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Abstract 
Freight movements have significant impacts on transportation system and regional 
economic growth. However, the complexity of the process and multi-dimensionality of 
the decision-making practice in freight transportation and its related logistics choices are 
considered as major challenges that develop in reliable freight forecasting models. While 
large scale freight transportation microsimulation models are effective tools to predict 
freight transportation demand and to better address the impacts of these movements, 
many existing freight models are short in terms of logistics elements such as, predicting 
the trip chain, considering intermediate handling facilities, determining shipment size, or 
multi-modal shipments. This paper outlines a new conceptual framework for freight 
transportation modeling by incorporating the logistics choices into an operational large-
scale freight transportation modeling system called FAME (Freight Activity Micro-
simulation Estimator). FAME is a micro-simulation model for freight transportation in 
the U.S. that has been developed by the transportation research team at the University of 
Illinois at Chicago (UIC) in 2010. The model simulates commodity movements in the 
U.S. at a disaggregate level, but it also makes certain simplifying assumptions 
concerning logistics choices such as considering consolidation centers, distribution 
centers, warehouses, etc. This paper deals with issues related to incorporating the new 
logistics elements in the FAME framework and proposing a new conceptual framework. 
The proposed logistics modeling framework simulates the national freight movements in 
the U.S at the disaggregate level of firm-to-firm and replicates the logistics choices such 
as, selecting supplier, use of intermediate handling facilities, choice of shipment size, 
mode choice, etc. The paper discusses the framework and operational and practical 
issues of the model. 
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1. Introduction 

Freight movements have significant impacts on transportation system and 
regional wellbeing and economic growth. Because of the complexity of 
decision-making in freight policy making, sophisticated modeling tools are 
used for forecasting, policy simulation, and counteracting the impacts of 
freight movements. Unlike the passenger transportation subject, freight 
transportation is a relatively less-researched field in terms of advanced 
modeling applications. However, this has been recognized by researchers 
around the world and the field is rapidly developing in many directions, 
including data collection, modeling frameworks, and operational strategies.  
There are still significant gaps in terms of our understanding of the 
fundamentals and the nature of freight movement systems and their behavioral 
decision making process. Several studies in the literature provide a 
background on different types of freight transportation models from both 
theoretical and practical point of view.  

De Jong et al. (1) gave an overview of the recent freight transportation 
models that are developed around the world. The paper discusses different 
model components including, production, attraction and distribution models, 
also mode choice and network assignment models. The authors present ideas 
for further development and propose a preferred modeling structure for freight 
transportation. Tavasszy (2) summarized the cutting-edge freight models that 
were developed mainly in Europe and discussed major issues in freight policy 
that can explain the need for freight demand modeling practice. The author 
outlines a conceptual framework and describes innovative fields in freight 
modeling which are determined by the European transport policy and are 
significant for The US freight policy. Chow et al. (3) also presented an 
overview on current freight forecasting models and progresses made with 
respect to data requirements and model structure. They classified current 
freight models into seven classes and discussed each class in detail.  

Review of the literature revealed that many available freight transportation 
models are based on the conventional four-step modeling approach which has 
an aggregate nature. Therefore, these models do not consider individual 
decision makers in freight system and only take into account freight 
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movements in an aggregate level. Moreover, many of the current models are 
short in term of logistics elements such as, use of intermediate handling 
facilities (such as distribution centers), determining optimum shipment size, 
mode choice and multi-modal shipments, etc. Many researchers have 
discussed the drawbacks of the aggregate models in capturing the complexity 
of freight policy systems (3 and 4). In particular, they cannot replicate the 
supply chains and logistics decisions made by individual actors in freight 
system.  

This paper outlines a conceptual framework for freight transportation 
modeling by incorporating the logistics choices into an operational freight 
transportation modeling system called FAME (Freight Activity Micro-
simulation Estimator). FAME is a micro-simulation model for freight 
transportation in the U.S. that has been developed by the transportation 
research team at the University of Illinois at Chicago (UIC) in 2010. The 
large-scale model simulates commodity movements in the U.S. at a 
disaggregate level.  However, in order to make the model operational in large-
scale national level, certain simplifying elements are considered. As a result, 
the model lacks some of the logistics choices such as considering 
consolidation centers, distribution centers, warehouses, etc.  

Recently, there have been some advances in developing logistics models at 
the urban level with a primary focus on highway freight transportation. The 
urban logistics models are effective analysis tools at the regional level. 
However, a more comprehensive framework and detailed logistics model are 
needed to assess policies at the national level and to examine the effects of 
changes to the system-level elements (e.g., expanding ports capacity, or 
widening the Panama Canal) on regional level freight movement. This paper 
deals with practical ways of incorporating missing logistics elements in the 
FAME framework and proposing a new conceptual microsimulation modeling 
framework of freight movements in the U.S. This paper introduces a 
behavioral microsimulation framework for freight transportation which has a 
wide geographic coverage and to the best of the author’s knowledge, it is the 
first comprehensive nationwide freight microsimulation in the U.S. the model 
has a modular structure and works at the disaggregate level of firm. Three of 
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the modules deal with the most controversial choices in freight modeling and 
logistics decisions. The proposed logistics modeling framework simulates the 
national freight movements in the US and replicates the logistics choices such 
as, selecting supplier, use of intermediate handling facilities, choice of 
shipment size, mode choice, etc. In developing such a model, data scarcity 
appears to be a crucial barrier in developing such a disaggregate logistics 
model. This issue is also discussed in this paper. A set of publicly available 
datasets are utilized to develop the model. In addition, more detailed 
information concerning individual shipments is collected through an online 
nationwide establishment survey that was conducted at UIC (5).  

The rest of the paper is structured as follows; Section 2 provides a short 
review of the existing freight transportation models that include logistics 
choices. It also provides a brief discussion of the basic elements of the supply 
chain as applies to freight logistics. Section 3 explains the current FAME 
framework and its elements, Section 4 deals with the proposed FAME2 
framework and its enhanced logistics elements. It also briefly discusses the 
methodology and data requirements to operationalize such a model. Then the 
last section presents the conclusions and the direction for future work.  
 
2. Background 

There are a few freight transportation models that include logistics choices. 
Tavasszy et al. (6) can be considered as pioneers in developing a freight 
modeling framework with logistics decisions. They developed an aggregate 
model that includes logistics choices, called the Strategic Model for Integrated 
Logistic Evaluation (SMILE), in the Netherlands. The theoretical bases of 
SMILE were founded at the beginning of 90’s and the model was first used in 
1997.  SMILE’s framework is based on a three-level chain modeling approach 
that includes main freight activities: production, inventory, and transportation. 
Logistics choices are simulated by repeating activities in the chain. Taking 
into account the warehouse usage and determination of the optimum locations 
of the warehouses were the main innovations of SMILE at that time. In 2004, 
a program was implemented by the Dutch Ministry of Transport, Waterways 
and Public Works to improve the SMILE’s model structure, which resulted in 
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proposing a new version of the model, called SMILE+. Bovenkerk et al. (7) 
explains the improvements and calibrations resulted in SMILE+ in detail. 

In another effort, Boerkamps et al. (8) developed a disaggregate 
commodity based freight transportation model, called GoodTRIP, for the city 
of Groningen in the Netherlands. This urban freight model replicated the 
supply chain patterns and urban truck tours, and thus depicted a picture of how 
the logistics decisions are made and affect urban commercial truck traffic. The 
model framework consists of different actors and markets that function in the 
freight system while representing those actors’ interaction through different 
markets in the system.  

GoodTRIP model structure was also used by Wisetjindawat and Sano (9), 
to develop a behavioral micro-simulation model for urban freight 
transportation. This model includes three steps of the four steps in the 
traditional four-step modeling approach and incorporates behavior of decision 
makers. The model has been used to forecast freight movements in Tokyo 
Metropolitan Area and it has been validated with actual data. They used five 
percent of the operating establishments in the study area for the simulation 
purpose and provided the results including truck origin-destination matrices 
and approximate vehicle kilometer traveled in the study area by each truck 
type (10).   

In a practical modeling system, Fischer et al. (11) developed an 
innovative, multimodal modeling framework for freight transportation in Los 
Angeles County. The proposed modeling framework is a combination of two 
freight transport modeling approaches including logistics chain modeling and 
tour-based truck modeling. In a more sophisticated study, De Jong and Ben-
Akiva (12) developed a disaggregate logistics modeling framework which 
ideally works at the firm-to-firm level. They considered a logistics cost 
function as their objective function in the framework. The logistics decisions 
such as shipment size and mode choice are determined by minimizing the 
objective logistics cost function. The paper discussed the model framework 
and the required data for the model set-up for national freight movements in 
Norway and Sweden. Later Ben-Akiva and de Jong (13) reintroduced their 
freight model framework as the Aggregate-Disaggregate-Aggregate (ADA) 
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freight model system. Presumably, the ADA model system is a freight 
transportation model that can be used at the international, national or regional 
level. The ADA model system includes three distinct layers. The first layer is 
an aggregate model that predicts production to consumption flows. The next 
layer is a disaggregate logistics model that forecasts logistics decisions such as 
shipment size and mode choice at the scale of firm-to-firm. The last layer is 
the network model that assigns aggregate commodity flows to the traffic 
network.  

In a recent study, Roorda et al. (14) proposed an inclusive agent-based 
freight micro-simulation framework. They discussed the diversity of actors in 
freight system and explained the interactions between those actors in different 
markets. This study is still in progress and the framework has not been made 
operational. However, the framework emphasizes on more complex supply 
chains and discusses new aspects of freight demand modelling such as 
outsourcing of logistics services to a third party logistics (3PL). They argue 
that making this model framework operational is a controversial task and 
seems to be data intensive.  

While the majority of freight demand models that are developed/proposed 
for the US in the literature work at the regional scale and forecasts freight 
flows at aggregate zonal level, the goal of the current study is to significantly 
enhance those models by incorporating key logistics decisions in a highly 
disaggregate level. On the other hand, the proposed modeling framework has a 
large geographical coverage and can simulate freight flows at the national 
scale and thus can be used for long term policy analysis and planning. The 
proposed logistics module that is proposed in this paper is specified at the 
disaggregate level of firm-to-firm and is capable of forecasting logistics 
decisions on a causal basis for the individual decision makers (i.e., firms).  
  
3. Freight Activity Micro-simulation Estimator (FAME)  
Samimi et al. (15) developed a freight activity-based modeling system, called 
FAME, with a modular structure. FAME is a behavioral microsimulation 
model of freight movement that considers firms as the decision-maker unit to 
better forecast the supply chain formation and logistics choices (16). This 
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model takes as inputs total annual commodity flow at zonal level and 
generates disaggregate commodity flows at firm level as the outputs. Figure 1 
shows an overview of FAME’s framework that includes five modules which 
are briefly discussed here (17).  

In the first module, Firm Generation, firm-types in the study area are 
synthesized and their basic characteristics such as industry type, location, and 
size of the establishment are determined. The more information the analyst 
could gather, the more precise models would be developed. Therefore, it is 
ideal to generate the synthesized firms along with a long list of information 
such as floor space, average number of weekly shipments, annual turnover, 
and other factors that could be useful in developing further modules. 
However, FAME has limited the analysis to firm-type level instead of 
individual firms since synthesizing every individual firm in the U.S would 
result in a huge dataset which would be difficult to use in the next modules 
(18), particularly in the supply chain formation module in which every firm 
can be a potential partner to any other firm. Thus, in order to avoid 
computational problems all firms with similar characteristics are considered as 
one firm-type and assumed to behave similarly in the freight system. 
Therefore in the FAME model a firm-type is a set of firms with similar 
industry type, employee size , and geographical location. For that purpose, a 
publicly available data set, County Business Patterns (CBP), is used to 
generate firm-types (19).  

In the second module, supplier selection, firm-types are connected to 
identify trade relationships and to form supplier-buyer pairs.  Then total 
annual zone-to-zone commodity flows are disaggregated to firm-to-firm level. 
It makes sense to model supplier selection along with the logistics decisions 
such as shipment size, etc. However, in the FAME model, supplier selection is 
modeled separately and before modeling the logistics choices. This decision 
was considered primarily to counteract data limitations and to avoid making 
the logistics strategies more sophisticated. In this module, supplier choice is 
determined for each firm-type using a bi-level fuzzy rule based model that is 
developed based on firms’ characteristics. As suggested by Stadtler (20), the 
financial status and location of the firms are considered among the most 
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significant characteristics in the supplier selection decision and therefore are 
used in the FAME’s supplier selection model.  

 
Figure 1. Current framework of the operational FAME model  

 
In the third module, shipment sizes are determined for the annual 

commodity flows between each pair of firm-types. The observed shipment 
size distribution in the U.S. is used to break down the annual commodity 
flows between suppliers and buyers to individual shipments. The shipment 
size distributions by commodity type and shipping distance, provided by 
Commodity Flow Survey (CFS) (21), is used in FAME to break down the 
commodity flows into three shipment sizes, small, medium, and large.   

In the forth module, the main focus is on the mode choice model (22). 
Alternative choices transportation modes are limited to rail and truck modes. 
Information from the previous modules are used to develop a binary probit 

Firm-type Generation: 
Introducing individual decision-makers with their 

characteristics and geographical distribution 

Supplier Selection: 
Determining trade relationships between firm-

types 

Shipment Size Modeling:  
Based on observed shipment size distribution 

Mode Choice: 
Using a probit model to select transportation 

mode (Truck vs. Rail) 

Network Analysis: 
Assigning commodity flows to the traffic 

network and assess the impacts 
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mode choice model for the framework (23). The explanatory variables used in 
the mode choice model includes shipments’ characteristics (e.g. weight, 
commodity type, etc.) along with characteristics of the decision makers (e.g. 
location, access to each mode of transportation, etc.). 

The last module, which is not  yet operational, deals with the network 
analysis. In this module, commodity flows are assigned to transportation 
network and performance measures are determined to assess the effects of 
freight movement on the entire transportation network. The results from this 
module should be fed back into the previous modules by making the recursive 
loop in order to iterate and find the finest solutions. However, the assignment 
module could be a challenging task since the commodity flows have to be 
converted into vehicle loads while considering the fact that a portion of 
vehicles are empty or partially loaded.  
 
4. FAME2: Proposed framework  

As described in the past section, current operational framework of FAME does 
not include all the logistics decisions such as warehousing, use of distribution 
and/or consolidation centers, and intermodal facilities. The model treats 
shipment size estimation and mode choice model separately in different tasks. 
However, in an ideal modeling structure, the logistics choices should be 
determined simultaneously and the effects of each decision on other choices 
should be captured in order to replicate the behavior of decision-makers in 
freight system. A number of researchers have tried to determine several 
logistics choices concurrently, and have discussed the benefits of this 
approach. For example, McFadden et al. (24) and Vernimmen and Wiltox (25) 
attempted to estimate shipment size and mode choice with a single model.   
 
4.1. Model structure 

As noted earlier, integrating the logistics choices in the overall modeling 
framework could make the results more realistic. However, this task requires 
detailed information on individual shipments and a process-based data that 
reflects the logistics decision practice (5). The objective of the current paper is 
to put forward a conceptual framework for FAME that includes major 
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logistics choices, while keeping the dimensionality and complexity of the 
model manageable. In the proposed framework, a new module is added to the 
FAME structure which treats the use of consolidation, distribution, and 
transshipment centers. In this module, the process of shipping chain formation 
for each pair of buyer-supplier and for each commodity will be determined.  
From a transportation point of view, the shipping chain can be defined as the 
linkage between supplier and buyer of the goods.  It is worth noting that in 
business and marketing, the term distribution channel is used by researchers 
with a similar definition (8 and 9). A shipping chain can be a combination of 
one or more links. A link is the connection between two points inside the 
shipping chain. For example, a link can connect the supplier to the distribution 
center, warehouse, or any intermediate handling facility or can connect the 
supplier to the buyer directly.  Figure 2 illustrates some of possible shipping 
chains between each pair of supplier-buyer (i.e., firms in the FAME model).  
 
 

Intermodal terminal 
facility 

Distribution center 
Consolidation center 

 
 
 
 
 
 
 

Figure 2. Examples of Possible Shipping Chains 
 

Since the logistics decisions are closely related to each other, in the new 
framework we have proposed a single module called logistics chain which 
deals with logistics choices. Therefore, the model structure can be divided into 
three layers: Production-Consumption chain, Logistics chain, and transport 
chain, which are discussed later in the paper. Figure 3 illustrates the proposed 
three-layered framework of FAME2. 
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Figure 3: Proposed framework for FAME2 
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The first layer of the framework, Production-Consumption chain, consists 
of two tasks which are the same as the first and second modules in the former 
framework. In the production-consumption chain, firm-types are generated in 
the study area and the trade relationships are formed between them. At the end 
of this chain, the amounts of total annual goods flow between each pair of 
firms are determined.  

Selection of shipping chains, forecasting the shipment size, and 
determining mode choice are three logistics decisions that constitute logistics 
chain in the framework. As the logistics decisions are closely related to the 
inventory and transportation costs, we have integrated all logistics decisions in 
a single task to make the results more realistic while allowing these decisions 
to influence each other.  This would allow examining causal effects of 
logistics decisions on each other and evaluation all decisions in a multi-criteria 
decision-making process. The module takes as input, the determined trade 
relationships and annual commodity flows between suppliers and buyers from 
the former layer while its outputs are the specification of these Production-
Consumption chain flows.  Since the marginal cost of making a suboptimal 
logistics decisions for a business could be very high, it is envisioned that the 
primary method of modeling logistics choices in this layer would be to 
minimize total logistics costs. In this case, the logistics cost could be 
considered as the combination of inventory and transportation cost (13). 

In the first task of the logistics chain, for each trade relationship, the 
possible shipping chains are determined and then based on some convenience 
criterion (e.g. available modes of transportation in each link of the chain) and 
the logistics costs, the optimum shipping chain is selected. In the second and 
third tasks of the logistics chain, after choosing shipping chain, modes of 
transportation for each link in the chain and its shipment size should be also 
determined in a way that minimizes the overall logistics costs. It should be 
noted that all three logistics choices are decided at the disaggregate level of 
firm-to-firm. As a result, decision in each task of the logistics chain may affect 
decisions in other two tasks, for example, shipment size and transportation 
mode choice would affect logistics costs and consequently have impacts on 
shipping chain selection. Therefore, it is crucial to consider these three 
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modules in the logistics chain as interrelated factors that collectively define 
the optimum choices. 

It is also worth noting that the logistics model proposed for FAME2 
differs from the former framework used in FAME model. In the earlier 
framework, logistics decisions are treated separately and shipment sizes are 
determined by using the existing distributions based observed data (such as 
observed distributions from the US Commodity Flow Survey). Such a process 
works like a descriptive model that tries to replicate the existing trend. The 
new model attempts to build a causal model which is policy–sensitive and has 
the potential to assess various freight strategies and logistics policies.   

The last layer, transportation chain, deals with the network analysis. In this 
step, freight flows are assigned to the network in order to assess the freight 
transportation impacts on the traffic condition, environment, safety, etc. As 
noted before, network condition can significantly affects the decision-making 
process in the logistics chain and supplier selection modules. In the current 
operational version of FAME model the framework with no interrelation 
between logistics choices and network analysis is utilized. It is critical to 
consider the network conditions in the overall decision-making process. 
Hence, the results of the network analysis model should be captured in the 
previous tasks by using recursive loops in the framework.  
 
4.2. Data 

A large, comprehensive, detailed, and reliable dataset is required to estimate 
the models of FAME2 framework.  The required data for the production-
consumption chain models are the same as the data used in the former 
framework and can be obtained from public sources (e.g., County Business 
Patterns, (19)). However, the most challenging part is to obtain the required 
data for the logistics chain models. To develop an acceptable and disaggregate 
logistics model, a comprehensive and detailed dataset is needed at very 
disaggregate shipment level. DeJong and Ben-Akiva (10) discussed the data 
required to estimate such logistics model. They categorize required data into 
three groups: detail data on individual shipments such as origin, destination, 
value, weight, model, etc. that can be gained from a commodity flow survey 
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or a shipper survey, spatial information on intermediate handling facilities 
such as distribution centers, and detailed information on logistics and 
transportation costs by vehicle/vessel type for all alternatives. 

That represents an ideal dataset on the individual shipments that captures 
the complexity of today’s logistics decisions. Since the nationwide multi-
modal information on individual shipments are not publicly available at the 
disaggregate level, to obtain the required dataset for this model, a large 
establishment survey has been carried out by the research team at the 
University of Illinois at Chicago (UIC) with a specified framework and survey 
approach.   

The study was an online survey that aimed for shipping managers of firms 
or someone with acceptable knowledge about shipping process of the firm as 
the survey participants. The survey included three major parts. First part asked 
about the relevant characteristics of the establishment including location, 
employee size, value of total annual shipments, major suppliers and supply 
chains, etc. The second section of the survey requested information on five 
recent shipments from participants.  The information inquired were very 
detailed and included origin, destination, mode of transportation, commodity 
type, value and weight of the shipment, etc. Also in this section participants 
were asked to form the exact shipping chain and provide the information about 
that such as the intermediate handling facilities, haul time and transportation 
cost to each facility, waiting time at the facility, mode of transportation used, 
etc.  The last part of the survey involved optional contact information with a 
set of evaluation questions about the survey.  

The data was collected in multi-stages over a two year period between 
April 2009 and April 2011. The main portion o f the survey was carried out 
from February to April of 2011. The survey targeted all 50 U.S. states and in 
total, over 249,000 contacts were attempted in all 50 U.S. states, resulting in 
1003 surveys completed. After cleaning the dataset, there are 966 usable 
records with 1844 individual shipment information. This level of response rate 
indicates both the difficulties and the expense involved in collecting such a 
detailed dataset containing information that are considered sensitive by 
potential respondents. Respondents from a diverse range of industry type 
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participated in this survey. Thus, various commodity types are covered in the 
survey. Also detailed information about the establishments and their logistics 
decisions are obtained from the survey that makes the dataset a unique source 
of information to develop various modules of the FAME2 framework. 
 
5. Conclusion 

Current freight demand and forecasting models typically do not consider 
logistics choices which are vital elements in decision making process of 
freight transportation. Ignoring logistics elements may result in biased 
estimates and significantly decreasing model accuracy. The current study has 
proposed a realistic and manageable modeling framework that incorporates 
detailed logistics elements to an operational freight transportation 
microsimulation model called FAME. Several new elements are included in 
the framework to more precisely predict the commodity flows. In particular, 
the new logistics module, called shipping chain formation, focuses on the use 
of different types of intermediate handling facilities between producer and 
consumer.  

Estimation of the new logistics module requires information on individual 
shipments’ characteristics such as origin and destination, shipping chain, value 
of the goods, modes, shipment size or frequency, use of consolidation centers, 
distribution centers, use of intermodal terminal facilities, among other factors. 
It also needs spatial information on all types of intermediate handling 
facilities, inventory costs, transport costs, and all other related costs to the 
logistics costs. In order to obtain the required information to develop the 
models, a large scale survey was conducted at the national level that provided 
the required data to estimate the proposed models. Estimating the required 
models and developing the microsimulation tool is currently under process. 
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