mixed land uses, and proximity to transit stops
are strongly associated with increased public transportation use (/5—/7). Additionally, creating job
opportunities and amenities near transit stops has been shown to encourage shifts from private vehicles to
public transit (23). However, it remains unclear whether these relationships hold true for night
commuters, as their unique needs and travel patterns have not been thoroughly studied. This knowledge
gap calls for more detailed research to understand how specific service enhancements and land use
policies can influence night commuters' travel behavior. For instance, enhanced service quality and
expanded transit options, such as Bus Rapid Transit and ridesharing, have been effective in boosting
transit use among general commuters (/8, 24). Yet, further investigation is needed to determine the
impact of these measures on night commuters and to identify strategies that effectively address their
specific requirements.

Current research underscores the importance of addressing the unique mobility needs of night commuters.
However, research on the targeted initiatives and service improvements for night commuters’ travel is
still limited. A thorough quantitative investigation, incorporating land use and socio-demographic
characteristics, is needed to understand where and how to improve public transportation services,
particularly in terms of land use and public transportation accessibility, for night commuters.

Methodologically and data-wise, many prior studies rely on survey methods (/7, 25). Regional surveys
may provide valuable insights into local nighttime travel behavior but often fail to account for variability
across diverse urban and rural contexts or larger-scale macro-level factors. Additionally, as night
commuters represent a relatively small proportion of the workforce, analyzing this group requires either a
large base sample or specific data collection procedures tailored to nighttime travel patterns. Without such
measures, survey results risk being unrepresentative. Consequently, widespread data collection efforts for
night commuters are rare, making it difficult for individual researchers to study this population on a larger
geographic scale. Some studies have turned to passive mobility data, such as smart card usage records, to
address these challenges. While these datasets provide high-resolution travel data, they lack direct
information on individuals' socioeconomic characteristics, limiting their utility for comprehensive
analyses (26).

To overcome these limitations, there has been a growing shift toward leveraging large-scale, publicly
available datasets in transportation research. The NHTS, for example, offers granular individual trip data
across diverse demographics and geographic scales, supporting analyses on topics such as mode choice
and the impacts of vehicle electrification on travel demand (27, 28). Similarly, the SLD provides detailed
land use and transportation accessibility information at a fine spatial resolution (Census Block Group
level), making it a valuable resource for examining urban form and its effects on mobility (29, 30). By
integrating these datasets, this study seeks to expand on the existing body of research while addressing the
methodological constraints of smaller, survey-based studies. Specifically, by leveraging both datasets, we
explore the combined influence of socioeconomic characteristics and land use factors on nighttime
mobility, offering insights that are both scalable and actionable for urban planning and policy
development.
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3. METHODOLOGY AND DATA
3.1 Definition and Data

In this study, night commuters are defined as individuals who had at least one work trip starting between
6 p.m. and 3 a.m. (Figure 1). This time span was selected to capture a variety of work schedules typically
associated with evening, night, and early-morning shifts, as opposed to the traditional 9 a.m. to 5 p.m.
workday. For example, trips starting 6 p.m. could reflect the beginning of evening shifts. This definition
aligns with standard categorizations in transportation, workforce, and health research, which often use
similar time frames to address the needs and behaviors of late-shift workers (31, 32).

Among these night commuters, those who use public transportation for at least one work trip per day are
classified as existing public transportation users. The work trip is defined using the variable recorded in
the travel survey dataset (detailed in Table 2) that captures the purpose of each trip recorded in the
respondent's travel diary. Specifically, this variable represents trips that could be either to or from work.
Additionally, the dataset records the mode of transportation used for each trip, including public
transportation. Those who did not use public transportation are considered potential public transportation
users. This study primarily focuses on understanding how these potential users can become public
transportation users.

1+ work trip started
between 6 p.m. and 3 a.m.

Night commuters Non-night commuters

1+ work trip using public
transportation

Existing public Potential public
transportation users transportation users

Figure 1. Definition of night commuters and public transportation users.
3.1.1  National Household Travel Survey (NHTS)

One of the primary objectives of this study is to identify the characteristics of individuals likely to be
night commuters and, among them, those likely to be existing public transportation users. Previous
research has shown that where people live, along with their demographic and socioeconomic
characteristics, can influence travel behavior (33, 34). Many studies have used travel surveys, which
typically collect daily travel information, including trip frequency, travel distance and time, mode of
transportation, and trip purpose (35, 36). We used travel survey data for this study, specifically the 2017
NHTS add-on data, which include household locations and trips made by household members (37). The
NHTS, sponsored by the Federal Highway Administration, is a national travel survey of US households.
The 2017 NHTS surveyed more than 129,000 households, 26,000 of which from a national sample and
the remainder from add-on samples purchased by 13 state or Metropolitan Planning Organization
partners.
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Table 2. Description of the socioeconomic variables for all individuals

NYS participated as a partner in the 2017 NHTS, providing access to its add-on data, which included
home location information for each survey respondent—data not available in the public version of the
national survey. For this analysis, the study region was in NYS, which comprised 34,297 individuals, of
whom 3,312 were identified as night commuters. To ensure privacy, the data was aggregated into
hexagonal spatial units with a vertex-to-vertex diameter of 3.5 miles.

Using the NHTS add-on data, we analyzed individuals’ household location, personal and household
attributes, and whether they are classified as night commuters or public transportation users based on the
definitions provided earlier. The socioeconomic attributes of individuals and households that might
influence their status as night commuters or public transportation users, as adapted for the NHTS data, are
summarized in Table 2. Variables were converted into binary format, and for those with multiple
categories, one category was chosen as the reference.

Mean and standard

Attribute Type Variable categories o
deviation
Home ownership Household Rent=1, own=0 0.80 (0.40)
Household (primary - o
Race household respondent) White = 1, non-white = 0 0.89 (0.31)
0 vehicle, others =0 0.06 (0.25)
. . 1 vehicle = 1, others = 0 0.24 (0.43)
Vehicle ownership Household 2 vehicles = 1, others = 0 0.42 (0.49)
3+ vehicles = 1, others =0 0.27 (0.45)
. Equal or below $74,999 = 1, higher
Annual income Household than $74.999 = 0* 0.49 (0.50)
Education Individual High S°h°°1h(?r less = 1, college or 0.51 (0.50)
igher =0
Between 18 and 24 = 1, others = 0 0.05 (0.23)
Age Individual Between 25 and 39 = 1, others = 0 0.15(0.35)
Between 40 and 65 = 1, others =0 0.39 (0.49)
Great circle distance Long distance to work (i.e., over
. . Individual 20 mi) = 1, Not long distance to 0.063 (0.24)
to job locations work = 0
Gender Individual Female =1, male =0 0.53 (0.49)
Night commuter Individual (derived) Yes=1,n0=0 0.097 (0.30)
“TRPTRANS” variable: public or
Mode of
. . .. . commuter bus, Amtrak / commuter
transportation: Public Individual trip . . . -
. rail, subway / elevated / light rail /
transportation streetcar
. . . “WHYTRP90” variable: to/from
Trip purpose: Work Individual trip work. worked-related business -
Yes = those who use public
Existing public Individual (derived) transportation for at least one work 0.024 (0.15)

transportation user

trip recorded in the travel survey, no

= otherwise
13 *$74,999 is the upper limit of an income bracket in the NHTS; the lower limit of this bracket is $50,000. This upper limit is
14 chosen for categorization because it is the closest to the annual median household income in NY'S, which was $62,756 in 2017
15 39).

16 A limitation of the NHTS definition for existing public transportation users is that it only provides trip
17  data for the specific travel day assigned to each respondent. This may result in including infrequent users
18  as existing users and excluding occasional users who did not use public transit on that day.
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3.1.2  Smart Location Database (SLD)

Land use and public transportation accessibility factors are crucial in determining public transportation
use and can provide insights into how current land use and transit policies influence this choice (39). By
examining these factors for night commuters and their use of public transportation, we gained practical
insights into potential improvements.

To analyze the land use and public transportation accessibility factors data, we used the Environmental
Protection Agency’s SLD, which incorporates data from sources such as the 2018 American Community
Survey for vehicle ownership and population, and 2018 HERE Technologies’ Maps for geographic
features. The SLD provides a comprehensive range of built environment factors (40).

Based on existing literature, we investigated how land use characteristics and transit accessibility affect
night commuters and public transportation users. Specifically, we examined the following factors from
the SLD:

e Transit frequency during evening peak hours: Because night commuters may leave for work
during the evening, high transit frequency during these hours could indicate better accessibility.
Although data for late-night transit frequency were unavailable, peak-hour frequency could
suggest the popularity of a stop, which might influence evening use.

e Number of jobs near fixed-guideway transit stops: Fixed-guideway systems such as subways and
light rail, which often operate from early morning until late at night, can offer convenience for
night commuters. Higher job density near these stops can enhance access to employment and
support public transportation use.

e Number of jobs within a 90 min transit commute in a Census Block Group (CBG): This attribute
reflects how accessible jobs are within a CBG using public transportation. A higher number
indicates better overall employment reachability, providing a viable alternative to personal
vehicles for commuting. We also examined one index variable that reflects how a CBG compares
to others in terms of transit accessibility within a metropolitan statistical area.

Table 3 summarizes the land use and public transportation accessibility attributes from the SLD that may
influence night commuting and public transportation use.

Table 3. Land use and public transportation variables in the SLD

Categories Variables Mean, standard

deviation
Road network density (mi/mi?) 11.65,9.97
Employment density (jobs/acre) 5.45,42.44
Land use

Residential density (households/acre) 4.87,19.41

Employment and household entropy (incorporates both employment
and occupied housing in its calculation to assess the diversity of 0.51,0.20

activity within a CBG)

Average number of minutes from service during evening peak period

Public within 0.25 mi of CBG boundary (i.e., 4:00 p.m. and 7:00 p.m. local 8.50,31.00
transportation time)
accessibility

Number of jobs within 0.25 mi of fixed-guideway transit stop 59.83, 1,124.53




O N WL~

—_——
— O \O

—_
[\

—_—
B~ W

N N = = = e e
— O O 0 N O W

(NS I NS I\
VS I \S)

NN
AN W

[\S N\
[c BN |

W W N
— O O

Number of jobs within 0.5 mi of fixed-guideway transit stop 80.62, 1,189.00

Number of jobs within 90 min public transportation travel time

(including transit, walking access, walking egress, wait and transfer 16505 6’ 1691544079’
times) from residence locations (jobs could be outside CBG) o

Proportional public transportation accessibility to jobs (=Number of

jobs within 90 min public transportation travel time from CBG/total 0.070.0.17

jobs within 90 min public transportation travel time from CBG
within the whole metropolitan statistical area)

NHTS and the SLD provide attributes for every CBG. To align with the individual sample from the
NHTS, we matched individuals’ data to the corresponding SLD attributes based on the CBG of their
household location.

3.2 Model

The logistic regression model was used in this study because of its statistical robustness and suitability for
binary outcome analysis. The logit model was used because it is particularly effective in estimating the
probability of an event occurring, which in this case involves being a night commuter and, among night
commuters, using public transportation. By modeling the log-odds of these outcomes, we quantitatively
assessed the influence of various predictors, such as demographic, socioeconomic, and travel behavior
variables, on the probability of the target events.

3.2.1 Model for research question 1: Binary logistic regression for night commuting

To answer the first research question, we used a binary logistic regression model to estimate the
probability of an individual being a night commuter. The model specification is as follows:

Logit(P(Night Commuters = 1)) = o + X; B:X; »
where
e Logit(P(Night Commuters = 1)) is the log-odds of being a night commuter,
e X, are the independent variables in Table 2 and Table 3,
e [y is the intercept term, and
e [3; are the coefficients corresponding to each independent variable X;.
3.2.2  Model for research question 2: Binary logistic regression for night commuting

To answer the second research question, following the same modeling approach, we used a binary logistic
regression model to estimate the likelihood of using public transportation among night commuters. The
model specification is as follows:

Logit(P(Public Transportation User = 1|Night Commuters = 1)) = ap + X; a;X; ,
where

e Logit(P(Public Transportation User = 1|Night Commuters = 1)) is the log-odds of a night
commuter being an existing public transportation user,

e X are the variables in Table 2 and Table 3,
® «y is the intercept term, and

e q; are the coefficients corresponding to each predictor variable X;.
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3.2.3  Model for research question 3: Sensitivity analysis

To understand how changes in land use and public transportation attributes affect the likelihood of night
commuters using public transportation, we conducted a sensitivity analysis based on the estimated logistic
regression model. Specifically, the analysis examined the following:

e Land use changes: Changes in the land use and public transportation accessibility factors, such as
increased residential density, mixed-use development, and improved pedestrian infrastructure

e Public transportation accessibility changes: Enhancements in public transportation service
frequency, coverage, and accessibility

For each night commuter in the dataset who was not currently a public transportation user, we calculated
the likelihood of them becoming a user given specific changes in land use or public transportation
attributes. The model generated probabilities of public transportation use for night commuters in NYS.
Using this information, we identified areas with the highest potential increase in public transportation use
under hypothetical improvements in public transportation service or land use.

The sensitivity analysis assumed constant socioeconomic characteristics (e.g., income, education,
employment) and focused on how changes in land use and public transportation accessibility individually
affect public transportation use. We assumed that individuals with similar demographic profiles would
exhibit similar travel behaviors under comparable conditions. This approach helped identify regions
where investments in transit infrastructure or land use planning could yield the greatest benefits.

4. STUDY REGION AND DESCRIPTIVE ANALYSES

Figure 2 illustrates the distribution of night commuters’ home locations within each hexagon. This spatial
representation highlights the areas with significant numbers of night commuters. Figure 2 (a) shows a
higher concentration of night commuters in urban areas and major cities across NYS. Figure 2 (b) depicts
the proportion of night commuters relative to the total sample size, with shaded areas indicating regions
with fewer than five total samples. The analysis reveals that areas without night commuters generally
correspond to areas with very few total samples, highlighting the impact of sample size on observed
patterns.

We then examined the annual household income distribution between night commuters and other
travelers (Figure 3). The analysis revealed that night commuters tended to have higher incomes compared
to other travelers. A consistently greater share of night commuters fell into the income bracket above
$75K, which exceeds the median household income in NYS of $62,756 in 2017 (38). However, this
finding contrasts with some literature, which often associates night work with lower-income individuals
(41). One possible explanation is the study's definition of night commuters, which includes individuals
departing from work to home after 6 p.m. This may encompass individuals working overtime, who are
not typical shift workers and are often higher-income professionals. As a result, the dataset could include
a mix of night commuters with varying roles, such as lower- to middle-income service or logistics
workers and higher-income healthcare professionals, which could skew the income distribution. However,
the NHTS lacks detailed occupation data to distinguish between these groups. It is also possible that
higher-income night commuters were overrepresented in the NYS subset of the NHTS dataset.

Figure 4 compares the mode share for work and non-work trips between night commuters and other
travelers, segmented by urban and rural areas (based on the NHTS household location variable). Personal
vehicles were the dominant mode across all groups. However, an interesting trend emerged in urban
areas: night commuters used public transportation more for work trips than for non-work trips, as well as
more than non-night commuters for work trips. This is likely due to the availability of public
transportation networks in urban areas, even during off-peak hours. In contrast, rural areas showed a clear
reliance on personal vehicles, with over 85% of trips in all categories, and minimal public transportation
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use for both night commuters and other travelers, reflecting the limited transit infrastructure in these
regions.

Figure 5 shows that the home locations of existing public transportation users were predominantly
concentrated in New York City (NYC). This concentration is likely because of the extensive public
transportation services available in the city, including fixed-guideway transit systems. The area between
Elmira and Ithaca also exhibits a relatively higher concentration of public transportation users. This may
be attributed to Ithaca being home to Cornell University. University towns often have a mix of student
and service-oriented jobs that require non-standard hours. Bus and rail lines in the area support
commuters who live in these regions and travel to Ithaca for work.

Figure 6 and Figure 7 display the number of jobs within 0.25 and 0.5 mi of fixed-guideway transit stops,
respectively, according to the SLD dataset. The maps show a significant number of jobs in NYC,
extending northward into areas such as Westchester County and Putnam County. Additionally, the city of
Buffalo also has some fixed-guideway transit services, contributing to job accessibility in that area.
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Figure 8 shows the residence locations from which people can reach jobs within a 90 min public
transportation commute. The map reveals that major cities such as Rochester, Buffalo, Syracuse, Albany,
and NYC offer convenient access to jobs via public transportation.
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Figure 8. Number of jobs within a 90 min public transportation commute.

5. RESULTS
5.1 Model Fit

Table 4 presents the model fit results of the best-performing model based on backward model selection.
The coefficients of the factors that influence the probability of being a night commuter of this model were
all statistically significant at a 95% confidence level. For example, a coefficient of 0.736 indicates that
individuals in the 25-39 age group have higher log-odds of being night commuters compared to the
reference group (18-24). Longer distance to work was positively correlated with being a night commuter.
The marginal effect of 0.076 for this variable indicated that individuals whose workplace is located 20 mi
or more from their residence have a 7.6% higher likelihood of being a night commuter compared with
those whose workplace is less than 20 mi away, holding all other variables constant. Additionally, higher
household income and homeownership were also linked to a greater likelihood of being a night
commuter. Furthermore, night commuters had lower likelihood to be female.

Table 4. Logistic regression results: Estimating the probability of being a night commuter

Model estimation Marginal effect
Coefficien  Standard Standard
p-value dy/dx
t error error

Y = night commuters/not night
commuters (N = 34,297 individuals)

Constant —2.146 0.071 0.000
Long distance to work (i.e., over 20

mi) (Ref: Not long distance to work) 0.886 0.065 0.000 0.076 0.006
Female (Ref: Male) —0.186 0.041 0.000 —0.016 0.004
Household income equal or below B _

median (Ref: Higher than median) 0.312 0.044 0.000 0.027 0.004
Residence is rented (Ref: Owned) —-0.224 0.054 0.000 —-0.019 0.005
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Age between 25 and 39 (Ref: 18-24) 0.736 0.049 0.000 0.063 0.004

Road network density 0.662 0.223 0.003 0.057 0.019
Number of jobs within a 90 min public

. 1.218 0.212 0.000 0.105 0.018
transportation commute
Chi-square likelihood-ratio test 650.63
statistic (»<.001)
Log-likelihood —8,479.8
Akaike Information Criterion (AIC) 16,975.68

Bayesian Information Criterion (BIC) 17,041.45

In terms of land use and public transportation accessibility factors, night commuters generally resided in
areas with higher road network density and better job accessibility via public transportation. This
alignment with improved public transportation accessibility supports the earlier assumption that such
factors contribute to the higher likelihood of night commuters using public transportation, as observed in
Figure 4. A likelihood-ratio test was performed to compare the fitted model with the null model, which
only includes an intercept and no predictors. The results showed a significant improvement in model fit,
indicating that the inclusion of the predictors meaningfully contributes to explaining the variance in the
outcome variable.

Table 5 presents the factors that influence public transportation use among night commuters. The
coefficients were all statistically significant. Variables such as distance to work, gender, and the number
of jobs within a 90 min public transportation commute all affected the likelihood of being a night
commuter and using public transportation.

Table 5. Logistic regression results: estimating the probability of being a public transportation user

Model estimation Marginal effect
. Standar Standard
Coefficient d error p-value dy/dx ertor

Y = existing/potential public

transportation users (N = 3,312

night commuters)

Constant —3.375 0.186 0.000

Long distance to work (i.e., over 20

mi) (Ref: Not long distance to work) 1107 0.208 0.000 0.081 0.015
Female (Ref: Male) 0.260 0.145 0.072 0.019 0.011
Hoqsehold owns 3+ vehicles (Ref: 0 ~1176 0218 0.000 ~0.086 0016
vehicle)

Number of jobs within 0.5 mi of a 0233 0033 0.000 0.017 0.002
fixed-guideway transit stop

Number ofjobs within a 90 min public 0153 0.016 0.000 0011 0.001
transportation commute

Chi-square likelihood-ratio test 536.98

statistic (p<.001)

Log-likelihood —671.08

AIC 1,354.79

BIC 1,390.08

Although females had generally lower likelihood to be night commuters, those who did commute at night
had higher likelihood to use public transportation. Additionally, individuals with longer commute
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distances had higher likelihood to use public transportation. Households with three or more vehicles had
lower likelihood to rely on public transportation compared to the reference group (zero vehicle).

Two specific metrics related to public transportation—namely, the number of jobs along fixed-guideway
transit routes and the overall number of jobs accessible by public transportation —were positively
correlated with the likelihood of being a public transportation user. Both factors contributed to a greater
propensity to use public transportation.

5.2 Sensitivity Analysis

This sensitivity analysis was designed to examine how incremental increases in the number of accessible
jobs (e.g., 100, 200, 300) would affect the likelihood of becoming a public transportation user. The results
are shown in Figure 9.

The results indicated that the rate of increase in the likelihood of public transportation use diminishes
after adding 1,000 new jobs for both metrics. On average, jobs within fixed-guideway transit areas had a
greater impact on increasing the probability of becoming a public transportation user than jobs accessible
within a 90 min public transportation commute. Specifically, when the number of jobs within fixed-
guideway transit increased by 1,000, the probability of becoming a public transportation user exceeded
20%. A similar increase in jobs accessible within a 90 min transit commute resulted in a probability
increase of just over 10%.
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Figure 9. Likelihood of becoming a public transportation user given the number of new jobs.
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The probability of becoming a public transportation user in areas where current non-users reside was
estimated using the model presented in Table 4, and the results are shown in Figure 10. The shaded areas
on the map represent regions currently without public transportation coverage, defined as areas lacking
public transportation stops within 0.75 mi of the CBG population centroid.

Figure 10 shows regions that were more sensitive to an increase in jobs located within 0.5 mi of a fixed-
guideway transit stop. These areas could benefit from targeted investments in job growth. The analysis
showed a higher likelihood of increased public transportation use in NYC and other densely populated
cities in NYS, such as Buffalo, Rochester, Syracuse, and Albany. Although most of these cities already
had public transportation coverage, there were still regions, particularly in Elmira and Ithaca, where
public transportation infrastructure may be insufficient.

Figure 11 shows regions with high sensitivity to increase in job availability within a 90 min public
transportation commute. The highest probability was observed in the Manhattan region of NYC, where
there was already a dense concentration of jobs accessible within a 90 min public transportation commute.
Like in Figure 10, other regions with potential for increased public transportation use were in larger cities
across NYS.

i Plattsburgh

7 Watertown

Niagara Falls Rochester , ; /3 »
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Figure 10. Probability of being a public transportation user if adding 1,000 jobs within 0.5 mi of a fixed-
guideway transit stop.

16



W N

0 N n b

11
12
13
14
15
16
17
18
19

20
21
22

23

24
25
26

Plattsburgh

. sty
7

® i

S

o~

o \,\{{?
o Ry

R ——
7 Niagara Falls TR RM_"_‘,’:‘L/_/

~
iJ Syracuse
7 Buffalo |
3 Schenectady

/) Alba n‘g
{

- Ithaca
/.
~
r Jamestown
| Elmira Binghamton

L [

e i |

Utica Saral:oéa Springs

Y, Poughkeepsie

[] NYS Boundary i

Probability of being a public transportation user (%) |
if increasing 1000 jobs within 90-min commute L ‘

3, 20) TN |
[20, 40) S TS .
B[40, 60) 0 25 50 mi S } o

S e
Bl [60, 50) e — Nen vl Pt
e e

Figure 11. Probability of being a public transportation user if adding 1,000 jobs within a 90 min public
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6. DISCUSSION
6.1 Characteristics of Night Commuters

Our analysis reveals several key characteristics of night commuters. First, a longer distance to work
positively correlates with being a night commuter. This finding agrees with research on evening shift
workers that night shift workers were slightly more likely to face commutes lasting over an hour (42, 43).
Moreover, our study indicated that night commuters are less likely to be female and more likely to be
between 25 and 39 years old. This demographic insight has also been found in labor market studies
showing that younger adults and males without children are more inclined to work non-standard hours
(44). Higher household income and homeownership were associated with night commuting. This implies
that individuals in higher-paying jobs, which may require flexible or extended hours, are more likely to
work night shifts. The flexibility provided by night shifts may be necessary for meeting the demands of
these roles. However, other studies found that shift workers are more often low-income and non-white
(42, 45), a pattern not observed in our study. This discrepancy may be because of differences in sample
composition; those studies included a higher proportion of immigrants and low-income individuals.
Additionally, the NHTS lacks detailed occupational descriptions, which limits our ability to more fully
examine these results.

Night commuters were more likely to reside in areas with higher road network density and better job
accessibility via public transportation. This finding indicates that urban planning and the availability of
efficient public transportation could provide crucial support for night commuting.

6.2 Characteristics of Public Transportation Users

Our study extends previous research on public transportation service quality and job accessibility
influencing public transportation use (46). Specifically, we investigated which public transportation-
related attributes attract night commuters. Although females are generally less likely to be night
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commuters, those who are night commuters are more likely to use public transportation. This pattern
might be attributed to several factors. One study suggested that women are less likely to drive at night
because of concerns such as vision issues and general discomfort with nighttime driving (47).
Additionally, research has shown that women often perceive public transportation as a safer option than
walking or waiting for ride-hailing services late at night (5). The well-lit environment of public
transportation stations and the presence of other passengers can provide a sense of security, making public
transportation a more appealing choice for women traveling at night. However, this perspective is not
universally held. Some studies also suggested that women perceived public transportation as less safe in
the evening (48, 49). This gender-specific pattern suggests that services and safety measures must be
tailored to address the unique needs and concerns of female night commuters.

Our study also indicates that the increased likelihood of longer commute distances led to higher public
transportation use. The relationship between longer commutes and night work may also be linked to
safety concerns, especially for those returning home in the early morning hours. Driving after an hour-
long shift at 3 a.m. while fatigued could be risky, and public transportation may offer a less stressful
alternative for longer distances. Night shift workers often face irregular sleep schedules, and using public
transportation for longer commutes could provide an opportunity to rest and relax (50). This restorative
use of time contrasts with the heightened stress and safety concerns of driving long distances late at night
or early in the morning. While much of the literature on safety focuses on the sense of security and fear of
crime—particularly among women (21, 5/)—the impact of safety on night commuters' choice between
public transportation and driving has not been adequately studied. Our findings suggest that public
transportation may play a crucial role in supporting the safety of night commuters by reducing crash risks
associated with driver fatigue. Future research could explore not only how public transportation provides
security but also how the interior of buses can be made more comfortable to facilitate rest for riders.

Household vehicle ownership significantly influences public transportation use patterns among night
commuters. Our findings reveal that households with three or more vehicles exhibit lower public
transportation use, consistent with the literature on the general population indicating that higher vehicle
ownership correlates with a preference for using private vehicles because of their convenience and
flexibility (52). This finding might also present an opportunity for public transportation agencies to
develop strategies that can attract car owners to public transportation, such as park-and-ride facilities or
incentives for using public transportation during off-peak hours.

Our study identified two key public transportation-related metrics that are correlated with a higher
likelihood of being a public transportation user: the number of jobs along fixed-guideway transit routes
and the overall number of jobs accessible by public transportation. Both metrics positively contributed to
a greater inclination to use public transportation, emphasizing the importance of job accessibility in
promoting public transportation use. Therefore, transit-oriented development strategies should focus not
only on residential areas but also on creating job centers along public transportation corridors. Fixed-
guideway transit systems, such as subways and dedicated bus lanes, could offer reliable and efficient
transportation options crucial for night commuters. These metrics also helped explain the high density of
night commuters observed in NYC, where the greater road network density and job accessibility via
transit facilitate both night commuting and public transportation use.

However, we did not find a significant influence of public transportation frequency during evening peak
hours on public transportation use among night commuters. This variable may not be well-suited for
modeling public transportation use among night commuters, whose travel patterns may differ
significantly from daytime commuters. Future research could consider examining late evening public
transportation frequency as a potential predictor variable, which may more accurately reflect the service
availability to night commuters.
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6.3 Potential of Public Transportation Use among Night Commuters

In urban areas with substantial public transportation infrastructure, we observed that additional job
opportunities could further enhance public transportation use. This finding aligns with some principles of
transit-oriented development that increasing job density around public transportation hubs could promote
sustainable urban mobility (53). Regions that currently lack adequate public transportation coverage, such
as Elmira and Ithaca, also exhibited potential for increased public transportation use with targeted
investments in public transportation infrastructure. This observation likely stems from demographic and
socioeconomic characteristics that align with typical public transportation users, such as lower-income
households or a higher proportion of students and young professionals who are more inclined to use
public transportation if available.

This study reveals a high sensitivity to job increases within a 90 min public transportation commute in
certain regions, with Manhattan showing the highest probability. Despite the area’s existing high job
concentration, some individuals may still face relatively low job accessibility via transit. However, the
comprehensive public transportation network in these areas means that even marginal increases in job
availability can significantly influence mode choice.

6.4 Limitations

Individuals’ perceptions and attitudes were not included in this study. Consequently, the estimates from
the sensitivity analysis represent the rough approximations of the direction and magnitude of changes in
public transportation use. These estimates assume that the impact of other factors is minimal and
consistent across regions. For more detailed insights, incorporating a wider range of explanatory factors
into the models would be beneficial.

Since the NHTS does not collect data on occupation or specific shift types, this study includes individuals
with both standard evening shifts (starting as late as 6 p.m.) and those working overtime. The sample may
also include both low- and high-wage workers from different job sectors. These groups have varying
socioeconomic statuses and reasons for their mode choices. We acknowledge this limitation and plan to
address it using other datasets in future research.

Additionally, while the literature highlights the role of attitudes and perceptions in public transportation
use, our study focused on land use and accessibility factors to understand their specific impact. The public
transportation frequency data in the SLD does not differentiate nighttime schedules, and we did not
explore other metrics that assess nighttime service levels. Future studies could incorporate data from
regional transit agencies, such as bus schedules in General Transit Feed Specification format, to better
evaluate the impact of public transportation on night commuters.

While this study provides a robust framework for analyzing night commuters and the factors influencing
their public transportation use, the transferability of these results to other regions should be considered
with caution. The unique socio-economic, land use, and transportation characteristics of NY'S, particularly
in urban areas like NYC, may limit the applicability of these findings to regions with different urban
densities, transit infrastructures, or job distributions. Future research could replicate this framework in
diverse settings to validate its broader applicability and identify region-specific factors influencing night
commuters’ use of public transportation.

7. CONCLUSIONS

In this study, we applied logistic regression to understand the characteristics of night commuters and the
land use and public transportation accessibility factors that contribute to their use of public transportation.
We analyzed the 2017 NHTS survey data, which includes 3,312 night commuters, to examine nighttime
mobility in NYS. The major findings are as follows:

19



27

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

e Night commuters were more likely to be male, aged 25-39, and have higher household incomes
and homeownership. These commuters tended to live in areas with higher road network density
and better public transportation accessibility.

e Although females are generally less likely to be night commuters, those who are night commuters
are more likely to use public transportation, potentially due to discomfort with nighttime driving.

o Longer commutes were associated with higher public transportation use, likely as it provided a
safer, less stressful alternative for fatigued workers.

Public transportation agencies can use the framework provided in this study to identify regions that might
benefit more from increased services for night commuters. Specifically, the application of this method in
NYS demonstrated the following:

e The number of jobs along fixed-guideway transit routes and overall job accessibility via public
transportation positively influence the likelihood of using public transportation.

e Among areas with no existing public transportation users, an increase of 1,000 jobs within fixed-
guideway transit routes increase the probability of public transportation use by more than 20%.
For example, regions with limited public transportation, such as Elmira and Ithaca, could see
increased use with targeted investments. Similarly, an increase of 1,000 jobs accessible within a
90 min public transportation commute increases the probability by just over 10%. For example,
job density increases within a 90-minute public transportation commute can significantly
influence mode choice, especially in areas like Manhattan, where even small job access
improvements can impact public transportation use.

Public transportation agencies and urban planners could use findings from this study to identify areas for
improvement and to estimate potential increases in transit use. The modeling approach helps to create
more inclusive, efficient, and attractive public transportation systems that meet diverse needs. By
enhancing the job accessibility of public transportation, agencies can benefit current night workers and
enable more individuals to pursue nighttime employment opportunities, especially those who do not have
reliable access to personal vehicles.

8. REFERENCES

Hughes-Cromwick, M. Supporting Late-Shift Workers: Their Transportation Needs and the
Economy. American Public Transportation Association, , 2019.

Taylor, B. D., and C. N. Y. Fink. The Factors Influencing Transit Ridership: A Review and
Analysis of the Ridership Literature. 2003.

Mallett, W. J. Trends in Public Transportation Ridership: Implications for Federal Policy. 2018.
Margetic, B. Night Riders: Accessibility, Land Use, and Late-Night Transit. University of
Washington, 2022.

Loukaitou-Sideris, A. Fear and Safety in Transit Environments from the Women’s Perspective.
Security Journal, Vol. 27, No. 2, 2014, pp. 242-256. https://doi.org/10.1057/sj.2014.9.

Buh, B., and S. Peer. Environmental Concern and the Determinants of Night Train Use: Evidence
from Vienna (Austria). Travel Behaviour and Society, Vol. 36, 2024, p. 100802.
https://doi.org/10.1016/j.tbs.2024.100802.

Owen, A., and D. M. Levinson. Modeling the Commute Mode Share of Transit Using Continuous
Accessibility to Jobs. Transportation Research Part A: Policy and Practice, Vol. 74, 2015, pp. 110—
122. https://doi.org/10.1016/j.tra.2015.02.002.

Hernandez, D. Uneven Mobilities, Uneven Opportunities: Social Distribution of Public Transport
Accessibility to Jobs and Education in Montevideo. Journal of Transport Geography, Vol. 67,
2018, pp. 119-125. https://doi.org/10.1016/j.jtrangeo.2017.08.017.

20



0NN W~

Lmabh DB, EDSPEDRDWLWLLWLWWLWLWLWLWLWWWENRDNDNDDDNDNDDNDNDNDDN /= ===
— O OVOXNIANNPEAEWNOD—R, OO NPE WD, OOV NPE WD, OOVXINNPA WD~ OO0

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

Aston, L., G. Currie, A. Delbosc, Md. Kamruzzaman, and D. Teller. Exploring Built Environment
Impacts on Transit Use — an Updated Meta-Analysis. Transport Reviews, Vol. 41, No. 1, 2021, pp.
73-96. https://doi.org/10.1080/01441647.2020.1806941.

Plyushteva, A. Commuting and the Urban Night: Nocturnal Mobilities in Tourism and Hospitality
Work. Journal of Policy Research in Tourism, Leisure and Events, Vol. 11, No. 3, 2019, pp. 407—
421. https://doi.org/10.1080/19407963.2018.1556673.

Kapitza, J. Commuting at Night: How Time of Day Affects Commuter Perceptions. Travel
Behaviour and Society, Vol. 35, 2024, p. 100750. https://doi.org/10.1016/j.tbs.2024.100750.
Kapitza, J. How People Get to Work at Night. A Discrete Choice Model Approach towards the
Influence of Nighttime on the Choice of Transport Mode for Commuting to Work. Journal of
Transport Geography, Vol. 104, 2022, p. 103418. https://doi.org/10.1016/j.jtrangeo.2022.103418.
Kawabata, M., and Q. Shen. Commuting Inequality between Cars and Public Transit: The Case of
the San Francisco Bay Area, 1990-2000. Urban Studies, Vol. 44, No. 9, 2007, pp. 1759-1780.
Milia, L. D., N. L. Rogers, and T. Akerstedt. Sleepiness, Long Distance Commuting and Night
Work as Predictors of Driving Performance. PLOS ONE, Vol. 7, No. 9, 2012, p. e45856.
https://doi.org/10.1371/journal.pone.0045856.

Boarnet, M. G., A. Hong, J. Lee, X. Wang, W. Wang, D. Houston, and S. Spears. The Exposition
Light Rail Line Study: A before and after Study of the Impact of New Light Rail Transit Service.
2013.

Cervero, R., and K. Kockelman. Travel Demand and the 3Ds: Density, Diversity, and Design.
Transportation Research Part D: Transport and Environment, Vol. 2, No. 3, 1997, pp. 199-219.
https://doi.org/10.1016/S1361-9209(97)00009-6.

Chakrabarti, S. How Can Public Transit Get People out of Their Cars? An Analysis of Transit Mode
Choice for Commute Trips in Los Angeles. Transport Policy, Vol. 54,2017, pp. 80-89.
https://doi.org/10.1016/j.tranpol.2016.11.005.

Mugion, R. G., M. Toni, H. Raharjo, L. Di Pietro, and S. P. Sebathu. Does the Service Quality of
Urban Public Transport Enhance Sustainable Mobility? Journal of Cleaner Production, Vol. 174,
2018, pp. 1566—1587. https://doi.org/10.1016/j.jclepro.2017.11.052.

Palm, M. The Impact of Night and Evening Shift Work on Social Exclusion, Family Travel, and
Mobilities of Care. SocArXiv, 2024.

Ibarra-Rojas, O. J., J. C. Muifioz, R. Giesen, and P. Knapp. Integrating Frequency Setting,
Timetabling, and Route Assignment to Synchronize Transit Lines. Journal of Advanced
Transportation, Vol. 2019, No. 1, 2019, p. 9408595. https://doi.org/10.1155/2019/9408595.
Plyushteva, A., and K. Boussauw. Does Night-Time Public Transport Contribute to Inclusive Night
Mobility? Exploring Sofia’s Night Bus Network from a Gender Perspective. Transport Policy, Vol.
87, 2020, pp. 41-50. https://doi.org/10.1016/j.tranpol.2020.01.002.

Becker, R. A., R. Caceres, K. Hanson, J. M. Loh, S. Urbanek, A. Varshavsky, and C. Volinsky. A
Tale of One City: Using Cellular Network Data for Urban Planning. IEEE Pervasive Computing,
Vol. 10, No. 4, 2011, pp. 18-26. https://doi.org/10.1109/MPRV.2011.44.

Ewing, R., and R. Cervero. Travel and the Built Environment. Journal of the American Planning
Association, Vol. 76, No. 3, 2010, pp. 265-294. https://doi.org/10.1080/01944361003766766.
Satiennam, T., S. Jaensirisak, W. Satiennam, and S. Detdamrong. Potential for Modal Shift by
Passenger Car and Motorcycle Users towards Bus Rapid Transit (BRT) in an Asian Developing
City. IATSS Research, Vol. 39, No. 2, 2016, pp. 121-129.
https://doi.org/10.1016/j.iatssr.2015.03.002.

Vargas-Garrido, H., E. Moyano-Diaz, and K. Andrades. Sleep Problems Are Related to Commuting
Accidents Rather than to Workplace Accidents. BMC Public Health, Vol. 21, No. 1, 2021, p. 652.
https://doi.org/10.1186/s12889-021-10737-5.

Lim, S., H. Ahn, S. Shin, D. Lee, and Y. H. Kim. Investigating Night Shift Workers’ Commuting
Patterns Using Passive Mobility Data. Transportation Research Part A: Policy and Practice, Vol.
181, 2024, p. 104002. https://doi.org/10.1016/j.tra.2024.104002.

21



0NN W~

LmMabh DM PA,DEDADEDMPEDRDWLWLLWLWWLWLWLWLWWWNRDNDNDDDNDNDDNDNDNDDN /= == -
— O OVOXNIANNPEWND—R, OOV NPEWND—R, OOV NPE WD, OOVXINNDBA WD — OO0

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44,

45.

46.

Kash, G., P. L. Mokhtarian, G. Circella, and Georgia Institute of Technology. School of Civil and
Environmental Engineering. Analysis of the Georgia Add-On to the 2016—2017 National Household
Travel Survey. Publication FHWA-GA-21-1824. 2021.

Uddin, M., M. Pan, Y. Liu, and T. Reuscher. Travel Patterns and Characteristics of Low-Income
Population in New York State: 2017 Update. Publication ORNL/TM-2023/2942. Oak Ridge
National Laboratory (ORNL), Oak Ridge, TN (United States), 2024.

Pan, M. (Melrose), M. Uddin, and H. Lim. Understanding Electric Vehicle Ownership Using Data
Fusion and Spatial Modeling. Transportation Research Part D: Transport and Environment, Vol.
127, 2024, p. 104075. https://doi.org/10.1016/j.trd.2024.104075.

Kutela, B., H. M. M. B. Khalaf, M. Mihayo, E. Kidando, and A. E. Kitali. Examining Social-
Demographic Determinants of Bike-Sharing Station Capacity. Sustainable Futures, Vol. 8, 2024, p.
100274. https://doi.org/10.1016/j.sftr.2024.100274.

Xu, M., X. Yin, and Y. Gong. Lifestyle Factors in the Association of Shift Work and Depression
and Anxiety. JAMA Network Open, Vol. 6, No. 8, 2023, p. €2328798.
https://doi.org/10.1001/jamanetworkopen.2023.28798.

Costa, G. Shift Work and Occupational Hazards. In Handbook of Socioeconomic Determinants of
Occupational Health: From Macro-level to Micro-level Evidence (T. Theorell, ed.), Springer
International Publishing, Cham, pp. 1-18.

de Abreu e Silva, J. Spatial Self-Selection in Land-Use—Travel Behavior Interactions: Accounting
Simultaneously for Attitudes and Socioeconomic Characteristics. Journal of Transport and Land
Use, Vol. 7, No. 2, 2014, pp. 63-84.

Rashidi, T. H., A. (Kouros) Mohammadian, and Y. Zhang. Effect of Variation in Household
Sociodemographics, Lifestyles, and Built Environment on Travel Behavior. Transportation
Research Record, Vol. 2156, No. 1, 2010, pp. 64—72. https://doi.org/10.3141/2156-08.

Sun, X., C. G. Wilmot, and T. Kasturi. Household Travel, Household Characteristics, and Land
Use: An Empirical Study from the 1994 Portland Activity-Based Travel Survey. Transportation
Research Record, Vol. 1617, No. 1, 1998, pp. 10—17. https://doi.org/10.3141/1617-02.

Guzman, L. A., J. Pefia, and J. A. Carrasco. Assessing the Role of the Built Environment and
Sociodemographic Characteristics on Walking Travel Distances in Bogota. Journal of Transport
Geography, Vol. 88, 2020, p. 102844. https://doi.org/10.1016/j.jtrange0.2020.102844.

Federal Highway Administration. National Household Travel Survey. https://nhts.ornl.gov/, , 2017.
U.S. Census Bureau. S1903: MEDIAN INCOME IN THE PAST 12 MONTHS (IN 2017
INFLATION-ADJUSTED DOLLARS). , 2017.

Chakour, V., and N. Eluru. Examining the Influence of Stop Level Infrastructure and Built
Environment on Bus Ridership in Montreal. Journal of Transport Geography, Vol. 51, 2016, pp.
205-217. https://doi.org/10.1016/j.jtrange0.2016.01.007.

US Environmental Protection Agency. Smart Location Database. , 2021.

Chandra, S., J. Jimenez, and R. Radhakrishnan. Accessibility Evaluations for Nighttime Walking
and Bicycling for Low-Income Shift Workers. Journal of Transport Geography, Vol. 64, 2017, pp.
97-108. https://doi.org/10.1016/j.jtrange0.2017.08.010.

Palm, M., J. Allen, and S. Farber. Shifted out: The Well-Being and Justice Implications of Evening
and Night Commuting. Transportation Research Part D: Transport and Environment, Vol. 122,
2023, p. 103875. https://doi.org/10.1016/j.trd.2023.103875.

Allen, J., M. Palm, I. Tiznado-Aitken, and S. Farber. Inequalities of Extreme Commuting across
Canada. Travel Behaviour and Society, Vol. 29, 2022, pp. 42-52.
https://doi.org/10.1016/].tbs.2022.05.005.

McMenamin, T. M. A Time to Work: Recent Trends in Shift Work and Flexible Schedules. Monthly
Labor Review, 2007.

Presser, H. B. Race-Ethnic and Gender Differences in Nonstandard Work Shifts. Work and
Occupations, Vol. 30, No. 4, 2003, pp. 412—439. https://doi.org/10.1177/0730888403256055.
Litman, T. Evaluating Public Transit Benefits and Costs. Victoria Transport Policy Institute, 2015.

22



0NN kAW~

DO M= = e e e e e e
SOOI NP WD~ OO

47.

48.

49.

50.

51.

52.

53.

Bauer, M. J., S. Rottunda, and G. Adler. Older Women and Driving Cessation. Qualitative Social
Work, Vol. 2, No. 3, 2003, pp. 309-325. https://doi.org/10.1177/14733250030023006.

Levin, L. Gender Equality and Safety, a Challenge for Transport Planning: Moving Away from
Stereotypes and Stereotypical Attitudes and Habits. In Safety and Security in Transit Environments:
An Interdisciplinary Approach (V. Ceccato and A. Newton, eds.), Palgrave Macmillan UK, London,
pp. 309-327.

Ceccato, V., A. Uittenbogaard, and R. Bamzar. Security in Stockholm’s Underground Stations: The
Importance of Environmental Attributes and Context. Security Journal, Vol. 26, No. 1, 2013, pp.
33-59. https://doi.org/10.1057/sj.2011.32.

Lyons, G., and J. Urry. Travel Time Use in the Information Age. Transportation Research Part A:
Policy and Practice, Vol. 39, No. 2-3, 2005, pp. 257-276.

Chowdhury, S., and B. van Wee. Examining Women’s Perception of Safety during Waiting Times
at Public Transport Terminals. Transport Policy, Vol. 94, 2020, pp. 102—108.
https://doi.org/10.1016/j.tranpol.2020.05.009.

Srinivasan, S., and J. L. Walker. Vehicle Ownership and Mode Use: The Challenge of
Sustainability. Transportation, Vol. 36, No. 4, 2009, pp. 367-370. https://doi.org/10.1007/s11116-
009-9205-0.

Cervero, R., and T. C. R. Program. Transit-Oriented Development in the United States:
Experiences, Challenges, and Prospects. Transportation Research Board, 2004.

23



