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a b s t r a c t

This study examines the transferability of a microsimulation framework to estimate the movements of
commercial vehicles in urban areas. We build on the pioneering efforts of Hunt and Stefan (2007) from
Calgary, Alberta by considering three types of movements: tour-based; fleet allocator; and internal/exter-
nal. Some sub-models from Calgary are transferred, while others are newly developed. The framework is
implemented and validated for the Greater Toronto and Hamilton Area (GTHA) as a case study. A list of
185,790 records of individual business establishments in the GTHA was acquired from InfoCanada to con-
duct the microsimulations. The achieved results are promising with favorable correlations between
observed and simulated commercial vehicle flows. We conclude that the modeling framework from Cal-
gary can be transferred and used to depict the travel patterns of commercial vehicle movements in other
urban areas. This can be beneficial when refined and costly data are unavailable to study urban commer-
cial vehicle movements.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Traffic analysis of various surface transportation modes is a fun-
damental component of urban planning. However, transportation
research efforts have tended to focus on passenger vehicle move-
ments (Hesse and Rodrigue, 2004; Rodrigue, 2006). Research in re-
cent years has revealed that the omission of Commercial Vehicles
(CVs) from transportation planning models can compromise their
predictive abilities (see: Waddell et al., 2002; Holguín-Veras and
Patil, 2007; Kanaroglou and Buliung, 2008). Stefan et al. (2005) re-
port that ‘‘an estimated 10–15% of urban vehicle trips are made for
commercial purposes.’’ They further note that CVs, particularly
large CVs, have a significantly greater impact on traffic congestion,
pollutant emissions, and road wear than personal vehicles.

This study is driven by the need for reliable hourly trip data
describing the movement of CVs in the Greater Toronto and Ham-
ilton Area (GTHA), Canada. The latter is the largest metropolitan re-
gion in Ontario and Canada. It is also among the most dynamic

areas in terms of CV movement in North America. As in the case
of passenger travel, the state of practice to handle CV movement
is to use a version of the conventional four-step approach. How-
ever, this approach has been widely criticized for its weakness to
capture the travel behavior of people and freight. The agent-based
micro-analytical approach has been proposed in recent years as an
alternative (Stefan et al., 2005; Hunt and Stefan, 2007). Using the
firm as the micro unit of analysis, the agent-based approach is be-
lieved to more accurately represent the travel behavior process and
as such is expected to produce more reliable results.

Motivated by these recent ideas, we introduce a practical ap-
proach to handle CV movements in the GTHA. In the proposed
framework, individual business establishments (firms) are used
as the unit of analysis to represent and simulate the commercial
vehicle movement activities associated with each firm. Both aggre-
gate and disaggregate travel demand modeling approaches are em-
ployed to estimate CV movements. These estimates are then
validated against real traffic flow data. Building on the pioneering
efforts of Hunt and Stefan (2007) for Calgary, we will concern our-
selves with commercial vehicle flows of three types: (1) tour-
based; (2) fleet allocator; and (3) internal/external. For the GTHA
implementation, some sub-models from Calgary are used as is or
slightly modified while other components are newly developed.

This work makes two distinct contributions: to the best of our
knowledge, this is the first attempt to implement and validate
the behavioral modeling framework of Hunt and Stefan for another
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urban area and certainly our efforts to create hourly Origin–Desti-
nation (O–D) trip matrices for the GTHA from micro-simulated CV
tour-based activities is a useful new addition. Secondly, the use of a
commercially available firm-level database to assist in the genera-
tion of CV movements is novel.

The remainder of this paper is organized as follows. Next, an ap-
praisal of the existing literature on modeling commercial vehicle
movement is provided to set the context for our work. Section three
provides an overview of the datasets employed in the analysis. It
also describes the implementation of the modeling framework.
Section four reports on the results from the microsimulations as
well as the validation work conducted to examine the simulated
results. A final section provides some concluding remarks.

2. Literature review

Relative to passenger transportation research, the CV move-
ment process has not been studied extensively (Joubert and
Axhausen, 2011; Rodrigue, 2006; Hesse and Rodrigue, 2004). As
in the case of passenger vehicle movement, there are aggregate
and disaggregate modeling approaches for handling CV travel.
However, the conventional four-step modeling approach is still
the commonly used method for developing freight models. Many
researchers believe that the four-step approach cannot adequately
capture the complexity of local and regional CV movements (see
for example: Hensher and Figliozzi, 2007; Southworth, 2002). An-
other caveat in the four-step approach is the lack of proper repre-
sentation of light commercial vehicles, which are especially
relevant in the intra-urban context. Meanwhile, the development
of disaggregate CV movement models is not very common
although such models received more attention in recent years.

While the application of aggregate techniques in freight model-
ing has its drawbacks, the benefits are lower data collection costs
and an overall reasonable compromise between modeling quality
and project expenses (Liedtke and Schepperle, 2004). The require-
ments of non-intensive data and simple historical trends are
important reasons for the use of such models (Pendyala et al.,
2000). One of the earliest freight modeling exercises was done by
Oum (1979) who introduced a family of aggregate models using
data from the Census of Transportation. To date, the four-step
framework is still used in many of the forecast tools developed
by the various US Departments of Transportation at the state level
(Cambridge Systematics Inc., 2008).

A four-step intermodal freight forecast framework was devel-
oped for the state of Ohio (Ohio Department of Transportation,
2010) to assess current and future freight movements on the major
regional corridors. Similarly, aggregate freight models were devel-
oped for other states including: Virginia (Brogan et al., 2001), Wis-
consin (Proussaloglou et al., 2007), Mississippi (Zhang et al., 2003),
Texas, Pennsylvania, Iowa, Oregon, Alabama (Cambridge Systemat-
ics Inc., 1997) and Indiana (Black, 2006). A technique used in the
first stage of modeling is Origin-Destination (OD) matrix expan-
sion, where OD matrices based on traffic counts or surveys are
scaled for future years (see: Cambridge Systematics Inc., 1997;
Holguín-Veras and Patil, 2007). However, OD expansion techniques
have been criticized for being policy insensitive, as well as for fail-
ing to capture ‘small’ commercial vehicles, such as those used for
services and deliveries.

Our review of the literature suggests two types of disaggregate
freight models: inventory and behavioral. The inventory method
has a longer history than the behavioral approach. In one of its
earliest applications, Baumol and Vinod (1970) investigated the
optimal mode choice for faster and more reliable freight service.
Typically, shipment size and mode choice decisions are endoge-
nously treated in the inventory approach (Pendyala et al., 2000).

Other studies utilizing the inventory approach include Abdelwa-
hab and Sargious (1992), Nam (1997), Catalani (2001), Norojono
and Young (2003) and Patterson et al. (2008).

On the behavioral side, many researchers have emphasized the
need for a better understanding of the decision-making process in
a freight model via an ‘‘actor-based’’ micro-level model (Liedtke
and Schepperle, 2004). Here, simulation-based models might bet-
ter account for the interactions among the decision makers (for
example: firms, suppliers, shippers and carriers) and could be inte-
grated with passenger microsimulation models (Wisetjindawat
et al., 2005). One of the early commodity-based freight microsim-
ulation was GoodTrip (Wisetjindawat and Sano, 2003). Hunt and
Stefan (2007) were pioneers in introducing an agent-based com-
mercial vehicle microsimulation model. The latter was developed
for the Calgary region in Canada, based on information from
roughly 37,000 tours and 185,000 trips (see also Stefan et al.,
2005).

A notable, though less widely used, behavioral method for mod-
eling freight movements is the spatially disaggregate input–output
framework. This economic-based approach makes use of an esti-
mated technical coefficient matrix that summarizes the relation-
ship and linkages between the different sectors of an economy.
In such an approach, traffic analysis zones are treated as regions
with markets that interact with other markets to deliver or acquire
goods and services. Consequently, ideas and concepts related to
multiregional input–output (MRIO) modeling have been employed
to model trade flows between traffic analysis zones. This approach
is also known in the literature as the RUBMRIO model, short for the
Random Based Utility MRIO model. Within the RUBMRIO model,
firms acquire their inputs (goods) from origins that are more
advantageous in terms of the price of the acquired good and the
cost for transporting the goods. Typically, firms will choose mar-
kets (destinations) that provide lower prices and transportation
cost (Maoh et al., 2008). Despite its conceptual profoundness, a
major drawback of the input–output approach is the need for de-
tailed and spatially disaggregate technical coefficient data that
are usually lacking. A recent example of a microsimulation model
which uses the spatially disaggregate input–output approach is
the PEACS model developed by Hunt and Abraham (2005).

The Oregon Department of Transportation developed a Trans-
portation and Land Use Model Integration Program (TLUMIP).
Other than the commercial travel model component (Donnelly,
2007), this program integrated passenger and road freight to sim-
ulate micro-level truck movements more effectively. Kumar and
Kockleman (2008) proposed a conceptual freight modeling frame-
work for simulating firm entry, exit, evolution, and location in
Texas. They used employment point data and some aggregate sta-
tistics for the local businesses to enhance their modeling frame-
work. Recently, Samimi et al. (2010) introduced and developed
FAME (Freight Activity Microsimulation Estimator) which is a
behavioral freight movement model. The authors utilized a cost-
effective online establishment survey that was completed by a
sample of establishments.

Unlike passenger trips, a considerable portion of freight trips,
particularly intra-urban, are not simple trips starting from an ori-
gin and ending at a destination (Rodrigue, 2006). Instead, once they
are initiated, they are structured in a tour with multiple destina-
tions in a trip chaining convention (Holguín-Veras and Patil,
2005; and Holguín-Veras and Thorson, 1999; Figliozzi, 2010).
One of the unique research attempts to study properties of urban
tours was performed by Figliozzi (2006). Tours are classified in Fig-
liozzi’s research according to the commercial activity that gener-
ates the tour and the routing constraints set by the carriers. Due
to the significant importance of tour chaining in goods movement,
it has become an inevitable requirement of freight surveys to ac-
quire information about the tour behaviors to capture the complex
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