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Abstract In recent years, many governmental agencies and private companies came to a growing realization of the need
for accurate forecasting freight volumes as part of the travel demand forecasting process. Freight demand forecasting is a
complex process and has not been explored in the same degree as travel demand forecasting for passenger vehicles. The
purpose of this paper is to provide a review and synthesis of available freight demand forecasting models to assist
stakeholders in their efforts to incorporate such models into the transportation planning process. The paper examines and
contrasts traditional freight demand forecasting models and as well as more recently proposed tour-based models, and
discusses model features, advantages, limitations, and suitability for application.
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1. Introduction

In the US, 117.5 million households, 7.4 million business
establishments, and 89,500 governmental units are part of an
enormous economy that demands the efficient movement of
freight [1]. The freight transportation system comprises five
basic transportation modes, namely, highway, rail, water, air
and pipelines. Goods are shipped either by a single mode or a
combination of modes.

According to the 2012 Commodity Flow Survey (CFS),
produced by the US Bureau of the Census, over 11 billion
tons of commodities valued at greater than $13 trillion are
shipped annually over the nation’s freight transportation
system in the United States [1]. In 2012, based on value and
tonnage, trucking was the dominant mode used to transport
freight in the United States, handling roughly 70% of the
nation’s freight movements [1]. With the heavy reliance on
trucks for freight transportation, the need to consider their
impacts on the roadway system performance becomes of
paramount importance. This, in turn, creates a need to
consider freight transportation as part of the transportation
planning process to ensure that the roadway network does
not impose any limitations in freight mobility and vice versa.

To assist in the transportation planning process, efficient
and reliable freight demand forecasting models are required
to predict short- and long-term freight demand, freight’s
impact on transportation network operations and the
interaction between truck and passenger vehicle travel. This
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research paper reviews freight transportation forecasting
modeling approaches focusing on input needs and
requirements, key assumptions and processes, expected
outputs, and suitability for application. The modeling
approaches include traditional freight forecasting models
and recently proposed tour-based models. This paper
provides researchers and practitioners with knowledge to
better understand capabilities and limitations of freight
forecasting modeling options and assists them in their efforts
toward selecting the best model for adoption.

2. Frei%ht Forecasting Modeling Issues
and Challenges

As freight demand continues to grow, transportation
planners and operators face greater pressure to develop
improved approaches for tracking and analyzing commodity
flows [4]. Several research studies confirm that the
development of freight forecasting methods still lags behind
the development of passenger transportation forecasting, as
far as both theoretical and simulation modeling analyses are
concerned [2, 3, 6, 8,9, 12, 16, 19, 23, 24, 26, 29].

One difficulty in forecasting freight demand relates to the
numerous parties involved in the shipping process and the
large variety of commodities that are moved by the available
transportation modes. The lack of a standardized freight
modeling framework and the inherent limitations of freight
disaggregated data availability have hindered the
development and use of freight forecasting models [2]. In
addition, the existence of a wide array of metrics used to
quantify freight traffic such as freight trips, tonnage, volume,
mode, value schedule and tours adds to the complexity of
accurately capturing the impact of policy decisions on travel
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times, reliability and costs [3].

3. Freight Demand Modeling
Approaches

3.1. Traditional Freight Demand Forecasting Models

In 2008, the National Cooperative Highway Research
Program (NCHRP) published a comprehensive review of
traditional freight demand forecasting models used in
practice in the US [4]. According to the NCHRP report, five
approaches are most commonly employed in freight demand
forecasting and are classified from A to E as follows [4]:

Class A: Direct facility flow factoring method,
Class B: O-D factoring method

Class C: Truck model

Class D: Four-step commodity model, and
Class E: Economic activity model.

More specifically, Class A (Direct facility flow factoring
method) involves estimating a growth factor from current
and past truck count data and applying the growth factor to
observed truck traffic volumes. This method is mostly used
for the short-term forecast of freight truck flows to determine
link-by-link volumes [4, 5].

Class B (O-D factoring method) is similar to Class A
except that the growth factors are being applied to the base
year Origin—Destination (O-D) trip table [6].

In Class C (Truck model) aggregate truck trips are
generated separately for internal trips between zones (I-I)
and external trips between internal and external zones (E-I,
I-E, and E-E). The truck types often considered in truck
models are broadly classified into light, medium, and heavy
trucks based on gross vehicle weight ratings. The Class C
model uses the traditional trip distribution and traffic
assignment method to assign the truck trips to the network
links [4]. Truck models cannot analyze shifts between modes
since, by definition, they comprise only the truck freight
mode. They are usually part of a comprehensive model
which estimates both passenger and goods transportation and
consequently use a simultaneous assignment of truck trips
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with vehicle trips.

Class D (Four-step commodity model) is a
commodity-based version of the Class C vehicle-based
model. The model develops forecasts of commodity flow
and converts the commodity truck flow into daily freight
truck trips as part of the modeling process [2]. This method
has been used as a statewide freight model framework by
several states such as Texas, Wisconsin, Florida, Iowa, and
Pennsylvania [4, 5]. The principal shortcoming of this
approach is the limited detail regarding local pickup and
delivery trips and service trips which are generally not
captured in the commodity flow data sets or service trips [6].
Therefore, truck tours or trip chains are overlooked in the
traditional four-step commodity modeling approach [7].

Class E (Economic activity model) is a model with two
key elements that work together: i.e., an economic/land use
model and a freight transportation demand model [5]. Hence,
it is crucial to grasp the interrelationships between the land
use, economic factors, and freight transportation in order to
develop robust models to accurately perform freight flows
estimation using economic activity models [1].

Table 1 summarizes the five basic model classes (A
through E) and six modeling components. The model classes
share many basic components [4]. It should be noted that the
literature review suggests that no model in classes A to E
alone is capable of addressing all freight policy and
analytical needs [4, 5]. Also, the models pay little attention to
truck types, trip patterns, trip lengths, or comparisons with
truck counts (which are very difficult to obtain).

A 2000 study by Holguin-Veras and Thorson presented
two major modeling frameworks for freight modeling,
namely the trip-based modeling and commodity-based
modeling [16, 17]. An advantage of trip based-models is
requiring minimal amounts of data that are readily available
through routine traffic counts and freight surveys. The
commodity-based models, on the other hand, measure freight
amounts by weight, thus more accurately capturing the
fundamental economic mechanisms that drive freight
movements. Figure 1 shows a comparison of Trip-based and
Commodity-based frameworks [17].

Table 1. Freight Model Classes and Components

Model Component
Model
Class Direct . . Trip . Traffic Economic/Land
Factoring Trip Generation Distribution Mode Split Assignment Use Modeling
Facility flows _ _ _ _
B O-D tables _ Included Included _
Based on exoge-niously )
C . o Included Not Applicable Included
- supplied zonal activity -
Based on exoge-nously
D B . . Included Included Included B
supplied zonal activity
Based on outputs
E _ . Included Included Included Included
of economic model
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Trip-based Model
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Commodity-based Model

Trip Generation Commodity Generation

\4

A

y
y

A
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Vehicle Trip Estimation
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(Modified from Holguin-Veras and Thorson, 2000; and Jansuwan et al., 2014)
Figure 1. Trip-based and Commodity-based Models

Table 2. Freight Model Classes

Freight Models in US Freight Models in Europe

Class Chow et al., 2010 [5] Fischer et al., 2005 [6] de Jong et al., 2004 [7]

A Direct Facility Flow Factoring Methods | Link-level factoring Trend and Time Series

B O-D Factoring Method Factored Truck Trip Tables Trend and Time Series

C Truck Models “3-Step” Truck Models Zonal Trip Rate

D “4-Step” Commodity Models Commodity-based Freight Models 1/O related models

E Economic Activity Models _ System Dynamics Models

F Logistics Models Supply Chain/Logistics Chain Models _

G Truck Touring Models Tour-based Models _

3.2. Advanced Freight Demand Forecasting Models

The two primary types of freight models commonly used
in practice (i.e., vehicle-based or commodity-based) suffer
from major limitations. Vehicle-based models fail to model
the underlying economic behaviors from which the demand
is actually derived; while commodity-based models fail to
realistically account for vehicle activities, especially in urban
settings, for which evaluation and impact assessment are
most crucial [2, 5].

To address some of these limitations, in the recent years,
advanced freight demand forecasting models have been
proposed, trending towards more disaggregate models that
incorporate supply chain procedures or truck touring aspects.
As Fischer et al. concluded, two additional classifications
should be considered, namely Logistics Chain Models (Class
F) and Vehicle Touring Models (Class G). These new

classifications result from the need to improve on the
sensitivity of models in the economics of commodities for
policy making (Class F) and more realistically capture the
movements of vehicles (trucks) for impact assessments
(Class G) [6]. Table 2 summarizes all models considered
with respect to classifications discussed in various studies
[3,5,6,7].

In general, Class F (logistics chain models) allow the use
of intermediate stops to represent distribution channels [3, 5,
6, 7, 27]. The literature review confirms that there are
various benefits of using logistics models. Most importantly,
using commodity flow information to establish the total
amount and type of goods that needs to be shipped helps us
to better understand how freight moves through a logistics
chain [6]. The literature review also highlights some
drawbacks related to Class F models. For example, logistics
chain models fail to accurately process mixed shipments of
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goods, which frequently occur in local pickup and delivery
movements, when many industries and commodities become
intermingled, and cannot properly capture service truck
activity [3].

Traditional freight forecasting models estimate
independent trips between pairs of origins and destinations
(O-D) based on corresponding zonal attributes and
impedances and thus, are unable to capture chaining trip
behavior. Tour-based models (Class G) address this
limitation by considering tours (instead of trips) as the unit of
movement being modeled and capturing the interrelated
chaining of truck trips forming a complete single tour [5, 6].
Input data requirements for tour-based models include
household travel and activity data, spatial data in terms of
land use, population and household demographics, and
employment [9, 12, 15]. The literature review confirms that
vehicle/truck tours can be either modeled at the individual
truck level using disaggregate tour models, or through
aggregate models estimating total flow along possible tours
[5, 6, 10]. Moreover, recent studies provide evidence that
tour-based models help forecast movements of mixed
commodities more efficiently than logistics chain models
due to the lack of data describing financial transactions
between producers and consumers. Economic data are
ultimately used to generate control totals, but they do not
generate specific truck trips or flows of goods [5, 6].

Table 3. Appropriate Modeling Techniques by Industry Type [6]

. . NAICS Modeling
NAICS Commodity Description Code Framework
Agriculture, Forestry, and Fishing 11 Logistics Chain
Mining, Oil and Gas Extraction 21 Logistics Chain
Construction 23 Tour-based
Textiles, Apparel, ar}d Leather 313316 Tour-based
Product Manufacturing
Wood, Paper, and Printing Products | 321-323 Tour-based
Petroleum, Coal, and Basic . .
Chemical Products Manufacturing 324-325 Logistics Chain
Plastics and- Rubber Products 16 Tour-based
Manufacturing
Glass and qlass Product 3272 Tour-based
Manufacturing
Metal and Machinery 331-333 Tour-based
Manufacturing
Comp}lter, Ele.ctromcs, and 334-335 Tour-based
Electrical Equipment
Transportatl'on Equipment 336 Tour-based
Manufacturing
Furniture an-d Related Product 337 Tour-based
Manufacturing
Miscellaneous Manufacturing 339 Tour-based
Retail Trade 44-45 Tour-based
Services 51-92 Tour-based
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Table 3 provides a comprehensive list of commodities that
would benefit from the tour-based modeling approach using
the North American Industrial Classification System
(NAICS) [6].

Truck Flows
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Figure 2. Freight Forecasting Framework in Chicago (Adopted from
Outwater et al., 2012)

The comprehensive literature review conducted in this
paper suggests that, until recently, most of the work on truck
tour-based models was conducted in a research setting [8, 9,
11, 13, 14, 15]. The limited implementation of tour-based
modeling has been linked to the difficulty of obtaining the
detailed data necessary to develop the models. To address
this problem, Gliebe et al. used an establishment survey to
develop a commercial tour model as part of the Ohio
statewide travel model [11]. Hunt and Stefan applied a
random utility discrete choice model to a truck tour model
using a truck diary flow survey of over 3,100 business
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establishments in the Calgary region [12]. Ruan et al. [13]
used Texas regional commercial vehicle survey data to
develop a truck trip chaining model for Texas and Outwater
et al. developed a tour-based and logistics supply chain
model for the Chicago area [14]. Figure 2 depicts the freight
forecasting framework applied in the Outwater et al. study.

In a recently released study, Cambridge Systematics, Inc.
used truck Global Positioning Systems (GPS) data to
construct a tour-based truck model for the Maricopa
Association of Governments region in Phoenix, Arizona [10].
The study concluded that the development and
implementation of a tour-based truck model produced some
discernment into truck movement patterns which could not
have been performed using a traditional trip-based modeling
framework [10].

Overall, the published literature on the application of
tour-based models (Class G) suggests that such models are

23

more realistic than traditional freight demand forecasting
models and best suited for impact assessment and
vehicle-based policy studies, such as pricing strategies and
restricted lanes [5, 6, 7, 10, 12, 14, 19, 22, 28].

4. Discussion

This paper summarized a variety of freight modeling
techniques based on available literature sources. Seven
classes of models were introduced (Class A through G),
ranging from traditional direct modeling approaches to
recently developed tour-based models. Earlier sections
provided a summary of main features of such models along
with related references whereas Table 4 illustrates the
associated inputs and outputs.

Table 4. Freight Model Characteristics by Input/Output

Output
Commodity Truck
Mode Choice | Supply Chain Truck Route Flows
O-D O-D
Input
Socioeconomic data Class D, E Class D, E, F Class F Class B,C,D,E,F | Class A,B,C,D,E,G
Land use data Class E Class F Class F Class E Class E, G
Transport supply/demand Class D, E Class D, E, F Class F Class C,D, E, F Class A,B,C,D,E, G
Commodity flow data Class D Class D, F Class F Class D, F Class D, G
Truck O-D Class B Class B, C, G
Shipment characteristics Class F Class F Class F
Trans-shipment Point data Class F Class F Class F
Logistics costs Class F Class F Class F Class G
Vehicle tour characteristics Class G
Trip-based » Commodity- based
£ 2 Class B
g € Class A
c
w ©
S o
- =]
Class C Class D S
o
~
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Figure 3. Freight Forecasting Models Metrics
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Jansuwan et al. considered two major modeling
frameworks and application horizons [16]. According to the
findings and as shown in Figure 3, the tour-based model
(Class G) with maximum data requirement is more
appropriate for operational application. The Classes A and B
are suitable for planning application with minimum data
requirement for model development [16].

More specifically, link-based factoring models (Class A)
are appropriate to estimate of freight volumes on
transportation system links, but entail many assumptions and
have limited applicability. Data acquisition for
Origin-Destination factoring models (Class B) is often a
burden for implementation. Truck models (Class C) are
limited to the freight truck mode, which may depict all
commodities flows, but is unable to analyze shifts between
modes. The four-step commodity models (Class D) are able
to perform impacts analyses from changes in employment,
trip patterns, and network infrastructure, however, they do
not explain the interaction between industries. Economic
activity models (Class E) employ a land use/economic model
to estimate zonal employment or economic activity before
the trip generation process but do not change those forecasts
to account for the performance of transportation facilities.
Logistics/supply chain models (Class F) can forecast
household and economic activity across the county-level
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zones based on basic supply, demand, and cost relationships.
However, such models are not readily available for use in a
metropolitan setting as they cannot forecast network level
flows. Tour-based models (Class G) can capture the
interrelated chaining of truck trips forming a complete single
tour; however, because a standard framework for such
models does not yet exist, each model is highly customized,
which increases the development effort and associated cost.

The investigation of freight models in this research reveals
that the most recent models, namely logistics chain (Class F)
and tour-based models (Class G), hold greater promise in
addressing current and future freight forecasting needs as
they have the benefits of addressing limitations of the
previously developed models. This conclusion is also
supported by a survey of state transportation departments
conducted by the authors of the National Cooperative
Highway Research Program Toolkit in order to identify the
needs for freight forecasting tools [4, 5].

Table 5 lists state transportation agencies’ needs and
priorities and the ability of the various freight demand
forecasting models to meet such needs. As shown in Table 5,
logistics/supply chain models and tour-based models are
capable of covering several gaps in the state-of-practice
models which are revealed in NCHRP 606 in terms of the
policy and analytical needs [4, 5].

Table 5. State Needs versus Freight Model Classes (Adopted from Chow et al., 2010)

Type of Freight Model and Class
(A through G)
Facility O-D 4-step Economic- Logistic/ | Tour-based/
Truck . Supply Truck
Flow Factor Commodity Based . .
Factor Models Models Models Models Chain Touring
Models Models
Class
A B C D E F G
Needs
1 State transportation planning B P P P P P P
) Project prioritization, (STIP) P S P P P P P
development
3 Modal diversion analysis _ S _ P P P B
4 Pavement, bridge, and safety P S P P P P P
management
5 Policy and economic studies B B B B B P
6 Needs analysis P S P P P P
7 Commodity flow analysis _ P _ P P P
8 Rail planning _ S _ P P P B
9 Trade corridor and border planning B B B -~ _ S B
Operations, safety, security, truck size
10 L P
and weight issues - - - - -
11 Project development or design needs P S S P
12 | Terminal access planning _ _
13 Truck flow analysis and forecasting B P P P
14 Performance measurement/program
evaluation - - - - - - -
15 Bottleneck analysis B B S S S S P

(P primary, S secondary)
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Table 6. Freight Models Advantages and Disadvantages

Class Model Disadvantages Advantages
A Direct facility factoring No supply/demand, Not network based Multi-variable; Corridor and mode specific
Local & state data are proprietary or . .
. . . p‘ P Y . Available national data; Adaptable to state & local scales;
B O-D factoring estimated; Not directly integrated with . . .
. Multimodal commodity flows; Relatively low cost
economic census
High data collection or purchase cost; Lon Predictive model; Multimodal commodity flows;
C Three-step truck model & . pu J 1ty w ¥ How
development time Detailed level of analysis
D Four-step method Same as model class C Same as model class C
. . . . Economic & land use data; forecasts integrated with the
. .. Linear relationships between economic
E Economic activity model .. . three- or four-step methods; Uses data from local, state &
activity & freight flow .
national sources
Significant data requirements from Improves the sensitivity to economics of commodities for
F Logistic chain model different sources which are difficult to policymaking; Involves details on the movements of raw
acquire goods and finished products
Significant data requirements such as truck | Similar to the model F; Captured movements of vehicles
load data, intermodal facilities, firm and decisions of carriers more realistically; May allow
G Tour-based model . . A . . .
shipment sizes and distributions, and truck | truck tour-based microsimulation to more accurately
activity diaries forecast truck movements at local level

In general, the literature reviews revealed obvious pros
and cons associated with each model class that need to be
carefully considered prior to selection of a model for
implementation. To facilitate these comparisons, Table 6
summarizes the advantages and disadvantages of the seven
classes of freight models explored in this paper.

It should be also noted that the synthesis provided in this
paper is comprehensive but not all-inclusive. Several other
freight demand forecasting models have been proposed,
however, have not been implemented due to either the
extensive requirements for data inputs that are not readily
available of the lack of interest from decision makers. The
value of the paper is to serve as a convenient reference
source that would, in turn, enable researchers and
practitioners to better understand capabilities and limitations
of existing freight forecasting modeling options and assist
them in their efforts toward selecting the best model for
adoption.

5. Conclusions

Understanding the opportunities and challenges associated
with freight demand modeling is an issue of great importance
in transportation planning. The selection of a suitable model

for forecasting freight traffic demand is also of major interest.

The paper provides a systematic review and synthesis of the
state-of-the-practice in freight demand forecasting models in
order to guide the selection and adoption of such models into
the transportation planning process.

The review of freight modeling techniques reveals that
there is no single model which is able to meet all of the
objectives. By incorporating features from several of the
existing modeling frameworks it would be possible to design
a freight modeling framework suitable for addressing public
and private sectors’ needs. Although the tour-based models
hold the greatest promise among the models explored in this

study for future refinement and implementation, the model
developments requires more detailed input data as well as
more budget. Research efforts are currently being devoted
to the development of such models and the data bases needed
to develop and support them. However, the state of the art
in true goods movement modelling is not yet sufficiently
developed to the point where it is easily adoptable by most
urban travel forecasters.
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