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[bookmark: _Toc379975961][bookmark: _Toc453054711]Introduction
In recent years, freight forecasting has been identified as a way to understand the patterns of intrastate, interstate, and international trade; economic growth; and the impacts created by the use of the national and state transportation system for the movement of freight. These impacts touch upon several important issues: increased congestion and delay; the changing economic value of infrastructure improvements; the performance of intermodal connections and freight bottlenecks; and energy use and environmental consequences. Freight contributes to more than 10% of the Gross Domestic Product (GDP) of the United States and produces 30% of its transportation-related emissions. 
Florida has a large, complex multimodal freight transportation system. There are 15 deep-water seaports and the international trade moving through Florida’s ports was valued at $56.9 billion in 2009. There are 2,786 miles of rail carrying 1.6 million carloads and 83 million tons of freight in 2008. Miami International Airport has the largest total international freight tonnage in the United States, given its proximity to Central and South America. There are 4,300 miles of highways in Florida that carry truck traffic around the state. (FDOT 2012). 
Despite recent advances in freight forecasting, the current methods are not adequate to address the increasingly complex issues related to freight demand. Current models rely primarily on methods that were developed for personal passenger travel. Freight is obviously different from personal vehicle travel; it requires a different technical approach. Given the transition that is currently underway to implement disaggregate modeling techniques, it is logical to also apply disaggregate techniques for modeling the movement of freight.
The approach used in the development of the Florida Freight Supply-chain Intermodal Model (FreightSIM) uses supply chain and economic methods to model various aspects of freight decision-making behavior explicitly. In addition, this approach develops forecasts of freight mobility and competitiveness, providing decision makers with better information to make decisions about transportation investments and policies. The approach used is based on a freight-forecasting framework developed for the Federal Highway Administration (FHWA) that includes both supply chain and tour-based methods at the national and regional scales, respectively. The supply chain methods at a national scale in this framework have been adapted to include additional level of detail in the state of Florida. There are plans to develop tour-based models at the regional scale and link these to the supply chain models in the future.
[bookmark: _Toc379975962][bookmark: _Toc453054712]Objectives of the Program
Providing freight mobility in a cost effective manner requires an understanding of supply chain and logistics behavior and an evaluation of investments in transportation infrastructure and services as well as anticipating the effects of any government and private sector decisions that influence the transportation system and its uses.  The development of a multimodal supply-chain shipment model will be focused on addressing this overall objective.  
Key trends affecting freight mobility in Florida over the next 50 years include an innovation economy with emerging industries such as aerospace, clean energy, life sciences and creative industries, global markets, emerging megaregions, shifting development patterns, communication technologies, environmental stewardship and the changing role of the public and private sectors (Florida Department of Transportation, 2010). Challenges for the transportation system arising from these trends include efficient and reliable connectivity as a global hub, congestion on intercity corridors, new logistics practices, sustainable environmental practices, and available funding.  
A multimodal supply chain shipment model of goods movement for Florida could be used to:
· Inform infrastructure investment decisions
· Evaluate congestion on Florida highways
· Test the effectiveness of statewide transportation policies on mobility and the economy
· Produce multimodal system performance measures for freight
· Evaluate the impacts of private sector decisions on the state transportation system
· Provide regional agencies with intercity freight travel for regional planning purpose
The goal for FreightSIM contained in this report is to account for changes in these types of policies so that changes in freight mobility can be forecast. The application and use of FreightSIM to evaluate these policies is discussed in Chapter 13.0.
[bookmark: _Toc379975963][bookmark: _Toc453054713]Modeling Goals
The goal of this project is to develop a statewide freight model for Florida that addresses current weaknesses in the existing freight-forecasting model:
· Develop freight demand at the traffic analysis zone level. This model synthesizes firms (businesses) and micro-simulates goods movements at the zone level rather than relying on available national data on commodity flow produced at a district level and allocated to the zone level.  
· Capture trip chaining in the supply chain. This model directly connects the goods movement from the supplier through a distribution center or warehouse to the retailer/consumer in the supply chain. Supply chains can have one or more intermodal connections and one or more truck transfer locations. 
· Represent commodities produced and consumed by different industries. Commodities will travel differently based on their production and consumption characteristics. For example, the construction industry will consume many different commodities (e.g., forestry, mineral, metal, and chemical products). Forestry commodities are also consumed by material wholesalers. The supply chain for forestry products will be different if they are destined to a construction site instead of a material wholesaler. By identifying both the production and consumption industry for each commodity, forecasters can more accurately represent the travel required to bring these products to market. 
The framework that this model was based on, which includes the tour-based models at the regional scale, also will address weaknesses in the existing model when these are implemented:
· Estimate shifts in long- and short-haul demand resulting from transportation investments. This framework was designed to represent the full supply chain for a specific commodity shipped from the supplier to the consumer, including both the long- and short-haul components of the goods movement in a single framework rather than modeling these separately. 
· Provide direct connections to pick-up and delivery trips. This framework was designed to model the delivery system at the end of the supply chain. This delivery system in many industries is based on a series of deliveries by a truck before returning to home base for additional goods. It is represented by tours that each truck makes to pick up and drop off goods. 
The statewide multimodal model described here is focused on two aspects of the approach: (1) using disaggregate representations of goods movement; and (2) representing the variety of supply chains that may apply to a specific commodity produced and consumed by a specific industry. Local pickup and delivery can be explicitly represented by tour-based methods for goods movement and service-related commercial vehicle travel; regional models of this type developed for individual metropolitan areas can be integrated with the statewide model. 
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In prior research funded by FHWA, RSG, in partnership with the Chicago Metropolitan Agency for Planning (CMAP) and the University of Illinois at Chicago (UIC), developed a tour-based and logistics supply chain modeling framework as part of the FHWA’s Broad Agency Announcement program. This modeling framework included a demonstration of a freight demand forecasting model in the Chicago region based on existing research on tour-based and logistics supply chain models for commercial movements around the United States and internationally. This demonstration confirmed the potential of these new methods as a basis for new freight demand forecasting models.
RSG, in partnership with the Florida Department of Transportation (FDOT), has now transferred this freight demand forecasting model to Florida. This involved developing Florida-specific detail for land use and transportation network data, updating model parameters by industry based on available research, and calibrating the models to Florida conditions for air, rail, waterway, and truck modes. The national-level supply chain model that micro-simulates shipments of commodities between businesses and produces truck, rail, air, and waterborne freight volumes is called FreightSIM. FreightSIM is designed to link with the regional portion of the freight demand forecasting model, which is a regional tour-based truck model that micro-simulates the pickup and delivery of shipments in a metropolitan region. 
[bookmark: _Toc379975965][bookmark: _Toc453054715]Report Organization
This report discusses FreightSIM, with particular emphasis on the implementation of a national supply chain model to support statewide freight modeling in Florida. 
An overview of the regional tour-based truck model—which has been implemented in Chicago and is currently being transferred to and enhanced as part of SHRP 2 C20 Implementation Assistance Program projects in Baltimore, MD, and Portland, OR, but not yet in any metropolitan areas in Florida—is also included in the discussion of the model design:
· Chapter 2.0 discusses the model design, including the overall structure, spatial resolution, and the model components. This also includes a comparison of the methodological differences between the supply chain based FreightSIM and the previous trip-based three step statewide freight model. 
· Chapter 3.0 presents the data development needed to support the project. This includes input data for the model, validation data to compare with model outputs, and suggested data items that would be useful beyond the scope of this project. 
· Chapter 4.0 reports the freight demand model components: firm synthesis, supplier selection, and goods demand. Each model component includes a description of the data sources, model parameters and structure, and the results of the model component. 
· Chapter 5.0 documents the supply chain model components: business locations, distribution channel, and shipment size and frequency. Similar to Chapter 4, each model component includes a description of the data sources, model parameters and structure, and the results of the model component. 
· Chapter 6.0 presents the mode choice models. This includes discussion on the treatment of transfer facilities, including intermodal transfers and distribution centers. Data sources, model parameters and structure, and results are described in this chapter. In addition, the conversion of annual modal goods movement to daily trips by mode is discussed. 
· Chapter 7.0 documents the model database, including descriptions of all of FreightSIM’s inputs, parameters, and outputs.
· Chapter 8.0 describes how FreightSIM is integrated with the existing statewide passenger model, including the file structures, freight model catalogs, and how to run FreightSIM in the Cube platform.
· Chapter 9.0 reports the results of the model validation including presentation of results from the shipment size and mode choice components of the FreightSIM model and truck volumes following assignment to the highway network. 
· Chapter 10.0 discusses the development of future forecasts for 2040 and documents model outputs for 2040. In addition, the current approach for developing interim years (between the 2010 base year and the 2040 future year) is described.
· Chapter 11.0 explains how to use FreightSIM for scenario testing, including creating and running scenarios, and reviewing output reports. The chapter includes example scenarios with step-by-step instructions on how those scenarios were developed and analyzed.
· Chapter 12.0 is a bibliography of reports, papers, and other publications used in the development of FreightSIM and cited in this model documentation
· Chapter 13.0 is a list of acronyms and abbreviations used in this model documentation
· Chapter 14.0 provides a versioning history for FreightSIM
· Appendix A presents additional details for the logistics cost calculations in the mode and transfer models. 
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FreightSIM is comprised of several steps that simulate the transport of freight between each supplier and buyer business in the United States. Figure 1 shows these processes, with major input and output data identified. This modeling system includes selection of business locations, trading relationships between businesses, and the resulting commodity flows, distribution channel, shipment size, and mode and path choices for each shipment made annually: 
· Firm Synthesis. Synthesizes all firms in the United States and a sample of international firms. Allocates firms from counties to traffic analysis zones (TAZs) within Georgia and Alabama (within Florida, the employment data is input at the TAZ level).
· Supplier Firm Selection. Selects supplier firms for each buyer firm by type. 
· Goods Demand. Predicts the annual demand in tonnage for shipments of each commodity type between each firm in the United States. 
· Firm Allocation. 
· Distribution Channels. Predicts the level of complexity of the supply chain (e.g., whether it is shipped directly or whether it passes through one or more warehouses, intermodal centers, distribution centers, or consolidation centers). 
· Shipment Size and Frequency. Estimates discrete shipments delivered from the supplier to the buyer. 
· Modes and Transfers. Predicts four primary modes (road, rail, air, and waterway) and transfer locations for shipments with complex supply chains.
· Trip Assignment. Assigns shipments to specific warehouse, distribution, and consolidation centers if the shipment passes through one of those locations and predicts truck and auto volumes on the highway network.  
The model incorporates a multimodal transportation network that provides supply side information to the model including costs for different paths by different modes (or combinations of modes) and which freight vehicle flows are assigned. While the model is focused on Florida, it encompasses freight flows between Florida and the rest of the world. Truck flows are assigned with passenger trip tables to highway networks to produce auto and truck volumes across the United States. While rail, air, and waterway flows could be assigned, the validation data are for rail, air, and waterway flows so that these are retained as trip tables. 
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[bookmark: _Ref373744662][bookmark: _Toc379976053][bookmark: _Toc453054854]Figure 1. Freight Supply-chain Intermodal Model (FreightSIM) Process.
FreightSIM is designed to integrate with a regional truck-touring model, which is a sequence of models that takes shipments from their final transfer point to their final delivery point. The integrated modeling system connecting FreightSIM’s national supply chain models with the regional truck-touring models is presented in Figure 2. The final transfer point is the last point at which the shipment is handled before delivery (i.e., a warehouse, distribution center, or consolidation center for shipments with a more complex supply chain or the supplier for a direct shipment). It performs the same function in reverse for shipments at the pick-up end, where shipments are taken from the supplier to distances as far as the first transfer point. For shipments that include transfers, the tour-based truck model accounts for the arrangement of delivery and pick-up activity of shipments into truck tours. The model produces trip lists for all of the freight delivery trucks in the region that can be assigned to a transportation network. The truck-touring model predicts the elements of the pick-up and delivery system within a region through several modeling components:
· Vehicle and tour pattern choice. Predicts the joint choice of whether a shipment will be delivered on a direct- or a multi-stop tour and the size of the vehicle that will make the delivery.
· Number of tours choice. Predicts the number of multi-stop tours required to complete all deliveries.
· Number of stops. Estimates the number of shipments that the same truck can deliver.
· Stop Sequence. Sequences the stops in a reasonably efficient sequence but not necessarily the shortest path.
· Stop Duration. Predicts the amount of time taken at each stop based on the size and commodity of the shipment.
· Delivery time of day. Predicts the departure time of the truck at the beginning of the tour and for each subsequent trip on the tour.
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[bookmark: _Ref373744732][bookmark: _Toc379976054][bookmark: _Toc453054855]Figure 2. Integrated Modeling Framework for National and Regional Supply-chain and Truck Touring Models.     
FreightSIM is a portion of larger Florida statewide and regional travel modeling systems, which include passenger trips. Figure 3 describes this system. 
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There are three levels of spatial resolution used in FreightSIM:
1. National and International Zones. This is the broadest zone system, and it is comprised of domestic and international zones from the Freight Analysis Framework, Version 3 (FAF3). The FAF3 was developed by the FHWA to evaluate commodity flow data. These zones are used to represent all states except Florida, Georgia, and Alabama throughout the model system, with the FAF3 zones replaced by smaller zones within Florida, Georgia, and Alabama as described in (2) and (3). There are eight international FAF3 zones used for imports and exports. 
2. Statewide County Level Zones. An intermediate zone system comprised of counties in Florida, Georgia, Alabama, and FAF3 zones outside of these three states. This zone system is used in several model processes, including firm generation and supplier selection. 
3. Statewide Traffic Analysis Zones. The model TAZ system consists of TAZs that are smaller in size within Florida and the parts of Georgia and Alabama with sub-county sized TAZs. This zone system is used during mode choice and assignment.
The different systems are used for apportioning high-level commodity flows to individual shipper-receiver pairs and identifying the set of feasible transport paths for each shipper-receiver pair. The geographic detail within Florida, Alabama, and Georgia is TAZs, while outside those three states the geographic detail is defined by FAF3 zones. Chapter 3 provides figures of these zones. 
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FreightSIM employs a series of sequential model components to predict shipments of goods moving into, out of, and through Florida, by mode. This process first establishes the business relationships that drive the movement of these goods from place to place and then synthesizes each shipment over the course of a year based on the economic needs and transportation networks available.  These eight model components are described below:
· Firm Synthesis. The initial element of the model synthesizes all firms in the United States and a sample of international firms. This model synthesizes firms by industry category and by size category to capture the primary drivers of the volume and type of trade at each establishment. The model synthesizes 7.7 million firms in the United States. In the bordering states of Alabama and Georgia, where TAZs are sub county size but the employment data are input at the county level,  synthesized business establishments are allocated to the smaller TAZs within each county.
· Supplier Firm Selection. The next two elements of the model predict the demand in tonnage for shipments of each commodity type between each firm in the synthetic population. The demand represents the goods produced by each firm and the goods consumed by each firm. The model is applied in two steps. In this step, buyers who have a demand for goods are paired with suppliers who sell those goods using a probabilistic model. The connections between industry types for each commodity are based on input-output tables. 
· Goods Demand. This component completes the prediction of demand in tonnages for shipments of each commodity type between each firm in the synthetic population. Once the buyer-supplier relationships are established in the supplier firm selection step, the amount of commodity shipped on an annual basis between each pair of firms is apportioned based on the number of employees at the buyer—and their industry—so that observed commodity flows are matched.
· Distribution Channels. Using a multinomial logit model, shipments between each buyer-supplier pair are assigned a probability of choosing a specific distribution channel to represent the supply chain it follows from the supplier to the consumer. The model predicts the number of transfer locations in the supply chain (e.g., whether it is shipped directly or whether it passes through one or more warehouses, intermodal centers, distribution centers, or consolidation centers).
· Shipment Size and Frequency. Shipment size is estimated using a discrete choice model based on a variety of firm, commodity, and travel characteristics. It is at this point in the model that the units of analysis change from annual commodity flows between pairs of firms to discrete shipments that are individually accounted for and delivered from the supplier to the buyer. 
· Modes and Transfers. There are four primary modes (road, rail, air, and waterway) that are modeled. Detailed networks of road, rail, internal waterways, and port and airport locations for the United States are used, with simpler functions of distance and the value of goods being transported to represent the air and international sea-lane links. The modes and transfer locations on the shipment paths are determined based on the travel time, cost, characteristics of the shipment (e.g., perishable, expedited, containerized) and characteristics of the distribution channel (i.e., whether the shipment is routed via a warehouse, consolidation or distribution center), and whether the shipment includes an intermodal transfer (e.g., truck-rail-truck). 
· Trip Assignment. Once the modes and intermodal transfers are assigned, the shipment list is converted from all annual shipments to a daily sample to represent the day modeled. This component of the model can be adjusted for seasonal variations in commodity flows. This component of the model also assigns shipments to specific warehouse, distribution, and consolidation centers if the shipment passes through one of those locations.
The additional six model components that are part of the design of the integrated modeling system, and that represent the regional truck touring models, are not described in detail here because they have not yet been developed for a metropolitan region in Florida. 
[bookmark: _Toc379975970][bookmark: _Toc453054720]Comparison with Previous FDOT Freight Model
The previous statewide freight model had two elements: freight and goods movement and non-freight truck movements. FreightSIM replaces only the freight and goods movement element. The demand for non-freight truck movements, derived from Quick Response Freight Manual (QRFM) trip rates in the previous statewide freight model is replaced in the new integrated statewide model with a “truck and taxi” trip category.
A comparison of different types of freight models (Yang et al., 2009) identifies classifications of models in Table 1 that is helpful for this discussion. The previous statewide freight model is a hybrid of the freight truck method for non-freight truck movements and the four-step process commodity model for freight movements. FreightSIM represents a supply chain logistics model for freight movements and could eventually be integrated with truck touring models for regional freight movements. 
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	Characteristics
	Name
	Class

	State of Minnesota
	Least data-intensive method
	Limited in its applicability
	Short-term forecasts
	Direct Facility Flow Factoring Method
	A

	State of Ohio
	Multiplying growth rates into O-D matrix
	Main input is truck O-D tables and demand data
	Mode split and traffic assignment
	O-D Factoring Method
	B

	City of Portland
	Better for urban areas
	Trip generation, trip distribution, traffic assignment
	Similar to four-step models
	Freight Truck Method
	C

	Most states in the U.S.
	Focus on commodity flows
	Greater regional applicability
	Similar to passenger forecasting models
	Four-Step Process Commodity Model
	D

	State of Oregon
	Need transport supply/demand data/logistics costs
	Simulates commercial truck movement at the microscopic level
	Generate truck flows from land-use activities
	Economic-Activity Model
	E

	SMILE in Netherlands
	Used for European countries
	Focus to private sector supply chains
	Fairly new models
	Supply Chain Logistics Models
	F

	Calgary, Alberta, Canada
	Truck route flows as output
	Disaggregate models
representing truck tours
	Tour-based micro simulation 
	Truck-Touring Models
	G


Source: Yang et al., 2009 classification
The previous freight and goods movement model was based on a four-step planning approach: trip generation, trip distribution, mode split, and trip assignment. There are several specific differences in the level of detail between the models:
· There are 43 commodity groups represented in the new freight model and 14 commodity groups represented in the previous freight model. 
· The base year of the new freight model is 2010 and the base year of the previous model is 2005. All network and socioeconomic data have been updated to 2010. 
· The employment data has been expanded to represent 20 employment categories and 7 firm sizes, for 140 classifications of firms by size. The previous freight model was based on 15 employment categories. 
· The new freight model synthesizes each firm for the United States and tracks each shipment separately, whereas the previous freight model estimated aggregate tons of freight from aggregate estimates of employment. 
The core methods within the new freight model are different from the methods employed in the previous freight model. Specific details are as follows:
· Freight demand is generated by a series of models that first synthesize firms in the United States, then select supplier firms for each buyer firm and apportion overall demand to these buyer-supplier pairs of firms. The previous freight generation models employed linear regression models that produced annual tons of freight, and used a freight distribution model that was based on a gravity model formulation using a decaying gamma function for friction factors.
· The approach used to model how freight demand is moved from a supplier to a buyer is based on a series of multinomial logit choice models that identify the complexity of the supply chain (i.e. where shipments are transferred and consolidated/distributed) and then determine shipment size and frequency over the course of the year. The previous freight model did not explicitly model distribution channels or individual shipments. 
· The mode choice element of the new freight model is based on a logistics cost function developed by de Jong and Ben-Akiva (2007). In the previous freight model, fixed mode choice factors were derived from Transearch data describing the existing distribution of tonnage by mode. 
The remaining steps in the freight modeling process are similar to the new and previous freight models:
· Both models contain a step to convert the annual freight in tons to an average daily estimate of tonnage and then to an average daily truck trip table. 
· Both models integrate the passenger trips in a multiclass assignment of daily autos and trucks. 
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This section describes the data inputs that were developed for the model and their sources. Future data requirements are also discussed.
Different data inputs were used for model development, both as main inputs or as additional, miscellaneous datasets. Table 2 lists a summary of the main inputs that are required for the model. This table lists each input and describes its source, the module(s) where it is applied, and a general description of the data. These inputs are described further in this section, and additional, miscellaneous datasets are described at the end of this section.
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	Type of Input
	Input
	Source
	Module
	Description

	Zone Systems
	FAF3 Zone System
	FHWA
	Firm synthesis, supplier firm selection, goods demand

	Large regions, such as Combined Statistical Areas (CSAs), or states

	
	County-Level Zone System
	U.S. Census Bureau
	Firm synthesis, supplier firm selection,
goods demand
	Counties within FL/GA/AL

	
	Traffic Analysis Zone Level System
	FDOT
	Modes and transfers, trip assignment
	TAZs within FL/ GA/AL and FAF3 zones (outside of FL/GA/AL)

	Network Elements

	Network links
	FDOT, ORNL and  US Army Corps of Engineers’
	Modes and transfers, trip assignment
	Highway (FDOT), rail (ORNL), and waterway network ( US Army Corps of Engineers’) links

	
	Transport and logistics nodes (TLN)
	FDOT, ORNL, BTS
	Modes and transfers
	Specific nodes within Florida; representative nodes outside of Florida

	
	Great Circle Distance (GCD)
	ORNL
	Supplier firm selection
	Distance between all county-level O-D pairs in the U.S.

	
	GCD to foreign zones
	Created by project team
	Supplier firm selection
	Distance between U.S. counties and foreign FAF3 zones

	Economic Data
	Input-Output Make and Use Tables
	U.S. Bureau of Economic Analysis
	Supplier firm selection, 
goods demand
	Values of commodities exchanged between industries

	
	Industry to Commodity Correspondence
	Freight Activity Microsimulation Estimator (FAME)
	Firm  synthesis , supplier selection, 
goods demand
	List of SCTG commodities produced by each NAICS6 industry

	
	NAICS6 Industry to Input-Output Industry Correspondence
	U.S. Bureau of Economic Analysis (2002)
	Supplier firm selection, 
goods demand
	Correspondences between detailed NAICS6 industries and aggregated NAICS Input-Output industries

	Freight Flows
	FAF3 Commodity  Flows
	FHWA
	Supplier firm selection, 
Goods demand
	Commodity flows between FAF3 zones

	
	Commodity Flow Survey
	FHWA
	Shipment size, model validation
	Shipment sizes by commodity

	
	Transearch Commodity Flows
	IHS via FDOT
	Goods demand (forecast), model calibration and validation
	Commodity flows, current and forecast, between TAZs (Florida), and BEA zones

	Employment Data
	County Business Pattern (CBP) Data
	U.S. Census (2010)
	Firm  synthesis
	Employment by industry

	
	Infogroup data
	FDOT
	Firm  synthesis
	Business operating in Florida

	
	Longitudinal Employer-Household Dynamics
	U.S. Census
	Firm  synthesis
	Employment by industry

	Modal Data
	Truck Counts
	FDOT
	Model validation
	Medium and heavy truck counts 

	
	Truck Trip Origins and Destinations
	American Transportation Research Institute 
	Model calibration
	Sample of truck trips by county and TAZ origin-destination

	
	Weigh-in-Motion Data
	FDOT
	Trip table conversion
	Truck weight distribution

	
	Carload Waybill Data
	USDOT via FDOT
	Modes and transfers
	Complete restricted dataset of Carload Waybills

	
	T-100 Data
	BTS
	Modes and transfers
	Air freight segment and market data

	
	PIERS Data
	FDOT
	Modes and transfers
	Import/export shipment data by Port


*These tables are provided in Appendix A 
[bookmark: _Toc368923203][bookmark: _Toc379975972][bookmark: _Toc453054722]Zone Systems
Cargo flows go in and out of Florida and cover five continents. It is necessary to have a geographical representation of all these locations in the model. However, the overseas zones do not need as much spatial resolution as the domestic ones. As part of FAF3, FHWA devised a zone system that includes 8 international zones and 123 domestic zones covering the United States. The domestic FAF3 zone system has zones for large metro areas, states (e.g., Alaska), or “remainder of state” after any metro areas zones are removed. Modeling freight demand in Florida also requires a higher spatial resolution within and close to Florida; the resolution should at least be at the county level for Florida, and the adjacent states of Georgia and Alabama (FL, GA, and AL). Therefore, the zone system consists of three levels of spatial resolution: a coarse representation of areas outside contiguous United States; large zones in other states except FL, GA, and AL; and smaller zones in FL, GA, and AL. The different systems are used for apportioning high-level commodity flows to individual shipper-receiver pairs and identifying the set of feasible transport paths for each shipper-receiver pair:
· National and International Zones. The broadest zone system, which is comprised of domestic FAF3, zones (Figure 4) and international FAF3 zones (Figure 5), is used for the FAF3 commodity flow input data. These zones represent zones outside of FL, GA, and AL. The FAF3 zones are also used for FL, GA, and AL for the raw FAF3 flow data, prior to disaggregation to counties for model input. International zones include eight international regions used for imports and exports.
· Statewide County Level Zones. An intermediate zone system comprised of counties (Figure 6) is used during several model processes, including firm synthesis and supplier firm selection. These zones consist of counties in FL, GA, and AL and FAF3 zones outside of these three states.
· Statewide Traffic Analysis Zones. The model TAZ zone system consists of traffic analysis zones that are smaller within Florida and the parts of Georgia and Alabama with sub-county sized TAZs (Figure 7). This zone system is used during the firm allocation, modes and transfers, and trip assignment steps.
The existing Florida Statewide Model (FLSWM) defines a TAZ system that is used for both the passenger and freight models. It is also at three levels of detail: there are 8,518 TAZs in Florida and 594 “sub-counties” in Georgia and Alabama; larger Bureau of Economic Analysis (BEA) zones for the contiguous United States; and several symbolic zones to represent Puerto Rico, Canada, and Mexico. An advantage of this TAZ system is that the FLSWM highway network can be used. However, there are some flaws in the TAZ system: Canada or Mexico zones are out of reference and Hawaii and Alaska are not included. Hawaii and Alaska are covered by FAF3 zones.
The FLSWM GIS projection, which is a projection of coordinates into UTM zone 17, was adopted to allow the existing FLSWM highway network and old TAZ system to be used. This type of zonal-focused projection system has a spatial coverage limitation: the actual location of Hawaii and Alaska cannot be represented. This may explain the original absence of these states. Instead, synthetic circles are created on the edge of the project system’s coverage. Since there are no direct roadway/railway connections from the contiguous United States to these places, creation of the network is not an issue. The symbolic zones representing Canada and Mexico were also revised to be more geographically accurate. 
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[bookmark: _Ref373897987][bookmark: _Toc379976056][bookmark: _Toc453054857]Figure 4. National zones.
Source: FAF3 Domestic Zones, FHWA
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Source: FAF3 International Zones, FHWA
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[bookmark: _Ref373898654][bookmark: _Toc379976059][bookmark: _Toc453054860]Figure 7. Statewide Traffic Analysis Zone System (Florida, Georgia, and Alabama).
[bookmark: _Toc453045987][bookmark: _Toc379975973][bookmark: _Toc453054723]Network Elements
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A multimodal transportation network was built to facilitate the multimodal logistics costs for alternative shipment paths to be calculated during the mode and transfer model and to allow trips to correctly partition in to their separate modal elements. As explained in the introduction, this model covers the global cargo flows into and out of Florida. Four modes of transportation are included in the network: highway, railroad, air, and waterway. The network is housed in CUBE and has three levels of spatial resolution: rail links, highway links, waterway links, and major logistics nodes are present both nationally and regionally.
Highway Network
Various data sources were used to build this multimodal network. The most important source is the existing highway network used in the FLSWM. This network covers the contiguous United States and Puerto Rico, with a concentration in FL, GA, and AL. In addition to the highway nodes and links, it contains centroid connectors to the 8,518 TAZs in Florida, 594 TAZs in Georgia and Alabama, and 245 TAZs (predominantly BEA zones) outside of FL, GA, and AL defined by the original FLSWM. The highway network includes roads from all functional classes in Florida including some local streets, and highway/major streets for the rest of the contiguous United States. There are over 450,000 miles of highways in the United States. In addition, the highway network includes various symbolic links (or “centroid connecters”) to TAZ centroids, including to the international TAZs for Canada and Mexico that are accessible by road. 
Figure 8 shows the entire highway network and Figure 9 shows the regional highway network. 
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Rail Network
In order to develop a rail network, the Center for Transportation Analysis (CTA) railroad network was used, which is a representation of the North American railroad system that contains every railroad route in the United States, Canada, and Mexico that has been active since 1993. The latest version of the rail network—when network development began—was identified as version qc15n by CTA. It only contains currently operating lines and some interlines to maintain network connectivity. The raw network includes 20,624 nodes and 23,921 links. 
Figure 10 shows the national rail network, including every railroad route in the United States, Canada, and Mexico that has been active since 1993. 
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Source: Oak Ridge National Laboratory Rail Network http://cta.ornl.gov/transnet/RailRoads.html 
Air Network
Airport locations are from the Federal Aviation Administration (FAA) GIS-airport locations National Transportation Atlas database. This database is a geographic point database of the 19,949 aircraft landing facilities in the United States and its territories. The geospatial data is derived from the FAA's National Airspace System Resource Aeronautical Data Product. It is made public through the 2011 National Transportation Atlas Database by BTS.[footnoteRef:2] There are also air cargo flows from international airports to Florida. For these foreign airports, the international FAF zones they are located in was identified and used as a tabular input to the model rather than including a network representation. [2:  (http://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/national_transportation_atlas_database/index.html).] 

Waterway Network
The US Army Corps of Engineers’ Navigable Waterway Network, which is also made public through the 2011 National Transportation Atlas Database, is a comprehensive network database of the nation's navigable waterways. The database contains data on over 40,000 port and waterway facilities in the United States and covers waterway links between the 48 contiguous states plus Hawaii, Alaska, and Puerto Rico. After simplifying the network, a network with 6,249 nodes and 6,464 links was produced. Port point locations obtained from the same data source; the point database contains physical information on the 9,094 commercial facilities at the principal ports in the United States (covering coastal, great lakes, and inland ports).
Transfer Facilities
Cargo may transfer from one mode to another at certain intermodal transfer facilities. The locations of intermodal terminal facilities are also published in the National Transportation Atlas Database. It is a point database of the 3,280 facilities in United States with information about the supported modes. In addition, the database provides a table of the supported cargo types for each facility (e.g. bulk commodities, containerized goods). Figure 11 and Figure 12 illustrate intermodal facilities nationally and in Florida, respectively.
Distribution center data provided by FDOT includes the location and size of warehouse, consolidation, and distribution centers in FL, GA, and AL. There are a total of 942 distribution centers (136 in Alabama, 283 in Georgia, and 523 in Florida) in the dataset. Most of the distribution centers are in the “food service/wholesale grocers” category. This dataset is used to build the distribution center skims. 
[image: ]
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Data Processing
Some initial processing was performed on the modal network components based on the needs of this project. Intermodal facilities need to be unique and accurate in transferring modes. The network should be as small as possible—a network with more nodes and links results in longer run times for path building and skimming. The air, rail, and waterway networks sizes were trimmed to help lessen the computational burden with the goal of not losing any important information such as network connectivity.
The original intermodal facilities database has multiple entries for facilities at the same location if they handle different types of cargo or connect different modes. For each of these cases, only a single point is needed, one that indicates all the supported modes by all facilities at that location. All the groups that share the same locations were identified and their supported modes were merged into a single entry. In some cases, a supported mode’s network was not within a reasonable distance of the facility. For the highway network, this can be because only major streets and highways outside Florida are included. For the other modes, it is unreasonable that, for example, an air-truck transfer facility would be 50 miles away from any airport. To make only reasonable intermodal transfers, any connections from facilities to truck/rail/air/port were removed if the corresponding network was more than 15 miles away. A final set of 3,060 unique intermodal facilities, with appropriate modes, was used to build the network. 
As mentioned previously, the FAA airport database has over 19,000 landing facilities locations. It would be impractical to include all of them in the network. To identify only the important airport locations, the T-100 air freight database published by the BTS was referenced. This is a database that summarizes all the passengers and freight transported in United States from all carriers at the airport OD-pair level. Using the 2010 dataset, 29 airports inside Florida were identified that had freight activities; another 209 airports in the United States were identified that have direct or indirect cargo flows into or out of these Florida airports. The FAA’s unique airport coding system was considered prior to expunging these airports from the database. The FAA has its own unique airport code system that is somewhat different from international systems. The T-100 database, for example, uses the International Air Transport Association (IATA) airport code. To address this issue, a correspondence table between the FAA airport code and the IATA code was created; this dataset contained the 234 airports for building the network.
The CTA rail network covers all active rail routes in United States, Canada, and Mexico. Since Canada and Mexico are external zones, these routes were retained. The network was processed to remove two-leg nodes and merge the two smaller connected segments into one. In addition, in the case of railroads, trains cannot easily change from one line to another like automobiles. Often, two (or even more) extra connecting links were added at an intersection to facilitate changing routes. These additional links are documented in the original database; however, this creates several unnecessary nodes from a macro perspective. Without changing the turning rule at each intersection, connecting links were removed and intersections simplified (e.g., into a simple cross). Thereafter, all unnecessary nodes were removed and links were merged.
Similar to the railroad links, waterway nodes that only connect two segments of the same river were also removed. A more significant concern, however, is processing the commercial facilities for ports. These facilities are mostly located on piers (i.e., on land and not on the waterway network itself). In addition, at any given port (e.g., Miami’s port), there are several (maybe a dozen or more) commercial facilities, likely operated by different companies, located along several miles of surrounding waterways that were used to transport different types of cargo and provide various services. Along the “gateway” ports that connect to the ocean, numerous links connect the deep-berthing lines to the shallow lines or to the various piers. This is all important information when seeking to improve the accuracy of a single-mode network; however, these details only add complexity when building a nationwide multimodal network. To simplify the representation of ports, the following steps were taken: 
· All commercial facilities were grouped into a list of unique ports based on the facilities’ descriptions and locations. 
· Ports that connect to non-United States waterways were grouped into a set of meaningful “gateway” locations to the Atlantic Ocean, Pacific Ocean, Great lakes (to Canada), and Golf of Mexico (to Mexico). 
· Each port was assigned to a point on the waterway link closest to the centroid of all facilities. 
· Short waterway links were merged together unless two different rivers/ocean links were connected.
Network Building
Building the multimodal network from the processed individual networks requires linking the intermodal facilities to appropriate nodes. After the initial processing, each facility is assigned a “Type” attribute that indicates all of the modes that it connects (e.g., Air-Rail-Truck). It is not uncommon for facilities to have more than one node from a given network within 15 miles, particularly for the highway network. To simplify, one-to-one relationships were employed. Using the Air-Rail-Truck facility as an example, one link from the facility was created to the closest highway, airport, and railroad nodes. However, since the railroad and waterway links were merged to reduce network size, it is possible that an existing node would not be found for the closest rail or port. In these cases, the railroad or waterway link was split by adding one additional node closer to the facility. 
Within the waterway network, 69 nodes are those identified as “gateway” ports. These locations serve more than just ports—they are the points through which much of the international cargo flows enter the United States. They are more likely to be considered as OD points from the modeling prospective. Thus, these points were combined with zone centroids; however, all intermodal facility links were retained.
The result is the successful connection of all of the components needed for a network. Figure 13 illustrates this multimodal network for the Tampa Bay region.
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The full network includes the following locations:
· Centroids include 8,518 Florida TAZ, 594 Alabama and Georgia (sub-county level) TAZs, 245 other national TAZs from FLSWM, 112 other US FAF3 zone centroids, and 69 gateway points.
· 88,700 highway nodes.
· 10,987 railway nodes.
· 234 airports.
· 273 domestic ports and 682 other waterway nodes.
Moreover, these locations are connected by the following links:
· 229,120 highway links, including centroid connecters.
· 13,981 railroad links.
· 936 waterway links.
· 6,115 links from intermodal facilities to highway nodes/airports/railroad nodes/ports.
Two files are the final outputs from the GIS processing to develop the networks. All point data were merged into a single node shapefile, with a field “N,” coordinates’ fields, “X” and “Y,” and a “TYPE” field to document its property (e.g., highway node). Links were also merged into a shapefile that included all original fields that were used in the FLSWM highway network and the “TYPE” field (e.g., railroad link). The A and B fields were used to identify each link’s from and to node ID, which corresponded to the “N” field in the point file.
Transition to CUBE Network 
The two shapefiles were formatted in order to build the final network into Cube. Cube utilizes a build-in feature that takes a line shapefile with A and B fields, and a point file with an N field that corresponds to the A and B fields, and creates a network. Railroad links, waterway links, and intermodal connecters are all one-way links in the shapefile. Cube automatically generates the additional 13,981 + 936 + 6,115 links to preserve two links between a pair of A and B nodes. The initial Cube network connects A and B fields with a straight line only. After adding the original shapefile into the network as a line layer, and after enabling the “display true shape” property for the network, the national-scale multimodal network was ready for viewing, path building, and skimming.
Travel Times and Costs
Travel times, distances, and costs, were developed in the modeling system and identified as skim tables. These tables represent travel time, distance and cost values from an origin to a destination by mode and are used to determine which buyers will select which suppliers and what modes each shipment will use. Intermodal networks allow shipments to travel by multiple modes through a series of transfer facilities.
Intermodal Paths
To generate intermodal skims, an intermodal network was built upon the original statewide model highway network. Intermodal facilities, airports, and gateways were added as new centroids. Rail nodes and waterway nodes were added as basic elements for rail and waterway links. The new network included normal TAZ centroids and centroids for airport, gateway, and intermodal facilities. The zone numbering system adopted in the skimming process is listed in Table 3. Intermodal Network Zone System.
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	Start Node Number

	End Node Number

	Description

	Number of Zones

	Used as Centroid in Skim?

	Used as Destination in Assignment?


	1
	8,518
	Florida Internal TAZ
	8,518
	Yes
	Yes

	8,700
	9,293
	Alabama & Georgia TAZ
	594
	Yes
	Yes

	9,294
	9,294
	Puerto Rico TAZ
	1
	Yes
	Yes

	9,295
	9,295
	Rhode Island TAZ
	1
	Yes
	Yes

	9,296
	9,298
	Canada TAZ
	3
	Yes
	Yes

	9,299
	9,300
	Mexico TAZ
	2
	Yes
	Yes

	9,301
	9,478
	Other National TAZ
	178
	Yes
	No1

	13,441
	13,472
	Florida to Alabama External Zones
	32
	Yes
	No

	13,473
	13,500
	Florida to Georgia External Zones
	28
	Yes
	No

	9,539
	9,650
	FAF3 Zones
	112
	Yes
	Yes

	9,697
	9,706
	Gateway - Pacific Ocean
	10
	Yes
	No2

	9,747
	9,767
	Gateway - Atlantic Ocean
	21
	Yes
	No

	9,797
	9,813
	Gateway - Great Lakes
	17
	Yes
	No

	9,847
	9,867
	Gateway - Gulf of Mexico
	21
	Yes
	No

	200,000
(9,868)
	299,999
(10,105)
	Airports (Nodes renumbered for Skim)
	238
	Yes
	No

	400,000
(10,106)
	499,999
(13,165)
	Intermodal (Nodes renumbered for Skim)
	3,060
	Yes
	No


1: Trips to other national TAZs are represented by trips to FAF3 zones. 
2: Gateway, airport and intermodal zones are special zones designed for path building purpose. The trips to these zones would be assigned to normal centroid zones, where these special zones are located.
Modal Path and Link Types
There are three paths defined for skimming purposes: truck, rail, and waterway. The mode paths used by the national scope freight model are through a combination of these three basic modes. Certain paths are only allowed to use a particular link type, shown in Table 4. 
· Truck. A truck path is available for any zone pair traveling through highway links, centroid links, and intermodal-to-truck links, intermodal-to-airport links, or airport-to-highway links. The path starts from a centroid zone/airport zone/intermodal zone, traveling through highway nodes to reach another centroid zone/airport zone/intermodal zone.
· Rail. A rail path is available for any intermodal zone pair traveling through rail and intermodal-to-rail links. The path starts from an intermodal zone, traveling through rail nodes to reach another intermodal zone.
· Waterway. A waterway path is available for any intermodal-zone pair traveling through waterway and intermodal-to-waterway links. The path starts from an intermodal zone, traveling through waterway nodes to reach another intermodal zone.
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	END POINT NODE TYPE
	LINK TYPE DEFINITION
	ALLOWED PATH

	Centroid Zones/Highway Nodes
	Centroid Connector
	Truck

	Centroid Zones/Airport Zones
	Centroid to Airport Connector
	Truck

	Centroid Zones/Intermodal Facilities Nodes
	Centroid to Intermodal Facilities Connector
	Truck

	Highway Nodes/Highway Nodes
	Highway Links
	Truck

	Highway Nodes/Airport Zones
	Highway to Airport Links
	Truck

	Highway Nodes/Intermodal Facilities Nodes
	Intermodal Facilities to Highway Links
	Truck

	Rail Nodes /Intermodal Facilities
	Intermodal Facilities to Rail Links
	Rail

	Airport Nodes /Intermodal Facilities
	Intermodal Facilities to Airport Links
	Truck

	Domestic Port Nodes/Intermodal Facilities
	Intermodal Facilities to Domestic Port Links
	Waterway

	Rail Nodes/Rail Nodes
	Rail Links
	Rail

	Domestic Port Nodes or Waterway Nodes / Domestic Port Nodes or Waterway Nodes
	Waterway Links
	Waterway

	Waterway Nodes/Intermodal Facilities
	Intermodal Facilities to Waterway Nodes Links
	Waterway


The three path components generated by Cube skimming the network are combined together in various ways in the mode and transfers model to develop the complete paths used in evaluate modal alternatives. Table 5 shows examples of the complete paths combinations.
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	PATH NAME
	BASIC PATH
	TYPICAL PATH 

	Direct truck- Full Truck Load
	Truck
	Centroid zones – Highway Nodes - Centroid zones

	Direct truck – Less Than Truck Load
	Truck
	Centroid zones – Highway Nodes - Centroid zones

	Direct rail – Carload
	Rail
	Intermodal zones – Rail Nodes - Intermodal zones 

	Direct rail - IMX 
	Rail
	Intermodal zones – Rail Nodes - Intermodal zones

	Truck-distribution center-truck
	Truck
	Centroid zones – Highway Nodes - Intermodal zones - Highway Nodes - Centroid zones

	Truck-rail-truck (carload)
	Truck, Rail
	Centroid zones – Highway Nodes - Intermodal zones – Rail Nodes - Intermodal zones - Highway Nodes - Centroid zones

	Truck-rail-truck (IMX)
	Truck, Rail
	Centroid zones – Highway Nodes - Intermodal zones – Rail Nodes - Intermodal zones - Highway Nodes - Centroid zones

	Truck-air-truck
	Truck
	Centroid zones – Highway Nodes – Airport Nodes – Airport Nodes (air to air time is processed in R) - Highway Nodes - Centroid zones

	Truck-water-truck
	Truck, Waterway
	Centroid zones – Highway Nodes – Intermodal Zones – Domestic Port Nodes – Waterway Nodes - Domestic Port Nodes - Intermodal Zones - Highway Nodes - Centroid zones

	Truck-port/port-truck
	Truck
	Centroid zones – Highway Nodes – Intermodal Zones - Gateway Zones

	Truck-rail-port

	Truck, Rail
	Centroid zones – Highway Nodes – Intermodal Zones – Rail Nodes - Intermodal Zones – Gateway Zones


Path Building and Assignment
The three basic paths are built in Cube Voyager by minimizing travel time. Link speed and capacity assumptions are listed in Table 6.
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	LINK TYPE
	SPEED (MPH)
	CAPACITY

	Centroid Connector
	Various by FT/AT
	Various by FT/AT

	Centroid to Airport Connector
	55
	99999

	Centroid to Intermodal Facilities Connector
	55
	99999

	Highway Links
	Various by FT/AT
	Various by FT/AT

	Highway to Airport Links
	55
	99999

	Intermodal Facilities to Highway Links
	55
	99999

	Intermodal Facilities to Rail Links
	55
	99999

	Intermodal Facilities to Airport Links
	55
	99999

	Intermodal Facilities to Domestic Port Links
	55
	99999

	Intermodal Facilities to Gateway Port Links
	55
	99999

	Rail Links
	22.5
	99999

	Waterway Links
	5
	99999

	Intermodal Facilities to Waterway Nodes Links
	55
	


Distance and Level of Service
GCD (also known as the shortest distance over the Earth’s surface—giving an ‘as-the-crow-flies’ distance between the points) were used for the county-level zone system used in the supplier firm selection model. Domestic distances were obtained from ORNL county-to-county distance matrices. Distances between Florida and foreign FAF3 zones were estimated using the Haversine formula. 
	Haversine
formula:
	a = sin²(Δφ/2) + cos(φ1).cos(φ2).sin²(Δλ/2)
c = 2.atan2(√a, √(1−a))
d = R.c

	where
	φ is latitude, λ is longitude, R is earth’s radius (mean radius = 6,371km), and angles are in units of radians 


GCD was also used to calculate distances for paths to and from foreign zones in the mode and transfers model. For international flows via ports and airport that use a domestic ground mode, the GCD from the foreign zone to the various port or airport options was used (along with network distances and other skims from the ports/airports to the domestic origin or destination via the highway or rail network). 
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The Bureau of Economic Analysis’ Input-Output Make and Use tables (2007 benchmark tables) is used to create supply chains in the supplier firm selection component. For each production industry, the table reports the value of goods consumed by each buyer industry. The model uses this information to identify for each buyer industry the most important commodities that are consumed and their associated supplier industries.
The reported values of goods exchanged between producers and consumers are also used to apportion FAF3 flows by commodity type spatially (among the constituent counties within a FAF3 zone in FL, GA, and AL) and by industry. These apportionments use information from the Make and Use table to determine the total volume of a commodity that is produced or consumed by a particular industry compared to other industries that produce or use the commodity. Table 7 shows an example of the detailed use table. This table shows the commodities used for “Oilseed Farming” and “Coal Mining” industry by the producer’s and the purchaser’s value.
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	Commodity
	Commodity Description
	Industry
	Industry Description
	Producer Value
	Purchaser Value

	1111A0
	Oilseed farming
	1111A0
	Oilseed farming
	1025.2
	1137.6

	325320
	Agricultural chemical manuf.
	1111A0
	Oilseed farming
	508.4
	702.9

	324110
	Petroleum refineries
	1111A0
	Oilseed farming
	413.4
	462.4

	1111B0
	Grain farming
	1111A0
	Oilseed farming
	320.4
	320.4

	325310
	Fertilizer manufacturing
	1111A0
	Oilseed farming
	269.8
	316.6

	212100
	Coal mining
	212100
	Coal mining
	1199.4
	1970.7

	333120
	Construction machinery manuf.
	212100
	Coal mining
	628.7
	760.7

	212310
	Stone mining and quarrying
	212100
	Coal mining
	396.8
	691.8

	331110
	Iron, steel mills & ferroalloy manuf.
	212100
	Coal mining
	144.9
	177.7

	336300
	Motor vehicle parts manuf.
	212100
	Coal mining
	143.4
	214.3


[bookmark: _Toc368923207]Source: BEA-Benchmark input-output accounts, 2007
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[bookmark: _Toc453054728]Freight Analysis Framework (FAF3)
The model relies on the FAF3 database, which is a FHWA freight data product that has United States domestic and international freight flows for calendar year 2007[footnoteRef:3]. FAF3 reports the annual tons moved and the monetary value of the shipments. FAF3 categorizes the freight into 43 Standard Classification of Transported Goods (SCTG) commodity classes and reports movements by seven modes (truck, rail, waterway, and air [includes truck-air], multiple modes and mail, pipeline, and other/unknown) for each origin and destination (FAF3 zones). The 43 SCTG commodity groups (Table 8) were used in different groupings throughout the model that will be described in the respective model steps. About 798,200 tons of freight originates from Florida, of which about 90% (717,500 kilo tons) stays in Florida according to the FAF3 data for 2007. About 95% of Florida-to-Florida movements by weight, and 94% by value, are by truck. These figures are 56% and 54% for Florida to other states movement, respectively. Freight destined for Florida totals 166,500 kilo tons, of which 42% is by truck mode and 23% by rail. Figure 14, Figure 15, and Figure 16 show freight flows from, to, and within Florida based on the FAF3 data; they also show the most important states or regions that Florida interacts with in terms of freight tonnage. [3:  2007 is the latest full release of FAF data, based on 2007 Commodity Flow Survey. Provisional annual data are also available for 2011 (FAF 3.4). The next full release, for 2012 and based in part on the 2012 Commodity Flow Survey, is planned for release by FHWA in approximately 2015-2016 and will be called FAF4.] 
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	v
	Commodity
	Commodity Description
	Category
	Type

	1
	Live animals/fish
	Live animals and live fish
	Animals
	Functional/Innovative

	2
	Cereal grains
	Cereal grains
	Bulk natural resource (BNR)
	Functional

	3
	Other ag. prods.
	Other agricultural products
	Bulk natural resource (BNR)
	Functional/Innovative

	4
	Animal feed
	Animal feed and products of animal origin, n.e.c.
	Intermediate processed goods (IPG)
	Functional

	5
	Meat/seafood
	Meat, fish, seafood, and their preparations
	Finished goods (FG)
	Functional/Innovative

	6
	Milled grain prods.
	Milled grain products and preparations, bakery products
	Finished goods (FG)
	Functional

	7
	Other foodstuffs
	Other prepared foodstuffs and fats and oils
	Finished goods (FG)
	Functional

	8
	Alcoholic beverages
	Alcoholic beverages
	Finished goods (FG)
	Functional

	9
	Tobacco prods.
	Tobacco products
	Finished goods (FG)
	Functional

	10
	Building stone
	Monumental or building stone
	Bulk natural resource (BNR)
	Functional

	11
	Natural sands
	Natural sands
	Bulk natural resource (BNR)
	Functional

	12
	Gravel
	Gravel and crushed stone
	Bulk natural resource (BNR)
	Functional

	13
	Nonmetallic minerals
	Nonmetallic minerals n.e.c.
	Bulk natural resource (BNR)
	Functional

	14
	Metallic ores
	Metallic ores and concentrates
	Bulk natural resource (BNR)
	Functional

	15
	Coal
	Coal
	Bulk natural resource (BNR)
	Functional

	16
	Crude petroleum
	Crude Petroleum
	Bulk natural resource (BNR)
	Functional

	17
	Gasoline
	Gasoline and aviation turbine fuel
	Intermediate processed goods (IPG)
	Functional

	18
	Fuel oils
	Fuel oils
	Intermediate processed goods (IPG)
	Functional

	19
	Coal-n.e.c.
	Coal and petroleum products, n.e.c. 
	Bulk natural resource (BNR)
	Functional

	20
	Basic chemicals
	Basic chemicals
	Intermediate processed goods (IPG)
	Functional

	21
	Pharmaceuticals
	Pharmaceutical products
	Finished goods (FG)
	Functional/Innovative

	22
	Fertilizers
	Fertilizers
	Intermediate processed goods (IPG)
	Functional

	23
	Chemical prods.
	Chemical products and preparations, n.e.c.
	Intermediate processed goods (IPG)
	Innovative

	24
	Plastics/rubber
	Plastics and rubber
	Intermediate processed goods (IPG)
	Functional

	25
	Logs
	Logs and other wood in the rough
	Bulk natural resource (BNR)
	Functional

	26
	Wood prods.
	Wood products
	Intermediate processed goods (IPG)
	Functional

	27
	Newsprint/paper
	Pulp, newsprint, paper, and paperboard
	Intermediate processed goods (IPG)
	Functional

	28
	Paper articles
	Paper or paperboard articles
	Intermediate processed goods (IPG)
	Functional/Innovative

	29
	Printed prods.
	Printed products
	Finished goods (FG)
	Functional

	30
	Textiles/leather
	Textiles, leather, and articles of textiles or leather
	Finished goods (FG)
	Functional/Innovative

	31
	Nonmetal min. prods.
	Nonmetallic mineral products
	Finished goods (FG)
	Functional/Innovative

	32
	Base metals
	Base metal in primary or semi-finished forms and in finished basic shapes
	Intermediate processed goods (IPG)
	Functional

	33
	Articles-base metal
	Articles of base metal
	Intermediate processed goods (IPG)
	Functional

	34
	Machinery
	Machinery
	Finished goods (FG)
	Functional/Innovative

	35
	Electronics
	Electronic and other electrical equipment and components and office equipment
	Finished goods (FG)
	Innovative

	36
	Motorized vehicles
	Motorized and other vehicles (including parts)
	Finished goods (FG)
	Innovative

	37
	Transport equip.
	Transportation equipment, n.e.c.
	Finished goods (FG)
	Functional

	38
	Precision instruments
	Precision instruments and apparatus
	Finished goods (FG)
	Innovative

	39
	Furniture
	Furniture, mattresses and mattress supports, lamps, lighting fittings, and illuminated signs
	Finished goods (FG)
	Functional/Innovative

	40
	Misc. mfg. prods.
	Miscellaneous manufactured products
	Finished goods (FG)
	Innovative

	41
	Waste/scrap
	Waste and scrap
	Other
	Functional

	43
	Mixed freight
	Mixed freight
	Finished goods (FG)
	Functional/Innovative

	99
	Unknown
	Commodity unknown
	Other
	Functional


The freight flow data are used in two ways. First, the OD pairs reported in the FAF3 data are used to identify the location of candidate suppliers for every buyer during supplier firm selection. Second, the flow data are apportioned to individual supplier-buyer pairs in goods demand. 
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Source: FAF3, 2007 data, FHWA
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Source: FAF3, 2007 data, FHWA
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Source: FAF3, 2007 data, FHWA
Table 9 presents the most important commodities that are transported within Florida, by weight and value. This reflects that gravel and non-metal mineral products are the top commodities by weight within Florida and that machinery and electronics are the top commodities by value. 
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	Top Commodity By Weight
	
	Top Commodity By Value

	Gravel
	21%
	
	Machinery
	17%

	Nonmetal min. prods.
	20%
	
	Electronics
	9%

	Waste/scrap
	9%
	
	Mixed freight
	8%

	Gasoline
	7%
	
	Motorized vehicles
	6%

	Natural sands
	6%
	
	Gasoline
	6%

	Nonmetallic minerals
	3%
	
	Pharmaceuticals
	6%

	Logs
	3%
	
	Articles-base metal
	4%

	Other ag prods.
	3%
	
	Misc. mfg. prods.
	4%

	Other foodstuffs
	3%
	
	Other foodstuffs
	3%

	Cereal grains
	3%
	
	Precision instruments
	3%


Source: FAF3, 2007 data
Freight flows by mode is also included in the FAF3 data and they are shown in Figure 17 and Figure 18 for flows to and from Florida in 2007.
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Source: FAF, 2007 data, FHWA
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[bookmark: _Ref373953453][bookmark: _Toc379976070][bookmark: _Toc453054871]Figure 18. Freight Flow Mode Shares to Florida.
Source: FAF, 2007 data, FHWA
The more important commodities in Florida are identified by weight and value in Figure 19 and Figure 20, respectively. The biggest imports are coal and gas by weight and electronics and motor vehicles by value. The biggest exports are fertilizer and food by weight and electronics and precision instruments by value. Since electronics are both an import and export, there are undoubtedly subcategories of this commodity relevant to each direction of movement. 
[bookmark: _Toc368923208][image: ]
[bookmark: _Ref373953587][bookmark: _Toc379976071][bookmark: _Toc453054872]Figure 19. Top Commodities by Weight for Freight Flows to and from Florida.

[image: ]
[bookmark: _Ref373953594][bookmark: _Toc379976072][bookmark: _Toc453054873]Figure 20. Top Commodities by value for Freight Flows to and from Florida.

[bookmark: _Toc453054729]transearch data
In addition to the FAF3 data, 2011 Transearch commodity flow data were purchased by FDOT from IHS Global Insights for use in developing and validating FreightSIM, as well as to support other freight planning needs in Florida. The Transearch data were disaggregated to TAZ to TAZ flows by IHS Global Insights, and, while the data used Standard Transportation Commodity Code (STCC) categories, IHS Global Insights also provided a cross walk from STCC to SCTG categories that could be used to convert the Transearch data to the same commodity groupings as the FAF3 data.
The Transearch data were primarily used to scale the FAF3 data where those flows produced too many (or two few) truck movements, particularly within Florida, and to calibrate the mode and transfers component of the model. The Transearch data were also used as an alternative source for shipment to truck trip conversion factors (e.g., average payloads).
[bookmark: _Toc379975983][bookmark: _Toc453054730]CFS Data
Commodity Flow Survey (CFS) 2012 data were used in the shipment size model. The distribution of shipment size categories by commodity by shipment tonnages and value were developed using the CFS shipment data and were used to calibrate the shipment size model.
[bookmark: _Toc379975982][bookmark: _Toc453054731]Online Establishment Survey Data
An establishment survey conducted by UIC exploring the choice of distribution channel resulted in 504 completed, useable surveys. This survey has information on the distribution of different commodity types over distribution channels with a different number of stops. Online establishment survey results were used to calibrate the outputs of the distribution channel model. The number of shipments by distribution channel type, commodity, and location were developed using the survey study results and were used to adjust the constants in the distribution channel model. 
[bookmark: _Toc379975978][bookmark: _Toc453054732]Employment Data
[bookmark: _Toc453054733]National Employment Data
County-level employment data for the United States outside of Florida, in the form of CBP data, are used to synthesize firms for all of the model area except for Florida. For each county, this dataset contains the number of firms in each category, defined by industry and number of employees. Industry is defined based on the North American Industrial Classification System (NAICS) using six-digit classifications. The dataset is an annual series that provides subnational economic data by industry. This series includes the number of establishments, employment, first quarter payroll, and annual payroll. 
In addition to the CBP data, the model used Infogroup business data covering Florida. The Infogroup database has more detailed employment and business location data for Florida than the CBP data. The Infogroup data also overcomes the limitations of the CBP data for agricultural and construction employment. This dataset contains information on the geographic location of the business, primary business conducted at the location, number of employees, and other useful information.
There are 7,671,666 firms in the United States of which 785,507 are in Florida (using the Infogroup data), 321,020 in Georgia and Alabama and 6,565,139 in the rest of the country. The total number of firms in Florida by employment size groups is shown in Table 10 and Figure 21 show the Florida by-county employment based on the Infogroup data.
The two sets of employment data are used in conjunction with information from the Make and Use table to apportion FAF3 flows. The Make and Use table provides the value of goods that are traded between different industries. The resulting values are weighted by employment for apportioning the flows. 
[bookmark: _Ref373955100][bookmark: _Toc379976128][bookmark: _Toc453055023]Table 10. Florida Firms by Employment and two-digit NAICS Code.
	NAICS2
	INDUSTRY DESCRIPTION
	1
TO
19
	20
TO
99
	100
TO
249
	250
TO
499
	500
TO
999
	1K
TO
5K
	5K
TO
10K
	>10K
	TOTAL

	11
	Agriculture, etc.
	3468
	271
	56
	24
	9
	2
	0
	0
	3830

	21
	Mining, Quarrying, etc.
	503
	60
	13
	5
	0
	2
	0
	0
	583

	22
	Utilities
	869
	152
	36
	9
	5
	2
	0
	0
	1073

	23
	Construction
	74609
	5000
	686
	116
	28
	6
	1
	0
	80446

	31
	Manufacturing
	25658
	3761
	655
	162
	84
	27
	0
	0
	30347

	42
	Wholesale Trade
	35036
	2683
	427
	112
	40
	17
	1
	0
	38316

	44
	Retail Trade
	107606
	7616
	1705
	294
	98
	22
	0
	0
	117341

	48
	Transportation & Warehousing
	17934
	1479
	268
	66
	37
	14
	0
	0
	19798

	51
	Information
	13338
	1056
	297
	87
	27
	19
	1
	0
	14825

	52
	Finance & Insurance
	40016
	2077
	222
	66
	35
	28
	0
	0
	42444

	53
	Real Estate, etc.
	49239
	2367
	249
	48
	12
	8
	0
	0
	51923

	54
	Professional Services, etc.
	76629
	3084
	320
	68
	21
	11
	0
	0
	80133

	55
	Management of Companies, etc.
	595
	63
	5
	1
	0
	2
	0
	0
	666

	56
	Administrative Services, etc.
	43140
	1972
	341
	93
	26
	16
	0
	2
	45590

	61
	Educational Services
	9995
	3967
	1520
	114
	29
	16
	1
	2
	15644

	62
	Health Care & Social Assistance
	67314
	4545
	924
	247
	108
	90
	8
	2
	73238

	71
	Arts, etc.
	12603
	1161
	207
	50
	17
	10
	2
	0
	14050

	72
	Accommodation Services, etc.
	35079
	10384
	952
	136
	67
	26
	0
	0
	46644

	81
	Other Services
	87136
	2433
	235
	41
	16
	6
	1
	0
	89868

	92
	Public Administration
	14206
	3514
	644
	240
	101
	47
	2
	1
	18755

	
	Total
	714973
	57645
	9762
	1979
	760
	371
	17
	7
	785514
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[bookmark: _Ref373955140][bookmark: _Toc379976073][bookmark: _Toc453054874]Figure 21. Florida Employment by County.
Source: Info-group, 2010 data
[bookmark: _Toc453054734]Foreign Employment Data
The CBP data does not contain foreign employment data. The primary objective of including foreign firms in the model is to ensure that international flows between Florida and foreign countries can be allocated to either buyers or supplier firms at the foreign country end. The firm synthesis model accomplished this by generating a representative firm in each of the three largest employment size groups for each type of industry by NAICS6 code in each of the foreign FAF3 zones. A total of 9,096 foreign firms are generated for use in the model.
[bookmark: _Toc453054735]Supplemental Employment Data
Longitudinal Employer-Household Dynamics (LEHD) is a national longitudinal job frame that combines data from state and federal sources to create a linked employer-employee dataset. These data are collated by the Census Bureau and cover approximately 90% of employed persons. LEHD data for Georgia and Alabama were used to disaggregate the business locations for these two states from the counties in the CBP data to the more detailed TAZs used in the statewide model TAZ system.
Agriculture data on farms by size and sales were derived from U.S. Department of Agriculture data to provide supplemental data for understanding agricultural production locations. While these data were not used in the development of the model, they are available to support refinements to the employment data in future work.
[bookmark: _Toc368923210][bookmark: _Toc379975979][bookmark: _Toc453054736]Mode SpeciFic Data
In order to develop certain mode specific parameters, and to calibrate and validate model components’ outputs, several mode specific datasets were processed and analyzed. This subsection briefly describes the data development process. The use of these data discussed in later sections, including in Chapter 9.0.
[bookmark: _Toc379975984][bookmark: _Toc453054737]Truck Counts
Truck count data at TTMS locations received from FDOT were summarized to compare with the model output truck volumes. The truck counts are classified by time of day (as detailed as hourly) and vehicle type (by FHWA class). The count data do not differentiate between freight trucks and non-freight commercial vehicles (e.g. utility trucks). Figure 22 shows the traffic count locations in the Florida.
[image: C:\Users\kaveh.shabani\Desktop\maps\FDOT - Florida Count Station Locations.jpg]
[bookmark: _Ref373959048][bookmark: _Toc379976074][bookmark: _Toc453054875]Figure 22. Florida Truck Count Stations.

[bookmark: _Toc379975985][bookmark: _Toc453054738]ATRI GPS Data
Summaries of American Transportation Research Institute (ATRI) truck GPS data were provided for comparison with the model output trip table to support calibration of the distribution of truck trips, and in particular, adjustments to the region-to-region movements by truck reported in FAF. The data were created as part of a research project for FDOT. The raw GPS data from ATRI were processed by the University of South Florida (USF) to be converted into trip tables. The data includes long-haul truck trip OD flow tables in three levels of spatial resolution as follows:
(a) TAZs used in the FLSWM
(b) Counties (67 counties in Florida and each of the other states as 1 zone) 
(c) State-level, where each state (including Florida) is represented as one zone
[bookmark: _Toc379975986][bookmark: _Toc453054739]Weight in Motion Data
Weight In Motion (WIM) data were provided by FDOT for use in developing truck weight distributions and averages at selected locations on the highway network. These data were used during model calibration to inform adjustments to vehicle loading factors used to convert shipment tonnages to truck trips. Figure 23 shows the WIM locations in Florida.
[image: C:\Users\kaveh.shabani\Desktop\maps\FDOT - Florida WIM Station Locations.jpg]
[bookmark: _Ref373959350][bookmark: _Toc379976075][bookmark: _Toc453054876]Figure 23. Florida WIM Stations.

[bookmark: _Toc379975987][bookmark: _Toc453054740]Carload Waybill Data
Rail volume data from the carload waybill sample data, obtained by FDOT from the Surface Transportation Board at the USDOT, were incorporated by IHS in to the Transearch database and (in that form) were used to validate models rail flow outputs by commodity. Carload waybill data is a stratified sample of carload waybills for all rail traffic in the United States submitted by rail carriers.
[bookmark: _Toc379975988][bookmark: _Toc453054741]T-100 Data
Air cargo volumes by route from the T-100 and T-100(f) databases were used to develop the model’s air freight network and inputs. The Air Carrier Statistics database, also known as the T-100 data, contains domestic and international airline market and segment data. It has monthly air carrier traffic information reported by certificated United States air carriers. It also has the traffic information for foreign carriers having at least one point of service in the United States. The data is collected by the Office of Airline Information, Bureau of Transportation Statistics, Research and Innovative Technology Administration. T-100 data contains elements such as origin, destination, freight, payload capacity, and miles.
[bookmark: _Toc379975989][bookmark: _Toc453054742]PIERS Data
The Port Import Export Reporting Service (PIERS) data, provided by FDOT, are used to develop calibration weights for the mode and transfers model, and in particular the model of import and export volumes by port. The PIERS data reports containerized cargo by twenty-foot equivalent units (TEUs) and by tonnage. The source of PIERS data is the vessel manifest for all vessels entering and exiting the United States. The coverage of the dataset also includes transshipment activity, or shipments passing through the United States but not part of official United States international trade.
[bookmark: _Toc379975990][bookmark: _Ref445653558][bookmark: _Toc453054743]Freight Demand Model Components
[bookmark: _Toc379975991][bookmark: _Toc453054744]Firm Synthesis
The initial element of the model synthesizes all firms in the United States, and a sample of international firms, in order to capture long-haul freight movements. Each firm has individual characteristics that identify the following:
· Where are they located?
· How large is the firm?
· What industry do they operate in?
· Which commodities do they consume?
· Which commodities do they produce?
The geography within the region of interest (in this case, Florida, Georgia, and Alabama) is divided into a combination of counties (in Florida, Georgia and Alabama). The geography outside the region is defined by FAF3 zones. Figure 24 illustrates this geography.
This model synthesizes firms by industry category and by size category to capture the primary drivers of commercial vehicle travel. Firm synthesis is controlled by regional, county, and state control totals. 
[image: ]Combination of FAF zones and Counties

[bookmark: _Toc379976076][bookmark: _Toc453054877]Figure 24. Domestic Geography for Firm Synthesis.

[bookmark: _Toc323467769][bookmark: _Toc323555039][bookmark: _Toc379975992][bookmark: _Toc453054745]Data Sources and Model Development
Firms by size and type are allocated to analysis zones using available observed data sources on employment by type, consistent with the data used in the passenger travel demand forecasting model. These employment data were primarily from Infogroup data for Florida and the CBP and LEHD data developed by the Census Bureau, as described in Chapter 3.
Input output data from the BEA were used to describe what each industry produces (makes) and consumes (uses). These relationships are known as make and use tables. When multiple commodities are made or used, then the data represents a proportional value.
The models for firm synthesis and business location were developed originally by the University of Chicago (Samimi et al., 2010) for the Chicago Mesoscale Freight Model (Cambridge Systematics, 2011) and were translated into R by the project team for the development of the FHWA Freight Forecasting Framework project (RSG, 2012). The model for firm synthesis is a direct enumeration process of the firms based on the employment totals. Firms are enumerated by two attributes: 1) industry (NAICS); and 2) the employee size category for each geographic unit.
[bookmark: _Toc323467770][bookmark: _Toc323555040][bookmark: _Toc379975993][bookmark: _Toc453054746]Model Application and Results
Figure 25 shows a schematic of the firm synthesis process applied. The firm synthesis process enumerates lists of firms, then allocates these firms to zones and identifies them as either producers (suppliers) or consumers (buyers). Figure 26 is a dot density plot by county in Florida showing the density of large and small firms (note that the points indicate overall density by county and not actual firm locations within the county).
[image: ]
[bookmark: _Ref373986533][bookmark: _Toc379976077][bookmark: _Toc453054878]Figure 25. Firm Synthesis Process.
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[bookmark: _Ref373986891][bookmark: _Toc379976078][bookmark: _Toc453054879]Figure 26. Firms in Florida by Size.
A correspondence between NAICS and SCTG is used to attach a unique SCTG commodity to each of the enumerated firms. The firms are then split into producers and consumers based on whether or not they produce any commodities. Some industries produce more than one commodity (such as wholesale). To account for this, the commodity that each firm produces is simulated based on probabilities of the multiple commodities that it could produce. A producer firm-types database is also created, which is used later in the supplier firm selection model. A firm type is defined by a unique combination of industry NAICS, commodity SCTG, and the geographic ID of a firm. 
A consumers/users database is created next. This consists of all the firms in the firm database merged with the processed Input-Output data (F_DATA_2010IO.CSV) based on the NAICS industry code of the consumer. The processed Input-Output data identifies the value of the commodities consumed and the corresponding supplier NAICS for each consumer industry NAICS. The list is filtered down such that, for each consuming industry, the first 80% of the commodity value that it consumes is accounted for in order to include the major commodities consumed but not the smaller commodity inputs. This limit was set to decrease computational burden. The SCTG commodity for suppliers who could produce more than one SCTG commodities is simulated using probability thresholds. It is assumed that a certain percentage (in this case, 30%) of consumers would work with a wholesaler instead of directly with a producer. Therefore, some suppliers to consumers, who themselves are not wholesalers, are probabilistically mutated to an appropriate wholesale supplier (NAICS) based on the SCTG commodity being consumed.
Finally, two datasets are created in this step. A makers/suppliers dataset is created from the producers firm type database and consists of firms that are located in a FL, GA, and AL zone, all firms that have at least 1,000 employees and one firm by each unique industry-commodity type for each geography. A users/buyers dataset is created from the consumers database and consists of firms that are located in a FL, GA, and AL zone, firms that have more than 500 employees, one firm by each unique industry-employee size category for each geography, and a set of 5% of randomly selected consumers. All these firms are summarized by location in Table 11.
[bookmark: _Ref373952727][bookmark: _Toc379976129][bookmark: _Toc453055024]Table 11. Supplier and Consumer Firms by Location Type.
	LOCATION
	ALL FIRMS
	SUPPLIERS
	CONSUMER / COMMODITY COMBINATIONS
	PERCENT FIRMS
	PERCENT SUPPLIERS
	PERCENT CONS/COM COMBINATIONS

	Domestic Florida
	 785,514 
	 73,723 
	 11,255,511 
	10%
	44%
	52%

	Domestic Georgia and Alabama
	 330,620 
	 48,132 
	 4,594,509 
	4%
	29%
	21%

	Domestic Rest of USA
	 6,565,164 
	 30,588 
	 5,671,498 
	85%
	18%
	26%

	Foreign
	 28,200 
	 15,096 
	 288,265 
	0%
	9%
	1%


[bookmark: _Toc379975994][bookmark: _Toc453054747]Business Allocation
While business establishments within Florida are already tagged with TAZs, since they are derived from the Infogroup point data where the exact location of the business establishment is known, which allowed each business establishment to be put into a specific TAZ, the geographic identifier for business establishments outside Florida is based on the CBP data, which uses counties. This is adequate for the portion of the model area that uses FAF zones, since those are larger than counties, but for Georgia and Alabama the TAZs are smaller than counties. For the purpose of mode choice and simulation of freight traffic, the firms in GA and AL area are assigned to TAZs based on employment ranking by industry.
A dataset is prepared from the block level LEHD data for GA and AL that contains the percentile ranking of each of 21 NAICS categories by TAZ based on employment numbers in each of those industries. Higher employment numbers implies a higher percentile rank. For industries in each of the 21 NAICS categories considered, candidate TAZs are identified based on firm size and the ranking of a particular NAICS in a TAZ. The probability of a TAZ getting assigned to a particular firm increases with the rank of the firm’s NAICS in the TAZ and the number of employees in the firm. For example, if a firm belongs to the manufacturing industry and has a firm size greater than 5,000, then all TAZs that have manufacturing ranked ninth or tenth are candidates for the particular firm. Once candidate TAZs are assigned to each firm, one of the candidates is randomly selected as the firm’s TAZ.
[bookmark: _Toc453054748]Supplier Firm Selection 
The next element pairs up buyers and suppliers among the firms that have been synthesized in the previous step based on the size of each firm, their industry, and the distance between them. 
[bookmark: _Toc323467772][bookmark: _Toc323555042][bookmark: _Toc379975995][bookmark: _Toc453054749]Data Sources and Model Development
The model for supplier firm selection is based on earlier freight modeling work for the Chicago Metropolitan Agency for Planning (Cambridge Systematics, 2011) and University of Illinois in Chicago (Samimi et al., 2010). For each buyer/consumer firm, a supplier is selected from the suppliers/makers dataset. The selection of a supplier does not mean the selection of an exact business, but that of a firm type (a combination of industry NAICS, commodity SCTG, and the geographic ID of a firm). The exact firm is determined after the next step of firm allocation (of each firm to a TAZ) is done. 
The probability of a supplier being paired with a buyer firm (type) depends on the employment sizes of both the firms and the geographic distance between them. Table 12 presents the coefficients used. These coefficients are asserted and not estimated due to the unavailability of data of this nature. In general, the probability of a supplier firm being chosen increases with its employee size and its proximity to the buyer firm. The distances between the firms are GCD values obtained from ORNL county-to-county skims.
[bookmark: _Ref321039441][bookmark: _Toc321138235][bookmark: _Toc379976130][bookmark: _Toc453055025]Table 12. Supplier Selection Parameters.
	Consumer Business Size (Number of Employees)
	
	Coefficient

	
	Producer Business Size (Number of Employees)
	Great Circle Distance between 
Consumer and Producer (Miles)

	
	1 to 
99
	100 to 499
	500+
	Intra-county
	1 to 149
	150 to 595
	596 to 1,509
	Over 1,509

	1 to 99
	0.2
	0.2
	0.4
	0.1
	0
	-0.2
	-0.3
	-0.4

	100 to 499
	0.2
	0.6
	0.6
	0.1
	0
	-0.05
	-0.1
	-0.2

	500+
	0.4
	0.6
	0.6
	0.1
	0
	0
	-0.05
	-0.1


Source: Cambridge Systematics, 2011, Table 2.8, page 2-23
[bookmark: _Toc323467773][bookmark: _Toc323555043][bookmark: _Toc379975996][bookmark: _Toc453054750]Model Application and Results
Figure 27 shows a schematic of the supplier selection model. A choice set of suppliers is created for each buyer firm based on the top five commodities it requires and the corresponding NAICS of the suppliers. A supplier firm is excluded from the choice set if no flows for the commodity being traded are observed in the FAF3 dataset between the relevant FAF zones. The GCD values are merged based on the buyer and supplier zones (which are counties in FL, GA, and AL; FAF zones elsewhere). A score for each buyer and potential supplier pair is then calculated using the attested coefficients and adding a random value for stochasticity. For each buyer firm, the supplier firm with the best (highest) score is selected. Table 13 shows the number of buyer-supplier firm pairs by geographic region.
[image: ]
[bookmark: _Ref373987715][bookmark: _Toc379976079][bookmark: _Toc453054880]Figure 27. Supplier Firm Selection Model Process.
[bookmark: _Ref321039452][bookmark: _Toc321138236][bookmark: _Toc379976131][bookmark: _Toc453055026]Table 13. Shipments by Buyer and Supplier Firm Locations.
	SUPPLIER FIRM LOCATION 
	BUYER FIRM LOCATION
	NUMBER OF FIRM PAIRS

	Florida Region (FL, GA, AL)
	Florida Region (FL, GA, AL)
	 13,032,236 

	Florida Region (FL, GA, AL)
	External
	 5,668,754 

	External
	Florida Region (FL, GA, AL)
	 2,817,784 


A frequency distribution of the GCDs between buyer-supplier pairs was plotted to check of reasonableness of the supplier selection model (Figure 28). The lowest ranges represent metropolitan and other local flows, and the majority of the firm pairs up to 600 miles represent intrastate flows in Florida (and to, from and within the adjoining states of GA and AL). Firm pairs to and from the eastern and Midwest portions of the United States range from 600-1500 miles, and the longest distances represent the western United States. 
[image: ]
[bookmark: _Ref373988184][bookmark: _Toc379976080][bookmark: _Toc453054881]Figure 28. Distance Distribution of Buyer-Supplier Pairs.
[bookmark: _Toc379975997][bookmark: _Toc453054751]Goods demand
This element predicts the demand in tonnage for shipments of each commodity type by each firm in each industry. The demand is developed to represent the goods produced by each firm and the goods consumed by each firm (and household) in the United States. 
[bookmark: _Toc379975998][bookmark: _Toc453054752]Data Sources and Model Development
The goods demand model relies primarily on the FAF3 freight flows and the buyer-supplier pairs estimated in the supplier firm selection model. The model also incorporates input-output tables to determine the allocations between industry types. The amount of commodity shipped on an annual basis between each pair of firms is apportioned based on the number of employees at the buyer and their industry so that observed commodity flows are matched. 
The model incorporates a scaling procedure where other commodity flow data sources and observed freight data – in this case, Transearch data and ATRI truck GPS data – can be used to adjust the primary commodity flow input, the FAF3 data, in cases where model validation supports those adjustments for certain geographies and commodities. This is discussed in more detail in Chapter 10.09.0 on Modal Validation.  
[bookmark: _Toc379975999][bookmark: _Toc453054753]Model Application and Results
Figure 29 presents the goods demand model process. Once buyer and supplier pairs have been established, the annual flow between each of the pairs is estimated. The FAF3 flows dataset is used to apportion goods demand to each buyer supplier pair based on the size of the buyer firm. An estimate of consumption (of the commodity being consumed) by a buyer firm is calculated based on the value (in dollars) consumed per employee, which is obtained using Input-Output (Input-Output or make-use) economic tables. The values consumed per employee are calculated for each combination of supplier-buyer industry NAICS from the Input-Output tables.
[image: ]
[bookmark: _Ref373988469][bookmark: _Toc379976081][bookmark: _Toc453054882]Figure 29. Goods Demand Model Process.
The values consumed per employee are used to calculate a consumption estimate (in dollars) for each buyer firm. A share of consumption for each firm in a particular zone is then calculated based on the consumption estimate. These shares are used to apportion freight flows for each commodity into a zone for individual buyer firms. This results in an estimate of annual goods demand between each of the buyer-supplier pairs. Table 14 shows the aggregate flows by weight and value between the Florida modeling region (Florida, Georgia, and Alabama) and external regions, for 12 segments.
[bookmark: _Ref373988508][bookmark: _Toc379976132][bookmark: _Toc453055027]Table 14. Commodity Flows by Segment (Tonnage and Value).
	SEGMENT
	WEIGHT 
	VALUE 

	
	(MILLION TONS)
	PERCENT OF TOTAL
	(MILLION $)
	PERCENT OF TOTAL

	Domestic, within FL
	 585 
	30%
	 355 
	14%

	Domestic, within AL/GA
	 666 
	35%
	 360 
	14%

	Domestic, FL to AL/GA
	 16 
	1%
	 23 
	1%

	Domestic, AL/GA to FL
	 27 
	1%
	 41 
	2%

	Domestic, FL to rest of US
	 35 
	2%
	 127 
	5%

	Domestic, rest of US to FL
	 95 
	5%
	 270 
	11%

	Domestic, AL/GA to rest of US
	 127 
	7%
	 233 
	9%

	Domestic, rest of US to AL/GA
	 225 
	12%
	 826 
	32%

	Import, arrive FL, to FL
	 50 
	3%
	 80 
	3%

	Import, arrive FL, to AL/GA
	 47 
	2%
	 81 
	3%

	Export, from FL, depart FL
	 25 
	1%
	 111 
	4%

	Export, from AL/GA, depart FL
	 29 
	1%
	 42 
	2%

	Total
	 1,927 
	100%
	 2,550 
	100%






[bookmark: _Toc379976000][bookmark: _Ref445653568][bookmark: _Toc453054754]Supply Chain Model Components
[bookmark: _Toc379976002][bookmark: _Toc453054755]Distribution Channel
[image: ]This model selects the distribution channel for the shipment, a key element of the framework that represents an important business decision made by shippers. A distribution channel refers to the supply chain a shipment follows from the supplier to the consumer/buyer and it is critical to business freight related operations. The supplier firms may use their own transportation resources or send shipments to the buyer using third-party logistics firms. The distribution channel might affect the cost, shipment size, and frequency of shipments between a buyer-supplier firm pair. 
In this framework, the transfer facilities are represented in the supply chain rather than including all establishments that goods move through as they travel from the producer to the consumer; this is because of limited data for these detailed supply chains. National supply chain data, if they become available in the future, could improve this element. The distribution channel model uses discrete choice methods to identify the unique aspects of the supply chain.  
[bookmark: _Toc379976003][bookmark: _Toc453054756]Data Sources and Model Development
An establishment survey conducted by University of Illinois at Chicago as part of the Freight Activity Microsimulation Estimator (FAME) freight model development program (Samini et al, 2010) was used to represent the elements of the supply chain, which contained data on whether the goods went through a consolidation center, a distribution center, and/or a warehouse. Other aspects of the supply chain were not possible with this dataset, and other datasets did not have the national coverage or details about the supply chain for this purpose. This survey was a small sample (570) of shipments across the United States and a diverse range of industry types. In this survey, there were 47% of shipments with no intermediate stops, 38% with one intermediate transfer location, and the remaining 15% of shipments with two or more stops. As expected, shorter trips tend to have fewer transfers.  
The concept of distribution channel was further simplified to obtain a reasonable sample for model estimation (Figure 30). Four alternatives for distribution channels were identified: direct, one-stop type, two-stop type and three-stop types, where stop type is a warehouse, distribution center, or consolidation center. Distribution channels that involved only one warehouse stop, or only one distribution center stop, were considered the same.

[bookmark: _Ref373996206][bookmark: _Toc379976082][bookmark: _Toc453054883]Figure 30. Distribution Channels.
Table 15 shows the multinomial logit (MNL) model estimated for food products from the FAME survey. The direct distribution channel is the mode preferred, everything else remaining constant. The other variables that affect the choice of distribution channel are firm size and the industry type of the firms involved. It is true that the estimated model does not have a rich specification, but this is reasonable given the data constraints. Table 16 shows the distribution channel MNL model estimated for manufactured goods. The explanatory variable types are the same as those in the food products model.
[bookmark: _Ref373996334][bookmark: _Toc379976133][bookmark: _Toc453055028]Table 15. Distribution Channel Model Specification for Food Products.
	Choices 
	Variable Description 
	Variable Name 
	Coefficient 
	t-stat 

	Direct 
	Alternative Specific Constant 
	ASC_V1
	0 (fixed)
	

	1-Type Used 
	Alternative Specific Constant 
	ASC_V2
	-0.932
	-2.47

	2-Types Used 
	Alternative Specific Constant 
	ASC_V3
	-3.32
	-3.20

	3-Types Used 
	Alternative Specific Constant 
	ASC_V4
	-52.5
	-3.11

	Direct 
	49 or less employees firm involved 
	EMP49_1
	0.907
	2.03

	1-Type Used 
	Manufacturing industry firm involved 
	MFGIND2
	1.94
	3.48

	2-Types Used 
	Transportation\warehousing or wholesale trade firm involved 
	TRWIND3
	3.49
	3.23

	3-Types Used 
	Transportation\warehousing or wholesale trade firm involved 
	TRWIND4
	51.4
	3.05

	3-Types Used 
	Great circle distance between buyer and supplier zones 
	DIST1
	0.000559
	1.14

	Number of Observations
	Final Log Likelihood
	Rho-squared
	
	

	106
	-85.326
	0.419
	
	


[bookmark: _Ref373996341][bookmark: _Toc379976134][bookmark: _Toc453055029]Table 16. Distribution Channel Model Specification for Manufactured Products.
	Choices
	Variable Description 
	Variable Name 
	Coefficient 
	t-stat 

	Direct 
	Alternative Specific Constant 
	ASC_V1
	0 (fixed)
	

	1-Type Used 
	Alternative Specific Constant 
	ASC_V2
	-1.96
	-5.25

	2-Types Used 
	Alternative Specific Constant 
	ASC_V3
	-2.68
	-6.53

	3-Types Used 
	Alternative Specific Constant 
	ASC_V4
	-3.58
	-6.04

	3-Types Used 
	50 to 199 employees firm involved 
	EMP3_4
	1.32
	2.06

	1-Type Used 
	200 or more employees firm involved 
	EMP4_2
	0.698
	1.91

	1-Type Used 
	Transportation\warehousing or wholesale trade firm involved 
	WHIND2
	1.88
	4.8

	2-Types Used 
	Transportation\warehousing or wholesale trade firm involved 
	WHIND4
	1.5
	3.16

	Number of Observations 
	Final Log Likelihood 
	Rho-squared 
	
	

	182
	-176.182
	0.302
	
	


[bookmark: _Toc379976004][bookmark: _Toc367213104][bookmark: _Toc453054757]Model Application and Results
Figure 31 shows a schematic of the distribution channel model. The distribution channel choice simulated shipments between all the buyer-supplier pairs based on the type of commodity. The manufactured goods model was applied for all commodities other than food. Figure 32 shows the distribution of various distribution channels based on location. At this stage in the framework, the unit of analysis is shipments by all modes; therefore, the distribution channels are not mode specific and may be completed by a single mode or be multimodal (the process of selecting modes for movement of each shipment takes place in step seven of the model, mode and transfers).
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[bookmark: _Ref373996414][bookmark: _Toc379976083][bookmark: _Toc453054884]Figure 31. Distribution Channel Model Process.

[bookmark: _Ref373996449][bookmark: _Toc379976084][bookmark: _Toc453054885]Figure 32. Distribution Channels by Location.
The final step during application of the model is to adjust the alternative specific constants in the model by commodity groups. In Pourabdollahi (2013), the authors group the surveyed shipments into 11 commodity classes, which are aggregations of the 43 SCTG commodity groups, and present the proportion of shipments by distribution channel for each of these groups. These data were used as calibration targets and the alternative specific constants are iteratively adjusted such that the output from the distribution channel model matches those targets.

Figure 33 presents the average number of stops derived from the distribution channels for aggregate groupings of commodities.  
[image: ]
[bookmark: _Ref373998174][bookmark: _Toc379976085][bookmark: _Toc453054886]Figure 33. Average Number of Stops by Commodity Group.
[bookmark: _Toc379976005][bookmark: _Toc453054758]Shipment Size and Frequency
In this step, the annual goods flow between buyer-supplier firms pairs are broken down into individual shipments. The shipment size (weight) and the corresponding number of shipments per year are determined. Shipment size affects the mode used to transport the shipment. This framework is not designed to optimize the shipments or identify the logistics of how shipments may be combined to make a truckload or rail delivery.  
[bookmark: _Toc379976006][bookmark: _Toc453054759]Data Sources and Model Development
An MNL model is estimated for choice of shipment size. The Texas commercial vehicle survey dataset was used for estimating the discrete choice model due to its relatively high sample size (RSG, 2012). This dataset is not ideal for the shipment size model because the shipments represented in the dataset are likely to include many within an urban area. However, this dataset is most appropriate considering the sample sizes in other datasets. 
Based on the distribution, three alternatives were selected to form the choice set: less than or equal to 999 lbs., 1000-9999 lbs., and greater than 9999 lbs. It was hypothesized that the distribution channel would influence the choice of shipment size. The distribution channel was not directly available in the Texas dataset. The stop-level data were transformed into tour-level data and the distribution channel was assigned based on the stops made by the truck at ports, intermodal facilities, warehouses, and distribution centers. Two models were estimated initially:  food and manufactured products. The coefficients from the manufactured products model were used for other commodities. 
Table 17 shows the shipment-size choice model results for food products. It appears that the shipment size between 1000 and 9999 lbs. is the most preferred for food products, everything else being equal. A multi-stop distribution channel in which the shipment stops at three types of facilities seems to positively influence the highest shipment size category (>= 10,000 lbs.). The other explanatory variables in the model specification are: trip length until current shipment stop, from the base location, and industry types at the stop location. Longer trip lengths seem to be associated with shipments greater than 10,000 lbs.
[bookmark: _Ref373998360][bookmark: _Toc379976135][bookmark: _Toc453055030]Table 17. Shipment-Size Model Specifications for Food Products.
	Choices 
	Utility Equations 

	<= 999 lbs. 
	ASC_V1 * one + SIC11 * SIC1 + SIC21 * SIC2

	1000-9999 lbs. 
	ASC_V2 * one + DISTCHAN12 * DISTCHAN

	>=10000 lbs. 
	ASC_V3 * one + SIC23 * SIC2 + DISTCHAN32 * DISTCHAN_2 + Cost2 * Cost

	Choices 
	Variable Description 
	Variable Name 
	Coefficient 
	t-stat 

	<= 999 lbs. 
	Alternative Specific Constant 
	ASC_V1
	0 (fixed)
	

	1000-9999 lbs. 
	Alternative Specific Constant 
	ASC_V2
	0.546
	3.85

	>=10000 lbs. 
	Alternative Specific Constant 
	ASC_V3
	-1.71
	-5.98

	>=10000 lbs. 
	Trip Length (Cost)
	Cost2
	0.245
	2.48

	1000-9999 lbs. 
	Distribution Channel (DISTCHAN) with 1-Type Used 
	DISTCHAN12
	-0.788
	-3.58

	>=10000 lbs. 
	Distribution Channel (DISTCHAN) with 3-Types Used 
	DISTCHAN32
	0.759
	3.05

	<= 999 lbs. 
	Service Industry (SIC1)
	SIC11
	5.84
	5.77

	<= 999 lbs. 
	Transportation/Construction Industry  (SIC2)
	SIC21
	0.975
	3.57

	>=10000 lbs. 
	Transportation/Construction Industry (SIC2)
	SIC23
	2.88
	9.9

	Number of Observations
	Final Log Likelihood
	Rho-squared
	
	

	738
	-554.922
	0.316
	
	


Table 18 shows the shipment-size choice model results for manufactured products. The explanatory variables in this model are similar to those in the food products model. Shipments less than or equal to 999 lbs. seem to be the most preferable, everything else being equal. Longer trip lengths seem to be associated with shipment sizes less than or equal to 999 lbs.
[bookmark: _Ref373998386][bookmark: _Toc379976136][bookmark: _Toc453055031]Table 18. Shipment Size Model Specification for Manufactured Products.
	Choices 
	Utility Equations 

	<= 999 lbs. 
	ASC_V1 * one + cost1 * cost + SIC11 * SIC1 + SIC31 * SIC3

	1000-9999 lbs. 
	ASC_V2 * one + SIC32 * SIC3 + DISTCHAN12 * DISTCHAN

	>=10000 lbs. 
	ASC_V3 * one + DISTCHAN33 * DISTCHAN_3

	Choices 
	Variable Description 
	Variable Name 
	Coefficient 
	t-stat 

	<= 999 lbs. 
	Alternative Specific Constant 
	ASC_V1
	0
	

	1000-9999 lbs. 
	Alternative Specific Constant 
	ASC_V2
	-0.107
	-0.5

	>=10000 lbs. 
	Alternative Specific Constant 
	ASC_V3
	-0.349
	-1.63

	<= 999 lbs. 
	Trip Length 
	cost1
	0.15
	1.69

	1000-9999 lbs. 
	Distribution Channel with 1-Type Used 
	DISTCHAN12
	-0.911
	-3.65

	>=10000 lbs. 
	Distribution Channel with 3-Types Used 
	DISTCHAN33
	-1.35
	-2.77

	<= 999 lbs. 
	Service Industry 
	SIC11
	2.27
	4.16

	<= 999 lbs. 
	Manufacture/Retail/Wholesale/Mining Industry 
	SIC31
	1.98
	6.3

	1000-9999 lbs. 
	Manufacture/Retail/Wholesale/Mining Industry
	SIC32
	1.03
	2.86

	Number of Observations 
	Final Log Likelihood 
	Rho-squared 
	
	

	552
	-431.443
	0.289
	
	


[bookmark: _Toc379976007][bookmark: _Toc453054760]Model Application and Results
Figure 34 illustrates the shipment size and frequency model. The shipment size choice is simulated for all the buyer-supplier firm pairs using the estimated models. The manufactured goods model was applied for all commodities other than food. 
[image: ]
[bookmark: _Ref373998408][bookmark: _Toc379976086][bookmark: _Toc453054887]Figure 34. Shipment Size and Frequency Model Process.
[bookmark: _Toc367213109]The final step during application of the model is to adjust the alternative specific constants in the model by commodity group. CFS 2012 data showing the distribution of shipment sizes by SCTG commodity group were used as calibration targets and the alternative specific constants are iteratively adjusted such that the output from the shipment size channel model matches those targets.

Figure 35 shows the number of shipments by size and distribution channel. The percentage of these shipment sizes varies by size category; direct shipments are more likely to be small or large shipments and medium-size shipments are more likely to be multi-stop tours. Most of the shipments are smaller shipments; there are almost as many medium-size shipments as larger shipments, although a much higher number of medium-size shipments are expected. 
[bookmark: _Ref373998563]
[bookmark: _Toc379976087][bookmark: _Toc453054888]Figure 35. Shipment Tonnage by Size and Distribution Channel.
Simulation of shipment size results in the assignment of a shipment to one of the three broad shipment categories. To obtain a more accurate shipment size, each size category was split into bins and probability thresholds for a shipment being in one of those bins were calculated from a combination of the CFS 2012 by commodity and the Texas survey data. The probability of a shipment falling into each bin was computed using the observed distributions from the survey data. All the modeled shipments were then assigned to one of the finer shipment-size categories using Monte Carlo simulation. An annual delivery frequency was calculated using the annual commodity flow (in tons) and the individual shipment size for all the buyer-supplier firms, for use later in the model system to select a sample of daily activity from the annual shipment flows. 
[bookmark: _Toc379976008][bookmark: _Ref445653579][bookmark: _Toc453054761]Mode and Transfer Components
[bookmark: _Toc379976009][bookmark: _Toc453054762]Mode and Transfer Choice
This step assigns a mode for shipments transported between each buyer-supplier pair. There are four primary modes (road, rail, air, and water) included in the mode choice model. Networks of all four modes (i.e., road, rail, water, air) for the United States are used. 
The modes and transfer locations on the shipment paths are determined based on the travel time, cost, characteristics of the shipment (e.g., bulk natural resources, finished goods),  characteristics of the distribution channel (e.g., whether the shipment is routed via a warehouse, consolidation, or distribution center), and whether the shipment includes an intermodal transfer (e.g. truck-rail-truck). A mode and path (from a set of feasible modes and paths) is chosen, one that would have the least annual transport and logistics cost using a two-step process:
1. First, a set of feasible paths between each O-D pair is enumerated. 
2. Second, a reasonable set of parameters is applied to the path skims to generate total annual transport and logistics costs for each combination of path and mode. 
In calculating the total annual costs for each pair of seller and buyer, supply chain and inventory control costs are considered and incorporated to account for the inventory-associated costs.
[bookmark: _Toc379976010][bookmark: _Toc453054763]Data Sources and Model Development
Methods developed by De Jong and Ben-Akiva (2007) were used to predict the path and mode of long-haul movements of freight into, out of, within, and through Florida. The path includes identifying the location of intermodal transfer facilities, distribution centers, or warehouses where shipments are consolidated or de-consolidated. Detailed networks of road and rail for the United States were used, in addition to networks describing airport and port locations, domestic waterway connections, and finally GCD distances between airports and between ports and international destinations.  
Total logistics costs that the buyer and supplier encounter is the sum of transport and inventory costs and can be itemized as shown below:
Total Logistics Costs = Transport costs + Inventory costs
Inventory Costs = Ordering + Carrying + Damage + Inventory in-Transit 
+ Safety Inventory
Ordering = Order preparation, order transmission, production setup if appropriate
Carrying = Cost of money, obsolescence, insurance, property taxes, and storage costs
Damage = Order lost or damaged
Inventory in-transit = Inventory between shipment origin and delivery location
Safety Inventory = Lost sales cost, backorder cost (Demand and Lead-time uncertainty)
This formulation models logistics decisions in a joint fashion by capturing transport and logistics costs in a single equation. This effectively reflects the real-world decision-making of freight movers by accounting for different components of costs. These models for mode choice and intermodal transfers were based on the formulation developed by de Jong and Ben-Akiva (2007): 
Inventory In-Transit Cost
Ordering Cost
Transport Cost
Carrying Cost
Damage Cost





Safety Stock Cost


Table 19 provides descriptions of variables and parameter notations. A low (0.01), medium (0.05), or high (0.25) discount rate was used based on the type of commodity being transported. Bulk natural resources have a low discount rate. Animals and intermediate processed goods have a medium discount rate. A high discount rate is applied for finished goods. The categorization of commodities for discount rates was shown in Table 8.  
[bookmark: _Ref374005560][bookmark: _Toc379976137][bookmark: _Toc453055032]Table 19. Mode Choice and Intermodal Transfer Model Parameters.
	Parameter
	Description
	Source

	Gmnql
	Logistics cost between shipper m and receiver n with shipment size q and logistics chain l
	Calculated in the mode choice model

	β0ql
	Alternative-specific constant
	Asserted values based on commodity category

	Q
	Annual flow in tons
	From goods demand model

	q
	Shipment size in tons
	From shipment size model

	β 1
	Fixed cost per order
	From research (Dominic 2009) 

	T
	Transport and intermediate handling costs
	From network skims

	β 2
	Discount rate
	0.01/0.05/0.25 based on commodity

	j
	Fraction of shipment that is lost or damaged
	0.01 assumed

	v
	Value of goods (per ton)
	From FAF flow apportionment

	β 3
	Discount rate of goods in transit
	0.01/0.05/0.25 based on commodity

	t
	Average transport time (days)
	From network skims

	β 4
	Storage costs per cubic meter per year
	From research (Colonial 2009)

	β 5
	Discount rate of goods in storage
	0.01/0.05/0.25 based on commodity

	LT
	Expected lead time (days)
	10 assumed

	sdLT
	Standard deviation in lead time (days)
	1 assumed


Source: de Jong and Ben-Akiva (2007)
Estimation of these parameters was not possible without new data collection, but additional research on a few parameters led to revised assumptions for the Florida application:
Fixed cost per order. This value of $100 per order was obtained from Dominic (2009), who quoted the Supply Management Handbook of $100 of administrative expenses to generate a purchase order. Additional sources confirmed that this average was reasonable (APQC Performance Benchmarks, 2006) with an average $36 for top performers, $162 for median performers, and $507 for bottom performers.  
Storage costs per unit per year. This value of $2,000 per cubic meter per year depends on the physical properties of the commodity. In practice, this is not so much dependent on the weight of the goods but on their volume. This value was based on the assumption provided in the Colonial Diversified (2009) rate schedule of $6 per cubic meter per day after the first seven days, and $3 per cubic meter per day for first seven days, for a range of $1,095 to $2,190 per year.  
Transportation and intermediate handling cost ( ) is one of the main components of the logistics costs. In order to assess the parameters used in the equation, accurate values were identified in the literature. The transportation and intermediate handling cost in the logistics cost equation equals “annual flows” in tons multiplied by “transportation rate” in $/ton and can be shown as below:
 = annual flows (tons)  transportation rate ($/ton)
The transportation rate term includes line-haul transportation rate and handling, lifting, warehouse/DC, or transload charges. As shown in Table 20, there are different line-haul costs by mode in the literature compared to the set of rates used for FreightSIM. Additional background research on the sources confirming these values is provided in Appendix B.  
[bookmark: _Ref374005756][bookmark: _Toc379976138][bookmark: _Toc453055033]Table 20. Transportation cost parameters.
	Cost parameter by mode
	Sources
	Value ($/ton-mile)

	Truck
	Leachman (2005), EIA
	0.080-0.100

	Rail
	Leachman (2005), EIA, CSX, UP
	0.030

	Air
	Leachman (2005), UPS
	3.750

	Water
	Leachman (2005), EIA
	0.005


Table 21 presents a list of the level-of-service parameters. These are consistent with the original research presented by Leachman (2005), except for rail speeds, which have been reduced from 30 miles per hour to 22.5 miles per hour, based on research from the Bureau of Transportation Statistics (2008) and CSX (2013).  
[bookmark: _Ref374015393][bookmark: _Toc379976139][bookmark: _Toc453055034]Table 21. Level of Service Parameters.
	PARAMETER
	DESCRIPTION
	VALUE

	BulkHandFee
	Handling charge for bulk goods ($ per ton)
	1.00

	WDCHandFee
	Warehouse/‌DC handling charge ($ per ton)
	15.00

	IMXHandFee
	Intermodal lift charge ($ per ton)
	15.00

	TloadHandFee
	Transload charge ($ per ton; at international ports only)
	10.00

	AirHandFee
	Air cargo handling charge ($ per ton)
	20.00

	WaterRate
	Line-haul charge, water ($ per ton-mile)
	0.005

	CarloadRate
	Line-haul charge, carload ($ per ton-mile)
	0.03

	IMXRate
	Line-haul charge, intermodal ($ per ton-mile)
	0.04

	AirRate
	Line-haul charge, air ($ per ton-mile)
	3.75

	LTL53rate
	Line-haul charge, 53 feet LTL ($ per ton-mile)
	0.08

	FTL53rate
	Line-haul charge, 53 feet FTL ($ per ton-mile)
	0.08

	LTL40rate
	Line-haul charge, 40 feet LTL ($ per ton-mile)
	0.10

	FTL40rate
	Line-haul charge, 40 feet FTL ($ per ton-mile)
	0.10

	WaterMPH
	Water speed (mph)
	5.00

	RailMPH
	Rail speed (mph)
	22.50

	LHTruckMPH
	Line-haul truck speed (mph)
	60.00

	DrayTruckMPH
	Drayage truck speed (mph)
	45.00

	AirMPH
	Air speed (mph)
	500.00

	ExpressSurcharge
	Surcharge for direct/‌express transport (factor)
	1.50

	BulkTime
	Handling time at bulk handling facilities (hours)
	72.00

	WDCTime
	Handling time at warehouse/‌DCs (hours)
	24.00

	IMXTime
	Handling time at intermodal yards (hours)
	24.00

	TloadTime
	Handling time at transload facilities (hours)
	12.00

	AirTime
	Handling time at air terminals (hours)
	12.00



[bookmark: _Ref374018105]Table 22 shows the path cost parameters used in the mode and transfer model.  The initial application in Chicago was a demonstration and these parameters were asserted (Cambridge Systematics, 2011) rather than estimated. Further research and consideration resulted in recommended values for several parameters.
[bookmark: _Toc379976140][bookmark: _Toc453055035]Table 22. Path Cost Parameters Recommended for Florida.
	Parameter
	Description
	Initial Value
	Recommended Value

	a
	Safety stock constant
	0.50
	0.5 to 2.33 varies by product type

	sdQ
	Standard deviation in annual flow
	1
	0.03 to 0.09 times the annual flow varies by product type

	CAP1FTL
	Truckload capacity (tons)
	30
	20-40 (assume 30)

	CAP1Carload
	Carload capacity (tons)
	32
	70-100 (assume 85)

	CAP1Airplane
	Air cargo hold capacity (tons)
	1
	10-40 (assume 25)


Safety Stock Constant. This is a constant used to set the safety stock service level by assuming a fixed probability of not running out of stock. Details on inventory patterns and on product types are provided in Appendix B. The Safety Stock Constant depends on product type, supply chain type and service level, and product demand patterns, and it varies by commodity type (e.g., functional vs. innovative) as follows:
· Low Multiplier of 0.5 for functional products based on 69% probability of not running out of stock.
· Medium Multiplier of 1.0 for functional/innovative products based on 84% probability of not running out of stock.
· High Multiplier of 2.33 for innovative products based on 99% probability of not running out of stock.
Functional and innovative products are defined in Table 23. Categorization of commodities for each of these types of products is provided in Table 8.  
[bookmark: _Ref374018473][bookmark: _Toc379976141][bookmark: _Toc453055036]Table 23. Functional and Innovative Product Definitions.
	FUNCTIONAL PRODUCTS
	INNOVATIVE PRODUCTS

	Mature Product
	Early Lifecycle Stage

	Low Product Variety
	High Product Variety

	Predictable Demand
	Unpredictable Demand

	Minimize Inventory
	Deploy Significant Buffer Stocks

	Greater Reliance on Low-Cost Modes
	Greater Reliance on Fast and Reliable Modes


Standard Deviation in Annual Flow. This also depends on product type, supply chain type and service level, and product demand patterns, and varies by commodity type (e.g., functional vs. innovative). Assuming a normal distribution for demand during lead time (Notteboom, 2011), the parameters are as follows:
· Low Variability of 0.03 for functional products.
· Medium Variability of 0.06 for functional/innovative products.
· High Variability of 0.09 for innovative products.
Assuming a perfect normal distribution of demand (with 1,000 tons demand per year, going as low as 700 and as high as 1300 tons), the standard deviation would be 150, or it can be about 0.1 to 0.33 of the average for low- and high-demand variable commodities. Table 23 defines functional and innovative products. Categorization of commodities for each of these types of products is provided in Table 8.  
Lead time. This is the expected lead time between ordering and replenishment and it varies by mode, which is assumed based on the commodity type, assuming a normal distribution (Leachman, 2005). For Florida, truck modes will be 1-4 days (assume 2.5 days), rail will be 3-10 days (assume 6.5 days), air will be 1-2 days (assume 1.5 days), and waterway will be 30-60 days (assume 45 days).  
Standard deviation in lead time. This varies by mode, which is assumed based on the commodity type, assuming a normal distribution (Leachman, 2005). For Florida, truck mode is 2 days, rail is 5 days, air is 1 day, and waterway is 20 days.  
Truckload Capacity (tons). The original assumption of 30 tons per truckload, found in the Leachman report (2005), was confirmed to be within the range of 20-40 tons per truckload expected, and it was kept for the Florida model.  
Carload Capacity (tons). This was increased from 32 tons per carload to 85 tons per carload to reflect larger carrying capacities of carloads. CSX (2012) reports boxcar and covered hopper capacity ranging from 70-100 tons.  
Air Capacity (tons). The original assumption of 1 tons per plane was increased to 25 tons per plane based on an analysis of technical specifications of Boeing aircraft (2013).     
[bookmark: _Toc379976011][bookmark: _Toc453054764]Model Application and Results
Figure 36 shows a schematic of the mode and transfer choice model. The buyer-supplier pairs dataset now has information on buyer firm ID, supplier firm type ID, commodity type (SCTG), annual flow in tons and dollars, distribution channel, and the shipment size. An actual business is identified by randomly assigning a business from the pool of businesses that belong to the same firm type. Both the buyer and supplier TAZs are merged from the output of the firm location model. Modal skims developed are merged into the buyer-supplier pairs dataset.
[bookmark: _Toc367213111][image: ]
[bookmark: _Ref374019220][bookmark: _Toc379976088][bookmark: _Toc453054889]Figure 36. Mode and Intermediate Transfer Model Process.
Source: CMAP Mesoscale Model (Cambridge Systematics, 2011), adapted for FMWA freight framework
The choice set of mode and transfer options evaluated is restricted based on the distribution channel. For firm pairs using a direct distribution channel, only direct mode paths are evaluated—truck and rail. Air and water modes are assumed to require additional truck or rail distribution to the destination. These modes, along with truck and rail modes that have intermediate transfer locations, use the multi-stop distribution channels. The least cost alternative is chosen as the mode choice once the generalized cost was evaluated for all the alternatives for each buyer-supplier pair. Mode shares of major modes by location are shown in Figure 37.

[bookmark: _Ref374026687][bookmark: _Toc379976089][bookmark: _Toc453054890]Figure 37. Mode Shares by Location.
[bookmark: _Toc379976012][bookmark: _Toc453054765]Trip Table Conversion
The mode and transfer model is the final freight demand component in FreightSIM. This is the point in the model system where the standalone statewide model deviates from the complete integrated model system where truck trips are simulated using a truck touring model. While the ability to connect to a truck touring model is retained in FreightSIM (and the development of a regional truck touring model in a metropolitan area in Florida is discussed later in this document), in the statewide model the focus (for trucks at least) is on vehicle flows on the major highway network as opposed to urban truck movements.
Therefore, the final parts of the model focus on grouping shipments by mode from the results of the mode and transfer model and aggregating them into zone to zone movements. In the case of shipments moved by truck, those shipment movements are converted to zone to zone truck trips that can be assigned to the highway network.
The trip table conversion component follows a conventional approach to converting shipment flows to truck trips. The steps followed are: 
· Separate full shipment routing from mode and transfer model in to separate zone to zone trips. In this step, the shipments by mode combinations like truck-rail-truck are split into separate modal trips, i.e. truck and rail trips in the case of truck-rail-truck. This requires using the zone that the intermodal transfer(s) occur in as new trip origins and destinations for the modal trips. The output is a set of shipment trips from an origin TAZ to a destination, described with variables including mode and the shipment’s characteristics such as commodity, weight, and value.
· Convert shipments trip to vehicle trips by size. Payload factors that are based on distance and SCTG commodity are applied to the shipments to identify the number of truck trips that are required to deliver the shipment
· Divide truck trips into vehicle classes. The observed distribution of medium and heavy trucks in the truck counts is used to simulate a truck size for each truck trip. Medium trucks are defined as FHWA classes 5-7 (Single Unit 2-Axle Trucks, Single Unit 3-Axle Trucks, and Single Unit 4 or More-Axle Trucks). Heavy trucks are defined as FHWA classes 8 and higher (Single Trailer 3 or 4-Axles Trucks and larger tractor trailer configurations).
· Add empty truck trips. An allowance is made for some return empty trips based on empty factors that vary by SCTG commodity group. These are applied using simulation; if a trip is selected to have a return empty trip then this trip is added to the trip list as the reverse trips with zero weight and value and then origin and destination transposed.
· Sampling from the annual trips to create a daily sample. Up until this point, the trip list being manipulated is a representation of a full year’s commodity movements and truck travel. A sample that represents an average day is created from the annual trip list. For annual frequency conversion to daily, a factor of 310 is used as recommended in NCFRP Report 8 (Cambridge Systematics, 2010). For daily frequencies of more than one (i.e. 310 or more trips per year), the daily frequency is rounded and otherwise sampling is used to identify whether or not the trip should be included in the daily sample.
· Aggregate trips into trip tables. The trip list (a database of individual trips, with one row per trip) is aggregated into a trip table, a simpler table with one row for each pair of TAZs and truck type, with the sum of the corresponding number of truck trips as the only data item. The model exports both the complete trip list as well as the trip table, which is at this point ready to be converted by Cube to a matrix and used in the trip assignment stage.
[bookmark: _Toc379976020]
[bookmark: _Toc423518811][bookmark: _Ref445654062][bookmark: _Ref451758921][bookmark: _Toc453054766]Model Database
This chapter describes FreightSIM’s input, output, and parameter database. The set of inputs consists of several types of files, including parameter files, which contain parameters for individual model components or calibration target values; input data files, which contain tables of costs, production and consumption rates, and skims and zone information; and industry and commodity-code correspondence files.
Three elements of the model are described in the chapter:
· Section 7.1 describes the tabular inputs to the model, including descriptions of the purpose of the file, how it is used in the model, its source, and then details of each field in the data.
· Section 7.2 describes the model’s parameters – essentially the inputs to the model that are single values. As with the tabular inputs, the documentation presented below provides a description of the purpose of the parameter, how it is used in the model, and its source.
· Section 7.3 describes the outputs from the model.
[bookmark: _Ref413141500][bookmark: _Toc413252225]The model’s inputs and outputs are all included within the model’s scenario directory structure as shows in Figure 38. Each named scenario contains an input folder, and an output folder. Model parameters (inputs that are common across scenarios) are included in a separate folder called “Parameters” as shows in Figure 38.
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[bookmark: _Ref418693855][bookmark: _Toc418748926][bookmark: _Toc423518795][bookmark: _Toc453054891]Figure 38:  FOLDER STRUCTURE FOR SCENARIO INPUTS, OUTPUTS, AND PARAMETERS
[bookmark: _Ref413140815][bookmark: _Ref413140828][bookmark: _Ref413140850][bookmark: _Ref413140898][bookmark: _Ref413140964][bookmark: _Toc413252178][bookmark: _Toc418748945][bookmark: _Toc423518812][bookmark: _Toc453054767]Description of Pre-Processed Data Inputs
The tabular inputs to the model for a particular scenario are included in the “Input” folder. These files are given the “F_” prefix so the files can be easily identified. There are 10 input files used by the model, listed in Table 24. All of the files are comma separated variables (.csv) format files, with dimensions as shown in Table 24 below. The remainder of this section describes each file in more detail, including its use in the model, source, field descriptions, and provides a snapshot of the file’s first few rows and fields.
[bookmark: _Ref413146690][bookmark: _Toc413252230][bookmark: _Toc418748819][bookmark: _Toc453055037]Table 24: List of input tables
	Filenames
	Rows
	Fields
	Description

	F_data_flports.csv
	11
	11
	Correspondence between port gateways and their names (plus current tons and TEU volumes)

	F_data_2010io.csv
	302
	387
	Detailed 2010 Use table after redefinitions data developed using the 2007 benchmark IO account

	F_data_emp_cbp.csv
	631541
	15
	Number of employees and establishments by six digits NAICS industry, FAF zone, and county (with infoUSA replaced for Florida part)

	F_data_faf_flow.csv
	58577
	12
	FAF flow data by SCTG

	F_data_flintfactor.csv
	43
	3
	FAF to Transearch adjustment factors for flows within Florida

	F_data_atri_factor.csv
	7
	8
	FAF to ATRI adjustment factors

	F_data_swtaz_gcd.csv
	9232
	4
	Great circle distance (GCD) between SWTAZ

	F_data_distributioncenters_afg.csv
	942
	9
	Distribution center locations

	F_data_flports_commodity.csv
	880
	6
	Commodities handled by Florida ports locations (coded as weights for cost function)

	F_data_payload.csv
	43
	7
	Payload factors to convert shipments to trucks

	F_data_emptytruck.csv
	43
	7
	Factors to account for empty backhaul trips

	F_data_trucktype.csv
	43
	8
	Factors to split truck trips by truck class


[bookmark: _Toc423518813][bookmark: _Toc453054768]F_data_flports.csv
Description
This file shows the activity at each of Florida ports in terms of TEUs and tonnages flows through the port, and the intermodal node correspondence for access to the port.
Field Definitions
Table 25 describes the fields in the F_data_flports.csv file, while Table 26 shows a snapshot of the file.
[bookmark: _Ref423088105][bookmark: _Toc453055038]Table 25: Format of F_data_flports.csv
	Field
	Unit
	Description

	GatewayNode
	-
	Gateway node number in the model network

	PortName
	-
	Port name

	PortNode
	-
	Port node number

	IntermodalNode
	-
	Port intermodal node number in the model network

	MTons2008
	Tons (millions)
	2008 annual million tons

	TEU2008
	TEU
	2008 annual TEU

	MPax2008
	Passengers (millons)
	2008 millions of passengers (e.g., cruise lines)

	MTons2013
	Tons (millions)
	2013 annual million tons

	TEU2013
	TEU
	2013 annual TEU

	MPax2013
	Passengers (millions)
	2013 millions of passengers (e.g., cruise lines)

	MTons2010
	Tons (millions)
	2010 annual million tons



[bookmark: _Ref423089903][bookmark: _Toc453055039]Table 26: snapshot of F_data_flports.csv
[image: ]
Usage
This table is an input to the mode and transfer choice model and is used to provide an attraction (size) variable for the port choice model.
Data Sources
The sources of this table is “A Five-Year Plan to Achieve the Mission of Florida’s Seaports: 2009/2010-2013/2014” (Florida Seaport Transportation and Economic Development Council, March 2010).
[bookmark: _Toc413252181][bookmark: _Toc423518814][bookmark: OLE_LINK49][bookmark: OLE_LINK70][bookmark: _Toc453054769]F_data_2010io.csv
Description
This file contains detailed 2010 Use table after redefinitions data developed using the 2007 benchmark IO accounts. The IO accounts show how industries interact. This table shows the inputs to industry production and the commodities that are consumed by final users. For each production industry, the table reports the value of goods consumed by each buyer industry. The table includes 386 different producing industries showing about 5.7 trillion dollar value of inputs. The highest producing and consuming industries are shown in Table 27 and Table 28, respectively:
[bookmark: _Ref413233634][bookmark: _Toc413252235][bookmark: _Toc418748824][bookmark: _Toc453055040]Table 27: Top Producing industries
	[bookmark: OLE_LINK295][bookmark: OLE_LINK296]Industry Code
	Industry
	Total value of production 
($ Million)

	211000
	Oil and gas extraction
	504,878

	420000
	Wholesale trade
	500,839

	324110
	Petroleum refineries
	273,172

	221100
	Electric power generation, transmission, and distribution
	172,248

	517110
	Wired telecommunications carriers
	156,553


[bookmark: _Ref413845459][bookmark: _Toc413252236][bookmark: _Toc418748825][bookmark: _Toc453055041]Table 28: Top consuming industries
	Industry Code
	Industry
	Total value of consumption 
($ Million)

	324110
	Petroleum refineries
	442,457

	S00500
	Federal general government (defense)
	168,610

	531000
	Real estate
	147,027

	420000
	Wholesale trade
	127,828

	517110
	Wired telecommunications carriers
	104,192


Field Definitions
Table 29 describes the fields in the data_2010io.csv file, while Table 30 shows a snapshot of the file.
[bookmark: _Ref413233935][bookmark: _Toc413252237][bookmark: _Toc418748826][bookmark: _Toc453055042]Table 29: Format of data_2010io.csv
	[bookmark: OLE_LINK294]Field
	Unit
	Description

	NAICS6_Make
	-
	NAICS (BEA) commodity code of the making industry

	X1111A0-S00203
	$ Million
	Annual values of commodities exchanged between industries, where columns are the using industry


[bookmark: _Ref413234156][bookmark: _Toc413252238][bookmark: _Toc418748827][bookmark: _Toc453055043]Table 30: Snapshot of data_2010io.csv
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Usage
The model uses this information to identify for each buyer industry the most important commodities that are consumed and their associated supplier industries.
Data Sources
The sources of this table include the U.S. Bureau of Economic Analysis (2007), BEA IO Make and Use tables (http://www.bea.gov/industry/io_annual.htm). It is derived from Make Tables/After Redefinitions in the detailed version from the Industry IO Accounts Data. The 2010 detailed use table (6-digit NAICS codes) was developed by factoring up the 2007 detailed table by growth factors calculated from the 2007 and 2010 summary level (3-digit NAICS codes) tables and it was assumed all 6-digit NAICS industries under a 3-digit NAICS industry grow with the same growth factor from 2007 to 2010.
[bookmark: _Toc413252182][bookmark: _Toc423518815][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: _Toc453054770]F_data_emp_cbp.csv
Description
This file shows the number of employees and establishments by six digits NAICS industry, FAF zone, county, and TAZ. The Florida portion of this data is from InfoUSA data, while the rest is derived from the County Business Patterns (CBP) data. Employment numbers in this file from the CBP are subject to censoring by the Census Bureau and are not used in the model. The numbers of establishments are divided into eight different employment size groups as follows:
· e1: 1 to 19
· e2: 20 to 99
· e3: 100 to 249
· e4: 250 to 499
· e5: 500 to 999
· e6: 1000 to 2499
· e7: 2500 to 5000
· e8: >5000
Field Definitions
Table 31 describes the fields in the data_emp_cbp.csv file, while Table 32 shows a snapshot of the file.
[bookmark: _Ref413234489][bookmark: _Toc413252239][bookmark: _Toc418748828][bookmark: _Toc453055044]Table 31: Format of data_emp_cbp.csv
	Field
	Unit
	Description

	naics
	-
	Six digits NAICS (Census) code

	SWTAZ
	-
	Model TAZ

	COUNTY
	-
	County code

	STATE
	-
	State code

	FAFZONE
	-
	FAF zone

	Emp
	Employees
	Total number of employees (subject to censoring)

	Est
	Establishments
	Total number of establishments

	e1-e8
	Establishments
	Total number of establishments in each employment category



[bookmark: _Ref413234560][bookmark: _Toc413252240][bookmark: _Toc418748829][bookmark: _Toc453055045]Table 32: snapshot of data_emp_cbp.csv
[image: ]
Usage
This employment data is used in the firm synthesis step in conjunction with information from the Make and Use tables to develop a set of synthetic firms characterized with commodities produced and consumption requirements. 
Data Sources
The sources of this table are:
· The 2010 U.S. Census County Business Pattern data (http://www.census.gov/econ/cbp/). The dataset is an annual series that provides subnational economic data by industry.
· InfoUSA point database of business establishments in Florida provided by FDOT. 
[bookmark: _Toc423518816][bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: _Toc453054771]F_data_faf_flow.csv
Description
This file shows FAF commodity flows by commodity and origin and destination zones for domestic, import and export movements.
Field Definitions
Table 33 describes the fields in the F_data_faf_flow.csv file, while Table 34 shows a snapshot of the file.
[bookmark: _Ref423089823][bookmark: _Toc453055046]Table 33: Format of F_data_faf_flow.csv
	Field
	Unit
	Description

	SCTG
	-
	2-digits SCTG commodity code

	trade_type
	-
	Trade type of the movement (1=domestic, 2=import and 3=export)

	oFAFZONE
	-
	Origin FAF zone

	dFAFZONE
	-
	Destination FAF zone

	value
	$
	Annual total value in dollar

	tons
	Tons
	Annual total weight in tons

	valued
	$
	Annual domestic value in dollar

	tonsd
	Tons
	Annual domestic weight in tons

	valuei
	$
	Annual import value in dollar

	tonsi
	Tons
	Annual import weight in tons

	valuee
	$
	Annual export value in dollar

	tonse
	Tons
	Annual export weight in tons



[bookmark: _Ref423089836][bookmark: _Toc453055047]Table 34: snapshot of F_data_faf_flow.csv
[image: ]
Usage
The FAF3 database is a FHWA freight data product that contains United States domestic and international freight flows for calendar year 2007. FAF3 reports the annual tons moved and the monetary value of the shipments. FAF3 categorizes the freight into 43 Standard Classification of Transported Goods (SCTG) commodity classes and reports movements by seven modes (truck, rail, waterway, and air [includes truck-air], multiple modes and mail, pipeline, and other/unknown) for each origin and destination (FAF3 zones). 
This table is an input to the supplier selection and goods demand steps. The freight flow data are used in two ways. First, the OD pairs reported in the FAF3 data are used to identify the location of candidate suppliers for every buyer during supplier firm selection. Second, the flow data are apportioned to individual supplier-buyer pairs in goods demand. 
Data Sources
The table is based on the FHWA FAF commodity flow data (http://www.ops.fhwa.dot.gov/freight/freight_analysis/faf/index.htm)
[bookmark: _Toc423518838][bookmark: _Toc453054772]F_data_flintfactor.csv
Description
This file shows adjustment factors that adjust the commodity flows derived for internal Florida movements from the FAF3 data to match those derived from the Transearch commodity flow data.
Field Definitions
Table 35 describes the fields in the F_data_flintfactor.csv file, while Table 36 shows a snapshot of the file.
[bookmark: _Ref446500950][bookmark: _Toc453055048]Table 35: Format of F_data_flintfactor.csv
	Field
	Unit
	Description

	SCTG
	-
	2-digits SCTG commodity code

	Commodity
	-
	Names of the commodity group

	FLIntFactor
	-
	Scaling factor on commodity flows


[bookmark: _Ref446500981][bookmark: _Toc453055049]Table 36: snapshot of F_data_flintfactor.csv
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Usage
This file is used to adjust the commodity flows derived for internal Florida movements from the FAF3 data to match those derived from the Transearch commodity flow data in the goods demand step of the model.
Data Sources
The data is based on FAF3 data (http://www.ops.fhwa.dot.gov/freight/freight_analysis/faf/index.htm) and Transearch data purchased and provided by FDOT.    
[bookmark: _Toc453054773]F_data_atri_factors.csv
Description
This file shows calibration factors that adjust the commodity flows derived for certain movements to better match observed truck movements from ATRI GPS data.
Field Definitions
Table 37 describes the fields in the F_data_atri_factor.csv file, while Table 38 shows a snapshot of the file.
[bookmark: _Ref446502169][bookmark: _Toc453055050]Table 37: Format of F_data_ATRI_factors.csv
	Field
	Unit
	Description

	oRegion
	-
	Origin Region (FAF zones and states)

	Alabama…Georgia 
	-
	Seven columns of destination regions, with cell values denoting calibrated adjustment factors to scale FAF data.


[bookmark: _Ref446502183]
[bookmark: _Toc453055051]Table 38: snapshot of F_data_ATRI_factorS.csv
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Usage
This file is used adjust the commodity flows derived for certain movements to better match observed truck movements from ATRI GPS data.
Data Sources
The factors are based on ATRI GPS processed for and provided by FDOT.
[bookmark: _Toc413252189][bookmark: _Toc423518817][bookmark: OLE_LINK162][bookmark: OLE_LINK163][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: _Toc453054774]F_data_swtaz_gcd.CSV
Description
This file shows the latitude and longitude of model TAZs and is used to calculate the great circle distance (GCD) between the TAZs in the model.
Field Definitions
Table 39 describes the fields in the F_data_swtaz_gcd.csv file, while Table 40 shows a snapshot of the file.
[bookmark: _Ref413237136][bookmark: _Toc413252253][bookmark: _Toc418748842][bookmark: _Toc453055052]Table 39: Format of F_data_swtaz_gcd.csv
	Field
	Unit
	Description

	FAFZONE
	-
	FAF zone

	SWTAZ
	-
	Model TAZ

	Long
	Degrees
	Longitude of the zone

	Lat
	Degrees
	Latitude of the zone


[bookmark: _Ref413237145][bookmark: _Toc413252254][bookmark: _Toc418748843][bookmark: _Toc453055053]Table 40: Snapshot of F_data_swtaz_gcd.csv
[image: ]
Usage
This table is used to calculate distances used as a variable in the supplier selection and distribution channel models. Distances between zones are estimated using the Haversine formula.
Data Sources
The file is processed from the FLSWM’s TAZ layer. 
[bookmark: _Toc423518818][bookmark: _Toc413252202][bookmark: _Ref414343053][bookmark: _Ref415003443][bookmark: _Ref413141156][bookmark: _Toc453054775]F_data_distributioncenters_afg.csv
Description
This file shows the distribution center information including number of employees and latitude and longitude, and model TAZ number in Florida, Georgia, and Alabama.
Field Definitions
Table 41 describes the fields in the F_data_distributioncenters_afg.csv file, while Table 42 shows a snapshot.
[bookmark: _Ref423089769][bookmark: _Toc453055054]Table 41: Format of F_data_distributioncenters_afg.csv
	Field
	Unit
	Description

	CompanyID
	-
	Company ID

	IndustryID
	-
	Industry ID

	IndustryName
	-
	Industry name

	NAICSGeneralIndustry
	-
	General NAICS industry of the distribution center

	NumberEmployees
	-
	Total number of employees

	FIPS
	-
	County FIPS code of the distribution center location

	Lat
	Degrees
	Latitude of the zone

	Lon
	Degrees
	Longitude of the zone

	SWTAZ
	-
	Model TAZ


[bookmark: _Ref423089778][bookmark: _Toc453055055]Table 42: snapshot of F_data_distributioncenters_afg.csv
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Usage
This table is an input to the mode and transfer choice model and is used to provide a database of distribution center and warehouse locations at which shipments can be transloaded from truck to truck across Florida, Alabama and Georgia.
Data Sources
The source of this table is a distribution and warehouse database purchase and provided by FDOT.
[bookmark: _Toc423518819][bookmark: _Toc453054776]F_data_flports_commodity.csv
Description
This file shows calibration weights for SCTG commodities by Florida ports along with intermodal node numbers to ensure that the port choice model matches observed commodity flows by port.
Field Definitions
Table 43 describes the fields in the F_data_flports_commodity.csv file, while Table 44 shows a snapshot of the file.
[bookmark: _Ref423089713][bookmark: _Toc453055056]Table 43: Format of F_data_flports_commodity.csv
	Field
	Unit
	Description

	TradeType
	-
	Trade type (import or export)

	SCTG
	-
	2-digits SCTG commodity code

	PortName
	-
	Port name

	IntermodalNode
	-
	Port intermodal node number

	ComWeight
	-
	Commodity weight for calibration


[bookmark: _Ref423089735][bookmark: _Toc453055057]Table 44: snapshot of F_data_flports_commodity.csv
[image: ]
Usage
This table is an input to the mode and transfer choice model and is used to identify which commodities can be handled by which port and for those commodities that are handled, to provide a calibrated weight variable for the port choice model to ensure that the port choice model matches observed commodity flows by port.
Data Sources
The source of this table is the PIERS port commodity flow data purchased and provided by FDOT.
[bookmark: _Toc423518820][bookmark: _Toc453054777]F_data_payload.csv
Description
This file shows truck payload by distance category by SCTG commodity groups.
Field Definitions
Table 45 describes the fields in the F_data_payload.csv file, while Table 46 shows a snapshot of the file.
[bookmark: _Ref423015891][bookmark: _Toc453055058]Table 45: Format of F_data_payload.csv
	Field
	Unit
	Description

	SCTG
	-
	2-digits SCTG commodity code

	Commodity
	-
	Short description of 2-digits SCTG commodity code

	Dist0-Dist500
	Tons/truck
	Distance category of truck payload in miles


[bookmark: _Ref423015862]
[bookmark: _Toc453055059]Table 46: snapshot of F_data_payload.csv
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Usage
This table is used to convert shipment volumes between TAZ to TAZ to loaded truck trips.
Data Sources
The table is developed using the Vehicle Inventory and Use Survey (VIUS) data (https://www.census.gov/svsd/www/vius/2002.html).   
[bookmark: _Toc423518821][bookmark: _Toc453054778]F_data_emptytruck.csv
Description
This file shows empty truck percentages by distance category by SCTG commodity groups.
Field Definitions
Table 47 describes the fields in the F_data_emptytruck.csv file, while Table 48 shows a snapshot of the file.
[bookmark: _Ref423016085][bookmark: _Toc453055060]Table 47: Format of F_data_emptytruck.csv
	Field
	Unit
	Description

	SCTG
	-
	2-digits SCTG commodity code

	Commodity
	-
	Short description of 2-digits SCTG commodity code

	Dist0-Dist500
	-
	Distance category of empty truck percentage in miles


[bookmark: _Ref423016162][bookmark: _Toc453055061]Table 48: snapshot of F_data_emptytruck.csv
[image: ]

Usage
This table is used to add empty truck trips in the return direction for loaded truck trips by commodity and distance band. 
Data Sources
The table is developed based on the VIUS data (https://www.census.gov/svsd/www/vius/2002.html).     
[bookmark: _Toc423518822][bookmark: _Toc453054779]F_data_trucktype.csv
Description
This file shows the percentage of heavy trucks (vs. medium trucks) for truck trips by commodity and segment (internal to internal, internal to external, etc.)
Field Definitions
Table 45 describes the fields in the F_data_trucktype.csv file, while Table 46 shows a snapshot of the file.
[bookmark: _Ref446499018][bookmark: _Ref446499013][bookmark: _Toc453055062]Table 49: Format of F_data_trucktype.csv
	Field
	Unit
	Description

	SCTG
	-
	2-digits SCTG commodity code

	Commodity
	-
	Short description of 2-digits SCTG commodity code

	II-XX
	-
	Segment category for truck type percentages (II=Internal-Internal, IX=Internal-External, XI=External-Internal, Ex=Export, Im=Import and XX=External-External)


[bookmark: _Ref446499048][bookmark: _Toc453055063]Table 50: snapshot of F_data_trucktype.csv
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Usage
This table is used for allocating truck trips to vehicle types – either medium or heavy trucks.
Data Sources
The data is based on Transearch data tons by equipment type and assumptions on truck type percentages in each equipment type category.
[bookmark: _Ref418703457][bookmark: _Toc418748946]

[bookmark: _Toc423518823][bookmark: _Ref446495077][bookmark: _Toc453054780]Model Parameters 
The model’s parameters are included in the model “Parameters” folder. Again, these files are given the “F_” prefix. There are 14 parameters defined in this file, which are listed in Table 51 All of the files are comma separated variables (.csv) format files, with dimensions as shown in Table 51 below. The remainder of this section describes each file in more detail, including its use in the model, source, field descriptions, and provides a snapshot of the file’s first few rows and fields.
[bookmark: _Ref423089537][bookmark: _Toc453055064]Table 51: List of model parameter files
	Filenames
	Rows
	Fields
	Description

	F_corresp_naics2_to_desc.csv
	21
	2
	Correspondence between NAICS2 and Descriptions

	F_corresp_countyfips_faf.csv
	3143
	6
	Correspondence between counties and FAF zones

	F_corresp_swtaz_faf3.csv
	126
	6
	Correspondence between SWTAZ and FAF zones

	F_corresp_swtaz_county_state.csv
	9297
	3
	Correspondence between swtaz and county and state names

	F_corresp_naics6_n6io_sctg.csv
	1175
	7
	Correspondence between NAICS categories and SCTG commodities categories

	F_corresp_sctg_category.csv
	43
	7
	Correspondence between SCTG categories and commodity  group categories used for parameter assumptions

	F_corresp_flcounty_district.csv
	67
	5
	Correspondence between Florida Counties and FDOT districts

	F_corresp_onodes_swtaz.csv
	112600
	2
	Correspondence between original nodes and swtaz

	F_model_distchannel_calibration.csv
	33
	3
	Distribution channel type (number of stops, 0, 1 or 2+ stops) model calibration data: shares by commodity groups

	F_model_distchannel_food.csv
	9
	5
	Distribution channel model variables and coefficients by distributing channel type for food products

	F_model_distchannel_mfg.csv
	9
	5
	Distribution channel model variables and coefficients by distributing channel type for manufactured products

	F_model_shipsize_calibration.csv
	396
	6
	Shipment size model calibration data: shares by shipment weight groups and commodity groups for value and tons

	F_model_shipsize_food.csv
	11
	5
	Shipment size model variables and coefficients by shipment size groups for food products

	F_model_shipsize_mfg.csv
	11
	5
	Shipment size model variables and coefficients by shipment size groups for manufactured products


[bookmark: _Toc423518824][bookmark: _Toc413252179][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: _Toc453054781]F_corresp_naics2_to_desc.csv
Description
This file shows the 2-digit NAICS industry group categories and their descriptions.
Field Definitions
Table 52 describes the fields in the F_ corresp_naics2_to_desc.csv file, while Table 53 shows a snapshot of the file.
[bookmark: _Ref423090021][bookmark: _Toc453055065]Table 52: Format of corresp_naics6_n6io_sctg.csv
	Field
	Unit
	Description

	NAICS2
	-
	2-digits NAICS code

	Desc
	-
	Description of the NAICS code


[bookmark: _Ref423090037][bookmark: _Toc453055066]Table 53: snapshot of F_ corresp_naics2_to_desc.csv
[image: ]
Usage
This correspondence file is used to provide labels for the NAICS 2 digit groups.
Data Sources
The correspondence is based on US census North American Industry Classification System (http://www.census.gov/cgi-bin/sssd/naics/naicsrch?chart=2012).
[bookmark: _Toc423518825][bookmark: _Toc453054782]F_corresp_countyfips_faf.csv
Description
This file shows the correspondence between states, counties and FAF zones.
Field Definitions
Table 54 describes the fields in the F_corresp_countyfips_faf.csv file, while Table 55 shows a snapshot of the file.
[bookmark: _Ref423090089][bookmark: _Toc453055067]Table 54: Format of F_corresp_countyfips_faf.csv
	Field
	Unit
	Description

	STATE
	-
	State

	COUNTY
	-
	County

	CTYNAME
	-
	County name

	FAFZONE
	-
	FAF zone

	FAFNAME
	-
	FAF zone name

	FIPS
	-
	FIPS code



[bookmark: _Ref423090107][bookmark: _Toc453055068]Table 55: snapshot of F_corresp_countyfips_faf.csv
[image: ]
Usage
This correspondence file is an input to the firm synthesis step and allows crosswalks between counties and FAF zones to take place.
Data Sources
The correspondence is based on the FHWA’s definition of the FAF3 zone system. 
[bookmark: _Toc423518826][bookmark: _Toc453054783]F_corresp_swtaz_faf3.csv
Description
This file shows the correspondence between FAF zones and model TAZs.
Field Definitions
Table 56 describes the fields in the F_corresp_swtaz_faf3.csv file, while Table 57 shows a snapshot of the file.
[bookmark: _Ref423090166][bookmark: _Toc453055069]Table 56: Format of F_corresp_swtaz_faf3.csv
	Field
	Unit
	Description

	FAFZONE
	-
	FAF zone

	FAFNAME
	-
	FAF zone name

	STATE
	-
	State

	SWTAZ
	-
	Model TAZ

	Network
	-
	Is the zone used in the network model?

	Demand
	-
	Is the zone used in the demand model (FreightSIM)?


[bookmark: _Ref423090172][bookmark: _Toc453055070]Table 57: snapshot of F_corresp_swtaz_faf3.csv
[image: ]
Usage
This correspondence file provides a cross walk between the model’s TAZ system (accounting for the slight differences between the network model and the demand model) and the FAF zones.
Data Sources
The correspondence is based on the FHWA’s definition of the FAF3 zone system and the FLSWM’s TAZ system. 
[bookmark: _Toc423518827][bookmark: _Toc453054784]F_corresp_swtaz_county_state.csv
Description
This file shows the correspondence between model TAZs, States, and counties.
Field Definitions
Table 58 describes the fields in the F_corresp_swtaz_county_state.csv file, while Table 59 shows a snapshot of the file.
[bookmark: _Ref423090224][bookmark: _Toc453055071]Table 58: Format of F_corresp_swtaz_county_state.csv
	Field
	Unit
	Description

	SWTAZ
	-
	Model TAZ

	CountyName
	-
	County name

	STATE
	-
	State


[bookmark: _Ref423090231][bookmark: _Toc453055072]Table 59: snapshot of F_corresp_swtaz_county_state.csv
[image: ]
Usage
This correspondence file provides a crosswalk between the model’s TAZs and the counties in Florida, and states outside Florida.
Data Sources
The correspondence is based on the FLSWM’s TAZ system. 
[bookmark: _Toc423518828][bookmark: _Toc453054785]F_corresp_naics6_n6io_sctg.csv
Description
This file is a correspondence between three classifications and shows the commodities produced by each industry. Industries and commodities are defined at the 6-digit NAICS level using both the systems used by the U.S. Census Bureau and the slightly more aggregated system used by the U.S. Bureau of Economic Analysis. In addition, the table indicates the correspondence between these detailed NAICS 6-digit industry codings and the much more aggregate 2-digit SCTG commodity classification. The table shows the commodities that are produced by each industry. In some cases, industries produce more than one commodity; the final column is a proportion that is used to account for this. In many cases, a single industry is credited with making the entire domestic supply of a commodity (proportion = 1.0), which is expected given the 6-digit level of detail. Where the proportion is less than 1.0, there should be multiple industry entries for the same commodity, such that their proportions sum to 1.0.
Field Definitions
Table 60 describes the fields in the corresp_naics6_n6io_sctg.csv file, while Table 61 shows a snapshot of the file.
[bookmark: _Ref413229124][bookmark: _Toc413252231][bookmark: _Toc418748820][bookmark: _Toc453055073]Table 60: Format of corresp_naics6_n6io_sctg.csv
	Field
	Unit
	Description

	NAICS6_Make
	-
	Six-digit NAICS (BEA) code of the industry 

	SCTG
	-
	SCTG two-digit code of the commodity

	naics
	-
	6-digitis NAICS code

	Naics_desc
	-
	Description of NAICS industry code 

	NAICS6_Make_desc
	-
	Description of NAICS6_Make industry code 

	SCTG_desc
	-
	SCTG code description

	Prop
	-
	Proportion of the commodity made by the NAICS6_Make industry



[bookmark: _Ref413229271][bookmark: _Toc413252232][bookmark: _Toc418748821][bookmark: _Toc453055074]Table 61: snapshot of corresp_naics6_n6io_sctg.csv
[image: ]
Usage
This correspondence file is an input to the firm synthesis step to identify what a firm in that industry produces and to convert between the two different systems of NAICS coding (used in employment data and IO data respectively).
Data Sources
The correspondence between commodity NAICS and commodity SCTG codes is based on commodity descriptions. Information about what is produced by particular industries in based on U.S. Bureau of Economic Analysis (2007), BEA IO Make and Use tables (http://www.bea.gov/industry/io_annual.htm) and is derived from the detailed version of the Make Tables/After Redefinitions in the Industry IO Accounts Data. 
[bookmark: _Toc413252180][bookmark: _Toc423518829][bookmark: _Toc453054786]F_corresp_sctg_category.CSV
Description
[bookmark: OLE_LINK289][bookmark: OLE_LINK290]This file shows the commodity group categories used for parameter assumptions. Commodities in “Category” are categorized (animals, bulk natural resources, intermediate processed goods, finished goods and others) based on the commodity’s physical characteristics. Commodities in “Category2” are categorized (functional, semi-functional, semi-innovative, and innovative) based on the commodity and supply chain characteristics (e.g. demand pattern, time-sensitivity, cost level, etc.).
Field Definitions
Table 62 describes the fields in the F_corresp_sctg_category.csv file, while Table 63 shows a snapshot of the file.
[bookmark: _Ref413229854][bookmark: _Toc413252233][bookmark: _Toc418748822][bookmark: _Toc453055075]Table 62: Format of corresp_sctg_category.csv
	Field
	Unit
	Description

	SCTG
	-
	Two digits SCTG commodity code

	Commodity
	-
	Short name of the SCTG commodity

	CommodityDesc
	-
	SCTG commodity description

	Category
	-
	Commodity category group 1, used in mode and path choice model 

	Category2
	-
	Commodity category group 2, used in total cost parameters assumptions

	FAMELetter
	-
	FAME survey commodity group category

	FAMEDesc
	-
	FAME survey commodity group category description


[bookmark: _Ref413229897][bookmark: _Toc413252234][bookmark: _Toc418748823][bookmark: _Toc453055076]Table 63: snapshot of corresp_sctg_category.csv
[image: ]
Usage
This table is used to provide a correspondence between the SCTG codes and more aggregate commodity groups used in various model steps. The categories are defined based on physical characteristics or commodity and supply chain characteristics, and specific model parameters are associated with each of these aggregate commodity groups in, for example, the total cost equation used in the model choice model.
Data Sources
The sources of this table include the article by Marshall L. Fisher (1997), "What is the right supply chain for your product?" which helped with the idea of categorizing product types based on different product characteristics.
[bookmark: _Toc423518830][bookmark: _Toc453054787]F_corresp_flcounty_district.csv
Description
This file shows the correspondence between counties and districts in Florida.
Field Definitions
Table 64 describes the fields in the F_corresp_flcounty_district.csv file, while Table 65 shows a snapshot of the file.
[bookmark: _Ref423090349][bookmark: _Toc453055077]Table 64: Format of F_corresp_flcounty_district.csv
	Field
	Unit
	Description

	COUNTY
	-
	County number

	CTYNAME
	-
	County name

	FIPS
	-
	FIPS code of the county

	DISTRICT
	-
	District number

	DISTNAME
	-
	District name


[bookmark: _Ref423090341][bookmark: _Toc453055078]Table 65: snapshot of F_corresp_flcounty_district.csv
[image: ]
Usage
This correspondence file is used to provide a cross walk between counties and FDOT districts for producing district summaries
Data Sources
The correspondence is based on FDOT’s district system
[bookmark: _Toc423518831][bookmark: _Toc453054788]F_corresp_onodes_swtaz.csv
Description
This file shows the correspondence between the model’s network node numbering (prior to renumbering during a model run) and the model TAZs.
Field Definitions
Table 66 describes the fields in the F_corresp_onodes_swtaz.csv file, while Table 67 shows a snapshot of the file.
[bookmark: _Ref423090411][bookmark: _Toc453055079]Table 66: Format of F_corresp_onodes_swtaz.csv
	Field
	Unit
	Description

	Old_Node
	-
	Model old node number (number in the input network prior to renumbering during a model run)

	SWTAZ
	-
	Model TAZ


[bookmark: _Ref423090418][bookmark: _Toc453055080]Table 67: snapshot of F_corresp_onodes_swtaz.csv
[image: ]
Usage
This correspondence file is used to match network numbering to the model’s TAZs for skim path building in the mode and transfer model.
Data Sources
The correspondence is based on the model’s network and TAZ systems
[bookmark: _Toc413252193][bookmark: _Toc423518832][bookmark: OLE_LINK212][bookmark: _Toc453054789]F_model_distchannel_calibration.CSV
Description
This file shows the “distribution channel type” (number of stops, 0, 1 or 2+ stops) shares by commodity groups. Shipping chain or distribution channel indicates whether the goods went through a consolidation center, a distribution center, and/or a warehouse.
The commodity group codes are aggregations of the 43 SCTG commodity groups as follows:
A: Agricultural Products, B: Chemical/Pharmaceutical products, C: Coal/Mineral/Ores, D: Electronics, E: Prepared Foodstuffs, F: Gravel/Natural Sands/Cements, G: Machinery/Metal Products, H: Mixed Freight/Miscellaneous, I: Motorized and Other Vehicles (incl. parts), J: Wood/Paper/textile/Leather products, K: Other
Field Definitions
Table 68 describes the fields in the model_distchannel_calibration.csv file, while Table 69 shows a snapshot of the file.
[bookmark: _Ref413237354][bookmark: _Toc413252261][bookmark: _Toc418748852][bookmark: _Toc453055081]Table 68: Format of model_distchannel_calibration.csv
	Field
	Unit
	Description

	Category
	-
	Commodity groups based on the reference paper used

	Choice
	-
	Shipping chain type

	Target
	%
	Proportion of shipments by distribution channel for each commodity group


[bookmark: _Ref413237365][bookmark: _Toc413252262][bookmark: _Toc418748853][bookmark: _Toc453055082]Table 69: Snapshot of model_distchannel_calibration.csv
[image: ]
Usage
This table is used for distribution-channel model calibration. 
Data Sources
The source of this table is a study done by University of Illinois at Chicago and published in Pourabdollahi et al (2013). 
[bookmark: _Toc413252194][bookmark: _Toc423518833][bookmark: OLE_LINK215][bookmark: OLE_LINK216][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: _Toc453054790]F_model_distchannel_food.CSV
Description
This file shows the distribution channel model variables and coefficients by distributing channel type for food products. A multinomial logit (MNL) model was estimated for choice of distribution channel.
Field Definitions
Table 70 describes the fields in the model_distchannel_food.csv file, while Table 71 shows a snapshot of the file.
[bookmark: _Ref413237419][bookmark: _Toc413252263][bookmark: _Toc418748854][bookmark: _Toc453055083]Table 70: Format of model_distchannel_food.csv
	Field
	Unit
	Description

	CHID
	-
	Distribution channel choice ID

	CHDESC
	-
	Distribution channel choice description

	VAR
	%
	Explanatory variable

	TYPE
	-
	Type of the explanatory variable

	COEFF
	-
	Coefficient of the variable


[bookmark: _Ref413237426][bookmark: _Toc413252264][bookmark: _Toc418748855][bookmark: _Toc453055084]Table 71: Snapshot of model_distchannel_food.csv
[image: ]
Usage
This table is used in the distribution channel step of the model for food commodities.
Data Sources
The sources of this table include the FAME survey data developed by the University of Illinois at Chicago.
[bookmark: _Toc413252195][bookmark: _Toc423518834][bookmark: _Toc453054791]F_model_distchannel_mfg.CSV
Description
This file shows the distribution channel model variables and coefficients by distributing channel type for manufactured goods. A multinomial logit (MNL) model was estimated for choice of distribution channel.
Field Definitions
Table 72 describes the fields in the model_distchannel_mfg.csv file, while Table 73 shows a snapshot of the file.
[bookmark: _Ref413237471][bookmark: _Toc413252265][bookmark: _Toc418748856][bookmark: _Toc453055085]Table 72: Format of model_distchannel_mfg.csv
	Field
	Unit
	Description

	CHID
	-
	Distribution channel choice ID

	CHDESC
	-
	Distribution channel choice description

	VAR
	%
	Explanatory variable

	TYPE
	
	Type of the explanatory variable

	COEFF
	
	Coefficient of the variable


[bookmark: _Ref413237480][bookmark: _Toc413252266][bookmark: _Toc418748857][bookmark: _Toc453055086]Table 73: Snapshot of model_distchannel_mfg.csv
[image: ]
Usage
This table is used in the distribution channel step of the model for all non-food commodities.
Data Sources
The sources of this table is the FAME survey data developed by the University of Illinois at Chicago
[bookmark: _Toc423518835][bookmark: _Toc453054792]F_model_shipsize_calibration.csv
Description
This file shows the “shipment size” shares by shipment weight groups and commodity groups for value and tons.
Field Definitions
Table 74 describes the fields in the model_shipsize_calibration.csv file, while Table 75 shows a snapshot of the file.
[bookmark: _Ref413237612][bookmark: _Toc413252269][bookmark: _Toc418748860][bookmark: _Toc453055087]Table 74: Format of model_shipsize_calibration.csv
	Field
	Unit
	Description

	SCTG
	-
	Two digits SCTG commodity code

	Description
	-
	Description of SCTG commodity

	ShipmentWeight
	lbs
	Shipment weight category

	WeightCategory
	-
	Shipment weight category ID

	ValuePct
	%
	Percentage of value in each shipment weight category by SCTG commodity

	TonsPct
	%
	Percentage of tons in each shipment weight category by SCTG commodity


[bookmark: _Ref413237637][bookmark: _Toc413252270][bookmark: _Toc418748861][bookmark: _Toc453055088]Table 75: Snapshot of model_shipsize_calibration.csv
[image: ]
Usage
This table is used for shipment-size model calibration. 
Data Sources
The sources of this table include the Census Bureau and the Bureau of Transportation Statistics (BTS) Commodity Flow Survey (CFS 2007) data. The CFS is the primary source of national and state-level data on domestic freight shipments by American establishments in mining, manufacturing, wholesale, auxiliaries, and selected retail and services trade industries. Data are provided on the types, origins and destinations, values, weights, modes of transport, distance shipped, and ton-miles of commodities shipped.
[bookmark: _Toc413252197][bookmark: _Toc423518836][bookmark: OLE_LINK270][bookmark: OLE_LINK271][bookmark: _Toc453054793]F_model_shipsize_food.CSV
Description
This file shows the shipment size model variables and coefficients by shipment size groups for food products. A multinomial logit (MNL) model was estimated for choice of shipment size.
Field Definitions
Table 76 describes the fields in the model_shipsize_food.csv file, while Table 77 shows a snapshot of the file.
[bookmark: _Ref413237669][bookmark: _Toc413252271][bookmark: _Toc418748862][bookmark: _Toc453055089]Table 76: Format of model_shipsize_food.csv
	Field
	Unit
	Description

	CHID
	-
	Shipment size choice ID

	CHDESC
	-
	Shipment size choice description

	VAR
	-
	Explanatory variable

	TYPE
	-
	Type of the explanatory variable

	COEFF
	-
	Coefficient of the variable


[bookmark: _Ref413237682][bookmark: _Toc413252272][bookmark: _Toc418748863][bookmark: _Toc453055090]Table 77: Snapshot of model_shipsize_food.csv
[image: ]
Usage
This table is used in the shipment-size step of the model for food commodities. 
Data Sources
The Texas commercial vehicle survey dataset was used for estimating the discrete choice model. 
[bookmark: _Toc413252198][bookmark: _Toc423518837][bookmark: OLE_LINK275][bookmark: OLE_LINK276][bookmark: OLE_LINK277][bookmark: _Toc453054794]F_model_shipsize_mfg.CSV
Description
This file shows the shipment-size model variables and coefficients by shipment size groups for manufactured products. A multinomial logit (MNL) model was estimated for choice of shipment size.
Field Definitions
Table 78 describes the fields in the model_shipsize_mfg.csv file, while Table 79 shows a snapshot of the file.
[bookmark: _Ref413237723][bookmark: _Toc413252273][bookmark: _Toc418748864][bookmark: _Toc453055091]Table 78: Format of model_shipsize_mfg.csv
	Field
	Unit
	Description

	CHID
	-
	Shipment size choice ID

	CHDESC
	-
	Shipment size choice description

	VAR
	%
	Explanatory variable

	TYPE
	
	Type of the explanatory variable

	COEFF
	
	Coefficient of the variable


[bookmark: _Ref413237715][bookmark: _Toc413252274][bookmark: _Toc418748865][bookmark: _Toc453055092]Table 79: Snapshot of model_shipsize_mfg.csv
[image: ]
Usage
This table is used in the shipment size step of the model. The manufactured goods model was applied to all commodities other than food. 
Data Sources
The Texas commercial vehicle survey dataset was used for estimating the discrete choice model.
[bookmark: _Toc453054795]Other parameters
There are other, single value, parameters that are defined in FreightSIM in the F_0a_Declare_Variables.R script. Table 80 shows this set of input parameters.
[bookmark: _Ref413159164][bookmark: _Toc413252281][bookmark: _Toc418748872][bookmark: _Toc453055093]Table 80: List of model parameters defined in the F_0a_Declare_variables.R script
	Parameter
	Component
	Basevalue
	Description

	outputtable
	Model System
	FALSE
	Should the model save large output tabulations?

	outputsummary
	Model System
	FALSE
	Should the model create summary output files?

	outputRworkspace
	Model System
	FALSE
	Should the model save R workspaces with all objects currently in memory at the end of each model step?

	outputlog
	Model System
	FALSE
	Should the model sink output and messages to a log text file?

	outputprofile
	Model System
	FALSE
	Should the model activate profiling?

	B1
	Mode Choice
	100
	Constant unit per order

	B4
	Mode Choice
	2000
	Storage costs per unit per year

	j
	Mode Choice
	0.01
	Fraction of shipment that is lost or damaged

	LT_OrderTime
	Mode Choice
	10
	Expected lead time (time between ordering and replenishment)

	sdLT
	Mode Choice
	1
	Standard deviation in lead time

	BulkHandFee
	Mode Choice
	1
	Handling charge for bulk goods ($ per ton)

	WDCHandFee
	Mode Choice
	15
	Warehouse/‌DC handling charge ($ per ton)

	IMXHandFee
	Mode Choice
	15
	Intermodal lift charge ($ per ton)

	TloadHandFee
	Mode Choice
	10
	Transload charge ($ per ton; at international ports only)

	AirHandFee
	Mode Choice
	20
	Air cargo handling charge ($ per ton)

	WaterRate
	Mode Choice
	0.005
	Line-haul charge, water ($ per ton-mile)

	CarloadRate
	Mode Choice
	0.03
	Line-haul charge, carload ($ per ton-mile)

	IMXRate
	Mode Choice
	0.04
	Line-haul charge, intermodal ($ per ton-mile)

	AirRate
	Mode Choice
	3.75
	Line-haul charge, air ($ per ton-mile)

	LTL53rate
	Mode Choice
	0.08
	Line-haul charge, 53 feet LTL ($ per ton-mile)

	FTL53rate
	Mode Choice
	0.08
	Line-haul charge, 53 feet FTL ($ per ton-mile)

	LTL40rate
	Mode Choice
	0.1
	Line-haul charge, 40 feet LTL ($ per ton-mile)

	FTL40rate
	Mode Choice
	0.1
	Line-haul charge, 40 feet FTL ($ per ton-mile)

	ExpressSurcharge
	Mode Choice
	1.5
	Surcharge for direct/‌express transport (factor)

	BulkTime
	Mode Choice
	72
	Handling time at bulk handling facilities (hours)

	WDCTime
	Mode Choice
	12
	Handling time at warehouse/‌DCs (hours)

	IMXTime
	Mode Choice
	24
	Handling time at intermodal yards (hours)

	TloadTime
	Mode Choice
	12
	Handling time at transload facilities (hours)

	AirTime
	Mode Choice
	12
	Handling time at air terminals (hours)

	LowDiscRate
	Mode Choice
	0.01
	Low-discount rate

	MedDiscRate
	Mode Choice
	0.05
	Medium-discount rate

	HighDiscRate
	Mode Choice
	0.25
	High-discount rate

	CAP1FTL
	Mode Choice
	60000
	Truckload capacity (pounds)

	CAP1Carload
	Mode Choice
	170000
	Carload capacity (pounds)

	CAP1Airplane
	Mode Choice
	50000
	Air cargo hold capacity (pounds)

	LowMultiplier
	Mode Choice
	0.5
	Safety stock constant for Low category commodities

	MediumMultiplier
	Mode Choice
	1
	Safety stock constant for Medium category commodities

	HighMultiplier
	Mode Choice
	2.33
	Safety stock constant for High category commodities

	LowVariability
	Mode Choice
	0.03
	Standard deviation in annual flow for Low category commodities

	MediumVariability
	Mode Choice
	0.06
	Standard deviation in annual flow for Medium category commodities

	HighVariability
	Mode Choice
	0.09
	Standard deviation in annual flow for High category commodities

	annualfactor
	Daily Sample
	310
	Annualization factor to select a daily sample from the annual shipments


[bookmark: _Ref413141162][bookmark: _Toc413252203][bookmark: _Toc418748947]

[bookmark: _Toc423518839][bookmark: _Ref446495086][bookmark: _Toc453054796]Description of Model Outputs
All the outputs from the freight model are contained in the scenario’s Outputs folder. The freight model outputs are also given an “F_” prefix for easy identification. Freight model outputs are given an additional numeric prefix to identify which step of the model generated the file. The output files are described in Table 81 through Table 87 for each model step.  
[bookmark: _Ref413243468][bookmark: _Toc413252282][bookmark: _Toc418748873][bookmark: _Toc453055094]Table 81: List of model outputs from the firm synthesis step
	Filename	
	Description

	F_01_firmsyn_allfirmsbylocation.csv
	All firms by location

	F_01_firmsyn_allfirmsbysctgmake.csv
	All firms by SCTG make commodity groups

	F_01_firmsyn_allfirmsbysctgmakeloc.csv
	All firms by SCTG make commodity groups by location

	F_01_firmsyn_firmempcountbytaz.csv
	All firms by TAZ and employment count

	F_01_firmsyn_florida_bycounty.csv
	Florida firms by county

	F_01_firmsyn_florida_naicsbyempcat.csv
	Florida firms by employment category and 2-digits NAICS

	F_01_firmsyn_naicsbyempcat.csv
	All firms by employment category and 2-digits NAICS


[bookmark: _Toc453055095]Table 82: List of model outputs from the supplier selection step
	Filename	
	Description

	F_02_suppsel_firmpairsbyfafdest.csv
	All firm pairs by FAF destination zones and names

	F_02_suppsel_firmpairsbyfafod.csv
	All firm pairs by FAF origin and destination zones and names

	F_02_suppsel_firmpairsbyfafodsctg.csv
	All firm pairs by FAF O/D and SCTG commodity

	F_02_suppsel_firmpairsbyfaforigin.csv
	All firm pairs by FAF origin zones and names

	F_02_suppsel_firmpairsbyflcounty.csv
	All Florida firm pairs by county

	F_02_suppsel_firmpairsbyflsegment.csv
	All Florida firm pairs by segment

	F_02_suppsel_firmpairsbylocation.csv
	All firm pairs by location

	F_02_suppsel_firmpairsbysctg.csv
	All firm pairs by SCTG commodity

	F_02_suppsel_firmpairsbysctgbysegmentdom.csv
	All firm pairs by SCTG commodity and segment (domestic)

	F_02_suppsel_firmpairsbysctgbysegmentexp.csv
	All firm pairs by SCTG commodity and segment (export)

	F_02_suppsel_firmpairsbysctgbysegmentimp.csv
	All firm pairs by SCTG commodity and segment (import)

	F_02_suppsel_firmpairsbysegment.csv
	All firm pairs by segment

	F_02_suppsel_firmpairsgcddist.csv
	All firm pairs by GCD category


[bookmark: _Toc453055096]Table 83: List of model outputs from the Goods Demand Step
	Filename	
	Description

	F_03_fafflow_tonsbyfafdest.csv
	FAF flow by destination FAF zone

	F_03_fafflow_tonsbyfafod.csv
	FAF flow by origin and destination FAF zone

	F_03_fafflow_tonsbyfafodsctg.csv
	FAF flow by O/D FAF zone and SCTG commodity

	F_03_fafflow_tonsbyfaforigin.csv
	FAF flow by origin FAF zone

	F_03_fafflow_tonsbyflcounty.csv
	FAF flow by Florida county

	F_03_fafflow_tonsbyflsegment.csv
	FAF flow by Florida segment (to/from/within)

	F_03_fafflow_tonsbysctg.csv
	FAF flow by SCTG commodity

	F_03_fafflow_tonsbysctgbysegmentdom.csv
	FAF tons by SCTG commodity and segment (domestic)

	F_03_fafflow_tonsbysctgbysegmentexp.csv
	FAF tons by SCTG commodity and segment (export)

	F_03_fafflow_tonsbysctgbysegmentimp.csv
	FAF tons by SCTG commodity and segment (import)

	F_03_fafflow_tonsbysegment.csv
	FAF flow by segment


[bookmark: _Toc453055097]Table 84: Lists of model outputs from the distribution channel step
	Filename	
	Description

	F_04_distchannel_famesctgfreq.csv
	Frequency of distribution channel by FAME commodity group

	F_04_distchannel_famesctgpct.csv
	Percentage of distribution channel by FAME commodity group

	F_04_distchannel_sctgfreq.csv
	Frequency of distribution channel by SCTG commodity group

	F_04_distchannel_sctgpct.csv
	Percentage of distribution channel by SCTG commodity group

	F_04_distchannel_tradetypefreq.csv
	Frequency of distribution channel by trade type

	F_04_distchannel_tradetypepct.csv
	Percentage of distribution channel by trade type


[bookmark: _Toc453055098]Table 85: List of model outputs from the shipment size step
	Filename	
	Description

	F_05_shipsize_sizecommoditygroups.csv
	Flows by shipment size category and SCTG commodity

	F_05_shipsize_sizegroups.csv
	Flows by shipment size category

	F_05_shipsize_tradetype.csv
	Flows by shipment size category and trade type


[bookmark: _Toc453055099]Table 86: List of model outputs from the mode and transfers step
	Filename	
	Description

	F_06_modepath_allcommodities.csv
	Ktons by segment by mode (for all commodities)

	F_06_modepath_allmodesloctonmiles.csv
	Ton-miles by segment (all modes)

	F_06_modepath_allmodesloctonmilesbysctg.csv
	Ton-miles by segment and SCTG commodity (all modes)

	F_06_modepath_allmodesloctons.csv
	Ktons by segment for all modes

	F_06_modepath_allmodesloctonsbysctg.csv
	Tons by segment and SCTG commodity (all modes)

	F_06_modepath_allmodeslocvalue.csv
	Value by segment (all modes)

	F_06_modepath_allmodeslocvaluebysctg.csv
	Value by segment and SCTG commodity (all modes)

	F_06_modepath_dcountytonmilesair.csv
	Air ton-miles by Florida destination county and segment

	F_06_modepath_dcountytonmilesrail.csv
	Rail ton-miles by Florida destination county and segment

	F_06_modepath_dcountytonmilestruck.csv
	Truck ton-miles by Florida destination county and segment

	F_06_modepath_dcountytonmileswater.csv
	Water ton-miles by Florida destination county and segment

	F_06_modepath_dcountytonsair.csv
	Air tons by Florida destination county and segment

	F_06_modepath_dcountytonsrail.csv
	Rail tons by Florida destination county and segment

	F_06_modepath_dcountytonstruck.csv
	Truck tons by Florida destination county and segment

	F_06_modepath_dcountytonswater.csv
	Water tons by Florida destination county and segment

	F_06_modepath_dcountyvalueair.csv
	Air value by Florida destination county and segment

	F_06_modepath_dcountyvaluerail.csv
	Rail value by Florida destination county and segment

	F_06_modepath_dcountyvaluetruck.csv
	Truck value by Florida destination county and segment

	F_06_modepath_dcountyvaluewater.csv
	Water value by Florida destination county and segment

	F_06_modepath_domesticbysctgbymode.csv
	Domestic flow by mode and SCTG commodity

	F_06_modepath_domesticbysctgbysegmentbymode.csv
	Domestic flow by mode, SCTG commodity and segment

	F_06_modepath_domesticbysegmentbymode.csv
	Domestic flow by mode and segment

	F_06_modepath_exportbysctgbymode.csv
	Export flow by mode and SCTG commodity

	F_06_modepath_exportbysctgbysegmentbymode.csv
	Export flow by mode, SCTG commodity and segment

	F_06_modepath_exportbysegmentbymode.csv
	Export flow by mode and segment

	F_06_modepath_importbysctgbymode.csv
	Import flow by mode and SCTG commodity

	F_06_modepath_importbysctgbysegmentbymode.csv
	Import flow by mode, SCTG commodity and segment

	F_06_modepath_importbysegmentbymode.csv
	Import flow by mode and segment

	F_06_modepath_loctonmilesbymode.csv
	Ton-miles by mode and segment

	F_06_modepath_loctonsbymode.csv
	Tons by mode and segment

	F_06_modepath_locvaluebymode.csv
	Value by mode and segment

	F_06_modepath_modetonsbysctgdffl.csv
	Tons by mode and SCTG commodity domestic from Florida

	F_06_modepath_modetonsbysctgdtfl.csv
	Tons by mode and SCTG commodity domestic to Florida

	F_06_modepath_modetonsbysctgeffl.csv
	Tons by mode and SCTG commodity export from Florida

	F_06_modepath_modetonsbysctgitfl.csv
	Tons by mode and SCTG commodity import to Florida

	F_06_modepath_modetonsbysctgwfl.csv
	Tons by mode and SCTG commodity within Florida

	F_06_modepath_ocountytonmilesair.csv
	Air ton-miles by Florida origin county and segment

	F_06_modepath_ocountytonmilesrail.csv
	Rail ton-miles by Florida origin county and segment

	F_06_modepath_ocountytonmilestruck.csv
	Truck ton-miles by Florida origin county and segment

	F_06_modepath_ocountytonmileswater.csv
	Water ton-miles by Florida origin county and segment

	F_06_modepath_ocountytonsair.csv
	Air tons by Florida origin county and segment

	F_06_modepath_ocountytonsrail.csv
	Rail tons by Florida origin county and segment

	F_06_modepath_ocountytonstruck.csv
	Truck tons by Florida origin county and segment

	F_06_modepath_ocountytonswater.csv
	Water tons by Florida origin county and segment

	F_06_modepath_ocountyvalueair.csv
	Air value by Florida origin county and segment

	F_06_modepath_ocountyvaluerail.csv
	Rail value by Florida origin county and segment

	F_06_modepath_ocountyvaluetruck.csv
	Truck value by Florida origin county and segment

	F_06_modepath_ocountyvaluewater.csv
	Water value by Florida origin county and segment

	F_06_modepath_portexptonsbysctgfl.csv
	Export tons by SCTG commodity and by port

	F_06_modepath_portimpexptonsfl.csv
	Domestic/Import/Export tons by port

	F_06_modepath_portimptonsbysctgfl.csv
	Import tons by SCTG commodity and by port


[bookmark: _Ref423518646][bookmark: _Toc453055100]Table 87: List of model outputs from the trip table step
	Filename	
	Description

	F_07_trip_dcounty.csv
	Trips and % trips by destination Florida county

	F_07_trip_ddistrict.csv
	Trips and % trips by destination Florida district

	F_07_trip_dstate.csv
	Trips and % trips by destination State

	F_07_trip_lengthdist_heavy.csv
	Heavy trucks tons and trips by distance category

	F_07_trip_lengthdist_medium.csv
	Medium trucks tons and trips by distance category

	F_07_trip_lengthdist_sctg.csv
	Truck tons and trips by SCTG commodity and distance category

	F_07_trip_lengthdist.csv
	Truck tons and trips by distance category

	F_07_trip_ocounty.csv
	Trips and % trips by origin Florida county

	F_07_trip_odcounty.csv
	Trips and % trips by origin/destination Florida county

	F_07_trip_oddistrict.csv
	Trips and % trips by origin/destination Florida district

	F_07_trip_odistrict.csv
	Trips and % trips by origin Florida district

	F_07_trip_odstate.csv
	Trips and % trips by origin/destination State

	F_07_trip_ostate.csv
	Trips and % trips by origin State

	F_07_trip_table.csv
	Truck trips by O/D TAZ and truck type

	F_07_trip_tt_county_heavy.csv
	Heavy truck trip table by O/D county

	F_07_trip_tt_county_medium.csv
	Medium truck trip table by O/D county

	F_07_trip_tt_county.csv
	Trip table by O/D county

	F_07_trip_tt_minerals_heavy.csv
	Minerals heavy truck trip table by O/D county

	F_07_trip_tt_minerals_medium.csv
	Minerals medium truck trip table by O/D county

	F_07_trip_tt_minerals.csv
	Minerals trip table by O/D county

	F_07_trip_tt_otype_dtype.csv
	Trip table by O/D county and O/D destination type



[bookmark: _Toc379976013][bookmark: _Ref445653588][bookmark: _Toc423518840][bookmark: _Ref445654136][bookmark: _Toc453054797]Model Integration and Running FreightSIM
[bookmark: _Toc379976014][bookmark: _Toc453054798]Integration with the Florida Statewide Model
[bookmark: _Toc453054799]integration with the statewide model 
The freight demand, supply chain, and mode and transfer components of FreightSIM are run using the R open source statistical programming platform and are integrated with the FLSWM that is implemented in the Cube software. The statewide model includes the following primary groups or steps: 
· Building Highway Network
· Statewide Passenger Model
· Statewide Freight Supply-chain Intermodal Model (FreightSIM)
· Statewide Passenger & Freight Joint Highway Assignment
FreightSIM is the primary focus of this report and the other components of the statewide model are described the overall model documentation. FreightSIM’s trip table outputs are combined with those from the other components of the model – non-freight trucks and passenger trips - and assigned to the highway network in the final model step, described in more detail below. 
[bookmark: _Toc379976019][bookmark: _Toc453054800]Network Assignment
The original joint highway assignment model included results for light, medium, and heavy truck volumes in the final assignment and output network. These volumes are the sum of the freight and non-freight truck models, but they do not indicate whether the truck was freight or non-freight. The revised version of the assignment model was modified to include the light, medium and heavy truck volumes for freight and non-freight trucks separately, reflected in the following six new volume sets:
· FR_Med. Medium freight trucks (FHWA classes 5-7, trucks carrying freight).
· FR_Hvy. Heavy freight trucks (FHWA classes 8-12, trucks carrying freight).
· FT_Lte. Light freight trucks (FHWA classes 2-3, auto/trucks carrying freight; note that FreighSIM does not generate freight carrying vehicles in this class.
· CV_Med. Medium commercial vehicles or non-freight trucks (FHWA classes 5-7)
· CV_Hvy. Heavy commercial vehicles or non-freight trucks (FHWA classes 8-12).
· CV_Lte. Light commercial vehicles or non-freight trucks (FHWA classes 2-3).
Please note that the term “commercial vehicle” is used here to identify non-freight vehicles, such as utility trucks, fire trucks, service vehicles, etc.  These commercial vehicles tend to be more prominent in metropolitan regions and tend to have shorter trip lengths; as a result, they are more important to validate within the regional truck models than in the statewide models, but are nonetheless an important reflection of total trucks in the system. The separation of these trucks is useful in the context of FreightSIM because the commercial vehicle trucks were not a focus of this project.  
These new volume sets are located after the total volume field in the output network and are provided as a supplement to the original, combined light, medium and heavy truck volume sets. The additional truck detail allows for independent assessment of the freight and non-freight truck model outputs. An additional network step was also added to the joint highway assignment model to extract just the Florida links from the final network for validation purposes. 
As discussed in the skimming procedure, additional links, such as rail links, waterway links, and connectors to intermodal facilities were added on top of the original highway network. These links were added to facilitate multimodal skimming. However, in the assignment step, truck traffic cannot use these additional links, and is limited to using highway links. The FLSWM does not include assignment procedures for non-highway modes, so rail and water volumes are not added to their respective networks.
[bookmark: _Toc379976016][bookmark: _Toc453054801]File locations wthin the statewide model file structure
FreightSIM’s R code is located in the Applications folder. The scripts (*.R files) were given the prefix “F_” so that they can be easily located in the folder as seen in Figure 39.
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[bookmark: _Ref374031694][bookmark: _Toc379976095][bookmark: _Toc453054892]Figure 39. FreightSIM R Scripts (in Applications Folder).
In addition to the R scripts, the Applications folder also contains the “R” directory, which contains the R application and the add-in R packages required by FreightSIM. Since R and the required add-in packages are included in the applications folder, the user does not need to separately install R.
FreightSIM includes a set of files that are common to all scenarios. These files are in the Parameters folder. As with the R scripts in the Application folder, the files in the Parameters folder were given an “F_” prefix so the files can be easily identified. Figure 40 shows the FreightSIM parameters.
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[bookmark: _Ref374042169][bookmark: _Toc379976096][bookmark: _Toc453054893]Figure 40. FreightSIM Parameter Files in (Parameters folder).
The freight model input files that are scenario specific are placed in the Inputs folder of the scenario. Again, these files are given the “F_” prefix and can be seen in Figure 41.
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[bookmark: _Ref374042628][bookmark: _Toc379976097][bookmark: _Toc453054894]Figure 41. FreightSIM Scenario Specific Inputs (in Inputs Folder).
All the outputs from FreightSIM are contained in the scenario’s Outputs folder. FreightSIM’s outputs are also given an “F_” prefix for easy identification. FreightSIM’s outputs are given an additional numeric prefix to identify which step of the model generated the file. Outputs that do not have this additional numeric prefix were generated outside FreightSIM, such as the network skims, or indicate the main control file or log file. Figure 42 shows the FreightSIM’s outputs.
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[bookmark: _Ref374043615][bookmark: _Toc379976098][bookmark: _Toc453054895]Figure 42. FreightSIM Scenario Specific Outputs (in Outputs Folder).
[bookmark: _Toc379976015][bookmark: _Toc453054802]Computer System Requirements
The FLSWM, with FreightSIM integrated into it, is designed to run on a PC system with the following requirements.
· Operating System: Windows 64-bit operating system (Windows 7, Windows 8, Windows Server, or higher). A 64-bit operating system is required to support addressing sufficient RAM for the freight model components to run in R.
· Memory: 32 GB of RAM is required for the freight model components to run in R.
· Hard Disc Space: At least 10GB of free disc space is required for the model including skim matrices and final outputs produced during a run of one scenario. Additional space is required from additional scenarios and if the large intermediate files produced by freight model components are written to disc (writing these intermediate files is not necessary in order to complete a run). 
· Processor: Modern multicore/multi-thread processor such as Intel i series. R is not multi-threaded and therefore the freight model components run in R will not benefit from additional processing cores/threads, but the assignment portion of the model will execute more quickly when run using CUBE cluster.
· CUBE: The model runs in CUBE version 6.0 or later. The run time for assignment portion of the model is dependent on whether CUBE cluster is available to the model user.
· R: R is included with the FLSWM in the applications folder and does not need to be separately installed; the version included is R version 3.0.2.
The R components of FreightSIM take approximately two hours to run. Cube Cluster does not affect the runtime of R components of FreightSIM. Cube Cluster does improve the freight skimming process in the Statewide Highway Network step.
[bookmark: _Toc453054803]Running FreightSIM
Generally, running the FLSWM can happen in two ways depending on the goals of the user. The user can run the whole model (passenger model + FreightSIM) or just the FreightSIM model. To run the entire model from start to finish, open the catalog and then select the Application Menu  Run Application. Then the Run Application window will appear (see Figure 43)
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[bookmark: _Ref423441312][bookmark: _Toc423518796][bookmark: _Toc453054896]Figure 43:  Run Application Dialog Box
To run the entire model leave all settings as you see in Figure 43. These are the default settings. If you want to run a specific scenario, then select the scenario from the “Select Scenarios” menu tab. When you click OK, the application script will be assembled and you will be presented with a second dialog box that says the run file has been created (see Figure 44). When you click OK, the model run will start (see Figure 45).
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[bookmark: _Ref423441337][bookmark: _Toc423518797][bookmark: _Toc453054897]Figure 44:  Application Manager Run Ready Window
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[bookmark: _Ref423441352][bookmark: _Toc423518798][bookmark: _Toc453054898]Figure 45:  Run Application Dialog Box
To only run the FreightSIM model, it requires that the Statewide Highway Network step be run as a pre-step to create the necessary network and skim data (as shown in Figure 47). The Statewide Passenger Model does not need to run prior to running the national freight model, as the freight and passenger models function independently of one another. R code is run in Cube via a three-step process (see Figure 46):
· Creating an instructions file through a Cube print statement that passes information, such as the catalog and scenario directories, from Cube to R
· Launch a Cube Pilot step that accomplishes several functions (passes the R file to the VB script file, launches the RScript.exe application and passes it the formatted “F_Main.R” instruction file, performs error handling in case either the VB or the R scripts encounter an error)
· Run two Cube Matrix modules to convert the freight trips output from the R code in CSV format into a Cube binary matrix format
[image: https://rsginc.atlassian.net/wiki/download/attachments/1835035/image2015-6-23%2010%3A8%3A43.png?version=1&modificationDate=1435079323874&api=v2&effects=drop-shadow]
[bookmark: _Ref423441625][bookmark: _Toc423518799][bookmark: _Toc453054899]Figure 46:  Run Freight Model Steps in R
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[bookmark: _Ref423098823][bookmark: _Toc423518800][bookmark: _Toc453054900]Figure 47:  Statewide highway network step and its connection to freghtSim
In order to run the Statewide Highway Network step, double click on the yellow box “NETWORK” as shown in Figure 47 and then click “Run” button on the top left corner of the application window and when the dialog box appears (see Figure 43) check the box “Run Current Group Only”. This will create the required skims to run the FreightSIM model.
Running FreightSIM can be done in different ways depending on the goals of the user. Generally, the following are the ways the FreightSIM model can be run:
· Running the entire model from start to finish with all of its components and intermediate outputs
· Running the entire model from start to finish without saving intermediate outputs
· Running a subsection of the model in a sequential format (e.g. Step 1 through 3 or steps 1 through 5)
In each case, the user must select the scenario to be run in the CUBE catalog view. There are two main scenarios available in the statewide model (Base Year 2010 and Future Year 2040).
Before starting a run, scenario setting and options should be checked and changed as desired. First, open the catalog. Then select the scenario from the “Scenario” menu tab on the top left and right click select “Edit/Run Scenario” option (see Figure 48) and scenario first edit page will open (see Figure 49). This is called the “Keys Window”. The key window allows to access to all the input data that could vary in different executions of the model. Keys may serve different purposes such as managing input data, giving general settings for the model, and to enable different ways to run the model. For example, a key can be a directory, a check box with true or false value or a checklist to choose a specific value.
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[bookmark: _Ref423425797][bookmark: _Toc423518801][bookmark: _Toc453054901]Figure 48:  Selecting and Editing a Scenario
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[bookmark: _Ref423442506][bookmark: _Toc423518802][bookmark: _Toc453054902]Figure 49:  Key Window settings (page 1) 
To run the entire freight model from start to finish check the top box as shown in Figure 49. Check the “Model Year (two-digit)” value under “Alternative Information” to be the scenario year desired to be run (see Figure 49). Check only the “Final Assignment” box step(s) as shown in Figure 49 as now you are only running the FreightSIM model and the other passenger model steps do not need to run. Then click “Next…” on the bottom of the page and the scenario second keys window will open (see Figure 50).
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[bookmark: _Ref423442795][bookmark: _Toc423518803][bookmark: _Toc453054903]Figure 50:  Key Window settings (page 2) 
Select the desired steps of the freight model to run sequentially (e.g. 1, 2 and 3). Note that an individual step cannot be run and the run should include sequential steps starting from step 1. If you would like to run the “Non-Freight Truck Model” (which is another part of the statewide model accounting for commercial vehicle activity that is not freight related), check the last box in the page and then click “Next…” on the bottom of the page and the scenario last keys window will open (see Figure 51). It should be noted that the “Non-Freight Truck Model” is not part of FreightSIM
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[bookmark: _Ref423442888][bookmark: _Toc423518804][bookmark: _Toc453054904]Figure 51:  Key Window settings (page 3) 
Then click “Run” and the FreightSIM model starts to run and the task monitor window will pop up (see Figure 43).
Another way to run the model is to click on the Run button on the top left corner of the Cube window when you open the model Cube catalogue (see Figure 48) when you have opened the freight model in the application manager window (see Figure 52). Then a dialog box appears (see Figure 43). Check the box “Run Current Group Only” and click OK. This can be used if you do not want/need to edit any scenario settings as described above. After you click OK, the model run will begin.
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[bookmark: _Ref423443126][bookmark: _Toc423518805][bookmark: _Toc453054905]Figure 52:  Snapshot of the National Freight Model layout in Cube
The Task Monitor program is started automatically when the user starts a model run as described above. The main purpose of the task monitor is to report the progress of the application execution, and to allow control of the run by pausing or abandoning it. When a run finishes successfully, a message box will show that the run is finished without any problem (Return Code = 0). If an error(s) occurred during the run, a dialog box will show the return code and error information. The return code gives the information on how the run completed. The return codes are shown below:
Return code = 0 ---> the run completed successfully
Return code = 1 ---> a few warning messages were printed but the run was completed successfully
Return code = 2 ---> the run ended with a fatal error
Return code = 3 ---> the process was abandoned by the user
There are five main steps of the FreightSIM model run as shown with numbers 1 to 5 in Figure 52. Each step is explained below:
Step 1: Pilot step to check whether to run the model
Step 2: Creates the “F_Main.R” instruction file.
Step 3: Runs the freight model. Launches a Cube Pilot step that accomplishes several functions (launches RScript.exe application, performs error handling, etc.).
Step 4: End pilot step (from step 1)
Step 5: Converts freight trip table from CSV to DBF
Step 6: Converts freight trip table from DBF to CUBE matrix
The remaining elements in the national freight model application show the individual steps in the model, the required inputs, the key outputs, and the connections. These elements are for visualization purposes only and are not run by the Cube model (e.g., the operation order has been set to 0). The color coding of the input and output boxes is as follows (see Figure 53):
· Dark Blue: Scenario specific input files
· Light blue: Static input (parameter) files
· Dark green: Output file used in subsequent model step
· Light green: Summary file
· Navy blue: Input file generated from previous model step
[image: ]
[bookmark: _Ref423446245][bookmark: _Toc423518806][bookmark: _Toc453054906]Figure 53:  Visualizing the R Code Model Steps in Application Manager
[bookmark: _Ref445653643][bookmark: _Toc453054804]Model Validation 
[bookmark: _Toc379976021][bookmark: _Toc453054805]Model Validation Introduction
This chapter reports the results of the model validation of FreightSIM. The model validation process is summarized in Table 88, which lists the model component being validated, the output from the model component that is being validated, the data source used for validation and the type of comparison. The focus is on validating shipments (the commodity flows that lead to the demand for freight transport), mode choice (the allocation of those shipment flows to freight vehicles) and truck trip assignment (the resulting spatial distribution of truck travel to carry truck shipments). Chapter 3 introduces the validation datasets referenced in the table. The remaining sections of this chapter present the results of the comparisons.
[bookmark: _Ref446506327][bookmark: _Toc453055101]Table 88. Final Validation Tests.
	MODEL COMPONENT
	VALIDATION TEST
	DATA SOURCE(S)
	PROCESS

	Shipments and their Size
	Shipment size by firm pair, commodity type
	Commodity Flow Survey (CFS) 
Transearch data
	Compare the shipment sizes and weights distribution by commodity 

	Mode-Path Selection
	Modal volume
	Transearch data (incorporating Carload waybill data)
	Compare mode shares by commodity group and movement/location

	Truck Trip Assignment
	Truck volumes
	Highway truck counts by vehicle type
	Compare daily truck volumes by district, county, facility and screenline


[bookmark: _Toc379976027][bookmark: _Toc453054806]Shipment Size
The shipment size model converts each trade relationship between buyers and suppliers from an annual commodity flow to a set of shipments by size. The model is applied in two steps, first allocating the shipments to one of three ranges and then allocating it to a specific size within that range. CFS data by commodity group were used as calibration targets for the model.
Figure 54 to Figure 94 shows that the adjustments to match the observed CFS data results in shipment size distributions produced by the model that are close to those from the CFS for each commodity group.
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[bookmark: _Ref373730501][bookmark: _Toc379976109][bookmark: _Toc453054907]Figure 54. Comparison of Shipment Tonnages for SCTG 1 Live Animals.
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[bookmark: _Toc453054908]Figure 55. Comparison of Shipment Tonnages for SCTG 2 cereal grains.
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[bookmark: _Toc453054909]Figure 56. Comparison of Shipment Tonnages for SCTG 3 other Ag Prods.
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[bookmark: _Toc453054910]Figure 57. Comparison of Shipment Tonnages for SCTG 4 animal Feed.
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[bookmark: _Toc453054911]Figure 58. Comparison of Shipment Tonnages for SCTG 5 MEAT/SEAFOOD.
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[bookmark: _Toc453054912]Figure 59. Comparison of Shipment Tonnages for SCTG 6 Milled Grain Prod.
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[bookmark: _Toc453054913]Figure 60. Comparison of Shipment Tonnages for SCTG 7 Other Foodstuffs.
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[bookmark: _Toc453054914]Figure 61. Comparison of Shipment Tonnages for SCTG 8 Alcoholic beverages.
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[bookmark: _Toc453054915]Figure 62. Comparison of Shipment Tonnages for SCTG 9 Tobacco Prod.
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[bookmark: _Toc453054916]Figure 63. Comparison of Shipment Tonnages for SCTG 10 Building Stone.
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[bookmark: _Toc453054917]Figure 64. Comparison of Shipment Tonnages for SCTG 11 Natural Sands.
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[bookmark: _Toc453054918]Figure 65. Comparison of Shipment Tonnages for SCTG 12 Gravel
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[bookmark: _Toc453054919]Figure 66. Comparison of Shipment Tonnages for SCTG 13 NoNmetallic Min.
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[bookmark: _Toc453054920]Figure 67. Comparison of Shipment Tonnages for SCTG 14 Metallic ores.
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[bookmark: _Toc453054921]Figure 68. Comparison of Shipment Tonnages for SCTG 15 CoaL.
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[bookmark: _Toc453054922]Figure 69. Comparison of Shipment Tonnages for SCTG 16 Crude Petroleum*
*Note: no crude petroleum observed data as this commodity is not covered in the CFS.
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[bookmark: _Toc453054923]Figure 70. Comparison of Shipment Tonnages for SCTG 17 Gasoline.
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[bookmark: _Toc453054924]Figure 71. Comparison of Shipment Tonnages for SCTG 18 Fuel Oils.
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[bookmark: _Toc453054925]Figure 72. Comparison of Shipment Tonnages for SCTG 19 COAL N.E.C.
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[bookmark: _Toc453054926]Figure 73. Comparison of Shipment Tonnages for SCTG 20 Basic Chemicals.
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[bookmark: _Toc453054927]Figure 74. Comparison of Shipment Tonnages for SCTG 21 PharmaceuticaLs.
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[bookmark: _Toc453054928]Figure 75. Comparison of Shipment Tonnages for SCTG 22 fertilizers.
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[bookmark: _Toc453054929]Figure 76. Comparison of Shipment Tonnages for SCTG 23 chemical prod.
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[bookmark: _Toc453054930]Figure 77. Comparison of Shipment Tonnages for SCTG 24 Plastics/rubber.
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[bookmark: _Toc453054931]Figure 78. Comparison of Shipment Tonnages for SCTG 25 logs.
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[bookmark: _Toc453054932]Figure 79. Comparison of Shipment Tonnages for SCTG 26 wood prod.
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[bookmark: _Toc453054933]Figure 80. Comparison of Shipment Tonnages for SCTG 27 newsprint/paper.
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[bookmark: _Toc453054934]Figure 81. Comparison of Shipment Tonnages for SCTG 28 paper articles.
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[bookmark: _Toc453054935]Figure 82. Comparison of Shipment Tonnages for SCTG 29 printed prod.
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[bookmark: _Toc453054936]Figure 83. Comparison of Shipment Tonnages for SCTG 30 textiles/leather.
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[bookmark: _Toc453054937]Figure 84. Comparison of Shipment Tonnages for SCTG 31 nonmetallic min.
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[bookmark: _Toc453054938]Figure 85. Comparison of Shipment Tonnages for SCTG 32 base metals.
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[bookmark: _Toc453054939]Figure 86. Comparison of Shipment Tonnages for SCTG 33 articles-base metals.
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[bookmark: _Toc453054940]Figure 87. Comparison of Shipment Tonnages for SCTG 34 machinery.
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[bookmark: _Toc453054941]Figure 88. Comparison of Shipment Tonnages for SCTG 35 machinery.
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[bookmark: _Toc453054942]Figure 89. Comparison of Shipment Tonnages for SCTG 36 motorized vehicles.
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[bookmark: _Toc453054943]Figure 90. Comparison of Shipment Tonnages for SCTG 37 transport equipment.
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[bookmark: _Toc453054944]Figure 91. Comparison of Shipment Tonnages for SCTG 38 precision instruments.
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[bookmark: _Toc453054945]Figure 92. Comparison of Shipment Tonnages for SCTG 39 furniture.
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[bookmark: _Toc453054946]Figure 93. Comparison of Shipment Tonnages for SCTG 40 misc. manufactureing prod.
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[bookmark: _Ref446512884][bookmark: _Toc453054947]Figure 94. Comparison of Shipment Tonnages for SCTG 41 waste/scrap.
Of note is that most of the shipment size distributions peak in the 10,000lb to 49,999lb range, which is generally equivalent to a truckload for most commodities. For commodities that are usually moved by rail (e.g., coal) the shipment size distribution peaks in the over 100,000lb category. Higher value manufactured goods, such as electronics and precision instruments, while still peaking in the 10,000lb to 49,999lb range, have a more dispersed range of shipment sizes, with much tonnage moved in the form of smaller shipments.
[bookmark: _Toc379976028][bookmark: _Toc453054807]Mode Choice
The mode choice model allocates each shipment to a mode. For shipments that are moved via complex distribution channels with stops between the supplier and buyer, the mode choice model selects the location of those stops and the mode of each leg of the shipment’s trip from stop to stop. Several datasets are available to validate the mode choice model: the Transearch commodity flow data, which includes commodity flows by origin and destination by commodity and by mode, and mode or location specific data such as T100 data (air freight), Carload Waybill data (rail freight, incorporated in Transearch) and PIERS data (import and export shipments at ports). 
The earlier, preliminary, validation of the model focused on using the FAF3 data as a source of mode choice information. A more complete calibration and validation of the mode choice model has now been completed using Transearch data, in combination with the mode and location specific data, as the breakdown of freight movements into single modal legs in the Transearch data allowed for more detailed comparisons with the model output. 
Figure 95 shows an overall comparison for freight flows to, from, and within Florida between the model and Transearch data. The model in aggregate is matching relatively closely to the Transearch mode shares. 
[bookmark: _Ref374088106][bookmark: _Toc379976110][image: ]
[bookmark: _Ref446919716][bookmark: _Toc453054948]Figure 95. Mode Share (% of Freight Tonnages to, From, and Within Florida).
The following analysis shows the outcome of adjusting the mode choice component of the model such that mode shares by commodity generally align with those from Transearch data for the markets of internal to internal movements within Florida, internal to external movements from Florida, and external to internal movements to Florida. The objective of the calibration of the mode choice component was not to force a precise match along all of those dimensions, but rather to ensure that the general patterns of mode choices was reasonable in comparison to the Transearch data.
Figure 96 and Figure 97 show the mode shares for internal movements within Florida, showing the mode share (in terms of tonnage moved) by commodity for truck and rail respectively, which account for almost all within Florida movements. The model generally follows the pattern of bulk commodities having lower (but still high) truck mode shares and higher rail mode shares for these relatively short movements inside the state that is observed in the Transearch data. 
Figure 98, Figure 99, and Figure 100 show the mode shares for internal to external movements from Florida, showing the mode share (in terms of tonnage moved) by commodity for truck, rail, and water respectively. Unlike with the internal movements within Florida, the range of mode shares for truck varies from just a few percent for truck for bulk commodities to very high shares for high value goods. The model follows this trend, with most high value goods being moved out of the state predominantly by truck, while bulk goods being transported by rail or water as observed in the Transearch data. The model is also able to capture the strong differences in mode choices for many commodities, producing very high or very low shares by mode in a similar way to the Transearch data. 
Figure 101, Figure 102, and Figure 103 show the mode shares for external to internal movements to Florida, showing the mode share (in terms of tonnage moved) by commodity for truck, rail, and water respectively. The observed patterns from Transearch and the results produced by the model are very similar to those for internal to external movements.
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[bookmark: _Ref446924854][bookmark: _Toc453054949]Figure 96. truck Mode Share (% of Freight Tonnages) by commodity Within Florida.
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[bookmark: _Ref446924855][bookmark: _Toc453054950]Figure 97. Rail Mode Share (% of Freight Tonnages) by commodity Within Florida.

[image: ]
[bookmark: _Ref446926597][bookmark: _Toc453054951]Figure 98. Truck Mode Share (% of Freight Tonnages) by commodity, Internal to ExtErnal From Florida.
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[bookmark: _Ref446926600][bookmark: _Toc453054952]Figure 99. Rail Mode Share (% of Freight Tonnages) by commodity, Internal to ExtErnal From Florida.
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[bookmark: _Ref446926602][bookmark: _Toc453054953]Figure 100. Water Mode Share (% of Freight Tonnages) by commodity, Internal to ExtErnal From Florida.
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[bookmark: _Ref446927363][bookmark: _Toc453054954]Figure 101. Truck Mode Share (% of Freight Tonnages) by commodity, ExtErnal to Internal to Florida.
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[bookmark: _Ref446927364][bookmark: _Toc453054955]Figure 102. Rail Mode Share (% of Freight Tonnages) by commodity, ExtErnal to Internal to Florida.
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[bookmark: _Ref446927366][bookmark: _Toc453054956]Figure 103. Water Mode Share (% of Freight Tonnages) by commodity, ExtErnal to Internal to Florida.
[bookmark: _Toc379976030][bookmark: _Toc453054808]Highway Assignment
Validation of the highway assignment component of the model focused on comparing freight truck assignment volumes with classified truck counts at TTMS locations and other locations where counts were available by vehicle class. It should be noted that the comparisons are with counts that include non-freight trucks whereas the model is intended to model freight trucks. This is less important in the context of long distance statewide and interstate movements, which are predominantly freight trucks, particularly for heavy trucks, than it is for truck movements in urban areas, but it does still create some measurement error in terms of understanding the count data.
The following comparisons presents and discusses comparisons by FDOT district, county, corridor, screenline, and count location of base year assigned volumes from the model and truck counts.
[bookmark: _Toc453054809]Assignment by district
Table 89 and Figure 104 both display a comparison of the modeled truck volumes by FDOT district and in total with the comparable truck counts. In all cases, the modeled volume is within 10 percent of the count volume at the district level and is 1% lower overall than the sum of the statewide counts.
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[bookmark: _Ref446931874][bookmark: _Toc453054957]Figure 104. Modeled truck volume vs. count by FDOT District
[bookmark: _Ref446931865][bookmark: _Toc453055102]Table 89. Modeled truck volume vs. count by FDOT District
	District
	Count
	Model
	Difference
	Percent Difference

	1
	 723,131 
	 718,846 
	 (4,285)
	-1%

	2
	 185,479 
	 183,416 
	 (2,063)
	-1%

	3
	 291,297 
	 295,712 
	 4,416 
	2%

	4
	 414,722 
	 402,173 
	 (12,548)
	-3%

	5
	 378,872 
	 349,341 
	 (29,531)
	-8%

	6
	 200,309 
	 186,911 
	 (13,398)
	-7%

	7
	 423,401 
	 449,844 
	 26,443 
	6%

	Total
	 2,617,209 
	 2,586,243 
	 (30,966)
	-1%



[bookmark: _Toc453054810]Assignment by County
Figure 105 and Table 90 display a comparison of the modeled truck volumes by Florida county with the comparable truck counts. The chart is limited to the larger counties, in terms of total truck counts, with all counties with a total of greater than 40,000 displayed. In most cases, and particularly among the larger counties, the absolute and percent differences between modeled volumes and counts are relatively small.
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[bookmark: _Ref446938199][bookmark: _Toc453054958]Figure 105. Modeled truck volume vs. count by County (Counties with total Count > 40,000
[bookmark: _Ref446938231][bookmark: _Toc453055103]Table 90. Modeled truck volume vs. count by County
	County
	Count
	Model
	Difference
	Percent Difference

	Hillsborough
	 246,010 
	 230,824 
	 (15,186)
	-6%

	Polk
	 237,640 
	 201,804 
	 (35,836)
	-15%

	Miami-Dade
	 193,758 
	 177,453 
	 (16,304)
	-8%

	Broward
	 190,508 
	 181,109 
	 (9,399)
	-5%

	Palm Beach
	 154,347 
	 160,626 
	 6,278 
	4%

	Manatee
	 98,531 
	 82,407 
	 (16,124)
	-16%

	Lee
	 88,350 
	 69,021 
	 (19,328)
	-22%

	Orange
	 83,331 
	 61,579 
	 (21,752)
	-26%

	Sarasota
	 72,850 
	 57,861 
	 (14,989)
	-21%

	Pinellas
	 70,952 
	 83,557 
	 12,606 
	18%

	Duval
	 69,219 
	 49,578 
	 (19,641)
	-28%

	Pasco
	 68,003 
	 93,052 
	 25,049 
	37%

	Seminole
	 51,039 
	 22,838 
	 (28,201)
	-55%

	Charlotte
	 49,856 
	 35,372 
	 (14,483)
	-29%

	Volusia
	 48,972 
	 52,581 
	 3,610 
	7%

	Leon
	 48,777 
	 48,525 
	 (253)
	-1%

	Marion
	 48,242 
	 62,681 
	 14,439 
	30%

	St. Lucie
	 44,797 
	 45,524 
	 727 
	2%

	Escambia
	 43,728 
	 48,155 
	 4,427 
	10%

	Lake
	 40,187 
	 50,512 
	 10,325 
	26%

	Jackson
	 39,774 
	 37,462 
	 (2,312)
	-6%

	Brevard
	 39,248 
	 34,024 
	 (5,223)
	-13%

	Sumter
	 36,051 
	 40,888 
	 4,836 
	13%

	Highlands
	 35,268 
	 63,552 
	 28,284 
	80%

	Collier
	 30,094 
	 24,883 
	 (5,211)
	-17%

	Hernando
	 29,271 
	 34,324 
	 5,053 
	17%

	DeSoto
	 28,313 
	 45,072 
	 16,759 
	59%

	Okaloosa
	 28,020 
	 25,741 
	 (2,279)
	-8%

	Hendry
	 27,523 
	 36,903 
	 9,379 
	34%

	Okeechobee
	 23,632 
	 39,182 
	 15,550 
	66%

	Santa Rosa
	 23,608 
	 21,784 
	 (1,824)
	-8%

	Alachua
	 22,244 
	 24,969 
	 2,725 
	12%

	Gadsden
	 22,206 
	 22,592 
	 387 
	2%

	Columbia
	 20,697 
	 24,325 
	 3,628 
	18%

	Jefferson
	 20,492 
	 23,229 
	 2,737 
	13%

	Osceola
	 20,315 
	 12,443 
	 (7,872)
	-39%

	Martin
	 20,044 
	 10,060 
	 (9,984)
	-50%

	Bay
	 20,001 
	 19,245 
	 (756)
	-4%

	Nassau
	 19,873 
	 17,111 
	 (2,762)
	-14%

	Hardee
	 16,197 
	 40,731 
	 24,534 
	151%

	Holmes
	 15,968 
	 18,699 
	 2,732 
	17%

	Walton
	 13,488 
	 17,360 
	 3,872 
	29%

	Glades
	 12,640 
	 19,748 
	 7,108 
	56%

	Citrus
	 11,970 
	 10,396 
	 (1,574)
	-13%

	Flagler
	 10,919 
	 12,497 
	 1,578 
	14%

	Hamilton
	 8,693 
	 9,348 
	 656 
	8%

	Baker
	 8,362 
	 6,621 
	 (1,741)
	-21%

	Clay
	 8,221 
	 10,885 
	 2,664 
	32%

	Washington
	 7,284 
	 8,091 
	 807 
	11%

	Suwannee
	 7,200 
	 8,031 
	 830 
	12%

	Monroe
	 7,105 
	 9,705 
	 2,600 
	37%

	Putnam
	 4,986 
	 9,516 
	 4,530 
	91%

	Indian River
	 4,471 
	 4,608 
	 137 
	3%

	Bradford
	 4,038 
	 8,913 
	 4,876 
	121%

	St. Johns
	 3,183 
	 4,402 
	 1,219 
	38%

	Taylor
	 3,137 
	 1,681 
	 (1,455)
	-46%

	Levy
	 2,561 
	 3,902 
	 1,341 
	52%

	Calhoun
	 1,863 
	 405 
	 (1,457)
	-78%

	Wakulla
	 1,801 
	 1,029 
	 (771)
	-43%

	Liberty
	 1,346 
	 122 
	 (1,224)
	-91%

	Gulf
	 1,309 
	 1,697 
	 388 
	30%

	Franklin
	 1,133 
	 1,469 
	 336 
	30%

	Union
	 1,050 
	 1,995 
	 945 
	90%

	Dixie
	 927 
	 726 
	 (201)
	-22%

	Madison
	 730 
	 572 
	 (159)
	-22%

	Lafayette
	 552 
	 154 
	 (398)
	-72%

	Gilchrist
	 307 
	 91 
	 (216)
	-70%


[bookmark: _Toc453054811]Assignment By Corridor
Figure 106 and Table 91 display a comparison of the modeled truck volumes by Florida SIS highway corridor with the comparable truck counts. The chart is limited to the larger SIS roads, in terms of total truck counts, with all SIS roads with a total of greater than 40,000 displayed. In most cases, and particularly among the SIS roads with the highest total counts, such as the major interstate corridors, the absolute and percent differences between modeled volumes and counts are relatively small. I-4 is an exception where the model is producing volumes that are lower than the counts
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[bookmark: _Ref446943552][bookmark: _Toc453054959]Figure 106. Modeled truck volume vs. count by SIS Road (RoUTES with total Count > 40,000
[bookmark: _Ref446943570][bookmark: _Toc453055104]Table 91. Modeled truck volume vs. count by SIS ROAD
	County
	Count
	Model
	Difference
	Percent Difference

	I-75
	 367,633 
	 394,020 
	 26,387 
	7%

	I-10
	 178,462 
	 217,042 
	 38,579 
	22%

	I-4
	 178,069 
	 102,201 
	 (75,867)
	-43%

	I-95
	 154,101 
	 141,708 
	 (12,393)
	-8%

	US Hwy 27
	 134,290 
	 202,481 
	 68,190 
	51%

	I-275
	 63,122 
	 95,269 
	 32,147 
	51%

	US Hwy 301
	 56,523 
	 61,696 
	 5,173 
	9%

	US Hwy 17 S
	 53,588 
	 103,722 
	 50,134 
	94%

	State Hwy 60
	 45,384 
	 36,839 
	 (8,545)
	-19%

	State Hwy 80
	 44,973 
	 59,656 
	 14,683 
	33%

	State Hwy 70
	 39,909 
	 51,673 
	 11,763 
	29%

	US Hwy 19
	 31,483 
	 67,218 
	 35,735 
	114%

	US Hwy 441
	 30,301 
	 33,044 
	 2,743 
	9%

	State Hwy 826
	 27,484 
	 14,371 
	 (13,113)
	-48%

	State Hwy 50
	 23,348 
	 20,388 
	 (2,960)
	-13%

	Florida Turnpike
	 22,061 
	 27,136 
	 5,075 
	23%

	US Hwy 231
	 19,310 
	 11,400 
	 (7,911)
	-41%

	State Hwy 64
	 16,067 
	 13,626 
	 (2,441)
	-15%

	State Hwy 44
	 15,757 
	 13,927 
	 (1,830)
	-12%

	I-295
	 13,844 
	 4,071 
	 (9,773)
	-71%

	State Hwy 528
	 13,080 
	 20,868 
	 7,787 
	60%

	I-595
	 10,981 
	 14,593 
	 3,612 
	33%

	US Hwy 17 N
	 10,241 
	 11,886 
	 1,645 
	16%

	State Hwy 710
	 10,102 
	 17,232 
	 7,130 
	71%

	State Hwy 40
	 9,595 
	 16,346 
	 6,751 
	70%

	State Hwy 82
	 9,013 
	 5,488 
	 (3,525)
	-39%

	US Hwy 98 W
	 8,001 
	 7,737 
	 (263)
	-3%

	State Hwy 29
	 6,954 
	 7,216 
	 262 
	4%

	State Hwy 429
	 6,678 
	 4,536 
	 (2,142)
	-32%

	US Hwy 29
	 6,004 
	 15,512 
	 9,508 
	158%

	State Hwy 85
	 5,963 
	 3,335 
	 (2,628)
	-44%

	State Hwy 100
	 5,935 
	 18,031 
	 12,096 
	204%

	State Hwy 821
	 5,823 
	 7,579 
	 1,757 
	30%

	State Hwy 417
	 5,303 
	 5,237 
	 (65)
	-1%

	State Hwy 77
	 4,919 
	 2,184 
	 (2,735)
	-56%

	State Hwy 112
	 4,515 
	 3,034 
	 (1,481)
	-33%

	State Hwy 997
	 4,217 
	 3,030 
	 (1,187)
	-28%

	State Hwy 408
	 4,197 
	 2,691 
	 (1,506)
	-36%

	State Hwy 200
	 3,680 
	 1,874 
	 (1,807)
	-49%

	US Hwy 1 N
	 2,845 
	 3,256 
	 411 
	14%

	US Hwy 319
	 2,824 
	 2,323 
	 (501)
	-18%

	US Hwy 331
	 2,737 
	 2,381 
	 (356)
	-13%

	State Hwy 79
	 2,625 
	 1,059 
	 (1,566)
	-60%

	State Hwy 924
	 2,586 
	 4,285 
	 1,699 
	66%

	Gandy Blvd
	 2,345 
	 6,052 
	 3,708 
	158%

	State Hwy 874
	 2,102 
	 3,628 
	 1,525 
	73%

	State Hwy 207
	 1,497 
	 2,189 
	 693 
	46%

	Sawgrass Expy
	 1,177 
	 4,672 
	 3,496 
	297%

	State Hwy 570
	 1,160 
	 314 
	 (846)
	-73%

	I-110
	 863 
	 491 
	 (373)
	-43%

	State Hwy 26
	 796 
	 174 
	 (622)
	-78%

	State Hwy 20
	 598 
	 980 
	 382 
	64%

	State Hwy 87
	 463 
	 194 
	 (269)
	-58%

	State Hwy 589
	 386 
	 32 
	 (354)
	-92%

	Arlington Expy
	 348 
	 414 
	 66 
	19%

	State Hwy 390
	 256 
	 18 
	 (238)
	-93%


[bookmark: _Toc453054812]Assignment on I-10 By County
Figure 107 and Table 92 display a comparison of the modeled truck volumes on I-10 by county with the comparable truck counts. In most counties, the absolute and percent differences between modeled volumes and counts are reasonably small, with larger absolute deviations in Leon, Gadsden, and Jackson counties. Along the corridor, the volumes are slightly below counts at the eastern end (e.g., Duval County), and slightly above counts in the western portion of I-10 to the west of I-75.
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[bookmark: _Ref446948194][bookmark: _Toc453054960]Figure 107. Modeled truck volume vs. count by county for I-10
[bookmark: _Ref446948183][bookmark: _Toc453055105]Table 92. Modeled truck volume vs. count by county for I-10
	County
	Count
	Model
	Difference
	Percent Difference

	Baker
	 7,049 
	 6,174 
	 (874)
	-12%

	Columbia
	 6,816 
	 5,961 
	 (855)
	-13%

	Duval
	 7,357 
	 5,937 
	 (1,420)
	-19%

	Escambia
	 19,674 
	 20,995 
	 1,321 
	7%

	Gadsden
	 14,260 
	 19,553 
	 5,293 
	37%

	Holmes
	 13,834 
	 18,420 
	 4,586 
	33%

	Jackson
	 20,795 
	 26,303 
	 5,508 
	26%

	Jefferson
	 15,626 
	 19,736 
	 4,110 
	26%

	Leon
	 27,947 
	 34,529 
	 6,581 
	24%

	Okaloosa
	 13,132 
	 16,899 
	 3,767 
	29%

	Santa Rosa
	 16,652 
	 17,649 
	 998 
	6%

	Suwannee
	 4,575 
	 6,776 
	 2,201 
	48%

	Walton
	 7,053 
	 12,002 
	 4,949 
	70%

	Washington
	 3,693 
	 6,109 
	 2,416 
	65%


[bookmark: _Toc453054813]Assignment on I-4 By County
Figure 108 and Table 93 display a comparison of the modeled truck volumes on I-4 by county with the comparable truck counts. The modeled volumes along the I-4 corridor fall somewhat below the total count volumes, indicating that the model is likely not capturing at least some truck movement in this corridor. Given the urban nature of this corridor compared to other interstates, particularly in the Orlando area in Orange County, that is likely to include many short hauls, local truck movements that are better represented by a regional truck model such as FreightSIM is designed to integrate with. 
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[bookmark: _Ref446950159][bookmark: _Toc453054961]Figure 108. Modeled truck volume vs. count by county for I-4
[bookmark: _Ref446950183][bookmark: _Toc453055106]Table 93. Modeled truck volume vs. count by county for I-4
	County
	Count
	Model
	Difference
	Percent Difference

	Hillsborough
	 48,728 
	 30,224 
	 (18,504)
	-38%

	Orange
	 16,356 
	 8,036 
	 (8,320)
	-51%

	Polk
	 80,822 
	 45,797 
	 (35,025)
	-43%

	Seminole
	 21,793 
	 11,308 
	 (10,485)
	-48%

	Volusia
	 10,369 
	 6,835 
	 (3,534)
	-34%


[bookmark: _Toc453054814]Assignment on I-75 By County
Figure 109 and Table 94 display a comparison of the modeled truck volumes on I-75 by county with the comparable truck counts. For most sections of I-75, the model matches well with the truck counts. The model exceeds counts in Broward County, and is below counts in Hillsborough County.
[image: ]
[bookmark: _Ref446950310][bookmark: _Toc453054962]Figure 109. Modeled truck volume vs. count by county for I-75
[bookmark: _Ref446950296][bookmark: _Toc453055107]Table 94. Modeled truck volume vs. count by county for I-75
	County
	Count
	Model
	Difference
	Percent Difference

	Alachua
	 8,892 
	 10,743 
	 1,850 
	21%

	Broward
	 18,709 
	 41,551 
	 22,842 
	122%

	Charlotte
	 26,430 
	 22,481 
	 (3,949)
	-15%

	Collier
	 11,120 
	 15,611 
	 4,491 
	40%

	Columbia
	 8,975 
	 10,140 
	 1,165 
	13%

	DeSoto
	 5,046 
	 3,570 
	 (1,475)
	-29%

	Hamilton
	 7,941 
	 8,897 
	 956 
	12%

	Hernando
	 8,291 
	 7,883 
	 (409)
	-5%

	Hillsborough
	 69,214 
	 49,871 
	 (19,343)
	-28%

	Lee
	 38,309 
	 34,469 
	 (3,840)
	-10%

	Manatee
	 43,561 
	 49,113 
	 5,552 
	13%

	Marion
	 23,916 
	 31,128 
	 7,212 
	30%

	Pasco
	 21,210 
	 28,029 
	 6,818 
	32%

	Sarasota
	 52,058 
	 46,238 
	 (5,820)
	-11%

	Sumter
	 23,960 
	 34,297 
	 10,337 
	43%


[bookmark: _Toc453054815]Assignment on I-95 By County
Figure 110 and Table 95 display a comparison of the modeled truck volumes on I-95 by county with the comparable truck counts. As with I-75, most sections of I-95 show a reasonably close match between modeled volumes and truck counts. The model is below counts in absolute terms in Palm Beach County.
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[bookmark: _Ref446950442][bookmark: _Toc453054963]Figure 110. Modeled truck volume vs. count by county for I-95
[bookmark: _Ref446950457][bookmark: _Toc453055108]Table 95. Modeled truck volume vs. count by county for I-95
	County
	Count
	Model
	Difference
	Percent Difference

	Brevard
	 9,387 
	 13,637 
	 4,250 
	45%

	Broward
	 31,975 
	 29,718 
	 (2,257)
	-7%

	Duval
	 19,079 
	 17,262 
	 (1,817)
	-10%

	Flagler
	 7,863 
	 6,889 
	 (973)
	-12%

	Martin
	 6,625 
	 3,812 
	 (2,813)
	-42%

	Miami-Dade
	 588 
	 1,061 
	 473 
	80%

	Nassau
	 12,078 
	 10,622 
	 (1,456)
	-12%

	Palm Beach
	 37,218 
	 26,952 
	 (10,266)
	-28%

	St. Lucie
	 15,854 
	 16,545 
	 691 
	4%

	Volusia
	 13,435 
	 15,210 
	 1,775 
	13%




[bookmark: _Toc453054816]Screenlines
Thirteen screenlines were defined in the Florida highway network, connecting locations where there are permanent classified counters (TTMS locations). Figure 111 and Table 96 shows the comparisons between the modeled volumes and counts for all trucks. For the screenlines with more truck traffic (higher total counts) the comparisons are relatively close, with only North of I-4 (new) showing a significant deviation.   
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[bookmark: _Ref447008412][bookmark: _Toc453054964]Figure 111. TOTAL trucks by screenline
[bookmark: _Ref447008423][bookmark: _Toc453055109]Table 96. Modeled truck volume vs. count by screenline, Total Trucks
	Screenline Number
	Screenline Name
	Count
	Model
	Difference
	Percent Difference

	1
	Southern N/S
	 18,060 
	 17,539 
	 (521)
	-3%

	2
	North of I-4 (old)
	 25,890 
	 27,039 
	 1,149 
	4%

	3
	Aucilla River
	 6,076 
	 7,245 
	 1,169 
	19%

	4
	Pensacola
	 1,106 
	 944 
	 (162)
	-15%

	5
	Apalachicola River
	 1,352 
	 174 
	 (1,178)
	-87%

	6
	South of Tallahassee
	 1,276 
	 553 
	 (723)
	-57%

	7
	Jacksonville
	 10,374 
	 9,307 
	 (1,067)
	-10%

	8
	North of I-4 (new)
	 14,566 
	 20,344 
	 5,778 
	40%

	9
	South of I-4
	 18,702 
	 17,573 
	 (1,129)
	-6%

	10
	Peninsula E/W
	 18,042 
	 20,007 
	 1,965 
	11%

	11
	Panhandle N/S
	 3,442 
	 1,755 
	 (1,687)
	-49%

	12
	External
	 40,748 
	 36,410 
	 (4,338)
	-11%

	13
	North Florida N/S
	 12,512 
	 10,101 
	 (2,411)
	-19%


Figure 112 and Table 97 show similar comparisons for just medium (single unit) trucks. Their much lower volume (in comparison with total and heavy trucks) leads to much higher variability in both counts and modeled volumes, but most of the screenlines with higher volumes are still reasonably close. 
[image: ]
[bookmark: _Ref447008414][bookmark: _Toc453054965]Figure 112. Medium trucks by screenline
[bookmark: _Ref447008424][bookmark: _Toc453055110]Table 97. Modeled truck volume vs. count by screenline, Medium Trucks
	Screenline Number
	Screenline Name
	Count
	Model
	Difference
	Percent Difference

	1
	Southern N/S
	 2,426 
	 2,575 
	 149 
	6%

	2
	North of I-4 (old)
	 1,336 
	 1,801 
	 465 
	35%

	3
	Aucilla River
	 332 
	 379 
	 47 
	14%

	4
	Pensacola
	 176 
	 49 
	 (127)
	-72%

	5
	Apalachicola River
	 154 
	 12 
	 (142)
	-92%

	6
	South of Tallahassee
	 262 
	 44 
	 (218)
	-83%

	7
	Jacksonville
	 524 
	 548 
	 24 
	5%

	8
	North of I-4 (new)
	 900 
	 1,360 
	 460 
	51%

	9
	South of I-4
	 1,422 
	 1,814 
	 392 
	28%

	10
	Peninsula E/W
	 2,344 
	 1,700 
	 (644)
	-27%

	11
	Panhandle N/S
	 614 
	 201 
	 (413)
	-67%

	12
	External
	 1,688 
	 1,496 
	 (192)
	-11%

	13
	North Florida N/S
	 956 
	 584 
	 (372)
	-39%


Figure 113 and Table 98 show the comparisons for heavy trucks. In the case, the results are very similar to the total trucks results shown above, since the majority of both total count and modeled truck volume is accounted for by heavy trucks.
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[bookmark: _Ref447008415][bookmark: _Toc453054966]Figure 113. Heavy trucks by screenline
[bookmark: _Ref447008426][bookmark: _Toc453055111]Table 98. Modeled truck volume vs. count by screenline, Heavy Trucks
	Screenline Number
	Screenline Name
	Count
	Model
	Difference
	Percent Difference

	1
	Southern N/S
	 15,634 
	 14,964 
	 (670)
	-4%

	2
	North of I-4 (old)
	 24,554 
	 25,238 
	 684 
	3%

	3
	Aucilla River
	 5,744 
	 6,866 
	 1,122 
	20%

	4
	Pensacola
	 930 
	 895 
	 (35)
	-4%

	5
	Apalachicola River
	 1,198 
	 162 
	 (1,036)
	-86%

	6
	South of Tallahassee
	 1,014 
	 509 
	 (505)
	-50%

	7
	Jacksonville
	 9,850 
	 8,759 
	 (1,091)
	-11%

	8
	North of I-4 (new)
	 13,666 
	 18,984 
	 5,318 
	39%

	9
	South of I-4
	 17,280 
	 15,759 
	 (1,521)
	-9%

	10
	Peninsula E/W
	 15,698 
	 18,307 
	 2,609 
	17%

	11
	Panhandle N/S
	 2,828 
	 1,554 
	 (1,274)
	-45%

	12
	External
	 39,060 
	 34,914 
	 (4,146)
	-11%

	13
	North Florida N/S
	 11,556 
	 9,517 
	 (2,039)
	-18%


[bookmark: _Toc453054817]Scatter plots
Figure 114 and Figure 115 show scatterplots comparing the trucks counts at TTMS locations with modeled volumes for heavy trucks and all trucks respectively. The green line indicates the x=y line, i.e. where truck counts equal modeled volume, and the black line is a line of best fit drawn through the origin to give an indication of the fit between the counts and modeled volumes. The R2 shown on the chart indicates how well the modeled volumes explain the observed variability in the traffic counts. 

[image: ]
[bookmark: _Ref447009253][bookmark: _Toc453054967]Figure 114. Heavy Truck Count vs. Modeled Volumes at TTMS Locations
[image: ]
[bookmark: _Ref447009254][bookmark: _Toc453054968]Figure 115. Total Truck Count vs. Modeled Volumes at TTMS Locations

[bookmark: _Ref445653652][bookmark: _Toc379976031][bookmark: _Toc453054818]future and interim forecasts
This chapter discusses the development of future forecasts for 2040 and documents model outputs for 2040. In addition, the current approach for developing interim year (between the 2010 base year and the 2040 future year) is covered.
[bookmark: _Toc453054819]SIS 2040 scenario
The future scenario developed to accompany the base scenario is included in the FLSWM as the SIS 2040 scenario. It represents an expected (planned) future scenario, incorporating the central projected employment forecasts and commodity flow forecasts as well as the planned highway improvements adopted as part of FDOT’s long range planning process (FDOT 2014a, FDOT 2014b, and FDOT 2014c). The next two sections discuss these future employment and commodity flow assumptions. Two other aspects of the SIS 2040 scenario that are important to note:
· FDOT does not have an equivalent set of planning multimodal improvement projects analogous to those for highways, so the future freight (non-highway) network is identical to the base year freight network. Any capacity expansions or new facilities can be tested in FreightSIM and the FLSWM as an alternative scenario where users would edit the network to describe new projects.
· Other assumptions and parameters used in the base year scenario, such as the patterns of trade between industries, assumptions about shipment size and distribution channels used, and payload factors are maintained in the SIS 2040 scenario. Alternative futures, where for example larger trucks that are operated will allow for higher payloads, can be evaluated in FreightSIM and the FLSWM as alternative scenarios.
[bookmark: _Toc453054820]Future employment inputs
As described earlier in the model documentation in the section on firm synthesis, FreightSIM uses business establishment data derived from the InfoUSA database as a base year input to firm synthesis. However, no equivalent future point business establishment database is available. Instead, FreightSIM uses the FLSWM’s TAZ employment by industrial category to update the base year firm synthesis to represent future conditions. The change in employment between the 2010 TAZ employment and 2040 TAZ employment provides the number of new jobs (or removed jobs) by industry over the 30 year time horizon by industry in each TAZ. The firm synthesis in FreightSIM adds or subtracts employees from the synthesized firms that fall within the three industrial groupings to match forecasted employment in 2040. 
Other aspects of the firm synthesis, such as the distribution of firm sizes and the breakdown of detailed industrial categories within the aggregate industrial categories used in the TAZ employment data, are held constant over time. In addition, employment outside of Florida is not forecast for 2040, as the synthesized firms are used as shipment endpoints to which commodity flows are allocated and as such, the commodity flow data effectively accounts for the relative changes in employment between the larger spatial units used outside Florida.
Figure 116 and Table 99 summarize the FLSWM’s base (2010) and future (2040) employment data by industrial category. Service industry in the largest of the three sectors in 2010 used and is forecasted to have the largest growth in absolute terms, adding 1.75 million jobs. However, industrial employment, the smallest of the three sectors in forecasted year to have the highest percentage growth, at 57%, compared to 38% for service employment and 32% for commercial employment. Overall, the model assumes growth of 39% in employment.
[image: ]
[bookmark: _Ref447090343][bookmark: _Toc453054969]Figure 116. Florida Employment by industrial type in 2010 and 2040
[bookmark: _Ref447090354][bookmark: _Toc453055112]Table 99. Florida Employment by industrial type in 2010 and 2040
	Employment Types
	Base (2010)
	Future (2040)
	Growth
	Percent Growth

	Industrial
	 1,690,610 
	 2,648,216 
	 957,606 
	57%

	Commercial
	 3,467,391 
	 4,576,016 
	 1,108,625 
	32%

	Service
	 4,707,511 
	 6,492,270 
	 1,784,759 
	38%

	Total
	 9,865,512 
	 13,716,502 
	 3,850,990 
	39%


[bookmark: _Toc453054821]Future commodity flow forecasts
FreightSIM’s base year commodity flows are developed from the FAF3 data, with adjustments made to better reflect the flows within Florida according to the Transearch data for Florida developed for FDOT by IHS. For the future commodity flow forecasts, FreightSIM used the central growth rate forecast produced by IHS and applies that to the adjusted base year data. 
Figure 117 and Table 100 summarize FreightSIM’s commodity flow inputs for the base (2010) and future (2040) years by “market”, i.e., commodity flows entirely within Florida, those from outside Florida to a destination in Florida, and those originating within Florida to a destination outside Florida. Flows from Florida are forecasted most quickly, doubling over the forecast horizon, while flows to and within Florida are forecasted to increase by around 50%. Given that flows within Florida predominate in terms of tonnage moved, the overall increase forecasted is 52%, from 900 million tons to 1,400 million tons.
[image: ]
[bookmark: _Ref447092715][bookmark: _Toc453054970]Figure 117. Commodity Flows by Market in 2010 and 2040
[bookmark: _Ref447092659][bookmark: _Toc453055113]Table 100. Commodity Flows by Market in 2010 and 2040
	Market
	Base (2010)
	Future (2040)
	Growth
	Percent Growth

	Within FL
	 674,943,707 
	 987,082,036 
	 312,138,329 
	46%

	To FL
	 172,320,192 
	 257,868,721 
	 85,548,529 
	50%

	From FL
	 75,949,608 
	 156,216,086 
	 80,266,478 
	106%

	Total
	 923,213,507 
	 1,401,166,843 
	 477,953,336 
	52%


[bookmark: _Toc453054822]FreightSIM SIS 2040 outputs
FreightSIM’s future year outputs are included in the SIS 2040 scenario’s output directory using the same file naming convention as the base year outputs. A detailed list of the outputs is included in the chapter of this model documentation that describes the model database. This section compares output statewide activity in relation to the input employment and commodity flow growth.
Figure 118 and Table 101 summarize FreightSIM’s estimate of truck vehicle miles traveled in Florida for the base (2010) and future (2040) years by truck class (medium and heavy trucks) and in total (i.e., all freight trucks). The overall growth in vehicle miles traveled is 47%, which is aligned very closely with the growth in heavy trucks (which account for most freight truck vehicle miles traveled).
[image: ]
[bookmark: _Ref447096083][bookmark: _Toc453054971]Figure 118. Truck Vehicle Miles Traveled by truck class in 2010 and 2040
[bookmark: _Ref447096097][bookmark: _Toc453055114]Table 101. Truck Vehicle Miles Traveled by truck class in 2010 and 2040
	Truck Class
	Base (2010)
	Future (2040)
	Growth
	Percent Growth

	Medium Trucks
	 1,682,879 
	 2,145,877 
	 462,998 
	28%

	Heavy Trucks
	 16,538,015 
	 24,557,870 
	 8,019,855 
	48%

	All Freight Trucks
	 18,220,894 
	 26,703,747 
	 8,482,853 
	47%


Table 102 compares the growth in the major inputs that lead to the forecasts of truck activity with the growth in forecasted truck vehicle miles traveled to 2040. 
As noted above, employment is forecasted to grow by 39% and commodity flows by a slightly higher amount of 52% (indicating some increases in consumption per capita and employment productivity per capita over time, as is expected to support growth in the economy). 
The growth in freight truck vehicle miles traveled, at 47%, is very close to the overall forecast commodity flow growth. The small difference is due to details in the forecasts such as the spatial location of growth and mode shifts over time, but overall freight truck activity will track closely to commodity flow growth under the “business as usual” assumptions that are part of this SIS 2040 future scenario.
[bookmark: _Ref447096604][bookmark: _Toc453055115]Table 102. Comparison of employment, commodity Flow, and VMT growth
	Data Item
	Base (2010)
	Future (2040)
	Growth
	Percent Growth

	Employment
	 9,865,512 
	 13,716,502 
	 3,850,990 
	39%

	Commodity Flow
	 923,213,507 
	 1,401,166,843 
	 477,953,336 
	52%

	Freight Truck VMT
	 18,220,894 
	 26,703,747 
	 8,482,853 
	47%


[bookmark: _Toc453054823]Interim year forecasts
As currently released, the FLSWM contains a single future year scenario for 2040. However, FreightSIM was designed to support interim year forecasts via an interpolation approach. The firm synthesis model is capable of growing the base year firm synthesis to any interim year employment TAZ forecast included in the FLSWM. FreightSIM can also interpolate between commodity flow forecasts for a specific interim year. These two aspects of the model are discussed in this section.
Other aspects of the FLSWM, such as the highway network, would also require development to support an interim year scenario. The FLSWM v6.0 model documentation describes the development of the 2040 highway network. A similar approach to that would network development effort would be followed to develop interim year highway networks.
[bookmark: _Toc453054824]Interim year firm synthesis
The first of the FreightSIM components that produces interim year outputs is the firm synthesis model. This model takes two inputs: 
(1) The business establishment file, “F_DATA_EMP_CBP.CSV” derived from InfoUSA, County Business Patterns, and LEHD data and described in Chapter 7.0
(2) The FLSWM socioeconomic ZDATA file, e.g., Zonedata_B10.dbf and Zonedata_B40.dbf. This includes TAZ level job numbers for each of the three job categories used in the FLSWM, Industrial, Commercial, and Service.
While there is not a business establishment file for interim years (or the future year, as noted above in the discussion of future year input), FreightSIM uses the FLSWM’s TAZ employment by industrial category to update the base year firm synthesis to represent future conditions. 
The change in employment between the 2010 TAZ employment and 2040 TAZ employment provides the number of new jobs (or removed jobs) by industry over the 30 year time horizon by industry in each TAZ. The firm synthesis in FreightSIM adds or subtracts employees from the synthesized firms that fall within the three industrial groupings to match forecasted employment in 2040. 
For interim years, a similar approach is taken. If just a 2040 socioeconomic file is available in the model (as is the case in the current version), the interim year change in employment by industry by TAZ will be interpolated between the 2010, base year value and that for 2040. Then the firm synthesis in FreightSIM adds or subtracts employees from the synthesized firms that fall within the three industrial groupings to match that interim forecasted employment. 
If additional, interim socioeconomic files are added to the model then those can be used as interim year employment totals that the firm synthesis will match to. If the interim year does not match the interim socioeconomic file’s year (for example, the new socioeconomic data are for 2025 and interim year being run in the model is 2020), the model can be set up to interpolate accordingly (i.e., to 2020 by interpolating between 2010 to 2025.
[bookmark: _Toc453054825]Interim year commodity flows
As explained above in the discussion of future year commodity flow inputs, FreightSIM’s commodity flow inputs are a combination of FAF3 data (to describe the base year commodity flows) and then growth rates derived from the Transearch data developed for FDOT by IHS. The two files are:
(3) F_data_faf_flow.csv in the base scenario inputs folder. This file, based on the FAF3 data, includes commodity flows by origin and destination FAF zone and commodity
(4) F_data_faf_flow.csv in the future (SIS 2040) scenario inputs folder. This file, based on the base year, FAF3 data, and the Transearch data, includes forecasted 2040 commodity flows by origin and destination FAF zone and commodity
As with the employment data inputs, FreightSIM, interim year commodity flows inputs can be produced for years between 2010 and 2040, by linear interpolation by commodity and origin-destination pair combination for the interim year desired between 2010 and 2040. It would also be possible to prepare interim year input files in a similar way to interim year socioeconomic data files, by using the Transearch data and interim forecasts that it contains.


[bookmark: _Ref449883192][bookmark: _Toc453054826]scenario testing in FreightSIM
[bookmark: _Toc423518845]This section of the document explains how to undertake scenario testing in FreightSIM, including how to create scenarios. It provides three examples of how to set up three particular scenarios; each example scenario includes descriptions of how to configure model inputs and run-time parameters to perform the model run and then the steps to conduct a meaningful analysis of results after the run are also presented. The chapter also explains how to use the scenario reporting tools in FreightSIM. 
FreightSIM is multimodal and able to evaluate the impacts on performance of the system to various infrastructure projects including highway capacity projects, port capacity projects such as adding terminals, and improving access/egress to ports, and transfer facility projects such as adding intermodal terminals or distribution centers.
[bookmark: _Toc453054827]Create a new scenario
The FLSWM has two base scenarios, a 2010 Base Year Scenario and a 2040 SIS Future Year Scenario. To testing additional scenarios in the FLSWM, follow these steps:
1) First, open the model catalog (”.cat”) file.
2) In the Scenarios window, right-Click the “Base” Scenario and select “Add Child” (Figure 119)
[image: ]
[bookmark: _Ref451510419][bookmark: _Toc453054972]Figure 119: Adding a Scenario
3) Type the scenario name (for instance “Test”) and press Enter. The scenario names cannot be blank or start with a number
4) In the Scenario Properties window, set a scenario code (or use the default one) and click “OK” and the scenario manager window will pop-up for the new scenario.
5) Change the settings as needed to run the FreightSIM (as described in Section 8), press “Close”, and save changes (Figure 120).
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[bookmark: _Ref451510650][bookmark: _Toc453054973]Figure 120: Run Settings
6) Open Windows Explorer and find the //Base/ folder. The “Test” folder is found here. The “Test” folder is currently empty; to provide the necessary files, simply copy and paste the Input and Output files found in the base folder (Figure 121).
[image: ]
[bookmark: _Ref451516203][bookmark: _Toc453054974]Figure 121: Base scenario Input and OUTPUT folders
7) Return to the Cube Voyager application window. Open the scenario manager and initiate a model run by clicking the “Run” button.
[bookmark: _Toc453054828]Addressing ErroRs when running a new scenario
There are several initial checks to conduct if the model does not run to completion:
· Do you have the required administrative rights to install and run the model?
· What is the “ReturnCode” number? “ReturnCode” 2 is a fatal error; in this case, view the error report which may include some descriptive error messages that allow the issue to be debugged.
· Is the name of the scenario correct? Cube does not allow:
· Starting a scenario name with numbers (i.e., 01_scenario is not allowed, but scenario_01 is OK)
· Special characters (like space “ “ or -, +, etc. ) (use underscore (“_”) instead)
· Names that are too long
[bookmark: _Toc453054829]Scenario 1 - What will happen if A Port’s Capacity is Expanded?
[bookmark: _Toc453054830]Scenario overview
Sea ports are key to Florida’s import and export freight movements and port expansion (increasing capacity and handled tonnage) could alter import and export flows through other ports and through the State of Florida. The idea of this example scenario is to evaluate the impacts of a port’s expansion on Florida’s modal shifts, import and export movements and other Florida port’s freight movements.
In this scenario, the impacts of expanding the Jacksonville port on freight movements are evaluated. It is expected that with increasing throughput tonnage handled by the Jacksonville port, there will be some modal shifts and changes to other port’s commodity tonnages handled. Shifts in the movement of goods could occur in several ways. For instance, goods moving from a particular foreign origin to a particular Florida destination may simply be rerouted over the expanded port to take advantage of changes in capacity or time. This rerouting may also be modal (e.g. switching between trucking, rail, and barge). If the expansion includes expanding on-dock rail services, it will reduce truck trips to/from the port (in this example scenario, the expansion means increasing the 2010 total tons handled by the port).
In order to run this scenario in the model, minor changes are required in the input files as described below. The model user should review various outputs to evaluate the expected outcomes. These are described in detail in the following subsections.
[bookmark: _Toc453054831]Setting up the scenario
In order to change the Jacksonville Port tons in the model, do the following:
1) Open Windows Explorer and find the //Base/Input folder. Then open the “F_data_flports.csv” file.
[image: ]
[bookmark: _Toc453054975]Figure 122: location of F_DATA_FLPORTS.CSV File
2) Change the “MTons2010” from 19.42 to 33.3 (Figure 123).
[image: ]
[bookmark: _Ref451516704][bookmark: _Toc453054976]Figure 123: Change to F_data_flports.csv
3) Save the changes to the “F_data_flports.csv” file and close it.
[bookmark: _Toc453054832]Running the model
First, open the catalog (.cat file). Then select the newly created scenario from the “Scenario” menu tab on the top left and right click select “Edit/Run Scenario” option (Figure 124). One the dialog opens, check and update the options on the “Keys Window”.
[image: ]
[bookmark: _Ref451517060][bookmark: _Toc453054977]Figure 124: selecting a scenario to edit/run
To run the entire freight model from start to finish check the top box as shown in Figure 125. Check the “Model Year (two-digit)” value under “Alternative Information” to be the desired scenario year to be run. Check only the “Highway Network” and “Final Assignment” box steps as shown below as now you are only running the FreightSIM model and the other passenger model steps do not need to run.
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[bookmark: _Ref451517133][bookmark: _Toc453054978]Figure 125: scenario settings
Then click “Run” and the FreightSIM model starts to run and the task monitor window will pop up.
[bookmark: _Toc453054833]Analyzing scenario outputs
After the model run has finished successfully, the results can be reviewed and compared with the base scenario outputs (or outputs from other scenario). In this case, it is expected that there will be changes in the port’s import and export tonnages. 
Review and comparison of port import/export tons
The results can also be compared with the base scenario outputs to find out how ports import/export tonnages have been changed.
In order to compare port import/export tons between the scenario run outputs and the base model outputs, do the following:
1) Open Windows Explorer and find the //Base/Output folder. 
2) Open the “F_06_modepath_portimpexptonsfl.csv” file in excel and copy the table into a new excel spreadsheet (Figure 126). 
[image: ]
[bookmark: _Ref451520864][bookmark: _Toc453054979]Figure 126: Base Scenario, screenshot of F_06_modepath_portimpexptonsfl.csv
3) Open the Windows Explorer and find the //Base/Test/Output folder. 
4) Open the “F_06_modepath_portimpexptonsfl.csv” file in excel and copy the table into the same excel spreadsheet opened before (Figure 126). 
[image: ]
[bookmark: _Ref451520898][bookmark: _Toc453054980]Figure 126: Test Scenario, screenshot of F_06_modepath_portimpexptonsfl.csv
5) Calculate the percent difference for each port and trade type (import, export and domestic) (Table 103).
[bookmark: _Ref451520937][bookmark: _Toc453055116]Table 103: Port Import/Export Tonnages By Trade Type 
	PortName
	Domestic
	Export
	Import

	 Canaveral 
	- 
	- 
	-6%

	 Everglades 
	12%
	-3%
	-1%

	 Fernandina 
	- 
	-60%
	- 

	 Fort Pierce 
	- 
	- 
	-39%

	 Jacksonville 
	57%
	5%
	4%

	 Manatee 
	- 
	- 
	4%

	 Miami 
	40%
	0%
	-1%

	 Palm Beach 
	-100%
	10%
	16%

	 Tampa 
	1%
	-1%
	-1%

	Total
	17%
	1% 
	1% 


[bookmark: _Toc451772508][bookmark: _Toc451772980][bookmark: _Toc451773309][bookmark: _Toc453046100][bookmark: _Toc451772509][bookmark: _Toc451772981][bookmark: _Toc451773310][bookmark: _Toc453046101][bookmark: _Toc451772510][bookmark: _Toc451772982][bookmark: _Toc451773311][bookmark: _Toc453046102][bookmark: _Toc451772511][bookmark: _Toc451772983][bookmark: _Toc451773312][bookmark: _Toc453046103][bookmark: _Toc451772512][bookmark: _Toc451772984][bookmark: _Toc451773313][bookmark: _Toc453046104][bookmark: _Toc451772513][bookmark: _Toc451772985][bookmark: _Toc451773314][bookmark: _Toc453046105][bookmark: _Toc451772514][bookmark: _Toc451772986][bookmark: _Toc451773315][bookmark: _Toc453046106][bookmark: _Toc451772515][bookmark: _Toc451772987][bookmark: _Toc451773316][bookmark: _Toc453046107][bookmark: _Toc451772516][bookmark: _Toc451772988][bookmark: _Toc451773317][bookmark: _Toc453046108][bookmark: _Toc451772517][bookmark: _Toc451772989][bookmark: _Toc451773318][bookmark: _Toc453046109][bookmark: _Toc451772518][bookmark: _Toc451772990][bookmark: _Toc451773319][bookmark: _Toc453046110][bookmark: _Toc451772519][bookmark: _Toc451772991][bookmark: _Toc451773320][bookmark: _Toc453046111][bookmark: _Toc451772520][bookmark: _Toc451772992][bookmark: _Toc451773321][bookmark: _Toc453046112][bookmark: _Toc451772521][bookmark: _Toc451772993][bookmark: _Toc451773322][bookmark: _Toc453046113][bookmark: _Toc451772522][bookmark: _Toc451772994][bookmark: _Toc451773323][bookmark: _Toc453046114][bookmark: _Toc451772523][bookmark: _Toc451772995][bookmark: _Toc451773324][bookmark: _Toc453046115][bookmark: _Toc451772524][bookmark: _Toc451772996][bookmark: _Toc451773325][bookmark: _Toc453046116][bookmark: _Toc451772525][bookmark: _Toc451772997][bookmark: _Toc451773326][bookmark: _Toc453046117][bookmark: _Toc451772526][bookmark: _Toc451772998][bookmark: _Toc451773327][bookmark: _Toc453046118][bookmark: _Toc451772527][bookmark: _Toc451772999][bookmark: _Toc451773328][bookmark: _Toc453046119][bookmark: _Toc451772528][bookmark: _Toc451773000][bookmark: _Toc451773329][bookmark: _Toc453046120][bookmark: _Toc451772529][bookmark: _Toc451773001][bookmark: _Toc451773330][bookmark: _Toc453046121][bookmark: _Toc451772530][bookmark: _Toc451773002][bookmark: _Toc451773331][bookmark: _Toc453046122][bookmark: _Toc423518844][bookmark: _Toc453054834]SCENARIO 2 - What will happen if one region’s employment and economy changes dramatically in future?
[bookmark: _Toc453054835]Scenario overview
Employment growth fuels demand for freight transportation. Dramatic changes in employment and economy for a region might have dramatic impacts on freight movements in the region. It is important to understand the impacts of large employment changes (e.g. strong economic growth predicted in part of the state, leading to employment growth in one area exceeding growth rates in other areas) on freight movements. For instance, building a large manufacturing plant in a county puts a large number of trucks on the road network to deliver the plant’s products and provide materials to it. The idea of this example scenario is to evaluate how such an employment and commodity flow change in a FAF zone inside Florida impacts freight movements in the state.
This example scenario is about comparing the future model run with a newly built alternative future scenario. It is expected that with increasing employment and commodity flow, there will be some modal shifts and changes to commodity tonnages moved. For this example scenario, FAF zone 124 (Tampa) has been selected and the future (2040) employment and commodity flows originating from that zone have been doubled (100% increase). This selected zone generally overlaps matches with FDOT District 7 (Citrus, Hernando, Hillsborough, Pasco, and Pinellas counties) although it does not include Citrus County.
In order to run this example scenario in the model, changes are required in the input files as described below. The model user should review various outputs to evaluate the expected outcomes as described below.
[bookmark: _Toc453054836]Setting up the scenario
In order to change the Tampa FAF zone commodity flow and employment in the model, do the following:
1) Open the ”Base\SIS2040\Input” folder inside the model folder (Figure 128).
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[bookmark: _Ref451523500][bookmark: _Toc453054981]Figure 128: Location of thE F_data_faf_flow.csv in the inputs folder
2) Open the “F_data_faf_flow.csv” file in excel (Figure 129). This file has the forecasted 2040 FAF flows by SCTG commodity, origin and destination FAF zones, and trade types. In order to make the desired changes do the following:
a. Select all rows that the “oFAFZONE”, origin FAF zone, equals 124.
b. Increase all tons and value columns for the selected rows by 100%.
c. Close the new input csv file and save the changes (overwrite the existing csv file).
[image: ]
[bookmark: _Ref451523638][bookmark: _Toc453054982]Figure 129: Commodity flow input, F_data_faf_flow.csv
3) Open the “Base\SIS2040\Input” folder (Figure 128).
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[bookmark: _Ref451523721][bookmark: _Toc453054983]Figure 128: Location of thE Zonedata_B40.dbf in the inputs folder
4) Open “Zonedata_B40.dbf” file in excel (Figure 131). This file has the employment forecasts (2040) by Florida counties and districts. In order to make the desired changes do the following:
a. Select all rows that the “COUNTY” column is Hernando or Hillsborough or Pasco, or Pinellas. These are the counties that correspond to FAF zone 124 selected for this example scenario.
b. Increase all employment columns (“IND_EMP “, “COMM_EMP “, “SERV_EMP “, “TOT_EMP “) for the selected counties by 100%.
c. Close the new input csv file and save the changes (overwrite the existing csv file).
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[bookmark: _Ref451523844][bookmark: _Toc453054984]Figure 131: employment Input, Zonedata_B40.dbf
[bookmark: _Toc453054837]Running the model
First, open the catalog (.cat) file. Then select the newly created scenario from the “Scenario” menu tab on the top left and right click select “Edit/Run Scenario” option (Figure 132) and change options on the “Keys Window.
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[bookmark: _Ref451524153][bookmark: _Toc453054985]Figure 132: selecting a scenario to edit/run
To run the entire freight model from start to finish check the top box as shown in Figure 133. Check the “Model Year (two-digit)” value under “Alternative Information” to be the desired scenario year to be run. Check only the “Highway Network” and “Final Assignment” box steps as shown below as now you are only running the FreightSIM model and the other passenger model steps do not need to run.
[image: ]
[bookmark: _Ref451524283][bookmark: _Toc453054986]Figure 133: scenario settings
Then click “Run”, the FreightSIM model starts to run and the task monitor window will pop up.
[bookmark: _Toc453054838]Analyzing scenario outputs
After the model run has finished successfully, the results can be reviewed and compared with the “future year” scenario outputs (SIS2040). This section describes how to conduct an example analysis using the outputs from this scenario
Review and comparison of number of trips by origin/destination district
In order to compare the number of trips by FDOT district between the scenario run outputs and the base model outputs, do the following:
1) Open Windows Explorer and find the //Base/ SIS2040/Output folder.
2) Open the “F_07_trip_odistrict.csv” file in excel and copy the table into a new excel spreadsheet (Figure 134). 
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[bookmark: _Ref451524976][bookmark: _Toc453054987]Figure 134: Trips by district in the base, F_07_trip_odistrict.csv
3) Open the Windows Explorer and find the //Base/ SIS2040/Test/Output folder. 
4) Open the “F_07_trip_odistrict.csv” file in excel and copy the table into the same excel spreadsheet opened before (Figure 135). Calculate the percent difference for each column (e.g. “Trips”).
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[bookmark: _Ref451525740][bookmark: _Toc453054988]Figure 135: Trips by district in the alternative scenario, F_07_trip_odistrict.csv
5) Repeat steps 1 through 4 for “F_07_trip_ddistrict.csv” file. Table 104 and Table 105 show the percent changes in trips between the scenarios.
[bookmark: _Ref423945319][bookmark: _Toc453055117]Table 104: Percent Changes in trips by Origin District
	oDistrict
	oDistName
	Trips
	PctTrips

	1
	 Central Florida 
	-3.4%
	-0.6%

	2
	 Northeast Florida 
	5.1%
	0.6%

	3
	 Northwest Florida 
	33.3%
	2.1%

	4
	 South Florida 
	-4.8%
	-1.1%

	5
	 Southeast Florida 
	-1.0%
	-0.3%

	6
	 Southwest Florida 
	-8.5%
	-1.4%

	7
	 West Central Florida 
	5.2%
	0.7%


[bookmark: _Ref424306629][bookmark: _Toc453055118]Table 105: Percent Changes in trips by Destination District
	dDistrict
	dDistName
	Trips
	PctTrips

	1
	 Central Florida 
	-3.1%
	-0.5%

	2
	 Northeast Florida 
	7.9%
	1.0%

	3
	 Northwest Florida 
	15.3%
	1.0%

	4
	 South Florida 
	-4.8%
	-1.0%

	5
	 Southeast Florida 
	0.3%
	-0.1%

	6
	 Southwest Florida 
	-7.4%
	-1.2%

	7
	 West Central Florida 
	5.9%
	0.9%
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[bookmark: _Toc453054840]Scenario overview
Freight modes often compete in terms of cost, speed, time, and security. Of these variables, cost is often one of the most important considerations in mode selection. While short distance movements often procure trucking services because of their flexibility and cost compared to other modes, rail and truck compete for long distance shipments, especially lower value goods. The level of competition across modes shifts over time based on changes in the costs associated with each mode. Therefore, it is important to understand and forecast the implications of cost variation on the freight network.
The goal of this example scenario is to evaluate how a rail cost reduction affects modal shifts and commodity flows. Reduction in rail mode charge may result in the selection of rail over other modes if the suggested decrease in cost is sufficient to render rail more a desirable in the competition against other modes. FreightSIM is a scenario-modeling tool and supports this type of modal cost change tests by altering input files, running the scenario, and evaluating the results.
To run this scenario in the model, the user must make minor adjustments to the input parameters script. The following subsections demonstrated how to make these changes to run the scenario. After running the scenario, the user must review the outputs to evaluate the forecasted outcomes. 
[bookmark: _Toc453054841]Setting up the scenario
In order to change the rail mode charges in the model, do the following:
1) Open the “Applications” folder and then open the “F_0a_Declare_Variables.R” script (Figure 136). This script has the variables defined for use in the model, grouped by model step, with overall model flow/control variables listed as well.
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[bookmark: _Ref451526253][bookmark: _Toc453054989]Figure 136: Location of the F_0a_Declare_Variables.R script
2) Make sure that the “model mode” in line 41 of the code is set to “Application” (Figure 137). This controls whether the model uses previously saved parameters or to iterate/self-calibrate individual models.
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[bookmark: _Ref451526289][bookmark: _Toc453054990]Figure 137: Setting model mode to application in the F_0a_Declare_Variables.R script
3) Change the “Path Parameters” on lines 67, 71 and 72 (Figure 138). The path parameters listed in this code are specific costs for mode specific rates and handlings fees. The rail mode related charges are “IMXHandFee”, “CarloadRate”, and “IMXRate”.  Table 106 below summarizes the change in charges by path parameter.
[bookmark: _Ref451773872][bookmark: _Toc453055119]Table 106: Rail-Mode cost Changes
	Rail-Mode Related Charge
	Path Parameters
	Change in Charges

	IMXHandFee
	Intermodal lift charge ($ per ton)
	“15” to “7.5”

	CarloadRate
	Line-haul charge, carload ($ per ton-mile)
	“15” to “7.5”

	IMXRate
	Line-haul charge, intermodal ($ per ton-mile)
	“0.04” to “0.02”



[image: ]
[bookmark: _Ref451526429][bookmark: _Toc453054991]Figure 138: editing cost assumptions in the F_0a_Declare_Variables.R script
4) Save the changes to the “F_0a_Declare_Variables.R” script and close the file.
[bookmark: _Toc453054842]Running the model
First, open the catalog and select the newly created scenario from the “Scenario” menu tab on the top left and right click, select “Edit/Run Scenario” option (Figure 139), and change options on the “Keys Window”.
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[bookmark: _Ref451526696][bookmark: _Toc453054992]Figure 139: selecting a scenario to edit/run
To run the entire freight model from start to finish check the top box as shown below. Check the “Model Year (two-digit)” value under “Alternative Information” to be the desired scenario year to be run. Check only the “Highway Network” and “Final Assignment” box steps as shown in Figure 140 as now you are only running the FreightSIM model and the other passenger model steps do not need to run.
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[bookmark: _Ref451527024][bookmark: _Toc453054993]Figure 140: scenario settings
Then click “Run” and the FreightSIM model starts to run and the task monitor window will pop up.
[bookmark: _Toc453054843]Analyzing scenario outputs
After the model run has finished successfully, the results can be reviewed and compared with the base scenario outputs (or outputs from other scenario). In this case, it is expected that decreasing rail charges will lead to some mode shift to rail. If this happens, the number of trips by each mode will change, and consequently truck volumes will change in magnitude; there will likely will be decreases on routes that compete with rail and increases on facilities that serve as access routes to rail intermodal locations. This section describes how to conduct analyses using the outputs from this scenario. 
Review and comparison of mode shares by tons by segment
In order to compare mode shares by tons between the scenario run outputs and the base model outputs, do the following:
1) Open Windows Explorer and find the //Base/Output folder.
2) Open the “F_06_modepath_loctonsbymode.csv” file in excel and copy the table into a new excel spreadsheet (Figure 141). 
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[bookmark: _Ref451527474][bookmark: _Toc453054994]Figure 141: Tons by mode in the base scenario, F_06_modepath_loctonsbymode.csv
3) Open the Windows Explorer and find the //Base/Test/Output folder. 
4) Open the “F_06_modepath_loctonsbymode.csv” file in excel and copy the table into the same excel spreadsheet opened before.
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[bookmark: _Toc453054995]Figure 142: Tons by mode in the Alternative scenario, F_06_modepath_loctonsbymode.csv
5) Calculate the mode shares by dividing the mode tons by total tons (all modes summed together) for each segment (e.g. “1_Within Florida”, etc.). Then deduct the mode shares calculated for the first table (base run) from the second table (test run) calculated mode shares to calculate the change in mode shares. Table 110 shows the changes in mode shares.
[bookmark: _Ref423684635][bookmark: _Toc453055120]Table 106: Mode Shares change (In percentage of Tons) 
	 Mode
	Within Florida
	Domestic to Florida
	Domestic from Florida
	Import to Florida
	Export from Florida
	Not to or from Florida

	Air
	0.0%
	0.0%
	0.0%
	0.0%
	-0.1%
	0.0%

	Rail
	22.5%
	24.2%
	18.1%
	1.7%
	3.0%
	24.7%

	Truck
	-22.5%
	-9.6%
	-12.1%
	-1.7%
	-2.9%
	-24.4%

	Water
	0.0%
	-14.6%
	-6.0%
	0.0%
	0.0%
	-0.2%


The competition for movements within Florida is between truck and rail, and by cutting rail charges in half about 22% of truck share of tons is shifted to rail. For movements to and from Florida the competition is between truck, rail, and water modes. These are cost-sensitive movements and by reducing rail costs, truck and water mode shares (by ton) are shifted to rail. This is more from water mode (14.6%) for “to Florida” movements and more from truck (12.1%) for “from Florida” movements resulting in 18.1% and 24.2% more rail tons in the new scenario respectively. For import/export movements, the reduced rail charges do not result in large mode shifts but small (< 5%) shifts from truck to rail; in this case truck and rail as a main mode are only available for surface imports and exports, primarily from Mexico or Canada, but the overall import and export market is dominated by the water mode for movements through ports. There is also a large switch to rail from trucks for the “not to or from Florida” segment, which is movements to and from Alabama and Georgia not involving Florida.
Review and comparison of mode shares by tons by segment by commodity
The results can also be compared with the base scenario outputs to find out which commodities had the largest changes in mode shares. It is expected that with decreasing rail charges, the mode shifts to rail mode will be mostly for bulk commodities that are particularly suited to being shipped by the rail.
In order to compare commodity mode shares by tons between the scenario run outputs and the base model outputs, do the following:
1) Open Windows Explorer and find the //Base/Output folder. 
2) Open the “F_06_modepath_modetonsbysctgwfl.csv” file in excel and copy the table into a new excel spreadsheet (Figure 143). 
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[bookmark: _Ref451753911][bookmark: _Toc453054996]Figure 143: Tons by mode and commodity in Florida the base scenario, F_06_modepath_modetonsbysctgwfl.csv
3) Open the Windows Explorer and find the //Base/Test/Output folder. 
4) Open the “F_06_modepath_modetonsbysctgwfl.csv” file in excel and copy the table into the same excel spreadsheet opened before (Figure 144). 
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[bookmark: _Ref451753939][bookmark: _Toc453054997]Figure 144: Tons by mode and commodity in Florida the Alternative scenario, F_06_modepath_modetonsbysctgwfl.csv
5) Calculate the mode shares for each commodity by dividing the mode tons by total tons (all commodities summed together) for each mode (e.g. “Air”, etc.). Deduct the mode shares calculated for the first table (base run) from the second table (test run) calculated mode shares to calculate the change in mode shares.
6) Repeat steps 1 through 5 for the following files: “F_06_modepath_modetonsbysctgffl.csv” and “F_06_modepath_modetonsbysctgtfl.csv”. Table 111 shows the commodities that had contributed most in terms of tonnages to shift towards rail in the new scenario.
[bookmark: _Ref423941929][bookmark: _Toc453055121]Table 111: Commodities with high Mode Shift to rail (In Percentage of Tons)
	SCTG Code
	 Commodity
	Within Florida
	Domestic from Florida
	Domestic to Florida

	12
	Gravel
	33%
	
	

	41
	Waste/scrap
	18%
	
	

	11
	Natural sands
	12%
	
	

	22
	Fertilizers
	
	64%
	

	3
	Other agricultural products
	
	15%
	

	4
	Animal feed
	
	6%
	

	15
	Coal
	
	
	30%

	18
	Fuel oils
	
	
	20%

	19
	Coal-n.e.c.
	
	
	19%

	Total percent change (of all change in total tons)
	63%
	85%
	69%


Note: The percentages are the commodity tons change out of all commodity tons change for each segment. For instance, for within Florida movements the three commodities mentioned in this table account for 63% of rail mode tons change from all rail mode tons change in this segment category.

Review and comparison of highway truck volumes
The results can also be compared with the base scenario outputs to find out what highways had the largest changes in the volume of freight trucks. In order to compare highway truck volumes between two scenarios, do the following:
1) Open Windows Explorer and find the //Base/Output folder.
2) Copy the “FreightValidation_10B.NET” file into a new folder (e.g. “network comparison”).
3) Change the file name to “FreightValidation_10B_Base.NET”.
4) Open Windows Explorer and find the //Base/Test/Output folder
5) Copy the “FreightValidation_10B.NET” file into the “network comparison” folder.
6) Change the file name to “2010HWYLOAD_Scenario1.NET”.
7) Open the “Compare2Assignments_Scenario1.s” in Cube. (Figure 145)
[image: ]
[bookmark: _Ref451757642][bookmark: _Toc453054998]Figure 145: CUBE script for comparing assignment results
8) Click on the “Run” on the top left corner of the Cube window (Figure 146)
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[bookmark: _Ref451757706][bookmark: _Toc453054999]Figure 146: Running the cube script
9) Click on the “Start” button to start executing the script (Figure 147).
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[bookmark: _Ref451757801][bookmark: _Toc453055000]Figure 147: starting the comparison script
10) The “Compare_Scen1.net” file will be created in the “network comparison” folder after the run has finished.
11) Open the “Compare_Scen1.net” file in Cube.
12) Click on the “Multi-Bandwidth…” option under the “Analysis” ribbon (Figure 148).
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[bookmark: _Ref451757849][bookmark: _Toc453055001]Figure 148: creating a multi bandwidth map in cube
13) Change the “Attributes” using the drop-down menu to “TT_1M2” for the first attribute and “TT_2M1” for the second attribute and click on “OK”. Also, change the colors as needed. In the following snapshot, green color is for increase in total freight trucks and red is for decrease in total freight trucks (Figure 149).
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[bookmark: _Ref451757907][bookmark: _Toc453055002]Figure 149: setting the attributes of the bandwidth map
14) In order to add “Intermodal Locations”, click on the “Color” option under the “Home” ribbon. Then, click on “insert” and add “N>400000 & N<499999” to the “Criteria” Change the color, size and style of the nodes as needed. Then click on “Close” (Figure 150).
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[bookmark: _Ref451757959][bookmark: _Toc453055003]Figure 150: Adding nodes to the map
15) A map with colored links will be created (Figure 151).
   [image: ]
[bookmark: _Ref451758007][bookmark: _Toc453055004]Figure 151: Bandwith map showing truck volume changes between scenarios
[bookmark: _Toc453054844]FreightSIM reporting tools
The FreightSIM Reporting Tool is an additional tool added to FreightSIM to facilitate automated reporting. The reporting tool can be run after a scenario is complete (both the FreightSIM freight demand model and the joint freight and passenger highway assignment) and produces a PDF document with summaries of the results from component of FreightSIM as well as truck assignment. The model user has some control of the content of the report, being able to select, for example, which components are included in the report and for which model scenario.
Like FreightSIM, the reporting tool is a set of scripts written in the R open source programming language and could be integrated into FLSWM’s CUBE application manager set up. At this stage, the reporting tool is integrated within the FLSWM’s folder set up along with FreightSIM, but the model user is required to edit a settings file and then double click on a batch file to run the reporting tool. In a future update to the FLSWM, the settings file could be replaced by CUBE catalog keys, with the batch file that executes the reporting tool replaced by a system call from CUBE (identical to that which now launches FreightSIM).
This chapter of the report describes the structure of the reporting tool (file structure, scripts, and other components) and how to install, alter settings, and run the reporting tool. Finally, several screenshots from the PDF report are included.
[bookmark: _Toc453054845]Reporting Tool Structure
The reporting tool is located within the Applications folder of the FLSWM in the FreightSIM_Reports folder (Figure 152). In addition, there are several additional R packages used by the reporting tool that are included in the R folder in the Applications folder alongside the R application and the R packages used by the remainder of FreightSIM.
[image: ]
[bookmark: _Ref452996807][bookmark: _Toc453055005]Figure 152: FreightSIM reports folder in the applications Folder 
There are several files and subfolders within the FreightSIM_Reports folders as shown in Figure 153. The files and subfolders are as follows:
· Resources/
· Contains data and images used in the construction of the report template
· Scripts/
· Functions.R: functions used in the reporting tool to build tables and maps and produce the report
· Main.R: script that contains the main portion of the reporting tool, including management of loading the reporting inputs, structuring the report based on the user settings, and creating and saving the report. It calls functions from Functions.R as needed,
· Spatial.R: script used to prepare spatial inputs to the reporting tool; this is only required when the spatial files used in the model are changed (for example, a new TAZ layer is introduced).
· Shp/
· Contains spatial data such as shapefiles and processed spatial data that is used in the reporting tool.
· F_FreightSIM_Reports.R: script called by the batch file, which in turn calls Main.R
· F_FreightSIM_Reports_User_Settings.R: script containing settings that are intended to be edited by the model user to customize the report and to select the scenario to report.
· FreightSIM_Reports.Rproj: R Project file for using with R Studio (an open source integrated development environment for R, available from https://www.rstudio.com/).
· run_FreightSIM_Reports.bat: a windows batch file that will run the reporting tool.
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[bookmark: _Toc453055006]Figure 153: Contents of the FreightSIM Reports Folder
[bookmark: _Toc453054846]Installing the FreightSIM Reporting Tool
The reporting tool comes preinstalled with FreightSIM within the FLSWM. The Applications/R/library folder contains the installed R packages that are required by the reporting tool. The R packages are the correct versions to match with the version of R that FreightSIM runs with, v3.1.1. The remainder of the reporting tool is contained within the Applications/FreightSIM_Reports folder.
[bookmark: _Toc453054847]Editing the User Settings
The F_FreightSIM_Reports_User_Settings.R script (which is located in the root of the Applications folder) contains settings that are intended to be edited by the model user to customize the report and to select the scenario to report. The script can be edited in any text editor; Figure 154 shows the file being edited in R Studio. 
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[bookmark: _Ref453009718][bookmark: _Toc453055007]Figure 154:  The F_FreightSIM_Reports_User_Settings.R script
The user settings are as follows:
· scenario: path to the scenario from the root of the model catalog. For example, the base scenario is a folder called “Base”, while the SIS2040 scenario is nested below base, so its scenario is “Base/SIS2040”. Note that the name is in quotes, the path is case sensitive and the path separator is a forward slash in R.
· loadedhighway: this is the file name of the loaded highway network produced by the highway assignment model in FLSWM. In the base scenario this is called “2010HWYLOAD”, while in the SIS2040 scenario it is called “2040HWYLOAD”. The model user must enter the name of the output loaded highway network that is consistent with the scenario.
· The next set of variables are a set of TRUE/FALSE Booleans that the model user sets to indicate which sections of the report they want to be produced. Setting these values as true includes that section in the report. The words TRUE and FALSE should be all upper case:
· firmsyn: Firm Synthesis
· suppsel: Supplier Selection
· fafflow: FAF Flow
· distchannel: Distribution Channel
· shipsize: Shipment Size
· modepath: Mode and Transfer Path
· triptable: Trip Table
· assignment: Highway Assignment
[bookmark: _Toc453054848]Running the report
Once the model user has set the users settings, the reporting tool is run using the run_FreightSIM_Reports.bat file. Double clicking on this file, which is located in the Applications/FreightSIM_Reports folder, runs the reporting tool. A command window will appear, with progress messages printed to screen. Once the reporting tool has finished, the command window can be closed by pressing any key. 
The PDF report, which is called FreightSIM_Report_Scenario_[scenario name].pdf (e.g., FreightSIM_Report_Scenario_Base.pdf for the base scenario) is written out to the [scenario name]/Output folder (e.g., Base/Output.
[bookmark: _Toc453054849]Report screenshots
The PDF report is styled consistently with the FLSWM branding. The first page is a contents page that includes a header (repeated on each page) showing the scenario name and the time that the report was produced. The contents page lists each of the model steps that are included in the report (Figure 155). 
For each model step that the user selected, there are one or more pages of tables, charts, and maps. The first table in each case is a listing and description of each of the tabular .CSV file outputs that are available to the model users in the scenario’s Output folder. These contained more detailed information than can be included in the PDF report (Figure 156). The remaining pages for each model step contain a mix of tables, charts, and maps; for example, Figure 157 shows a tabulation of firm pairs created in the supplier selection model by Florida County and a chart showing the distance distribution of the distance between firms in each pair created in the supplied selection model.
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[bookmark: _Ref453011462][bookmark: _Toc453055008]Figure 155: PDF Report contents page
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[bookmark: _Ref453011561][bookmark: _Toc453055009]Figure 156: Firm Synthesis first page
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[bookmark: _Ref453011622][bookmark: _Toc453055010]Figure 157: supplier selection tabulation and chart
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[bookmark: _Ref449883412][bookmark: _Toc453054851]acronyms and abbreviations
Table 103 is a list of the commonly used acronyms and abbreviations that are introduced and used during the report. They are listed in the alphabetical order of the acronym or abbreviation.
[bookmark: _Ref449374244][bookmark: _Toc453055122]Table 108: List of Acronyms and Abbreviations
	Acronym or Abbreviation
	Description

	ATRI
	American Transportation Research Institute

	BEA
	Bureau of Economic Analysis

	BNR
	Bulk natural resource

	BTS
	Bureau of Transportation Statistics

	CBP
	County Business Pattern

	CFS
	Commodity Flow Survey

	CMAP
	Chicago Metropolitan Agency for Planning

	CSA
	Combined Statistical Area

	CTA
	Center for Transportation Analysis 

	DC
	Distribution Center

	Ex
	Export

	FAA
	Federal Aviation Administration 

	FAF3
	Freight Analysis Framework, Version 3

	FAME
	Freight Activity Microsimulation Estimator

	FDOT
	Florida Department of Transportation

	FG
	Finished goods

	FHWA
	Federal Highway Administration

	FLSWM
	Florida Statewide Model

	FreightSIM
	Freight Supply-chain Intermodal Model

	FTL
	Full Truck Load

	GCD
	Great Circle Distance

	GDP
	Gross Domestic Product

	IATA
	International Air Transport Association 

	II
	Internal-Internal Ex=Export

	Im
	Import

	IO
	Input-Output

	IPG
	Intermediate processed goods

	IX
	Internal-External

	LEHD
	Longitudinal Employer-Household Dynamics

	LTL
	Less than Truck Load

	MNL
	Multinomial logit

	MPH
	Miles Per Hour

	NAICS
	North American Industrial Classification System

	ORNL
	Oak Ridge National Laboratory

	PIERS
	Port Import Export Reporting Service

	QRFM
	Quick Response Freight Manual

	SCTG
	Standard Classification of Transported Goods 

	SHRP 2
	Second Strategic Highway Research Program

	STCC
	Standard Transportation Commodity Code

	TAZ
	Traffic Analysis Zone

	TEU
	Twenty-foot equivalent unit

	TLN
	Transport and logistics nodes

	TTMS
	Telemetered Traffic Monitoring Sites

	UIC
	University of Illinois at Chicago

	USF
	University of South Florida

	UTM
	Universal Transverse Mercator

	XI
	External-Internal

	XX
	External-External



[bookmark: _Ref449883454][bookmark: _Toc453054852]versioning
Table 103 describes the release date, version numbers, and key changes included in FreightSIM releases.
[bookmark: _Ref449374115][bookmark: _Toc453055123]Table 109. Model version numbering
	Document Date
	FreightSIM Version
	Notes describing key changes

	May 1, 2016
	V6.0
	[bookmark: _GoBack]Initial release version of FreightSIM in FLSWM v6.0

	
	
	

	
	
	




[bookmark: _Toc379976036][bookmark: _Toc453054853]Appendix A: Details for the Logistics Cost Calculation 
This appendix provides a more detailed explanation of the logistics cost calculation used in the modes and transfers step of the model. Moreover, sources for the parameter values are described.
The model coefficients could eventually be calibrated based on observed choice data collected in a survey. Some of the elements of the cost function (e.g., loss and damage costs) may not be feasible to collect in surveys and can instead be estimated based on expert knowledge. The cost function presents a reasonably comprehensive accounting of total logistics costs. The transport cost includes the charges involved in transportation, such as the handling costs. In order to account for the effects of goods characteristics on path selection, different parameters may be used for different commodities. For example, firms who trade bulk commodities can be assigned parameters that increase the tendency of using rail or waterway modes.
A.1 Inventory Cycles
In order to better explain the last element of the total costs (i.e., safety inventory cost), some inventory policy concepts are discussed. Figure 152 shows the inventory level of an assumed sample firm through time. Assuming that at the start time the company has an assumed level of inventory of a product, and then through time the establishment sells from the inventory (based on product demand) and the inventory level decreases, after a certain time (depending on the demand rate, the blue line) the establishment needs to place an order to be able to satisfy demand. Then after a certain time (lead-time), it receives the order and this process is repeated through time. This process is the idealized inventory cycle and occurs if the establishment can predict the demand of the product correctly with low error margins (which is probably the case for functional products such as milk or bread).
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[bookmark: _Ref452992741][bookmark: _Toc453055011]Figure 152: Idealized inventory cycle.
However, in most cases this does not happen, and product demand is very lumpy and hard to forecast. The inventory cycle for this case is shown in Figure 153. In this case, the demand line is not straight and may change unexpectedly through time. As a result, the firm needs to keep a safety inventory to ensure it does not run out of the product and does not lose its customers. This is often the case for innovative or high-tech commodities such as electronics. Moreover, the lead-time might be uncertain, which increases the cost to the firm to hold a safety inventory.
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On-hand
LT
LT
Time
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[bookmark: _Ref451773541][bookmark: _Toc379976115][bookmark: _Toc453055012]Figure 153: Realistic inventory cycle.
Higher levels of uncertainty require higher levels of safety inventory to maintain a desired level of product availability and vice-versa. Demand and lead-time are independent of each other and are represented by separate distributions. The total cost function presented for the model accounts for this element of the total cost. The total logistics cost equation could be further simplified by using a fixed order quantity system with predictable demand if the parameters or variables are not easily estimated from survey data.
A.2 Product Types
The safety stock constant (a) and the standard deviation in annual flow (sdQ) are dependent on product types.  The term “a” is the service level multiplier (i.e. the number of standard deviations of demand during lead-time that is needed to be held to achieve the desired service level. In other words, the probability of not running out of stock during the order replenishment lead-time is what term “a” is responsible for. The current value of the term “a” accounts for the service level of 70%. This is different in reality for different products depending on the nature of the product and supply chain type of the commodity. Products can be classified based on their demand patterns as primarily functional or primarily innovative, and each category requires a different supply chain (Fisher, 1997). Functional products do not change much over time and have predictable demand, but innovative products have more unpredictable demands. Some of the characteristics of functional and innovative products are described below (Fisher, 1997):
FUNCTIONAL 
· Mature product
· Low product variety
· Predictable demand
· Established product categories
· Low forecasting error
· Inventory strategy: minimize inventory
· Lead time focus: shorten lead times as long as it does not increase costs
· Transportation strategy: Greater reliance on low cost modes
· Low Contribution Margin (5% to 20%) price minus variable costs divided by cost
INNOVATIVE
· Early life cycle stage
· High product variety
· Unpredictable demand, e.g., fashions
· New product categories
· High forecasting error
· Inventory strategy: deploy significant buffer stocks
· Lead time focus: invest aggressively in ways to reduce lead times
· Transportation strategy: greater reliance on fast and reliable modes
· High Contribution Margin (20% to 60%)
Figure 154 shows the supply chains that match with the two product categories. A supply chain is usually designed to respond to the specific needs of customers. An innovative product with unstable demand requires a responsive, fast, and flexible supply chain with reliable modes of transportation (e.g., air or express trucking). Functional products use efficient supply chains and can take advantage of the economies of scale provided by large shipment sizes, and cheaper modes (e.g., rail, maritime). 
 Functional Product
Innovative Product
Efficient Supply Chain
Responsive Supply Chain

[bookmark: _Ref451773540][bookmark: _Toc379976116][bookmark: _Toc453055013]Figure 154: Matching supply chain and product (Fisher, 1997).
Based on the categories mentioned above, different commodities need different service levels and therefore different “a” value in the total cost equation. Safety inventory cost will be higher for more innovative products than functional products. As shown in Table 110, SCTG commodities are categorized based on aforementioned characteristics to have different service levels and “a” value in the equation. The innovative products will need higher service levels (99%), functional products will need lower service levels (70%) and functional/innovative products will need service levels in-between (85%). These service levels are equal to “a” values of 2.33, 0.5, and 1.0.


[bookmark: _Ref451773542][bookmark: _Toc379976147][bookmark: _Toc453055124]Table 110: Level of Service Parameters (Developed by project team based on Fisher, 1997).
	SCTG
	COMMODITY GROUP
	PRODUCT TYPE
	VARIETY
	LIFE CYCLE
	LT (MADE TO ORDER)
	TYPE

	1
	Live animals/fish
	Mature
	Low
	>2 years
	>6 months
	Func./Inno.

	2
	Cereal grains
	Mature
	Low
	>2 years
	>6 months
	Functional

	3
	Other ag prods.
	Mature
	Low
	>2 years
	>6 months
	Func./Inno.

	4
	Animal feed
	Mature
	Low
	>2 years
	>6 months
	Functional

	5
	Meat/seafood
	Mature
	Low
	>2 years
	>6 months
	Func./Inno.

	6
	Milled grain prods.
	Mature
	Low
	>2 years
	>6 months
	Functional

	7
	Other foodstuffs
	Mature
	Low
	>2 years
	>6 months
	Functional

	8
	Alcoholic beverages
	Mature
	Low
	>2 years
	>6 months
	Functional

	9
	Tobacco prods.
	Mature
	High
	>2 years
	<2 weeks
	Functional

	10
	Building stone
	Mature
	Low
	>2 years
	>6 months
	Functional

	11
	Natural sands
	Mature
	Low
	>2 years
	>6 months
	Functional

	12
	Gravel
	Mature
	Low
	>2 years
	>6 months
	Functional

	13
	Nonmetallic minerals
	Mature
	Low
	>2 years
	>6 months
	Functional

	14
	Metallic ores
	Mature
	Low
	>2 years
	>6 months
	Functional

	15
	Coal
	Mature
	Low
	>2 years
	>6 months
	Functional

	16
	Crude petroleum
	Mature
	Low
	>2 years
	>6 months
	Functional

	17
	Gasoline
	Mature
	Low
	>2 years
	>6 months
	Functional

	18
	Fuel oils
	Mature
	Low
	>2 years
	>6 months
	Functional

	19
	Coal-n.e.c.
	Mature
	Low
	>2 years
	>6 months
	Functional

	20
	Basic chemicals
	Mature
	Low
	>2 years
	>6 months
	Functional

	21
	Pharmaceuticals
	Early life
	High
	<1 year
	<2 weeks
	Func./Inno.

	22
	Fertilizers
	Mature
	Low
	>2 years
	>6 months
	Functional

	23
	Chemical prods.
	Early life
	High
	<1 year
	<2 weeks
	Innovative

	24
	Plastics/rubber
	Mature
	Low
	>2 years
	>6 months
	Functional

	25
	Logs
	Mature
	Low
	>2 years
	>6 months
	Functional

	26
	Wood prods.
	Mature
	Low
	>2 years
	>6 months
	Functional

	27
	Newsprint/paper
	Mature
	Low
	>2 years
	>6 months
	Functional

	28
	Paper articles
	Mature
	Low
	>2 years
	>6 months
	Func./Inno.

	29
	Printed prods.
	Mature
	Low
	>2 years
	>6 months
	Functional

	30
	Textiles/leather
	Mature
	High
	>2 years
	>6 months
	Func./Inno.

	31
	Nonmetal min. prods.
	Mature
	Low
	>2 years
	>6 months
	Func./Inno.

	32
	Base metals
	Mature
	Low
	>2 years
	>6 months
	Functional

	33
	Articles-base metal
	Mature
	Low
	>2 years
	>6 months
	Functional

	34
	Machinery
	Early life
	High
	>2 years
	>6 months
	Func./Inno.

	35
	Electronics
	Early life
	High
	<1 year
	<2 weeks
	Innovative

	36
	Motorized vehicles
	Early life
	High
	>2 years
	>6 months
	Innovative

	37
	Transport equip.
	Mature
	Low
	>2 years
	>6 months
	Functional

	38
	Precision instruments
	Early life
	High
	<1 year
	<2 weeks
	Innovative

	39
	Furniture
	Early life
	High
	<1 year
	>6 months
	Func./Inno.

	40
	Misc. mfg. prods.
	Early life
	High
	<1 year
	<2 weeks
	Innovative

	41
	Waste/scrap
	Mature
	Low
	>2 years
	>6 months
	Functional

	43
	Mixed freight
	Mature
	Low
	>2 years
	>6 months
	Func./Inno.

	99
	Unknown
	Mature
	Low
	>2 years
	>6 months
	Functional


Further, the safety stock cost component of the total cost equation can be simplified by assuming variability in demand and lead-time one at a time or simultaneously, depending on the commodity type. For innovative products, lead-time variability is closer to zero; for functional products, demand variability is closer to zero. For products with both functional and innovative characteristics, simultaneous variability can be considered as below:
Only variability in demand: Only variability in lead-time: 
Variability in both lead-time and demand: 

A.3 Transportation Cost Research
Transportation and intermediate handling cost ( ) is one of the main components of the logistics costs. In order to assess the parameters used in the equation, investigation was conducted to return the most correct numbers from the literature. The transportation and intermediate handling cost in the logistics cost equation is “annual flows” in tons multiplied by “transportation rate” in $/ton and can be shown as below:
 = annual flows (tons)  transportation rate ($/ton)
The “transportation rate” term includes “line-haul transportation rate” and “handling, lifting, warehouse/DC or transload charges.” There are different line-haul costs by mode studied in the literature as shown in Table 111 compared to the set of rates used for the Florida freight model.
[bookmark: _Ref451773543][bookmark: _Toc379976148][bookmark: _Toc453055125]Table 111: Transportation cost by mode ($/ton-mile).
	SOURCE
MODE
	CAMBRIDGE SYS.
2011
	BTS AND FHWA
2002
	COYLE AND BARDI
2000
	HOFSTRA (BALLOU)
1998

	Truck
	0.080-0.100
	0.240
	0.075
	0.250

	Rail
	0.030
	0.020
	0.014
	0.030

	Air
	3.750
	1.930
	0.210
	0.590

	Water
	0.005
	0.040
	0.003
	0.010


The costs reported in the literature are estimated based on different assumptions and different years of data. Transportation rates can be estimated using other data available from EIA (for truck, rail, and barge), UPS air freight quotes, or from the main US rail carriers’ quotes (for the rail mode). Table 112 shows the estimated transportation costs from the EIA data for coal commodity.
[bookmark: _Ref451773544][bookmark: _Toc379976149][bookmark: _Toc453055126]Table 112: Transportation cost by mode from EIA data for coal ($/ton-mile).
	ORIGIN
	DESTINATION
	TRUCK
	RAIL
	BARGE
	DISTANCE (MILES)
	COST ($/TON)

	Wyoming
	Alabama
	N/A
	0.0111
	N/A
	1,650
	18.3

	Colorado
	Michigan
	N/A
	0.0313
	N/A
	1,250
	39.1

	Colorado
	Florida
	N/A
	N/A
	0.0062
	2,000
	12.4

	West Virginia
	Florida
	N/A
	N/A
	0.0107
	2,500
	26.8

	West Virginia
	North Carolina
	0.0879
	N/A
	N/A
	250
	22.0

	Ohio
	Michigan
	0.0752
	N/A
	N/A
	300
	22.6

	Illinois
	Missouri
	0.0532
	N/A
	0.0157
	250
	13.3


Getting online quotes from UP, BNFS, and CSX websites for transportation charge for different origin and destination pairs resulted in the rates shown in Table 113 for different commodities and train cars.
[bookmark: _Ref446950178][bookmark: _Toc379976150][bookmark: _Toc453055127]Table 113: Transportation cost by mode from CSX and UP online quotes ($/ton-mile).
	ORIGIN
	DESTINATION
	CARRIER
	COMMODITY
	COVERED HOPPER CAR*
	GANDOLA CAR*
	DISTANCE (MILE)

	Miami
	Washington DC.
	CSXT Direct
	Fertilizers
	0.0356
	0.0378
	1,000

	Miami
	Washington DC.
	CSXT Direct
	Grains
	0.0486
	N/A
	1,000

	Miami
	Washington DC.
	CSXT Direct
	Machinery
	0.0365
	N/A
	1,000

	Miami
	Washington DC.
	CSXT Direct
	Metal Products
	0.0415
	N/A
	1,000

	Miami
	Chicago
	CSXT Direct
	Fertilizers
	0.0412
	N/A
	1,300

	Portland
	Los Angeles
	UP
	Food products
	0.0480
	0.0635
	1,000

	Portland
	Los Angeles
	UP
	Machinery
	0.0459
	0.0635
	1,000


*For specific weight limits
Moreover, transportation rates from UPS online quotes for air freight are shown in Table 114 for different assumed commodity dimensions.
[bookmark: _Ref451773624][bookmark: _Toc379976151][bookmark: _Toc453055128]Table 114: Transportation cost by mode from UPS online quotes ($/ton-mile).
	ORIGIN
	DESTINATION
	CARRIER
	DIMENSIONS
	ACTUAL WEIGHT (TONS)
	DIMENSIONAL WEIGHT (TONS)
	DISTANCE (MILE)
	RATE

	Miami
	Chicago
	UPS 2nd Day
	101 x 101 x 190 (cm.) #200 Pallets @ 100 kg
	20
	64
	1,400
	6.02

	Miami
	Chicago
	UPS 2nd Day
	101 x 101 x 101 (cm.) #200 Pallets @ 100 kg
	20
	34
	1,400
	4.85

	Miami
	Chicago
	UPS 2nd Day
	101 x 101 x 101 (cm.) #200 Pallets @ 200 kg
	40
	34
	1,400
	4.80

	Miami
	L. A.
	UPS 2nd Day
	101 x 101 x 190 (cm.) #200 Pallets @ 100 kg
	20
	64
	2,700
	4.45

	Miami
	Los Angeles
	UPS 2nd Day
	101 x 101 x 101 (cm.) #200 Pallets @ 100 kg
	20
	34
	2,700
	3.54

	Miami
	Los Angeles
	UPS 2nd Day
	101 x 101 x 101 (cm.) #200 Pallets @ 200 kg
	40
	34
	2,700
	3.50

	Miami
	Chicago
	UPS 2nd Day
	101 x 101 x 190 (cm.) #200 Pallets @ 100 kg
	20
	64
	1,400
	6.02


Overall, the estimated rates seem to be matching the rates considered in the model and provide a reasonable range of comparable rates.
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