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Incremental Bus Allocation with
Competing Mass Transit Services

IsaMm KAysi AND GEBRAN BASSIL

An efficient allocation of fixed equipment among routes in a bus net-
work can be primarily achieved by choosing appropriate headways or
frequencies on each route. An interesting exercise arises when the allo-
cation of additional equipment is likely to result in significant ridership
attraction from competing services. In this case, models that take into
account the operating environment and the nature and extent of com-
peting services on different routes are needed to estimate the demand
response to various headways and to allocate additional equipment effi-
ciently. In this paper, a model that allocates buses among various lines
based on a realistic correlation between bus headways and demand for
bus service is proposed and applied to the case of the bus transit opera-
tion in the city of Beirut, Lebanon. The transit authority in Beirut runs a
limited bus network with a small fleet that will be expanded on over the
course of the coming 2 years. Competing mass transit services in Beirut
include private jitneys operating over an extensive network as well as
limited private bus fleets. In this paper, the allocation of additional buses
in the bus transit operation in Beirut is addressed. A variable demand
representation was applied in the bus allocation model and necessitated
a data collection effort to identify the potential for ridership attraction
from competing services. The model was then applied based on an incre-
mental analysis and with cost-recovery considerations in order to allo-
cate efficiently the additional buses to the existing network.

Given a transit operation with established routes, areas being
served, and hours of service, a common exercise for the bus transit
planner involves deciding on the levels of service or frequencies
that should be provided on each route. This procedure of setting
headways or frequencies on bus routes is commonly referred to as
the equipment allocation, or fleet allocation, problem. The fre-
quency-setting decision is a complex component in the planning
process that involves determination of the distribution of the oper-
ating resources over an existing network. In its most general sense,
the aim is for an efficient, system-wide allocation of services among
routes as well as across time of day (/).

An interesting exercise arises when additional equipment is to be
allocated and where such allocation is likely to result in significant
ridership attraction from competing mass transit services. In this
case, models that take into account the operating environment and
the nature and extent of competing services on different routes are
needed to estimate the demand response to various headways and
to allocate additional equipment efficiently. In this paper, a model
that allocates buses among various lines based on a realistic corre-
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lation between bus headways and demand for bus service is pro-
posed and applied to the case of the bus transit operation in the city
of Beirut, Lebanon. The transit authority in Beirut runs a limited bus
network with a small fleet that will be expanded over the course of
the coming two years. As such, an analysis involving an allocation
of additional equipment to the existing network based on potential
ridership attraction from competing services and cost-recovery con-
siderations was implemented.

EXISTING APPROACHES TO FLEET
ALLOCATION WITH VARIABLE DEMAND

Early approaches to the optimum headway problem assumed
demands that did not vary with the headway, although they might
vary with time. The objective function commonly related to the
minimization of a weighted sum of operators’ monetary costs and
passengers’ waiting time (2,3) or the minimization of passengers’
waiting time subject to budget or fleet size constraints (4-6).

Variable demand formulations of the fleet allocation problem
have appeared in a number of studies. For instance, the allocation
of buses in networks with overlapping routes based on a minimiza-
tion of a function of passenger wait time and bus crowding is dis-
cussed by Han and Wilson (7). The allocation is constrained by the
number of available buses and the provision of enough capacity on
each route to carry all passengers selecting that route. Although the
demand for bus service, expressed by the set of origin-destination
flows, is given and assumed fixed in this approach, the number of
passengers eventually using each route is variable and depends on
the bus allocation, since passenger flows are split between compet-
ing routes serving some of the origin-destination pairs. Moreover,
Kocur and Hendrickson (8) analyze the design of local bus service
and determine the optimal route spacing, headway, and fare for
three objective functions. The analysis is based on an equilibrium
framework whereby transit ridership is sensitive to the level of ser-
vice provided by the bus system. Finally, Furth and Wilson (9) pro-
pose a model to allocate available buses between time periods and
on fixed routes so as to maximize the net social benefit subject to
constgaints on total subsidy, fleet size, and levels of vehicle loading.
The model formulates the problem of setting frequencies on bus
routes as a constrained resource allocation problem with the objec-
tive function consisting of maximizing the summation of two dis-
tinct components: consumer surplus and transit ridership. Of par-
ticular interest here is the fact that in this (nonlinear) formulation,
headway is used as the basic decision variable and ridership is
expressed explicitly as a function of headway.
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PROPOSED APPROACH TO INCREMENTAL
BUS ALLOCATION IN A COMPETITIVE
ENVIRONMENT

With fixed bus routes, fares, and speeds, the only operating factor
capable of attracting riders from competing services is a change in
headways, which can be achieved through fleet allocation. The focus
of this paper is on proposing an approach for bus allocation over sev-
eral routes in a network in the case where the bus service is compet-
ing for ridership with other mass transit services. To estimate the
demand response to various headways, models that take into account
the operating environment and the nature and extent of competing
services on different routes are needed. Given the need for a variable
demand formulation in the competitive environment being consid-
ered, an appropriate form of the demand function that relates rider-
ship on a bus route to that route’s headway must be determined.

Problem Context

In the analysis that follows, it is considered that public transit buses will
be competing for riders with two other types of mass transit services,
namely (a) buses of similar operating characteristics (for instance, pri-
vate bus operations), and (b) an alternate mass transit service of dis-
tinct operating characteristics (for instance, jitney operations). The
potential reaction and shift of auto passengers is not considered
because the limited improvement in bus level of service is not expected
to be sufficient to incur any significant switching from the auto mode.

The analysis will focus on the assignment of additional buses to
routes in an existing network to improve on a minimal level of bus
service. The assignment will be based on the potential attraction of
riders from each of the two competitors.

Possible Models of Ridership Attraction

To estimate the potential attraction of riders from competing ser-
vices based on the allocation of additional buses, three variable
demand models were considered: the trinomial logit model, the
nested logit model, and a third model that considers competition
with each of the two other modes separately. First, it was concluded
that the application of a trinomial logit model (public bus, private
bus, or other distinct service) would not have been feasible because
the operating characteristics of public and private buses are quite
similar, and therefore such a model would violate the independence
of irrelevant alternatives (IIA) assumption of the logit model (10).
Second, it was noted that the application of the nested logit model
in the competition context being considered is possible in principle.
In such a case, the upper-level choices would include “bus service”
and “other distinct service,” and the lower-level choices (under bus
service) would incorporate both the public and private bus opera-
tions. A detailed description of the nested logit model can be found
in the work of Ben-Akiva and Lerman (10).

A third model, which is being proposed here, considers competi-
tion between the public bus operation and each of the two other
mass transit services separately. This model stresses the differences
in competition mechanisms between public buses and each of the
two competing modes, and is useful in cases where including the
three modes in the same model is likely to be inappropriate. As
such, two different approaches are adopted for computing ridership
attracted from each of the two competing services. The proposed
model is described in detail next.
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Competition with Services of Distinct Operating
Characteristics

Logit Model

Demand for bus service is modeled as a choice process in which
each individual traveler has the possibility of choosing either bus
transit or an alternative, distinct mass transit mode (such as jitneys).
The demand function to be used here is the logit model, the most
commonly used disaggregate mode choice model and one that
allows the analyst to predict the modal choice probabilities for indi-
vidual trip-makers. The logit model takes the form:

eV

P(l) = 2 1 i@

M

where

Py(1) = probability of a mass transit rider served by route i
choosing bus (mode 1),

V(1) = utility of bus transit for population served by route i, and

Vi(2) = utility of alternative mass transit mode for population
served by route i (mode 2).

For the population of mass transit riders whose origins and des-
tinations are served by route i, or POP;, the number of riders who
will choose bus transit is given by

eV,‘(l)

r; = POP; * P(1) = POP; = m

where r; equals the number of mass transit riders served by route i
choosing to use buses and POP; is the total mass transit-riding pop-
ulation served by route i.

Utility Function

The utility of each of the two competing modes is a function of vari-
ables describing that mode (travel time, travel cost, comfort and
convenience, etc.) and the individual making the modal choice deci-
sion (income, automobile availability, etc.). Assuming random pas-
senger arrivals and constant bus headways, the average passenger
wait time at the bus stop is equal to half the headway. As such, the
impact of the passenger wait time on demand for transit service can
be directly related to bus headway. This suggests the inclusion of a
variable relating to bus headway in the utility function. In particu-
lar, the utility of bus transit may be represented as:

V(1) = 0 * h; + other terms

where A; is the headway on route i and 6 is the headway coefficient
in the utility function.

Pivot-Point Form

If the base probability of choosing bus transit is known, and head-
way on route i is changed by an amount A#; from its base value of
K% 1o h;, the new probability of choosing transit can be predicted
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from the pivot-point form of the binary logit model, which can be
derived from Equation 1. This form is (10):

— PO -1
P: = |:1 + 1—13102’_ % e—ﬁAhi:I

In this formulation, P?is the base probability of choosing bus tran-
sit for the population of mass transit riders served by route i; that is,
it corresponds to the observed proportion of total mass transit trav-
elers served by route i choosing bus transit. P?can also be referred
to as the base bus transit share. A#; is the change in the headway of
route i from its base value (h; — h9). Note that h? is the observed,
base headway for bus transit on route i whereas #; is the new head-
way on route i. P’; is the probability of choosing bus transit given
the new headway h,. The primary feature of the pivot-point logit
model that makes it a suitable demand function is that it reproduces
the observed ridership, so that demand variation is considered only
from the actual point of observation. This at least ensures that the
present steady-state conditions are reproduced in the model.

Attracted Ridership

In the model considered here, the base headway, ridership, and tran-
sit share correspond to a minimal level of transit service. The allo-
cation of additional buses will strictly improve the headway on all
routes, and as such ridership will always be attracted from the com-
peting, distinct mode. The final equation for attracted ridership on
route i from this first class of competing services, or the difference
between the ridership because of the improved headway and the
base ridership, is:

An(h) = POP; + P} — 10 = % # P/~ 0
2 1 - P -1
=5y * [1 TR T e'“‘“"""’?’] —r? @

where #71s the base ridership on route { or the observed number of
riders.

Competition with Private Bus Services

Private buses represent the second class of competitors being con-
sidered for the public bus system. In this case, “bus riders” have the
choice of riding on either private or public buses that serve their
intended trip origin and destination. The two services are assumed
to have similar service quality and similar operating characteristics
with respect to fares, in-vehicle travel times, and comfort on the dif-
ferent routes they serve. Within this context, the frequency of oper-
ation is the major, if not only, factor determining the split in rider-
ship between the private and public systems. As in the first case of
competition outlined above, the allocation of additional buses to the
public bus system will be considered starting from a minimal basic
level of service. Therefore, only the attraction of additional riders
from the private buses as the frequency of public buses is increased
will be considered. The number of additional riders who are
attracted from private buses is:

A, ) = = Lo e 3)
bi vi
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where

J»i = frequency of public buses on route i,
[ = frequency of private buses on route i, and
rr; = total current bus (public and private) ridership.

Total Attracted Ridership

The total number of riders attracted to an improved public bus sys-
tem will be computed as the sum of the two terms appearing in
Equations 2 and 3. The final public bus ridership will be equal to:

r{h) = r+ Ari(h) + Ary(h) ®

In other words, the final public bus ridership is the sum of three com-
ponents, namely: (a) the base ridership, (b) ridership attracted from
the competing of distinct operating characteristics (as in Equation
2), and (c) riders attracted from private buses (as in Equation 3).

Data Requirements

The use of the above modeling approach requires data on the rider-
ship served on each route by the different mass transit services for
the base case of current public bus service. This data can be used to
determine the base public bus ridership (r9), the current modal split
between public buses and the first class of competing services (p?),
as well as the total current bus ridership (r;). Current frequencies of
the two types of bus services on each route (fy,; and f,;) are also
required. Finally, the headway coefficient 8, to be used in Equation
2, is also required.

CASE STUDY: BEIRUT CONTEXT

The proposed methodology for incremental bus allocation in acom-
petitive environment is illustrated in the case of the city of Beirut,
Lebanon. The Beirut context is described first by discussing mass
transit operations in existence, modal usage trends, and the poten-
tial role of the public bus system. The study objectives and scope
are also described at the end of the section.

Mass Transit Operations

The public bus system in Beirut has been limited in its operations
for a number of years, providing a service that is too infrequent to
be reliable and highly subsidized. The public bus authority owned
and operated 150 buses in the greater Beirut area in 1965. All the
buses were destroyed during the first years of the war. In 1978, the
authority ordered 220 buses, which were shipped in stages until the
late 1980s. However, many of these buses were eventually
destroyed or stolen, and as a result only.60 buses remained in oper-
able condition as of the end of 1992. However, because of a lack of
manpower and inefficient management practices, only a fraction of
these buses are actually operating on the different routes (42 in 1991
and 22 since the latter part of 1992).

In contrast, mass transport in Beirut is characterized by a signif-
icant supply of privately operated transit services, which are mostly
unstructured and unregulated. Jitneys, locally known as “service”
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and which rely on sedan cars, form the backbone of these services.
Moreover, limited private bus fleets have begun to grow in recent
years to fill the void created by the weakness of the public bus sys-
tem, and now carry significantly more passengers than public buses.
However, the private buses are operating without authorization, and
the rather old equipment being used is not properly maintained and
lacks certain safety requirements. The private bus operations within
Beirut are certain to be scaled down (or phased out altogether) by
the government when the public bus system gets revitalized.

Modal Usage Trends

The limited service offered by the public bus system within Beirut,
the absence of public bus services outside Beirut, and the expand-
ing ownership and use of the private automobile (about 100,000
cars were imported into the country in 1991) have resulted in the
predominance of the auto as the most important transportation
mode. Traffic counts conducted in 1984 (/1) indicated that buses
carried less than 5 percent of midday trips in Beirut (peak period rid-
ership levels were unavailable) and jitneys carried about 23 percent,
with the remaining 72 percent of trips being made by the private
auto. Comparable pre-war figures for 1970 (12) were 11, 44, and 44
percent, respectively, indicating a trend toward less reliance on pub-
lic transit.

Potential Role of Public Bus System

Based on the factors outlined above, and given the probable finan-
cial and physical constraints on major new infrastructure invest-
ments in Beirut, public transit has the potential to play a significant
role in reducing congestion based on its ability to provide higher
capacities and vehicle occupancies than the private auto. The last
major government planning study for the Beirut Metropolitan
Region (BMR), the Schema Directeur (/3), suggests that a greater
reliance on public transit to transport passengers from the suburbs
to Beirut and within Beirut itself should be a major component of
an overall plan to ease traffic congestion in the BMR.

During the coming 2 years, the transit authority in Beirut is plan-
ning to expand its bus fleet to close to 120 buses through the reha-
bilitation of older buses and the acquisition of a limited number of
new ones. Based on this modest public investment, it becomes pos-
sible for the public bus system to improve travel conditions in Beirut
in at least two respects: (a) by providing a viable, cheap alternative
to jitneys, and consequently inducing a shift in ridership away from
this less-efficient travel mode; and, (b) by reassuming its role as the
prime bus mode in Beirut, and consequently helping to phase out the
illegal private bus operations by reducing reliance on them.

Study Objectives and Scope

Since the transit authority in Beirut will, for the near future, be con-
strained with respect to major equipment acquisition to support bus
network expansion, the existing network structure, which has been
relatively stable since 1991, is likely to be maintained until further
notice. In such a context, the major lever in improving service is in
setting the route headways on the existing network. Constrained by
a limited number of operating buses and a limited budget, it is pri-
marily in choosing the headways that these limited resources can be
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allocated more efficiently. It is therefore imperative that the alloca-
tion be performed in a way that maximizes the social benefit and
ensures efficiency.

In view of the likelihood that the transit authority will be in
charge of running a larger fleet within the next 1 to 2 years, the next
section describes a proposed approach for allocating buses among
lines based on a realistic correlation between bus headways and
demand for bus service. This need for a variable demand represen-
tation in the bus allocation model necessitated a data collection
effort to identify the potential for ridership attraction. The approach
was then applied, in an incremental mode, to efficiently allocate the
potential additional buses on the existing network.

INCREMENTAL BUS ALLOCATION IN
COMPETITIVE ENVIRONMENT

During the latter part of 1992, the bus fleet in Beirut comprised only
22 buses, which were being operated on a network consisting of
nine lines. The operating fleet has remained at about that size since
then. However, during the coming 2 years, the transit agency is
likely to be able to expand the bus fleet to nearly 120 buses, raising
the question of how these buses should be distributed among the dif-
ferent lines in the existing network.

The expected fleet expansion will introduce modifications to the
current system conditions, including a potential for attracting riders
from competing modes of mass transit. Therefore, a need exists for
variable demand models for setting headways. In the following, the
proposed approach to incremental bus allocation (described above
and represented by Equations 2 to 4) is adopted instead of the nested
logit model since, in the context of the expansion of the public bus
system in Beirut, all demand shifts will be in the direction of this
revitalized system. Moreover, and with the likely restrictions on and
phasing out of the private bus operations, this mode cannot be con-
sidered as a viable, equivalent bus alternative in the lower-level
choices, as the nested logit model would imply.

In the analysis that follows, it is considered that public buses will
be competing with jitneys and private buses for riders. Because the
extent of the public bus service will remain rather limited, the poten-
tial reaction and shift of auto passengers is not considered. As such,
the binary choice represented by Equation 2 is whether to ride the pub-
lic bus or to use the jitneys. Equation 2 models demand variation that
results from bus headway changes only, and hence wait time changes.

Data Requirements for Model Application

As outlined above, the use of the suggested model requires data on
the ridership served on each route by the different mass transit ser-
vices, frequencies of bus services on each route, and an estimate of
the headway coefficient 8. Because the required data were not read-
ily available, a limited data collection effort was undertaken.

Mass Transit Ridership

The data collection procedure consisted of ride checks to determine
public bus ridership levels and traffic counts at the maximum load
points to determine ridership on competing mass transit modes.
Being limited by a small research budget, each of the counts could
be conducted only once. This was thought to be sufficient for the
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purpose of this study, which was to illustrate a methodology for
allocating additional buses and to obtain a rough first allocation
instead of to reach an exact and final conclusion.

Ride checks were conducted for both directions on each route and
for peak period trips (7:00 to 9:00 a.m.). Once the peak load point
on each route was determined, a traffic count was used to count per-
son trips by all mass transit modes in the peak direction. The counts
were conducted on weekdays during November 1992 from 7:00 to
10:00 in the peak a.m. period. The data collected at each of the nine
counting stations included (a) traffic volumes classified according
to public buses, private buses, and jitneys; and (b) the passenger
occupancy of each vehicle.

The model proposed for predicting the potential attraction of rid-
ers to public buses from competing services considers a target
choice population of mass transit riders whose trips are served by
bus routes and who are willing to switch to an improved bus sys-
tem. However, the number of riders on the competing mass transit
services that observed during the traffic counts includes individuals
whose origins and destinations may not be served by the public bus
system as well as individuals who may be unwilling to switch to the
public bus system. To remedy this difficulty, the choice population
was obtained from the observed ridership by introducing the fol-
lowing two factors.

O-D Factor The origins and/or destinations of riders on other
modes of collective transport may not correspond to bus routes. The
boundaries of served origins and destinations are uncertain, and an
accurate trip table is not available. The fraction of the observed rid-
ership whose origins and destinations are served by a particular route
was estimated for each route based on judgment. For jitney riders, this
fraction ranged between 0.45 and 0.75 based on route characteristics
such as geometry of road network along the route, type of area served
(whether commercial or residential), type of route (whether radial or
cross-town), length of the route, and so forth. For private bus riders,
the choice fraction was taken as 1.0 (except for Line 9), because pri-
vate buses follow practically the same routes as public bus lines.

Switching Factor Some riders are unwilling to switch to a bus
even if the bus route coincides with their O-Ds. The fraction of jit-
ney riders willing to switch to an improved public bus system was
obtained from a survey conducted by students at the American Uni-
versity of Beirut (/4), in which 92 percent of jitney riders indicated
a willingness to switch to an improved public bus service. This frac-
tion was assumed the same for all lines. The fraction for private bus
riders is taken to be 100 percent as its service characteristics are
quite similar to those of the public bus system.

The choice jitney population associated with each bus route is
inferred by multiplying the O-D factor and the switching factor by
the observed jitney ridership (obtained from traffic counts) on each
of the routes. A similar procedure was followed to obtain the choice
private bus population.

Estimation of Base Modal Split Ratio, p?
Based on the determination of the choice jitney population associ-
ated with each of the public bus routes, the base modal split ratio to

be used in Equation 2 can be computed as follows:

p?= /() + choice jitney riders)
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Determination of Headway Coefficient, 6

The data set that was used to obtain the headway coefficient relates
to work trip mode choice in Beirut and is extracted from surveys
conducted by students at the American University of Beirut (/4).
Only two travel modes are taken into consideration, namely, public
bus and jitney. The data set that was used consisted of answers to
detailed questionnaires and provided 108 observations of socioeco-
nomic and mode characteristics associated with a group of trip mak-
ers and the mode choices they made (24 used buses and 84 used jit-
neys). Various utility functions associated with the logit model were
specified and their parameters estimated. The model that was cho-
sen based on statistical validity tests revealed a value for the wait
time coefficient 6 of approximately —0.05.

Demand Elasticities with Respect to Headways

For the logit model, the point elasticity of demand for bus service
with respect to headway on route i is

e =0 +h%(1 — P9

Elasticity values for the different lines are presented below. As one
might expect for a bus system that currently provides very low-
frequency service, the demand is quite elastic with respect to head-
way. Note that the demand on Line 1 is inelastic with respect to
headway because the base bus share was relatively high for this line.

Model Application

Having determined all principal factors of the model, its application
based on Equations 2 to 4 becomes straightforward. It is worth men-
tioning that the analysis was performed based on ridership figures
for the 3-hr A.M. peak period (7:00 to 10:00 A.M.). The base pub-
lic bus ridership on the eight lines being analyzed was 1,345 for a
service that was provided by 22 buses. The computed choice popu-
lations over the 3-hr period for jitneys and private buses were 5,700
and 3,530, respectively, for a total of 10,575 and a base public bus
share of 12.7 percent.

Incremental Analysis

Additional buses to be rehabilitated and acquired by the bus transit
authority in Beirut during the coming 1 to 2 years will be put in ser-
vice in stages. Using the proposed model, an incremental assign-
ment of additional buses as they become available is proposed here.

With the adoption of the objective of providing public service to
as many travelers as possible, the allocation of each additional bus
is made to the route having the highest marginal benefit with respect
to passenger attraction. With this technique, a route “priority list” is
generated. Starting with a baseline of the existing 22 buses, and ter-
minating at the upper bound of 120 buses, the list serves as a guide
each time an additional bus is to be allocated. The starting point in
the above analysis was the 22 available buses distributed so as to
provide minimum regular service, and according to the service
standard of policy headways (15). A summary of the results (allo-
cated buses and corresponding headways) is reported in Table 1.
One interesting observation is that, with the 120 buses being allo-
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TABLE 1 Summary of Incremental Analysis Results

Total No. of Buses 21 40 50 75 100 120
Line # Bus Allocation

1 4 5 7 9 10 12
2 2 5 6 9 12 15
3 3 7 9 14 19 22
4 1 2 2 3 4 4
5 2 3 3 4 5 6
6 3 6 8 12 16 19
7 3 7 9 14 20 25
9 3 5 6 10 14 17
Line # Headway (min.)

1 30 24 17 13 12 10
2 45 18 15 10 7 6
3 40 17 13 8 6 5
4 90 45 45 30 23 23
5 45 30 30 22 18 15
6 30 15 11 7 5 5
7 40 17 13 8 6 5
9 30 18 15 9 7 5

cated, five of the lines would have headways of 5 to 6 min, repre-
senting peak-period frequencies that are necessary to build up a
solid ridership base. This indicates that the 120 buses are needed to
provide strong basic service on existing routes, and that additional
bus routes have to be considered if the fleet is expanded any further.

Figure 1 indicates the increment in ridership with additional
buses allocated according to the priority list. The trend indicates a
continuously increasing ridership as the number of operating buses
increases. On the other hand, the incremental rate of attraction is
decreasing: the effect of adding a bus at latter stages is much lower
than at initial stages. For instance, during the 3-hr a.m. peak period,
the 22nd bus attracts 160 additional trip makers, the 50th attracts 48
more, and the 120th attracts 13 more. This relates to the fact that the
model is only interested in the limited mass transit market (10,575
total travelers during the peak 3 hr along routes served by the exist-
ing public bus routes). An extension of the analysis presented in
Figure 1 indicates that the increment in ridership with each addi-
tional bus becomes almost insignificant starting at 200 buses, at
which stage the public bus share of choice mass transit riders would
have reached 62.6 percent. As public transit service improves
beyond a certain level, a shift is likely to occur from the auto-driver
and auto-passenger markets.

Ridership

0 50 100 150
No. of Buses

FIGURE 1 Ridership with additional buses.
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Bus Allocation With Cost-Recovery Considerations

Based on the incremental analysis results, a number of questions
arise: Given the decreasing marginal return of additional buses with
respect to ridership attraction, what is the ceiling at which procure-
ment of buses on the existing network should stop? How should a
trade-off be made between cost considerations and social benefits
(additional ridership)? To answer these questions, cost-recovery
ratios, relevant to subsidy levels, are calculated.

To compute cost-recovery figures, the 1991 operating costs per
vehicle kilometer were used (after accounting for inflation since that
time). For any number of allocated buses on a bus route: (a) the
vehicle kilometers and the associated costs are calculated, (b) the
expected ridership and the revenues (based on the flat fare currently
in effect) are predicted, and (c) the cost-recovery ratio is obtained.
This procedure is followed on each route independently. Sample
results for Line 9 are reported in Figure 2. This figure indicates that
a maximum cost recovery of around 30.5 percent can be achieved
for this line based on the allocation of four to six buses to it. The
maximum cost recovery that could be achieved for each line and the
associated number of buses summarized in Table 2. Figure 3 indi-
cates that cost recovery is optimal (29 percent) for a fleet ranging
between 35 and 50 buses. Between 100 and 150, cost recovery is
within the range of 17 to 21 percent. However, for a much bigger
fleet, the cost-recovery ratio becomes unacceptable. With almost
the same cost-recovery ratio, it would be recommended to use 47
buses instead of 35 since social service (ridership) is improved by
23.2 percent.

Fleet Size and Subsidy Considerations

The final question relates to the recommended fleet size needed to
operate on the existing network, given no switching from the auto
mode. Two main factors will be considered: potential ridership
attraction and maximum permissible subsidy. In the latter case, the
decision on fleet allocation could be financially dominated. If the
transit authority is awarded the same subsidy as in 1991 (inflated),
it can operate almost 147 buses with the improved allocation made
possible by the proposed approach. If, on the other hand, the author-
ity tries to minimize costs while providing a fairly good service, the
120 buses soon to be available provide a good combination: a 56.2
percent public bus share (4.4 times the 1991 share), a 20 percent
cost-recovery ratio, and a subsidy level about 80 percent that of the
year 1991 (inflated).
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TABLE 2 Bus Allocation with Cost-Recovery Considerations

Line# Maximum Cost Number  Headway Ridership
Recovery of Buses  (min.)
1 28.1% 6-7 18-19 440- 498
2 69.2% 5-6 14-16 618- 689
3 26.8% 6-8 17-18 523- 655
4 123 % 2-4 60-90 104- 160
5 17.4% 3-4 23-27 212-258
6 30.8% 4-6 17-19 489- 660
7 30.7% 5-6 20-22 568- 661
9 30.5% 4-6 17-18 391- 530
Total  29.0%-29.2%  35-47 3345-4121

CONCLUSIONS

In this paper, an approach for assigning additional buses to routes
of an existing network in the context of competition with other mass
transit services has been presented. The proposed approach allo-
cates additional buses based on maximum potential ridership attrac-
tion from competing services. The bus system in Beirut, Lebanon
was considered as a case study for incremental bus allocation using
the proposed approach. With jitneys and private buses representing
competing modes of mass transit in Beirut, a priority list was gen-
erated for the assignment of additional buses, which are expected to
become available soon. In addition to ridership attraction, cost-
recovery implications were considered. The adopted approach
clearly provided an improved allocation of buses. For instance, it
was found that 147 buses could be assigned to the network and oper-
ated at the same effective level of subsidy, as was the case in 1991
when only 42 buses were operational. However, the analysis indi-
cated that with a larger bus fleet, the introduction of new lines to the
existing network needs to be considered. Moreover, with a signifi-
cant improvement in the bus level of service, the potential attraction
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FIGURE 3 Systemwide cost recovery.
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of riders from the auto mode would become possible, a situation that
needs to be addressed. These two items, as well as the consideration
of possible response from jitney and private bus operators to public
bus fleet expansion, represent interesting avenues for further
research.
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