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Abstract: This paper investigates active transportation mode users’ preferences for alternative services
during the temporary closure event of a bridge and its active transportation (AT) lanes. It also
evaluates the loyalty of AT users during the event. The study uses data from a travel survey
distributed to cyclists and pedestrians, who are the regular AT lane users of the Macdonald Bridge
in Halifax, Canada. Random parameter logit models are developed in this study that examine
the effects of socio-demographic, travel and neighborhood characteristics on active transportation
users’ preferences. Four alternative transportation services are considered in this study: free shuttle
services, frequent ferry services, frequent bus services and other services. Results suggest that
higher-income individuals are more likely to prefer frequent ferry services during the AT lane closure
event. Transit commuters are found to prefer frequent bus services. Probability of preferring free
shuttle services increases if individuals use AT lanes for cost savings. Loyalty towards AT is explored
in this study by means of anticipated modal shift. For instance, higher mixed land use area dwellers
tend to be loyal towards AT during the disruption event, as demonstrated by their lower probability
to shift from current AT mode. This study offers critical behavioral insights, which would assist
transportation planning and policies that aim to adopt sustainable transportation planning measures
to retain current users’ loyalty towards active transportation and prevent a long-term behavioral shift.

Keywords: active transportation; major transportation infrastructure disruption; alternative
transportation services; transport loyalty; random parameter logit model

1. Introduction

Closure of major transportation infrastructures for an extended period incurs economic loss
and causes long-term behavioral shifts that hamper the development of sustainable transportation
planning of a region [1]. Critical transportation infrastructures, such as bridges, facilitate people
and goods’ movement efficiently across regions and have a significant influence on traffic patterns
as well as travel behavior. Generally, bridges serve multiple purposes, such as connecting local
road networks of adjacent cities with highway corridors. Much of the previous research on travel
behavior due to major transportation network disruption examines the effects of bridge collapse
incident on vehicular network [2—4]. Studies exist on travelers’ responses in terms of auto and
transit usage due to complete bridge closure [5] and partial bridge closure [6]. Also, studies that
focus on evaluating the impacts of sudden natural disasters on travelers’ behavior is evident in the
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existing literature [7]. Bridges are sometimes built with active transportation (AT) lanes that provide
services to the cyclists and pedestrians, for instance, Port Mann Bridge (British Columbia, Canada) and
George Washington Bridge (New Jersey, USA). Such facilities not only offer a variety of sustainable
transportation alternatives, but also reduce personal vehicle usage and traffic congestion across the
bridge, which in turn contribute in less vehicular emission and energy consumption.

Disruption of an active transportation lane due to major road network closure affects vulnerable
population group [8]. Such event might also increase vehicle kilometers traveled across the road
network that could rise daily emission. Notwithstanding these facts, how the associated active
transportation lane disruption during a critical transportation infrastructure’s temporary closure event
for an extended period influences its users’ travel behavior is not evident in the existing literature.
From policy perspective, it is essential to understand users’ preference for alternative transportation
services during such disruption event since this requires providing alternative ways to cross the bridge.
Active transportation plays a crucial role in a sustainable transportation planning agenda, hence,
understanding the long-term effects an active transportation mode disruption event may incur is critical.
Therefore, this study first explores cyclists and pedestrians” preference for alternative transportation
services during the AT lane closure of a major transportation infrastructure. After that, to examine the
long-term effects, a modal shift model is developed that evaluates the loyalty of cyclists and pedestrians
towards using active transportation modes during the closure event. Methodologically, this study
contributes to the existing literature by accommodating the preference variations across population,
which is accomplished by developing random parameter logit models. This study utilizes datasets
from an active transportation travel survey to assess the potential impacts on active transportation
mode users.

2. Literature Review

A network disruption, such as bridge collapse, could affect its immediate vicinity as well as the
entire city road network [9]. Commuters living closest to the disruption area are the most affected
group in terms of their travel behavior [2]. Their route selection, destination choice, departure time, and
travel scheduling face a greater variability during a network disruption event [3]. As a result, travel
demand reduces due to frequent mode change and trip cancellation [10]. Network disruption could be
caused by natural disasters (e.g., earthquakes) that sometimes create a greater impact by changing
the length and accessibility of the network and declining the performance of the transportation
system [11]. Researchers found that bridge collapse after an earthquake causes significantly higher
traffic volume in the existing network compared to the pre-earthquake volume [7], which results in
reduced system performance and greater economic loss [1,12,13]. A network disruption could also
occur by pre-planned or unplanned special events. Pre-planned special events cause interruptions due
to increasing traffic volume in a traffic network. Higher demand during such special events results
in significantly higher public transit demand [14,15]. On the other hand, unplanned special events
(e.g., transit strikes) increase reliance on personal vehicle use, thus increase congestion and cause
network disruption [16]. Such events decrease transit ridership and often result in a permanent modal
shift from transit to other modes available in the traffic network [17]. In summary, existing literature on
major transportation network disruption primarily focuses on how disturbance in a network influences
the overall travel demand, and changes network capacity and performance, among others.

Majority of the previous studies analyze travelers’ responses to network disruption caused
by sudden events (e.g., natural disasters) and shorter term special events. However, evaluating
individuals” mobility decisions due to a major network disruption for an extended period is not
evident in the previous studies, specifically in relation to sustainable active transportation usage.
When faced with such events, it is essential to understand how users of a major transportation network
choose their alternative transportation arrangement. In addition to that, examining the event’s impact
on loyalty to the existing mode is critical, particularly if it is a sustainable mode of transportation,
such as walking, cycling and transit. Few studies exist that explored passenger loyalty towards public



Sustainability 2018, 10, 2050 3of 14

transit in terms of service quality while using transit daily [18-20]. Although pedestrians and cyclists
(i.e., active transportation users) are often considered vulnerable due to the increased disutility incurred
from disruptions [21], to the authors” knowledge, there is no existing study that explores loyalty of
pedestrians and cyclists during a major transportation network’s temporary closure.

Therefore, this study contributes to the existing literature in two ways: (1) evaluating preferences
for alternative services that would facilitate active transportation usage during a network disruption
event; and (2) investigating users’ loyalty towards active transportation with respect to intended
modal shift. An active transportation travel survey is used in this study that was conducted on the
Macdonald Bridge active transportation lane users in Halifax, Canada. Random parameter logit (RPL)
modeling technique is applied in this study to understand active transportation users’ alternative
service preferences and loyalty towards walking and cycling. The models incorporate taste preference
variations (i.e., unobserved heterogeneity) across the sample population, and explore the impacts
of various socio-demographic, travel and neighborhood attributes on pedestrian and cyclists’ travel
behavior during a major transportation infrastructure disruption event.

3. Data

3.1. Macdonald Bridge Renewal Project: Survey of Cyclists and Pedestrians

The paper uses data from the ‘Macdonald Bridge Renewal Project: Survey of Cyclists and
Pedestrians’, which was conducted in Halifax, Nova Scotia, Canada. The Macdonald Bridge is a critical
transportation network crossing Halifax Harbor in Nova Scotia that connects the twin cities, Halifax
and Dartmouth (Figure 1). The bridge was opened on 2 April 1955. It is 1.30 km long and 11.50 m
wide. There are three traffic lanes on the bridge with the center lane being reversible during the peak
periods to assist the heavy traffic flow. One of the unique features of the bridge is that it provides active
transportation facilities through two exclusive lanes on both sides. There are multiple toll stations at
the Dartmouth side of the bridge. Although initially active transportation lane users had to pay tolls
while crossing the bridge, later it was made toll-free to encourage more sustainable transportation
usage. The bridge went on a renewal process in 2015, for which the active transportation lanes were
removed from both sides for an extended period.

Figure 1. Macdonald Bridge with Halifax and Dartmouth on both sides.

The province of Nova Scotia adopted a sustainable transportation strategy to promote active
transportation among the travelers. As a part of the strategy, we conducted the survey prior to the
renewal event in 2013. The survey was distributed on the Macdonald Bridge during high traffic
volume times over a seven-day period in June 2013. Pedestrians and cyclists crossing through
the active transportation lanes were requested to stop and participate in a short intercept survey.
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Upon completion, they were given a complete survey package to take with them. The package
contained a survey form and a pre-paid envelope, which could easily be filled out and returned.
An online URL address of the survey was also included in the form. Respondents were instructed
about their alternatives to fill out the paper survey or use the URL to complete the survey online.
In addition, the survey was made available to the local libraries and bridge toll plazas. It was advertised
on the DalTRAC blog, Facebook and Twitter pages, and featured in an article at a local magazine.
An active transportation workshop was held by the Halifax Harbor Bridges, where the survey was
filled out by the attendees. Furthermore, a $50 CAD gift card was provided as an incentive to the
respondents to participate at the survey. The survey had six separate sections that were designed to
collect information about users’ current travel behavior, household characteristics, demographics, and
how they plan to coordinate their commute trips while active transportation is unavailable. The survey
yielded a sample of 295 respondents. After data processing and cleaning, 261 surveys were found
usable for further analysis.

3.2. Data Preparation

Preparation of the datasets included several processing steps. After the survey, data from the
six sections were cleaned with caution and all identifiable information were replaced with codes.
The sections of the survey included: (1) personal and household information; (2) daily commute
trip; (3) weekly usage of the bridge by AT; (4) seasonal usage of the bridge by AT; (5) plans to
accommodate AT trips for a temporary closure; and (6) opinion to support AT users during closure
event. Independent variables used in the final models are extracted from the first four sections and
dependent variables are obtained from section five and six. Below is a summary of data preparation
for independent and dependent variables.

3.2.1. Independent Variables

A wide range of independent variables are considered in this study while developing the
‘preference for alternative transportation services” and ‘loyalty towards active transportation” models.
Among them, the ‘personal and household information’ section of the survey is used to obtain the
socio-demographic characteristics of the respondents. This includes age, annual income, employment
status, number of vehicles owned, number of bicycles owned, etc. Respondents’ primary commute
mode, time, distance, reasons to use active transportation, average cycling and walking trips, etc. are
extracted from section two, three and four, which are used as the travel attributes during model analysis.
Furthermore, to understand the influence of respondents’ residential location, various neighborhood
characteristics are utilized in this study. To get the neighborhood information, at first home locations
of the respondents from the survey are geocoded by an online service, BatchGeo. After that, using
the coordinates and Halifax Regional Municipality (HRM) map, respondents’ dissemination areas
are identified in ArcGIS. This study uses the 2011 Canadian Census database and HRM Geodatabase
that provide respondents’ neighborhood information. After identifying the dissemination areas,
respondents’” home locations are joined with the census database to obtain dissemination area size,
number of people, dwellings, single detached houses, apartments, employment rate, etc. in the
neighborhood. Likewise, land use information, such as land use index, residential land use and
commercial land use are derived from the land use database of HRM. A detailed description of the
independent variables retained in the final models are presented in Table 1.

3.2.2. Dependent Variables

The survey presented a scenario to the Macdonald Bridge active transportation users that described the
bridge closure event along with its active transportation lanes for an extended period. Respondents were
asked about their preference during the closure event from a set of alternative transportation services,
which were obtained through a public consultation workshop. The alternatives included:
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Free shuttle services across Halifax Harbor for 24 h that would consist of 16 seat passenger shuttle
buses with 12 bicycle racks on each bus;

(2) Frequent ferry services across Halifax Harbor that would provide one bicycle rack for users to
take their bicycles on board, while using the free park and ride facility at the terminals;

®)

Frequent bus services across Halifax Harbor that would consist 35 seat passenger buses as well
as 65 seat articulated buses with 2 bicycle racks on each bus, and

4)

Other services (e.g., free ferry services, allowing bicycles on bridge traffic lanes, etc.).

Table 1. Summary statistics of the independent variables.

Variables Description Mean/Proportion  Standard Deviation
Socio-demographic Characteristics
Male If respondent is male = 1, 0 otherwise (binary variable) 65.90% -
. If respondent’s age is between 35 to 54 years = 1, .
Middle age 0 otherwise (binary variable) 50.70% -
If respondent’s age is between 25 and 54 years = 1, o,
Age between 25 to 54 years 0 otherwise (binary variable) 77.78% -
Lower income If responfient s annual income is below $40,000 CAD =1, 21.23% R
0 otherwise (binary variable)
ual income > $40,000 CAD If responf:lent s annual 1.ncorne is above $40,000 CAD =1, 78.99% B
0 otherwise (binary variable)
Full-time employment If Fespondgnt is full time employed =1, 0 otherwise 72.54% B
(binary variable)
Student If respondent is a student = 1, 0 otherwise (binary variable) 6.10% -
Car access If 'the respo'ndent has car access = 1, 0 otherwise 50.68% R
(binary variable)
No vehicle ownership If househ'old dpes not own a private vehicle = 1, 74.33% R
0 otherwise (binary variable)
No bicycle ownership If total mjlmber of bicycles in a household is zero =1, 68.97% B
0 otherwise
. If total number of bicycles in the respondent’s household o
Number of bicycles > 4 is more than 4 = 1, 0 otherwise (binary variable) 0.-87%
Travel Attributes
Primary commute mode_Auto If responfient s daily primary commute mode is auto =1, 10.34% R
0 otherwise (binary variable)
Primary commute mode_Transit If respom':ient s daily primary commute mode is transit =1, 49.81% B
0 otherwise (binary variable)
AT_Walking If respondent walk to 'cross'the brldge for commuting 19.16% B
purpose = 1, 0 otherwise (binary variable)
. If respondent cycle to cross the bridge for commuting o B
AT _Cycling purpose = 1, 0 otherwise (binary variable) 78.16%
Commute travel time Respondent’s daily commuting time (minutes) 32.69 14.99
Commute distance Respondent’s home to work location distance (kilometers) 9.21 7.19
Commute distance < 20 km If respondent- s da1'ly comrm‘.lte distance is less than 20 km 75.43% B
=1, 0 otherwise (binary variable)
Reason for AT commute—Cost saving If the reason for flally AT use to commute is cost saving = 16.86% R
1, 0 otherwise (binary variable)
Reason for AT commute—FExercise If the reason f(?r daily AT use to commute is exercise = 1, 44.83% R
0 otherwise (binary variable)
. . . If respondent daily crosses the bridge by bicycle for any o _
Crossing frequency by bicycles (daily) purpose = 1, 0 otherwise (binary variable) 56.30%
Crossing frequency by bicycles If respondent crosses the bridge weekly 3-4 times by 26.10% R
(3—4 times in a week) bicycle for any purpose = 1, 0 otherwise (binary variable) B
Cycling frequency—work/education Respondent’s weekly average one-way cycle trips for 584 45
work/education
Number of one-way walking tripsin ~ Respondent’s one-way average walking trips during 23.03 5151

winter season

Winter season




Sustainability 2018, 10, 2050 6 of 14

Table 1. Cont.

Variables Description Mean/Proportion Standard Deviation

Neighborhood Characteristics

Population density in the neighborhood (per square

Population density kilometer) 38.970 36.300
Dwelling density Ei\lr\c/)(:rl‘l;l:égr )density in the neighborhood (per square 20.543 20.952
Percentage of single detached house Percentage of single detached house in the neighborhood 44.80 30.20
Percentage of apartments Percentage of apartments in the neighborhood 37.65 30.96
Percentage of rental house Percentage of rental house in the neighborhood 4191 30.35
Percentage of households with Pefcentage of households up-to 4 members in 29.16 24,60
1-4 members neighborhood
Employment rate Employment rate in the neighborhood 64.96 11.65
Percentage of residential land use Percentage of residential land use in the neighborhood 66.25 33.71
Percentage of commercial land use Percentage of commercial land use 11.80 22.16
Land use index Land use index of the neighborhood 0.19 0.17

Exploratory analysis of the survey suggests that AT lane users prefer free shuttle service across the
bridge most (41%), followed by more frequent ferry service (34%). Some users want more frequent bus
service (10%) and other services (15%), such as free transit passes, and additional park and ride facilities.

To examine the long-term behavioral impacts, the survey included questions on users’ loyalty
towards the active transportation modes. Respondents were asked to give their opinion on continuing
to use active transportation modes during the closure event. Two types of active transportation users
were observed during the survey.

(1) The first category consists of respondents who agree to start their travel by active transportation,
and cross the harbor by any other mode during the closure event, which is considered to be the
loyalty towards active transportation modes;

(2) The second category includes those who start traveling by other modes rather than active
transportation, which is counted as a shift from active transportation modes.

Summary statistics shows that the majority of respondents (64%) is found to be loyal to active
transportation and continue walking and cycling during the temporary closure event. However, 28%
of the users anticipate a shift from the usage of active transportation to other modes. About 8% are
unsure of their anticipated travel behavior, which are excluded from further analysis.

4. Modeling Approach

This study follows a random utility-based discrete choice modeling approach, specifically,
Random Parameter Logit (RPL) modeling technique, to develop the preference for alternative
transportation service and loyalty towards active transportation models. Let, Uj; is the utility derived
from an alternative i chosen by an individual j. This can be expressed as Equation (1):

u,»]- = 9,']' + ‘Binj + €jj 1)

where 6;; is the alternate specific constant, f; is the estimable parameters, Xj; is a column vector of the
observed attributes and ¢;; is the random error term. Conditional on f;, the probability to choose an
alternative i by individual j can be described as Equation (2):

1
Gji(Bj) = exp(0; + B Xyj) / ) exp(6; + B Xyy) 2
i=1

The traditional multinomial logit model is restricted to the IID assumption. However, due
to different levels of adaptability and flexibility, it is possible that individuals possessing similar
characteristics might not behave the same and could respond to a network disruption event differently
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than each other. Therefore, unobserved preference heterogeneity among individuals may occur.
The study captures this heterogeneity by developing random parameter logit models that relax the
restrictive assumption of homogeneity assumed by the traditional logit models [22]. The modeling
structure anticipates heterogeneity by assuming a continuous distribution of the parameters (§;) across
individuals. Since f; is random and unknown, random parameter logit probability is expressed
through the integrals of standard logit probability (Equation (2)) over the density of parameters ;.
This paper assumes a normally distributed density function with mean m and covariance ¢. Thus, the
choice probability of random parameter logit models can be written as Equation (3):

P; = / Gji(Bj)f (Bjlm,o)dp; ®)

where, f (B; | m,0) is the normally distributed density function. The log-likelihood function based on
above probability expression can be described as Equation (4):

LL =

J

j=1

However, Equation (4) is a multivariate integral that does not have any closed form. Therefore, this
study uses the Monte Carlo simulation to approximate the integral of the choice probability.
The probabilities are approximated for any given value from the distribution. For each person, the
choice probability G;;(B;) is calculated for every q draws. At first, a value of B; from f (B; I m,0) is taken
and identified it as ;1 Imo which refers to the g-th draw from the density function. With this draw,
the logit formula Gj;(B; 1 'm 7y is calculated. The total process is repeated for Q times. The integration
over f (B; | m,0) is approximated by averaging total Q draws. This average is the simulated probability
as shown in Equation (5):

B Q
Gii= 5 Y Gi(B™) ©
ok

Finally, the simulated probabilities are used to calculate the simulated log-likelihood, which can

be given as Equation (6):
] 1 Q
ﬂzzzmmézg@wm (6)
j=1i=1 7=1

where, Y]-i takes the value 1 if an individual j chooses an alternative i, 0 otherwise. SL is the simulated
log-likelihood function. Instead of random draws, Halton sequence is used in this study since it
requires substantial lower number of draws. The models are converged, and stable covariates are
found at 250 Halton draws.

The model estimation process starts with developing skeleton models that include several policy
variables. Both models are finalized after multiple iterations. While estimating the models, if the
t-statistic of a parameter crosses the threshold value (1.64 as 90% confidence level), the parameter
is considered in the final models. Along with t-statistics, the signs of the coefficients are observed
as well to check whether they exhibit expected signs that is aligned with the priori hypothesis.
The total procedure is performed until majority of the parameters exhibit statistical significance and
goodness-of-fit measures of RPL models outperform the MNL models. Goodness-of-fit measures of
the models are evaluated based on adjusted R-square, Akaike Information Criteria (AIC), and Bayesian
Information Criteria (BIC). In both models, the RPL outperforms the traditional MNL as indicated by
the higher adjusted R-square, and lower AIC and BIC values of RPL model.

5. Result Discussion

In both model specifications, most of the parameters are found to be statistically significant.
However, few parameters are retained in the final model below the threshold t-statistic value.
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The underlying assumption here is, these parameters with asymptotic properties might show
statistically significant relationships if a larger dataset were available. Moreover, they offer important
behavioral insights and have critical policy implications. Furthermore, the results exhibit variations
across the MNL and RPL models in case of some variables. These variations in RPL models are
primarily identified as the presence of latent heterogeneity, which is captured through the mean
and standard deviations of the random parameters. Below is a brief description of “preference for
alternative transportation services’ and ‘loyalty towards active transportation” model results.

5.1. Preference for Alternative Transportation Services

Table 2 shows the parameter estimation results of the preference for alternative transportation
services model. A multinomial logit model is also presented in the table for comparison purpose.
Below is a brief description of the model results.

Results suggest that higher-income individuals, who earn more than $40,000 CAD annually, are
less likely to prefer free shuttle services. Similarly, individuals with car access have lower probability
to prefer the shuttle services. On the other hand, individuals who do not have vehicles in their
households tend to prefer the free shuttle services. Individuals also have higher probability to
prefer shuttle services while traveling by bicycles daily across the bridge. This perhaps indicate
better bicycle-carrying facilities provided by the shuttle services to facilitate continued cycling trips.
A positive relationship is observed between individuals who use AT for cost savings and the choice of
shuttle services. Since shuttle service is a free-of-cost service, such individuals” higher probability of
preferring shuttle services is plausible. Transit commuters exhibit lower propensity to prefer shuttle
services as the transit routes bring them closer to their destinations without need for transfer. With the
increase in percentage of apartments in the neighborhood, the tendency of preferring the shuttle mode
also increases. Arguably, apartments generally house low to middle-income people who might like a
free service compared to increased frequency of paid services.

Table 2. Parameter estimation results of Preference for Alternative Transportation Services.

. Multinomial Logit Random Parameter Logit
Variables
Coefficient t-Stat Coefficient t-Stat
Free shuttle services across the harbor
Constant —1.7223 —0.841 —3.3910 —1.64*%
Male 2.2110 2.55 ** 3.0559 3.37 ***
Annual income > $40,000 CAD —2.4564 —2.85 *** —4.1461 —2.65 ***
Car access —0.8348 —1.42 —1.0443 —1.50
No vehicle ownership 1.7973 2.55** 2.7856 2.89 ***
No bicycle ownership —1.5868 -1.32 —2.1461 —1.26
Primary commute mode_Transit —0.6468 —0.60 —0.9752 —0.76
Crossing frequency by bicycles (daily) —1.2907 -1.25 1.3724 1.08
Reason for AT commute—Cost saving 0.0424 1.08 0.8927 1.14
Percentage of apartments 0.0786 2.70 *** 0.1182 2.78 ***
Employment rate 0.0085 3.20 *** 0.0181 3.03 ***
Frequent ferry services across the harbor
Constant 3.2551 1.96 ** 4.9739 2,17 **
Age between 25 to 54 years 2.2882 3.25 *** 3.6559 2.68 ***
Annual income > $40,000 CAD 0.1547 0.21 0.6218 1.50
Car access —1.1539 —1.48 —1.3975 —1.40
No vehicle ownership —1.6487 —-1.90* —2.3291 —1.96 **
Primary mode for commuting—Auto —2.6291 —2.08 ** —3.2492 —-1.72*
Primary mode for commuting—Transit —2.5449 —1.61* —3.4770 —-1.14
Commute travel time —0.0214 —1.06 —0.0373 -1.25
AT_cycling —0.6332 —0.60 —0.7991 —1.64*%
Reason for AT commute—Exercise —0.2926 —0.51 —0.9791 -1.14
Crossing frequency by bicycles (daily) —1.0030 —1.68* —1.5962 -1.90*
Population density —0.2955 —0.53 0.4853 0.50

Percentage of residential land use 0.0116 1.26 0.0166 1.96 **
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Table 2. Cont.

. Multinomial Logit Random Parameter Logit
Variables
Coefficient t-Stat Coefficient t-Stat
Frequent bus services across the harbor
Constant —0.6491 —0.30 —0.3754 —1.42
Male —0.4764 —0.60 —0.7315 -1.80*%
Car access —0.3791 —0.45 0.6287 1.72*%
No bicycle ownership —2.5818 —1.38 3.5802 1.64*
No vehicle ownership —0.6653 —0.66 —1.0583 —1.97 **
Primary commute mode—Auto 0.1709 117 0.4385 1.38
Primary commute mode—Transit 0.8793 0.67 0.8503 1.64 %
Commute distance < 20 km 0.7160 0.44 0.5774 1.81*
Crossing frequency by bicycles (daily) 0.4921 0.73 0.6840 0.94
Number of one-way walking trips in winter season 0.0056 2.47 ** 0.0096 3.01 **
Dwelling density —0.0176 —2.61 % —0.0283 —3.10 ***
Percentage of households with 1 to 4 members 0.0849 1.96 ** 0.0905 1.69 *
Percentage of residential land use —0.2645 —1.51 —0.3499 —1.64*
Other services (reference)
Male 0.2888 0.46 0.0914 1.12
No bicycle ownership —1.7067 —1.08 —1.6577 —0.92
Commute travel time —0.0490 —2.54 ** —0.0600 —2.64 ***
AT_Walking 2.0521 1.51 2.4656 1.66 *
Number of one-way walking trips in winter season 0.0040 3.16 *** 0.0059 2.93 ***
Cycling frequency—work/education 0.1827 2.31** 0.2599 2.66 ***
Dwelling density —0.0063 —-1.78* —0.0097 —1.73*%
Standard Deviations
Population density (frequent ferry services) - - 0.0007 1.68 *
Employment rate (free direct shuttle services) - — 0.0143 2.05 **
Model Fits
LL Convergence —166.32 —160.39
Adjusted R-square 0.450 0.512
AIC 1.66 1.63
BIC 2.28 2.23

Notes: *** 99% confidence level; ** 95 % confidence level; * 90% confidence level.

In case of more frequent ferry services, individuals aged between 25 and 54 tend to prefer frequent
ferry service as a temporary service replacement during the disruption event. Also, higher-income
individuals (i.e., annual income above $40,000 CAD) exhibit higher likelihood to prefer more frequent
ferry services. However, the probability of more frequent ferry service preference decreases with
individuals” access to households’ cars. Presence of zero vehicle in households also decreases
individuals’ likelihood of preferring more frequent ferry services, rather they exhibit higher propensity
to prefer free shuttle services as indicated by the positive coefficient value at 99% confidence level.
As expected, the dummy variables representing individuals who commute primarily by auto and
transit exhibit negative parametric values, which indicate their lower tendency to prefer more frequent
ferry services. The findings are plausible since these individuals already have other travel alternatives
available for commuting. In addition, since ferry is comparatively slower while crossing distance
between Halifax and Dartmouth (which are connected through the Macdonald Bridge), individuals
with longer commute time exhibit lower propensity to prefer ferry services during temporary
intervention. They would take some other travel alternatives to compensate their added delays
due to the active transportation lane closure. Individuals who use the active transportation for exercise
purposes less likely favor more frequent ferry services. Arguably, riding the ferry does not fulfill
their need for exercise, hence, they might shift their route elsewhere during the disruption event.
Similar negative parameter is observed for individuals who use bicycles to cross the bridge daily,
perhaps suggesting unavailability of enough space to carry bicycles on ferries. Living in the areas
of higher population density, individuals are more likely to prefer frequent ferry services during the
closure. Densely populated areas are near the ferry terminals on both Halifax and Dartmouth side.



Sustainability 2018, 10, 2050 10 of 14

Approximate distances between Halifax downtown and Halifax ferry terminal is 1 km, Dartmouth
downtown and Dartmouth ferry terminal is 0.5 km. Therefore, living nearby the ferry terminals might
provide higher utility of ferry services to the pedestrians and cyclists while the active transportation
lanes remain closed for an extended period. Male respondents demonstrate a lower tendency to prefer
more frequent bus services during the network disruption event. Similarly, individuals from zero
vehicle ownership households are less likely to prefer more frequent bus services. Such individuals
also show lower probability to prefer frequent ferry services; however, they are found to have
higher preference for the free-of-cost shuttle services. Perhaps these individuals are captive active
transportation users who are more interested in a free service than increased frequency of paid services.
As expected, transit commuters demonstrate a positive relationship, indicating their higher propensity
to prefer more frequent bus services. The likelihood of preferring free shuttle services and frequent
bus services are found lower for this particular group, which might suggest the pro-transit usage
behavior of these individuals. Individuals who cross the bridge daily by bicycle also favor higher
number of bus services during the closure event. Interestingly, such individuals exhibit a higher
mean value for shuttle services (1.37) than the frequent bus services (0.68). This might be because
shuttles offer higher number of bicycle racks on board than the buses. Hence, individuals who cross
the bridge daily by bicycles exhibit higher tendency to prefer shuttle services than the frequent bus
services. Finally, individuals living in the neighborhoods with higher percentage of residential land
use exhibit lower likelihood of preferring frequent bus services, rather they tend to prefer more
frequent ferry services during the closure event. Residential areas are situated farther away from
the bridge where frequency of bus services may be lower. Therefore, individuals from residential
areas might be more interested to drive to the ferry terminals, use the free park and ride option,
and cross the distance between Halifax and Dartmouth using ferry services during the closure event.
Although several variables in the RPL model of preference for alternative services are assumed to be
random parameters, two neighborhood characteristics—population density (for more frequent ferry
services) and employment rate in the neighborhood (for free shuttle services)—are found to exhibit
statistically significant standard deviations.

5.2. Loyalty towards Active Transportation

Model results provide interesting insights about anticipated behavioral changes of active
transportation (AT) users during the bridge closure event. More specifically, the study inquires
whether pedestrians and cyclists would shift to other modes during an extended period pre-planned
network disruption event. Please note that the alternative representing loyalty towards AT (i.e., no
modal shift) is assumed to be reference category during estimation. In the model results, positive
coefficient values represent the higher probability of shifting from current AT mode, which suggests
lower likelihood of being loyal towards active transportation. On the other hand, negative coefficient
values represent the opposite. A traditional multinomial logit model is estimated for comparison
purposes. Table 3 shows the parameter estimation results of the random parameter logit model.

Middle age individuals are found more likely to be loyal to their active transportation mode
during the temporary active transportation lane closure event. However, some middle age individuals
might behave differently during the event, as indicated by the variable’s higher standard deviation
value than mean (standard deviation, 2.48; mean, 2.06). As expected, lower-income individuals, who
earn less than $40,000 CAD annually, tend to be loyal to the AT mode. Presence of higher number of
bicycles (more than four) in the households also decreases individuals’ probability to shift their mode.
Arguably, these individuals may be captive bicycle users, hence, their loyalty towards using active
transportation mode might not change depending on any condition. Surprisingly, students exhibit
a positive relationship with the modal shift. Perhaps bicycle usage is higher in such student group
because using AT lanes to cross the bridge during morning commute could save time. Closure of AT
lane reduces such scope, which would result shifting from their current AT mode.
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In case of travel attributes, individuals” higher commute distance positively affects their modal
shift. While traveling to distant work places, using the active transportation lanes of the bridge
could save time during the peak hours. However, lane closure might add delay to such individuals’
commuting. Hence, they exhibit less loyalty towards AT and would possibly switch to alternative
modes to minimize the added delay during the closure event. As expected, higher propensity of
being loyal to AT modes are observed for the individuals who frequently cross the bridge (daily and
3—4 times in a week) using bicycles. The variable representing 3-4 times weekly bridge crossing shows
statistically significant standard deviation, which indicates behavioral variations across individuals.
In addition, cost saving, a reason underlying the AT lane usage for commuting, increases the likelihood
of being loyal to the active transportation modes as indicated by the negative coefficient value (—1.19).

Table 3. Parameter Estimation Results of the Shifts in Mode by Active Transportation Users.

. Multinomial Logit Random Parameter Logit
Variables
Coefficient t-Stat Coefficient t-Stat
Socio-demographic Characteristic
Middle age —1.2218 —1.83** —2.0551 —3.53 ***
Lower income —0.6375 —1.04 —1.6558 —1.06
Student 2.7419 2.59 *#** 2.7806 2.78 ***
Number of bicycles > 4 —1.2128 —2.02** —2.3492 —2.15**
Travel Attributes
Commute distance 0.0481 1.73* 1.9160 1.76 *
Reason for AT commute-cost saving 1.1228 1.49 —1.1942 —1.65*
Crossing frequency by bicycles (daily) —1.7275 —1.62 —2.1793 —1l.64*
Crossing frequency by bicycles (3—4 times in a week) ~ —2.6243 —1.99 ** —2.6636 —2.35**
Neighborhood Characteristics
Population density —0.0257 —-1.78* —0.1600 —2.19*
Percentage of single detached house 0.0507 1.69 * 0.0598 1.48
Percentage of rental house —0.0611 —3.06 *** —1.0617 —3.20 ***
Land use index —2.0851 —1.36 —3.5579 —2.62 ***
Percentage of residential land use —-0.3770 -1.89* 0.3822 1.96 **
Percentage of commercial land use 0.3129 1.14 —1.4816 -1.19
Employment rate 0.1426 1.35 0.1444 2.91 ***
Standard Deviations
Middle age - - 24824 2.73 #**
Crossing frequency (3—4 times in a week) - - 0.2668 2,14 **
Population density - - 0.8165 3.19 *#*
Percentage of single detached house - - 0.0044 2.56 ***
Employment rate - - 0.6176 223 **
Model Fits
LL Convergence —70.865 —51.987
Adjusted R-square 0.147 0.408
AIC 1.10 0.94
BIC 1.42 1.34

Notes: *** 99% confidence level; ** 95% confidence level; * 90% confidence level.

Among the neighborhood characteristics retained in the final model, land use index exhibits the
highest impact. The land use index demonstrates a negative relationship with anticipated modal shift.
This means, with the increase in land use index of the neighborhood, individuals” probability of being
loyal towards active transportation modes increases. Higher mixed land use areas represent better
designed neighborhoods with safe and convenient facilities for pedestrians and cyclists. Therefore, the
finding that dwellers in such neighborhoods are more likely to be loyal to their active transportation
modes during a temporary closure event, is plausible. Urban area dwellers also exhibit loyalty towards
active transportation, as suggested by negative coefficient value of the variable representing population
density. However, a statistically significant variance of “population density” has been found during
analysis, with the standard deviation higher than mean. This heterogeneity indicates that the effect of
living in densely populated areas varies among individuals, possibly due to availability of various
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travel alternatives in urban areas. In addition, individuals living in neighborhoods with a higher
percentage of rental houses are less likely to shift away from AT modes. Perhaps they are the captive
AT user group, hence, loyal to AT. Suburban dwellers, on the other hand, are found to be less loyal
and have higher likelihood to shift their mode from active transportation. For instance, individuals
living in the neighborhoods with higher percentage of single detached houses and residential land
use exhibit positive relationships with anticipated modal shift. Arguably, these individuals have
fewer economic restrictions and might have alternative travel arrangements, which could be used
during the closure event. However, ‘percentage of single detached house” shows a statistically
significant standard deviation at 1% significance level, which suggests the existence of variations in
loyalty among individuals living in neighborhoods with higher percentage of single detached houses.
Higher employment rate in the neighborhood also increases individuals’ tendency to shift from
their current active transportation mode during the network disruption. Interestingly, a statistically
significant variance at 95% confidence level is observed for the variable ‘employment rate’, with
the standard deviation higher than the mean (standard deviation, 0.62; mean, 0.14). This suggests
that living in the neighborhoods with higher employment rate might not increase all individuals’
probability to shift modes, rather some individuals would exhibit their loyalty towards AT during the
closure event. Variable representing the percentage of commercial land use in the neighborhood has
negative impact on individuals’ modal shift. Commercial (e.g., retail and business) areas offer better
active transportation facility since it enhances the overall business prospects [23]. Hence, individuals
living in such neighborhood tend to be loyal towards active transportation modes.

6. Conclusions

This paper presents a comprehensive investigation of the anticipated travel behavior of active
transportation users during a major transportation infrastructure renewal project. It significantly
contributes in the literature by providing an in-depth understanding of the active transportation
users’ preferences for alternative transportation services and loyalty towards walking and cycling,
given that the active transportation lanes of a critical infrastructure remain closed for an extended
period. A random parameter logit (RPL) modeling technique is employed in this study that examines
the effects of a wide range of socio-demographic characteristics, travel attributes and neighborhood
characteristics on active transportation users’ preferences and loyalty during the disruption event.

Model results suggest that higher-income individuals, who earn more than $40,000 CAD annually,
have lower propensity to prefer free shuttle services. Rather, they are more likely to prefer frequent
ferry services during the closure event. Also, living in the neighborhoods with higher residential
land use percentage increases individuals’ probability to prefer frequent ferry services. On the other
hand, individuals who do not own a vehicle and use active transportation modes for cost saving,
tend to prefer free shuttle services. In case of the frequent bus services, higher likelihood is observed
for the transit commuters. In addition, zero bicycle ownership and higher number of walking trips
during winter season increase individuals’ tendency of preferring frequent bus services. These findings
would assist the policy makers to adopt relevant strategies that support to implement alternative
transportation services during active transportation lane closure of a major transportation network.
Results exhibit different service preferences by different types of people. Therefore, policy makers
should focus on developing a set of measures by considering the market segmentations, which would
satisfy travel needs for all during such disruption events. For instance, as an alternative of commuting,
‘work-from-home’ strategy could be implemented since individuals with higher commuting time are
found not to prefer any of the proposed alternatives during the closure event.

In case of loyalty towards active transportation modes, results indicate that higher mixed land
use area dwellers tend to be loyal towards active transportation during the temporary closure
event. Also, higher number of bicycles in households and higher population density in the
neighborhood increase individuals’ likelihood of being loyal to the active transportation modes.
Such findings are expected to assist the smart growth of a community that supports creating better
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designed neighborhoods with sustainable transportation infrastructures (e.g., safe, convenient and
well-maintained cycling and walking lanes). Policy measurements should also be developed for the
individuals who exhibit high possibility to shift away from their current active transportation modes.
For example, students exhibit higher probability to shift from current active transportation mode
during the closure event. Individuals living in the neighborhoods of higher single detached houses and
higher residential land use share also tend to shift their mode. Therefore, to advance the sustainable
transportation planning agenda, target marketing and /or comprehensive social marketing initiatives
could be adopted to restrain such users’ long-term behavioral shift. In addition, results of this study
indicate the existence of taste preference variations across individuals. Hence, policy interventions
should be flexible enough to attain better outcomes for all types of active transportation users.

The paper contributes to the current literature in many ways. Specifically, it offers critical
understanding of the factors affecting the loyalty of the cyclists and pedestrians in response to a
temporary closure of a major transportation infrastructure along with its active transportation lane.
Analysis of the proposed alternative services provides valuable information to better prepare for any
situations that might require closing major transportation networks for an extended period.
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