
WISCONSIN DOT
PUTTING RESEARCH TO WORK

Research & Library Unit National Center for Freight & 
Infrastructure Research & Education 

University of Wisconsin-Madison

April 2012
CFIRE ID no. 02-06

WisDOT ID no. 0092-09-22

National Center for Freight & Infrastructure Research & Education
College of Engineering, Department of Civil and Environmental Engineering

University of Wisconsin - Madison

Jessica Y. Guo, Ph.D., Qi Gong

Understanding and Modeling Freight Stakeholder
Behavior



 



 

 

UNDERSTANDING AND 
MODELING FREIGHT 
STAKEHOLDER BEHAVIOR  
 
 

 Project CFIRE 02-06 
April 2012 
 

      Final Report  
 
 
 
 
 

National Center for Freight & Infrastructure Research & Education 
College of Engineering 
Department of Civil and Environmental Engineering 
University of Wisconsin, Madison 
 
 
 
 
 
 
 
 
 
 
 

Authors: Jessica Y. Guo, Ph.D., Qi Gong  

University of Wisconsin – Madison 
 
 

Principal Investigator: Jessica Y. Guo, Ph.D. 
Transportation and Urban Systems Analysis Laboratory 
Department of Civil and Environmental Engineering, University of Wisconsin – Madison 
  



 



 

Technical Report Documentation Page 
 
1.  Report No. 

CFIRE 02-06 

 
2. Government Accession No. 

 
3.  Recipient’s Catalog No. 
 

CFDA 20.701 

 
4.  Title and Subtitle 

UNDERSTANDING AND MODELING FREIGHT STAKEHOLDER BEHAVIOR 

 
5.  Report Date April  2012 

 
6.  Performing Organization Code 

 

 
7.  Author/s Jessica Y. Guo, Ph.D., Qi Gong, UW-Madison 

 
8.  Performing Organization Report No. 

CFIRE 02-06 

 
9.  Performing Organization Name and Address 

National Center for Freight and Infrastructure Research and Education (CFIRE) 

University of Wisconsin-Madison 

1415 Engineering Drive, 2205 EH 

Madison, WI 53706 

 
10.  Work Unit No. (TRAIS) 

 

 
11.  Contract or Grant No. 

0092-09-22 

 
12. Sponsoring Organization Name and Address 

Wisconsin Department of Transportation 

4802 Sheboygan Ave. 

Madison, WI 53707  

 
13.  Type of Report and Period Covered 

Final Report [01/01/09 – 

4/30/12] 
 
14.  Sponsoring Agency Code 
 

 
15.  Supplementary Notes 

Project completed for the Wisconsin Department of Transportation with assistance from CFIRE. 

 
16.  Abstract 

 

This project developed a conceptual model of private-sector freight stakeholder decisions and interactions for 

forecasting freight demands in response to key policy variables. Using East Central Wisconsin as a study area, empirical 

models were developed for selected elements of this conceptual model that are fundamentally significant to the 

production/attraction, spatial distribution, and modal split of freight movements. The empirical results formulated the 

recommendations to the East Central Wisconsin Regional Planning Commission (ECWRPC) on freight planning and 

demand model enhancement.  
 

 

 

 
17.  Key Words 

 

ECWRPC, Freight, Stakeholder, Behavior, 
Wisconsin 

 

 

 
18.  Distribution Statement 

No restrictions.  This report is available through the Transportation Research 

Information Services of the National Transportation Library. 

 
19.  Security Classification (of this report) 

Unclassified 

 

 
20.  Security Classification (of this page) 

Unclassified 

 
21. No. Of Pages

 76 
 

 

 
22.  Price 

-0- 

Form DOT F 1700.7 (8-72)                         Reproduction of form and completed page is authorized. 



i 

 

  

DISCLAIMER 

 
This research was funded by the National Center for Freight and Infrastructure Research and 

Education and the Wisconsin Department of Transportation. The contents of this report reflect 

the views of the authors, who are responsible for the facts and the accuracy of the information 

presented herein.  This document is disseminated under the sponsorship of the Department of 

Transportation, University Transportation Centers Program, in the interest of information 

exchange.  The U.S. Government assumes no liability for the contents or use thereof.  The 

contents do not necessarily reflect the official views of the National Center for Freight and 

Infrastructure Research and Education, the University of Wisconsin, the Wisconsin Department 

of Transportation, or the USDOT’s RITA at the time of publication.  

 

The United States Government assumes no liability for its contents or use thereof.  This report 

does not constitute a standard, specification, or regulation.  

 

The United States Government does not endorse products or manufacturers.  Trade and 

manufacturers names appear in this report only because they are considered essential to the 

object of the document.  



ii 

 

TABLE OF CONTENTS 

 
DISCLAIMER ................................................................................................................................. i 

TABLE OF CONTENTS ................................................................................................................ ii 

LIST OF FIGURES ....................................................................................................................... iv 

LIST OF TABLES .......................................................................................................................... v 

CHAPTER 1. INTRODUCTION ............................................................................................. 1 

1.1 Background ...................................................................................................................... 1 

1.2 Research Objectives ......................................................................................................... 2 

1.3 Study Components ........................................................................................................... 3 

1.4 Report Outline .................................................................................................................. 4 

CHAPTER 2. LITERATURE REVIEW .................................................................................. 5 

CHAPTER 3. PROPOSED FRAMEWORK OF FREIGHT BEHAVIOR .............................. 7 

3.1 Logistics Management Framework .................................................................................. 7 

3.1.1 Customer demand and service ................................................................................ 10 

3.1.2 Firm structure and facility location ......................................................................... 10 

3.1.3 Purchasing ............................................................................................................... 11 

3.1.4 Inventory and ordering ............................................................................................ 11 

3.1.5 Transportation ......................................................................................................... 12 

3.2 In-Depth Interviews with Stakeholders .......................................................................... 13 

3.3 Intra-Firm Interdependency and Implication on Freight Transportation Patterns ......... 14 

3.3.1 Firm structure and facility location ......................................................................... 14 

3.3.2 Purchasing ............................................................................................................... 15 

3.3.3 Inventory and ordering ............................................................................................ 16 

3.3.4 Transportation ......................................................................................................... 17 

3.4 FIRM-BASED MODELING FRAMEWORK .............................................................. 18 

3.4.1 Firm Creation .......................................................................................................... 20 

3.4.2 Purchasing ............................................................................................................... 21 

3.4.3 Inventory and Ordering ........................................................................................... 23 

3.4.4 Transportation ......................................................................................................... 25 

3.5 Limitations ..................................................................................................................... 26 

CHAPTER 4. NORTHEAST REGIONAL TRAVEL DEMAND MODEL ......................... 27 

4.1 NE Model Overview ...................................................................................................... 27 

4.2 Trip Generation Model Component ............................................................................... 28 

4.2.1 Internal Trip Generation ......................................................................................... 28 

4.2.2 External Trip Generation ........................................................................................ 29 

4.2.3 Trip Adjustment ...................................................................................................... 29 

4.3 Trip Distribution Model Component .............................................................................. 30 

4.4 Traffic Assignment Model Component .......................................................................... 31 

4.5 Feedback Mechanism ..................................................................................................... 33 

4.6 Discussion and Recommendations ................................................................................. 33 

4.6.1 Incremental Improvements ..................................................................................... 33 

4.6.2 Long Term Investments .......................................................................................... 35 



iii 

 

CHAPTER 5. DATA REVIEW AND COLLECTION .......................................................... 38 

5.1 Existing Data .................................................................................................................. 38 

5.2 Firm-Based, Mail-Out Mail-Back Survey ...................................................................... 40 

5.2.1 Survey Questionnaire .............................................................................................. 40 

5.2.2 Lessons Learnt through Pretesting .......................................................................... 40 

5.3 Telephone Survey with Manufacturers .......................................................................... 42 

5.3.1 Survey Questions .................................................................................................... 42 

5.3.2 Data Collection ....................................................................................................... 44 

5.3.3 Sample Characteristics ............................................................................................ 44 

CHAPTER 6. EMPIRICAL ANALYSIS ............................................................................... 46 

6.1 Business Patterns in NE Wisconsin ............................................................................... 46 

6.2 Shipping Pattern of Sampled Manufacturers in Brown County ..................................... 48 

6.2.1 Primary Location of Customers .............................................................................. 48 

6.2.2 Frequency of Outbound Shipping ........................................................................... 48 

6.2.3 Frequency and Nature of Recent Outbound Truck Trips ........................................ 48 

6.2.4 Outbound Shipping on the Busiest Day .................................................................. 49 

6.2.5 Summary ................................................................................................................. 49 

CHAPTER 7. SUMMARY OF STUDY ................................................................................ 50 

REFERENCES ............................................................................................................................. 53 

APPENDIX A. Firm-Based Survey Instrument ........................................................................... 57 

APPENDIX B. Manufacturer Survey Questions .......................................................................... 75 

 

 

 

  



iv 

 

LIST OF FIGURES 

Figure 3-1. Overview of the business logistics management process ............................................ 9 

Figure 3-2. Differences between single- and multi-establishment firms ...................................... 17 

Figure 3-3. Firm-based freight demand modeling framework ...................................................... 19 

Figure 4-1. Geographic scope of the NE model ........................................................................... 28 

Figure 4-2 Moving from a conventional three-step truck trip model to a firm-based model ....... 37 

Figure 5-1. Distribution of manufacturers in the NE Model region. ............................................ 43 

 

  

file:///C:/Users/jyguo/Documents/Projects/Freight%20Behavior/Reports/Understanding%20and%20Modeling%20Freight%20Stakeholder%20Behavior,%203.1.2012.docx%23_Toc318383098
file:///C:/Users/jyguo/Documents/Projects/Freight%20Behavior/Reports/Understanding%20and%20Modeling%20Freight%20Stakeholder%20Behavior,%203.1.2012.docx%23_Toc318383099


v 

 

LIST OF TABLES 

 

Table 3-1. Number of Firms and Establishments by Employment Size and Industry in U. S. 

(SUSB, 2007) .................................................................................................................................. 8 

Table 4-1. Trip Production Rates by Truck Type ......................................................................... 29 

Table 4-2. Truck Trip Distribution Parameters α by Truck Type ................................................. 30 

Table 4-3. Time of Day Factor by Truck Type ............................................................................. 31 

Table 4-4. Parameter Value in BRP Function .............................................................................. 32 

Table 5-1. Existing data sets identified for estimating and calibrating the proposed firm-based 

freight model ................................................................................................................................. 39 

Table 5-2 Comparison of salient characteristics between the sample universe and the respondents

....................................................................................................................................................... 45 

Table 6-1. Distribution of single-location firm (establishments) in NE Model area .................... 46 

Table 6-2. Distribution of establishments in multi-location firms in study area .......................... 46 

Table 6-3. Distribution of establishments by county and primary NAICS industry type ............. 47 

 

  



1 

 

 CHAPTER 1. INTRODUCTION  

1.1 Background 

Effective freight transportation planning and programming for sustainability and other 

community goals requires the means to accurately forecast the response of freight pattern to 

infrastructure improvements, demand management strategies, and traffic control measures. The 

need for reliable freight demand forecasting procedures has also received a major impetus 

because of the legislative requirements on mobile-source emissions and the importance of freight 

mobility to the nation’s economic competitiveness.   

Today, most ongoing statewide and urban area freight planning processes adapt the 

growth factor method or the trip-/commodity-based four-step modeling (production/attraction, 

distribution, modal split and assignment) approach, originally developed for passenger transport. 

Yet, development in freight demand forecasting has clearly lagged behind that in the passenger 

demand forecasting, despite the critical role of freight transportation in the overall transportation 

planning process. In the passenger transportation arena, there has been a shift in demand 

modeling paradigm from the trip-based, four-step approach to the activity-based approach that 

gives emphasis to the activity and travel behavior of individuals. This shift in modeling approach 

is driven by the growing recognition that, while the four-step approach is capable of evaluating 

impacts of long-term capital improvement strategies, it falls short in its ability to realistically 

represent travelers’ response to short-term congestion management policies such as ridesharing 

incentives, congestion pricing, and work hour staggering. The inadequacy of the four-step 

modeling approach is further exposed as planning agencies look to the various intelligent 

transportation systems (ITS) initiatives as potential solutions to our transportation related 

problems. Again, this is because four-step models are not well equipped to represent the 

behavioral impacts of time savings and improved temporal freedom due to technology use and 

information provision. The need to better model the impacts of new policy actions had led to the 

emergence of the activity-based approach to passenger travel demand modeling, which views 

travel as a derived demand from the need to pursue activities distributed in space.  

Similar to passenger travel demand, the demand for freight movement is also a derived 

demand. That is, commodities do not receive satisfaction from being transported. Rather, they 

are transported across the supply chain as a result of economic activities such as production, 

consumption, and sales. Given the lessons learnt from the passenger travel arena, researchers are 

beginning to incorporate behavioral paradigms into freight demand models. The challenge 

underlying the developing of behaviorally oriented freight demand arises from the multiplicity of 

freight decision-makers, including shippers (suppliers), receivers (consumers), carriers, 

consignees, and third party logistics providers (3PLs) (Hutchinson, 1985). Each decision-maker 

has different objectives, decision power, knowledge, and perceptions about supply chain and 

transport related choices. They also interact with each other in intricate ways throughout the 

supply chains. A clear understanding of how stakeholders make decisions in their different roles 

regarding goods movement and of how they interact with each other is therefore a critical 

prerequisite to behaviorally-sound freight demand modeling and reliable policy analysis.  

To date, the literature in logistics and management science provides some insight into 

trends or changes in supply chain relationships, technology adoption, or procurement strategies. 
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Unfortunately, they are not very useful from the freight modeler point of view since they provide 

little insight into how the knowledge can be translated into parameters of demand forecasting 

models (Figliozzi, 2006). Quantitative analysis of freight stakeholders’ decision-making 

processes tend to focus on specific behavioral aspects. It is only very recently that more 

comprehensive freight models capable of incorporating supply chain concepts began to emerge. 

Yet, the behavioral elements and realism in these models remain limited.  A main reason is the 

limited availability of the ‘right’ data to support investigation of stakeholder behavior at 

individual decision-makers’ level and to help address pertinent freight issues. Some of the 

pressing and emerging issues that motivate the need for better understanding of freight decision 

processes are (Mahmassani, 2001): 

 the impacts of e-commerce on logistics and in turn on transportation planning and 

operations; 

 the growing desire of using inter-modalism as a strategy to attain many of our 

sustainability-related goals; 

 the question of how firm location decisions relate to business activity patterns, and 

how this interaction may in turn influence and be influenced by the surrounding land 

use development; 

 the impacts of truck vehicle size and weight regulations on the infrastructure and the 

environment; and 

 the energy (in)efficiency of current freight travel pattern and the effectiveness of 

counter-measures. 

These issues drive the present inquiry into freight stakeholder behavior and the development of 

next generation freight demand models.  

1.2 Research Objectives 

The primary goal of this project is to gain a deeper understating of freight decision-making 

processes and of the interaction among private stakeholders so as to inform the development of 

policy-sensitive freight demand forecasting models. The specific research objectives are: 

1. To develop a new conceptual and modeling framework for analyzing freight 

stakeholder decision-making processes and for forecasting freight demands in response 

to key policy variables.  

The proposed framework is intended to incorporate supply chain concepts, bridge the 

existing body of literature, and advance the state-of-the-art in freight modeling. It outlines 

who decide on what aspects of freight movement and how does the decision relate to which 

policy/design variable. The framework is to be used as a conceptual model to guide the 

analytical component of the present study and the future development of freight behavioral 

theories and models.  

2. To develop recommendations on ways of enhancing and verifying East Central 

Wisconsin Regional Planning Commission’s current freight demand model. 

As a partner in this project, the East Central Wisconsin Regional Planning Commission 

(ECWRPC) is particularly interested in how the understanding of freight stakeholder 
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behavior gained from this study could help inform the future development of their freight 

model, which follows the conventional four-step structure.  

3. To conduct empirical analysis of selected logistics decisions and commodity sectors, 

identify the underlying behavioral determinants, and make policy/investment 

recommendations. 

Clearly, it is not possible for any single study with limited resources to analyze all freight-

related decision dimensions in any thorough manner. Based on the data collected and 

knowledge developed along the way, the research team and the project’s oversight committee 

have chosen to focus the empirical component of this study on shipment/trip frequency. As 

logistics decisions are likely to differ by commodities, this study focuses on the 

manufacturing industry, which has the most impact to the overall freight movement in 

northeast Wisconsin. The data collection and analysis efforts are also intended to help 

accomplish Objective 2. 

1.3 Study Components  

This study entails performing the following tasks to achieve the above listed objectives: 

Task 1. Review the literature on behavioral analysis of freight stakeholders as well as on 

logistic and transportation decision-making. This entails synthesizing the existing literature 

pertaining to the logistic and transportation activities and decisions that materialize into freight 

demand. The synthesis provides a summary of earlier studies in terms of their behavioral and 

logistic aspects examined, behavioral principles assumed/identified, methodological structure, 

data source, and study area.  

Task 2. Develop a representation framework of private-sector freight stakeholder 

activities and goods movement decisions. Based on the literature synthesis from task 1 and the 

research team’s knowledge base, a comprehensive representation framework is developed to 

capture the decision dimensions of, and interactions among, freight stakeholders. The framework 

defines the choice dimensions and locus of decision-making most relevant to freight planning 

concerns and demand forecasting needs at the regional and urban levels. The framework includes 

decisions ranging from production/consumption decisions, to supply chain and inventory 

replenishment, shipment origin, destination, content, timing, quantity, mode, and routing 

decisions.    

Task 3. Conduct interviews and focus group to verify and enrich the representation 

framework. Through in-depth face-to-face interviews with private-sector stakeholders, the 

representation framework developed in Task 2 is verified and enhanced to add details and 

behavioral realism. Interview instruments including an extensive questionnaire were developed 

as part of this task. 

Task 4. Evaluate ECWRCP model and develop data collection recommendations. This task 

focuses on evaluating ECWRPC’s current freight model (referred to as the NE Model) and 

identifying possible ways of utilizing this study’s findings to enhance the NE Model. The data 

sets identified and collected in Task 4 are assessed in terms of their usefulness in enhancing the NE 

model. Recommendations are also made regarding what additional data collection efforts would 

be needed for accomplishing our proposed enhancement to the NE Model.  
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Task 5. Identify the data needs and review available data sources for modeling logistic 

decisions of freight stakeholders. It is well recognized that developing a freight demand 

forecasting model based on the framework outlined in Tasks 2 and 3 would require a lot more 

data than what is available today. This task identifies the needs and availability of data for 

conducting qualitative and quantitative analysis of stakeholder logistics decisions. Data sets 

available for the ease central Wisconsin region are collected and reviewed as part of this task to 

determine the extent to which the proposed modeling framework could be estimated.  

Task 6. Design and administer an establishment survey. The survey collects information 

regarding basic firm characteristics, commodity type and weight received/supplied, locations and 

characteristics of customers, shipping frequency/time, and transportation services used. The 

survey is designed with two objectives. First, enhance our current understanding of the dynamics 

in freight shipping patterns. Second, help verify or improve the NE Model’s goodness-of-fit and 

behavioral realism. 

Task 7. Conduct empirical analysis. This entails data exploration and cleaning to ensure data 

consistency, data processing to obtain relevant variables of interest, and data assembly to bring 

together all relevant data and structure the data in a format suitable for analysis.  

1.4 Report Outline 

The remainder of the report is organized as follows. Chapter 2 highlights findings from the 

literature review conducted as part of Task 1 of this study. Chapter 3 describes the work 

performed under Tasks 2 and 3 of the study, including an outline of the initial conceptual 

framework, the face-to-face interviews conducted to gain more insight into freight stakeholder 

behavior, a discussion on intra-firm interdependency, and description of the proposed firm-based 

modeling framework. Chapter 4 describes the work performed for Task 4, which entails 

assessing the freight transportation component of version 11 of the Wisconsin Northeast (NE) 

Region Model. The chapter documents the research team’s understanding of the NE model 

structure, discusses the model’s strengths and limitations, and concludes with the research team’s 

recommendations on ways to further improve the model. Chapter 5 describes the data synthesis 

conducted as part of Task 5 of this study to identify the needs and availability of data for 

conducting qualitative and quantitative analysis of stakeholder logistics decisions. It also 

presents the design and pretest of a mail-out-mail-back survey of business establishments, as 

well as a telephone survey targeting at manufacturers in Brown County, WI. These surveys 

constitute Task 6 of the study. Chapter 6 reports the two major pieces of empirical analysis 

conducted for Task 7. The first piece of analysis is based on the proprietary InfoUSA business 

database. The second piece of analysis is based on telephone survey data of manufacturers. 

Finally, Chapter 7 summaries the study accomplishments and discusses their implications. 
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 CHAPTER 2. LITERATURE REVIEW 

This chapter highlights findings from the literature review conducted as part of Task 1 of this 

study. The existing literature in logistics and management sciences pertaining to freight 

stakeholders’ decision-making is abundant. While this body of literature provides insights into 

the behavior of freight stakeholders, knowledge in these areas is not yet well translated into 

freight demand modeling efforts. To date, only limited studies have attempted to incorporate 

logistics elements in their modeling of either specific freight-related decision dimensions or 

overall freight movements. This literature synthesis focuses on recent development of 

comprehensive micro-level models of freight movement. These past studies are comparable in 

scale to the model development effort set out in this project (Objective 1). Other studies 

reviewed as part of this study, but focus only on specific logistic/transportation choice 

dimensions, are discussed mostly in  CHAPTER 3 of the report.  

Hunt and Stefan (2007) construct an urban commercial vehicle movement micro-simulation 

model using establishment-based survey data collected in Alberta, Canada. The micro-simulation 

procedure starts with determining the number of tours at each establishment. Their differential 

treatment by industry type allows an establishment’s role in the supply chain to impact its tour 

generation pattern. The complete tour of an individual vehicle is then created by sequentially 

simulating each stop purpose and location. By modeling vehicle tours explicitly, the authors 

avoid the need to consider issues typically associated a commodity-based approach, issues such 

as commodity-to-truck conversion and empty trips. Owing to the same reason, however, the 

logistics decision-making process is also hided. 

Instead of modeling each vehicle, Wisetjindawat et al. (2007) develop a micro-simulation 

model that considers each freight agent individually. Commodity consumptions and productions 

are generated for each establishment using linear regression models that incorporate variables 

such as commodity type, employment size and facility size. Next, commodity flows between 

consumption and production points are determined through customers’ purchasing choice, which 

is modeled as the product of distribution channel probability, shipper location probability, and 

supplier selection probability. Commodity flows are then converted to freight flows through the 

shipment size, vehicle choice, and routing models.  

The lack of disaggregated data at establishment level and heavy computational burden 

impede the development and implementation of micro-simulation model. In order to overcome 

these difficulties, Samimi et al. (2010) propose a freight modeling framework - Freight Activity 

Microsimulation Estimator (FAME), in which establishments with similar location, industry type 

and establishment size are aggregated into a firm type. And this firm type is used as an analysis 

unit in other succeeding model components, including supplier selection, shipment size 

determination, mode choice, traffic assignment, and so on.  

Boerkamps et al. (2000) present a conceptual framework that explicitly describes the 

markets in which different agents interact. These markets include commodity market, transport 

services market, traffic services market, and infrastructure market. This market-based framework 

provides guidelines for the development of the GoodTrip model, which is a consumer demand-

driven freight movement model. 
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The difficulty of representing the shipments of mixed goods is known as one weakness of 

commodity-based freight models. Fischer et al. (2005) propose an integrated modeling 

framework to address this issue by combining the logistics chain commodity-based approach and 

the truck tour-based approach. In order to apply the framework, the authors also identify a 

typology of freight movements as consisting of four categories: domestic freight, warehouse and 

distribution, local delivery, and service. Fischer et al. (2005) suggest that the logistics chain 

approach is better suited for modeling domestic freight and warehouse and distribution 

movement because these two types of freight are usually associated with large shipments of 

single type of commodities. In contrast, the tour-based approach is recommended for modeling 

local delivery and service types of freight movement as these movements have multi-stops and 

loads of mixed goods.  

Liedtke (2009) develops an agent-based commodity transport model, INTERLOG, at the 

national level. Through micro-simulation, the commodity flows throughout two types of actors, 

namely freight needs-generating firms and transport forwarders, are determined. The model 

consists of three modules: (1) agent generation module for generating firms (factories and 

wholesalers) and forwarders, (2) sourcing module to establish supplier-recipient relationships 

and determine the demand for commodities, and (3) market interaction module for translating 

good flows into shipments, allocating transportation contracts to forwarders, and constructing 

truck tours. One interesting feature of this model is that it explicitly considers freight forwarder 

as an agent and models its interaction with shippers based on a learning process. However, the 

model doesn’t explicitly consider the roles of warehouse and distribution center and therefore 

omits the goods exchange and the corresponding vehicle movements involving these facilities. 

Similar to Liedtke (2009), Roorda et al. (2010) also consider the diversity of roles in the 

freight system and propose a conceptual framework to model freight transportation demand. The 

framework focuses on representing contracts for goods procurement among establishments. 

Once production, consumption and order quantities of business establishments are determined, 

commodity distribution is obtained through a market interaction procedure, in which 

establishments advertise products in market and customers select suppliers based on the random 

utility maximization principle. While Roorda et al. (2010) acknowledge the presence of multi-

establishment firms, they adopt the simplifying assumption that establishments behavior 

independently and intra-firm interdependency is considered for only logistics facilities. In fact, 

the assumption of independency among establishments of the same firm is an assumption 

adopted by most agent-based freight demand models developed to date.  
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 CHAPTER 3. PROPOSED FRAMEWORK OF FREIGHT BEHAVIOR 

This chapter describes the work performed under Tasks 2 and 3 of the study. Specifically, 

Section 3.1 presents the initial conceptual framework developed in Task 2 that represents all 

elements of logistics management driving a firm’s freight transportation demand. Section 3.2 

describes the face-to-face interviews designed and conducted to gain in-depth understanding on 

certain aspects of freight stakeholder behavior. Based on the knowledge gained from the 

interviews, the research team identified that intra-firm dependency in logistic decision-making is 

an area of research needing much more attention. Section 3.3 is devoted to a discussion of the 

intra-firm interaction phenomenon. Section 3.4 presents the novel firm-based modeling 

framework proposed as part of this study. The modeling framework builds on the research 

team’s knowledge base, the existing literature from freight modeling as well as logistic and 

management sciences, and the new understanding of stakeholder behavior gained from the face-

to-face interviews. Section Error! Reference source not found. discusses the issues of scope 

and scale pertaining to the applicability of the proposed modeling framework.   

3.1 Logistics Management Framework 

Our proposed framework focuses on addressing one particular limitation of the existing supply-

chain based freight demand models: each business establishment – defined as a single physical 

location where a business performs economic activities – is treated as a separate and independent 

decision-making agent. Inter-establishment interactions are considered in these existing models 

only between agents assuming different roles in the supply chain (e.g., between supplier and 

customer, between shipper and freight forwarder). In reality, however, when multiple 

establishments are under the common ownership of a firm, they interact with each other in the 

making of logistics and other business decisions. Such firm, hereafter referred to as multi-

establishment firm, may benefit from individual establishments’ proximity to suppliers and 

customers, flexibility in procurement and production, and specialization in activities (Maritan et 

al., 2004). To realize these advantages associated with the multi-establishment structure and 

achieve maximum profit for the entire firm, firms have to coordinate activities across 

establishments rather than manage each establishment independently (Bhatnagar et al., 1993). 

This interdependency means that the logistics management practices of establishments within 

multi-establishment firms may differ significantly from those of single-establishment firms.  The 

implication of overlooking such intra-firm interaction in a freight demand model is nontrivial.  

As shown in Table 3-1, at the national level multi-establishment firms are very prevalent 

and establishment-to-firm ratio increases as firm size increases. While most of small firms (1-19 

employees) tend to consist of a single establishment (as reflected by the average ratio of 1.01), 

large firms of 500+ employees have, on average, 63.28 establishments per firm. Even though 

nationwide there are a lot more of the small firms (89.4%) than large firms (0.3%), these large 

firms account for more than 60% of the total sales receipts
1
 and therefore have great influence on 

the nation’s economy. The prevalence and economic impact of multi-establishment firms are 

also found in the specific manufacturing and wholesale trade industries, which are two major 

freight-generating industries. Thus, failure to represent multi-establishment firms’ behavior in 

freight demand models is likely to have significant impact on forecasting accuracy.  
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Table 3-1. Number of Firms and Establishments by Employment Size and Industry in U. S. 

(SUSB, 2007) 

 
Employment Size of Firm 

1-19 20-99 100-499 500+ 

All Industries 

Number of Firms 5,410,367 532,391 88,586 18,311 

Number of Establishments 5,466,985 723,385 355,853 1,158,795 

Average Establishment-to-Firm Ratio 1.01 1.36 4.02 63.28 

Total Sales Receipts
1
 ($1,000) 3,975,109 3,792,921 3,612,050 18,366,661 

Manufacturing Industry 

Number of Firms 213,074 55,603 13,945 4,079 

Number of Establishments 213,509 59,596 23,030 35,220 

Average Establishment-to-Firm Ratio 1.00 1.07 1.65 8.63 

Total Sales Receipts
1
 ($1,000) 197,171 440,740 634,738 4,019,587 

Wholesale Trade Industry 

Number of Firms 286,873 36,783 7,907 3,113 

Number of Establishments 292,554 53,305 28,337 60,268 

Average Establishment-to-Firm Ratio 1.02 1.45 3.58 19.36 

Total Sales Receipts
1
 ($1,000) 872,353 899,444 771,807 3,442,613 

 

In view of the inappropriate treatment of multi-establishment firms in previous freight 

demand models, this study sets out to consider a firm-based modeling approach that incorporates 

supply chain concepts and accounts for interdependency of establishments within a firm.  

While business logistics management involves making a variety of decisions that fall 

within different planning areas (Ballou and Srivastava, 2007), this study considers the areas most 

relevant to freight transportation, including customer demand and service, firm structure and 

facility location, purchasing, inventory and ordering, and transportation. Figure 3-1 shows the set 

of key business decisions and the common principles based on which these decisions are made 

within each of these planning areas. Each business decision is labeled with its typical planning 

horizon. Strategic decisions are considered long-term with a planning horizon longer than one 

year; tactical decisions are made at an intermediate time interval (e.g., monthly); and operational 

decisions are related to daily or hourly logistics tasks.  

The innermost circle in Figure 3-1 is customer demand & service, which is at the heart of 

a firm’s operation and drives almost every aspects of logistics management. It is one of the most 

important factors for a firm to gain a leading position in today’s competitive business 

environment. The three logistics areas (firm structure and facility location, purchasing, and 

inventory and ordering) depicted in the middle layer of Figure 3-1 are directly driven by 

customer demand and often influence each other in an intricate way. The outermost layer of 

Figure 3-1  refers to the transportation aspect of logistics management.  The internal and 

                                                 
1 Sales receipts are defined as the revenue for goods produced, distributed, or services provided. 
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external, inbound and outbound transportation decisions of a firm are directly driven by the 

many decisions listed in the middle layer of the diagram.      

Each of the aforementioned five logistics areas are further discussed below.  

 

Figure 3-1. Overview of the business logistics management process 
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3.1.1 Customer demand and service 

The spatial and temporal patterns of customer demand form the underlying constraints for 

a firm to manage purchases, schedule productions, locate inventories and arrange shipments. 

Typically, it is impractical and unnecessary for a business to equally satisfy all its customers’ 

demand. The logistics area of customer service management entails setting the inventory levels 

for various items and the service levels (or fill rates) for customers. Here, service level is defined 

as the percentage of customer demand to be satisfied by on-hand inventory (Heskett, 1994).  

Definitive evidences in practice have shown that the amount of sales increases with 

enhanced logistics customer service (Bartiz and Zissman, 1983). Meanwhile, a high service level 

typically requires decentralized inventory and frequent shipments with small quantities that 

result in added cost. Therefore, a business needs to strike a balance between increased sales and 

increased costs. The decision making behind customer service level and inventory level usually 

follows the profit maximizing principle. As such, different commodities and customers are 

assigned with different inventory and service levels (Kopczak and Johnson, 2003).  

3.1.2 Firm structure and facility location 

Firm structure is defined by a set of different but interrelated decisions, including vertical 

integration level, number and size of constituting facilities. Vertical integration level 

characterizes a firm’s business boundary by determining whether engage in or outsource certain 

operation.  For example, a manufacturer could integrate internal sales force to sell products 

rather than use independent marketing representatives. In contrast with so-called forward 

integration, the backward integration extends firm operation to its upper level of supply chain, 

i.e., in-house making some components or material required for its current production. The 

integration level is typically determined as a result of make-or-buy decision based on transaction 

cost theory, which is first introduced by Coase (1937) and used as a standard framework in 

business boundary study. Under this framework, not only the production technology determines 

the business boundary, the tradeoff between the relative transaction costs of external and internal 

commodity exchange plays key roles as well. Based on this theory, various studies have been 

performed to investigate the importance of other factors to make-or-buy decision making, such 

as asset specificity, uncertainty in volume and technology, etc. (Walker and Weber, 1984) . 

Based on the business boundary, a firm determines the number and size of its constituting 

facilities, and they are often considered jointly with the facility location decisions.  These 

decisions establish the spatial patterns of commodity flows. They also affect the temporal 

patterns of logistics management since they determine the lead time needed to fulfill any 

inventory replenishment or purchase order. Extensive works in the field of operations research 

have been conducted to assist businesses in making these decisions in an optimal manner (Owen 

and Daskin, 1998) and they provide the premise for freight demand modeling. For example, 

there is usually one major driving force that dominates facility location choice (Ballou and 

Srivastava, 2007), such as the cost factor driving manufacturing plant and warehouse locations 

and potential revenues driving retail locations. The optimum facility location is determined by 

optimizing on the dominating factor while satisfying any associated constraints such as funds 

availability and demands to serve.  
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3.1.3 Purchasing 

Purchasing refers to buying commodities from sources outside a firm; typical questions 

involved in purchase management are: where and from whom to purchase, and how much to 

purchase (Leeders et al., 2001). But as discussed in previous section, before making these 

decisions, a vertically integrated firm has the option to satisfy its commodity needs through in-

house production. After internal sourcing for commodities, a firm relies on the outside suppliers 

in market for goods to meet its remaining demands. The problem of supplier selection has been 

studied extensively in operations research (Ho et al., 2010; Aissaoui et al., 2007). It is commonly 

recognized that, in addition to purchase costs, the quality of goods, services provided by supplier, 

and flexibility in satisfying customer needs play key roles in determining the competitiveness of 

suppliers. The actual selection of a supplier could take place through the auction sourcing 

process, in which suppliers are invited to auction on supplying for a customer and customer 

choose the one that win the auction. Another key observation regarding purchasing behavior is 

that firms increasingly look for long-term buyer-supplier relationship rather than focus on the 

cost minimization in one-time transaction.  

3.1.4 Inventory and ordering 

Inventory and ordering decisions are concerned with the transportation and storage of 

commodities throughout a firm’s logistics channel, ranging from the stockpiles of extra raw 

materials purchased to the allocation of finished products at warehouses. For freight 

transportation, the key decisions are the quantity and schedule of inventory replenishment from 

inside firm resources and those decisions about commodity ordering from outside suppliers.  

For the internal inventory replenishment, the push approach and pull approach serve as 

the basic management philosophies in determining replenishment quantity and frequency. The 

push approach allocates commodities to demanding points according to the forecasted demand at 

each location but sets inventory levels collectively if there are multiple locations to serve (Ballou 

and Srivastava, 2007). In addition to commodity needs at each location, the replenishment 

quantity is also determined based on production plant size, purchase quantity, and transportation 

quantity to achieve cost savings for the entire system. The push approach is therefore a 

reasonable approach when production and/or purchasing factors dominant inventory planning. 

In contrast, the pull approach considers primarily only the local demand and cost 

conditions in determining replenishment quantity and frequency for each individual stocking 

point, and it is particularly popular for businesses operating at the lower end of a supply chain 

(e.g., retailers) (Andel, 1996). Most of the replenishment systems under pull approach are 

derived from the popular economic order quantity (EOQ) theory (Harris, 1913), in which the 

optimal order quantity is determined to minimize ordering cost and inventory carrying cost. 

Based on the EOQ theory, two fundamental pull inventory replenishment methods are 

developed: reorder point model and periodic review model (Stevenson, 2008). The reorder point 

model places an economic order quantity when inventory depletes to a critical point, which is set 

based on replenishment lead time and demands during lead time to assure customer demand 

could be satisfied before the next order arrives. The implementation of this model requires 

monitoring the inventory levels of each item and therefore incurs extra administration cost. The 

periodical review model audits inventory level at a fixed interval that is determined as the ratio 

between optimum order quantity and annual demand. At the end of each interval, an order is 
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placed to fill the inventory up to a predetermined maximum quantity. This model is preferred 

when multiple items are jointly ordered from the same vendor or when significant transportation 

savings could be achieved (Gill et al., 1985).  

For the external sourcing, the ordering decisions are determined according to the buyer’s 

production schedule or commodity demands, and two types of strategy dominate the ordering 

systems: forward buying and just-in-time. The forward buying is motivated by various price 

incentives offered by suppliers and/or by higher price expected in the future. Under such 

strategy, a firm may order commodities in large quantities that exceed its current requirements 

and create extra inventories. Therefore a firm operating forward buying strategy has to balance 

the additional inventory and the price advantages. On the other hand, the increasingly popular 

just-in-time strategy emphasizes on the scheduling of purchase to minimize inventory. It is an 

operating philosophy characterized by close relationships between buyers and suppliers through 

shared information, and minimal inventory as a result of frequent goods purchase and small-

quantity transport. Typical ordering systems under just-in-time approach include KANBAN 

system using the reorder point method of inventory control that is applied under high demand 

uncertainty situation, and material replenishment planning (MRP) system for scheduling high-

valued commodities or parts of reasonably known demand. 

3.1.5 Transportation 

The logistics decisions listed in the inner and middle layers of Figure 3-1 readily 

characterize a firm’s freight transportation patterns in terms of origin and destination, shipment 

size, and schedule. Here, the transportation component of the logistics management process 

focuses on how goods are actually moved from one location to another using the multimodal 

transportation services and network. This includes decisions such as service provider, 

transportation mode, and vehicle/vessel routing and scheduling.  

Outsourcing all or part of logistics function to a 3rd party logistics (3PL) service provider 

has become prevalent across the industry (Qureshi et al., 2007). A literature survey (Razzaque, 

1998) indicates that the common driving forces for outsourcing logistics service include the 

globalization of business, just-in-time requirement and emerging technology and versatility of 

third parties. By outsourcing logistics service, a business expects to take advantages of strong 

cross-functional knowledge, logistics management expertise, efficiency improvement, etc. For a 

firm deciding to use 3PL service provider, it is necessary to select one or more appropriate 

carrier(s). According to Theodore and Goldsby (2000), carrier selection is often integrated with 

the selection of mode and carrier type in today’s practice. 

Either the shipper or the chosen carrier assumes the responsibility of choosing an 

appropriate mode to fulfill the shipments. It is commonly recognized that freight service quality, 

measured with reliability and flexibility in delivering freight, increasingly outweighs 

transportation cost factor in determining which mode to use (McGinnis, 1990; Evers et al., 

1996). Freight service factor is often incorporated into mode appraisal through its indirect effects 

on inventory costs and sales. The optimum mode is then selected by balancing the trade-offs 

between transportation cost and service quality.  

The task of routing and scheduling deals with arranging the order and path in which 

shipments are picked-up and delivered using the selected carrying equipment (trucks, vessels, or 
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flights). For modes other than trucks, the routing solution is typically driven by the need to 

minimize the number of carrying equipments to use. In contrast, highway freight routing is 

characterized by the desire to reduce total distance traveled and the number of empty trips. 

Unlike common route choice problems in passenger transportation planning, the freight vehicle 

routing problem takes into account the vehicle size and the loading condition as well since trucks 

pick up and deliver goods during the shipping process. Routing and scheduling are also 

constrained by the time window specified for delivery or shipment by each receiving and 

shipping facility. These characteristics translate the task into the typical transportation issue in 

operation research, ranging from the classical travelling salesman problem to the many variations 

of routing and scheduling (VRP) problem. 

3.2 In-Depth Interviews with Stakeholders 

The interviews were conducted based on a list of talking points covering all five business areas 

outlined in Section 3.1. The interviewers were instructed to supplement the list with any follow-

up questions as needed during the interview process. A total of 7 stakeholders were interviewed. 

These include business owners, chief operating managers, and purchasing/shipping mangers 

from businesses in the Milwaukee, WI, and Houston, TX, area. The interviews ranged from 40- 

minutes to 2 hour long. While most of the conversations help validate the framework outlined in 

Section 3.1 and a draft modeling framework that the research team had sketched out at the time, 

there were a few surprises or practices that turned out more prominent than we expected. These 

are briefly highlighted below.     

 Large firms are moving towards more vertical integration within the firm and, at the same 

time, have less collaboration with other external firms. Collaboration across firms is more 

prevalent and necessary among smaller firms.  

 As part of the collaboration among manufacturers, manufacturer A could manufacture and 

ship a product to manufacturer B’s customer in B’s name without having A’s name or 

address on any paperwork or anything shipped to the customer. This prevents the customer 

from accurately identifying (and reporting to any survey) the true origin of what they receive.   

 The level of willingness varies greatly across interviewees to disclose information about their 

specific suppliers, carriers, and customers.  It seems to be a matter of individual company 

policy and not necessary dependent on the industry sector or company size. 

 The distinction and designation of purchasing versus transportation staff in larger companies 

but often not the smaller companies does not necessarily lead to more efficient operations. In 

fact, as revealed by a transportation department manager, transportation decisions are often 

an afterthought after the sourcing decisions have been made. Depending on how a company 

is structured, the level of interdependency across sourcing/inventory/transportation decisions 

can be very different. Simplifying assumptions will inevitably have to be made in order to 

develop operational freight models that represent “common” practice.  

 The factors taken into the supplier choice consideration also differ a lot across companies. 

Some claimed to consider “quality” as the top criterion. Others said “cost” is the biggest 

influence factor.   
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 As expected, most interviewees agreed with the benefit and expressed the desire of having at 

least some control over how their suppliers ship the materials to them. One manufacturer 

pointed out that, in cases where the materials are rather sensitive, it is actually better to have 

a supplier taking full responsibility of the shipping because of the possibility of damage 

during transportation. Otherwise, if the supplier has no in the matter, the manufacturer would 

prefer to ship the materials with their own carriers to increase the volume in-house for future 

contract negotiations. 

 Companies that produce a lot of customized products are more likely to order what they need 

as orders arrive (just in time). Transportation cost involved in sourcing is not as much of a 

concern since it is often absorbed by the customer.  

 Manufacturers who sell internationally or to specific markets (such as VA hospitals) have 

more knowledge about the upstream of their supply chain. Because of compliance 

requirements, they need to know the country of origin of every raw material used in their 

production. That is, they would know who the supplier of their supplier is, but not necessarily 

the transportation arrangements along the way. 

 Purchase and inventory decisions depend not only on past data, but also future trends (i.e. 

what is “in” for the next season). 

 Depending on the range of their products, it is quite typical of a company to use a mix of 

parcel, LTL, trailer load, and broker services. This points to added challenge for micro-level 

models to capture the decision-making at this level of detail.   

 At an extra cost, shippers can have added control over their shipping service with a carrier 

(eg FedEX). 

 The practices of lean manufacturing and just-in-time production have led to increased use of 

carrier services because carriers could guarantee transit time.  

3.3 Intra-Firm Interdependency and Implication on Freight 
Transportation Patterns 

The logistics management considerations and approaches differ between single- and multi-

establishment firms in many ways because a multi-establishment firm needs to make well-

coordinated logistics decisions in order to attain the benefits of having multiple facilities at 

differing locations. These differences, together with their potential implications on freight 

transportation patterns, are discussed below.  

3.3.1 Firm structure and facility location 

With regard to firm structure and facility location, multi-establishment firms definitely 

face a more complex problem than single-establishment firms.  This is because the multiple 

facilities involved in a multi-establishment firm cannot be considered as economically 

independent and their locations are driven by different forces depending on the type of facility 

(Ballou and Srivastava, 2007). For example, in the wholesale/retail industry, consumer demand 
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is the key determinant driving the location of retail outlets. The location decision is also affected 

by the effects of cannibalization and market expansion (Berman and Krass, 2002). 

Cannibalization refers to the situation where new facilities attract some of the demand from 

existing facilities and may result in diminished profits for the entire firm. However, this effect 

could be partially or fully offset by market expansion, which refers to the case that new facilities 

trigger new consumer demands and therefore make the market even bigger.   

In the manufacturing industry, facility location decisions of a firm depend largely on its 

vertical integration level, which is reflected as the production scheme adopted. As classified by 

Schmenner (1979), typical production schemes include:   

 product plant strategy, in which distinct products or product lines are manufactured in each 

plant of a firm to serve the entire domestic market area. 

 market area plant strategy, in which all or most of the product lines are manufactured in each 

plant of a firm to serve a regional market. 

 process plant strategy, in which the output products of a plant serve as input materials or 

components for other plants within the same firm. 

 general purpose plant strategy, which refers to a combination of any two or three of the 

above listed strategies.  

The production schemes act as guidelines for a multi-establishment manufacturer to 

locate multiple plants. For example, a manufacturer with the market area plant strategy tends to 

have spatially scattered plants.  On the other hand, a manufacturer operating under the process 

plant strategy are likely to locate its facilities closely to reduce lead time and transportation cost. 

3.3.2 Purchasing 

With regard to purchasing, multi-establishment firms have the opportunity to gain 

economies of scale in purchase by sourcing large quantity for its establishments from a common 

supplier (Oboulhas et al., 2005). This so-called centralized purchasing strategy is found in many 

large firms such as Whirlpool, General Motors, Dells, Wal-Mart and IBM (Wisner et al., 2005; 

Benton, 2007). The successful implementation of this strategy relies on a variety of factors such 

as the commonality of material supply, long-term availability, and specialized purchasing skills 

and knowledge (Corey, 1978). Although centralized purchasing presents certain advantages, a 

firm operating under this strategy may sacrifice flexibility of souring and suffer from longer lead 

time in its local establishments. In order to benefit from both the centralization and 

decentralization, a compromised approach is called ‘centralized pricing with decentralized 

purchasing’, in which suppliers are selected through firm-to-firm negotiation at centralized level 

and each establishment makes its own orders by specifying order quantity and shipment 

frequency.  

To illustrate the impact of centralized purchasing strategy on freight movement, Figure 

3-2(a) shows two scenarios both involving two manufacturing plants and two suppliers that 

supply the same material. In scenario A, the two plants correspond to two independent firms i 

and j; whereas in scenario B both plants belong to the same firm i. Assume that the two supplier 
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firms, a and b, are virtually identical except in their locations. In scenario A, if the purchase costs 

offered by both suppliers are the same and transportation costs are proportional to the physical 

distances, then both manufacturing firms would independently choose the supplier closest to the 

firm. That is, firm i would use supplier a and firm j would use supplier b. In scenario B, when the 

two plants are operated by the same firm that exercises centralized purchasing, their purchases 

would likely to be combined and sourced from the same supplier, say a, for the benefit of a 

discounted purchase price. In this case, the resulting O-D flow pattern, shipment size, delivery 

route and timing may all differ from that of scenario A.  

3.3.3 Inventory and ordering 

Single-location firms are usually too small to separate the inventory control problem from 

production scheduling. In comparison, multi-establishment firms that comprise multiple echelons 

(e.g. warehouse-plant for a manufacturing firm or warehouse-retail outlets for a wholesaler) have 

a more complex inventory behavior. One of their priority issues is the selection of warehouses to 

replenish their individual manufacturing plants or retail outlets. This decision could be made at a 

strategic level as a warehouse location choice problem or at a more tactical level as an allocation 

problem.  

Figure 3-2(b) illustrates a possible difference in inventory replenishment behavior 

between a single-establishment firm and a multi-establishment firm. In scenario A where three 

single-establishment firms a, b, and c all order materials from the same supplier i, it is up to each 

individual firm to determine its order quantity and schedule, thus representing a pull approach. In 

scenario B, if now the three receiving plants are all owned by the same firm i that also operates 

the warehouse stocked with the needed materials, the firm has the ability to coordinate 

replenishment schedules and the opportunity to combine replenishment quantities across the 

three receiving plants. This allows for a push approach that could lead to different ordering 

pattern as compared to the more frequent shipments with smaller quantities in scenario A.    
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Another inventory and ordering paradigm is the vendor-managed inventory (VMI) 

approach, in which the supplier assumes responsibility to reviewing customer’s inventory levels, 

usually on a daily basis, and controls the timing and quantity of customer resupply decisions 

rather than fills orders as they are placed (Cetinkaya and Lee, 2000). Because of an increasing 

emphasis on coordination and collaboration in supply chain management, suppliers and 

customers are often considered a system in designing optimal order arrangement under a multi-

items and multi-establishments context (Khouja and Goyal, 2008). The order quantity and 

schedule are determined to minimize the ordering cost and inventory holding cost for entire 

system.  

 

3.3.4 Transportation  

The presence of multiple establishments within a firm adds complexity to the 

transportation problem in that there may be multiple origins serving multiple destinations. It 

leads to the opportunity for vehicle consolidation, through which less-than-truckload shipments 

from multiple origins could be placed on the same vehicle through well-coordinated routing and 

scheduling. The combined shipment size may also make a mode such as rail more attractive. It 

Figure 3-2. Differences between single- and multi-establishment firms 
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should be noted, however, that similar opportunities of consolidation are also practiced by third 

party logistics providers in dealing with both single- and multi-establishment firms.  

As discussed above, multi-establishment firms may operate in a significantly different 

way as compared with single-location firms due to the resources possessed and constraints 

brought by the multi-establishment structure. The resulting freight transportation also presents 

different patterns in almost every aspect including origin and destination, shipment size and 

frequency, schedule, mode used, and routing. Failure to account for the multi-establishment 

structure tends to produce incorrect freight patterns modeled.   

3.4 FIRM-BASED MODELING FRAMEWORK 

Based on the logistics management concepts discussed in section 3, a firm-based 

framework for modeling freight demand is presented in this section. This proposed modeling 

framework is unique in that (a) its underlying decision making units are firms, as opposed to 

establishment, and (b) it captures explicitly many of the behavioral differences between single- 

and multi-establishment firms.  

Figure 3-3 presents the overall structure and application procedure of the modeling 

framework, with the right hand side being its major modules, which consists firm creation, 

purchasing, inventory and ordering, and transportation. Depicted on the left hand side of Figure 

3-3 is how the various modeling components would be applied in a micro-simulation 

environment to simulate the logistics decisions and freight movements associated with all firms 

in a study region. Specifically, the simulation procedure would be a hybrid of longitudinal and 

latitudinal simulation approaches. First, firm synthesis is performed to generate a collection of 

firms located within the study region. Similarly, establishment synthesis is performed to generate 

individual establishments. Then the firm structure and facility location module is utilized to 

match establishments to firms and determine additional attributes for each firm. Next, firms’ 

annual demands and supplies are simulated one at a time. If a firm has multiple establishments, 

its internal sourcing/supplying decisions are also simulated and the demand and supply quantities 

are updated. External sourcing is then simulated in the next iteration across all firms. This 

involves simulating the establishments’ choices of supplier, purchase quantity, and sourcing 

point. At this point, the annual amounts of commodities to be moved between all pairs of 

establishments are determined.  

Next, the simulation process focuses on how annual commodity flows are spread out over 

the course of a year. This is accomplished by simulating the ordering quantity, frequency, 

combination structure, and timing for all commodities, one firm at a time. At the end of this step, 

each order, or shipment, is assigned with a known quantity and delivery date. The simulation 

then focuses on firms that assume the roles of suppliers and/or carriers who make transportation 

decisions at the operational level. At the end of this procedure, all shipments are assigned with 

modes, consolidation locations, vehicles, routes and delivery/arrival times.    
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Figure 3-3. Firm-based freight demand modeling framework 
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The remaining of this section describes the methodologies proposed for developing the 

various components that constitute of this firm-based modeling system. It should be noted that 

not all model components in the system have been fully calibrated. The methodologies described 

below reflect what the authors consider as the most suitable and doable based on the data being 

collected and data readily available. The details in the mathematical structure and/or the 

exogenous variables to be incorporated in the models are subject to changes based on the quality 

and statistical power of the final data. 

3.4.1 Firm Creation 

The synthesis procedure used to create firms and establishments is similar to that used for 

synthesizing households and population for activity-based modeling (see, e.g., Guo et al., 2007). 

The major source of data is the 2007 economic census. At the end of the synthesis process, each 

firm i is defined by a vector of key attributes, detonated as Fi, that includes primary industry type 

and firm size. Similarly, each establishment s is defined by a vector Es that includes attributes 

such as employment size, facility area, economic activity, and annual sales.  

Another key attribute for a firm is its vertical integration level, which is not included in 

general economic census data and therefore requires being further estimated. As previously 

discussed, a firm’s vertical integration level determines the additional business activities 

involved besides its primary operation. Theoretically, a firm could incorporate the production 

and distribution activities through entire supply chain into its in-house operation. Constrained by 

physical resources, technologies and expertise possessed by a firm, however, fully vertical 

integration is likely to diminish the operation efficiency. Therefore few firms adopt integration at 

such level, with some exceptions in industries of relatively simple supply chain structure, such as 

oil industry. Considering this fact and the potential errors introduced by tracing firms’ vertical 

integration structure along entire supply chain, it’s decided to focus on the industries with 

immediate and substantial links to the study firm’s industry from both ends of a vertical supply 

chain. Following the definition used by Hortacsu and Syverson (2009), the substantiality of 

relationship between two industries is determined by the relative volume of commodity flows 

derived from industry input-output matrices.  

After determining all immediate industries that have substantial trade volumes with the 

primary industry of the study firm, a discrete-continuous choice model is applied to jointly 

examine 1) whether going into a specific upstream/downstream industry; and 2) the number of 

establishments the firm has that operate the industry. It should be noted that though a firm may 

involve in many secondary industries besides its primary industry, each establishment is assumed 

to perform only one type of economic activity. This assumption is important in determining the 

type of goods produced/shipped by each establishment, especially given limited availability of 

data to calibrate the model. Based on random utility maximization (RUM), the utility Ui (c) that a 

firm i obtains from entering an immediate industry c and operating number of establishments in 

industry c are specified as: 

  ))(,,()( iii cscFfcU , and  (EQ 3-1) 

  ),()( cFfcs ii    (EQ 3-2) 
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By performing the industry entering examinations for all immediate industries with 

substantial links, the secondary industry type c and number of establishments operating in the 

industry ics )(  of a firm i are determined, and they are added as firm attributes. Then the discrete 

choice model is adopted to estimate the firm-establishment relationship, in which the utility Ui 

(x) that a firm i attains from choosing establishment x is specified as: 

( ) ( , )i i xU x f F E  
    (EQ 3-3)  

This model is repeatedly performed for each industry involved by the firm until the 

number of establishments in that industry determined in model (2) is satisfied. Hereafter if an 

establishment is associated with firm i, it is denoted as ix.  

Next, locations of establishments and headquarters are determined using another discrete 

choice model. The utility attainable by establishment x of firm i from choosing location l is 

defined as:  

1( ) ( , ,... , )ix i i iX lU l f F E E A
   (EQ 3-4) 

where Al describes location l’s characteristics, including land price, surrounding land use, local 

economic index, and transportation accessibility. As previously discussed, the presence of 

existing establishments within a firm has impacts on its location decision of new establishment, 

and such influence may exhibit in various ways under different production schemes. In order to 

account for the spatial interaction effect, the inter-establishment correlations could be 

incorporated into the utility function to represent the influence of other establishments’ location 

choices on the location decision of establishment ix (see, e.g., Nguyen and Sano, 2010). Once a 

location is assigned to an establishment, the attributes in Al are absorbed into ixE .  

3.4.2 Purchasing 

The purchasing module determines annual goods flows between establishments. The 

annual demand of establishment x from firm i for commodity a, denoted as 
a

ixD , is first 

determined based on a regression model: 

),,,( )( akka

ixi

a

ix PPEFfD     (EQ 3-5) 

where aP is the generalized purchase price of commodity a and  akkP   is the generalized sell 

price of commodity k that uses commodity a as a primary material. And the industry input-output 

datasets are used again to identify the material needs of certain commodity production. The 

incorporation of output commodity sell price )( akkP   allows us to take into account the business 

market effects on firm economic activities (e.g., material demand and production), thereby better 

approximating the forecasts of production needs and commodity demands according to general 

economic data. Similarly, the annul supply of commodity k by establishment x of firm i, 
k

ixS , is 

determined by: 

),,,( )( kaak

ixi

k

ix PPEFfS     (EQ 3-6) 
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Once commodity needs and products supply at each establishment are determined, the 

annual demands of commodity a and supply of commodity k at the firm level is calculated as the 

sum across all member establishments. That is: 


x

a

ix

a

i DD  , 
x

k

ix

k

i SS    (EQ 3-7) 

The next model, internal sourcing, is concerned with only multi-establishment firms. The 

premise of this model is that a firm would attempt to use resources available within firm before 

making purchases from another firm. As such, the problem of internal sourcing becomes a 

problem of distributing commodities from supply points to demand points within a firm. This is 

similar to the classical transportation problem (Hitchcock, 1941), whose objective is to minimize 

the total transportation cost incurred in distributing commodities and the constraints are that all 

supply leave their source points and all demand are satisfied. For the internal sourcing problem, 

however, the internal supply within a firm may or may not suffice to serve all in-house demands. 

Therefore, a variation of the standard transportation problem is proposed here to consider both 

possibilities. Let 
a

ixiyTC be the transportation cost for moving a unit weight of commodity a from 

establishment y to establishment x within firm i. Let 
a

ixiy  be the commodity flow a from 

establishment y to establishment x within firm i, measured in weight. Then the internal sourcing 

problem is formulated as follows:  
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(EQ 3-8) 
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The first constraint ensures that the outbound commodity at each location does not exceed its 

supply capacity; the second constraint specifies that the total inbound commodity at a demanding 

location either satisfy its demand or use up all internal supply. After internal sourcing, the 

quantities of supply and demand at each establishment are updated.   

The remaining demands of establishments are satisfied from outside suppliers. Multi-

establishment firms have the choice between using common suppliers for its multiple 

establishments or allocating supplier selection rights to its organizational units. Both the 

centralized purchasing and decentralized purchasing strategies have their own advantages; 

however, there is no clear cut-off criterion to distinguish which strategy is adopted by a firm. In 

addition, a hybrid purchasing strategy is becoming popular to allow both centralized decision 

making at firm level for some establishments and individual supplier selection for remaining 

establishments. Hence, instead of explicitly modeling centralization/decentralization strategy of a 

firm, the framework considers the supplier selection at establishment level. And to capture the 
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centralized purchasing behavior, the model incorporates the interaction between establishments 

within a firm in supplier selection, as that described in establishment location choice with 

alternatives changed from locations to suppliers. The supplier selection decision is jointly 

modeled with purchase quantity decision using a discrete-continuous structure:  

  ),,...,()( 1

a

ixjyiXii

a

ix EEFfjyU
, and  (EQ 3-9) 

  ),,,,( a

jyjyjix

a

ix

a

ixjy SEFEDf
   (EQ 3-10) 

EQ 3-11 gives the utility associated with establishment x in firm i choosing establishment y in 

firm  j to supply commodity a;  EQ3-12 represents the annual purchase quantity. Potentially, the 

error term ε in EQ 3-13  could be further expanded to incorporate autoregressive term measuring 

the similarity of supplier establishments. Following the idea of McMillen (1992), who applied 

the spatial autoregressive term to account for spatial correlations of alternatives in modeling 

housing choice behavior, here the “distance” in autoregressive term could be defined as a 

dummy variable to indicate whether supplier establishments belong to one single firm. By 

incorporating such ownership correlation among supplier establishment alternatives, the 

centralized purchasing behavior at firm-to-firm level could be better represented, though the 

supplier selection is modeled at establishment level. 

It should be noted that the establishment demands may not be automatically satisfied 

after this external sourcing, as an establishment may purchase from multiple suppliers. If the 

commodity needs does not meet by the primary supplier establishment, the supplier selection and 

purchase quantity model is repeated to estimate the secondary supplier until the commodity 

needs is fully satisfied.  

3.4.3 Inventory and Ordering  

In this module, the annual commodity flows are divided into a series of individual orders 

throughout a year. The consumption of goods in establishments is assumed to be steady and 

continuous, therefore the demands of goods exhibit a constant pattern from order to order and a 

uniform order quantity applies. It is recognized that some products are highly seasonal (e.g., 

fashion apparel), however, it requires detailed commercial trading data to capture seasonal 

variation and this is out of the scope of this study. 

For commodities with approximately constant demand, the economic order quantity 

(EOQ) theory establishes the basis for determining optimal order quantity 
k

ixjyQ . The theory views 

the total logistics cost 
a

ixjyTOC , which consists of ordering cost and inventory carrying cost in 

basic form, as a function of order quantity:  

2

a a a a

ixjy ix ixjy ixjya a

ixjy ixjya

ixjy

I C Q
TOC CO

Q


 

   (EQ 3-141) 



24 

 

where 
a

ixjyCO is the ordering cost measured in dollars per order, a

ixI is the inventory carrying cost 

as a percent of item value measured as percent/year, and 
a

ixjyC is the item value carried in 

inventory measured in dollar per ton. Based on the first order condition, the optimal order 

quantity that minimizes the total logistics cost is given by:  

2 a a

ixjy ixjya

ixjy a a

ix ixjy

CO
Q

I C




    (EQ 3-15) 

If constant demand (i.e. regular order intervals) is assumed, then annual order frequency 

is computed as the ratio between the annual purchase quantity and the optimal order quantity:  

 
/a a a

ixjy ixjy ixjyN Q
    (EQ 3-16) 

The order quantity 
a

ixjyQ and frequency 
a

ixjyN
 
together define a set of orders of commodity a made 

by establishment x in firm i from establishment y in firm j throughout a year. For the ease of 

subsequent discussion, each set of orders is denoted by  a

ixiy

a

ixiy

a

ixiy NQO , .
 

In order to incorporate the effects of joint ordering, an order combination model is 

proposed in which orders are combined from a customer firm’s perspective. The model takes a 

binary choice structure, where the utility obtained by combining two orders 
a

ixjyO  and 
b

igjyO  of 

commodities a and b to destinations ix and ig, respectively, is specified as follows: 

 ),,,,,,,,()(
),(

b

igjy

a

ixgy

b

igjy

a

ixjyjyigixOO
OQNNEEEbafcombineU b

igjy
a
ixjy   (EQ 3-174) 

Based on the probability given by the binary choice model, each order within the order pools of a 

customer firm is considered to be combined with another order by Monte Carlo simulation. This 

process results in a set of combined orders such as ( , ...)a b

ixjy igjyO O .  

The order time assignment model determines whether an order – single or combined – is 

to be shipped to its customer on any given day. Because shipments are assumed to be sent on 

fixed intervals, the probability to ship an single order 
a

ixjyO is given by 
365

a

ixjyN . For a combined 

order, the probability to be shipped on the day is the average of the probabilities for each 

separate order. For example, if a combined order consists of two orders, the probability that the 

combined shipment takes place on the day is given by 
1 1

2 365 2 365

a b

ixjy igjyN N


.
 

Potentially, the shipping probability for a combined order could be further weighted by 

the value of the commodities in each order, implying that orders of higher value dominates the 

shipping date arrangement in a combined order.  
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3.4.4 Transportation 

Once the spatial and temporal flows of shipments are determined between firms and 

establishments for a given day, the Transportation module translates these shipment flows into 

traffic flows on the multi-modal network.  

First, the supplying firms choose between outsourcing the shipments to 3PL service 

providers and using in-house fleet. This is determined by a binary choice model. The utility 

)(LSPU a

ij that a supplying firm j obtains from using a logistics service provider (LSP) to ship 

commodity a to its customer firm i is specified as: 

  ),,()( a

ijij

a

ij FFfLSPU     (EQ 3-185) 

If a firm decides to outsource shipments, the next step is to choose a carrier. The choice 

problem is modeled as a discrete choice problem with the utility associated with carrier c 

specified as: 

),,,()( a

ijcij

a

ij FFFfcU      (EQ 3-196) 

Next, a transport chain model similar to that proposed by de Jong and Ben-Akiva (2007) 

is used to determine the transport mode(s) and transshipment location(s) (if any) involved in 

fulfilling each shipment. A transport chain t is defined as a series of legs 1,2,…n,…N, and each 

leg of the chain is characterized by a transshipment location h (e.g., a rail station) and the mode 

used m to transport the shipment there:  

        t

N

t

N

t

n

t

n

tttt mhmhmhmht ,,,,,,,,, 2211 
  (EQ 3-207)

 

Under this setting, the transshipment location and mode of last leg are the actual 

customer destination of a shipment and transport mode used when it arrives at the customer, 

respectively. The utility attainable by choosing a specific transport chain is proposed as the sum 

of the utility associated with each leg of the chain: 
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    (EQ 3-218) 

The utility associated with using a leg n is the same as that of choosing mode t

nm  and 

transshipment location t

nh  on leg n and is specified as:  

),,,,,,,(),()( ,,, nmnmnh

a

ixjyyxjinn

a

ixjy

a

ixjy timerateAQEEFFfmhUnU 
 (EQ 3-229) 

where Ah,n indicates the attributes of  transshipment location h on leg n; ratem,n and timem,n denote 

the freight transportation cost and travel time of using mode m on leg n, respectively. These 

utility specification are then incorporated in a discrete choice model to determine all the modes 

and transshipment locations involved in a shipment. 
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The last part of the transportation module involves scheduling and routing individual 

shipments onto their respective modal equipment and network while satisfying various 

constraints such as equipment capacities, link capacities, and delivery time windows. The 

process should also be sensitive to policy and planning variables such as pricing, size and weight 

permitting, safety and travel time reliability. These criteria render the shipment arrangement a 

major methodological challenge on its own, especially for highway freight transportation in 

which shipment equipment varies a lot. The development of this model component is therefore 

outside of the scope of the current paper and requires drawing from the state-of-the-art 

algorithms from fields such as dynamic traffic assignment and operations research. 

3.5 Limitations 

Obviously, no freight modeling system could fully capture every aspect of freight stakeholder 

behavior. The proposed work is no exception. During the design of the proposed modeling 

framework, certain simplifications and assumptions have been incorporated to assure its 

operational ability, resulting in the following limitations:  

 It is known that, in practice, single-establishment firms sharing similar roles in a same supply 

chain could establish alliance and form a purchasing group to gain bargaining power and 

obtain economies of scale through joint ordering. However, such a horizontal alliance 

between firms is not represented in the proposed framework, but could be considered as 

expanding the concept of joint decision-making from the intra-firm context to inter-firm 

context.  

 Price policy is not explicitly modeled in the proposed framework. As indicated in this paper, 

the purchasing decisions depend on the price policies of suppliers. Such price policy varies 

from firm to firm and is difficult to observe. As a result, the proposed framework uses firm 

and establishment attributes as proximity variables to represent the effects of different price 

policies. 

 A constant demand pattern is assumed for the modeling of ordering behavior. However, 

some commodities exhibit rather seasonal demand patterns and irregular order quantities and 

intervals. While it is highly desirable to capture such seasonal variation accurately, this 

would require a data program that monitors the fluctuation in market fluctuation and 

commodity flow across different times of a year and preferably for multiple years.   
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 CHAPTER 4. NORTHEAST REGIONAL TRAVEL DEMAND 
MODEL 

This chapter documents the work performed for Task 4, which entails assessing the freight 

transportation component of version 11 of the Wisconsin Northeast (NE) Region Model. The 

chapter documents the research team’s understanding of the NE model structure, discusses the 

model’s strengths and limitations, and concludes with the research team’s recommendations on 

ways to further improve the model.   

4.1 NE Model Overview 

The Northeast Regional Travel Demand Model (hereafter referred to as the NE Model) was 

developed to provide a decision-making tool for the Wisconsin Department of Transportation’s 

(WisDOT) Northeast Region. The development of the NE Model is a collaborative effort with 

WisDOT, Brown County Planning, East Central and Bay-Lake Regional Planning Commissions. 

The model builds on the existing Fox Valley model and covers counties of Brown, Calumet, 

Dodge, Door, Fond du Lac, Kewaunee, Manitowoc, Oconto, Outagamie, Shawano, Sheboygan, 

Washington, Waupaca, and Winnebago, as shown in Figure 4-1. The NE model includes the five 

metropolitan planning areas of Green Bay, the Fox Cities (Appleton-Neenah), Oshkosh, Fond du 

Lac and Sheboygan. It includes the entire US 41 corridor and most of northeast Wisconsin. The 

model covers 2585 internal traffic analysis zones (TAZ) indexed from 1 to 2774 and 64 external 

zones indexed from 2801 to 2864. The model includes a conventional four-step model 

component for passenger travel and a 3-step truck model component for freight transportation. 

The model has been calibrated for base year 2005 and forecasts daily auto and truck traffic for 

the future years (2020, 2035). 



28 

 

 
Figure 4-1. Geographic scope of the NE model 

 

4.2 Trip Generation Model Component  

4.2.1 Internal Trip Generation 

Truck trip generation component estimates the number of daily truck trips produced from 

and attracted to each traffic analysis zone (TAZ) within study region. Based on the zonal socio-

economic data of each scenario (2005/2020/2035), the number of truck trips produced is 

estimated by truck type using linear regression models, where the truck type consists of single 

unit truck and combination truck, 

Number of Truck Trips ProducedSingle =  

Number of Households × Household RateSingle +  

Number of Retail Employment ×Retail Employment RateSingle +     

Number of Non-retail Employment × Non-retail Employment RateSingle 

Number of Truck Trips ProducedComb =  

Number of Households × Household RateComb +  
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Number of Retail Employment × Retail Employment RateComb +  

Number of Non-retail Employment × Non-retail Employment RateComb 

The entire study area is separated into four regions: GreenBay, Sheboygan, Fox Valley, 

and the rest of the study area.  Potentially, the household rate, retail employment rate and non-

retail employment rate could be estimated by region. However, in the current model, generic 

rates are applied for different regions. The generation rates of different independent variables are 

summarized in Table 4-1.  

Table 4-1. Trip Production Rates by Truck Type 

 Single-Unit Truck Trips Combination Truck Trips 

Households Rate 0.099 0.038 

Retail Employment Rate 0.253 0.065 

Other Employment Rate 0.143 0.055 

 

After calculating the number of zonal truck trips produced, the truck trip attraction is 

simply assumed to be equal to truck trip production, 

Number of Truck Trips AttractedSingle = Number of Truck Trips ProducedSingle 

Number of Truck Trips AttractedComb = Number of Truck Trips ProducedComb 

4.2.2 External Trip Generation 

For base year, the traffic volume (produced/attracted) had been previously estimated 

using data from the Wisconsin Statewide Multimodal Travel Demand Model. This data set was 

updated with actual vehicular data counts in order to increase the model’s accuracy at these 

locations and as a result the counts were not factored. SRF, in conjunction with JT Engineering, 

Inc. collected additional traffic counts for 17 external sites, which are selected according to 

traffic volume, highway functional class and whether it is on a designated truck route. The traffic 

counts at these external sites, with vehicle classification, give the number of daily truck trips 

produced and attracted.  

For future year 2035, the NE region model uses the same forecasts that were used in the 

Fox Valley model where available, and these forecasts cover 58 external zones. For the 

remaining external zones, the forecasts are determined based on the following sources: 

Wisconsin Statewide model, WisDOT’s TAFIS (Traffic Analysis Forecasting Information 

System), and count data with a constant 1.5% annual growth. Once the 2035 forecast traffic 

volume was determined, the 2020 external forecast were derived using an interpolation between 

the 2005 and 2035 volumes. 

4.2.3 Trip Adjustment 

A trip adjustment step is used to adjust truck trip attraction for each internal zone, 

AttractedTripsofNumber
AttractedTripsofNumberTotal

AttractedTripsofNumberTotalroducedPTripsofNumberTotal
AttractedTripsofNumber

Internal

External 
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By applying the adjustment procedure, the number of truck trips attracted to each internal 

zone is changed in that way that the total number of truck trips attracted to external and internal 

zones is equal to that of truck trips produced from external and internal zones. And this 

procedure is applied to both single-unit truck trips and combination truck trips.  

4.3 Trip Distribution Model Component 

The trip distribution model component calculates the number of truck trips between zones by 

using a doubly constrained gravity models, 

ij i j i j ij ijNumber of Trips B D Number of Trips Produced Number of Trips Attracted f K     
 

1
i

j j ij ij

j

B
D Number of Trips Attracted f K
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i i ij ij

i

D
B Number of Trips Produced f K


  

  

where  

Number of Truck Tripsij: Number of trips from zone i to zone j. 

Number of Truck Trips Producedi: Number of trips produced in zone i. 

Number of Truck Trips Attractedj: Number of trips attracted to zone j. 

Fi,j: Friction factor from zone i to zone j. 

Ki,j: K-factor, set to the value of 1. 

The friction factor in the gravity model measures the attractiveness for traveling from zone i to 

zone j. An exponential form of the impedance function is applied in the model as follows: 

ijt

ij ef





 

where 

α: truck trip distribution parameters by truck type, as shown in Table 2.  

ti,j: travel time from zone i to zone j. 

The friction factors are set to be zero for external-external trips.  

 

Table 4-2. Truck Trip Distribution Parameters α by Truck Type 

 

 

 

Single-Unit Combination 

0.1 0.03 
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After the trip distribution step, the number of daily truck trips between each origin and 

destination (OD) pair is split into four numbers corresponding to four periods in a day, including 

AM (6AM-9AM), midday (9AM-3PM), PM (3PM-6PM) and night (6PM-6AM). The number of 

truck trips in each time period is obtained as the product of number of daily truck trips and each 

corresponding time of day factor: 

Number of Truck Trips between ODAM  = Number of Daily Truck Trips between OD × 

AM Split Factor  

Number of Truck Trips between ODMD  = Number of Daily Truck Trips between OD × 

Midday Split Factor  

Number of Truck Trips between ODPM  = Number of Daily Truck Trips between OD × 

PM Split Factor  

Number of Truck Trips between ODNT  = Number of Daily Truck Trips between OD × 

Night Split Factor  

Different sets of time of day factors are applied for single-unit truck and combination 

truck types, where the factors are summarized in Table 4-3. According to the ECWRPC staff, the 

source of these split factors is not clear but the values reasonably reflect what are on the ground. 

Table 4-3. Time of Day Factor by Truck Type 

 Single-Unit Truck Trips Combination Truck Trips 

AM 0.200 0.123 

Midday 0.357 0.220 

PM 0.255 0.157 

Night 0.188 0.500 

 

4.4 Traffic Assignment Model Component 

During the traffic assignment step, the O-D single-unit and combination truck trips by time 

period are allocated together to highway network links, resulting in highway links loaded with 

truck trips. In the current NE model, the trucks are first assigned on the free flow network, in 

which some links are set as being truck-prohibited to account for the fact that truck traffic is not 

allowed in some urban areas or on local roadways. After assigning truck trips, the auto trips are 

then assigned on the same network loaded with truck trips. One truck is considered to have the 

same impact as 1.5 autos on the network. 

A user equilibrium method is used for traffic assignment, to which the principle that “No 

truck can improve its travel cost by changing routes” applies. This means that trucks on all used 

routes between a particular pair of origin and destination will have same travel cost. In the NE 

model, the travel cost of a route is specified by summing up congested travel time across all links 

that the route consists of, and the travel time on a link is obtained from BRP equation: 

0 *(1 *( / ) ^ )CT T V C  
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where  

T0:  Free flow time of the link. 

V: Number of hourly truck trips on the link. 

C: Link capacity of the link. 

α,β: Parameters of BRP function specified by highway functional classes in Table 4-4.  

Table 4-4. Parameter Value in BRP Function 

Functional Classification α Value β  Value 

1 0.30 10.0 

2 0.10 12.5 

3 0.30 7.00 

4 0.30 6.00 

11 0.80 7.00 

12 0.50 6.00 

13 0.15 2.1 

14 0.15 2.5 

21 0.90 1.4 

22 0.85 10.0 

23 0.90 1.0 

24 0.25 2.6 

25 0.15 1.5 
 

The link-based Frank-Wolfe algorithm is used to solve the equilibrium problem. Multiple 

iterations are usually required before the equilibrium assignment comes to convergence, which is 

judged by the gap of total travel costs for vehicle volumes across all links between two iterations. 

Specifically, the gap at an iteration k is defined as below, 
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where, 

Vehicle Volumel,k, Vehicle Volumel,k-1: Vehicle volume on link l in iteration k and k-1, respectively. 

Costl,k, Costl,k-1: Travel cost of link l in iteration k and k-1, respectively. 

In the NE region model, the convergence gap is set as 0.0005, and maximum iteration 

number is set as 30. The equilibrium iteration will stop if one of the criteria is satisfied.  
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4.5 Feedback Mechanism 

Since there is no traffic loaded on the highway network in the initial trip distribution step, the 

travel time between zones tij is free flow traffic time that doesn’t reflect the actual attractiveness 

or impedance between zones. A feedback loop is incorporated into NE region model to account 

for the effects of actual traffic on distribution procedure.  

Specifically, after loading the truck trips and auto trips on highway network, the model 

starts over from trip distribution and uses the travel time calculated from loaded network. Then 

the time of day split component and traffic assignment component are repeated based on the 

updated trip distribution table. For the feedback iteration, the base year (2005) run is set to 4 

iterations and the future year (2020 and 2035) runs are set to 7 iterations. 

4.6 Discussion and Recommendations 

Based on the research team’s assessment, NE Model v.11 is an operational model that reasonably 

replicates at least the base year traffic pattern in the region. The modeling methodology follows 

that of the Quick Response Freight Manual (QRFM) II, which is also the standard practice 

adopted by many transportation planning agencies around the country. However, it is also well 

recognized that QRFM-based models are limited in sensitivity to a broader range of policies and 

trends discussed in Section 1.1.  

This section discusses the limitations found in the NE Model and ways of enhancing the 

model. Some of the recommendations are incremental improvements and are feasible for the 

agency to adopt in the near term, mostly at the cost of collecting additional data. Other 

recommendations would be considered as more drastic and long-term investment, involving the 

agency to embrace the stat-of-the-art modeling approach and secure the necessary funding and 

resources.      

4.6.1 Incremental Improvements  

Calibrate the model with local data.  

As evident in the NE model scripts and documentations, most of the parameters used in 

the truck modeling components are borrowed from the Phoenix Metropolitan Urban Truck 

Model. However, as stated in the QRFM, “[t]he borrowing of truck trip rates is a very common 

practice due to the lack of good survey data. This should, however, be done with caution. Almost 

one-half the urban truck models across the nation are based on the 1992 Phoenix metropolitan 

area truck model. The current QRFM recommends using the trip rates and gravity models from 

this model as a starting point, and then calibrating the parameters until they validate well with 

observed local count data. …… The best way to estimate truck-model parameters is by 

collecting data through truck travel surveys.”  

The survey data collected through methods developed as part of this project (see Error! 

Reference source not found.) is valuable for calibrating components of a 3-/4-step aggregate 

model. If resources are available to expand similar data collection effort to produce large enough 

a sample size across the NE region, the survey data could be used to greatly enhance the quality 

of the NE model.     
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Refine industry classification in trip generation equation. 

Currently, the independent variables used in the trip generation model (which takes the 

form of linear regression equations) include the number of households, number of retail 

employment and number of non-retail employment. Potentially, the non-retail employment could 

be further disaggregated into the three categories as defined in the Phoenix model (Agriculture, 

Mining and Construction employment; Manufacturing, Transportation/ 

Communications/Utilities and Wholesale Trade employment; and Office and Services 

employment) and be assigned with different trip generation rates. The rates could either be 

estimated using local data or be borrowed from the QRFM II. The more refined treatment of 

industry classification in the model is expected to improve the model’s forecasting capability 

(assuming that the rates are spatially and temporally transferable from Phoenix to NE WI). This 

enhancement is especially important if the mix of non-retail industries changed significantly in 

the study area between the base year and the forecast year.    

Apply location-specific treatment in trip generation 

If local data becomes available, it would be beneficial to estimate trip generation rates 

separately for the different regions (namely, Green Bay metropolitan area, Sheboygan 

metropolitan area, Fox Valley metropolitan area, and the rest of the study area) represented in the 

model.  

Any special freight traffic generators, such as the Port of Green Bay and Brown County 

Airport, may also warrant explicit treatment by incorporating dummy variables in the regression 

equations. However, when forecasting the truck trip generation for future years, caution needs to 

be exercised when the special generators are no longer present or new type of special generator 

become present. 

Incorporate additional variables in trip generation 

Ultimately, a more behaviorally-realistic and policy-sensitive trip generation model 

would be defined in terms of explanatory variables that have more direct correlation with the 

amount of truck trips generated. Possible variables include total floor size, total capacity of 

distribution centers, and transportation accessibility. More local data and further empirical 

analysis would be required to determine a more advanced trip generation model that has good 

statistical fit and sound behavioral foundation.  

Adjust terminal time in trip distribution 

Before trip distribution, the network skim procedure computes the travel time between 

each origin and destination pair as the sum of the travel time between the zones and the terminal 

travel time (defined as the time spent traveling to/from the final destination within the zone). The 

terminal time used in the NE model is simply assumed to be 1 minute for truck trips. However, 

depending on the land use setting and the size of a zone, the terminal time could vary 

significantly. As suggested by QFRM, “the terminal times may be adjusted as part of the trip 

distribution model calibration process in order to make the average trip lengths produced by the 

model more closely match the observed average trip lengths.”  

Refine truck conversion in traffic assignment 
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Currently, a common “passenger car equivalence” factor of 1.5 is used for all trucks in 

the NE model’s traffic assignment procedure. However, the single-unit trucks and combination 

trucks could be treated separately in order to reflect the effect of heavier vehicles on congestion. 

The QFRM suggests the values of 1.5 and 2.0 for single-unit and combination trucks, 

respectively. However, the impact of this modification on the overall model outcome is probably 

limited.  

Adjust convergence criteria in traffic assignment 

The convergence of the assignment procedure is currently determined by the gap value 

that is computed based on the total vehicle travel cost between iterations. However, it is 

theoretically possible, and not uncommonly found in practice, that the gap value may fall below 

the threshold before the algorithm converges properly and the link performance measures 

become stable. An alternative, and perhaps more effective, measure for convergence is the 

relative gap between iterations.  

Incorporate a mode split model component 

The current NE model does not consider freight modes other than trucks. Considering the 

presence of freight rail and ports in the region, incorporating these alternative modes in the 

model and expanding the three-step model to a four-step model would enhance the validity of the 

model. Such an enhancement will also better support policy design and investment decision 

making regarding alternative freight modes and intermodal facilities. Introducing a mode split 

component for the NE model would require a better (qualitative and quantitative) understanding 

of the current level of utilization of non-truck modes in the area and the circumstances for 

businesses to consider doing so in the short-run.  

4.6.2 Long Term Investments 

Adopt the commodity-based modeling approach 

A typical commodity-based model consists of commodity generation, commodity 

distribution, mode split and traffic assignment. The commodity generation and distribution steps 

closely resemble the trip generation and distribution steps in the existing NE model. However, 

instead of estimating number of trips produced and attracted, this procedure estimates the 

tonnage of commodities generated. In the mode split step, the tonnages of commodities are 

converted to number of truck trips or trips of other modes.  

The commodity-based modeling approach would better capture the commodity 

movements between zones in the NE region. In a commodity-based model, the trip purpose is 

replaced by commodity type. Given an appropriate commodity-type classification and coverage 

in the model, the commodity-based model is more likely to produce a better representation of the 

underlying economic activities than truck trip-based models would. This leads to improved 

policy sensitivity, allowing transportation investment decisions to be made in light of future 

economic trends.  

Calibrating and estimating a commodity-based model would, of course, require additional 

data sets that have not been used to develop the current NE model. These data sets include: 
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 Commodity Flow Survey (CFS) or local survey to estimate tonnage of commodities 

produced and attracted at each zone.  

 CFS, Transearch or local survey to provide information about commodity exchange 

between zones.  

 Mode split table to determine the mode used for commodity shipping. 

 Truck size to determine the vehicle conversion factor, which converts tonnage of 

commodity into number of truck trips. 

Adopt the firm/tour-based modeling approach 

The next step up from the commodity-based approach is the establishment or firm based 

approach, where each freight stakeholder is individually represented in the model and their 

transportation related decisions explicitly modeled. Compared to the commodity-based approach, 

the firm-based approach would allow more opportunity to explicitly model the decision-making 

driving the freight transportation pattern as we see it. The result is therefore a more policy-

sensitive tool to forecast future transportation patterns under alternative regulations, 

infrastructure improvements, land use changes, demographic shifts, etc.    

The modeling framework proposed in this study and presented in  CHAPTER 3 of this 

report represents a highly disaggregate and complex firm-based model that focuses on capturing 

inter/intra-firm interaction and other supply chain concepts. While it is critical to keep moving 

this research field forward by investing effort to continue pushing the envelope in freight 

modeling, the research team also recognizes that most planning agencies are not yet ready to 

fully embrace advanced demand forecasting models for at least three factors. First, microscopic 

models are often computationally more expensive than the conventional models, thus rendering 

them impractical for agencies who have limited resources. Second, although theoretically 

appealing, these advanced models remain to be thoroughly validated and their forecasting 

capabilities evaluated against conventional models. As this validation and evaluation process 

requires data-intensive back-casting, process in this area has been slow. Third, and as the result 

of the previous two factors, few of such advanced models are fully operational and even fewer 

can be used to meet planning legal requirements. Recognizing these three factors, we offer an 

alternate firm-based modeling approach that represents a compromise between the conventional 

trip-based model and the highly complex firm-based model.  

The premise of this alternate modeling approach lies in incrementally “stripping down” 

the conventional trip-based model while incorporating more behavioral realisms one model 

component at a time. As depicted on the right-hand-side of Figure 4-2, the ‘simplified” firm-

based model would focus on incorporating freight stakeholders’ behavioral elements that are 

most relevant to the accurate prediction of the spatial movement of truck traffic. Two levels of 

logistic decisions would be considered: tactical and operational. Tactical decisions include 

decisions of firm locations, distribution center/ warehouse locations, retail store locations, use of 

3PLs, etc. Operational decisions include delivery times or time windows, costs relating to 

early/late arrivals, route choice, etc. Other logistic elements such as inventory capacity, 

customers’ quantities of goods demanded, shipment size, and vehicle type would be considered 

as exogenous in this framework to keep the model scope manageable. 
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Figure 4-2 Moving from a conventional three-step truck trip model to a firm-based model 

 

The model as outlined in Figure 4-2 is a novel concept that needs to be further developed 

and researched. It is the research team’s belief that such a framework is more ready for practice 

and could significantly enhance our ability to forecast freight transportation. 
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 CHAPTER 5. DATA REVIEW AND COLLECTION 

The modeling framework proposed in  CHAPTER 3 incorporates various logistic decision 

making processes at both firm and establishment levels and is therefore data-hunger in nature. 

The calibration of the model would rely on not only existing public and private databases, but 

also specific data to uncover the mechanisms of business logistics operation. Several 

recommendations presented in  CHAPTER 4 for enhancing the existing NE Model also calls for 

more and new data.  

This chapter describes the data synthesis conducted as part of Task 5 of this study to 

identify the needs and availability of data for conducting qualitative and quantitative analysis of 

stakeholder logistics decisions. These data could also be used to implement our 

recommendations for the NE Model. The summary of existing data sets is presented in Section 

5.1. Also included in this chapter are descriptions of two data collection methodologies 

developed as part of Task 6 of this study. Section 5.1 presents the design and pretest of a mail-

out-mail-back survey of business establishments. This survey is specifically designed to provide 

the data necessary for calibrating the firm-based freight model proposed in this study. Section 5.3 

describes the telephone survey targeting at manufacturers in Brown County, WI. The purpose of 

this telephone survey is to verify the quality of the trip generation component of the NE Model 

and to shed light on how the model could be improved.  

5.1 Existing Data 

Table 5-1 summarizes the data sets, if exists, that could be used to estimate/calibrate the 

modeling system described in Section 3.4. For each model component identified in the 1
st
 

column, the data needs and potential sources of such data are respectively outlined in the 2
nd

 and 

3
rd

 columns of the table.  
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Table 5-1. Existing data sets identified for estimating and calibrating the proposed firm-based freight model  

Model Component Data Requirement Data Sources for Model Development 

firm synthesis and 

establishment synthesis 

distribution of employment size, economic activities, 

sales amount, etc. for establishments and firms in study 

area. 

U.S. Economic Census, 

County Business Pattern 

firm vertical integration 

level estimation, 

establishment selection 

disaggregated data identifying the ownership of 

establishments within a firm, 

industry input-output data identifying the trade flows 

between industries  

Longitudinal Business Database,  

Input-Output accounts, 

InfoUSA business database 

facility location choice socio-economic data and land use information (e.g., 

population, median income, employment composition, 

etc) of traffic analysis zone (TAZ), disaggregated 

establishment data specifying the locations of 

establishments 

Longitudinal Business Database 

various national and local database, 

such as U.S census, Longitudinal 

employment and household dynamics 

(LEHD, environmental planning data, 

etc. 

commodity demand and 

supply 

establishment information, 

annual quantities of inbound/outbound commodities by 

product type 

inferred from aggregated Commodity 

Flow Survey database   

internal sourcing 

external sourcing 

annual commodity flows between establishments by 

product type  

N/A 

order quantity and 

frequency order  

typical order quantity, commodity characteristics, 

inventory characteristics of commodities  

N/A 

order time assignment order schedule, commodity characteristics  N/A 

carrier selection characteristics of third party logistics service provider Longitudinal Business Database 

 

transport chain selection multi-modal transportation network characteristics such 

as distance, travel time,  

transportation network data, e.g., 

HPMS database 

vehicle type selection commodity characteristics, transport assets of a firm, 

vehicle type selection 

N/A 

vehicle routing vehicle route choice N/A 
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5.2 Firm-Based, Mail-Out Mail-Back Survey 

As revealed in Table 5-1, most of the existing data sources do not support decision estimation at 

firm or at establishment level because of the data being at the aggregation level. Therefore, a 

firm-based survey is proposed in this study to collect the necessary additional data. This section 

describes the instrument designed for the survey and the preliminary findings from pretesting the 

instrument.   

5.2.1 Survey Questionnaire  

This survey is firm-based, as opposed to facility-based, because our proposed modeling 

framework features a firm-based approach that recognizes intra-firm interactions. As such, the 

survey instrument is designed to collect more information than what is typically asked in an 

establishment survey. The questions asked include operation information of establishment and 

parent-firm, characteristics of purchase decisions and inbound shipments, and characteristics of 

inventory management and outbound shipments. The survey instrument also includes a truck 

dairy of selected shipments. The instrument underwent several rounds of revisions based on 

input from a number of logistic experts and freight stakeholders.  

Shown in APPENDIX A is a sample of the materials used for pretesting the survey 

instrument with a participating business. The materials include: 

1. Cover letter 

2. Main survey questionnaire 

3. List of the firm’s establishments in Wisconsin 

4. Truck diary 

5. Transportation mode code 

6. NAICS industry code 

7. Survey feedback questionnaire 

5.2.2 Lessons Learnt through Pretesting 

The survey instrument was pretested with a small number of establishments in the Green 

Bay and De Pere area. The pretest was administered by a consultant hired for this project. The 

participating establishments were recruited by the consultant over the phone and included two 

wholesaler and several manufacturers of different industries and sizes. Once recruited, the 

establishments were mailed a package of print materials listed in APPENDIX A (with some 

customization of the forms). Detailed instructions were given on the cover letters regarding when 

the forms should be completed and how the consultant would follow up with a face-to-face 

interview. During the post-survey interviews, the consultant went through the completed forms 

with the participants and asked clarifying questions. In particular, the consultant probed the 

participants about their responses on the feedback questionnaire to gain insight into the survey 

experience. These interviews provided valuable feedback to the research team regarding whether 

and why the survey instrument worked or didn’t work. Below is a list of our key findings 

through this pretest process.    

 It took the participating businesses 15 minutes (a smaller manufacturer) to 3 hours (a major 

wholesaler with many facilities in WI and a large truck fleet) to complete the survey 

questionnaire. Although the pretest participants completed most of the questionnaires, the 



41 

 

length and complexity of the survey are obviously a concern and may significantly impact 

the response rate when the survey is fully deployed. This suggests that an aggressive 

advertising campaign, endorsement from relevant agencies, and support from business 

associations will be critically important.    

 Questions on the firm’s structure, assets, and warehouse operation were generally easy to 

understand and to answer. Most participants experienced difficulty in providing information 

regarding the inbound and/or outbound commodities. For wholesalers, the difficulty lies in 

the fact that they purchase many different commodities, each of which could come from 

many different suppliers. For manufacturers, the difficulty arises when the company (in this 

case, an auto parts supplier) has many non-repeat customers and ships their products in 

parcels using carrier services. This suggests that the questions in sections 3 and 4 need to be 

further tailored to suit the operation of the participating company.  

 The current questionnaire appeared to work better for manufacturers. Separate forms are 

needed for the wholesalers. Agriculture and mining industries may also need some tailoring 

since these firms tend not to make regular purchases as manufacturers and wholesalers do. 

 Surprisingly, most of the respondents rated the survey questions non-sensitive.  A couple of 

respondents were more cautious about providing information on outbound than on inbound 

commodities.  

 Some of the respondents expressed difficulty in relating to the current truck type 

classification. All, except a wholesaler, found the industry code easy to use. An issue 

surfaced regarding the industry code was that certain commodities (such as food) could either 

come from a wholesaler or directly from a manufacturer, making it difficult for the 

respondent to identify a single sourcing industry for that commodity.  

 Not surprisingly, the larger companies (which have separate departments for sales, 

purchasing, transportation, etc) required more than one staff member to provide the 

information needed to fill out the questionnaire. In order to reduce survey burden in this 

regard, we could put the four sections of the questionnaire on four separate forms. Or, 

arrange the layout of the questionnaire so that each section starts on a new page to make it 

easier for a respondent to forward the questions to the suitable departments.   

 Discrepancies were found between what some of the establishments reported and the 

information obtained from the InfoUSA business listing (e.g., annual sales amount, number 

of employees, square footage). This suggests that the basic questions about the establishment 

are still warranted. An alternate approach is to verify the basic information during the 

recruiting stage and remove these questions from the main survey questionnaire.   

 Companies that have their own truck fleet tend to find the truck diaries easy to administer.  

 Paper-based, mail-out mail-back approach was preferred over email or on-line surveys.  

Based on the findings from the pretest, the research team believes that the instruments 

developed thus far for the firm-based survey provides a good starting point for a workable 
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survey. However, more resources and time are needed to further improve the instruments to 

address the issues identified during the pretest. Also, the time and resources required to 

successfully campaign this survey and to collect enough data for meaningful statistical analysis 

would be beyond what this project could afford. Therefore, we did not further pursue the firm-

based survey as part of the present study.  

5.3 Telephone Survey with Manufacturers 

The objective of this telephone survey of manufacturers is to collect quantitative data to help 

verify the quality of the trip generation component of the NE Model and to shed light on how the 

model could be improved. The decision of focusing on manufacturers was made based on two 

major factors. First, manufacturing represents the industry sector that generates the most truck 

trips in the NE region. Second, the research team was more successful in the design of firm-

based questionnaire for manufacturers than for other sectors. The telephone survey can build on 

that experience. Early on the decision was also made to contact all the manufacturers in the 

Brown County area, as opposed to randomly selected manufacturers throughout the NE Model 

region. This was motivated by the desire to focus our remaining resources on a smaller 

geography so as to reduce “noises” in the data collected. Furthermore, Brown County has the 

highest number of manufacturers than other counties in the NE Model region (see Figure 5-1).  

5.3.1 Survey Questions 

This telephone survey is unique in that the questions are designed to better understand the 

dynamics or fluctuations in trip generation pattern. This is because past freight models have all 

been designed to represent freight movement on a “typical” weekday. However, our face-to-face 

interviews and paper-based survey pretest revealed that companies do not necessarily ship or 

receive on a regular basis. The amount of goods shipped on each trip may also vary greatly. If 

this was indeed the case for most companies, then modelers would need to reconsider the 

conventional practice of modeling a “typical” day. This telephone survey is therefore designed to 

assess the extent to which shipment quantity and/or frequency vary from day to day. 

As shown in APPENDIX B, the manufacturer’s shipping activity survey includes up to 

18 questions, which typically takes no more than 10 minutes.      
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Figure 5-1. Distribution of manufacturers in the NE Model region. 
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5.3.2 Data Collection 

The calling list contained all 516 companies in the InfoUSA business database whose 

primary NAICS code indicate manufacturing industry and who are located in the Brown County. 

The survey questions were scripted and set up in Qualtrics, an online survey administration tool, 

so that telephone interviewers could enter survey responses on the fly. Calls were typically made 

during 9:30 am~11:00 am and 1:30pm~3:00pm, which appear to be the non-rush hours for 

shipping activities. If the first attempt was not answered, a second attempt would be made within 

the week. If the call was connected but did not reach the person in the company responsible for 

shipping activities, the caller would ask for a more suitable time to phone back and would make 

another attempt at calling the right person. 15% of the phone numbers on the calling list were 

inactive or wrong numbers. 42% of the companies refused to participate in the survey. The calls 

did not get hold of the person in charge of shipping in 35% of the companies within two 

attempts. Only 8% (41) of the companies participated in the survey. This response rate is 

comparable to that of past paper-based freight surveys, but lower than typical telephone surveys. 

This lower-than-average response rate is at least partially attributed to that call-back attempts 

were limited to two per company. Characteristics of the final sample are presented below while 

more in-depth analysis of the sample is presented in the next chapter.    

5.3.3 Sample Characteristics 

As shown in Table 5-2, the manufacturers that responded to our telephone survey have a 

lower average sales volume than the county average across all manufacturers and this difference 

is statistically significant. Since sales volume is very likely and positively correlated to the 

amount of goods being shipped, this difference suggests a possible downward bias in the trip 

generation rates picked up in the survey sample. The difference between the manufacturers in the 

sample and in the population is small and statistically insignificant in terms of number of 

employees in the establishment, distance to the nearest highway ramp (as a measure of 

accessibility), and a number of TAZ-level land use attributes.  
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Table 5-2 Comparison of salient characteristics between the sample universe and the respondents 

 

All Manufacturers in  

Brown Co. 

Manufacturers in  

Final Sample 

Number of Employees in Establishment 

  Average 36.09 26.78 

Standard Deviation 131.36 33.14 

Annual Sales Volume 

  Average $15,010,378 $6,401,056 

Standard Deviation $120,867,560 $7,725,997 

Distance to Nearest Highway Ramp  

(in meter) 

  Average 1856.9 1478.8 

Standard Deviation 1431.7 642.7 

Number of Households in TAZ 

  Average 287.4 254.1 

Standard Deviation 262.7 212.7 

Number of Retail Employment  in TAZ 

  Average 112.6 79.9 

Standard Deviation 208.9 80.2 

Number of Service Employment in TAZ 

  Average 245.5 206.6 

Standard Deviation 291.4 211.8 

Total Number of Employment in TAZ 

  Average 1057.7 919.4 

Standard Deviation 950.4 654.4 

Population Density in TAZ 

  Average 2822.7 3019.0 

Standard Deviation 4822.8 3123.2 

 

 
  



46 

 

 CHAPTER 6. EMPIRICAL ANALYSIS 

This chapter reports the two major pieces of empirical analysis conducted in this study. The first 

piece of analysis is based on the proprietary InfoUSA business database. The objective of the 

analysis is to better understand the operations of the freight stakeholders in the NE Model region. 

The analysis findings could be beneficial to ECWRPC’s planning activities in general and also 

help ECWRPC assess the necessity and feasibility of implementing some of the 

recommendations outlined in Section 4.6.  

The second piece of analysis reported here is based on the sample data collected through 

the telephone survey described in Section 5.3. The objective of the analysis is to bring new light 

on the shipping pattern and provide pointers for improving the truck trip generation component 

of the NE Model.   

6.1 Business Patterns in NE Wisconsin 

Table 6-1 and  

Table 6-2 show the distribution of single- versus multi-location businesses in the NE Model area 

by primary NAICS industry type and employment size. The tables reveal that multi-location 

firms are quite prevalent in the study area, suggesting that the model capability of representing 

the differential behavior of single- and multi-location firms would be relevant to the region.   

Table 6-1. Distribution of single-location firm (establishments) in NE Model area 

 

Missing 

Employees Info 

1-4 

employees 

5-19 

employees 

20+ 

employees Total 

Agriculture 1 837 203 39 1080 

Mining  0 35 8 7 50 

Manufacturing 0 969 786 645 2400 

Wholesale Trade 0 1049 703 270 2022 

Truck Transportation 

(NAICS4841,4842) 0 273 137 88 498 

Warehousing and Storage 

(NAICS 4931) 0 59 25 10 94 

 

Table 6-2. Distribution of establishments in multi-location firms in study area 

 

Missing 

Employee Info 

1-4 

employees 

5-19 

employees 

20+ 

employees Total 

Agriculture 0 3 2 2 7 

Mining  0 4 2 0 6 

Manufacturing 18 44 78 257 397 

Wholesale Trade 4 88 145 112 349 

Truck Transportation 

(NAICS4841,4842) 4 9 19 28 60 

Warehousing and Storage 

(NAICS 4931) 0 6 4 7 17 
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Table 6-3 shows the distribution of establishments by county and industry sector. Brown 

county clearly houses the highest number of establishments across all sectors of industry. While 

the manufacturing industry is highly represented in most counties, Kewaunee and Shawano 

counties have higher proportion of agricultural businesses than other counties. The variation in 

the mix of various industry types across counties further supports our recommendation of 

treating these industry sectors separately in the trip generation equation (as opposed to 

aggregating these industry types into a single “non-retail” category and applying an uniform 

generation rate) of the NE Model.  

Table 6-3. Distribution of establishments by county and primary NAICS industry type 

County 

NAICS Industry Type 

Agriculture Mining Manufacturing 
Wholesale 

Trade 

Truck 

Transportation 
Warehouse Total 

Brown  119 9 516 543 112 32 1331 

Calumet  53 4 53 48 9 3 170 

Dodge  79 2 123 97 34 10 345 

Door  39 3 77 61 7 2 189 

Fond du Lac  103 7 179 167 61 4 521 

Kewaunee  51 1 38 33 6 0 129 

Manitowoc  93 3 196 131 47 3 473 

Oconto  54 3 64 54 26 1 202 

Outagamie  105 7 419 441 60 17 1049 

Shawano  100 3 78 70 22 3 276 

Sheboygan  69 3 251 156 46 8 533 

Washington  63 4 306 220 66 9 668 

Waupaca  89 2 137 106 24 1 359 

Winnebago  70 5 360 244 38 18 735 

Total 1087 56 2797 2371 558 111 6980 
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6.2 Shipping Pattern of Sampled Manufacturers in Brown County 

6.2.1 Primary Location of Customers 

 

6.2.2 Frequency of Outbound Shipping 

 

6.2.3 Frequency and Nature of Recent Outbound Truck Trips  

 When asked about the total number of truck trips made out of their facility within the past 7 

days, 3 out of the 41 respondents did not provide a response. 2 of the remaining respondents 

reported having made 0 outbound trips. The average of the remaining 36 manufacturers is 14 

trips, with the maximum being 50 trips and minimum being 2 trips. 

 When asked about the last day when they had any outbound shipments, those manufacturers 

that ship daily all reported “yesterday”. The responses from the manufacturers who ship 

weekly were fairly evenly distributed from 1 to 7 days ago, suggesting that shipping 
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activities are not more intense for any particular day of the week. The highest number of days 

reported was 39 days ago and was from a manufacturer that ship monthly. 

 When asked about the number of outbound truck trips on the day when they last had 

outbound shipments, 3 out of the 41 respondents did not provide a response. The average 

across the manufacturers who responded was 1.9 trips, with a standard deviation of 1.2. The 

highest number of trips was 5. 

 Up to 2/3 of the respondents were unable or unwilling to provide information regarding the 

total value and/or weight of their outbound shipments on the day when they last made 

outbound shipping. Had this information been more accessible, it may be possible to develop 

annual sales to trip frequency conversion rates by industry (at, say, 3-digit NAICS code 

level) as a way to estimate trip generation. 

6.2.4 Outbound Shipping on the Busiest Day 

 When asked about the number of outbound truck trips on their busiest day in 2011, most of 

the responses deviate significantly from what was reported on the most recent shipping day. 

The average was 5 trips, with a standard deviation of 4.3 and the maximum being 15 trips. 

 The difference in trips generated between the most recent shipping day and last year’s busiest 

day range from 0 to 14 trips (0% to 1400% increase).  

 About half of the respondents indicated that their busiest day could fall in any month of the 

year. ¼ of the respondents reported Sep/Oct were their busiest months. The remaining 

respondents did not provide a valid answer.  

6.2.5 Summary 

The findings in Sections 6.2.3 and 6.2.4 were particularly interesting and provided 

support to our postulation that shipping activities could vary significantly from day to day. The 

size of our sample data is unfortunately too small to ascertain any specific seasonal trends for 

any particular industry sector or in the overall shipping pattern. The size of the sample data also 

does not support any further multivariate analysis or estimation of trip generation models.  

However, our findings do highlight the need for further investigation into the extent of 

freight demand fluctuation across different times of the year. Such an investigation is important 

because the conventional freight models, by design, represent an “average day” over highly 

aggregated classification of shippers. If our freight demand forecasting tools are to be used to 

analyze the impact of policies that are more relevant to some industry sectors than others and 

during certain period of the year (e.g. those utilizing heavy trailers in icy/snow conditions), then 

these tools need to be able to properly reflect the conditions under which the policies would be 

most relevant. Furthermore, the emerging need of improved risk management in transportation 

also calls for planning tools that allow decision makers to assess worst scenarios. While the 

subject of day-to-day dynamics in travel patterns has received increasing attention among the 

passenger demand modelers, very little has been done in this area in freight demand modeling. 

One way of moving forward is to conduct more extensive surveys similar to the one reported in 

this project and examine shippers’ data against truck GPS data that is becoming more and more 

accessible.   
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 CHAPTER 7. SUMMARY OF STUDY 

The primary goal of this study was to gain a deeper understating of freight decision-making 

processes and of the interaction among private stakeholders so as to inform the development of 

policy-sensitive freight demand forecasting models. The study began with a scan of recent 

literature on freight demand modeling. The studies were critically reviewed and summarized in 

terms of behavioral principles assumed, methodological structure, data source and study area.   

In view of the inappropriate treatment of multi-establishment firms in previous freight 

demand models, this study sets out to consider a firm-based modeling approach that incorporates 

supply chain concepts and accounts for the interdependency of establishments within a firm. The 

development of this firm-based approach began with outlining an initial conceptual framework 

developed that represents all elements of logistics management driving a firm’s freight 

transportation demand. This includes decisions ranging from production/consumption decisions, 

to supply chain and inventory replenishment, shipment origin, destination, content, timing, 

quantity, mode, and routing decisions. A series of face-to-face interviews were then conducted to 

gain further insight into certain aspects of freight stakeholder behavior and to help guide our next 

steps in our model development effort. The interviews helped confirm the postulation that intra-

firm coordination is an on-going trend within which the freight system operates. In fact, 

collaboration across firms is also emerging and could have a direct impact on fright movement 

and how we collect movement data. The interviews further revealed the very heterogeneous 

nature of firms in terms of not only what they do, but also their business model, history, 

philosophy, and supply chain context. As such, seemingly similar businesses could have very 

different ways of making their freight-related decisions. The conventional truck trip based 

models conveniently overlook, or aggregate away, all these behaviorally details. Yet, many of 

the freight issues that we face today call for freight forecasting tools capable of representing 

these emerging trends and heterogeneous decision-making paradigms. In response to this call, 

this study developed a novel firm-based framework for modeling freight demand. 

Our proposed modeling framework outlines who decide on what aspects of freight 

movement and how does the decision relate to which policy/design variable. It considers freight 

demand in the context of supply chain and logistic considerations. At the heart of the modeling 

framework is the recognition that freight transportation demand is derived from business 

logistics decision-making. The proposed framework, which is not yet estimated or operational, is 

aimed at bridging a critical gap in the existing body of literature on freight demand modeling. To 

the authors’ best knowledge, this framework is the first attempt among freight demand modeling 

efforts to examine freight movements through the distribution channel from a firm’s perspective. 

The intra-firm interdependency in logistics decision-making is captured in the proposed 

framework in multiple ways. First, firm-establishment relationships under various vertical 

integration structures are explicitly represented in the simulation framework. Second, the 

possibility of internal sourcing within a firm is considered. Third, when determining how any 

remaining unsatisfied demand of a multi-establishment firm is served by external suppliers, the 

popular strategy of centralized purchasing is captured through spatial interaction between 

establishments. Forth, joint ordering across multiple establishments of the same firm is also 

considered to allow for shipment consolidation. By distinguishing the behavior of single- and 

multi-establishment firms, the proposed framework is likely to better represent the logistics 
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decision-making process that govern the resulting freight movement. This could lead to 

improved forecasting capability, provided that all data necessary for developing the complete 

modeling system are available. 

In parallel to our effort in pushing the state-of-the-art in micro-level freight modeling, we 

also critically assessed the freight component of the NE Model, which is a good representation of 

the conventional freight models being used in practice throughout the country. Our objective for 

this part of the study was to identify practical and incremental ways of enhancing the forecasting 

accuracy and policy sensitivity of the existing model. This is deemed very critical as the research 

community strives to develop and test out the advanced modeling approaches. Our final 

recommendations include the following list of incremental improvements that can be 

accomplished with a bit of “trigging” and/or more local data:  

 Calibrate the model with local data;  

 Refine industry classification in trip generation equation; 

 Apply location-specific treatment in trip generation; 

 Incorporate additional variables in trip generation; 

 Adjust terminal time in trip distribution; 

 Refine truck conversion in traffic assignment; 

 Adjust convergence criteria in traffic assignment; and 

 Incorporate a mode split model component. 

Additionally, we also outlined two modeling approaches as alternative to the existing model. The 

first is a commodity-based model that is gaining popularity in practice. The second is a “dumb-

down” version of our proposed firm-based approach that would require further investigation and 

evaluation. 

Another accomplishment of this study is data assessment, collection, and analysis. It is 

well recognized that enhancing the existing NE Model and developing a new freight demand 

model both require more data than what is available today. Therefore, the data requirements for 

estimating/calibrating the proposed modeling system were first identified. Existing public and 

proprietary data are then identified. A mail-out mail-back survey is then designed to meet 

remaining data needs. This survey is firm-based, as opposed to facility-based, because our 

proposed modeling framework features a firm-based approach that recognizes intra-firm 

interactions. As such, the survey instrument is designed to collect more information than what is 

typically asked in an establishment survey. The questions asked include operation information of 

establishment and parent-firm, characteristics of purchase decisions and inbound shipments, and 

characteristics of inventory management and outbound shipments. The survey instrument also 

includes a truck dairy. The survey instrument was pretested with a small number of 

establishments in the Green Bay and De Pere area. The pretest provided valuable feedback to the 

research team regarding where and why the survey instrument worked or didn’t work. Findings 

from the pretest suggested that the instruments developed served as a good starting point for a 

workable survey. However, more resources and time would be needed to address the issues 

identified during the pretest. Also, the time and resources required to successfully campaign this 
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survey and to collect enough data for meaningful statistical analysis would be beyond what this 

project could afford.  

Instead of further pursuing the mail-out mail-back survey, the research team utilized the 

remaining resources to design and conduct a telephone survey of manufacturers. The intent of 

this telephone survey was to collect data to help verify the quality of the trip generation 

component of the NE Model and to shed light on how trip generation models could be improved 

in general. In particular, the survey questions were designed to better understand the dynamics or 

fluctuations in trip generation pattern. This is because past freight models have all been designed 

to represent freight movement on a “typical” weekday. However, our face-to-face interviews and 

paper-based survey pretest revealed that companies do not necessarily ship or receive on a 

regular basis. Calls were made to all the manufacturers on the InfoUSA listing that were located 

in the Brown County area. The response rate of around 8% was comparable to past paper-based 

surveys of freight stakeholders with multiple reminders. The response rate was lower than 

several past freight-related telephone surveys but higher than some internet based surveys.  

While the sample data collected from the telephone survey was deemed too small in size 

to support meaningful multivariate statistical analysis (such as linear regression), our univariate 

and bivariate analysis of the data did lend support to our postulation that shipping activities could 

vary significantly from day to day. For example, the difference in trips generated between the 

most recent shipping day and last year’s busiest day was a 1400% difference for one of the 

participating manufacturers. This observation points to the need for further investigation into the 

extent of freight demand fluctuation across different times of the year. It also suggests the need 

to consider modeling tools capable of supporting “worst-scenario” analysis.  
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APPENDIX B. Manufacturer Survey Questions
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