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Abstract: This paper examines the association between the built environment (BE) and travel behavior
in Hanoi, Vietnam. A multinomial logit model is used to analyze individuals’ choice of travel mode
from a dataset collected via a questionnaire-based household travel survey in 2016 and the geospatial
data of BE variables; the dataset contains 762 responses from local residents in ten districts of the
Hanoi Metropolitan Area about their daily travel episodes. It also examines a spatial aggregation
effect by comparing model performances among four buffering distances and ward-zones. The results
showed that (1) a higher population density around an individual’s home is associated with more
bus use and less motorbike and car use; (2) mixed land use around the home, average tax revenue
near the home, and bus frequency at the workplace have positive relationships with bus ridership;
(3) senior people, students, or unskilled laborers tend to use the bus; (4) the spatial aggregation bias
significantly affects the estimation results; and (5) new immigrants tend to choose to reside in areas
designed for automobile users. Finally, there are several policy implications for transit-oriented
development (TOD) in Hanoi, including: (1) parking regulations and/or control strategies should
be jointly incorporated into the Hanoi’s TOD policy; (2) Hanoi’s TOD policy should be carefully
designed in terms of its scope of development site and type; and (3) a polycentric structure strategy
only may not be sufficient for increasing public transit ridership.

Keywords: built environment; travel mode choice; transit-oriented development; Hanoi

1. Introduction

Many developing cities have suffered from serious traffic congestion, which prevented cities from
achieving sustainable development [1-5]. The serious traffic congestions in cities of the developing
world are caused by a combination of rapid motorization, rising incomes, urban sprawl, undeveloped
road systems, and spatial mismatches [6]. Cervero [7] suggests that integrated transportation and
land-use planning needs to be elevated in importance in developing cities before it is too late.
Meanwhile, over the past decades, the idea of urban sustainable development has been discussed in the
developed world in terms of the “good city” and desirable urban planning policy [8]. It includes many
urban concepts such as New Urbanism, mainly in US, where the movement began as an environmental
and aesthetic critique of suburban sprawl [9,10] and Compact Cities, which are characterized by high
density, mixed land use, pedestrian-oriented habitation, the utilization of development reserves for
construction projects, and the structural transformation of former industrial areas or fallow land into
service or residential areas of high quality [11-14]. One of them is transit-oriented-development (TOD),
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which is “a push from practitioners, academics and some governments towards more transit-connected,
compact, and mixed-use cities, and neighborhoods that are more walkable, more bikeable, and more
complete” [15,16]. Recently, many developing Asian countries, such as India, China, and Thailand have
begun to examine the feasibility of introducing TOD in order to deal with their urban problems [17-21].

The introduction of TOD policy has been debated in Vietnamese cities, especially in Hanoi [22],
the capital, with an area of 3324.52 km? and a population of 7.2 million as of 2014. Hanoi has been
urbanized and extended its margins, incorporating agricultural and multi-activity villages since the
introduction of Doi Moi (renovation) reforms in 1986 [23-28]. Registered cars and motorbikes increased
at 10.2% and 6.7% per year from 2011 to 2016, respectively, while the total length of road networks
increased at a yearly average of 1.54% in the same period, leading to serious traffic congestion in many
parts of the city [29]. The high traffic volume in streets also damages the livability for local people [30].
In line with TOD policy, the Hanoi People’s Committee (HPC) has been improving the public transit
service by, for example, enhancing the bus system, introducing a new bus rapid transit (BRT) line,
and constructing three new metro lines [31]. Hanoi’s TOD plan was first introduced in 2011, following
the “Hanoi Capital Construction Master Plan up to 2030 and Vision to 2050,” which was approved
in 2010. As a part of this project, the TOD guidelines were introduced in November 2015 and were
regarded as the most detailed TOD plan in Hanoi as of June 2018. Although the plan has expected
possible TOD effects, its effects have rarely been examined empirically in Hanoi, which is characterized
by extremely high population density (nearly 30 thousand people per km? in the central districts) and
poor public-transportation use (its modal share in 2016 accounts for only 5.7% in Hanoi).

This study thus aims to analyze empirically the associations between TOD planning factors,
especially the density and diversity of the built environment (BE), with individuals’ choice of travel
mode, using household travel data for Hanoi, Vietnam, in 2016. This analysis also pays attention to
spatial units of BE measures in terms of their relationship with travel behavior. Detailed geospatial
data for Hanoi measured in 2010 were installed into a GIS database to compute the BE variables in
different geographical units. The paper is organized as follows: a summary of the existing literature is
mentioned below, followed by a description of data characteristics and methodology. Then, the results
are summarized, and further research directions are discussed.

2. Literature Review

A number of studies have empirically investigated the relationship between the BE and travel
behavior since the 1990s. The BE was first classified by Cervero et al. [32] into three Ds: density,
diversity, and design, and later extended to five Ds including destination accessibility and distance
to transit [33]. Following their classification, many researchers have presented empirical evidence
about the association of BE elements with travel behavior. BE variables examined in the past studies
include population density [34,35]; job/business density [36,37]; land use mixture (diversity) [38—40];
design for walkability, street connectivity, or intersection density [41]; transit access such as proximity
to transit stops and stations [42,43]; and distance from the central business district [44]. Empirical
findings from those studies are quite mixed. Some studies showed that transit ridership depends on
local densities more significantly than mixed land use, while walking depends primarily on mixed
land-use and secondarily on local densities [45]. In addition, both transit and walk modes are found to
be more dependent on employment densities at destinations than on population densities at the origins.
However, these conclusions might be inconsistent with a TOD approach based on the residential
density and neighborhood design. Meanwhile, Frank and Pivo [46] found that work and shopping trips
to destinations with high employment densities took longer, probably because of traffic congestion or
low accessibility. Handy [47] found that it was not the density itself that matters but what comes with
this density. They also suggested that density might be an influential factor in automobile reduction,
although its importance is still unclear.

One of the issues in the empirical studies about BE effects on travel behavior is a self-selection [48].
The relationship between “residential self-selection” and travel behavior has gradually been gaining
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more attention from researchers. Residential self-selection in this context refers to “the tendency of
people to choose locations based on their travel abilities, needs and preferences” [49]. The residential
self-selection is affected by people’s attitudes and sociodemographic characteristics, for example,
people who usually use public transit tend to reside in an area that has better accessibility to the public
transit. In such a case, it is not the service quality of transit but rather households” socio-economic
status that directly affects the travel mode choice. As presented by Cao et al. [50], studies regarding
residential self-selection fall into nine groups, including: direct questioning, statistical control,
instrumental variables, sample selection, propensity score, joint discrete choice models, structural
equation models, mutual dependent discrete choice models, and longitudinal designs. Research studies
using longitudinal datasets are preferable for directly accessing residential self-selection; however,
it has been so far applied by few studies due to the poor data availability.

From a methodological viewpoint, administrative boundaries, or traffic analysis zones have been
used as geographic units in most previous studies due to data availability or time restrictions. However,
the BE measured in such fixed spatial areas cannot avoid spatial aggregation bias, so-called Modified
Areal Unit Problem (MAUP) bias [51]. Several studies have shown that land-use patterns computed at
different geographic sizes can produce different empirical estimates [52]. To deal with the MAUP bias,
many researchers have calculated the BE at different geographic sizes, usually at different buffering
distances or grid sizes, and test these BE in their models to choose the most preferable buffering or grid
size [53,54].

It should be noted that many of the abovementioned studies have focused on developed cities,
mostly in US, where the BE characteristics are different from cities in developing countries. Cervero [7]
summarized that major differences in spatial forms and land-use characteristics in cities of the
developing world from those of the developed world are primacy, levels of monocentric city, population
densities and trends, roadway designs, and geographic locations of the poor. Cervero et al. [55]
conducted one of the earliest studies to analyze the situation in developing countries, which studied
the influences of BEs on walking and cycling in in Bogota, Colombia, assuming that the BE variables
are expressed with the five Ds. The results showed that the association between the BE and travel
behavior that had been found widely in the developed world was not observed in Bogota.

Asia’s developing countries, including Vietnam, have recently been exploring the relationship
between the BE and travel behavior in the same way as the developed world; however, difficulties in data
collection have enabled few studies to challenge this relationship so far. One of the recent exceptional
studies is that of Ho and Yamamoto [56], who analyzed the roles of attitudes and public-transportation
services on vehicle ownership in Ho Chi Minh City (HCMC). They investigated the impact of the BE
on the number of vehicles with respect to personal attitudes using a Generalized Nested Logit model
with data collected through a large-scale urban household interview survey in HCMC. Their dataset
contains household and individual attributes, travel diaries, perceived characteristics, and attitudinal
data. The BE was measured as one of perceived characteristics as well as objective measures of
accessibility. They found that mixed-use developments induced people to use alternative modes
to the private car and that the change in the BE, regarding improving walking/cycling conditions,
may have resulted in a lower level of motorized vehicle ownership. Public transportation service in
term of bus coverage and ease of use had strong negative influences on the propensity for owning
vehicles. Transportation supply conditions also affected household vehicle ownership. Negative traffic
externalities had negative effects on motorcycle and bicycle ownership. Besides, the effect of household
socio-demographics appeared to play an important role in explaining household vehicle ownership
behavior. They found that high income households were more likely to own vehicles and to have
more than one vehicle, households with children younger than 6 years old always owned at least
one vehicle, and house area affected vehicle ownership since large houses were more inclined for
parking a car or more than one motorcycle. Their research contributed to the hypothesis that there is
a connection between the BE and travel behavior in developing countries. However, the BE variables
in their model were measured using perceived characteristics, which may be highly dependent on
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personal perceptions and, thus, may not reflect accurately the BE features in HCMC. Another recent
study of the relationship between the BE and travel behavior in Vietnam is that of Tran et al. [57],
which investigated the roles of land-use attributes in travel modal choice for two types of workers in
Hanoi. They found that knowledge-intensive workers were less likely to use motorbikes or bicycles if
they resided in areas with a higher population density, but were more likely to use motorbikes if they
worked in areas with a higher employment density; meanwhile, unskilled-workers were less likely
to use motorbikes or bicycles if they resided in areas with more land-use diversity, but were more
likely to use motorbikes and bicycles if they worked in areas with more land-use diversity. However,
they assumed that Hanoi was geographically divided into only three zones of urban core, urban fringe,
and suburb, which may have distorted the unique features of Hanoi city, and thus, may have led to
a serious spatial aggregate bias. Besides, respondents in their study had a set of three modal options
of walking, bicycles, and motorbikes, which may not sufficiently reflect the practice of urban trips
in Hanoi. Additionally, their study did not show evidence on the effects of commuting costs (time)
and did not take account of transit mode—the main component of the future TOD concept in Hanoi.
To address these shortcomings, we compute all BE variables based on GIS digitalized data from Hanoi
current maps and analyze a modal choice of four modes: motorbikes, cars, bus, and bicycles, which can
represent better the travel patterns in Hanoi.

In summary, a question about whether the BE affects Hanoian’s choice of transit mode is still
unanswered. This study adds new evidence about the possible relationship between the BE and travel
behavior using an empirical dataset from Hanoi.

3. Materials and Methods

3.1. Questionnaire Survey

This study uses a dataset collected through a local questionnaire survey, which was designed
and conducted by a study team from the University of Tokyo and Vietnam Japan University,
from 1 December 2016 to 25 December 2016. The respondents were chosen randomly in the southern
part of Hanoi Metropolitan Area, which consists of eight urban inner districts and two suburban
districts: Hoan Kiem district, Ba Dinh district, Tay Ho district, Hai Ba Trung district, Dong Da district,
Hoang Mai district, Cau Giay district, Thanh Xuan district, Bac Tu Liem district, and Nam Tu Liem
district. All districts are located on the southern side of the Red River, which is the most developed
area in Hanoi Metropolitan. Six interviewers chose the households randomly and interviewed them at
their houses or at the public places in target areas. The survey team obtained support from a local
professional survey company to implement the face-to-face interviews. The respondents were requested
to provide their basic information, such as age, gender, marital status, occupation, home address,
work address, motorbike license, motorbike ownership, car license, and car ownership in line with
the details of their daily travel behavior such as commuting mode, commuting time, and how many
vehicle kilometers they traveled on weekdays and weekends, and their household attributes such as
the number of household members and of those in the household who worked, the total monthly
household income, number of vehicles owned by the family, the width of the road to access the house,
and length of residence. The survey collected answers from 1000 respondents aged over 18 years old
through a random sampling process, of which 762 valid respondents were used for our empirical
analysis. Figure 1 illustrates the study area and the geographical distributions of the respondents’
houses and workplaces.
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Figure 1. Locations of Respondents’ Homes and Workplaces (Source: Created by the authors, using
source map from Open Street Map).

3.2. Socio-Economic Characteristics of Respondents

Tables 1 and 2 summarize the socio-economic profiles and the descriptive statistics of the sample
dataset, respectively. Male respondents account for 50.39% of the total, reflecting the gender distribution
in Hanoi. Although most of the respondents are married (67.59%), the average age of respondents is
only 36 years of age, which reflects the fact that the young generation is dominant in Hanoi. The most
common job type involves knowledge-intensive labor (54.98%), including government officer (14.3%),
private-company officer (31.5%), university researcher (2.1%), doctor (1.57%), and schoolteacher
(5.51%). Service workers, unskilled workers, and street vendors/shopkeepers account for 9.45%, 6.56%,
and 6.69%, respectively while housewives/unemployed/retired people and pupils/students account
for 4.86% and 11.55%, respectively. In relation to motorbikes, 92.52% of respondents are owners,
and 95.54% have motorbike licenses. These results reflect the fact that most Hanoians use motorbikes
for commuting. In addition, 11.02% of respondents own cars, and 22.18% of respondents have car
licenses, which may mean that the number of cars will grow in the future. The results also show that
the average number of household members is 3.23 while the average number of working members
is 2.09. This means that most respondents belong to quite small families, typically nuclear families.
The average monthly household income is around VND 20,000,000, which is slightly higher than the
average household income in Hanoi. The average numbers of motorbikes and bicycles owned by
respondents’ households are 2.19 and 1.26, respectively. The average width of the road accessing their
place of residence is 3.78 m (one-lane road). This reflects the poor condition of the streets in Hanoi,
with narrow lanes and substandard road space, which could be one of major factors leading to the
dominant share of motorbikes in the city. Next, the data about commuting mode indicates that 75.98%
of respondents choose motorbikes to commute to work/school every day, followed by walking (6.3%),
bus (5.91%), car (5.91%), bicycle (4.2%), and other modes such as taxi (1.71%). These results reflect
the truth that motorbike is the most popular commuting mode in Hanoi. The share of bus ridership
in this survey is slightly lower compared to other previous values about bus ridership, at about 9%.
A possible reason for this situation is due to the respondents’ occupation and high-income level.
In addition, when comparing the percentage of respondents using motorbikes for commuting (75.98%)
with the motorbike ownership of respondents (92.52%), there are nearly 20% of respondents who own
motorbikes but do not use them for commuting. Too short or too long commuting distance may be one



Sustainability 2020, 12, 5773 6 of 16

of the reasons for this situation. Another reason for this situation might be the dual ownership of a car
and a motorbike. According to the data on a household’s vehicle ownership, there are more than 99%
of households who own cars and motorbikes, while only 1% of households owning a car do not have
any motorbikes.

Table 1. Socio-economic Profiles of Respondents (N = 762).

Percentage of Percentage of

Characteristics Characteristics

Respondents Respondents

Male 50.39% . Single 32.41%

Gender Female 49.61% Marital status Married 67.59%

Government officer 14.30% Shopkeeper/street vendor 6.69%

Private-company officer 31.50% Student 11.55%

Occupation University 2.10% Service worker 9.45%
researcher/teacher

Doctor 1.57% Dependent 4.86%

Schoolteacher 5.51% Other 3.15%

Unskilled worker 6.56% Refused 2.76%

Motorbike license Yes 95.54% Motorbike Yes 92.52%

owner No 4.46% owner No 7.48%

Carli Yes 22.18% c Yes 11.02%

ar license owner No 77 8% ar owner No 88.98%

Walk 6.30% Bus 5.91%

Commuting mode Bicycle 4.20% Car 5.91%

Motorbikes 75.98% Others 1.71%

Table 2. Descriptive statistics of attributes of respondents (N = 762).

Attributes Min Max Mean Median SD

Age 18 71 36.95 36 12.11

Household size 1 10 3.23 3 1.22

Number of working people 0 10 2.09 2 0.97
Monthly household income

(million VND) 1.5 52.55 20.01 17.55 11.58

Number of motorbikes 0 7 2.19 2 0.85

Number of bicycles 0 4 1.26 1 0.53

Width of road access to house 0.5 40 3.79 3 2.89

Note: VND 1000 = USD 0.044 as of 2016.

3.3. Methods

This study employs a simple multinomial logit (MNL) model for an individual mode choice among
a bus, motorbike, car, and bicycle. It assumes that an individual maximizes her/his utility function
when choosing a transportation mode. The utility function of each mode is assumed as follows:

Ui = Vi + €in = Bio + Pir Xim1 + PioXn2 + BiBEXuBE + Ein

where U}, is the utility function of mode 7 of an individual 1, Vj;, is a systematic component of the utility
function of mode i of an individual n, €;;, is an error component, X1 is a vector of transportation-related
variables of mode i of the individual n, X,;» is a vector of socio-economic variables of the individual n,
XuBE is a vector of BE variables of the individual n, and Bjo, Bi1, Bi2, fiBe are the unknown coefficients.
When the error component follows the independent and identical distribution of Gumbel, a probability
of choosing a travel model i for the individual n is expressed as:

exp(Vin)

L exp(Vin)

Py, =
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where M, is a choice set of the individual n. The size of choice set could vary across respondents
depending on the availability of transportation modes. Because all respondents are located in areas
where public transit networks cover, we assume that everyone can access the bus network.

3.4. GIS-Based Database and BE Measurement

A GIS-based database was originally created by the authors’ study team using the geospatial data
sources from the Hanoi Urban Zone Planning, which was developed in 2010. The GIS-based database
enabled us to produce five dimensions of BE measures: density, diversity, design, distance to transit,
and destination accessibility. Each dimension was measured for four different buffering distances (100
m, 200 m, 500 m, and 1000 m) around both trip origin and destination. The “density” is computed
both for population density and employment density; “diversity” is represented by an entropy index
of land-use mix; “design” consists of street density and the number of four-way (or more) street
intersections; “distance to transit” is represented by the bus frequency within the buffering area; and
“destination accessibility” is measured by the number of public facilities or the number of schools
inside the buffering area.

The population and employment densities in the different buffering zones are computed using
data at the ward-scale (the smallest administrative boundary in Hanoi) due to the constraints of data
availability, as shown below:

YokeK, p ZPDKAk

XupDR =
’ AnR

YokeK,, g ZEDKAK
AnR

where X,,pp r represents the population density in a buffering zone (R) for the individual n, Zppy
represents the average population density in a ward k, Ay, is the area in the ward k, A, is the area of
the buffering zone (R) for the individual 1, X,,gp r represents the employment density in the buffering
zone (R) for the individual n, Zgpy represents the average employment density in the ward k, and K, r
represents a set of zones belonging to the buffering zone (R) for the individual n.

The entropy index is computed using a land-use map for 2010. The map categorizes the land-use
patterns into six different types: residential, public-use (such as hospitals, department stores, markets,
offices, etc.), school, green (such as parks and gardens), religious-purpose (such as churches, temples,

XuEDR =

and pagodas), and other purposes (such as transportation). The entropy index is estimated by the

following equation:
my,R

! Z (in,R'l”(%l,R))

XpFIR = —————
T InGmg) 4

where X1 r is the entropy index of the buffering zone (R) for the individual #, g,,; ¢ is a share of
land-use category ! in the buffering zone (R) for the individual n, and m,, r is the number of land-use
categories observed in the buffering zone (R) for the individual n.

The commuting travel time is estimated for four different types of transportation mode: bus,
motorbike, car, and bicycle. It is computed on the basis of Hanoi’s current street network with observed
vehicle speeds during peak hours. The travel time for bus users is estimated by the following equation:

D
XTbusn = IVThusn + NIVTbusn = Z ) bb +WT,, + FLT, +TR,, + 0,DW
beB, “bus:

where X1y, is the bus users’” commuting travel time for an individual n; IVTy},, is the in-vehicle
travel time of a bus route from an originating bus stop to a destination bus stop for the individual #;
NIVTy,s, is other travel time than bus in-vehicle travel time of the individual #; Dy, is the distance of
links b; Sp,s , is the average speed of bus during the peak hours of link b; B, is the set of links along the
bus route from home to workplace for the individual n; WT), is the waiting time of the individual #,
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which is calculated with the frequency of the bus service; FLT}, is the first- and last-mile travel time of
the individual 1, consisting of the walking time from home to the nearest bus stop and from the arrival
bus stop to the workplace; TRy, is the transfer time of the individual n; DW is the average dwell time
at each bus stop, which is assumed to be 30 s for each stop; and 6, is the number of bus stops along
the bus route for the individual n. The average travel speeds of buses and motorbikes during peak
hours are estimated through observations made by one of the authors using GPS devices in Hanoi in
November 2017.
The travel time for motorbike, car, and bicycle users is also estimated as follows:

Xryn = IVTyn + NIVT = Z —c
ceCy SH’C

where X, is the commuting travel time of travel mode u (=motorbike, car, or bicycle) for an individual
n, IVTy is the in-vehicle travel time of travel mode i in the shortest route from home to the workplace
of the individual n, NIVT),;, is travel time other than in-vehicle travel time of travel mode p for the
individual 1, D, is the distance of link ¢, S, c is the average speed of travel mode p during the peak
hours of link ¢, and C;, is a set of links along the route from home to workplace for the individual n.
To estimate the travel time of cars during the peak hours, 500 cases regarding travel speeds of cars and
motorbikes were observed in Hanoi using Google in morning and evening peak hours for five working
days in July 2019. Additionally, the average speed of bicycles is assumed to be 8 km/h at every street
based on our observation results.

Table 3 shows the descriptive statistics of the travel time and the BE measures in different spatial
units. “B100,” “B200,” “B500,” and “B1000” refer to the 100 m, 200 m, 500 m, and 1000 m buffering
zones around the respondents” homes or workplaces and “ward scale” refers to the measurement in
the smallest administrative zone. The table shows that an average commuting duration by bus is
43.57 min while that by motorbike is 15.93 min. The shorter travel time by motorbike arises because
motorbike users can avoid congested traffic along trunk roads by passing through many dense and
complex “narrow-alley” networks during peak hours. Meanwhile, the longer travel time of a bus
indicates that buses face serious traffic congestion on the trunk roads during peak hours, not to
mention accessing time and waiting time mean it is an even more time-consuming mode of travel.
The average commuting time for bicycles is nearly double than that for motorbikes, about 30.26 min,
partly because the average speed of bicycles is nearly half that of motorbikes. The average commuting
time for cars is 17.84 min. This value a bit higher compared to those for motorbikes, and much lower
compared to those for bus. The reason may be that car drivers spend time only for driving from home
to their workplace. They do not have to spend time for walking from/to the bus stops, transferring,
or waiting for the buses. The average population density measured at the smallest scale (100 m) is
the highest, 284.52 per hectare, followed by those at 200 m, 500 m, and 1000 m. On the other hand,
the average population density measured at the ward-scale is slightly higher compared to those in
100 m-buffering. The average employment density measured at the scales of 100 m and 200 m is
274.72 laborers per hectare and 280.16 laborers per hectare, respectively, which is significantly higher
than those at 500 m and 1000 m. The values measuring in the 100 m- and 200 m-buffer are nearly
equivalent to the values measuring in the ward-scale. The average entropy index varies from 0.47 to
0.62 across the different spatial units. They indicate that the current land-use pattern in Hanoi is
quite mixed and evenly distributed. It is the smallest at the 100 m scale, followed by 200 m, 500 m,
and 1000 m. This is quite reasonable because larger areas are expected to contain more land-use
types. The average bus frequencies are greater at both origin and destination when they are measured
at larger spatial scales. They are simply because larger buffering areas can cover more bus stops.
The average bus frequency at a destination is significantly more than that at the origin, indicating that
many respondents work in the city center where a better bus service is available. In the scale of the
500 m buffering area, the average bus frequencies at the origin and at the destination are 652.09 and
811.44 per day, respectively, which means approximately 10 to 13 bus routes cross within the 500 m
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buffering from the origin and the destination, respectively, under the assumption of four services per
hour and bus operation from 5 a.m. to 9 p.m. The average number of public facilities at the destination
is slightly more than that at the origin. The results also show that people have access to nearly one
public facility within a 100 m distance of their origin and destination (0.83 for origin and 0.98 for
destination), which reflects the Hanoi government’s policy that every administrative ward must install
its own public facilities, such as ward headquarters, ward-level medical stations, etc. The values
measuring in the 1000 m buffer are mostly much lower or higher compared to those measuring in the
ward-scale. The reason might be that the ward is the smallest administrative unit in Hanoi, with areas
ranging from 6 to 10 hectares if the ward located in the old quarter or ancient quarter, and from 60 to
80 hectares if the ward is located in new urbanized zones or urbanized villages. They are equivalent
to the calculating areas for the buffering distance 100 m, 200 m, and 500 m, respectively. Therefore,
the buffering distance ranging from 100 to 500 m will be more suitable compared to the 1000 m buffer.

Table 3. Descriptive statistics of travel time and built environment (BE) variables measured for four
spatial units.

Travel Time Min Max Mean Median SD
Bus 0 126.49 43.57 42.24 22.43
Motorbike 0 54.43 15.93 14.37 9.85
Car 0 58.53 17.84 16.18 10.41
Bicycle 0 112.28 30.26 27.15 19.43
B100 B200 B500 B1000 Ward scale
BE variables
Mean SD Mean SD Mean SD Mean SD Mean SD
Population density at home 28452 167.89 27990 15729 26794 13219 25047  109.17 28538  179.42
Employment density at workplace 27472 220.34 280.16 20753 27234 16799  256.54 13734  279.76 88.63
Entropy index at home 0.47 0.16 0.53 0.14 0.60 0.10 0.62 0.09 0.51 0.11
Bus frequency at home 35.62 83.19 12220 14381  652.09 43993 2337.76 1185.88 645.56  605.42
Bus frequency at workplace 65.54 111.78 176. 161.66  811.44 45449 2818.17 1149.83 78743  576.65
Number of public facilities at home 0.83 143 3.03 3.76 16.36 17.27 55.68 48.75 11.47 6.32

Number of public facilities at workplace 0.98 1.52 3.77 4.86 19.37 21.53 68.74 61.66 12.39 8.88

4. Results

4.1. Relationship between Density and Bus Ridership in Hanoi

Table 4 shows the comparison of bus modal shares across the four levels of population/employment
densities for the four types of geographic units regarding the buffering zones mentioned above. The table
shows that the bus modal share of respondents residing in the buffering zones with higher population
densities tend to be higher, since it has the highest modal share in the buffering zones with the highest
population density in all types of geographical unit. It also shows that the relationship in employment
density is consistent for the 100 m, 200 m, and 500 m buffering zones, in which the areas with 300
to 400 people per hectare have the highest bus modal shares. However, both relationships are so
unclear under such a simple uncontrolled analysis that a multivariate analysis, including other control
variables, may be required to understand the associations of these densities with modal share.

Table 4. Bus modal shares by population/employment density by buffering scale in Hanoi.

B100 B200 B500 B1000

No. % Bus No. % Bus No. % Bus No. % Bus
Sample User Sample User Sample User Sample User

Population density at home (people per hectare)

Below 150 134 5.97% 126 6.35% 113 4.42% 105 4.76%
150 to 300 222 6.76% 234 5.98% 256 7.81% 301 7.97%
300 to 450 196 6.12% 202 7.43% 217 6.45% 229 5.24%

Above 450 93 9.68% 83 8.43% 59 8.47% 11 27.27%
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Table 4. Cont.

B100 B200 B500 B1000

No. % Bus No. % Bus No. % Bus No. % Bus
Sample User Sample User Sample User Sample User

Employment density at workplace (people per hectare)

Below 150 129 6.20% 122 6.56% 112 5.36% 139 5.76%
150 to 300 304 6.25% 313 6.07% 330 5.76% 315 6.35%
300 to 400 100 10.00% 104 9.62% 108 12.96% 191 8.38%
Above 400 111 6.31% 106 6.60% 95 5.26% 105 11.43%

4.2. Estimation Results

To examine the MAUP issues, multinomial logit models for travel mode choice were estimated with
the BE variables as measured at the four different geographical scales and at the ward scale. The scale
effect of the MAUP is examined, following previous research [53] in which statistical significance in
explanatory variables and model fitness are compared across different geographic scales. Table 5
summarizes the estimation results. “Commuting time” is defined as the total travel duration from
home to workplace (minutes); “population density” is defined as the number of residents divided by
area (people/hectare) at home; “tax revenue” is defined as the average annual district-level tax revenue
at home (million VND); and “bus frequency at workplace buffering 500 m” is defined as the average
bus frequency across all bus stops covered by the 500 m buffering zone from the workplace.

Table 5. Estimation results of models with BE variables measured in different spatial scales (N = 690).

Explained Variables B100 B200 B500 B1000 Ward Scale
Intercept (bus) —8.807 ***  —10.309 *** —6.174 * ~7.099 ** —5.580 ***
Intercept (bicycle) —3.352 *** —3.521 *** —2.900 *** —2.261 ** —3.329 ***
Commuting time (bus, MB, bicycle, car) -1.873 * —2.405 * —2.892 ** -1.131 -1.722
Population density at home (bus) 1.198 ** 1.412% 1.251 1.856 * 1.373 ***
Tax revenue at home (bus) 1.365 *** 1.423 ** 1.170* 1.069 * 0.540 *
Population density at home X Tax revenue at 0.0057 *+* 0.006 ** 0.005 0.005 * 0.0067 **+*
home (bus) e e e e e
Population density at home (MB, car) —-0.295* —-0.396 * —-0.343 0.041 —-0.299 *
Entropy index at home (bus) 4.508 ** 5.22 ** -0.318 1.579 4.101*
Bus frequency workplace buffering 500 m (bus) 0.091 0.13** 0.140 ** 0.0005 0.060
Number of public facilities at workplace (MB, car) 0.534 ** 0.173* 0.035 * 0.007 0.039
Adjusted p? (McFadden'’s R?) 0.685 0.678 0.671 0.665 0.673
L0 -536.506 -536.506 -536.506 -536.506 -536.506
LL —-158.471 —162.552 -166.023 —169.402 —165.467
-2 (LO-LL) 756.07 747.908 740.966 734.207 742.078

Notes: ***: p < 0.001, **: p <0.01, *: p < 0.05, p < 0.1. “MB” represents motorbike. L0 means the initial log-likelihood,
and LL means the optimum log-likelihood.

The model fitness represented by adjusted p? is sufficiently high in all models, while the likelihood
ratio tests in all models also show that we can reject the null hypothesis that all coefficients are equal
to zero at a high level of significance. The model with a 1000 m buffering distance has a quite high
adjusted p?, but it contains few BE variables with statistically sufficient significance. By contrast, all BE
variables appear to be statistically significant in the models with a buffering distance of 100 m and
200 m. As the model fitness is better in the model with a 100 m buffering zone than that with a 200 m
buffering zone, our results may suggest that the 100 m buffering zone is most favored with respect to
MAUP issues.

Second, the estimation results of the B100 model show that “commuting time” is estimated to be
significantly negative, as suggested by previous studies. This means that a longer travel time reduces
the individual’s utility level, which should lead to a lower probability of choosing a travel mode
regardless of the type of travel mode.
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The “population density at home (bus)” is significantly estimated to positively affect the bus’s
utility level. The estimated coefficient of the cross-term of “population density at home (bus)” and “tax
revenue at home (bus)” is significantly negative, but our dataset revealed that population density (bus)
still has a positive effect even at the highest level of tax revenue in our observed data. This means that
an individual residing in an area with a higher population density is more likely to choose the bus.
This is consistent with the findings from other studies in developed cities.

The “tax revenue at home (bus)” is estimated significantly to affect positively the utility level of
the bus. Again, this is still positive even if the highest population density in our dataset is assumed,
incorporating the cross-term. This can be interpreted as meaning that an individual with a higher
income chooses the bus more. This may be because rich people prefer to use environment-friendly
travel modes or because they avoid dangerous travel modes such as motorbikes or bicycles.

The estimated coefficient of “population density at home (MB, car)” is significantly negative.
This implies that a commuter tends to use a motorbike or a car less if they reside in an area with
a higher population density. This contrasts with the effect of population density on bus use.

The “entropy index (bus)” is significantly estimated to positively affect the bus’s utility level.
This may suggest that an individual residing in an area with more mixed land-use patterns tends
to choose the bus more. This result may offer evidence to support TOD policy even in the case of
a developing city like Hanoi.

The “bus frequency workplace buffering 500 m (bus)” is positively estimated. This means that
a commuter whose workplace is located in an area with a higher bus service frequency tends to choose
the bus more, which sounds reasonable.

The estimated coefficient of “number of public facilities at workplace (MB, car)” is significantly
positive. This means that an individual whose workplace is located in an area with more public
facilities, such as hospitals, department stores, and markets, tends to choose the private motorized
vehicles more. This may conflict with the strategy of TOD policy, but it sounds reasonable because
many Hanoians use private vehicles to engage in other non-work activities after work.

Table 6 presents the estimation results of the MNL models with a 100 m buffering distance, which
introduces other explanatory variables in addition to the BE variables, such as socio-demographic and
other variables that mitigate the residential self-selection bias. “Total duration of residence” is defined
as the duration (years) of residence at the current location up to the present. If the respondent was
born and raised in their current home, then the duration is equivalent to her/his age.

Table 6. Result of full models with BE variables measured for the buffering distance of 100 m.

Explanatory Variables Model 1 Model 2 Model 3
Intercept (bus) —8.604 *** —7.873 *** —7.145 ***
Intercept (bicycle) —2.976 *** —3.604 *** —-3.691 ***
Commuting time (bus, MB, bicycle, car) -1.659 -2.072* -1.823
Population density at home (bus) 0.927 1.181 ** 1.222%
BE variables and Tax revenue at home (bus) 1.201 *** 1.144 ** 1.128*
travel time Population density at home X Tax revenue at home (bus)  —0.0049 **  —0.0062 *** —0.0065 ***
Population density at home (MB, car) —-0.303 * -0.353 * -0.348 *
Entropy index at home (bus) 4.902 ** 4.759 ** 3.819*
Bus frequency at workplace buffering 500 m (bus) 0.087
Number of public facilities at workplace (MB, car) 0.456 * 0.58 * 0.556 *
Over 50 years old (bus) 1.222* 1.471** 1.11*
. . Male (MB, car) 0.881 * 1.107 *
Soc10-demograph1c Marital status (MB, car) 0.944 *
variables Student, dependent (bus) 1.200* 0.882 0.985
Unskilled laborer (bus) 1.883 ** 1.357 1.523 *
Child pick-up (bus) —2.001* ’ —2.471*%
Self-selection Total duration of residence (MB, car) —0.058 * —-0.065 *

variables
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Table 6. Cont.

Explanatory Variables Model 1 Model 2 Model 3
Number of observations 690 563 563
Adjusted p? (McFadden’s R?) 0.711 0.687 0.698
LO -536.506 —442.249 —442.249
LL —139.606 —-124.319 —-118.344
—2 (LO-LL) 793.800 635.860 647.810

Notes: ***: p < 0.001, **: p <0.01, *: p < 0.05, p < 0.1. “MB” represents motorbike. L0 means the initial log-likelihood,
and LL means the optimum log-likelihood.

Model 1 represents the estimation results incorporating the socio-demographic variables in
addition to the B100 model shown in Table 5. The estimates of the BE variables in Model 1 have
similarities to those in the B100 model in Table 5. The results show that individuals aged over 50,
students or dependents, and unskilled workers tend to choose the bus. Such people are less wealthy,
physically unfit to drive a car/motorbike/bicycle, and/or are less likely to own a car/motorbike/bicycle,
which could motivate them to use the bus. The results also show that “Male” is significantly positive
with the choice of cars or motorbikes. This is also quite reasonable because females tend to prefer safer
travel modes than the dangerous modes represented by cars and motorbikes. Besides, “Child pick-up
(bus)” is significantly negative. It is quite reasonable in the context of Hanoi because Hanoians usually
drive their children from/to school every day.

Models 2 and 3 represent the estimation results including the variables relating to residential
self-selection in addition to Model 1, although “bus frequency workplace buffering 500 m (bus)” is
removed due to poor significance. “Marital status” and “Child pick-up” are highly correlated
so we introduce them separately. Both models have estimation results regarding the BE and
socio-demographic similar to those in Model 1. “Marital status” is significantly positive, married
people tend to use motorbikes rather than other modes. This is reasonable because married people
typically need to use motorbikes to pick up and drop off their children at school. As for the residential
self-selection variable, “total duration of residence (MB, car)” has a significantly negative estimated
coefficient in Model 2 and Model 3. This may imply that new immigrants tend to choose motorbikes
and cars more than those who have lived in their current homes for a longer period. This could mean
that newcomers typically choose newly developed urban areas, which have been often designed for
private vehicle users rather than public transit. This probably reflects local people’s preferences for
residential location, which could cause the residential self-selection bias even in the context of Hanoi.

5. Discussion

The results of our analysis have implications for the Hanoi’s TOD policy. First, regarding the
“Density” feature of TOD, the results unveiled that the population density near home has significantly
positive influences on bus ridership while it also has significantly negative influences on motorbike use.
These results support the TOD theory that a higher population density might induce the use of public
transportation. The negative impact of population on motorbike use is mainly because parking spaces
for motorbikes are poorly available at high population-density residential areas, which motivates
people to choose the bus; whereas the parking spaces are more available at business districts even
with a high employment density, which may motivate them to use the motorbikes. They suggest that
the residential development in the vicinity of bus stops could work for better bus ridership while
regulations and/or control strategies of motorbike parking should be jointly incorporated into the
Hanoi’s TOD policy.

Second, regarding the “commercial development,” the estimation results found that the number
of public facilities, such as department stores and markets near the workplace, might induce motorbike
use. This may imply that commercial development near the business areas could negatively influence
the bus ridership. It may also suggest that the Hanoi’s TOD policy should be carefully designed in
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terms of its scope of development site and type, highlighting residential development at the residential
areas rather than commercial development at the business districts in the context of Hanoi.

Third, regarding the “mixed-use development,” our results confirmed that the land-use mix could
attract bus users. This suggests that monotonic land-use patterns such as residential- or business-only
areas are not suitable for sustainable urban development. As old Hanoi’s urban areas have been
developed in a mixed land-use pattern, such traditional styles of urban development should be
respected even in new developments under the Hanoi’s TOD policy.

Lastly, regarding the public transit, the quantity and quality of transit services should be highlighted
to fascinate public transit users in Hanoi’s TOD policy. Although the bus is the only transit service
available in Hanoi until now, the Urban Mass Rapid Transit (UMRT) and Bus Rapid Transit (BRT)
systems are under construction and will be operated soon. It raises a question to policy makers about
how to connect these systems into an efficient intermodal transit network. Along with the appearance
of the new UMRT and BRT systems, the current bus network, which has long routes (usually over
60 min per tour) passing through the city center should be reorganized and integrated into the UMRT
and BRT systems, in which local buses serve mainly first/last-mile services to/from transit stations.
This is expected to improve the average speed and service reliability of the public transit system.
Additionally, the quality of bus vehicles should be upgraded so as to attract knowledge-intensive
laborers in addition to students, dependents, unskilled laborers, and senior people as passengers of the
bus service.

6. Conclusions

This study presented empirical evidence on the association between the BE and travel behavior in
Hanoi. It found similar effects for BE variables in a developing Asian city to those in the developed
world. This could encourage a more compact and higher mix of land use, as well as better transit
services, to shift local people from private vehicles to public transit in Hanoi. It also has implications for
the Hanoi’s TOD policy that highlights residential development near bus stops rather than commercial
developments in the central business district. These findings should be valuable because the data
availability for developing cities is quite poor for empirical analyses.

One of the challenges for the Hanoi’s TOD is the introduction of new public transit systems in
the near future. Although the bus is currently the only mode of public transit, the UMRT and BRT
systems are newly operated or under construction and will be in operation soon. Thus, further analysis
is needed to incorporate these new public transit systems into analysis of the association between
TOD planning elements and travel demand. Another challenge is the implementation of Hanoi’s
TOD policy. Urban redevelopment with higher density and diversity and better transit services may
attract more people to public transit use, but it is also expected to raise property prices near public
transit stops, which could lead to so-called “gentrification” [58,59]. For instance, Venter et al. [60]
reported the equity impacts from BRT through a literature review. In Hanoi, low-income unskilled
people typically live under poor conditions in the urban core, where they work in jobs with motorbikes,
such as street vendors and small privately-owned shops; those people could be easily displaced
by gentrification. To reduce the negative impacts from gentrification, a fair transportation system
should be developed, which is beneficial to any economic or social group. Policy actions reducing the
dominance of private automobiles, such as traffic calming, may help the poor to have a safer, walkable,
and livable commuting environment. Additionally, although many resettlement projects have tried to
relocate these people into other areas of Hanoi with better living conditions, they have failed because
the affected people refused to move due to their fixed daily-life routines. Even if the government could
resettle these affected people in the same TOD area, there would be no guarantee that these people
would continue the same jobs as before. They may suggest that the Hanoi’s TOD policy should be
carefully designed to integrate job security for existing low-income residents.
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