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ABSTRACT

Urban freight planning is more complex than urban passenger transport in many respects. The complexity
of the planning process arises from the fact that (i) movement of freight in an urban area is part of a
logistics chain for diverse goods moved from points of production via warehouses and distribution centers
to final destination, which might be another industry or end user; (ii) commodities categorized as urban
freight are very broad and can be subdivided into diverse groups; and (iii) each group of these
commodities has its own set of supply chain models. This study aims to present a holistic view on the
importance of incorporating a logistics aspect into the freight model process. The flow of categories of
commodities is incorporated in the urban freight planning process to improve the decision making process
of the individual firm or firm group to determine shipment size, consolidation and distribution center, and
mode of transport. An agricultural freight analysis case study is given to illustrate the potential of the
method for integrating supply chain models in freight planning.
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EXECUTIVE SUMMARY

Freight planning has been relying on the methodology of passenger travel demand forecasting, thereby
not being able to capture the intricacies of freight flow in urban areas. The purpose of the study is to
provide a freight-modeling framework in order to implement the supply chain model in urban freight.

Traditional freight models from Europe and North America were reviewed. In addition, logistics
methodologies are explored to capture the movement of the commodities in different ways to model
freight movements such as aggregate-disaggregate, input-output, matrix estimation, and artificial neural
network methods. Using disaggregate-aggregate-disaggregate (ADA), this study demonstrates the
framework of urban freight modeling in the agricultural industry in Fargo-Moorhead.

From the study, we found that using the employment ratio has some issues for service companies. The

service companies with high employment skew the data with high amounts of kiloton freight. However,
the agriculture, manufacturing, and warehouse industries show accuracy.

Vi



1. INTRODUCTION

Urban freight planning is far more complex than urban passenger transport. The complexity of the
planning process arises from the fact that movement of freight in the urban area is a part of a logistics
chain; the chain moves diverse goods from the point of production via a warehouse and distribution center
to the final destination, which might be another industry or end-users. Some of these freight movements
comprised full truck load (TL) deliveries, while others are less than truck load (LTL) pick up and
deliveries at different locations.

Commodities categorized as urban freight are broad and can be subdivided into diverse groups, and each
group of commodities has its own set of supply chain models. An approach to solve this problem would
be to model the flow of these groups of commodities separately. Some broad categories of these
commodities are building and construction materials, food and consumer goods, industrial inputs, and
waste products. The product grouping and supply chain pattern will also determine the truck type used for
delivery of goods for these product groups. The vehicle used in urban freight movement can be
categorized based on the market sector in which it operates; examples are courier, general carrier,
specialist commodities, over-sized carriers, and external carriers. This approach of disaggregating
commodities in separate groups necessitates availability of data for the individual groups, hence
conducting time-consuming surveys of shippers and carriers.

The modeling steps for urban freight are similar to those of passenger vehicle trips, but certain
considerations must be taken during the modeling process. Zones used for urban freight modeling may or
may not be the same as those of passenger vehicle trip models. There might be special generators like
ports, rail terminals, intermodal terminals, truck depots, and distribution centers. The network used in a
freight model might be the same as a passenger vehicle trip, but the movement of freight might be
restricted on certain routes only.

Many of the existing freight models lack the supply chain management practiced by the private sector to
optimize the total cost, starting from inventory storage, to selection of distribution center, model and
timing of delivery, and the size of package to be delivered. The transportation of freight, which is a part of
the supply chain process, cannot be studied in isolation. Based on the commodity group supply chain
model, a model can be built to optimize the total cost composed of logistics cost and other service-related
costs. The logistics cost encompasses transportation, warehouse, order entry, administration, and
inventory carrying cost. Service-related costs include opportunity cost and loss of perishable goods, etc.
The supply chain model introduces the distribution legs in the production-consumption matrix. Flow of
goods from the producer to the warehouse and distribution center minimizes the total logistics cost and
introduces the distribution legs.

The use of supply chain models in freight modeling has been gaining greater momentum. In the past, the
use of models to analyze and map the movement of freight was limited to the transportation and not the
supply chain. The F-M business survey done in 2002 had data from companies in northwestern Minnesota
and North Dakota. The researchers then chose only the companies from Fargo, N.D., and Moorhead,
Minn., to focus the scope of the project, as they were the cities of interest. The goal of the study was to
identify the overall logistics of the industries in the area of interest. The study uses the North American
Industry Classification System (NAICS) codes as the link to all the data, as that was given by the
Fargo-Moorhead company survey dataset. The NAICS codes were used to hold as a constant through the
various datasets. A previous study had used Standard Classification of Transported Goods (SCTG)
commodity class codes to arrange its datasets (Mitra and Tolliver 2002).



1.1  Objective of Study

Freight planning had been relying on the methodology of passenger travel demand forecasting. Such
methodology is not able to capture the intricacies of freight flow, which are based on the optimization of
the supply chain model for individual industries. In order to implement the supply chain model there is a
need to develop a much higher resolution database of production, attraction, distribution and storage
location of individual commodities or commodity groups. The supply chain model not only determines
the origin, destination, and intermediaries, but it also identifies the mode of transport and truck types
most suitable for moving freight; though, in urban freight, mode choice is not a significant issue since the
majority of freight moves in trucks. The objective of this project is to advance state-of-the art
methodology of urban freight planning by incorporating a supply chain model in it. An aggregate-
disaggregate-aggregate (ADA) model will be used in this research. The steps used in the modeling
process are:
o Disaggregating the production—consumption matrix to individual firms or group of firms
producing certain commodities.
o Incorporate logistics decision of the individual firm or firm group to determine shipment size,
consolidation and distribution center, mode of transport.
o Aggregate individual firm’s information to develop an origin-destination matrix representing the
actual freight flow.
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Figure 1.1 Supply chain data disaggregation.



1.1.1 Contributions/potential applications of research

(1) Seek improvement in urban transportation planning. (2) Justify infrastructure investment for highway
expansion. (3) Identify intermodal locations to reduce truck traffic. (4) Study sensitivity of fuel price and
highway cost on mode choice.

1.1.2 Potential technology transfer benefits

The project will produce several tangible benefits for researchers and transportation practitioners,
including (1) improvement in freight modeling technique, (2) freight demand modeling to support to
public-sector decision making, and (3) public-private partnership to exchange information and improve
highway performance.

1.2 Background and Research Needs

Before freight transport modeling became an intrinsic part of the transport modeling process, passenger
transport had always been considered the principal factor underlying the transport modeling endeavor
(e.g., passenger transport had been considered the most significant cause of congestion). The increase in
popularity of freight modeling may be attributed to the increase in population growth and the subsequent
rise in demand for freight. This rise in the demand for freight has rapidly changed the pattern of freight
movement. In the context of the United States, a steady increase in population growth and vigorous
economic activity has led to a steep increase in freight movement in the transportation system (Yang et
al., 2009). A typical example is presented by the Federal Highway Administration (FHWA), which
estimated that domestic freight volumes will grow by more than 65%, witnessing an increase from 13.5
billion tons in 1998 to 22.5 billion tons in 2020 (FHWA-USDOT 2007).

With the anticipated increase in freight movement, possible congestion issues in the present, which could
be compounded in the future, and the need for transportation infrastructure enhancement and
improvement, there is a need for transportation planners to develop effective freight models. Freight
modeling has undergone major developments and transformation since its inception to suit the dynamic
nature of transport modeling. A significant amount of knowledge has been added over time, aimed at
connecting the various stages of the freight transport network, including production and consumption,
trade (sales and sourcing), logistics, transport, and network services (Tavasszy 2006). Although the four
traditional stages in passenger transport modeling have been linked to research and studies in freight
modeling, it is a generally observed that a significant number of freight models, regional or national, fail
to incorporate real-life logistics aspects (e.g., distribution centers) into their framework (Jong et al. 2005).

Presently, freight transportation is a contributing factor to congestion and the need for transport
infrastructure extension; hence, transportation policy makers are increasingly placing emphasis on
logistics as the linkage between the economy and transport systems (Friedrich and Liedtke 2009). Freight
logistic models aim to explicitly depict the spatial, logistical reactions of firms on transport policies with
implications on spatial development and planning, as well as trade-off implications between
transportation and inventory costs (Ostlund et al. 2002).

Considering the economic growth witnessed in recent years, it is unreasonable to model future freight
demand in a satisfactory manner without incorporating logistics aspects, such as taking into account the
supply chains of the distribution system, including distribution centers (Jin et al. 2005). This paper aims
to present a holistic view on the importance of incorporating logistics aspects into the freight modeling
process. This will be done by reviewing some already existing freight logistics models in Europe and the
United States.



1.3 Linkage between Logistics, Economic Activity and the Transportation
System

Recently there has been increasing attention given to logistics in freight modeling, as can be seen with an
increasing number of freight models developed in Europe and the United States, with newly developed
models stressing the need to incorporate logistics aspects in freight modeling (Friedrich and Liedtke
2009). Drawing their conclusion from Mannheim (1979), who proposed logistics as the link between
economic activity and transport systems, Friedrich and Liedtke (2009) emphasized that the “new”
perception of logistics in transport and the broad economic policy framework is not unexpected. As
discussed by Friedrich and Liedtke (2009), most microeconomic decisions have an effect on vehicle flows
on the transportation infrastructures, with levels of choices in the economic activity system leading to
passenger and freight transportation. Manheim (1979) further proposed that the first three levels in the
choice level connecting economic activity and transportation are entirely related to economic and non-
logistics activity; the fourth level involves logistics considerations, whereas the last five levels are purely
logistics choices (e.g., warehouse location and reloading points). Though these choices are placed in
different levels, practical application most often involves combinations of different choice levels. The
logistics levels are more often not reflected in transport modeling. Further, it is generally acknowledged
by transport modelers that there is a gap between micro level models of logistics and aggregate transport
modeling systems. This gap is due to the difficulties involved in modeling the behavior of the macro-
logistics system based on individual decisions, since aggregation is practically impossible, and the
impracticality involved with disaggregation of aggregate freight flows into a set of meaningful
homogenous decision-making groups (Liedtke 2006).
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2. LITERATURE REVIEW OF FREIGHT LOGISTICS MODELS

2.1 Chronological Development of Freight Logistics Models

The earliest reference to freight logistic models described a more elaborate spatial depiction of logistic
processes (Bergman 1987). Compared with passenger transportation modeling, the domain of freight
modeling is relatively in its infancy and developing rapidly in different ways all over the world (Tavasszy
2006). Tavasszy (2006) emphasized that the integration of logistic aspects in freight models can be traced
to the Netherlands in the first half of the 1990s and that it has taken more than a decade for these or
related models to begin to gain recognition. A greater majority of freight models now in development or
being utilized are found in Europe (e.qg., out of five logistic models under development presently in the
world, four are based in Europe, with the most recent one from the United States). Tavasszy (2006) also
indicated that because the development in freight logistics in general can be directly linked to local
priorities in freight policy it is natural to think that freight modeling has taken different directions in
different countries and continents. For example, freight modeling development in Europe has taken a
different course relative to that of the United States. Figure 2.1 traces a simple development process
leading to the inception of freight logistics modeling.

Increase Freight Demand
< =
Rise in Congestion
<=
Freight Modeling

< &
Freight Logistics Modeling

Figure 2.1 Likely rationale behind the evolution of freight logistics modeling.

2.2  European Freight Models

Traditionally, most freight models were developed in Europe, probably due to the interconnectivity of
European nations and the need to accurately portray the rising freight costs associated with shipping
freight within and across national borders. Some prominent and widely used freight models will be briefly
discussed and later more emphasis will be placed on their mathematical formulations.

221 SAMGODS

SAMGODS was developed by the Swedish Institute for Transport and Communications Analysis
(SITKA) in 2001. The Aggregate-Disaggregate-Aggregate (ADA) is a model that was proposed for
Norway and Sweden after an evaluation of the freight transport models in both countries, NEMO and
SAMGODS, respectively, which found the need for inclusion of logistics aspects (e.g., distribution
centers) in both models for an effective freight modeling process (Jong et al. 2005).
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2.2.2 SMILE

Originally initiated in 1998 in the Netherlands, SMILE (Strategic Model for Integrated Logistics and
Evaluations) was the first aggregate freight model developed to evaluate the routing of freight flows via
distribution centers using discrete choice modeling (Tavasszy et al. 1998). SMILE is applied as a model
on a national scale with the principal objective of modeling future freight flows on the transport network
by precisely modeling supply path choices for aggregate flows between regions (Friedrich and Liedtke
2009). The supply path choice is analyzed jointly with mode choice based on logistics costs and
warehouse costs. Another model similar to SMILE is SLAM (Spatial Logistics Appended Module),
which is a European level transport model describing supply path choices similar to that in SMILE.

2.2.3 GOODTRIP

The GOODTRIP model closely followed the development of the SMILE model and has the potential to
determine the costs, performance, and impacts of long-term transportation policy making and
implementation (Tavasszy 2006). It was initially conceived to assess the general logistical performance
and environmental impacts of alternative policy measures, but later narrowed to the food, retail, and
bookstore sector because of potentially huge differences in distribution structure and consumer behavior
(Boerkamps and Binsbergen 1999). As a disaggregate model aimed at evaluating changes in consumption
supply chain organization, consumption and distribution patterns, delivery requirements, mode choices,
and environmental impacts, the GOODTRIP model is different from the SMILE model in two ways
(Yang et al. 2009). In the GOODTRIP model, activities are generated from land use patterns and vehicle
tours can be formed; whereas in the case of the SMILE model, activities are generated from commaodity
flows. For this reason vehicle tours cannot be created; however, both models include distribution
channels, mode choice, and vehicle network assignment.

2.24 EUNET2.0

EUNET2.0, an incorporated regional economic and freight logistics model, was developed in 2003 as a
pilot model to enhance the understanding of existing and ongoing research in logistics using spatial input-
output modeling in the United Kingdom (Jin et al. 2005). The model segments the flow of products from
the primary producer to the final consumer by a series of logistics stages according to commaodity type.
The significant number of origin-destination (O-D) matrices arrived at are divided into commodity type
and the various distribution phases, for example, those handled by various distribution centers (including
product consolidation and national/regional centers, major ports, and even local depots); hence, the model
is able to simulate influences on freight demand stemming from the logistical process and the general
regional and national economy (Jin et al. 2005).

225 PCOD

Holmblad (2004) proposed the PCOD freight transport model depicting the interrelationship between the
spatial distribution of freight and transportation pattern emanating from the existing transport network. By
converting the PC matrix - which provides information on the amount of goods produced in a given
region and the amount of that product consumed in another region to an O-D matrix, and which
characterizes the transport flow of goods from one region to another - the PCOD model improves
forecasting by taking into account indirect transport (e.g., transportation via consolidation centers) built
into the chain of transportation from the production areas to the consumption sites. With the incorporation
of indirect transport, Holmblad (2004) predicted that the transport logistics system possibly would be
more cost efficient because logistics operators would have the choice of scheduling their transport needs
S0 as to optimize existing transportation resources.
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2.3  North American Freight Models

In general, the evolution of freight modeling in the United States can closely be linked and follows
directly from passenger travel modeling techniques, with a significant number of developed models and
those under development mimicking urban travel demand models or simplistic adaptations of it. Hamburg
(1958) indicated that attempts to formulate truck freight models can be traced back to Detroit, and
subsequent initiatives have been made to adapt passenger travel forecasts to truck modeling. Some
metropolitan authorities and states had customarily overlooked freight movements or have used
rudimentary models of truck flows in their modeling process (RAND Europe, Oxford Systematics and
Parson Brinckerhoff 2002). However, in recent years, there has been a shift toward more elaborate models
with improved granularity of data (e.g. commodity flow surveys) and the fact that most organizations and
governments are striving to become more effective and efficient by doing more with less. The United
States has two distinct freight models: truck and commodity flow models used at the urban, state, or
national levels, respectively (RAND Europe, Oxford Systematics and Parson Brinckerhoff 2002), with the
dichotomy between these two models attributed to the difference in priorities at each level (Tavasszy
2006). Presently, there is lack of information about the number of existing truck models in the United
States. It is a general observation that the majority of freight models used in some U.S. cities are outdated
and do not represent the existing strategic link between the economy and the transportation network
(RAND Europe & Oxford Systematics and Parson Brinckerhoff 2002).

Some prominent state or regional models presently in existence and in development in the United States
include the Seattle FASTrucks Mode, the New York City Best Practice Model, the Oregon TLUMIP
Commercial Travel Model, and the Los Angeles County Metropolitan Transportation Authority (MTA)
freight transportation planning model. The vast majority of the models mentioned are largely based on the
four-stage passenger modeling framework and lacking logistics aspects, for example, the location of
distribution and consolidation centers. The proposed MTA model for Los Angeles is one of the most
prominent in terms of the incorporation of logistics aspects and will do so by applying methodologies
similar to that in SMILE and the GOODTRIP model (Fischer et al. 2005).

2.4  Supply Chain Concepts

Transport services facilitate the demand for goods transported. The choice between available transport
services is determined by the logistical requirements such as the availability of vehicles, warehouse,
consolidation, terminal facilities, and other means of logistics.

Boerkamps et al. (2000) described the transportation systems as a collection of supply chain linkages.
According to the authors, a supply chain linkage is a trade relation between the shipper and the receiver in
a network of interconnected linkages between raw material suppliers, producers, trading companies,
retailers, and end users. Supply chain linkages may involve a number of distribution channels, for
instance, direct distribution (shipper to receiver) or intermodal distribution (shipper to intermodal facility,
intermodal facility to receiver) (see Figure 2.2).

Simple transshipment models can be used to determine optimal shipping patterns and shipment sizes for
networks with a consolidation terminal and cost functions. A standard model formulation of such a
transshipment model is given below; indices, decision variables, and parameters are used in the model
formulation. The model objective function (1.1) minimizes the sum of total transshipment and handling
costs in a given freight network involving production, consumption, and intermediate facilities. The
model output determines the optimal shipping patterns and shipment sizes for the networks and the
number and location of intermediate facilities to operate.

13
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Supplier Intermediate facility Consumption

Figure 2.2 The production and consumption network diagram.

Decision Variables:
Xijm: unit of type m goods transshipped from production point i to intermediate facility |
Xikm: unit of type m goods transshipped from production point i to consumption point k
Xjkm: unit of type m goods transshipped from intermediate facility j to consumption point k
Obijective Function:

Minimize
Zzzxum * Dl] l]m +Zzlekrn * le * Clkm +zzzxjkm * jk * jkm

+ZZZXU,,1*HClm+ZZZXlkm*HClm+ZZZXUm
+ZZZ km*HCJm+zZZXlkm*HCkm+Zzz ke * HCiem

Subject to:

(1.1)
Zpim_inkm—ZXiijO Vi,m (1.2)
k j
ZXikm+ZXjkm—ZAkm >0 Vk,m (13)
i j
ZZXU’” ~CAP;<0 Vj (1.4)
i m
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i k

Xijm:Xiklejkm >0 Vv i,j, k,m (16)

e When:

m: type of goods

i: production

J: intermediate facilities

k: consumption

D;j: distance between production point i and intermediate facility

D, distance between production point i and consumption point k

D;;.: distance between intermediate facility j and consumption point k

Cijm: unit cost of shipping type m goods from production point i to intermediate facility j
Cixm- unit cost of shipping type m goods from production point i to consumption point k
Cikm: unit cost of shipping type m goods from intermediate facility j to consumption point k
HC;,,: unit cost of handling (loading/unloading) type m goods at production point i
HCjy,: unit cost of handling (loading/unloading) type m goods at intermediate facility j
HCy,,: unit cost of handling (loading/unloading) type m goods at consumption point k
P;m: production of type m goods at production point i

Agm: consumption of type m goods at consumption point k

CAP; . transshipment capacity of intermediate facility /

Constraint sets (1.2) and (1.3) are the production and attraction constraints to ensure that demand at
consumption points are satisfied with the supply generated at production points. Constraint set (1.4) is the
capacity constraint for intermediate facilities and limits the amount of total inflow to the intermediate
facilities so that the available transshipment capacities are not exceeded. Constraint set (1.5) is the flow
conservation constraints in the transshipment network and ensures that the sum of inflow to any
intermediate facility is equal to the sum of the outflow from that intermediate facility. Finally, the nature
of decision variables is defined in (1.6); all decision variables are non-negative real number values. The
proposed model can easily be improved by introducing the following system design aspects to the model
formulation: inventory, modes of transportation, shipment size, shipment unit, and multiple planning
periods.

2.5 Methodologies Including Logistics Aspects

Freight movements have become more critical as the movement of commodities has become more
complex. The following types of methodologies try to capture the movement of the commodities in
different ways to model their movements in a more accurate way.

2.5.1 Aggregate-Disaggregate

Aggregate-disaggregate models involve a series of product or commodity group specific demand matrices
indicating the volumes to be moved from one zone to another. For each product or commaodity group
combination, a mode choice process is required on a set of feasible transportation infrastructure and
services to move the demand between origin and destination points. As discussed by Ben Akiva et al.
(2008), aggregate models tend to be based on cost minimization behavior of firms, while disaggregate
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models include more detailed policy-relevant variables for firms’ decision making. In practice,
disaggregate models have several drawbacks, such as difficult and expensive data collection processes
because of confidentiality.

Winston (1981) and Oum (1989) pose the question of whether the selected sample of data represents the
population of the study. Although difficult in practice, disaggregate models produce more accurate
individual mode choice forecasts by representing the cause and effect relationships in firms’ decision
making processes. However, aggregate and disaggregate approaches should be considered
complementary, not competing (Ben Akiva et al. 2008). Integrated aggregate-disaggregate modeling
approaches may benefit from aggregating data that are other than representing the behavior of firms and
from disaggregating when the data represent the behavior of individual decision-making processes (Ben
Akiva et al. 2008 and Samimi et al. 2009).

2.5.2 Input-Output

Input-output models provide an overview of the flow of goods and services to analyze the economic
progress and show intermediate transactions between producers and customers’ purchases of final goods.
The impact of changes, such as economic trends, industry and transportation infrastructure, etc., in final
demand on different industries can be analyzed easily, according to Ben-Akiva et al. (2008). Input-output
tables used in input-output models describe the goods and services produced in a year through domestic
production and imports, and how these are consumed by customers and exports. The demand generated
by domestic industries and imports is disaggregated into different branches of different industries. Then,
as described by Ben-Akiva et al. (2008), the demand and supply relation between these branches is
quantified by input-output coefficients (technical coefficients). Input-output coefficients represent the
amount of input required to generate one unit of output required to satisfy the demand generated by
domestic industries and imports. Input-output models can be used to represent single-region and multi-
region commaodity flows. According to Ben-Akiva et al. (2008), multi-region input-output models usually
perform better than single-region input-output flows. The reason is that the multi-region input-output
models involve inter-sectional (within regions) and inter-regional (between regions) trade flow patterns to
better represent the trade flows between different economic regions. The major multi-region input-output
models, highlighted by Ben-Akiva et al. (2008), are Chenery (1953), Moses (1955), Leontief (1963), Bon
(1984), Costa (1987), Cascetta (2001), and Paniccia and Benvenuti (2002).

The main difference among these models is in the way in which the effects of technical coefficients and
trade flow coefficients are estimated in the modeling structure. In freight demand modeling, changes in
transportation infrastructure or accessibility can directly affect the amount of transportation service
available that is consumed by economic sectors and also affect the trade flows. Therefore, changes in
freight movement networks have inevitable impacts on input-output coefficients.

2.5.3 Artificial Neural Network

An artificial neural network is a type of network structure in which the nodes are the “artificial neurons”
and the edges connecting these nodes are the “synapses.” In an artificial neuron network structure,
artificial neurons perform computational information processing that is inspired by the way biological
nervous systems, such as the brain, process information. The input and the output of the computational
information process is received and sent via synapses from and to the other artificial neurons,
respectively. The order of input and output transfers is performed according to the information processing
state of the artificial neuron in the artificial neuron network. The information processing structures of
artificial neurons may vary; artificial neurons can be designed to perform very simple operations (i.e.,
adding to input values) or very complex operations (i.e., there can be sub-artificial neuron networks
within an artificial neuron). It is also possible to group artificial neurons in different layers. In such a case,
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artificial neurons are typically organized in three layers: the input layer, which accepts the model inputs;
the output layer, which provides the final model output; and the hidden layer, which functions as the
computational information processing structure (Bilegan et al. 2007).

There have been a variety of artificial neural network applications in the area of transportation; a
comprehensive review of artificial neural network applications in transportation is presented by
Dougherty (1995). However, in the area of freight demand modeling, the use of artificial neural networks
is relatively new. According to Bilegan et al. (2007), the artificial neuron network applications in freight
demand modeling have potential to improve the performance of the predictive models.

2.5.4 Matrix Estimation Method

Origin-destination models represent transportation demand through trip matrices. Production-
consumption and origin-destination matrices are the basic trip matrices for the freight planning and
management. A production-consumption (P-C) matrix represents the economic trade pattern between
zone pair, initial producers to the final customers. An origin-destination (O-D) matrix represents the
actual physical transport movements in the transportation infrastructure to distribute and transport trading
goods from production zones to consumption zones. In short, an O-D matrix represents the actual practice
of a P-C matrix (Williams and Raha 2002).

There is a compromise between model complexity and data accuracy in choosing an adequate
representation of the transportation demand. The reason for the compromise is that the detailed
description of trip data between origin and destination pairs is not always available. The feasibility of
collecting trip data - including the origin, the destination, all intermediate stops (warehouses, intermodal
facilities), the exact time, the route, and the purpose of the trip - is a challenging task. Even if the data
collection process is complete, the huge amount of information would be unmanageable. Therefore,
reasonable representation of the demand should be somewhere in between these two extremes (Williams
and Raha 2002).

O-D and P-C matrices are the reproduced data. The following are the important points to consider when
generating origin and destination matrices from original data sources (Williams and Raha 2002):
e All the available observed data resources should be used efficiently: prior matrix, traffic counts,
etc.
o Data from different sources may not be consistent: different sampling fractions, inaccurate data,
etc.
e Use of data sources can be weighted based on the data source reliability: accuracy of
measurements, sampling errors, etc.
e Matrix estimation procedures should consider trends in different commodity categories: economic
and industry trends
e Future changes in transportation infrastructure and transportation costs should be considered:
logistics

2.5.5 Critical Improvements

The critical improvements that have taken place in freight movements are the inclusion of logistics
aspects within the models. As these have been developed, other models have built upon and improved
various aspects of them, as is the case for the SMILE model to the GOODTRIP model. With the
description of each of the models giving a good overview, the next portion of the study gives a more in-
depth mathematical review of the models, and how logistics aspects are included with the modeling
equations.
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3. METHODOLOGY REVIEW

The Aggegate-Disaggregate-Aggregate (ADA) is a transportation freight logistics model system that is
suited for freight modeling at the international, national, or regional level as proposed by Jong et al.
(2005). The model involves a disaggregate logistics model at the firm level. The ADA model is
intertwined between a base level matrix, which comprises freight flows in tons between production and
consumption locations within the network model. The model is also specified as an aggregate level model
involving zones as the unit of observation. In a way, the logistics part helps to establish the flows that are
covered by direct and indirect transports via consolidation and distribution centers in addition to mode
and vehicle type utilized. The disaggregate logistics model is undertaken in a series of steps involving the
disaggregation of flows in a firm-by-firm manner logistics decisions by firms and, finally, aggregating
information from a per-shipment basis to origin-destination flows for network assignment (Jong et al.
2005). Hence, the general form of the process involves the conversion of P-C flows with given zonal
characteristics and commodity type to O-D flows represented by sending and receiving firms for a given
commodity type in tons per year. The logistic model adds two dimensions to the firm-to-firm formulation
including shipment size and transport chain (e.g., mode, vehicle, and terminal types, and loading unit
utilized). The ultimate decision-making process at the firm level is the minimization of total logistics
costs. The total yearly logistics costs G of a given commodity k hauled between company m in production
zone r and firm n in consumption zone s of a particular shipment size q and associated transport chain | is
given as in equation 2.1.

Grskmnql = qu + Trskql + Dk + Yrskl + qu + qu + erkq (2-1)

Where, G, total yearly logistics costs; O, order cost; T, transport consolidation and distribution costs, D,
costs of deterioration and damage during the hauling process; Y, capital cost of goods in transit; I,
inventory or storage costs; K, capital cost of inventory and Z, is the stock out costs. The general form of
the logistics cost equation can be explicitly represented by decomposing the various components leading
to equation 2.2.

Q .. itrs1VkQ ,
Grskmngt = Okg q—: + Tysrqr + 1 gvg Qy + =k 31;7;‘ £+ (wy + (lvk))qz—k +a((LT * 0}, ) +
1
Qkatr) 2 (22)

Where, 0 is the constant unit costs per order, Q annual demand in tons per year, g the average shipment
size, 1 is the discount rate per annum, j the fraction of lost or damaged shipments possibly different for
different modes, g the average period to collect a claim in years, v value of goods transported in tons, t the
average transport time in days, w the storage cost per unit per annum, and a is a fixed probability of no
stock out.

Using Leontief’s Input-Output model, a generalized form of the EUNET?2.0 model providing the
relationship between total consumption, demand, and the total amount of a given commodity m that is
used as part of the production process of all types of commaodities is as in equation 2.3.

D™ =Y™mo 4y amnxn vm (2.3)

Where:

D™, total consumption of commodity m; Y™, is the amount of final demand of commodity m (outputs
consumed by households, governments, and exports, not including those utilized by producing
industries); X™, is the amount of production of commodity m and },, a™"X™, is the amount of
commodity m that is used up as part of the process of the production of all types of commodities n.
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A market clearing assumption is necessary for the formulation in equation 3 to hold which denotes for
every commodity m; the final requirement for consumption is attained by the amount that is eventually
produced X™ = D™ for every commodity m. The total amount of final consumption of type m good can
be calculated as thus:

D' =Y + Y, am"X" Yc,m (2.4)

Where:

D, provides the total final amount of consumption of type m commodity within a given consumption
zone c; a™, is the 1-O coefficient (in general, this coefficient is set to be constant across all zones within
a region or country for simplicity, however, is common practice to utilize particular coefficients for the
consumption of local and imported goods); X2, shows the amount of goods n that is produced in zone c.
The net consumption over the consumption zones c in the area of study is commensurate with the net
production in the production zones p in the area of evaluation, including imports and exports to foreign
countries. From this, market clearing occurs for each good of type m when:

Y XM =Y DM vm (2.5)

The application of this formulation is made simpler if a similar zoning system is used for the production
as well as the consumption zones. Even though in any specific zones consumption is assumed to be
matching production, it is very unlikely that the zonal consumption D* would be equal to the output
from production X;* in that given zone. The net demand D" for goods m in consumption zone ¢ has to
be satisfied by an appropriate share of goods to it from the group of production zones. The amount of
goods m that is transported from the production zone p to satisfy consumption in zone c is given by T,¢
below:

Tp¢ = D&"Ppjme Yc,m,p (2.6)

The likelihood that good m is consumed within the consumption zone ¢ will have been transported there
from the production in zone p denoted by P, ;,,,. can be calculated using a logit choice location model.
The formulation given in EUNET2.0 can be used to estimate the amount of any given commodity that is
transported from each production zone to each consumption zone and is a representation of a series of
relationships across space and commodity types that relate the production to the consumption of goods
and services. Further transformation could be undertaken to define the associated unit costs for the
production and consumption system as in equation 2.7.

XM =3 T = 2D Pityme vj,i,m 2.7)

Where:

Tj’c’” is an O-D matrix representing the volume of commodity m that is shipped on a distribution path of
logistics type 1 from a distribution center or production plant in zone j to satisfy the demand for
consumption (intermediate storage or ultimate consumption) in zone c. X]-ml, shows the volume of the
commodity m that is carried on a distribution movement of logistics type | from a distribution center or
production firm in zone j to satisfy all the demand s for consumption in other areas (not within zone c).
The likelihood that a shipment of a commodity m that is utilized in consumption zone ¢ was carried there
on a delivery on a distribution path of logistics type | from the zone j can be calculated using a standard
logit model similar to that mentioned above. The generalized distribution chain relating the P-C and O-D
matrix by accumulating the corresponding O-D segments of the shipment is as in equation 2.8.
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Tor = TP + X (T2 Pya ) + X5 (T Zi(Piajmj Pozjmi) + (2.8)

T;’;*measures the amount of commaodity m that moves from a given production zone p to a final

consumption zone ¢ by calculating the different combinations of distribution paths I that might be utilized
between these pairs of zones.

The principal objective behind the inclusion of distribution centers in a supply chain or goods flow
network is to ultimately result in decreasing unit transport costs with increased transport volume. The
PCOD maodel proposed by Holmblad (2004) is an effort to model freight flow through a network using
distribution and consolidation centers. A general assumption is usually made to model logistics in freight,
which is the case because of complexities involved with transforming the P-C matrix into an O-D matrix.
This is evidenced in Holmblad (2004), who indicated that traditionally, due to potential complexities
stemming from statistical details that a subsequent modeling of logistics would incorporate into model
construction, the transport and trade flow structures that make up the logistics structure in the production-
to-consumer chain has nevertheless been approximated to be the same. Contrary to existing and most
recent advances in transport logistics models, which undertake the bottom-up modeling approach with an
extensive treatment of modes and networks and sometimes hard to understand decision making models,
the PCOD modeling approach applies a top-bottom modeling framework characterized by a meso-
economic aggregate transport logistics modeling using regional transport centers with transport decision
making at the micro and macro levels (Holmblad 2004). Holmblad (2004) indicated that the PCOD model
has two principal features that make it suitable for freight modeling. In general, the modeling of
movement in the transport system can be undertaken using a heuristic technique in which the unit cost of
transport is dependent on the volume of transport. First, as previously mentioned, the PCOD model, by
following a cost minimization approach and using the heuristics framework, converts regional trade flows
to regional transport flows, thereby providing better modeling results relative to a macroscopic approach
that the regional trade flow approach might provide. Second, by representing the transport system and
network by a limited number of parameters, the PCOD model formulation provides a simplistic and easy
to understand approach to freight transport using distribution centers. To begin with, the PCOD model
divides the general area of interest into zones that have both production output (7,) in zone r and final
consumption (C;) in zone s. This main level of the model building process is referred to as the P-C land
or level 1. The second level, described as distribution-consumption (D-C) land, is characterized as
transports only zone with no likely production or consumption. Transport is not restricted to D-C land;
however, in P-C land, this can only be direct transport (I=r and m=s). The connection between P-C and
D-C land can be denoted by a matrix elementPCOD;%,,,,, which is a depiction of the amount of transport
between the zone of production r and the consumption zone s (PC,) that is involved in the total transport
0D, from | to m transportation in either P-C land (meaning w = 11), D-C land (meaning w = 22), or
possibly transportation that entails transfer between P-C land and the utilization of the transportation
system and distribution centers, D-Cs (meaning w = 12,21). The matrix element representing the
connection between P-C and D-C land (PCOD;%;,,,) corresponds to transport from zone | to zone m, and
not a specific choice of route. The matrix representing the connection between levels in the PCOD model
is as in equation 2.9.

PC,: {PCODZ,,.} , where PCODZ,,, = PC,s or PCODZ,,, = 0 (2.9)

Given this formulation, it is possible to have different combinations of direct and intermediate transport
from | to m. With this, total direct or indirect transport is given as;

0DZ, = ¥,.s PCODE,,. (2.10)

while the observed total O-D transport for a given | to m combination is;
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0Dy = Y. ODE, (2.11)

Given the above formulations of the P-C and D-C land, material balances for production in zone r with a
fixed r to s trade (PC,s) can be transported directly from zone r to s in P-C land, or it could be
transported from r to any D-C center k in D-C land to be later transported to a consumption point. This
direct and intermediate transport process is given in equation 2.12.

PCrs = PCOD}slrs + 2k PCODrlszrk ’ vr,s (2.12)

In the same vein, at the consumption point s, the trade (PC,) is either flowing into the consumption zone
as a direct transport from zone r in P-C land, or as a transport from any distribution center k in D-C land.
This situation is illustrated mathematically below.

PCOD}L.s + ¥ PCOD2L, = PCyg VT, s (2.13)

Trade flow from r to s flowing into zone k in D-C land from either r in P-C land or | in D-C land can
continue either through another D-C destination m in D-C land, or return to final consumption in zone s in
P-C land. A balance for any zone k in D-C land for a fixed trade flow r to s can be formulated as such;

PCOD}2., +¥,PCOD2%, = PCODZL, + ¥, PCOD?2.,, VT, s, k (2.14)

The entire system is formulated as a system of linear equations; however, a method at arriving at the cost
of transportation and handling at the distribution centers is necessary so as to minimize the system costs.
The entire system can be kept linear only if fixed volume independent costs are utilized, which is the
main assumption in the P-C land. However, this would not be the most cost effective method because the
practical utilization of D-C land follows from the assumption that a transportation system can operate
cost-effectively by decreasing the unit cost of transportation as volumes increases relative to independent
direct transport from r to s. The decrease in unit cost of transportation with increasing volume can be
modeled by a decreasing exponential function.

TCE2 = TCAL x (A X exp(—a X OD{2 ) +B) ,A+B=1 (2.15)

The volume dependent transportation costs from the onset are the same for D-C and P-C land but
diminish and tend towards a fixed fraction (B) of the costs in P-C land. The system cost to be minimized
becomes;
System cost:

Yim (OD},}I X TCjy + ODE2 X TCLEZ2 + 0D X TCE: + ODE2 x TCE2 (0D ) +
(OD}2 + 0DE2) x DCCyy)
(2.16)

Where DCC,, is an addition to the total system costs due to handling costs at the given distribution center.
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4. RESEARCH METHODOLOGY

In Figure 4.1, the research methodology of the example is shown. First the data availability and the data
requirements were determined. In the following section the data are listed and explained on how they
were used in the model. Once the data were retrieved, for the base year of 2005, they were aggregated
based on NAICS industry codes. Then using the input-output tables the data were disaggregated to the
business level using the survey data. The county level data were not disaggregated down to business level,
based on the difficulty of the SCTG to NAICS conversion.

;[SCTGTablel [ NaICS Table [! ;rcep Data Yewr 2005 | | F-M Survey Data Year 2005 | i

l

I Companies Erployment Ratio Table l

SCTG 2to NAICS 2
Equivaency Table
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Figure 4.1 Freight Analysis Framework version 2 (FAF? disaggregation methods for study.
The following are the data requirements for the study and the descriptions of each of them.
4.1 Data Requirements and Availability

41.1 U.S. Census Bureau

County Business Patterns (CBP), the CBP website was accessed in April 2010 (U.S. Department of
Commerce, 2010b), and the employment data set was selected by state, and then by the county being
analyzed (see Table 4.1). In this study Cass County, N.D. and Clay County, Minn., were selected. The
total number of employees by county as well as by the state is identified by industry using a two digit
NAICS number; this number can be accessed through the website. The CBP information is located under
the U.S. Census Bureau website. The dataset was downloaded as a comma-separated values (csv) file for
the year 2005, without noise flag option. This study is performed to investigate a disaggregation method
in allocating individual Fargo-Moorhead companies’ outbound and inbound Ktons shipments into Freight
Analysis Framework version 2.0 (FAF?) regions via land transportation. The allocation method used is the
proportional weighting, which allocates values from a source unit to target units proportional to some
surrogate variable; allocating commodity flows to firms based on employment share by industry. The
steps used to perform origin-destination disaggregation are as follows:
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Table 4.1 County Business Patterns (CBP) employment dataset for ND and MN for 2005

Category NAICS Employment in Employment in
Minnesota North Dakota
11 Forestry, Fishing, Hunting, and Agriculture 2,211 750
Support
21 Mining 5,372 4368
22 Utilities 11,988 3250
23 Construction 123,782 15128
31 Manufacturing 50,299 6367
32 Manufacturing 95,955 5247
33 Manufacturing 190,057 12990
42 Wholesale Trade 141,320 17233
44 Retail Trade 210,931 31205
45 Retail Trade 97,300 12343
48 Transportation and Warehousing 63,475 8109
49 Transportation and Warehousing 14,953 1364
51 Information 64,407 7409
52 Finance and Insurance 150,673 14990
53 Real Estate and Rental and Leasing 37,646 3664
54 Professional, Scientific, and Technical Services 127,953 11561
55 Management of Companies and Enterprises 101,110 2341
56 Admin. & Support, Waste Mgmt. & 137,410 10837
Remediation Services
61 Educational Services 56,757 4659
62 Health Care and Social Assistance 377,267 50372
71 Arts, Entertainment, and Recreation 38,352 3854
72 Accommodation and Food Services 214,543 28662
81 Other Services (except Public Administration) 116,696 13601
99 Unclassified 396 175

The employment ratio of Fargo-Moorhead companies relative to the respective state employment ratio
was calculated using the proportional weighting of a company’s number of employment with respect to
the state industry total employment. A two-digit NAICS coding was used for simplification.

4.1.2 Fargo/Moorhead Company Survey

This study by the Fargo-Moorhead Metropolitan Council of Governments (F-M Metro COG) was
completed in 2005. The Fargo/Moorhead Companies Survey, conducted by the Metropolitan Planning
Organization (MPO) of the Fargo-Moorhead area, collaborated with the U.S. Department of
Transportation (DOT). The survey contains a total of 6,267-establishment information (address,
employees’ number, industry category, and sales dollar volume). The survey data cover business
establishments in manufacturing, mining, wholesale trade, selected retail trade industries (i.e., electronic
stores, mail-order houses), and auxiliary establishments (i.e., warehouses and management offices), all of
which were coded based on the 1997 North American Industry Classification System (NAICS).

4.1.3 Bureau of Economic Analysis (BEA)
From the BEA Website (U.S. Department of Commerce, 2010a), the interactive input-output tables were

accessed for the year 2005. This was retrieved from the Industry Economic Accounts section of the
website. These data were used to disaggregate the K-tons from the FAF? data, using the NAICS codes for
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each of the companies as a cross reference point. The data from the BEA were in ratio form for millions
of dollars, but were used as a ratio only.

4.1.4 Vehicle Use and Inventory Survey

The Vehicle Use and Inventory Survey by state was used to determine the types of trucks being used in
Minnesota and North Dakota. In Table 3, the U.S. commercial fleet distribution from 1997 shows the
types of vehicles over U.S. freight movement. In Table 4, the distribution of truck fleets in Minnesota and
North Dakota.

4.1.5 U.S.DOT

Cross-tables for the standard classification of transported goods (SCTG) and North American industry
classification systems (NAICS) codes is available from Bureau of Transportation Statistics (BTS), U.S.
Department of Transportation. The table was used to match the commaodities to the industries of the
businesses.

4.1.6 MNDOT

The Minnesota Department of Transportation (MN DOT) was accessed to retrieve the Minnesota (MN)
GIS county level maps for use in the ARCGIS© software to overlay the business locations in Clay
County, MN.

4.1.7 ND DOT

The North Dakota Department of Transportation (ND DOT) was accessed to retrieve the North Dakota
(ND) Geographic Information System (GIS) county level maps for use in the ARCGIS®© software to
overlay the business locations in Cass County, ND.

4.1.8 Federal Highway Administration (FHWA)

The FAF? data set that was downloaded was dom_kt.csv, which is the domestic fright transport data in
kilotons. This was done through the FAF? Commodity Origin-Destination Data and Documentation:
2002-2035, though done for 2002, it does give forecasts to 2035 in five-year increments. Current publicly
available national commodity flow database (e.g., Freight Analysis Framework, Commodity Flow
Survey, etc.) is restricted to the state or metropolitan region as a whole, hence is of little use to regional
freight transportation planning, which requires detailed data at a sub-regional level (e.g., county, city,
traffic analysis zone [TAZ]. Some local agencies have conducted regional surveys to obtain freight data in
areas as small as the TAZ or ZIP code level, but high cost and uncertainties associated with them are a
hindrance to the availability and usefulness of the data. Therefore, this paper will explore a synthesis
methodology to generate high geographic resolution freight outbound shipment data at the city level. A
case study of Kilotons shipments at city level in the states of North Dakota and Minnesota are used as
freight data in this study. The outcome of this research will be a set of applicable algorithms and a local
company-level commaodity flow database that can be used for regional truck traffic pattern prediction.

24



4.1.9 Truck Information
The following is the distribution of truck fleets related to North Dakota and Minnesota (types as

percentage and numbers). We can take the same percentages related to Fargo (FAR) and Moorhead
(MHD) areas, respectively (Table 4.2).

Table 4.2 U.S. commercial truck fleet distribution: 1997 survey

Truck Type Overall Percentage of Usage
Straight Trucks 65%

Straight trucks pulling trailer(s) 3%

Tractor-semitrailer 30%

Tractor with two or more trailers 2%

Table 4.3, in which truck types and percentages of usage are shown, indicates that the tractors and semi-
trailers have a significant amount of truck traffic in the United States. The usage of trucks in Minnesota
and North Dakota (Table 4.3) shows that straight trucks have significantly more usage than any of the
other types. In addition, the amount of freight movement in Minnesota is significantly higher than in
North Dakota.

Table 4.3 Distribution of truck fleets in Minnesota and North Dakota

Truck type by State North Dakota Minnesota
Number % Number %

Straight Truck 39,502 1.34 75,733 2.57
Truck and Trailer 2,387 1.31 7,061 3.89
Tractor and Semitrailer 9,598 0.70 31,685 2.32
Tractor and Double 506 0.54 103 0.11
Tractor and Triple 0.00 0.00 0.00 0.00
Total Number 51,993 1.13 114,581 2.49

In the model, the outbound and inbound commaodities by Kiloton shipments were disaggregated from
FAF regions via truck transportation. This data were obtained from the FAF? dataset. Next, the two-digit
NAICS code was mapped with the two-digit SCTG code. This was done in a tabular form as shown in
Table 4.4. NAICS Categories and Corresponding SCTG, matching between NAICS and SCTG, was done
in a tabular form. For simplicity, service industries were assumed to have mixed freight.
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Table 4.4 A two-digit NAICS and two-digit SCTG cross referenced

SCTG/ 1/2(3|4|5/6|7|8|9(10|11-14 |15 |17 |18 (19 |20 |21 |.|. |43
NAICS

11

1 1 1

21

22

23

31

32

33

42

44

45

48

49

51

52

53

54

55

56

61

62

71

72

81

N EE R

The outflow generated by each company is obtained by matrix multiplication of the employment ratio of
each company by the Kilotons moving to various destinations per assigned SCTG category (the Ktons
Out will be excluded if no matching exists between the SCTG and NAICS categories). Assigned SCTG
equals zero means that the company does not generate Kilotons. The inflow attracted by each company is
obtained by:

Using the Input-Output Interactive Table obtained from the BEA website for year 2005:
Commodity-by-Industry Direct Requirements, After Redefinitions

Multiplying matrices between I-O table and NAICS-SCTG mapping table (ratios)

Normalizing the matrix by NAICS

Identifying each company and its corresponding I-O row ratio from the normalized table
Multiplying a matrix of corresponding company I-O ratio by total Kilotons moving from various
origins

Multiplying each Kilotons in by employment ratio for each company to obtain the attracted Ktons
in per company in Fargo and Moorhead

The freight movement from/to these establishments will be based upon their industry supply chain model.
The shipment of agricultural, manufacturing, and wholesale trade products will make use of warehousing
and storage facilities. In Table A in the Appendix, the freight methodologies that have logistics aspects
are then chronologically listed to show the development timeline. It also details whether the
methodologies can be used on an urban, regional, national, or international level.
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4.2

Assumptions

There were numerous assumptions that had to be made to continue to develop the freight model. The
following are the assumptions that were made:

Matching NAICS to corresponding SCTG codes

>20 Kilotons Out from the companies, which we used to identify the distributors or the external
storage facilities

Retrieving storage and the warehouse information from the website, Manta.com

Retrieving data from 2005 for the FAF? and CBP data sets.

Using 2005 as standard year of the study

Combining the two TAZs in Minnesota into one for the data to match the one TAZ in North Dakota
dataset

Making the assumptions allowed for some percentage of error into the study, but it was required to
continue with the study.
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5. MODELING FRAMEWORK

5.1 Modeling Framework Overview
The following framework demonstrates the steps used in the data analysis section of the study:

e Total Kilotons going out of North Dakota to various destinations: Obtained from FAF? website

o Disaggregating trip generation data for Fargo companies: Total the number of Ktons generated per
each company to various destinations

e Total Ktons coming in to North Dakota from various origins: Obtained from FAF? website

e Total Ktons in per company: Matrix multiplication of corresponding company I-O ratio by total
Ktons in

e Total Ktons in per company employment ratio: Multiplied each Kilotons by employment ratio for
each company to obtain the total Kilotons in moving from various origins into each company in
Fargo

5.2 Disaggregate Methodology

In disaggregating trip generation data for the Fargo companies, the matrix multiplication process was
used between each company’s employment ratio and the North Dakota ratio. SCTG Kilotons were
shipped out to various destinations. A similar procedure was adopted from the article, “Framework for
Modeling Statewide Freight movement using publicly available data” by Mitra and Tolliver (2009);
however, NAICS - SCTG classification was used instead of user-defined. This is possible because
companies’ NAICS information was provided in the survey data. In addition, a corresponding NAICS-
SCTG table was defined earlier in the study. Each company’s Kilotons out were filtered by assigned
SCTG; that is, whether there is correspondence between NAICS and STCG or not. If there is no
correspondence between the two codes, then the Ktons generated by this company will not be included in
the total.

5.2.1 Employment Data

The MN and ND total employment by industry for 2005 was used, with the data obtained from (CBP)
website for 2005. The employment data for each of the businesses in the Fargo-Moorhead region were
obtained from the Fargo-Moorhead business survey (Fargo-Moorhead Metropolitan Council of
Governments 2005). The employment ratio was obtained by the Fargo companies’ employment data
relative to the ND industry employment data; the F-M employment data were taken from the F-M
industry survey data. NAICS for each company was converted from six digits to the two-digit category
for grouping and simplification reasons; see Table B in the Appendix.

5.3  Trip Generation Data

The trip generation data were estimated for companies with over $20 million in sales. This was the cutoff
point assumed for the number of trucks leaving the businesses.

The distribution centers in Cass and Clays counties were displayed. The majority are in the Fargo-
Moorhead region based on the study requirements (see Figure 5.1). The distribution centers were
identified based on the NAICS code, 44. The distribution of the F-M region is shown; note the
concentration along the border of the two states. Due to the concentration of the distribution centers in the
two cities, the focus was on these (see Figure 5.2). The businesses were analyzed, based on the amount of
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sales at $20 million. These companies were assumed to use distribution centers to move their imported
and exported goods (see Figure 5.3).
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Figure 5.1 Distribution centers of Cass and Clay counties.
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Figure 5.2 Distribution centers of the F-M area.
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Figure 5.3 Businesses in Cass and Clay counties using distribution centers.

5.3.1 Input - Output Model

The following framework demonstrates the steps used in the input-output model section of the study:
e Input-Output (I-O) interactive table: commodity by industry direct requirements, after
redefinitions: obtained from the BEA website for 2005.
e Matrix multiplication between I-O table and NAICS-SCTG table (ratios): This is done to
incorporate the SCTG codes in the 1-O table.
e Corresponding company I-O ratio: Identifying each company and its corresponding I-O row ratio
from the normalized table.

5.4  Model Output
By using the employment ratio for the conversion from state to business level, some of the service

businesses have a disproportionate number of Kilotons associated with the freight movement. The
agriculture and manufacturing industry is fairly representative of those industries.
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6. AGRICULTURAL FREIGHT ANALYSIS CASE STUDY

6.1 Conceptual Framework

The model was developed based on the input-output model with data modeling based on the aggregate-
disaggregate—aggregate model. The input-output aspects were used during the disaggregation of the
external-internal Kilotons estimated for the model.

In Figure 6.1, the example industry, agriculture, is modeled, and those companies under the NAICS code
are shown on the map. To determine the functionality of the model, an example of the model process was
used, which was the agriculture industry in Cass and Clay counties. This was disaggregated to the Fargo
and Moorhead businesses based on the survey data. In particular, the NAICS codes and the number of
employees in the company were identified. The sales volume was used to determine the cutoff for the use
of distribution centers. The agricultural industry was chosen as an example for the Fargo-Moorhead area,
based on the amount of freight movement, as well as the industry’s importance to the area. Companies
importing and exporting agricultural products were determined, as well as the distribution centers that
handle the agricultural products.

6.2 Results of Case Study

The results of the agricultural case study, shown in Figure 6.1 and Figure 6.2, show the locations of the

agricultural companies and distribution centers in the F-M region. The amount of Ktons per industry per
business is estimated by commodity for internal-internal, external-internal, and internal-external freight
movements.

In the Figure 6.1, the distribution centers that carry agricultural commodities are located. There are more
distribution centers in Fargo than in Moorhead.
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1. SUMMARY OF STUDY

The result of the data suggests that using the employment ratio has some issues associated with it: Service
companies with high employment skew the data with high amounts of kiloton freight than is accurate.
The results for the industries of agriculture, manufacturing, transportation, and warehouse sectors seem to
represent those industries accurately.

8. FUTURE RESEARCH

Expanding the analysis of the industries to the manufacturing and transportation industries would give a
more representative model analysis. It would also help verify the results of the agricultural study. The
agriculture industry was used as an initial assessment based on the amount of commaodities moved in
North Dakota, as well as the nature of the commaodities. Government policies play a critical role in how
they affect freight movement and the types of commaodities being moved based on trade agreements with
other countries. They can also significantly impact freight movement by changing the fuel tax or way-
station measures.

35



REFERENCES

Ben-Akiva, M., Meersman, H., and de Voorde, E. V. (ed.), 2008. Recent developments in transport
modeling: lessons for the freight sector, Bingley, Emerald.

Bergman, T., 1987. “New generation of freight models: More logistically oriented models, need and
possibilities.” Paper presented at the International Meeting on Freight, Logistics and Information
Technology, The Hague, 17-18 December.

Bilegan, 1.-C., Crainic, T.G., and Gendreau, M., 2007. Forecasting freight demand at intermodal terminals
using neural networks: an integrated framework. TRISTAN VI - The Sixth Triennial Symposium on
Transportation Analysis. Phuket Island, Thailand. June 10-15, 2007.

Boerkamps, J., and Binsbergen, A., 1999. “GOOTRIP- A new approach for modeling and evaluation of
urban goods distribution urban transport systems.” Paper Presented at the 2ND KFB-Research
Conference, Lund, 1999.

Boerkamps, J.H.K., van Binsbergen, A.J., and Bovy, P.H.L., 2000. Modeling behavioral aspects of urban
freight movements in supply chains, Transp. Res. Rec. 1725, 17-25.

Dougherty, M., 1995. A review of neural networks applied to transport. Transportation Research Part C
3/4, 247-260.

Fargo-Moorhead Metropolitan Council of Governments, 2005. Fargo-Moorhead Business Survey 2005.

Fishcher, M., Outwater, M., Cheng, L.L., Ahanotou, D., and Calix, R., 2005. An innovative framework
for modeling freight transportation in Los Angeles County.” Paper presented at the 84th TRB Annual
Meeting, Washington, DC.

U.S. Department of Transportation, 2010. Freight Analysis Framework 2.2 (FAF2).
http://ops.fhwa.dot.gov/freight/freight_analysis/faf/faf2_com.htm. Accessed July 2010.

Friedrich, H, and Liedtke, G., 2009. “Consideration of logistics for policy analysis with freight transport
models.” Institute for Economic Policy Research, Universitat Karlsruhe, Karlsruhe, Germany.

Hamburg, J., 1958. “Computer models of traffic patterns in the Detroit region.” Detroit Transport
Memorandum 17.

Holmblad, M., 2004. “Modeling of freight transport logistics in a meso-economic framework.” Danish
Transport Research Institute.

Jin, Y., Williams, I., and Shahkarami, M., 2005. Integrated regional economic and freight logistics
modelling: Results from a model for Trans-Pennine corridor, UK.

Jong, G., Ben-Akiva, M., Florian, M., Gronland, S. and Voort, M., 2005. “Specification of a logistics
model for Norway and Sweden.” Paper presented at the European Transport Conference Strasbourg,
Association for European Transport, London, 2005.

Liedtke, G., 2006. An actor-based approach to commodity transport modeling. Nomos Verlag: Baden-
Baden.

Manheim, M., 1979. Fundamentals of transport systems analysis. Cambridge: The MIT Press.
Manta, http://www.manta.com. Accessed July 2010.

Mitra, S. and Tolliver, D., 2009. “Framework for modeling statewide freight using publicly available
data,” Journal of Transportation Research Forum 48(2), 83-102.

36



Ostlund, B., Janson, G., Burgess, A., Ruijgrok, C., Tavasszy. L, and Petersen, M.S., 2002. “A logistic
module for SAMGODS.” TFK TNO-Intro Tetraplan, Rev. December.

Oum, T., 1989. “Alternative demand models and their elasticity estimates,” Journal of Transport
Economics and Policy 23, 163-187.

RAND Europe, Oxford Systematics and Parson Brinckerhoff, 2002. “Review of freight modeling.”
Report on Task B2: Models in Continental Europe and elsewhere, report for the U.K. Department of
Transport, Local Government and the Regions, RAND Europe, Cambridge.

Samimi, A., Mohammadian, A., and Kawamura, K., 2009. “Behavioral freight movement modeling.”
Proceedings of the 12th International Conference on Travel Behavior Research, IATBR, Jaipur,
Rajasthan, India, December 13-18, 2009.

Tavasszy, L. A., 2006. “Freight modeling- an overview of international experiences.” Paper presented at
the TRB Conference on Freight Demand Modeling: Tools for Public Sector Decision Making,
Washington DC, 25-27 September.

Tavasszy, L., Van De Vlist, M., Ruijgrok, C., and Van De Rest, J., 1998. “Scenario-wise analysis of
transport and logistics systems with a SMILE.” Paper presented at the 8th WCTR Conference,
Antwerp, days-month.

U.S. Census Bureau. http://www.census.gov. Accessed July 2010.
U.S. Census Bureau. http://www.census.gov/naics/2007/NAICODO7.HTM. Accessed July 2010.
U.S. Census Bureau. http://www.census.gov/svsd/www/cfsdat/cfs071200.pdf. Accessed July 2010.

U.S. Department of Commerce, 2010a. Bureau of Economic Analysis. http://www.bea.gov/industry/.
Accessed July 2010.

U.S. Department of Commerce, 2010b. County Business Patterns.
http://www.census.gov/econ/cbp/index.html. Accessed July 2010.

U.S. Department of Transportation, 2007. Quick response freight manual | and Il. Freight Management
and Operations, Federal Highway Administration (FHWA): FHWA-HOP, Washington D.C.

Williams, I. and Raha, N., 2002. Review of freight modeling, Final Report, DfT Integrated Transport and
Economic Appraisal, Cambridge, UK.

Winston, C. (1983). The demand for freight transportation: models and applications. Transportation
Research Part A, 17(6): 419-427.

Yang, C.H., Chow, J. and Regan, A., 2009. “State-of-the art of freight forecasting modeling: Lessons
learned and the road ahead.” Paper presented at the 88th TRB Annual Meeting, Washington DC, 2009.

37



APPENDIX
Table A. ND Total Employment by Industry for the Year 2005

Category | NAICS Employment in North
Dakota
11 Forestry, Fishing, Hunting, and Agriculture Support 750
21 Mining 4368
22 Utilities 3250
23 Construction 15128
31 Manufacturing 6367
32 Manufacturing 5247
33 Manufacturing 12990
42 Wholesale Trade 17233
44 Retail Trade 31205
45 Retail Trade 12343
48 Transportation and Warehousing 8109
49 Transportation and Warehousing 1364
51 Information 7409
52 Finance and Insurance 14990
53 Real Estate and Rental and Leasing 3664
54 Professional, Scientific, and Technical Services 11561
55 Management of Companies and Enterprises 2341
56 Admin. & Support, Waste Mgmt. & Remediation Services 10837
61 Educational Services 4659
62 Health Care and Social Assistance 50372
71 Arts, Entertainment, and Recreation 3854
72 Accommodation and Food Services 28662
81 Other Services (except Public Administration) 13601
99 Unclassified 175
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Table B. MN Total Employment by Industry for Year 2005

Category | NAICS Employment in Minnesota
11 Forestry, Fishing, Hunting, and Agriculture Support 2,211
21 Mining 5,372
22 Utilities 11,988
23 Construction 123,782
31 Manufacturing 50,299
32 Manufacturing 95,955
33 Manufacturing 190,057
42 Wholesale Trade 141,320
44 Retail Trade 210,931
45 Retail Trade 97,300
48 Transportation and Warehousing 63,475
49 Transportation and Warehousing 14,953
51 Information 64,407
52 Finance and Insurance 150,673
53 Real Estate and Rental and Leasing 37,646
54 Professional, Scientific, and Technical Services 127,953
55 Management of Companies and Enterprises 101,110
56 Admin. & Support, Waste Mgmt. & Remediation Services 137,410
61 Educational Services 56,757
62 Health Care and Social Assistance 377,267
71 Arts, Entertainment, and Recreation 38,352
72 Accommodation and Food Services 214,543
81 Other Services (except Public Administration) 116,696
99 Unclassified 396

39



Table C. Chronological Development Table for Logistics in Freight Modeling

Year | Levels Study Description Country of Origin
1990 | National Joint assignment of passenger and
LMS freight vehicles Netherlands
1992 | National TEM [Transport Economic Forecasting model based on the Netherlands
Model] observed data of 1992
1996 | National SISD Disaggregate RP mode choice models | Italy
and assignments
1996 WIVER Reproduce vehicle flows on transport
National infrastructure Germany (Cities of
Berlin, Munich,
Hamburg)
1997 | National NEMO Considers rail, road, and sea Norway
simultaneously. Simulates
competition between modes
1997 | International NEAC Models the distribution between Europe
production and attraction on basis of
value added per sector
1998 | National SMILE [Strategic model for | Routing of freight flows via
Integrated Logistics distribution centers Netherlands
Evaluation]
1998 | International STEMM [Strategic Methodology for modeling multi- Europe
European Multi-modal modal chains for passenger and
modeling project] freight transport
1999 | National GOODTRIP Connects activities of consumers, Netherlands
distribution centers and producers
1999 | International STEEDS Output of model is decision support Europe
system
2000 | International SLAM [Spatial Logistics Supply path choices Europe
Approach Module]
2000 | Regional WFTM [Walloon region Uses a multimodal network Belgium
freight model system] assignment; implemented in a
NODUS software
2001 | National SAMGODS Used to evaluate modal shifts, uses SWEDEN
multi-sector input/output tables for
the country
2001 | National BVWP Works on levels of aggregated flows | Germany
2002 | International SCENES [Scenarios for Drivers of Transport demand, Europe
European Transport] External and policy scenarios,
Infrastructure and pricing scenarios
2002 | International EUFRANET Rail scenarios are projected for 2020 | France, Germany,
horizon Netherlands, Spain
2004 | National PCOD Depicts interrelationship between Denmark
spatial distribution of freight
2005 | International ASTRA Aggregate model to describe overall Europe
economic activity
2005 | International EUNET2.0 Logistics using spatial input-output United Kingdom
modeling
2005 | Regional / Cube Cargo Simulate regional and urban USA
Urban truck/freight movements (Applied to

multiple countries)
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2006 | Urban INTERLOG Rule based freight transport Germany
simulation system; traffic conditions
and regulatory measure
2007 | Urban Tokyo Model Commercial traffic in Tokyo metro Japan
area
2007 | Urban Calgary Model Reproduce commercial vehicle flows | Canada
on transportation infrastructure
2007 | National ADA [aggregate- Model national freight traffic Germany
disaggregate-aggregate
model]
2009 | National SYNTRADE Focused on Food retailing sector; Germany

Furness Method, Monte-Carlo
Simulation, Gravity Model,
Optimization Model
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Table D. Data Sources and Types

Date Data Type Data Source

2002 Ktons by industry Freight Analysis Framework 2.0 (FAF2)
2002 Global TAZ list Freight Analysis Framework 2.0 (FAF2)
2002 Commodity data by state Commodity Flow Survey (CFS)

2002 Types of Trucks and % on highway Vehicle Use and Inventory Survey (MN / ND)
2005 Employment by business Fargo / Moorhead (F-M) Business Survey
2005 NAICS code by business Fargo / Moorhead (F-M) Business Survey
2005 Employment by state and county level County Business Patterns (CBP)

2005 Input / Output dataset Bureau of Economic Analysis (BEA)
2009 GIS shape files for state MNDOT / NDDOT

2009 NAICS Classifications U.S. Census Bureau

2009 SCTG Classifications U.S. Census Bureau
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