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1.0 Introduction
The last several decades have witnessed steady growth in the demand for freight transportation in the United States, driven by economic expansion and global trade. But today, the nation is entering the early stages of a capacity crisis.  Freight transportation capacity is expanding too slowly to keep up with demand, and the freight productivity improvements gained though investment in the Interstate highway system and economic deregulation of the freight transportation industry in the 1980s are showing diminishing returns.
The effects of growing demand and limited capacity are felt as congestion, upward pressure on freight transportation prices, and less reliable trip times as freight carriers struggle to meet delivery windows.  Higher transportation prices and lower reliability can mean increased supply costs for manufacturers, higher import prices, and a need for businesses to hold more expensive inventory to prevent stock outs.  The effect on individual shipments and transactions is usually modest, but over time the costs can add up to a higher cost of doing business for firms, a higher cost of living for consumers, and a less productive and competitive economy.
1.1 Background and Need
Increases in the volume of freight have strained the transportation network in some locations and exacerbated conflicts between the traveling public and freight carriers.  Recent growth in international trade has placed greater pressure on gateways, ports, airports, and border crossings—nodes in the system that are potential bottlenecks for the movement of freight. Between 1990 and 2000, U.S. international trade more than doubled (in inflation-adjusted terms), rising from about $900 billion to $2.2 trillion.  Nearly one-third of U.S. merchandise trade in 2000 was with Canada and Mexico
.  Many gateways already suffer from congestion, which has intensified by heightened security following the terrorist attacks of September 11, 2001.
Additionally, the creation of NAFTA (North American Free Trade Agreement) has fostered north-south traffic, placing more demands on the domestic freight transportation system.  Since NAFTA went into effect in 1994, U.S. trade with Canada and Mexico has risen by about 90 percent
.  As a result, the Nation's highway and rail networks—initially developed for the traditional east-west trade—are now strained, especially at border crossings.  In the future, trade with NAFTA and Latin American countries is expected to grow along both north-south corridors and east-west corridors running through the northern and southern border regions.  The anticipated growth in trade and changes in the character of freight flows present many challenges to America’s transportation system and highlight the importance of international gateways to the U.S. economy and security.
To further exacerbate the situation, the transportation network has not increased at a rate commensurate with growth in travel and commerce.  In the highway sector, for example, vehicle-miles traveled (VMT) increased by 80 percent while lane-miles of public roads increased by only 2 percent between 1980 and 2000.  Growth in truck-miles traveled was even more dramatic, exceeding the growth in passenger VMT over the last few years 
(USDOT FHWA 2001a).  Clearly, more traffic is moving over essentially the same highway infrastructure.  Other surface transportation networks are witnessing a similar overburdening of their systems as well.  Figure 1.1 shows the growth in VMT and lane miles added over time.  
Figure 1.1
Vehicle-Mile Traveled (VMT) and Lane-Miles:  1980-2000
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In Florida, while truck VMT does not exceed passenger VMT, the impact of trucks on the highway system is more acute in terms of congestion and pavement decay.  Between 1981 and 2006 Florida saw passenger VMT grow by 168 percent and truck VMT growth by 95 percent.  Figure 1.2 shows these trends along with the growth in lane miles.  The figure also shows the annual and truck VMT in millions for 1990, 2000, and 2006 to give a sense of the growth over time. This historical growth along with growth projections that the population and employment growth between 2001 and 2030 is expected to be 46.5 percent
 and 110 percent 
respectively makes it important for Florida to get a better understanding of the factors that account for freight flow.  The Freight Analysis Framework, version 2 (FAF2) provides a possible tool for understanding and evaluating the impact of freight on the transportation network.  However, since the FAF2 data focuses on national policy and planning issues, is not directly useful for state DOTs or Metropolitan Planning Organizations (MPOs).  The focus of this research effort will be to develop models and approaches that can effectively allocate FAF2 data to smaller geographical areas in Florida.  Doing so will allow assignment of the resulting Origin-Destination (OD) matrices to the Statewide Transportation Freight Model (STFM) transportation network.
Figure 1.2
Florida VMT and Lane Miles (1981 - 2006) 
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2.0 FAF2 Data

The Freight Analysis Framework (FAF)
 estimates commodity flows and related freight transportation activity among states, sub-state regions, and major international gateways.  It also forecasts future flows among regions and relates those flows to the transportation network.  FAF includes an origin-destination database of commodity flows among regions, and a network database in which flows are converted to truck payloads and related to specific routes.

The FAF commodity origin-destination database includes tons and value of commodity movements among regions by mode of transportation and type of commodity. Specific differences between Version 2.2 and 2.1 are:

· FAF2.2 contains projected commodity flow data ranging from 2010 to 2035 in five-year intervals as well as corrected 2002 base case data from Version 2.1.
· FAF2.2 excludes all foreign-to-foreign shipments via the United States. These in-transit flows were partially covered in the "sea" file of Version 2.1.

Neither version includes international air cargo data, which will be added later.

The FAF2.2 2002 base year database is built entirely from public data sources. Key sources include the 2002 Commodity Flow Survey (CFS), developed by the Census Bureau, U.S. Department of Commerce, and the Bureau of Transportation Statistics (BTS), U.S. Department of Transportation; Foreign Waterborne Cargo data, developed by the U.S. Army Corps of Engineers; and a host of other sources that are documented here
.  FAF statistics do not match those in mode-specific publications primarily due to different definitions that were used to avoid double counting.  FAF2.2 statistics should not be compared with original FAF data because different methods and coverage are employed.  Methods in developing the 2002 base year data are transparent; and it has been expanded to cover all modes and significant sources of shipments.  Future projected data covering years from 2010 to 2035 with a five-year interval are based on Global Insight's proprietary economic and freight modeling packages. 

The 2002 FAF2.2 Commodity Origin-Destination Database is a product of the Federal Highway Administration (FHWA), developed in cooperation with the Bureau of Transportation Statistics (BTS) through contracts with Oak Ridge National Laboratory, MacroSys Research and Technology, Global Insight, and Battelle. Because the scope and methods have changed significantly, statistics from FAF2 and the original FAF should not be compared.

Figure 2.1 shows the methodology
 used to derive FAF2 flow tables and figure 2.2 shows how the FAF2 network is derived. Figure 2.3 shows the 138 FAF regions.

Figure 2.1
FAF2 Methodology
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Figure 2.2
FAF2 Network
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Figure 2.3
FAF2 Regions
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FAF2 has seven modes and 43 commodities.  The 43 commodities are classified as per the Standard Classification for Transported Goods (SCTG) code at the 2-digit level.  Of the 43 commodities, 42 are known and one is unknown. The seven modes include:

	Truck

Rail

Water

Air
	Pipeline

Intermodal

Others


2.1 Florida FAF2 Data
Florida has five FAF2 regions – Jacksonville, Miami, Orlando, Tampa and “rest of Florida” (Figure 2.4). Tables 2.1 and 2.2 show the 2002 and 2035 distribution of commodity flows by mode respectively.  As can be from Tables 2.1 and 2.2, the majority of commodities are transported via trucks (more than 85 percent) and most of the commodities are being distributed within the state and come from outside the state. 

Figure 2.4
Florida FAF2 Regions
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Table 2.1
2002 Commodity Flow by Mode (thousands of tons)

	 
	2002

	Mode
	Within State
	From State
	To State

	 
	Number
	Percent
	Number
	Percent
	Number
	Percent

	Truck
	487
	85
	50
	68
	85
	42

	Rail
	60
	11
	17
	23
	37
	18

	Water (Domestic only)
	<0.1
	<1
	1
	<1
	37
	18

	Air, air & truck (Domestic only)
	<0.1
	<1
	0
	<1
	0
	<1

	Truck & rail
	<0.1
	<1
	0
	<1
	1
	<1

	Other intermodal
	0
	<1
	1
	1
	5
	3

	Pipeline & unknown
	27
	5
	5
	7
	36
	18

	Total
	575
	100
	74
	100
	202
	100


Table 2.2
2035 Commodity Flow by Mode (thousands of tons)
	 
	2035

	Mode
	Within State
	From State
	To State

	 
	Number
	Percent
	Number
	Percent
	Number
	Percent

	Truck
	928
	88
	67
	72
	300
	56

	Rail
	56
	5
	14
	15
	113
	21

	Water
	<0.1
	<1
	0
	<1
	18
	3

	Air, air & truck
	<0.1
	<1
	0
	<1
	1
	<1

	Truck & rail
	0
	<1
	0
	<1
	3
	<1

	Other intermodal
	1
	0
	1
	1
	17
	3

	Pipeline & unknown
	64
	6
	10
	10
	85
	16

	Total
	1049
	100
	94
	100
	538
	100


There is very little commodity flowing outside of Florida, which given the dominance of the service industry is to be expected.  Also, total commodity flows are expected to grow by 98 percent between 2002 and 2035 with truck commodity flows increasing by 108 percent.  Water, on the other hand, as a mode for carrying commodities is estimated to fall by 51 percent. These findings suggest the following:

· Over the next 35 years, there is going to be a substantial increase in truck trips in Florida;

· Rail commodity flow will increase by 61 percent; and

· Water as a mode for commodity transportation is underutilized and steps can be taken by policy makers to remedy this situation.

Given the increase in truck commodity flows over the next 30 plus years, it is important that policy makers address the issue of congestion on highway networks.  In order to understand the impacts of congestion, it is necessary to determine how freight traffic is distributed on the transportation network and the FAF2 database offers a potential rich source of information to achieve this purpose.  However, given the large geography of these FAF2 regions, it is necessary to disaggregate the FAF2 flows to county and TAZ geographies.  The next section documents the various data sources for freight data analysis and describes in more detail the specific data sources that will be used for disaggregation.
3.0 Commodity Based OD Data

3.1 Commodity Flow Survey (CFS)

The CFS is a national survey of business establishments in selected industries, namely, mining, manufacturing, wholesale trade, and certain retail establishments.  The survey captures data on shipments of goods originating from a sample of such establishments located in the 50 states of the United States and the District of Columbia.  BTS and the Census Bureau of the U.S. Department of Commerce conduct the CFS.  The Census Bureau administers the survey as part of the 5-yearly Economic Census. 

The purpose of the CFS is to supply information on the flow of goods by mode of transport within the United States.  Data are provided on tons, miles, ton-miles, value, shipment distance, commodity, and weight.  All major modes of freight transportation (air, motor carrier, rail, water, and pipeline) and intermodal combinations are covered.  Despite gaps in shipment and industry coverage, the CFS is the only Federal government data source that recognizes the need for such comprehensive information on freight flows.

Industry Coverage

The 2002 CFS covers business establishments with paid employees that are located in the United States and are classified using the 1997 North American Industry Classification System (NAICS) in mining, manufacturing, wholesale trade, and select retail trade industries, namely, electronic shopping and mail-order houses.  Establishments classified in services, transportation, construction, and most retail industries are excluded from the survey.  Farms, fisheries, foreign establishments, and most government-owned establishments also are excluded.  The survey also covers auxiliary establishments (i.e., warehouses and managing offices) of multi-establishment companies, which have non-auxiliary establishments that are in-scope to the CFS or are classified in retail trade.  The coverage of managing offices has been expanded in the 2002 CFS, compared to the 1997 CFS. For the 1997 CFS, the number of in scope managing offices was reduced to a large extent based on the results of the 1992 Economic Census.  A managing office was considered in-scope to the 1997 CFS only if it had sales or end-of-year inventories in the 1992 Census.  However, research conducted prior to the 2002 CFS showed that not all managing offices with shipping activity in the 1997 CFS indicated sales or inventories in the 1997 Economic Census.  Therefore, the 1997 Economic Census results were not used in the determination of scope for managing offices in the 2002 CFS.

Shipment Coverage

The CFS captures data on shipments originating from select types of business establishments located in the 50 states and the District of Columbia.  The data do not cover shipments originating from business establishments located in Puerto Rico and other U.S. possessions and territories.  Shipments traversing the United States from a foreign location to another foreign location (e.g., from Canada to Mexico) are not included, nor are shipments from a foreign location to a U.S. location. Imported products are included in the CFS at the point that they left the importer’s domestic location for shipment to another location.  Shipments that are shipped through a foreign territory with both the origin and destination in the United States are included in the CFS data.  The mileages calculated for these shipments exclude the international segments (e.g., shipments from New York to Michigan through Canada do not include any mileages for Canada).  Export shipments are included, with the domestic destination defined as the U.S. port, airport, or border crossing of exit from the United States.

CFS Strengths and Weaknesses

The CFS strengths include:

· Fully national in scope; 

· Covers all the major surface transportation modes (truck, rail, water, petroleum pipelines), as well as shipments of air freight;

· Identifies the true geographic O-D of each shipment (and therefore also provides estimates of “door-to-door” shipment distances);

· Collects data on both the weight and dollar value of all in-scope shipments;

· Has a time series in the form of the 1993, 1997, and 2002 surveys; and

· Is done in conjunction with the Economic Census, providing concurrency with other data sets.

Particular weaknesses include:

· Not all commodities are covered by the CFS;

· The survey does not, in theory, capture imports;

· The spatial detail available to its mode-specific O-D matrices is limited to a small number of rather large geographic regions;

· The volume of intermodal freight reported may be low, due at least in part to definitional issues;

· The shipment length detail available from non-geographically disaggregated products is very limited in its supporting commodity-level detail; 

· The surveys have seen some content changes, and a 4 to 1 reduction in sample size between 1993 and 2002 that makes for some large coefficients of variation in reported estimates; and

· There are discrepancies in the estimates generated by the CFS and the U.S. Army Corps of Engineers’ waterborne commerce data, the latter based on industry-wide carrier reporting that produces larger ton and ton-mileage figures.

3.2 Global Insight TRANSEARCH

TRANSEARCH is a privately maintained comprehensive market research database for intercity freight traffic flows compiled by Global Insight.  The development of the TRANSEARCH database involves the fusion of various freight traffic data sources into a common framework for planning and analysis.  The database provides detailed U.S. and cross-border origin-destination freight shipment data at the state, Business Economic Area (BEA), county, metropolitan area, and zip-code level detail by commodity type (by Standard Transportation Commodity Classification (STCC) code) and major modes of transportation.  Forecasts of commodity flows up to 25 years are available for the following four modes – air, truck, water, and rail.

The data is compiled from the following sources:

· Commodity Flow Survey;

· Carload Waybill Sample;

· Corps of Engineers Waterborne Commerce Statistics;

· Federal Aviation Authority (FAA) Airport Activity Statistics;

· Bureau of Census Foreign Trade Statistics;

· AAR Freight Commodity Statistics; and

· Inter-industry trade patterns

TRANSEARCH uses CFS data for the following
:

· To calculate commodity $/ton values.  The $/ton values maintained for TRANSEARCH production are updated annually for the intervening non-CFS years using inflation based factors derived from sources such as the Producer Price Index;

· To calculate For-Hire/Private trucking mode share splits;

· Trucking OD flow volumes from CFS are fed into the development of the selected OD Truck Flow Volumes;

· Truck Length-of-Haul Profiles; 

· Identification of Commodities Moving via Air Mode; and

· Quality Control.

TRANSEARCH data are generally accepted as the best available commodity flow data and are commonly used by states, metropolitan planning organizations (MPO) and FHWA in conducing freight planning activities.  However, it should be noted that there are some limitations to how this data should be used and interpreted:

· Mode Limitations – The Rail Waybill data used in TRANSEARCH is based on data collected by Class I railroads.  The waybill data contains some information for regional and short-line railroads, but only in regards to interline service associated with a Class I railroad.  The rail tonnage movements provided by the TRANSEARCH database, therefore, are conservative estimates.

· Use of Multiple Data Sources – TRANSEARCH consists of a national database built from company-specific data and other available databases.  To customize the dataset for a given region and project, local and regional data sources are often incorporated.  This incorporation requires the development of assumptions that sometimes compromise the accuracy of the resulting database.

· Data Collection and Reporting – The level of detail provided from some specific companies when reporting their freight shipment activities limits the accuracy of TRANSEARCH.  If a shipper moves a shipment intermodally, for example, one mode must be identified as the primary method of movement.  Suppose three companies make shipments from the Midwest U.S. to Europe using rail to New York then water to Europe.  One company may report the shipment as simply a rail move from the Midwest to New York; another may report it as a water move from New York to Europe; the third may report the shipment as an intermodal move from the Midwest to Europe with rail as the primary mode.  The various ways in which companies report their freight shipments can limit the accuracy of TRANSEARCH.

· Limitations of International Movements – TRANSEARCH does not report international air shipments through the regional gateways.  Additionally, specific origin and destination information is not available for overseas waterborne traffic through marine ports.  Overseas ports are not identified and TRANSEARCH estimates the domestic distribution of maritime imports and exports.  TRANSEARCH data also does not completely report international petroleum and oil imports through marine ports. 

4.0 Mode Specific Freight Data

4.1 Vehicle Inventory and Use Survey 

The VIUS provides data on the physical and operational characteristics of the nation’s private and commercial truck population.  Its primary goal is to produce national and state-level estimates of the total number of trucks.  This survey was conducted every 5 years, until 2002, as part of the economic census.  The survey includes private and commercial trucks registered (or licensed) in the United States as of July 1 of the survey year.  The survey excludes vehicles owned by Federal, state, or local governments; ambulances; buses; motor homes; farm tractors; unpowered trailer units; and trucks reported to have been sold, junked, or wrecked prior to January 1 of the survey year.

VIUS data are of considerable value to government, business, academia, and the general public.  Data on the number and types of vehicles and how they are used are important in studying the future growth of transportation and are needed in calculating fees and cost allocations among highway users.  The data also are important in evaluating safety risks to highway travelers and in assessing the energy efficiency and environmental impact of the nation’s truck fleet.  Businesses and others make use of these data in conducting market studies and evaluating market strategies; assessing the utility and cost of certain types of equipment; calculating the longevity of products; determining fuel demands; and linking to, and better utilizing, other datasets representing limited segments of the truck population.

Limitations of VIUS data include:

· Given the sample based nature of the survey there are sampling errors;

· The VIUS database was developed once every five years and it cannot track changes in the U.S. National truck fleet; and

· Imputation of non-response variables are only done separately for length, average weight, and annual truck miles.

4.2 Carload Waybill Sample

The Surface Transportation Board’s (STB) Carload Waybill Sample (Waybill Sample) is a stratified sample of carload waybills for terminated shipments by railroad carriers.  This waybill data is used to create a movement specific Confidential Waybill File and a less detailed Public Use Waybill File. The rules for release of waybill data are codified at 49 CFR 1244.9.  A waybill is a document issued by a carrier giving details and instructions relating to the shipment of a consignment of goods.  Typically it will show the names of the consignor and consignee, the point of origin of the consignment, its destination, route, and method of shipment, and the amount charged for carriage. 

The annual database — maintained in a single ASCII coded data file — captures detailed information on total rail traffic, commodities, revenues, origin-destination flows, and routing information for U.S. railroad shipments.

Data from the Waybill Sample are used as input to many STB projects, analyses, and studies.  Federal agencies (Department of Transportation, U.S. Department of Agriculture, etc.) use the Waybill Sample as part of their information base.  The Waybill Sample also is used by States as a major source of information for developing state transportation plans.  
The Waybill Sample does not report BEA regions for origins and destinations for commodity shipments in the following cases:

· BEA regions having two or less freight stations

· BEA regions that have less than one more freight station than the number of railroads in the BEA region

The Carload Waybill Sample often overestimates the revenues of railroads undertaking contract movements due to the expansion factor method of computation of annual revenues.

4.3 Waterborne Commerce Statistics Database

The primary function of the Waterborne Commerce Statistics Center, under the authority of the Rivers & Harbors Act of 1922, is to collect, process, distribute, and archive vessel trip and cargo data.  These statistics are used to analyze the feasibility of new projects and to set priorities for new investment, and for the operation, rehabilitation, and maintenance of existing projects.

Domestic and foreign vessel trips and tonnages by commodity for ports and waterways are covered in the Waterborne Commerce of the U.S., Parts 1-5. U.S. port, foreign port, foreign country, commodity group, and tonnage summarize foreign waterborne commerce between the U.S. and foreign countries. Data summaries include origin to destination information of foreign and domestic waterborne cargo movements by region and state, and also waterborne tonnage for principal ports and state and territories. Internal waterway tonnage indicators are updated monthly on the NDC website.

Movement data acquired by the Center is primarily for the use of the Corps and other government agencies; however, summary statistics, which do not disclose movements of individual companies, are also released to private companies and to the general public.

The Waterborne Commerce Statistics Center's standard publications, Waterborne Commerce of the United States, are issued in five parts (one to cover each coast and a national summary). Also available is The Public Domain Database which contains aggregated information of foreign and domestic waterborne cargo movements. Transportation Lines of the United States contains listings of domestic vessel operators, details their equipment, and references their service areas.  Most data are available in both hard copy and electronic form. Specialized data processing requests are considered on a case-by-case basis and are charged accordingly.

5.0 Economic/Industry Data

5.1 Input – Output Data

The I-O accounts for the U.S. economy show the production of commodities by each of 498 industries in the make table and the consumption of commodities by these industries in the use table.  The use table also shows the commodity composition of gross domestic product (GDP) and the industry distribution of value added.  The I-O accounts show the relationships between all the industries in the economy and all the commodities that these industries produce and use. The estimates of the commodities are shown in producers' prices.  When producers' prices are used, transportation costs and wholesale and retail trade margins are treated separately as commodities that are produced and used by industries.

The I-O accounts consist of five basic tables: (1) Make, (2) use, (3) commodity-by-industry direct requirements, (4) commodity-by-commodity total requirements, and (5) industry-by-commodity total requirements.

The I-O accounts have a variety of uses that range from an analytical tool to study industry production to a framework for benchmarking other economic statistics programs.  

Analytical uses

The I-O accounts are an important analytical tool because they show the interdependence among the producers and consumers in the economy. Using the I-O accounts, analysts can estimate the direct and indirect effects of changes in final uses on industries and commodities.

For example, the I-O accounts can show how an increase in consumer demand for motor vehicles will affect the rest of the economy.  It will likely cause an increase in the production of motor vehicles, which could result in increased steel production and which, in turn, could require increases in the production of chemicals, iron ore, limestone, and coal.  It could also require an increase in the production of upholstery fabrics, which could require more natural fibers, more synthetic fibers, and more plastics and which, in turn, could require increases in the production of "electric services (utilities)" and "plastics materials and resins." In the I-O accounts, these effects are quantified in the total requirements tables.

Similarly, the requirements tables can be used to estimate the effects of a strike or natural disaster on the economy or, supplemented with additional information, to estimate the effects of an increase in demand for U.S. exports on employment. The Federal Emergency Management Agency, the Department of Defense, and the Census Bureau, among others, have used the I-O accounts for such studies.

When the I-O accounts are augmented with regional data from BEA, they can show economic effects by region.  For example, the regional I-O accounts can be used to estimate the potential impact of a planned Federal Government shutdown of a military base.  When the I-O accounts are augmented with international data, they can be used to estimate the effects of exchange-rate changes on the profitability and activities of manufacturing industries that rely on imported inputs.

Analysts using the I-O tables to estimate the effects of changes in final uses on industries and commodities need to be aware of the underlying I-O assumptions. For example, the I-O tables are based on a set of relationships that exist between producers and consumers in a given year; these relationships reflect constant technology and relative prices.  The inter-industry relationships reflect the average input structure in each industry for that year, but these relationships do not necessarily reflect those of an additional unit of production. Therefore, for analyses that require alternative assumptions, other economic tools may be required.

Statistical uses

The I-O accounts are used in several ways to prepare economic statistics.  For example, the final-use components of personal consumption expenditures and of gross private domestic investment—adjusted to reflect the definitional, classificational, and statistical changes made after the completion of the benchmark I-O accounts—provide the benchmarks for the National Income and Product Accounts (NIPA)'s estimates.

The benchmark I-O accounts are also used as a framework to weight and to calculate index numbers for price, volume, and value. For example, the Bureau of Labor Statistics uses data from the I-O accounts as weights in compiling industry price indexes.

5.2 County Business Patterns

County Business Patterns is an annual series that provides sub national economic data by industry.  The series is useful for studying the economic activity of small areas; analyzing economic changes over time; and as a benchmark for statistical series, surveys, and databases between economic censuses.  Businesses use the data for analyzing market potential, measuring the effectiveness of sales and advertising programs, setting sales quotas, and developing budgets.   Government agencies use the data for administration and planning.

County Business Patterns covers most of the country’s economic activity.  The series excludes data on self-employed individuals, employees of private households, railroad employees, agricultural production employees, and most government employees.

The Business Register is the Census Bureau’s source of information on employer establishments included in the County Business Patterns and ZIP Business Patterns.  The Business Register is a multi-relational database that contains a record for each known establishment that is located in the United States or Puerto Rico and has employees.  

A certain amount of under coverage occurs in the universe, primarily with establishments for multi-unit companies. The Census Bureau does not create a multi-unit company structure in the Business Register for very small employers (less than 10 employees) identified in the Economic Census.  In addition, the Company Organization Survey (COS) is an annual mail survey that includes all multi-unit companies with 250 or more employees.  Companies with less than 250 employees are only selected for the COS when administrative record sources indicate the company may be undergoing organizational change and are adding or dropping establishments.  Establishments for smaller companies may be missed, as well as establishments for companies not responding to the Economic Census or the COS.  The Census Bureau does not have any estimates of establishment under coverage. Coverage of payroll and employment is very good because of the usage of administrative record data.

Industry Classification of Establishments

Industry classification of businesses in the County Business Patterns and ZIP Business Patterns is according to the 2002 North American Industry Classification System (NAICS), which includes nearly 1,200 industries. 

The primary source of industry classification is data collected through the Economic Census or through other Census surveys.  When this is not available, the Census Bureau uses a hierarchy of administrative record sources to assign a code, including classifications from the Bureau of Labor Statistics, business birth information, and self-assigned codes from income tax records.

Geographic Classification of Establishments

The County Business Patterns and ZIP Business Patterns classify an establishment by its physical location.  Under the usual definition, an establishment or business is a fixed physical location or permanent structure where some form of business activity is conducted.  The Economic Census and the COS requests the physical location of each establishment in a firm.  In addition, administrative record sources provide physical location addresses.  In some cases, the physical location is not available, and the geographic assignment is based on the mailing address.  When a business relocates, there may be a significant delay until the Census Bureau receives the updated physical location address, particularly for small businesses.  This may have an impact on establishment counts at the county level, but this level is not measured.

Reliability of Data

Payroll and employment data are tabulated from administrative records for single-unit firms and a combination of administrative records and survey-collected data for multi-unit firms.  They are not subject to sampling error, but are subject to nonsampling errors, which can be attributed to several sources: inability to identify all cases that should be in the universe; definition and classification difficulties; errors in recording or coding the data obtained; and other errors of coverage, processing, and estimation for missing or misreported data.

The accuracy of these tabulated data is determined by the joint effects of the various nonsampling errors.  No direct measurement of these effects has been obtained except for estimation for missing or misreported industry classifications; however, precautionary steps were taken in all phases of the processing to minimize the effects of nonsampling errors.

Employment data are missing from approximately 15 percent of incoming administrative payroll records. For these records, employment is imputed using average wage data for the prior year for the EIN, if available.  If it’s not available, an employment figure is imputed based on the average wage for the industry and geographic area.  Quarterly payroll is edited by comparing with reported data from other quarters over a two-year period to determine any anomalies and potential misreporting.  Suspected missing payroll and extreme values are imputed based on company reporting patterns. The Census Bureau imputes payroll for less than one percent of all incoming administrative payroll records.

Establishment payroll and employment for multi-unit companies is collected through the Economic Census and the COS.  Data for companies not included in the COS or not responding to the survey are imputed from administrative record data by taking company level administrative payroll and employment and breaking it down to the establishment level by best estimates of the size of each establishment in the company.  If some establishments have reported payroll and some do not, the breakdown is performed with the difference between the administrative data at the company level and the total reported amounts.
6.0 Disaggregation Methods

Lot of direct and indirect factors, including socioeconomic, demographic, costs and level of service, drives freight demand.  Commodity supply and demand and other indirect factors (including infrastructure, logistics, policy etc.) drives freight demand.  Freight demand has been modeled as a function of the relative commodity production and attraction level of regions and an appropriate impedance factor to represent costs. Figure 6.1 shows the factors affecting freight demand.

Figure 6.1
Factors Affecting Freight Transportation Demand

[image: image7.emf]
6.1 Regression Methods
Regression has been employed to generate disaggregate county freight flows from the publicly available CFS database.  The approach is similar to the four-step process where freight trip productions and attractions regression equations are developed as a function of a set of exploratory variables that impact commodity productions and attractions in a county.  Due to sampling errors and data disclosure issues, ordinary least squares (OLS) regression might not be accurate and will provide inaccurate estimates of regression coefficients. Therefore, robust regression is recommended to account for outliers.  Robust regression is an iterative regression process that identifies outliers in the data and minimizes their effects in the estimation of the regression coefficients. The outliers are excluded from the model, and weighted stepwise regression is performed to estimate the final regression coefficients
.
The estimated freight generation and attraction equations can be used to estimate the total county productions and attractions for each commodity category k, by using the county employment data collected from the County Business Patterns and the county population statistics from the Population Estimates Program of the Census Bureau as inputs.  The gravity model, commonly used for freight flow distribution, is founded in the theory that interzonal freight flows are directly proportional to the production/attraction levels of origin/destination zones and inversely proportional to a measure of impedance.  Travel time or transportation cost is considered a good measure of impedance because freight flows between zones are impacted by both.

6.2 Multinomial Logit Models
Researchers in Texas developed a method for allocation of freight productions and attractions using multinomial logit models 
.  The production flow distribution of commodities was modeled as a function of the generalized cost of transportation and the relative attraction level of the destination zones.  Similarly, the attraction flow distribution of commodities was modeled as a function of the generalized cost of transportation and the relative production level of the origin zones.  Owing to a lack of generalized cost data, centroidal distances between zones were employed as the impedance measure affecting freight flow distribution. 

The MNL model was developed separately to model the distribution of freight flows from production zone i to the n attraction zones and freight flows to attraction zone j from the n production zones for each commodity group k.
While the MNL model has sufficient strengths in terms of ease of model calibration, predictive power of the model, and cost effectiveness among others, it does have its flaws.  It does not report interstate truck flow data when the number of truck flows than one unit of measure is not reported to the CFS and due to disclosure issues it does not have information about specific companies or employees.  It also has issues since it does not take into account contribution of other factors and centroidal distance is a crude proxy for the impedance measure for interstate truck flows.

While most of the methods detailed above refer to disaggregation of commodities, the Battelle Institute
 has developed a methodology that allocates FAF2 data to smaller geographies.  In this method, disaggregated production and attraction freight trip in tonnage for each county is developed using the FAF2 commodity tons with 114 FAF2 freight O-D zones.  The O-D matrix disaggregation is based on all commodity combined.  The FAF2 disaggregation model is applied to both equivalent truck trip and freight tonnage.  The truck trip conversion factor was developed using the VIUS-2002 database.

The method calculates freight trucks/ton generated by all commodities combined in county c(s) is a function of freight trucks/tons generated by all commodities zone (s), total truck VMT within the County C(s) and the total truck VMT activity within zone (s) and is given in equation 1.
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Where,

(T) c(s) = freight trucks/tons generated by all commodities combined in county c(s)
(T) (s) = freight trucks/tons generated by all commodities combined in FAF2 zone (s) 

(E) c(s) = Total truck VMT within county c(s)
(E) (s)  = Total truck VMT within zone (s)
Two options, described below, were explored to develop the freight share (in percent) for each county:

· Truck VMT Approach; and

· TransCAD O-D matrix estimation procedures using link truck flow data.

Truck VMT Approach

The truck VMT table for each zone and county are developed by using the highway link specific total truck flow data (AADTT) for 2004 by Battelle.  This database can generate current, historical and trend information at the national as well as for specific corridors and study areas.  The database uses the latest version of the FHWA’s Highway Performance Monitoring System (HPMS) as the initial data source, which is then revised using the Bureau of Transportation Statistics’ Vehicle Travel Information System (VTRIS) and the state DOT’s Annual Traffic Report.  The database can also provide vehicle classification and weigh-in-motion data points on the National Highway Planning Network (NHPN).

TransCAD O-D Matrix estimation

The freight share for each county is also investigated by using the TransCAD O-D matrix estimation software that utilizes the link truck volume.  The procedure is based on a sample of network link traffic counts and optional, initial or base trip tables.  The output O-D matrix consists of truck flow trip from every origin county to every destination county.  This matrix is then used to develop the equivalent freight share in each county (to and from) using the 114 x 114 FAF2 O-D matrix.

The Truck VMT approach allocates freight truck tons based on the share of total truck VMT.  However, since truck VMT includes other uses (local delivery trucks, service trucks, utility trucks, construction trucks, etc.) and is by definition greater than freight truck VMT, for any zone and overall, the allocation of total truck VMT will rarely match the expected freight truck allocation.  Furthermore, the truck VMT in a zone will include truck travel to, from, and within the zone, and while this may be appropriate for allocating freight truck tons, it also includes truck VMT which is merely passing through the zone and this truck VMT is totally unrelated to the allocation of freight to or from that zone.  The VMT approach does not necessarily say how much freight is allocated to zones and inclusion of through trucks will lead to an over estimation of freight flow to and from a zone.  The method also does not provide any disaggregation by commodity, which whiles not an issue for total congested assignment, may be an issue for other analysis (e.g. benefits to a particular industry/commodity).
7.0 Methodology for Disaggregating Florida FAF2 Data
The previous sections have highlighted the importance of understanding freight flows and how the FAF2 data provides a valuable resource to policymakers and modelers to enhance this understanding.  In this section the methodology to disaggregate FAF2 data is described and implemented for Florida.  The methodology utilizes the relationship between employment by industry and the commodities which those industries produce and consume.  While the FAF2 data is available only at a regional level, employment by industry is more readily available at smaller levels of geography.  The US Census Bureau provides County Business Patterns (CBP), a publicly available database, employment by county by North American Industrial Classification System (NAICS) industry.  Commercial and state data sources may provide employment by NAICS or comparable industry classifications at smaller levels of geography.  This employment data can be aggregated to develop mathematical relationships between the FAF2 commodity shipments to and from a FAF2 region and the employment by industries in that FAF2 region.  The availability of employment data by industry can be used with these equations to estimate the expected production and attraction of freight tonnage in a FAF2 region and the units of smaller geography in that FAF2 region.  The shares of the smaller units of geography tonnage to the regional tonnage can then be used to disaggregate the freight flows from FAF2 regions to the smaller units of geography within those FAF2 regions.  This method is suitable for disaggregating the FAF2 regional flows to flows to and from Florida counties.  The focus of this study is to develop a FAF2 county database for Florida.  Since Florida has five FAF2 regions the method presented here disaggregates the FAF2 data from these five FAF2 regions to counties that are nested within the FAF2 regions of Florida.  In addition, CBP data is readily available at the county level and while it is possible to disaggregate FAF2 data to higher spatial resolutions than counties, employment by industry information at smaller geographies is not easily available from public sources.

The first step is to determine employment at the three digit NAICS county level.  The CBP data is the most appropriate data source to determine employment at the three digit NAICS level.  However, CBP data is available most completely at the Metropolitan Statistical Area (MSA) and for the purpose of disaggregating FAF2 O‑D commodity database it is necessary to disaggregate employment data at the county level to three-digit NAICS code.  Therefore, a tabulation using Census 2000 Public Use Microdata Sample (PUMS) at the desired geographic level for Class of Worker by Industry was used for allocation of employment.  This same logic was extended to determine the county-level allocation of employment.  Given that CBP excludes self-employed and most government workers, a percentage of Census 2000 stratification of workers by industry for workers employed for pay or profit, was also allocated to CBP-based employment.  The CBP suppresses employment information when it may be possible to identify specific firms.  When the employment data is suppressed, the CBP reports the number of establishments by range of employment, for example, the number of establishments with between 100 and 249 employees.  In order to estimate employment for each industry in each county, the suppressed entries (by NAICS three-digit industry and county) in the CBP were estimated using the actual county employment totals and the employment total is estimated using the disclosed number of establishments in each employment range multiplied by the midpoint of the number of employees in that range.

The next step is to build a bridge between the commodities in the FAF2 reported using the two digit SCTG and three digit NAICS.  These relationships identify industries in disaggregating the origin and destination of freight shipments.  The objective of this project is to develop a disaggregation method of the FAF2 database that is of interest to planners and modelers who have different requirements from the FAF2 database.  The methodology described here should satisfy both communities.  The methodology would develop regression equations for the 2002 FAF2 SCTG commodity flows against NAICS employment for the 114 FAF2 regions.  
These regressions guide the development of factors for each commodity for the disaggregation of freight flow productions and attractions.  For the purposes of planners, the grouping of the data into commodities will not be necessary, but more detailed information about SCTG commodity flows at the county level will be needed.  The use of the factors developed with the regression equations will ensure that the disaggregation is consistent with observed data.  
Finally, the share of the originating and terminating tonnage by industry for each of the counties within a specific FAF2 zone is applied to the reported FAF2 regional tonnages, to obtain the disaggregated FAF2 O-D database.
7.1 Development of Regression Equations
As summarized in the introduction to this section, the first task was to develop regression equations for tonnage productions and attractions.  Table 7.1 shows the 42 two digit SCTG commodity codes. Regression equations were developed for each of these 42 commodity types and the commodity tonnage is the dependent equation.  These equations have as explanatory variables employment by three digit NAICS, total employment, population (2000) and farm acreage and livestock information from the National Agricultural Statistics Service (NASS) database.  
Table 7.1
Two Digit SCTG Commodity Classification
	Commodity Code
	Commodity Description

	01
	Live Animals and Fish

	02
	Cereal Grain (including seed)

	03
	Agricultural Products Except for Animal Feed (other)

	04
	Animal Feed and Products of Animal Origin.

	05
	Meat, Fish, and Seafood and Their Preparations

	06
	Milled Grain Products and Preparations, and Bakery Products

	07
	Other Prepared Food Stuffs, and Fats and Oils

	08
	Alcoholic Beverages

	09
	Tobacco Products

	10
	Monumental or Building Stone

	11
	Natural Sands

	12
	Gravel and Crushed Stone

	13
	Other Non-Metallic Minerals

	14
	Metallic Ores and Concentrates

	15
	Coal

	16
	Crude Petroleum Oil

	17
	Gasoline and Aviation Turbine Fuel

	18
	Fuel Oils

	19
	Other Coal and Petroleum Products

	20
	Basic Chemicals

	21
	Pharmaceutical Products

	22
	Fertilizers

	23
	Other Chemical Products and Preparations

	24
	Plastics and Rubber

	25
	Logs and Other Wood in the Rough

	26
	Wood Products

	27
	Pulp, Newsprint, Paper, and Paperboard

	28
	Paper or Paperboard Articles

	29
	Printed Products

	30
	Textiles, Leather, and Articles of Textiles or Leather .

	31
	Non-Metallic Mineral Products

	32
	Base Metal in Primary or Semi-Finished Forms and in Finished Basic Shapes

	33
	Articles of Base Metal

	34
	Machinery

	35
	Electronic and Other Electrical Equipment and Components, and Office Equipment

	36
	Motorized and Other Vehicles (including parts)

	37
	Transportation Equipment

	38
	Precision Instruments and Apparatus

	39
	Furniture, Mattresses and Mattress Supports, Lamps, Lighting Fittings, and Illuminated Signs

	40
	Miscellaneous Manufactured Products

	41
	Waste and Scrap (except of agriculture or food).

	43
	Mixed Freight


Source:
FHWA Office of Freight Management and Operations, Report 4 – FAF Commodity Classification  
The employment by three digit NAICS and total employment were derived from the 2004 CBP data.  2004 CBP data is used because it is the first year in which the CBP reported establishment numbers by ranges of 1000-1500 employees, 1500-2500, 2500-4999 and 5000 and higher , previously only 1000+ employees was reported.  The larger number of ranges seemed to result in fewer instances of nondisclosure and a better chance of estimating the missing employment by NAICS using the number of establishments in each range.  For a number of equations related to farming, the production and attraction equations fit poorly against farm employment, therefore farm acre was used in those situations instead. This variable was originally derived from National Agricultural Statistics Service database and then acres of farmland by county were aggregated to FAF2 region. 

Linear regressions were developed using the tonnages originating (produced) and destined (attracted) and the employment by industry in each of 114 FAF2 regions as the data for the regressions.  The linear regressions were calculated using zero intercepts since it is assumed that a region with zero employment in an industry would not produce/attract any freight in the commodities associated with those industries.  The complete 114 zones in FAF2 were chosen because it was felt that the confidence in the relationships would be greater for the 114 data points as opposed to the 5 data points available for only the Florida FAF2 regions.  It was assumed that the regressions for reach commodity group developed with the national data would be applicable to Florida. Where needed, exceptions are noted.  . The equations were fitted to observed annual tonnage for each of 42 Commodity Groups.  In all these equations the sample size is the number of FAF2 regions in the U.S. which is 114. The Make-Use table from the Bureau of Economic Analysis' Input-Output Model was used as guidance in the selection of independent variables. After testing several variables a final model was constructed on the basis of statistical significance, and sensible and logical judgment.

Table 7.2 shows the result of the regression equations developed for productions and Table 7.3 for attractions for each of the 42 SCTG commodities using the employment data for the 114 FAF regions.  For some commodities, it was decided to aggregate the commodities together in order to obtain a statistically significant industry category are realistically involved in the production or attraction of the specific commodity.  In addition, each coefficient’s statistical significance (t-stat) is also given.  The format for reading the equations in Tables 7.2 and 7.3 are as follows (read down):

· Productions (CommodityGroup) = Coefficient1*Variable1 + Coefficient2*Variable2 + Coefficient3*Variable3

· Attractions (Commodity Group) = Coefficient1*Variable1 + Coefficient2*Variable2
As can be seen from Table 7.2 most of the production of commodities in a region are a function of the employment in the industry directly associated with that commodity, e.g. the production of paper shipments from a region is directly associated with the employment in the paper industry in that region.  The attractions industries are different in that they are associated with the industries that consume that commodity.  Only those employment categories that were statistically significant at the 95% Confidence Level was included as explanatory variables in the regression.  In addition to NAICS2 or NAICS3 digit employment, NASS data, population and total employment, the following aggregations of employment were also tested as independent variables in the regressions:

· Transportation (NAICS 481 to 499)

· Non-durable Manufacturing(NAICS 321 to 327)

· Durable Manufacturing(NAICS 331 to 339)

For Florida, the production of coal was set to zero since Florida does not have any coal production facilities and this information is used when developing factors for disaggregation. 

Table 7.2
Production Equations (2002 thousands of tons)
	NAICS CODE
	SCTG
	

	
	SCTG
	Live animals/fish (1)

	Description
	COEFFICIENT
	T-STAT

	115
	Support Activities for Agriculture and Forestry                                                                   
	0.239
	4.80

	R2
	
	0.17

	
	
	
	

	
	SCTG
	Cereal grains (2)

	311
	Food Manufacturing
	0.407
	5.11

	
	Farm acres (in thousands)
	0.441
	4.20

	R2
	
	0.48

	
	
	
	

	
	SCTG
	Other Agriculture Products. (3)

	311
	Food Manufacturing
	0.188
	10.43

	
	Farm acres (in thousands)
	0.051
	2.14

	R2
	
	0.65

	
	
	
	

	
	SCTG
	Animal feed (4)

	115
	Support Activities for Agriculture and Forestry
	0.883
	7.45

	
	Farm acres (in thousands)
	0.102
	6.64

	R2
	
	0.60

	
	
	
	

	
	SCTG
	Meat/seafood (5)

	311
	Food Manufacturing
	0.053
	25.94

	R2
	
	0.86

	
	
	
	

	
	SCTG
	Milled grain products (6)

	311
	Food Manufacturing
	0.053
	13.64

	R2
	
	0.62

	
	
	
	

	
	SCTG
	Other Foodstuff (7)

	311
	Food Manufacturing
	0.180
	10.03

	325
	Chemical Manufacturing
	0.127
	3.85

	R2
	
	0.75

	
	
	
	

	
	SCTG
	Alcoholic Beverages (8)

	312
	Beverage and Tobacco Product Manufacturing
	0.336
	10.66

	R2
	
	0.50

	
	
	
	

	
	SCTG
	Tobacco prods. (9)

	312
	Beverage and Tobacco Product Manufacturing
	0.014
	4.45

	R2
	
	0.15

	
	
	
	

	
	SCTG
	10,11,12,13,14,15

	212
	Mining (except Oil and Gas)                                                                                       
	2.144
	10.10

	R2
	
	0.13

	
	
	
	

	
	SCTG
	Crude Petroleum (16)

	211
	Oil and Gas Extraction                                                                                            
	8.324
	5.36

	R2
	
	0.21

	
	
	
	

	
	SCTG
	Gasoline (17)

	324
	Petroleum & Coal Products Manufacturing
	7.592
	23.67

	R2
	
	0.83

	
	
	
	

	
	SCTG
	Fuel Oils (18)

	324
	Petroleum & Coal Products Manufacturing
	3.885
	19.39

	R2
	
	0.77

	
	
	
	

	
	SCTG
	Other Coal & Petroleum Products (19)

	211
	Oil and Gas Extraction                                                                                            
	2.064
	1.17

	324
	Petroleum & Coal Products Manufacturing
	11.737
	8.07

	R2
	
	0.62

	
	
	
	

	
	SCTG
	20,21,22,23

	325
	Chemical Manufacturing
	0.184
	7.60

	R2
	
	0.11276

	
	
	
	

	
	SCTG
	Plastics/Rubber (24)

	326
	Plastics and Rubber Products Manufacturing                                                                        
	0.111
	9.28

	R2
	
	0.43

	
	
	
	

	
	SCTG
	Logs(25)

	113
	Forestry and Logging
	0.323
	4.02

	115
	Support activities for Agriculture and Forestry
	0.843
	3.91

	321
	Wood Product Manufacturing                                                                                        
	0.465
	6.48

	R2
	
	0.70

	
	
	
	

	
	SCTG
	Wood Products (26)

	321
	Wood Product Manufacturing                                                                                        
	0.625
	18.37

	R2
	
	0.75

	
	
	
	

	
	SCTG
	Newsprint/paper (27)

	113
	Forestry and Logging
	0.887
	13.59

	323
	Printing and Related Activities
	0.086
	7.38

	R2
	
	0.73

	
	
	
	

	
	SCTG
	Paper Articles (28)

	322
	Paper Manufacturing
	0.101
	10.76

	323
	Printing and Related Activities
	0.038
	4.82

	R2
	
	0.81

	
	
	
	

	
	SCTG
	Printed Products (29)

	322
	Paper Manufacturing
	0.015
	2.48

	323
	Printing and Related Activities
	0.077
	15.25

	R2
	
	0.85

	
	
	
	

	
	SCTG
	Textiles/Leather (30)

	313
	Textile Mills
	0.059
	2.68

	314
	Textile Product Mills
	0.187
	5.86

	R2
	
	0.73

	
	
	
	

	
	SCTG
	Nonmetallic Mineral products (31)

	327
	Nonmetallic Mineral Product Manufacturing
	2.09
	13.25

	R2
	
	0.61

	
	
	
	

	
	SCTG
	Base Metals (32)

	331
	Primary Metal Manufacturing
	0.424
	8.69

	333
	Machinery Manufacturing                                                                                           
	0.085
	3.24

	R2
	
	0.75

	
	
	
	

	
	SCTG
	Articles of Base Metals (33)

	332
	Fabricated Metal Product Manufacturing
	0.115
	14.51

	R2
	
	0.65

	
	
	
	

	
	SCTG
	Machinery (34)

	332
	Fabricated Metal Product Manufacturing
	0.085
	2.92

	333
	Machinery Manufacturing
	0.081
	2.01

	R2
	
	0.63

	
	
	
	

	
	SCTG
	Electronic & Electrical (35)

	333
	Machinery Manufacturing
	0.020
	3

	334
	Computer and Electronic Product Manufacturing
	0.012
	4.35

	335
	Electrical Equipment, Appliance, and Component Manufacturing
	0.029
	2.44

	R2
	
	0.7

	
	
	
	

	
	SCTG
	36, 37

	336
	Transportation Equipment Manufacturing
	0.084
	18.01

	R2
	
	0.741

	
	
	
	

	
	SCTG
	Precision Instruments (38)

	339
	Miscellaneous Manufacturing
	0.03128
	7.65

	R2
	
	0.34

	
	
	
	

	
	SCTG
	Furniture (39)

	337
	Furniture and Related Product Manufacturing                                                                       
	0.055
	11.94

	R2
	
	0.56

	
	
	
	

	
	SCTG
	Misc. Manufactured Products (40)

	339
	Miscellaneous Manufacturing
	0.104
	14.21

	R2
	
	0.64

	
	
	
	

	
	SCTG
	Waste and Scrap (41)

	115
	Support activities for Agriculture and Forestry
	0.778
	3.75

	221
	Oil and Gas Extraction
	0.436
	1.75

	321, 322, 323, 324, 325, 326, 327
	nondurable
	0.063
	5.39

	331, 332, 333, 334, 335, 336, 337, 339
	durable
	0.062
	2.61

	R2
	
	0.86


	
	SCTG
	Mixed Freight (43)

	321, 322, 323, 324, 325, 326, 327
	nondurable
	0.032
	4.12

	481, 483, 484, 485, 486, 487, 488, 492, 493
	transportation
	0.046
	5.93

	R2
	
	0.86


Table 7.3
Attraction Equations (2002 thousands of tons)
	NAICS CODE
	SCTG
	

	
	SCTG
	Live animals/fish (1)

	
	Description
	COEFFICIENT
	T-STAT

	311
	Food Manufacturing
	0.028
	5.01

	
	Farm acres (in thousands)
	0.011
	2.28

	
	2000 Population
	0.00011
	3.24

	R2
	
	0.69

	
	
	
	

	
	SCTG
	Cereal grains (2)

	311
	Food Manufacturing
	0.412
	6.05

	
	Farm acres (in thousand)
	0.382
	4.25

	R2
	
	0.54

	
	
	
	

	
	SCTG
	Other ag prods. (3)

	311
	Food Manufacturing
	0.113
	5.20

	
	Population 2000
	0.001
	4.46

	R2
	
	0.67

	
	
	
	

	
	SCTG
	Animal feed (4)

	
	Farm acres (in thousand)
	0.074
	5.96

	
	Livestock sold (in million)
	2.279
	2.22

	
	Population 2000
	0.001
	8.09

	R2
	
	0.65

	
	
	
	

	
	SCTG
	Meat/seafood (5)

	311
	Food Manufacturing
	0.025
	10.32

	722
	Food Services and Drinking Places                                                                                 
	0.005
	9.32

	R2
	
	0.89

	
	
	
	

	
	SCTG
	Milled grain products (6)

	311
	Food Manufacturing
	0.016
	3.73

	722
	Food Services and Drinking Places                                                                                 
	0.010
	10.51

	R2
	
	0.81

	
	
	
	

	
	SCTG
	Other Foodstuff (7)

	311
	Food Manufacturing
	0.073
	5.70

	722
	Food Services and Drinking Places                                                                                 
	0.039
	13.78

	R2
	
	0.89

	
	
	
	

	
	SCTG
	Alcoholic Beverages (8)

	311
	Food Manufacturing
	0.007
	2.38

	722
	Accommodation and Food Services                                                                                   
	0.011
	16.74

	R2
	
	0.89

	
	
	
	

	
	SCTG
	Tobacco products (9)

	312
	Beverage and Tobacco Product Manufacturing                                                                        
	0.013
	2.78

	
	Census 2000 population
	0.000
	1.78

	R2
	
	0.22

	
	
	
	

	
	SCTG
	Building Stone (10)

	
	Total employment
	0.0003
	6.82

	R2
	
	0.29

	
	
	
	

	
	SCTG
	Natural Sands (11)

	
	Census 2000 population
	0.002
	12.76

	R2
	
	0.59

	
	
	
	

	
	SCTG
	Gravel (12)

	
	Census 2000 population
	0.006
	14.69

	R2
	
	0.66

	
	
	
	

	
	SCTG
	Nonmetallic Minerals (13)

	321-327
	Nondurable goods
	0.049
	13.09

	R2
	
	0.60

	
	
	
	

	
	SCTG
	Metallic Ores (14)

	331
	Primary Metal Manufacturing                                                                                       
	0.202
	7.05

	R2
	
	0.31

	
	
	
	

	
	SCTG
	Coal (15)

	212
	Mining (except coal & gas)
	1.112
	4.23

	324
	Petroleum and Coal Products Manufacturing
	1.104
	3.31

	
	Electricity Generation KWH
	0.0004
	12.74

	R2
	
	0.87

	
	
	
	

	
	SCTG
	Crude Petroleum (16)

	211
	Oil and Gas Extraction                                                                                            
	5.244
	4.01

	324
	Petroleum & Coal Products Manufacturing
	8.282
	7.70

	R2
	
	0.72

	
	
	
	

	
	SCTG
	Gasoline (17)

	324
	Petroleum & Coal Products Manufacturing
	5.411
	14.47

	481, 483, 484, 485, 486, 487, 488, 492, 493
	transportation
	0.099
	6.41

	R2
	
	0.85

	
	
	
	

	
	SCTG
	Fuel Oils (18)

	324
	Petroleum & Coal Products Manufacturing
	3.186
	14.46

	
	Total employment
	0.001
	3.21

	R2
	
	0.80

	
	
	
	

	
	SCTG
	Other Coal & Petroleum Products (19)

	324
	Petroleum & Coal Products Manufacturing
	6.337
	5.60

	
	2000 Population
	0.005
	6.71

	R2
	
	0.66

	
	
	
	

	
	SCTG
	Basic Chemicals (20)

	325
	Chemical Manufacturing
	0.347
	6.72

	R2
	
	0.29

	
	
	
	

	
	SCTG
	Pharmaceuticals (21)

	
	2000 Population
	0.00008
	13.32

	R2
	
	0.61

	
	
	
	

	
	SCTG
	Fertilizers (22)

	
	Farm acres (in thousands)
	0.032
	0.82

	
	2000 Population
	0.001
	4.38

	R2
	
	0.19

	
	
	
	

	
	SCTG
	Chemical Products (23)

	325
	Chemical Manufacturing
	0.062
	5.79

	
	2000 Population
	0.00033
	8.33

	R2
	
	0.85

	
	
	
	

	
	SCTG
	Plastics/Rubber (24)

	326
	Plastics and Rubber Products Manufacturing                                                                        
	0.059
	4.88

	
	2000 population
	0.00024
	5.18

	R2
	
	0.73

	
	
	
	

	
	SCTG
	Logs(25)

	113
	Forestry and Logging
	3.377
	22.82

	322
	Paper Manufacturing                                                                                               
	0.192
	6.21

	
	Farm acres (in thousand)
	0.0002
	1.98

	R2
	
	0.93

	
	
	
	

	
	SCTG
	Wood Products (26)

	321
	Wood Product Manufacturing                                                                                        
	0.331
	8.89

	337
	Furniture and Related Product Manufacturing                                                                       
	0.072
	1.90

	
	Total employment
	0.001
	6.37

	R2
	
	0.84

	
	
	
	

	
	SCTG
	Newsprint/paper (27)

	311
	Food Manufacturing                                                                                                
	0.015
	2.61

	322
	Paper Manufacturing                                                                                               
	0.078
	4.76

	323
	Printing and Related Support Activities                                                                           
	0.073
	6.04

	R2
	
	0.80

	
	
	
	

	
	SCTG
	Paper Articles (28)

	311
	Food Manufacturing                                                                                                
	0.006
	2.49

	322
	Paper Manufacturing                                                                                               
	0.033
	5.10

	323
	Printing and Related Support Activities                                                                           
	0.048
	6.97

	
	Population 2000
	0.00009
	4.77

	R2
	
	0.93

	
	
	
	

	
	SCTG
	Printed Products (29)

	323
	Printing and Related Support Activities                                                                           
	0.019
	3.06

	511
	Publishing Industries (except Internet)                                                                           
	0.007
	2.09

	81
	Other Services (except Public Administration)                                                                     
	0.009
	7.68

	R2
	
	0.92

	
	
	
	

	
	SCTG
	Textiles/Leather (30)

	313
	Textile Mills                                                                                                     
	0.032
	2.73

	314
	Textile Product Mills                                                                                             
	0.116
	6.21

	
	Population 2000
	0.000
	8.33

	R2
	
	0.86279

	
	
	
	

	321, 322, 323, 324, 325, 326, 327
	nondurable
	0.117
	3.42

	
	2000 Population
	0.002
	3.95

	R2
	
	0.72

	
	
	
	

	
	SCTG
	Base Metals (32)

	331
	Primary Metal Manufacturing                                                                                       
	0.113
	3.00

	332
	Fabricated Metal Product Manufacturing
	0.151
	5.83

	333
	Machinery Manufacturing                                                                                           
	0.068
	1.90

	R2
	
	0.86

	
	
	
	

	
	SCTG
	Articles of Base Metals (33)

	332
	Fabricated Metal Product Manufacturing
	0.077
	5.36

	423, 424, 425
	wholesale
	0.010
	2.73

	R2
	
	0.69

	
	
	
	

	
	SCTG
	Machinery (34)

	311-339
	Total Manufacturing
	0.019
	14.30

	R2
	
	0.64

	
	
	
	

	
	SCTG
	Electronic & Electrical (35)

	
	Total employment
	0.001
	23.24

	R2
	
	0.83

	
	
	
	

	
	SCTG
	Motorized Vehicles (36)

	336
	Transportation Equipment Manufacturing                                                                            
	0.059
	12.22

	
	Total employment
	0.00046
	4.92

	R2
	
	0.80

	
	
	
	

	
	SCTG
	Transportation Equipment (37)

	
	Total employment
	0.00035
	8.81

	R2
	
	0.41

	
	
	
	

	
	SCTG
	Precision Instruments (38)

	
	Total employment
	0.00020
	12.17

	R2
	
	0.57

	
	
	
	

	
	SCTG
	Furniture (39)

	
	2000 Population
	0.00016
	20.11

	R2
	
	0.78

	
	
	
	

	
	SCTG
	Misc. Manufactured Products (40)

	
	2000 Population
	0.00028
	22.52

	R2
	
	0.82

	
	
	
	

	
	SCTG
	Waste and Scrap (41)

	
	2000 Population
	0.003
	24.18

	R2
	
	0.84

	
	
	
	

	
	SCTG
	Mixed Freight (43)

	
	2000 population
	0.001
	2.23

	
	Total employment
	0.001
	1.69

	R2
	
	0.89


The coefficients in the regression equations can be considered to be the annual thousands of tons produced, or consumed, by an employee in that industry.  For example the coefficients in Table 7.2, would suggest that the average employee in the paper industry, NAICS322, produces the shipment of 100 tons of paper articles (SCTG 28) per year.  For some commodity groups the relationship between the production and attraction of freight tonnage with the producing and consuming industries was quite strong.  For example, the relationship between the origination (production) of nondurable goods tonnage and nondurable manufacturing employment, and the destination (attraction) of nondurable goods tonnage and consumer manufacturing and wholesale industry employment.  Waste as a commodity refers to recyclable waste and the significant variables of durable good manufacturing and population for the attraction of waste is due to those variables indicating areas of economic activity.  Mixed freight is attracted to rail yards, airports (Transportation) and warehouses (Wholesale).  Many of these relationships are supported by known relationships between production industries, consumption industries ,and commodities as reflected in economic input-output models.

7.2 Development of expansion factors

For use in disaggregating freight in Florida, the equations shown in Tables 7.2 and 7.3 are applied to each county to estimate the thousands of tons that are produced or attracted..  The estimates for each county are summed to the FAF2 region including that county.  The ratio of county production or attraction to FAF2 zone production or attraction is applied to the 114 by 144 zone FAF2 Origin Destination database to expand that FAF2 zonal database to  a 176 by 176 zone database including the 67 Florida  counties as individual zones. 

The steps to this expansion are detailed below for each commodity group:

1. Estimate  the annual tonnage of each commodity produced Pc(i) or attracted Ac(j) for each County using the equations in Table 7.2 and Table 7.3; 

2. Aggregate the county productions Pc(i) and attractions Ac(j) to their associated Florida FAF2 regions to create PFAF(i) and AFAF(j);

3. Expand the FAF2 Regions matrix, FAF(k,l),  to Florida counties matrix, County (i,j), as follows :

If origin i and destination j are in Florida then County(i,j)=[FAF(k,l)*Pc(i)/PFAF(i)* Ac(j)/ AFAF(j)]
If origin i is in Florida and destination l, is outside Florida then County(i,l)=[ FAF(k,l)*Pc(i)/PFAF(i)]
If origin k is outside Florida and destination j is in Florida then County(k,j)=[ FAF(k,l)*Ac(j)/AFAF(j)]
The validity of this approach was tested using paper as the commodity of interest.  Given the difficult of including a 176 zone matrix only certain outputs are displayed.  Table 7.4 shows the flows for the three scenarios highlighted above for only one FAF2 region in Florida.
Table 7.4
Matrix Expansion Results

	 
	 
	Paper 2002 (thousands of tons)

	Origin
	Destination
	County 
	FAF2 Zone

	Disaggregation of Florida origins to Florida destinations 

	FAF2 Miami (20)
	FAF2 Jacksonville (19)
	#NA
	16.27

	Miami Dade County
	Baker County
	0.16
	#NA

	Miami Dade County
	Clay County
	0.11
	#NA

	Miami Dade County
	Duval County
	5.51
	#NA

	Miami Dade County
	Nassau County
	5.51
	#NA

	Miami Dade County 
	St. Johns County
	0.32
	#NA

	Palm Beach County
	Baker County
	0.01
	#NA

	Palm Beach County
	Clay County
	0.01
	#NA

	Palm Beach County
	Duval County
	0.31
	#NA

	Palm Beach County
	Nassau County
	0.31
	#NA

	Palm Beach County
	St. Johns County
	0.02
	#NA

	Broward County
	Baker County
	0.06
	#NA

	Broward County
	Clay County
	0.04
	#NA

	Broward County
	Duval County
	1.9
	#NA

	Broward County
	Nassau County
	1.9
	#NA

	Broward County
	St. Johns County
	0.11
	#NA

	Disaggregation of Florida origins to other US destinations

	FAF2 Miami (20)
	GA Rem (25)
	#NA
	6.64

	Miami Dade County
	GA Rem
	0.27
	#NA

	Palm Beach County
	GA Rem
	4.74
	#NA

	Broward County
	GA Rem
	1.63
	#NA

	Disaggregation of other US origins  to Florida destinations

	GA Rem (25)
	FAF2 Miami (20)
	#NA
	199.63

	GA Rem
	Miami Dade County
	113.05
	#NA

	GA Rem
	Palm Beach County
	26.11
	#NA

	GA Rem
	Broward County
	60.47
	#NA


7.3 Incorporating Import Data
The regression equations developed in section 7.1 can be used to disaggregate both ends of a domestic freight shipment.  However, the  FAF2.2 also includes the domestic travel portion of international shipments.  The regressions should only be used to disaggregate the domestic end of that shipment, from the domestic FAF2 region to US counties in that FAF2 region.  There is no employment information available for the international end of the trip nor is there any expectation that employment in the same NAICS classification system would even be available.  For purpose of developing trip tables, evaluating commodity share, mode shares, etc, this level of detail is sufficient.

The exception would be when it is desirable to assign the international FAF2 flow to a domestic national modal network.  In that case, it is not the international zone that it is important, it is the US gateway to or from the US.  The Port Of Entry/Exit (POE) is included as an attribute field in the FAF2 records for all international shipments.  The 114 FAF2 regions were chosen to be major urban areas (e.g. FL Miami), or state portions of urban areas (e.g. NJ New York City), the state portion remaining outside of the FAF2 urban areas (NY Remainder), or an entire state if there was no FAF2 Urban zone (e.g. ND).  If a POE was located in a FAF2 urban zone, that FAF2 region was used as the POE Gateway.  If a POE was assigned sizable shipment volumes, but was located in a state or a remainder of state region, then new POEs, which are not used for origins or destinations, were defined (e.g. ME Portland for ME, TX Laredo for TX Remainder).  There were 16 additional POE gateways defined in this way.  They were assigned zone numbers between 115 and 131.  The international zones are those seven zones numbered from 132 to 138.

While disaggregating the international origins or destination would serve no purpose, disaggregating the POE to a US county may be important if the domestic potion of the international trip were to be assigned to a national network.  For purposes of this assignment, the trip would not begin or end its trip at the international zone, but would begin or end its trip at the POE.  When the POE is itself a US county, then that county can be use directly.  When the POE is a FAF2 region, then the additional information on the county in which the port is located, or a if there is more than one port in a region not only in which counties are those ports located but also how the flows should be allocated among those ports.

Table 7.5 shows an actual record from the FAF2 that represents the shipment of 44,000 tons of Other Agricultural Products from Latin American to South Carolina by truck in the year 2002.  This truck trip represents the domestic portion of an international trip that arrived by water at the Miami region. There are three ports in the Miami FAF2 region (Port Everglades [Broward County], Port of Miami [Miami-Dade County] and Port of Palm Beach [Palm Beach County]).  Table 7.6 also shows the share of the total tonnage for imports among these three ports.  While this share may and will differ by commodity, such information is not readily available from the US Army Corp of Engineers, the source of these shares of total tonnage by port.  For purposes of disaggregating the 44,000 Tons by truck from Latin America to SC Remainder though the FAF2 FL Miami region, it seems appropriate to use the share of total tonnage at a port to allocate this shipment tonnage among the three counties.  Thus based on the shares in Table 7.6 the assignment should be as origins, 29,700 tons from Broward County (Port Everglades), 13,000 tons from Mimi County (Port of Miami) and 1,300 tons from Palm Beach County (Port of Palm Beach). Based on this information, the existing record in FAF2, as shown in Table 1, can be expanded into three records.  As shown in Table 7.7, the one shipment record has been disaggregated into three shipment records; each shipment has a US county instead of a FAF2 region as the POE.  Those county POEs can be considered the domestic origin of the truck trip.  The disaggregation of SC Rem FAF2 region as a domestic destination into counties in SC would be based on the employment regressions discussed previously.

The information obtained from these POEs is then added to the domestic portion of trip tables obtained using the regression equations and factors described previously to give a true picture of freight flow from within a FAF region.
Table 7.5
Sample Shipment from the FAF2 That Has an International Origin
	Origin
	Destination
	Port of Entry/Exit
	Commodity
	Mode
	Ktons (2002)

	Americas
	SC rem
	FL Miami
	Other agricultural products (SCTG 3).
	Truck
	44.00


Table 7.6
Share of Import Tonnage in 2002 among Ports in the FL Miami FAF2 Region

	Port
	County
	FIPS
	Import

	Port Everglades, FL
	Broward
	12011
	68%

	Miami, FL
	Miami-Dade
	12086
	29%

	Palm Beach, FL
	Palm Beach
	12099
	3%


Table 7.7
Sample Shipment from the FAF2 That Has an International Origin and disaggregated to US Counties by Port
	Origin
	Destination
	County Port of Entry/Exit
	Commodity
	Mode
	Ktons (2002)

	Americas
	SC rem
	Broward
	Other agricultural products (SCTG 3).
	Truck
	29.7

	Americas
	SC rem
	Miami-Dade
	Other agricultural products (SCTG 3).
	Truck
	13.0

	Americas
	SC rem
	Palm Beach
	Other agricultural products (SCTG 3).
	Truck
	1.3


7.4 Future Year Forecast
The FAF uses proprietary methods developed by Global Insight to forecast future year freight flows.  The basic methodology is as follows :
· First, establish national control totals by commodity; 

· Next apply specific shipment growth and specific purchasing and consumption growth by market and commodity; 
· Summarize and compare results with national control totals; and
· Adjust resulting freight flows so that volumes correspond with national level as follows:

· For each market and commodity, adjust so shipments match purchases

· For each commodity, adjust so that national control totals are satisfied.
Since FHWA does not have access to the proprietary database developed by Global Insight for forecasting future year NAICS employment, this study does not develop any new regression equations for the future year.  Rather, it uses the existing base year equations and the corresponding county factors to disaggregate the future year FAF to counties.
The base and future year disaggregated data developed in this study are available on the FSUTMS website (http://www.fsutmsonline.net). 
8.0 Future Work

While the FAF gives tonnage by mode, once the data is disaggregated to the county level, it is very difficult to obtain information about non truck freight flows.  However, the county database developed as part of this study needs to be testing using an Origin-Destination Matrix Estimator (ODME) or another procedure to determine the flow of trucks and how well the truck assignment developed using the disaggregated FAF compares to the ground counts.
The first step in this will be to evaluate the matrix estimator in CUBE Analyst. The reason to use this particular piece of software is because of the integration of CUBE Analyst with CUBE-Voyager which is the primary modeling platform in the state. Following an evaluation of CUBE Analyst it will be necessary to develop factors that convert annual tons to daily trucks in order to determine assign the trucks to the network.
The following steps will be taken to convert freight truck tons to freight truck volumes :

1. Compute payload factors by Commodity Group and distance class from the Vehicle Inventory and Usage Survey (VIUS) data.

2. Calculate the percentage of “no load” mileages by Commodity Group from the VIUS “No Load” product class.  

3. Combine the payload and empty (“no load”) truck factors to produce the annual tons to annual truck conversion factors by commodity and distance class.

In addition, information from the FHWA Quick Response Freight Manual II will be used to develop factors for urban commercial vehicles since they constitute a portion of the traffic on the highway network.

After development of truck factors the ODME will be applied to the statewide model network using the modeled truck volume matrix and counts from the Florida Traffic CD. Based on the results of the between model and actual flows, the model will be calibrated to reduce the error between observed and modeled flows.
report
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