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Abstract

Climate change is one of the most critical environmental challenges facing the world today. The transportation
sector alone contributes to 22% of carbon emissions, of which 80% are contributed by road transportation. In this
paper, we investigate the potential greenhouse gas (GHG) emissions reduction and social welfare gains resulting
from upgrading the bus service in the Greater Beirut Area. To this end, a stated preference (SP) survey on mode
switching from private car to bus was conducted in this area and analyzed by means of a mixed logit model. We then
used the model outputs to simulate aggregate switching behavior in the studied area and the attendant welfare
and environmental gains and GHG emissions reductions under various alternative scenarios of bus service upgrades.
We recommend a bundle of realistic bus service improvements in the short term that will result in a reasonable
shift to buses and measurable reduction in vehicular emissions. We argue that such improvements will need to
be comprehensive in scope and include both improvements in bus level of service attributes (access/egress time,
headway, in-vehicle travel time, and number of transfers) and the provision of amenities, including air-conditioning
and Wi-Fi. Moreover, such a service needs to be cheaply priced to achieve reasonably high levels of switching
behavior and positive welfare gains. A fare of LBP 1,000 (around $0.67) would trigger 44% of commuters to switch to
bus for commuting, resulting in $24 million of welfare gains and a reduction in GHG emissions of 35,000, tCO,e/year
(32% of car commuting emission). Though the emissions reductions projected by the study may seem modest (2.2%
of transport, and 0.43% of overall GHG emissions), they probably under-estimate potential emissions reductions from
upgrading public transport systems in that area and in Lebanon in general. With a comprehensively overhauled bus
service, one would expect that bus ridership would increase for commuting purposes at first, and once the habit for
it is formed, for travel purposes other than commuting, hence dramatically broadening the scope of GHG emissions
reduction. This said, this study demonstrates the limits of focused sectorial policies in targeting and reducing GHG
emissions, and highlights the need for combining behavioral interventions with other measures, most notably
technological innovations, in order for the contribution of this sector to GHG emissions mitigation to be sizable.
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1. Introduction

Climate change is one of the most critical environmental challenges facing the world today, with significant
threats to ecosystems, food security, water resources, and economic stability overall. Atmospheric carbon dioxide
(CO,) concentrations have increased from approximately 280 parts per million (ppm) in the pre-industrial age to
an estimated level of 430 ppm (IPCC, 2007), and could reach between 540 and 970 ppm over the next century
(Nakicenovic & Swart, 2000). Over the past half century, most of the observed warming has been caused by human
activities ranging from the production and consumption of fossil fuels to the expansion of the agricultural sector and
the changing land use.

The transportation sector alone contributes to 22% of carbon emissions (IEA, 2012). It is one of the few industrial
sectors with persistently growing emissions (Chapman, 2007) where reductions in greenhouse gas (GHG) emissions
are particularly difficult to achieve (Metz et al,, 2007; Stern, 2007). Due to its intensive use of fossil fuels which leads
to the emission of greenhouse gases, the transportation sector is considered a main driver of global warming,
substantiating the anthropogenic character of climate change. Within the transportation sector, road transportation
is responsible for over 80% of carbon emissions (WRI, 2012) and accounts for 81% of total energy used; however,
private cars which are the second biggest contributors of GHG emissions (after road freight) are not the only culprit
as buses, taxis, inter-city coaches, and road freight all play a significant role. As the popularity of the motor car is
no longer confined to the developed world but has attracted millions of new users in developing countries due
to its increasing affordability, this could have huge implications on ongoing efforts towards containment of GHG
emissions.

A growing awareness in the public policy, industry and popular media spheres over the challenges climate change
poses to society inevitably situates the transportation sector at the forefront of researchers’ discourse (Schwanen
et al, 2011). Substantial research has been conducted on sustainable transportation over the last several decades
and especially in recent years as high oil prices and rising travel demand have bolstered the need for efficiency
improvements (IEA, 2013). Studies have focused on the impacts of technological change and the adoption of hybrid
or electric cars, the impacts of new car or bike-sharing schemes, improved bus services and amenities, and behavioral
measures to reduce driving and use public transportation more through pricing mechanisms, incentives, or travel
demand management.

This paper studies the potential emissions reduction and social welfare gains resulting from improved bus services
in Greater Beirut, Lebanon, a developing country where the car ownership rate is extremely high, public transportation
is perceived to be unreliable and of low quality, and vehicular emissions are a major contributor to air pollution
whereby the concentration of pollutants in the air exceeds by far air quality standards (Baalbaki et al., 2013; Borgie
etal, 2014; Chaaban et al,, 2001; Daher et al,, 2013; Waked et al,, 2012). A higher degree of public transport adoption
in Lebanon would lead to improved air quality alongside other benefits. For example, at average bus occupancy,
bus transit in the US generates about 33% less CO, per passenger mile compared to single occupancy vehicles, and
the savings increase with higher bus occupancy (Hodges, 2010). Generally, cities with higher modal shares of public
transport and non-motorized modes have less CO, emissions per capita (UITP, undated), and consequently cities
where investments are made in bus rapid transit and bike or walk infrastructure, may witness reductions in emissions
(Kost, 2004; Wright & Fulton, 2005). To explore the potential private and environmental benefits for Greater Beirut
commuters and citizens at large, a disaggregate mixed logit model of mode switching from private car to bus is
developed based on stated preference data. The model is then used to forecast aggregate switching behavior in the
Greater Beirut Area and the resulting welfare and environmental impacts under various alternative scenarios of bus
service improvements.
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The current study extends previous mode choice studies in Lebanon by developing more sophisticated models
accounting for unobserved heterogeneity in commuters'preferences (compared to using conditional logit or nested
logit models as in previous studies) and by including additional qualitative bus service attributes and amenities like
safety and security (presence of CCTV cameras), comfort (presence of air conditioning), and presence of Wi-Fi in the
buses. Moreover, previous studies on the environmental impacts of the transportation sector in Lebanon (e.g. MoE
et al. (2012)) have mostly surveyed mitigation measures focused on technology innovations (such as the adoption
of hybrid or alternative fuel cars or buses) while assuming the nature of the demand function for such technologies.
In contrast, this paper aims to develop a richer behavioral representation of the mode switching process for a
particular set of measures aimed at improving the bus service. The practical contribution is in recommending a
bundle of realistic bus service improvements in the short term that will result in a reasonable shift to buses and
measurable reduction in vehicular emissions, given that other more intensive public transport improvements (like
the introduction of bus rapid transit or investment in heavy rail which have been proposed in previous studies for
Beirut) seem to be unlikely over the next few years.

The remainder of this paper is organized as follows: Section 2 briefly reviews the literature on mode choice and
transportation behavior change. Section 3 describes the transportation context in Beirut. Section 4 describes the
data collected including focus groups and a stated preference survey. Section 5 presents the formulation of the
mode switching model and the methodology used for the policy analysis. Section 6 presents the model estimation
results and the outcome of the policy simulation analysis using the developed model, and Section 7 concludes with
a summary, practical contributions, and extensions of this research.
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2. Literature Review

This section presents a brief literature review of two topics that are relevant to the present study: mode choice
models, focusing on explanatory variables used and data types, and transportation behavior change from private car
to more sustainable modes.

Mode Choice

Mode choice is one of the most studied research topics in transportation. Traditional levels of service attributes
that are included in mode choice models include travel time (which may be decomposed into in-vehicle and out-
of-vehicle travel time), cost, and service frequency, and number of transfers for public transport modes. The state of
the practice is to develop disaggregate utility-based models of either the conditional logit or nested logit type. More
recently, mixed logit mode choice models with distributed parameters (e.g. distributed value of time) have become
more prominent (e.g. Hess et al. (2005)).

Mode choice models have been developed using both revealed preference (RP) and stated preference (SP) data.
SP data are particularly useful for studying traveler preferences for new transportation modes that do not yet exist
in the market (e.g. DMJM-+Harris (2003) used SP data to study the demand for bus rapid transit in Lebanon). They
can also be used to study preferences for new attributes of existing modes. A number of recent studies have started
to evaluate non-traditional attributes of premium transit services, some of which may not yet be in the market. For
example, using a model developed from SP data, Outwater et al. (2011) computed the equivalent in-vehicle times of a
number of non-traditional attributes (such as reliability, transit real-time information, station amenities, and on-board
amenities). For example, they found that for work trips, the presence of transit real-time information is equivalent to
a saving of 5.5 minutes in in-vehicle travel time while the presence of Wi-Fi in the transit vehicle is equivalent to a
saving of 0.6 minute. Outwater et al. (2011) argue that it is important to include non-traditional attributes in mode
choice models as their effect would otherwise be captured in large modal constants. In our study, we use a small
subset of such attributes which are likely to be of relevance to the Lebanese population (based on focus group
discussions we conducted) and that could reasonably be included in future bus service upgrades in Lebanon.

Transportation Behavior Change

Behavior change mainly involves the shift from private cars to more sustainable forms of transportation such as
public transportation. It could also involve adopting eco-driving, such as the use of clean-fuel vehicles, carpooling,
and more efficient driving that reduces fuel consumption (Barkenbus, 2010). An important behavioral change would
be required to promote a modal shift to public transportation and the attendant significant reductions in emissions
(Chapman, 2007; Hensher, 2008; Waterson et al., 2003). Research on how changes in the attitudes, lifestyles, and
values of people can contribute to behavior change and decarbonisation of the transportation sector has occupied
the forefront of the transportation literature and has become a major interest in transportation policy in terms of
developing behavior-oriented soft measures aimed at reducing private car use (Mdser & Bamberg, 2008). However,
policies aimed at reducing the use of private vehicles which do not incorporate users’ comfort and accessibility
needs usually fail as customers will not switch toward services with lesser perceived quality (Caruso & Kern, 2004).
Accordingly, the attractiveness of alternate modes should be raised by designing public transportation systems that
are capable of competing with private vehicles in terms of perceived service quality while at the same time offering
improved environmental performances (Poudenx, 2008).

Commuters'Behavior towards Upgraded Bus Services in Greater Beirut: Implications for Greenhouse Gas Emissions, Social Welfare and Transport Policy I



A number of soft behavioral interventions (such as the provision of free public transportation tickets) have
been tested and found to result in some shifts towards sustainable behavior or more favorable attitudes towards
public transportation (e.g. Abou-Zeid & Ben-Akiva, 2012; Fujii & Kitamura, 2003; Matthies et al,, 2006; Thagersen,
2009). Several studies have also shown that increasing people’s environmental awareness by providing them with
information related to their car emissions and the latter's impact on their health and the environment might induce
them to change their behavior and choice of transportation mode (Gaker et al, 2011; Graham et al,, 2011). In fact,
when people keep track of their activities and undesired behaviors such as high emission transportation modes and
driving methods, those tend to decrease (Jariyasunant et al., forthcoming). However the impacts of such studies have
mostly been assessed over the short term.

Although studies suggest that changes in attitudes and lifestyles can have a significant impact on the reduction
of GHG emissions (Bin & Dowlatabadi, 2005; Pershing, 2000; Younger et al., 2008), skeptics believe that technological
and economic measures will achieve more. In fact, despite the growing importance behavioral change has received
in the transportation literature, there still exists substantial research that emphasizes the use of technology,
infrastructure, and economic instruments as mitigation measures rather than on the behavioral change of travelers
through awareness campaigns and social marketing. Yet, it is not possible to completely separate technological and
behavioral change and assume that the former’s contribution to the reduction of GHG emissions in the transportation
sector is certain, reliable, and independent from the latter. When exposed to new technologies, people’s behaviors
are often reconfigured, and it is quite difficult to predict which direction they will move in (Schwanen et al,, 2011).
Therefore, to achieve a significant reduction in GHG emissions from transportation, behavioral change induced by
targeted policies and public transport improvements is essential as technological innovation alone does not suffice
(see also El-Fadel and Bou-Zeid (1999)). If the benefits of new technology are to be fully reaped, both technological
solutions and behavioral change are required.
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3. The Transportation Sector in Lebanon

This section provides an overview of the transportation sector in Lebanon, the factors affecting the current mobility
patterns, the environmental impacts of road transportation in Lebanon and related regulations, and an overview of
recent studies in this area and potential improvement strategies.

Overview

With an idle railway and dwindling tracks that were fully operational up until the 1990s, Lebanon’s road
transportation has been reduced to a vehicle fleet comprised of private cars, public buses operated by the Railway
and Public Transport Authority which mostly operate within the Greater Beirut Area (GBA) and are subsidized by the
government, buses operated by the private Lebanese Community Corporation (LCC), and a privately owned minibus
system also mainly operating within the GBA, taxis, and shared-taxis or jitneys' (Kaysi et al., 2010).

With a fleet of around 1.55 million registered vehicles in 2007, 64% of which were more than 17 years old, passenger
cars constituted around 81% of the fleet (MoE, 2011), portraying the country’s relatively elevated car ownership rate
of around 1 car for every 3 persons (MoE, 2005; Mok et al,, 2012). The lofty reliance on private cars also comes with a
low average occupancy rate in Beirut of 1.7 compared to a rate of 1.9 for other modes of transportation (Danaf et al,,
2013).

National travel demand is growing at a much faster pace than the country’s transportation system'’s ability to adapt,
with daily passenger trips in the GBA amounting to around 2.8 million daily automobile passenger trips in 2007,
which are expected to increase to 5 million in 2015 (Ministry of Public Works and Transport, 2007). The modal split
of motorized trips in the GBA is as follows: 71% by private car, 19% by jitney and taxi, and 10% by public and private
buses and minibuses (Nakkash, 1999).

Factors Affecting Current Mobility Patterns

The high car ownership and use rate can be mainly explained by the lack of adequate urban planning, an unreliable
public transportation system and the resulting socio-cultural stigma associated with bus riding, the perception of
cars as social status symbols, the availability of affordable old vehicles, and abundant car purchase credit facilities. A
poorly maintained and unorganized road network and the high car ownership rate are the main culprits behind the
slow traffic flows, congestion, and poor road safety conditions experienced in the GBA. The total public bill of urban
congestion in major cities and towns in Lebanon is estimated at around $2 billion annually (MoE, 2005).

As for the public transportation sector, it suffers from major organizational and technical problems such as the lack
of government planning, enforced traffic requlation, and an efficient, reliable, well maintained and environmentally
friendly public fleet. The latter includes an oversupply of low quality service-taxis (jitneys), compared to a small
number of buses, minibuses, and mini-vans. The latter’s numbers have increased threefold from 1994 to 2005 as
a result of governmental decisions. They are mostly privately owned and function in the absence of regulated
schedules or routes.

1 Jitneys are low quality taxis, usually travel on specific routes and charge low fares per ride.
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Environmental Impacts and Regulations

The transportation sector is responsible for 19.5% of GHG emissions (MoE et al,, 2012) and around 93% of total CO
emissions (Waked et al, 2012) and is the main perpetrator of the current levels of ozone and smog in Beirut which
are several times higher than the global norms. Chaaban et al. (2001) report that the concentration of particulates,
ozone, and carbon monoxide in the air in Beirut is about 2-4 times the US EPA National Ambient Air Quality Standards.
Despite the numerous transportation studies, policies, and legislations, little has been enforced and implemented.
To date, a decree enacted in 1995 which sets emission standards for diesel trucks and buses has not been enforced
and no legislation related to the management and regulation of passenger vehicle emissions exists. A law enacted
in 2001 banned the import of new mini-vans operating on diesel and the use of industrial diesel altogether for cars
and minivans, and the use of leaded fuel. Nevertheless, measures such as the use of alternative fuels (e.g. natural gas)
and catalytic converters are still non-existing. In fact, catalytic converters are considered luxury goods and thus face
additional taxes imposed on their import (MoE, 2011).

Related Studies and Possible Interventions

The severity of the congestion and pollution problem arising from the transportation sector in Lebanon points to
the urgency of reducing the reliance on the private car and inducing a substantial switch to public transportation for
daily commuting. The literature which tackles the topic in Lebanon covers a vast array of sub-topics, from analyzing
the current state of the transportation system and its environmental and health impacts, to suggesting policy
recommendations and technology and service improvements to revitalize and organize the public transportation
system and evaluate developed solutions (Baaj, 2000; Chaaban & Chedid, 2003; Chaaban et al.,, 2001; DMJM+Harris,
2003; El-Fadel & Bou-Zeid, 1999, 2000; Hashisho & El-Fadel, 2004; IBI Group & TEAM International, 2009). For example,
among the recent studies, IBI Group and TEAM International (2009) developed a framework outlining activities
at various levels that are necessary for the success of the public transport system in Lebanon, including internal
resourcing and organization of the responsible agencies, enforcement of transport laws and regulations, institutional
and regulatory actions for the implementation of a national land transport policy, market reorganization of the public
transport sector, and operational improvements in the public transport service including wider network coverage.
Mok et al. (2012) prioritized technology-based solutions for reducing emissions and fuel consumption based on
multi-criteria analysis and found that the most promising ones are bus technologies using diesel and natural gas,
followed by hybrid electric vehicles and fuel efficient gasoline vehicles.

One of the short-term measures that the government has been planning to implement is the expansion of the bus
fleet by purchasing an additional 250 buses. We considered this scenario to be more realistic in the short term than
more ambitious measures such as bus rapid transit or widespread adoption of eco-friendly cars, and thus focused
our study on mode switching in the presence of an improved bus system. Although reducing people’s dependence
on the motor car is a challenge, one of the most practical alternative modes of sustainable urban transportation is
considered to be the bus. Increasing bus use can reduce traffic and congestion, and for bus occupancy that exceeds
three people, CO, emissions per passenger kilometer become far lower for buses than for cars (Chapman, 2007).
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4. Data Collection

This section describes the data used in this study, which includes focus groups and a stated preference (SP) survey.
Descriptive statistics from the SP survey are also shown.

Focus Groups

Prior to the stated preference survey, three focus groups were conducted between September and November
2012 with students and employees of the American University of Beirut to understand the usage patterns, awareness,
and attitudes of bus users and non-users towards bus services in Lebanon and the importance of various bus service
attributes to them. Non-users cited long and unreliable travel time by bus, the limited network coverage, and lack
of professionalism/comfort (e.g. cleanliness, air conditioning, non-smoking), organization, and safety (especially for
women) as reasons for not using buses. On the other hand, users indicated that they used the bus for reasons
including lower travel cost by bus, parking difficulties and price, and driving stress. Yet, they dislike certain things
about the bus such as its ad-hoc stops on the road and the lack of punctuality and professionalism. Participants in
the focus groups indicated that the available information about bus routes and schedules was insufficient. While
most participants were aware of environmental issues, they would not switch to using buses purely for the sake of
the environment. Finally, journey time and comfort level were ranked as the most important among the bus service
attributes. The fare and the frequency of service also seemed to be important. The number of transfers, ad-hoc stops,
and distance to nearest waiting stop appeared to be of less importance to the participants.

Survey Design

A stated preference survey was designed to elicit commuters' preferences for an enhanced bus service in Greater
Beirut. The survey consisted of five parts. The first part contained screening questions to determine whether an
individual was eligible to answer the survey. Eligibility conditions included being a worker or a student who lives
and works in the GBA (extended to Jiyeh in the south and Jounieh in the north), who commutes to work/school by
private car, and who has been living and working/studying at the same location for at least three months. Thus, the
study focused on current car commuters to estimate their potential switching to buses. The second part of the survey
asked about commute satisfaction, perceptions of attributes of the commute by car and by bus, attitudes towards
transportation modes and health and the environment, and availability of buses near the place of residence and work.
The third part of the survey asked about the attributes of the commute by car such as travel time, distance, parking,
dropping off or picking up passengers, weekly frequency of commuting to work, and frequency of using the bus to
commute to work. The fourth part consisted of ten hypothetical choice scenarios/experiments, each consisting of a
combination of bus attributes, where respondents were asked after each scenario to indicate whether they would
switch to the hypothetical bus service for their commute to work/school. The bus attributes presented included
service headway during rush hours, access and egress time, additional in-vehicle travel time relative to the car,
number of transfers, fare, comfort, and security level at the bus stop and inside the bus, presence of air conditioning
inside the bus, and presence of Wi-Fi inside the bus. For one of the scenarios, respondents were also asked about
their predicted level of satisfaction if they would choose to use a bus. Respondents were also asked how easy or
difficult it was to answer the choice experiments, and were asked to indicate whether they have considered each of
the bus attributes in making their choices. An example of a choice experiment is shown in Figure 1, and the attribute
definitions and levels are shown in Table 1. The choice experiments were designed based on a Bayesian design,
or D,-efficient design (Ferrini & Scarpa, 2007). We obtained prior values for the bus alternative-specific constant,
access/egress time, headway, number of transfers, and cost from IBI Group and TEAM International (2009), while we
assigned a value of 0 to the remaining attribute parameters, namely comfort and safety, air-conditioning, and Wi-Fi
as no priors could be obtained for these attributes in Lebanon. This design resulted in 60 choice experiments, which
were divided into blocks of ten choice experiments each. Finally, the last part of the survey consisted of a number of
socio-economic and demographic questions.
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Data Collection and Sample Description

The data were collected during one week in June 2013 through personal interviews (in Arabic) administered by
trained interviewers of a local survey firm. The questionnaires were distributed proportionally to the number of
registered voters in the areas covered by the study. A multi-stage (by neighborhood, then household, then individual
within household) probability sampling approach was used for identifying households and main respondents to
attain a random representative sample. A total of 500 respondents answered the survey out of a total of 1,200 that
were approached (of whom 161 refused to participate and 539 were ineligible to participate). The six blocks were
roughly divided equally among respondents.

Of the 500 respondents, 72.2% were males and 27.8% females, which compares reasonably well with the
distribution by gender of the working population in Lebanon (around 75% males, 25% females based on the 2007
CAS household survey). The majority (64.2%) of respondents were below the age of 40, with the average age around
36.6. The majority (55.8%) of respondents belonged to families with children. As to education, 43.6% of respondents
had completed high school or less, 7.6% went to technical/vocational school, and 48.6% attended some college
or had a university undergraduate or graduate degree. The average household size was 4.1, the average number
of licensed drivers in the household was 2.1, and the average number of cars per household was 1.8. The average
monthly household income was $2,182 but the majority (59.3%) of respondents had monthly household incomes of
less than $2,000. Finally, the average monthly personal income was $1,427 and the majority (69.9%) of respondents
had monthly personal incomes of less than $1,500.
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5. Mode Switching Model and Policy Simulations

The Mixed Logit Mode Switching Model

The mixed logit (MXL) has become one of the most widely used discrete choice models that aim at relaxing
the behavioral limitations of the standard conditional logit (CL) specification, most notably the assumption of
independence from irrelevant alternatives (IIA) and taste homogeneity (Hensher & Greene, 2003; Train, 2009). The
MXL model assumes a continuity of preferences over a range of parameter values. In this model, a person n faces a
choice among J alternatives in each of T time periods (e.g. choice experiments). The utility derived from alternative j
and period t(Unjt) can be expressed as:

Unjt = b)DYnjt + enjt

where B is Kx1 vector of preference parameters, and X, @ Kx) vector of explanatory variables — in our case the
attributes of the alternatives. The error terms £, are often assumed to be independently and identically distributed
(iid) with Type | Extreme Value distribution.

Preference heterogeneity is introduced by allowing B, to vary randomly across respondents. The random
parameters, assumed to be uncorrelated, can be written as:

b,=b+[n,
or for any attribute k:
bnk = bk +S nknnk

wherev_isa Kx) vector of uncorrelated variables with a known distribution W (such as the standard normal) and Z,
a Kx vector of unknown standard deviations of the random parameters. >'v_ represents the stochastic heterogeneity
of the random parameters. Since v_ is the same in the utility equations of all choice experiments for a given individual
and for the k"™ parameter B (including the alternative specific constant), the panel effect arising from unobserved
correlation between the utilities in different choice experiments for a given individual is accounted for.

Lety  denote the option chosen by respondent n on choice occasion t, and Q) the vector of parameters underlying

the distribution of 8, which includes B and X (to be estimated). For a given value of B , the probability of this choice
being made will be given by the conditional logit formula:

bﬂ’( nypet

B, QD X, %W
J

As to the sequence of choices over T time periods, y , the probability would be the product of these logit functions:

bik, Wil

L X.n =Tp-=
Da n’n}W

J
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Since B, is unknown and is drawn from a multivariate normal distribution, the unconditional probability becomes
the integral of L(y, |B,) over all possible values of B weighted by the density of 8, induced by v

EX nypst

P, «00.X, %]D b%fl([]@

with f(:) denoting the continuous density function (such as the normal) of B conditioned. The unconditional
probability P_is called the mixed logit choice probability, as it is the product of conditional logit probabilities mixed
over a density of preference parameters. An estimation of the parameters is performed by means of maximum
likelihood or simulated maximum likelihood methods (when the dimension of integration is large) detailed in Train
(2009), as there is no closed-formed solution for equation (6).

Policy Simulations

To set forth the implications of these results to commuters' welfare, GHG emissions reduction, and policy-making,
we used our probabilistic model outputs to simulate the share of car commuters who would switch to using an
upgraded bus service for the GBA, Jounieh, and Jiyeh area that could potentially be offered by the relevant authorities.
We anchor our illustration by means of a hypothetical upgraded bus service. In terms of fare levels, we have simulated
switching probabilities for a schedule of levels increasing from a minimum of LBP 1,000 to a maximum of LBP 5,000
in LBP 500 increments?.

In order for our simulations to be representative of the covered geographical area, we first divided it into six regions,
as per Figure 2. These regions sum up to 36 origin-destination (O-D) pairs (defined in terms of aggregations of traffic
analysis zones) depending on the commuters' respective areas of residence and work. We have aggregated these
regions from the 64-zone area pertaining to GBA, Jounieh, and Jiyeh on which a traffic model of Beirut developed in
the EMME (Equilibre Multimodal, Multimodal Equilibrium) platform was developed (Abbany, 2002). This platform is an
interactive and graphic planning software that affords planners a comprehensive set of tools for demand modeling,
multi-modal network modeling and analysis, and the implementation of evaluation procedures. The model consisted
of a detailed coding of the GBA road network and the 32 transit lines operated by the public bus service (RPTA) and
the private bus service (LCC) agencies. The obtained results were based on the forecasted demand of the AM peak
hours of the base year 2013.

The aggregation of the traffic analysis zones was necessary to ensure that at least one respondent was available in
each O-D pair. Table 2 presents the sub-sample size t,and the population level AM peak demand for car trips T_(from
the traffic model of Beirut), for each O-D pair z. For the purpose of this study, we have assumed that T also represents
the AM/PM peak demand for return car trips (or round trips) for the same O-D zone. A weight was then applied to
each respondent based on his/her reported places of residence and work.

The MXL model is useful because it affords the researcher the ability to derive individual-level taste parameters.
These in turn can be used to derive individual-level probabilities of switching to using the bus, P (bus), that we derive
by calculating the conditional logit probability for each individual as follows:

V, (bus)

P (bus) =

oatear) | GV (bus)

2 1 USdollaris equivalent to 1,500 LBP (Lebanese Pounds).
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where:

5
V (bus)=b, asc+ |:| b,.cs, +b, hway_ +b ttime +b ntransfer,_ +b ntransfer,
k=2

+b, egress_ (bus)+b, ac(bus)+b, ,wifi+b, ,cost(bus)

V (car) =Db, egress, (car)+ b, egress dk, (car)+b, ac(car)+b, cost (car)

Notice that the subscript n has been used to reflect the specificity of probability, taste parameters and variables
(in the case of the car option) to any individual n interviewed in the survey. Where the average level of the O-D pair’s
average for zone z applied for this individual, the subscript z was added. Notice also that where the variables' levels
are given and do not vary across individuals, as in the case of the hypothetical bus option’s level, no subscript was
used. Once the individual level switching probabilities were calculated, the share of the population, P(bus), switching
to using the bus was calculated as follows:

" B (bus)Ow,

where N is the number of individuals in the sample and T = [] i.Tz , Z being the total number of O-D pairs (i.e.
36). The total number of commuting return trips per day in the studied area is around 80,000 (see Table 2). As to the
effective probability to reduce the number of car commuting trips on the roads by one, eP , we have assumed it to be
equal to P_for solo commuters and P *for carpoolers. In the second case, we assumed that the car is occupied by one
additional commuter (we did not collect information on car occupancy) who is like-minded and hence has the same
probability of switching. Therefore, for the commuting car to be taken off the road, the two commuters assumingly
have to switch to using the upgraded bus service. Indeed the overall share of commuting cars taken off the road (or
reduction of the number of commuting car trips) is:

[, R 0w,
T

eP =
Indeed, the aggregate reduction in car commuting trips in the AM peak hour becomes. []7 = eP[]T

Turning to the average yearly commuting distance (Km) reduced as a result of switching to riding the bus, we first
calculate the average yearly distance travelled before the introduction of the upgraded bus service:

,_0..4.0w,

T

whered isindividualn'sdistancetravelledyearlywhilecommuting.d iscalculatedas d, = 2[]d, [Ilwwk, [1365/7
where wwk is the reported number of days worked per week, and d_ the average one-way distance travelled in
O-D pair zthat corresponds to individual n, and 365/7 the number of weeks in a year. The average yearly reduction in
distance travelled by car in the studied area becomes:

A A

T
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The aggregate commuting distance by car and its reduction over both the AM and PM peak hours, respectively D
and AD, can be derived simply by multiplying each quantity by T. The reduction proportion in distance travelled is

therefore derived as R = [Jd/d = 0D/ D - That same reduction proportion also applies to pollutants since it is assumed
that pollutant generation is proportional to distance traveled. In our study, we have focused on GHG's which include
carbon dioxide (CO.), methane (CH,), and nitrous oxide (N,0O), carbon monoxide (CO), nitric oxide/nitrogen dioxide
(NOx), and volatile organic compounds (VOC) emissions. For each pollutant g, the aggregate emissions and emissions
reduction (tons/month) in the study area, E, and AE , are estimated as follows:

E, =¢f,[1D010° and [E, = ROE,

where efg is the emission factor for gas g (g/km). The emission factors for CO,, CH,, and N,O were derived from US
EPA (2008). As for CO, NO,, and VOC, their emission factors are based on the urban levels reported in the study by
Al-Naghi (2006) conducted in Tripoli, Lebanon. To determine the GHG emissions in tons of CO, equivalents per year
(tCO,e/year), we apply the following formula:

Eona = ﬁg DGWPg @06 and [JEg,; = R0 Egyq

where GWP, refers to the global warming potential of pollutant gas g as per (El-Fadel & Bou-Zeid, 1999). Emission
factors and GWP's are listed in Table 6.

Finally, we have derived the net benefits ($/year) from switching to the upgraded bus service by adding up the
savings in car expenses (NB_), additional costs of bus ridership (NB, ), and the net benefits from reduced GHG
emissions (NB_,. ). These net benefits were each calculated as follows:

bus

GHG)

Owwk, 1365/ 70w,

n,car

NB,, =[] nN=l eP, [12[cost

NB,, =[] " P.02(cost,, Owwk,1365/70w,,
NB,,; = [E,,, 0SCC

where SCC'is the social cost of carbon valued at $17/tCO,e, as per El-Fadel et al. (2013).
We considered three scenarios for our simulation exercise:

- S1: bus level of service attributes including travel time (ttime), headway (hway), access/egress time
(egress), and number of transfers (ntransfer) are reduced by 50% on average across the board, while bus
amenities are kept basic, with buses having no additional comfort and security features (cs2-cs5=0), no
air-conditioning (ac=0), and no Wi-Fi connection (wifi=0);

« S2: bus level of service attributes (ttime, hway, egress, and ntransfer) remain at their current levels while
amenities are enhanced with the bus network being equipped with sheltered stops and CCTV in both
buses and stops (cs=5), and buses being air-conditioned (ac=1) and equipped with Wi-Fi connections;

« S3: this bus service scenario is enhanced both in terms of level of service attributes and amenities
(S1+S2).

The current average levels of ttime, hway, egress, and ntransfer were derived from the EMME model for each O-D
pair. These results are stored in EMME in the form of full matrices, and were averaged weighted by the demand
matrix. The travel time of the buses on each route was assumed to be equal to the average travel time of vehicles on
the respective links at model equilibrium.
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6. Results and Discussion

Discrete Choice Model Estimates

Three sequentially nested models were estimated in Stata 11.2 using the command mixlogit written by Hole (2007):
1. Arestricted conditional logit (CL) that assumes preference homogeneity and hence treats all taste param-
eters as fixed;

2. Anunrestricted CL that is similar to the restricted CL in all aspects except for its unrestricted treatment of the
marginal utility of cost (i.e. alternative-specific cost coefficients in the bus and car utility equations);

3. An unrestricted MXL which relaxes the preference homogeneity assumption for all attributes and treats
them as randomly distributed; log-normally in the case of the cost attribute, and normally for all non-cost
attributes. This means that while the cost’s marginal utilities are forced to be negative in keeping with the
expectation of economic theory, all other non-cost attributes are allowed to have both negative and positive
marginal utilities.

Given that the models are sequentially nested, we were able to conduct likelihood ratio tests in order to select the
best model specification. The results of the LR tests are presented in Table 3. In addition, we present the Akaike and
Bayesian information criteria (AIC and BIC, respectively) for each model to assist in model selection. The LR test and AIC
seem to prefer the unrestricted to the restricted CL, though the BIC rises slightly in the second (unrestricted) model
compared to the former (restricted). This supports the decision to treat the marginal utilities of cost for bus and car
as unequal, a result further borne out by the fact that the two marginal utility coefficients are significantly different
in the unrestricted CL. Finally, the MXL model seems to be by far the best model specification, having substantially
lower AIC and BIC values than the remaining two specifications, and showing a highly significant increase in the LR
¥? statistic compared to the unrestricted CL (and indeed the restricted CL).

Model estimates of the preferred unrestricted MXL model are presented in Table 4. The significant asc mean
coefficientindicates, on average, a preference for commuting by means of a basic bus service with no air-conditioning
or Wi-Fi connection, but with a null bus fare, no transfers, and null additional travel time, headway, and access/egress
times, compared to commuting by car. Though this bus service is not realistic, even infeasible, in many respects, it
nevertheless suggests a propensity for commuters to switch to using the bus when the service offered is decent,
efficient, and competitive. This said, the highly significant and relatively large standard deviation estimate indicates
that preference for the basic bus service varies largely across commuters and suggests that a large proportion of
them will have a negative preference for it and hence will stick to commuting by car.

The coefficients for the remaining bus service shifters (cs2 to ¢s5) are all positive, suggesting, as expected, that
these further enhanced services are all preferred to the basic bus service on average. However, only the bus services
with sheltered stops (cs2), and sheltered stops and CCTV in stops and buses (¢s5), are significantly preferred at the
5% confidence level, while the service with sheltered stops and CCTV in stops only (cs4) is preferred at the 10% level
only. In terms of the overall average and distribution of preferences for each bus service with respect to commuting
by car, post-estimation coefficients of mean and standard deviation are also reported®. Results show that all the
non-basic bus services are similarly and significantly preferred to commuting by car, though, again, under the same
unrealistic assumptions of no air-conditioning or Wi-Fi connection, no transfers, and a null bus fare, additional travel
time, headway, and access/egress times. Also, as with the basic service, the relatively large and significant standard
deviation post-estimates for these services suggests the preferences for these services vary considerably in the
population with many commuters actually preferring to stick to commuting by car.

3 For the basic bus service (cs1), the mean (8, ) and standard deviation (o, ) are the same as those of the asc term. For any of the remaining services

c

(€52-Cs5), be = by + by and s ., =4fs 2. +5 3., . Standard errors are obtained using the Delta method.
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Headway (hway), travel (ttime) and access/egress (egress) times all have negative and significant mean coefficients,
as would be expected for these inconveniencing factors and the significant standard deviations estimates indicate
a variation in the degree to which these factors would influence switching behavior. Noteworthy is the significantly
negative parameter for egress_dk, which suggests that commuters who are not certain about their access or
egress times are, on average, reluctant to switch to commuting by car. Number of transfers (ntransfer), another
inconveniencing bus service characteristic, also significantly decreases the average propensity of commuters to
switch to bus, especially if the number of transfers is two. As for amenities offered by the bus service, on average
respondents seem to prefer air conditioning (ac) to a larger extent than Wi-Fi.

The estimates of the mean and standard deviation of log of the car and bus cost coefficients are also estimated.
These are normally distributed and as such can be more readily estimated compared to their log-normal transforms,
but have no ready interpretation. Therefore, we also present the means and standard deviations of the intended
lognormal coefficients in the post-estimates section®. Indeed for both options the cost coefficient turns out to
be highly significant. Moreover, the bus's marginal utility of cost is substantially higher than the car’s, suggesting
commuters are less conscious of their cost of commuting by car than they would be commuting by bus.

Finally, values of travel time savings (VTTS) for different travel time components, which are randomly distributed
in the population, are computed for every individual in the sample given the individual-level parameters derived
post-estimation. The average and standard deviation of the VTTS distribution, for a given travel time component,
is then calculated after applying the weights for the sampled individuals. These averages and standard deviations
are shown in Table 5 for the following travel time components: in-vehicle time by car, in-vehicle + transfer time by
bus, egress time by car, access + egress time by bus, and initial waiting time by bus. The high standard deviations
as a proportion of the means reveal that there is considerable variation in the VTTS across the population. Value of
bus out-of-vehicle time (walking, waiting) is usually 2-3 times higher than that of in-vehicle travel time, which seems
to hold approximately for access + egress time by bus but not for initial waiting time. Compared to VTTS estimates
from local studies, our mean VTTS for car in-vehicle time (34,407 LBP/hour) is higher while our mean VTTS for bus
in-vehicle time (11,786 LBP/hour) is within the range of other studies in Beirut (e.g. 5,503 LBP/hour in year 2008 LBP in
the study by IBI Group and TEAM International (2009); 3,928 LBP/hour for the population of GBA and 10,144 LBP/hour
for students of the American University of Beirut in the year 2010 LBP, in the study by Danaf et al. (2013)).

Policy Simulations

The results of the policy simulations are presented in Tables 7 to 10. Results in Table 7 reveal that across policy
scenarios, the percent mode switching (P) is higher than commuting trips reduction (eP). This result is expected as
not all switching decisions will lead to taking commuting cars off the roads; indeed where commuters share a car,
all commuters need to decide to switch to the bus service for their joint decision to result in retiring their car from
commuting. Similarly, commuting trips reduction is more pronounced than travel distance/emissions reduction
(R), reflecting the fact that commuters within urban centers (e.g. zones 1, 2, and 3) who tend to travel for shorter
distances are also more likely to switch to using the bus service than commuters in outlying areas who tend to
commute for longer distances. All three percentages decrease with an increasing bus fare, as would be predicted
by economics theory.

Comparing scenarios S1, S2, and S3, we find that the former two achieve similar percent mode switching,
commuting trips reduction, and travel distance/emissions reduction. However, S3, which combines ST and S2,
achieves P, eP, and R levels that are higher than the sum of those achieved by S1 and S2. This suggests that public
transport policy-makers are justified in proposing a comprehensive upgrade of the bus service in the GBA, Jounieh,
and Jiyeh area in terms of both bus level of service attributes and amenities, as this will ensure substantially higher

4 The mean (#) and standard deviation () of a log-normally distributed coefficient are derived from those of the log of this coefficient, * and ¢*, as

follows: b = e “2and.s = (|:|1 @ Standard errors are derived by means of the Delta method.
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ridership, emissions reductions and lower traffic than a bus service focused solely on level of service attributes or
service amenities. With scenario S3 and with a one-way bus fare of LBP 1,000, nearly 44% of car commuters will
switch to using the bus, resulting in a 39% reduction in commuting trips and 32% reduction in travel distance and
GHG emissions. These percentages decrease dramatically to 26, 22, and 18 percent, respectively, with a LBP 2,500
bus fare. Table 8 sheds further light on the reduction in car coommuting trips and travel distance by translating the
relative quantities eP and R into the absolute reduction of commuting trips (AT; car-trips/day during the AM and PM
peak hours), and aggregate (AD; km/year) and average (Ad; km/year/car) travel distance, respectively. Therefore, with
a fare of LBP 1,000, there will be around 31,000 less commuting car trips per day on the road, with an aggregate 71
million, and a per car average of 900, less kilometers traveled while commuting per year. At LBP 2,500, however, these
values decrease to 17,000 car-trips/day, 40 million km/year, and 510 km/year/car, respectively.

In terms of the welfare implications to commuters from introducing an upgraded bus service (Table 9), again the
net benefits from introducing the S3 outweighs the sum of the net benefits from S1 and S2, lending further support
to the introduction of a comprehensively upgraded bus service. Looking further into this service scenario, we notice
that the private net benefits for relinquishing car commuting and using the bus service are, in absolute terms, an
order of magnitude larger than the external net benefits from reduced GHG emissions. Moreover, total net benefits
decrease from a high of $24 million when the one-way bus fare is LBP 1,000, to a still positive but low value of $1.7
million when the bus fare increases to LBP 2,500 - a level beyond which total net benefits become negative. This is
mainly because the pace at which aggregate car savings decrease with less switching is faster than the rate at which
aggregate expenses from increased bus commuting are decreasing. Results for the total net benefits (NB. ) across
scenarios can be visualized in Figure 3.

to tal)

Finally, Table 10 sheds light on the absolute pollutants emissions reduction both as GHG aggregate and individually.
Indeed these are the absolute value translations of the percent travel distance/emissions reduction (R) in Table 7, and
the same comparative assessment of S1, S2, and S3 applies herein. In order to benchmark our results against the
literature, we compared our simulated current GHG emissions from car commuting to what would be obtained by
means of a back-of the-envelope exercise based on the overall transport emissions in Lebanon reported in MoE et al.
(2012). Based on this report, transport emissions in Lebanon amount to around 4 million tCO_e/year. If we assume —
somewhat crudely — that the emissions are proportional to population size, and the study area’s population is around
40% of Lebanon's, then GHG emissions in the study area would be around 1.6 million tCO_e. Of those, cars contribute
25%, that is 0.4 million tCO e/year. Finally, commuting trips in the AM and PM peak hours would account for around
20% of GHG emissions, or 80 thousand tons. Therefore, our base emissions estimates are in line with the literature.

The emission reduction range that we obtained (column labeled R inTable 8) is also of a similar order of magnitude
as that reported in other studies in Lebanon. For example, El-Fadel and Bou-Zeid (1999) assessed the mitigation
potential of two scenarios for year 2020, one involving technological improvement (reduced car fleet age, clean fuel
program, catalytic converters) and another involving technological improvement, higher traffic speed, better urban
planning, and increased public transport mode share. Compared to the technological improvement only scenario,
the latter scenario involving public transport resulted in additional 16.5% reduction in CO, and 5% reduction in
CO generated per year relative to the do-nothing scenario. MoE et al. (2012) report a higher percent reduction in
CO,, ranging from 41% to 80% reduction, for a scenario of revitalized public transport system with improved bus
technologies and dedicated lanes. Results for the GHG emissions reduction across scenarios can be visualized in
Figure 3.
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7. Conclusions

In this paper, we investigated the potential GHG emissions reduction and social welfare gains resulting from
upgrading the bus service in the GBA, Jounieh, and Jiyeh area. To this end, a stated preference survey on mode
switching from private car to bus was conducted in this area and analyzed by means of a mixed logit model. We
then used the model outputs to simulate aggregate switching behavior in the study area and the attendant welfare
and environmental gains under various alternative scenarios of bus service upgrade. In addition to accounting for
unobserved heterogeneity in commuters' preferences, this study adds to the mode choice literature in Lebanon by
accounting for qualitative bus service attributes and amenities like comfort and security, air-conditioning, and the
presence of Wi-Fi in buses.

By means of a richer behavioral representation of the mode switching process for a particular set of measures
aimed at improving the bus service, we recommend a bundle of realistic bus service improvements in the short
term that will result in a reasonable shift to buses and measurable reduction in vehicular emissions. We argue
that such improvements will need to be comprehensive in scope and include both improvements in bus level of
service attributes (access/egress time, headway, in-vehicle travel time, and number of transfers) and the provision
of amenities, including air-conditioning and Wi-Fi. Moreover, such a service needs to be cheaply priced to achieve
reasonably high levels of switching behavior and positive welfare gains. A one-way fare of more than LBP 2,500
will leave commuters and citizens at large in the study area worse off in terms of welfare, while a fare of LBP 1,000
would trigger 44% of commuters to switch to bus for commuting, resulting in $24 million in welfare gains and a
reduction in GHG emissions of 35,000, tCO e/year (32%t of car commuting emission). This recommended bus service
improvement scenario reinforces the point made by IBI Group and TEAM International (2009) that the purchase
of new buses, adding more routes, or increasing service frequency without significant improvements to the level
of service will not result in increased bus ridership. Moreover, complementary actions are needed to promote the
viability of any public transport solution, including supportive urban planning, enforcement of traffic regulations,
parking restrictions and pricing, technology improvements in the vehicle fleet, etc.

Though the emissions reductions projected by the study may seem modest compared to the 1.6 million tCO,e/
year transport GHG emissions in the study area (2.2%), and even more so compared to the 8 million tCO e/year overall
emissions (0.43%), it is most probably the case that they highly under-estimate the potential for emissions reductions
from upgrading public transport systems in that area, and in Lebanon in general. Indeed, public transport systems
in Lebanon are highly under-performing and bus ridership levels rates remain very low. With a comprehensively
overhauled bus service, one would expect that bus ridership would increase for commuting purposes at first, but
once the habit of using the bus is formed, citizens will start depending on buses for travel purposes other than
commuting. Here, the scope of GHG emissions reduction is no more confined to commuting emissions alone (which
currently are in the region of 0.1 million tCO e/year), but goes beyond to encompass the entirety of the 0.4 million
tCO,e/year car GHG emissions.

Yet when all is said and done, this study demonstrates the limits of focused sectorial policies in targeting and
reducing GHG emissions. Earlier, we have discussed the ‘technology bias' and limits of GHG emissions mitigation
measures touted in policy-making circles in Lebanon. Our results suggest that behavioral interventions themselves
may be limited in their reach and need to be coupled with other measures, most notably technological innovations,
in order for the contribution of this sector to GHG emissions mitigation to be sizable. Any single-minded policy focus
on one facet at the expense of others will risk having meager returns to costly investments.
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This policy analysis has a number of limitations which may be addressed in future extensions of this study. The
emission factors used do not consider speed (e.g. as in Sbayti et al. (2002)), acceleration, different vehicle types
and ages, etc. No feedback mechanism is implemented between demand and network performance in the policy
analysis; that is, the demand for bus is predicted given a specific set of level of service variables, but the travel time
itself may then change based on this demand. This effect is assumed to be negligible in this paper. Moreover,
our study does not account for the potential of multiple discreteness in commuters' mode choices. Indeed, it is
perfectly reasonable to assume that some commuters may choose to use both cars and buses for commuting on
different days. Crucially, some respondents who have decided not to switch to a particular bus service in our ‘take-
it-or-leave-it' choice experiment could have stated that they would use it for a day or two per week in an initial
trial period. Recently, models to deal with multiple discreteness have been developed, most notably the multiple
discrete-continuous extreme value (MDCEV) model developed by Bhat (2008). Exploring the use of such models to
produce better forecasts of travel demand and attendant GHG emissions reductions and welfare gains would be a
worthwhile avenue of research.
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Attribute

Description

Additional comments and

(E]T)]

Additional
comfort and
security (cs)

This refers to features that contribute to
comfort and security on top of the clean
and new seats (which are the features
of the basic bus service), in terms of the
presence of sheltered stops and security
inside the bus or stop. CCTV refers to
security cameras that help detect acts
of misconduct from smoking to more
serious crimes.

1. No additional feature

2. Sheltered stops

3. Sheltered stops + CCTV
in bus

4. Sheltered stops + CCTV in
stops

5. Sheltered stops + CCTV in
both bus & stops

assumptions

Indicator variables for levels 2 (¢s2) to

5 (cs5) were included in the model. An
additional alternative-specific constant
(asc) was also included in the estimated
models to capture the unobserved
effects of a bus option. Therefore the
parameter for asc would capture the
marginal utility of a basic bus service
(1), while the marginal utilities of the
remaining bus services will be obtained
by adding the asc coefficient to their
corresponding ¢s coefficients.

Service head-

The average time (in minutes) between

) two consecutive buses to pass a certain | 1. Every 5 mins
way during : ) .
stop along the bus line during rush 2. Every 10 mins ) )
rush hours, ) ) . Continuous variable.
inut hours (6 to 9 in the morning and 4 to 7 3. Every 20 mins
minutes
in the evening), going to and from the | 4. Every 30 mins
(hway)
workplace.
This time is the additional one-way
travel time riding the bus compared
to driving one’s car plus the waiting
time during transfer(s) from one bus
Additional g. & i )
one-wa to another, if any. Travel time using the
-W
.y bus could be reduced when there are 1.-10 mins
travel time )
o lanes that only buses are allowed to use | 2.0 mins
riding the bus ) ) ) : ) :
or when traffic lights at intersections 3. 10 mins Continuous variable.
compared to )
. | accommodate the presence of buses 4.20 mins
driving one’s | ) ) ) :
- in traffic (by extending green light time | 5.40 mins
car, minutes ) : .
. or reducing red light time when the
(ttime) ) . .
buses arrive at intersections). Moreover,
express routes could be dedicated to
buses such that they do not have to
stop along the way.
We estimate parameters for two indica-
One-way ) ' .
ber of This refers to the one-way number of 1. No transfer tor variables denoting one (ntransfer1)
number o
transfers transfers one has to make using the bus | 2. 1 transfer and two (ntransfer2) transfers, respec-
from the residence to the workplace. 3. 2 transfers tively, with 'no transfer’ being treated as
(ntransfer)

the base level.
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Attribute

Description

Levels

Additional comments and

(label)

For bus, it is the time (in minutes)
required to walk to the first bus stop

assumptions

Continuous variable. This attribute

is common to both the car and bus
options. For the car option, the value
was elicited for the respondent by

Total one-
+ the time to walk from where the 1.2 mins means of an open-ended question. For
way access + ) . . .
caress time commuter is dropped off by the last bus | 2.5 mins respondents who did not disclose any
g " | tothe workplace. For car, it is the time 3. 15 mins time value, a value of 0 was assigned
minutes ) ) . ‘ i
(egress) (in minutes) required to walk from the 4.30 mins to them and their effect was captured
g parking lot where the commuter parks by means of an indicator variable,
his/her car to his/her workplace. egress_dk, which equaled 1 if access or
egress time was not reported and zero
otherwise.
Does the bus
have a Wi-Fi It reflects the presence of a free Wi-Fi 1. No (0) ) .
. o ) Indicator variable.
connection? | service inside the improved bus. 2. Yes (1)
(wiff)
Is the bus air- ) ) ) .
N It reflects the presence of an air-condi- 1. No (0) Indicator variable. All cars were assumed
conditioned? | o ) . -
(@ tioning unit inside the improved bus. 2. Yes (1) to be air-conditioned.
Continuous variable. For car cost, this
attribute was calculated as the running
cost, assumed to consist of parking and
petrol costs. For parking, if a daily figure
was reported by the respondent, it was
divided by two to make it one-way. If
a monthly figure was reported, it was
divided by ((reported working days
per week) x4+ 2)/2.To this value was
added the petrol running cost. This
was equal to (one-way travel distance)
One-way 1. LBP 1,000 x LBP33,000/tank x 127Km/tank, the
door-to-door | The cost (in LBP's) incurred by using 2.LBP 1,250 last two terms being the average price
travel cost, the car or the improved bus service for 3. LBP 1,500 of a 20L fuel tank during the time the
Lebanese a one-way ride from home to work, or 4. .BP 2,000 study was conducted and the average
Pounds - LBP | work to home. 5. LBP 3,000 fuel consumption of cars in Lebanon,
(cost) 6. LBP 4,000 respectively. Where distance range was

reported, the value was taken to be the
range’s mid-point. Where the reported
value was >20Km, it was assumed to be
25Km. When not reported, distance was
approximated by inputting the reported
residence and workplace locations to
Google Maps. Finally, since the marginal
utility of cost is expected to be negative,
and its estimate, which we assume to
be lognormal, can only be positive, we
multiplied all cost variables by -1.

Table 1: Summary of the attributes and levels and their descriptions
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O-D pair 1 p) 3 4 5 (3 Total
59 9 16 10 12 17 123
1 6,603 3,062 447 950 2,798 926 14,788
5 46 7 11 10 13 9 96
3,812 2,364 545 998 2,516 1,115 11,350
. 19 4 35 35 4 1 98
955 975 2,824 5154 1,323 364 11,595
4 21 4 19 37 2 1 84
2,002 1,670 4,914 8899 2,332 731 20,547
; 19 7 7 9 5 3 50
3,558 2,797 1,165 2,224 4,831 1,153 15,728
30 3 5 5 1 5 49
° 992 1,059 249 528 986 1,612 5426
Total 194 34 93 106 37 36 500
17,923 11,927 10,144 18,752 14,786 5,902 79,434

Table 2: Subsample size and population’s AM peak demand for car trips (italics) by O-D pair
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Nr. of Log- Log-likelihood

choice ot likelihood at at convergence Pseudo-R2 LRx2 P-value AIC BIC
occasions P2 zero (LL(0)) (LL(B))
Restricted CL 5000 14 -3465.74 -1830.48 0472 = = 3688.96 | 1890.10
Unrestricted CL 5000 15 -3465.74 -1827.82 0473 533 | 0.021 |3685.63|1891.69
Unrestricted MXL 5000 30 -3465.74 -1609.85 0.535 435.94| 0.000 |3279.69|1737.60

Table 3: Information on the various models estimated

Standard deviation

Coeff. Std. err.

Model estimates
asc (cs1) —bus 0.900%* 0.396 1.456%** 0.257
cs2 (shifter) - bus 0.708** 0.347 0.703 0619
cs3 (shifter) - bus 0.606 0.446 0571 0.679
cs4 (shifter) — bus 0.615* 0328 0.986* 0512
cs5 (shifter) — bus 0.5971%** 0228 0.673 0528
hway — bus -0.068*** 0.012 0.048%** 0.012
ttime -0.135%** 0.014 0.090%** 0.011
ntransfer1 — bus -0.408 0.250 0.604 0.380
ntransfer2 — bus -1.136%%% 0.409 1.295%** 0.356
egress -0.168*** 0.022 0.115%** 0.023
egress_dk -2.373%** 0524 0112 0518
wifi — bus 0.307** 0.153 0324 0.765
ac 1.633%** 0.209 1.7271%% 0.273
cost — car -1.722%%% 0.558 0.835** 0.326
cost — bus -0.592%* 0.176 0.866*** 0.293

Post-estimates

cs1 —bus 0.900** 0.396 1.456%** 0.257
cs2 — bus 1.607*** 0.535 1.617%** 0.284
cs3 - bus 1.506%** 0.625 1.564%** 0.249
cs4 - bus 1.5715%* 0519 1.759%** 0.349
cs5 —bus 1.4977%** 0411 1.604%** 0.345
cost — car 0.253*** 0.080 0.255*** 0.087
cost — bus 0.805%** 0213 0.850 0.600

Legend: * p<.1; ** p<.05; *** p<.01.

Table 4: Model estimates and post-estimates (the cost variable is specified in thousands of LBP)
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Travel Time Component Mean VOT Standard Deviation of VOT
In-vehicle time (car) 34,407 14,885
In-vehicle time + transfer time (bus) 11,786 7,619
Egress time (car) 44,418 19,846
Access + egress time (bus) 146,949 8,886
Initial waiting time (bus) 5,646 2,269
Table 5: Value of travel time savings (LBP/hour)
Pollutant ef (g/km) GWP,
Co, 2262 1
CH, 001927 245
N.O 0.01989 320
cO 21.30 2
NO, 3.727 40
VOC 3.834 4
Table 6: Pollutants’ emission factors and global warming potentials (GWP’s)
Fare (LBP) - > =
eP R P eP R P eP R
1,000 11.9% 9.3% 7.7% 12.9% 10.6% 8.2% 43.6% 38.6% 32.1%
1,500 9.4% 7.2% 6.1% 10.2% 8.2% 6.5% 37.0% 32.2% 26.8%
2,000 7.5% 5.6% 4.8% 8.0% 6.3% 5.1% 30.9% 26.5% 22.2%
2,500 6.0% 44% 3.9% 6.4% 5.0% 4.1% 25.7% 21.6% 18.3%
3,000 4.9% 3.5% 3.2% 5.1% 3.9% 3.3% 21.4% 17.7% 15.1%
3,500 4.0% 2.9% 2.6% 4.2% 3.1% 2.7% 17.9% 14.5% 12.6%
4,000 3.3% 2.3% 2.1% 3.4% 2.5% 2.2% 15.0% 12.0% 10.5%
4,500 2.7% 1.9% 1.8% 2.8% 2.1% 1.8% 12.6% 9.9% 8.8%
5,000 2.3% 1.5% 1.5% 2.3% 1.7% 1.5% 10.6% 8.3% 74%

Table 7: Percent mode switching (P), commuting trips reduction (eP) and travel distance/emissions reduction
(R) by one-way bus fare
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S1 S3

AT Ad AT Ad AT Ad
(car-trips/ (kmA/)I/)ear) (km/year/  (car-trips/ (kmA/:/)ear) (km/year/  (car-trips/ (kmA/)Il)ear) (km/year/

day) car) day) car) day) car)
1,000 7,362 17,123,171 216 8,420 18,206,935 229 30,642 71,084,042 895
1,500 5,697 13,457,101 169 6,481 14,282,944 180 25,562 59,373,753 747
2,000 4,455 10,704,486 135 5,023 11,302,575 142 21,019 49,096,123 618
2,500 3,522 8,611,325 108 3,936 9,042,110 114 17,178 40,477,346 510
3,000 2,811 6,990,555 88 3,119 7,307,914 92 14,045 33,452,404 421
3,500 2,262 5,714,083 72 2,498 5,957,838 75 11,529 27,793,873 350
4,000 1,833 4,695,144 59 2,019 4,892,971 62 9,513 23,228,047 292
4,500 1,494 3,873,741 49 1,645 4,043,924 51 7,888 19,511,126 246
5,000 1,224 3,207,027 40 1,351 3,360,685 42 6,569 16,455,439 207
F;;el 79434 221,203,788 2,785 79434 | 221,203,788 2,785 79434 | 221,203,788 2,785

Table 8: Reductions in commuting car-trips (AT), aggregate travel distance (AD) and average travel distance
(Ad) by one-way bus fare (note: a trip refers to a full round trip to and from work)

1000 | 9100885 |-3655938| 141489 | 5586436 | 10045584 [-4012885| 150445 | 6,183,144 |36,/67975|-13552,110| 587,370 |23803,235
1500 |7,195393 [-4,357,758| 111,197 |2948832| 7900502 |-4,748635| 118020 |3,269887 | 31017016 |-17,249832| 490607 | 14,257,791
2000 | 5,757,100 |-4654859| 88452 |1,190692 | 6258446 |-5018977| 93394 | 1332862 | 25859397 |-19269504 | 405683 | 6995576
2500 |4656592|-4,701,720| 71,156 | 26028 | 5004191 [-5015517| 74715 | 63388 | 21472539 |-20075838| 334466 | 1,731,167
3000 | 3799378 | 4595502 | 57763 | -738362 | 4037674 |-4856675| 60386 | -758615 | 17856515 |-20085305| 276418 | -1,952372
3500 | 3120292 | 4396393 | 47216 |-1228885| 3283997 |-4611821| 49230 |-1278595 | 14913847 |-196008% | 229662 | 4457387
4000 | 2574867 |-4,142202 | 3879 |-1528538| 2689790 |-4321677| 40431 |-1591455| 12519108 [-18823295| 191934 | 6,112,253
4500 | 2132322 | -3857486 | 32009 |-1,693156| 2216877 |-4011095| 33415 |-1,760803 | 10557463 |-17877934| 161221 | -7,159250
5000 | 1,770,744 | -3558824 | 26500 |-1,761581| 1837320 [-3695925| 27,769 |-1830836| 8937562 |-16840,702| 135972 | -7,767,168

Table 9: Aggregate net benefits ($/year)
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S1 52 s3

Fare(LB)) GHG €O, CH, NO GHG (€O, CH, NO GHG (€O, CH, NO
1000 | 8323 | 3,873 | 0330 | 0341 | 8850 | 4,118 | 0351 | 0362 | 34551 | 16079 | 1370 | 1410
1,500 | 6541 | 3044 | 0259 | 0268 | 6942 | 3231 | 0275 | 0284 | 28859 | 13430 | 1.140 | 1.180
2000 | 5203 | 2421 | 0206 | 0213 | 5494 | 2,557 | 0218 | 0225 | 23864 | 11,106 | 0946 | 0977
2500 | 4186 | 1,948 | 0166 | 0171 | 4395 | 2045 | 0.174 | 0180 | 19674 | 9,156 | 0780 | 0805
3000 | 3398 | 1,581 | 0135 | 0139 | 3552 | 1,653 | 0141 | 0145 | 16260 | 7,567 | 0645 | 0665
3,500 | 2777 | 1293 | 0110 | 0.114 | 289 | 1348 | 0.115 | 0.119 | 13510 | 6287 | 0536 | 0553
4000 | 2,282 | 1,062 | 0091 | 0093 | 2378 | 1,107 | 0094 | 0097 | 11,290 | 5254 | 0448 | 0462
4500 | 1,883 | 876 | 0075 | 0077 | 1966 | 915 | 0078 | 0080 | 9484 | 4413 | 0376 | 0388
5000 | 1559 | 725 | 0062 | 0064 | 1,633 | 760 | 0065 | 0067 | 7998 | 3722 | 0317 | 0327

Base level | 107,519 50,036 | 4.260 | 4400 |107,519| 50,036 | 4.260 | 4400 |107,519| 50,036 | 4260 | 4.400

Fare (LBP) co NO, vocC co NO, VoC co NO, VocC
1,000 365 63.8 65.7 388 67.9 69.8 1,514 265 273
1,500 287 50.2 51.6 304 532 54.8 1265 221 228
2,000 228 39.9 41 241 42.1 433 1046 183 188
2,500 183 32.1 33 193 337 347 862 151 155
3,000 149 26.1 26.8 156 272 28 713 125 128
3,500 122 213 219 127 222 22.8 592 104 107
4,000 100 17.5 18 104 18.2 18.8 495 86.6 89.1
4,500 83 144 14.9 86.1 15.1 155 416 72.7 74.8
5,000 68 12 123 71.6 125 129 351 61.3 63.1

Base level | 4712 824 848 4,712 824 848 4,712 824 848

Table 10: Emissions reductions (t/year; GHG in tCO_e/year)
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BUS SERVICE 2

Service frequency during rush hours

Every 5 mins

Total one-way access + egress time 15 mins
Additional one-way travel time riding the bus =
compared to driving your car

One-way number of transfers 1 transfer
One-way door-to-door fare LBP 3,000

Additional comfort and security

Sheltered stops + CCTV in

stops
Isthe bus air-conditioned? Yes
Doesthe bus have a Wi-Fi connection? No
25. Would you switch to this bus service?
1. Yes
2. No, lwould stay with my current way of commuting by car

Figure 1: Example of a choice experiment
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Figure 2 Aggregate analysis zones

Commuters'Behavior towards Upgraded Bus Services in Greater Beirut: Implications for Greenhouse Gas Emissions, Social Welfare and Transport Policy _



Total Net Benefits (§ millions)

1,000 2,000 3,000 4.000 5,000
Fare (LBP)

Figure 3: Total net benefits vs. bus fare
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Figure 4: GHG emissions reduction vs. bus fare
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