Chapter 5.  Regional Intercity Travel Demand Estimation Methods

The Texas Department of Transportation funded the development of coordinated transportation plans for 24 different regions in Texas as defined by the 24 council of government boundaries (http://www.regionalserviceplanning.org).  By the end of 2006, the first set of the coordinated public transportation service plans had been proposed.  The goal of this chapter is to develop a method for estimating intercity travel demand in a region that serves as the basis for developing the coordinated public transportation service plans in Texas.  To achieve this goal, four representative plans were selected (Alamo Area, Capitol Area, the Panhandle Region, and the West Central Texas Region) from the 24 plans. The methods for estimating regional (intercity) travel demand used in these four plans were examined and compared to the methodology described in the TxDOT technical report 0-5345 R2 (Zhan and Chen, 2006).  A synthesized method for estimating regional intercity travel demand based on a review of the methods documented in the four plans and the report mentioned above is provided.

This chapter surveys various methodologies for estimating journey-to-work related travel demand in regions with several counties.  Census data are applied to a censual year for travel demand analysis, and no attempt is made to discuss methods for estimating travel demand in inter-censual years.  It should also be stated that this chapter is not about developing methods for estimating statewide intercity travel demand, but rather, it describes methods to estimate travel demand on specific intercity corridors and cites demand estimation methodologies employed in the regional transit service planning process in Texas.  Readers who are interested in statewide travel demand analysis may refer to a report available through the Federal Highway Administration (FHWA, 1999).     

Review of Demand Analysis in Four Texas Regional Plans

As stated earlier, four representative plans (Alamo Area, Capitol Area, Panhandle, and West Central Texas) from the 24 coordinated public transportation service plans were selected for a review to develop methods presented in this chapter.  The reason for choosing those four plans is that three of the four plans were prepared by the three consulting firms contracted by TxDOT to develop the plans.  The three firms are A&R Consulting for the West Central Texas Region, Goodman Corporation for the Panhandle Region and KFH Group, Incorporated for the Alamo Area.  The Capitol Area plan was finished by the Capitol Area Regional Transit Coordination Committee (RTCC).  Each of the four plans is briefly reviewed in this section.

The Alamo Area Regional Public Transportation Coordination Study 

The KFH Group performed this study in association with Cambridge Systematics and prepared a report about this study (KFH Group, 2006).  The study accomplished three tasks: 
· a review of existing transit services in the 12-county Alamo Area; 
· an examination of travel patterns at the county level based on demographic and land use data in the area; and 
· a proposed transportation coordination plan and suggested service alternatives.  
The second task is directly related to the materials discussed in this chapter.  In determining travel patterns in the area, the study used journey-to-work data from the census to reveal trip origins (home locations) and destinations (work locations).  

In addition to the journey-to-work data, the study used land use data (shopping centers, schools, and medical facilities) and other data obtained through outreach efforts (e.g., stakeholder focus groups and meetings) to supplement the analysis.  In terms of geographic scale, all results documented in the final report are travel patterns aggregated at the county level.  

The Capitol Area Public Transportation Coordination Study  

This study was finished by the Capitol Area formed by the Regional Transit Coordination Committee that consisted of 25 agencies and organizations involved in some aspects of public transportation in the Capitol Area.  The study reviewed the public transportation planning and coordination practices in the Capitol Area, defined goals of coordinated transportation plans, identified opportunities as well as barriers for a coordinated transportation plan, and suggested a list of 19 action items toward a coordinated transportation plan (Capitol Area Regional Transit Coordination Committee, 2006).  This study, however, made no attempt to estimate the exact intercity travel demand in the Capitol Area.  

The Panhandle Region Public Transportation Coordination Study

The Panhandle study report was prepared by the Goodman Corporation.  This study reviewed the geography, demographics, transit planning partners, and coordinated service planning processes in the region.  In addition, the study identified transit gaps and overlaps and discussed strategies to fill these gaps and reduce the overlaps in the region.  Furthermore, the study discussed the barriers and constraints for a more coordinated transportation plan for the region.  A set of action plans was also proposed.  

In the area of travel demand analysis, the study suggested a Transit Need Index for the Panhandle. In determining the Transit Need Index for each county, the study used eight demographic variables to gauge the need for transit service for a population in a county.  The eight variables are: 
· household income, 
· age, 
· auto availability, 
· education attainment, 
· minority status, 
· immigrant status, and 
· whether a person is mobility-impaired or 
· work-impaired.  
Each of the 26 counties within the Panhandle was assigned a score for each of the eight variables.  The average or median score of a variable among all counties was used as the region’s relative scale.  A composite score for each county was created by summing up all scores across all variables.  The composite score was then weighted by the number of households in a county to determine the Transit Need Index for the county.  A higher index value indicates a greater need for transit service.  Similar to the Capitol Area study, the Panhandle Region study made no attempt to estimate travel demand among different areas in the Panhandle Region. 

The West Central Texas Public Transportation Coordination Study

This study was performed by a team consisting of A&R Consulting and the Goodman Corporation.  A&R Consulting prepared the study report.  In addition to reviewing the general geographic and demographic characteristics in the 19 counties in this region, the study examined the existing coordination among different transit providers in the region.  It identified transportation gaps, barriers and constraints for coordinated transportation in the region, and made recommendations about how to develop a better coordinated public transportation plan.  

The study also used Transit Need Index to evaluate the need for public transportation in the region.  The study used five demographic indicators to gauge transit need in each of the 19 counties.  The five indicators are: 
· percentage of household without an automobile, 
· median household income, 
· percentage persons with a disability, 
· percentage of households below poverty line, and 
· percentage persons over age 65.  
Based on the value of an indicator in a county, a county is assigned a score for that indicator.  A higher score indicates a greater need for transit service.  A composite score can be obtained for each county by summing up the score across the five indicators.  The report about this study did not document a method that can be used to estimate travel demand between different areas in the region.

The TxDOT Project 0-5345 R2 Report 

As part of the research efforts in a separate project titled “Regional Public Transportation Solutions for Intercity Commuting Problems” (Project 0-5345) funded by TxDOT, a research team at the Texas Center for Geographic Information Science at Texas State University-San Marcos (Texas State) developed a method for estimating journey-to-work travel demand at the Traffic Analysis Zone (TAZ) level using census data (Zhan and Chen, 2006).  The team developed GIS-based methods to analyze the 2000 Census Transportation Planning Package (CTPP) Part 3 Journey–to-Work data.  The team used the methods to identify commuting patterns between rural communities and urban areas as well as commuting flows between different counties (cities) in a five-county study area in Central Texas.  In addition, the team developed a GIS-based network analysis model for identifying commute routes between different origins and destinations.  

The methods can be used to accomplish several tasks in estimating journey-to-work related travel demand in a region on a fine geographic scale.  These tasks include: 
· the determination of the geographic distribution of journey-to-work trip origins based on place of residence (home location), 
· the geographic distribution of trip destinations based on place of work (office location), and 
· the commute traffic flows between different geographic areas.  

Summary of the Review

The review of the four coordinated public transportation plans and the Project 0-5345 R2 report leads us to suggest a method that can be used to estimate travel demand in a region.  This method consists of three components.  The first component of the method is the determination of Transit Need Index for geographic area units on a chosen geographic scale (e.g., census tract or block groups) that represents the need for transit service in the geographic areas.  The second component is the set of procedures described in the Project 0-5345 R2 report that can be used to estimate journey-to-work related travel demand on a geographic scale at the sub-county level.  The third component is a set of analysis procedures that use the locations of attractions (land use data) to estimate non-work (e.g., shopping) related travel demand.  This method will be discussed in detail in the next section.

A Method for Estimating Regional Intercity Travel Demand

The method suggested above includes two specific data sources, a set of data preparation steps, and a set of estimation procedures.  These are discussed in detail in this section.

Data Sources

Two datasets are necessary for the analyses described in this chapter.  These two datasets are: (1) The Census Transportation Planning Package (CTPP) Part 3 Journey–to-Work Data (Bureau of Transportation Statistics, 2000); and (2) the GIS Map Layers of Census Traffic Analysis Zones.  Traffic analysis zones are defined by state and regional transportation agencies and are specifically used for traffic analysis. A TAZ consists of one or more Census Bureau designated area units (i.e., block groups or census tracts).  CTPP is the only dataset that provides information about journey-to-work at the TAZ level.  

CTPP Part 3 Journey-to-Work data.

The CTPP Part 3 data consist of a set of tables containing journey-to-work characteristics aggregated at different geographic area units, including state and county level data, as well as data at the level of TAZs.  Each table in the CTPP Part 3 database provides data on a unique variable describing some characteristics of commute trips from home to work in a TAZ.  These characteristics include the total number of workers, the socioeconomic characteristics of workers, travel modes, and the average travel time for a given pair of origin and destination.  Data from three CTPP Part 3 data tables—Table 001, Table 008, and Table 0010—at the TAZ level are needed for the analyses described in this chapter.  

Table 001 of the CTPP Part 3 data gives information about the number of workers for each unique pair of home TAZ and workplace TAZ.  Table 008 contains information about workers’ average travel time from home to work for different transportation modes at different time periods of a day.  Table 0010 provides aggregated information about the number of vehicles leaving home for work at different time periods.  Table 5.1 summarizes the different transportation modes and time periods for which data are available in the CTPP Part 3 data tables.

GIS Map Layers of Census Traffic Analysis Zones 

The GIS Map Layers of Census Traffic Analysis Zones are mainly used for visualizing data and analysis results.  One may download the Census TAZ shapefiles for a study area from the Geography Network Website (www.geographynetwork.com).  A shapefile is a specific format of storing a GIS map layer in a computer (ESRI 1998).  

Data Preparation

Data Preparation related to TAZ Shapefiles

Shapefiles downloaded from the Geography Network Website are for individual counties only, thus, it is necessary to merge them together to obtain a GIS map layer covering the study area. In addition, in order to link the TAZs in the CTPP Part 3 data tables with their corresponding TAZs in the GIS map layer, it is necessary to create a common identifier for each TAZ in both the tables and the GIS map layer.  An analyst can use the steps described below to merge the shapefiles and link the tables with the map layer.
· Use the merge tool in ArcGIS to merge the TAZ shapefiles of each county in the study area into a single shapefile.
· Project the merged shapefile using the ‘North_America_Lambert_Conformal_Conic’ projection using the projection tool in ArcGIS.
· Create an ID field named “stfid” in the feature attribute table of the projected TAZ shapefile.
· Assign IDs to “stfid” for each TAZ using “county+taz”, i.e., combining the values of two existing fields in the feature attribute table to create the IDs for all TAZs.  This task can be accomplished using the ‘Calculate’ command in ArcGIS. 

Data Preparation Related to the CTPP Part 3 Tables  

An analyst can use the seven-step procedure stated below to prepare data from the CTPP Part 3 data tables for subsequent analyses with respect to workers’ home locations.

1) Extract data associated with home locations from the CTTP Part 3 tables—Table 001, Table 008, and Table 0010—within the study area and save the data into new tables.
2) Create an ID field named “stfid_res” in each of the new tables.
3) Assign/Calculate the value of “stfid_res” for each record as “residence state+residence county+residence TAZ.” (Note: These attributes are named as “state3,” “county,” and “detresgeo” in the Tables.)

4) For each new table, aggregate the records based on “stfid_res” for each TAZ using the ‘summarize’ function in ArcGIS and save the results in another new table as follows;

· For data from Table 001, summarize the total number of workers for each home TAZ; the new table can be named as—summarized Table 001; 

· For data from Table 008, summarize the average travel time for each transportation mode (Table 1) for every home TAZ; the new table can be named as—summarized Table 008;  

· For data from Table 0010, summarize the total number of vehicles leaving in each time period (Table 5.1) for every home TAZ; the new table can be named as—summarized Table 0010.  

5) Join summarized Table 001 to the TAZ shapefile using field “stfid_res” in summarized Table 001 and field “stfid” in the TAZ shapefile obtained in the previous steps as the ‘common key.’

6) Export the TAZ shapefile with the joined attributes from summarized Table 001 to create a new shapefile; now the analyst would have a shapefile containing information about the number of workers in each TAZ.
7) Repeat Steps 5 and 6 to perform similar operations for summarized Tables 008 and 0010; the analyst obtain another two shapefiles containing information about the average travel times corresponding to different transportation modes and the number of vehicles leaving home for work in each time period.

An analyst can use a similar procedure as described above to process the data from the CTPP Part 3 data tables for analyses based on workers’ office locations.  There are, however, some differences in the procedure as stated below.

8) Extract data based on workplace (rather than home location). 

9) Create a unique ID, “stfid_wp,” based on workplace.
10) Calculate “stfid_wp” as “workplace state+workplace county+workplace TAZ.” (These attributes are defined as “qpowst,” “qpowco,” and “detworkgeo” in the tables.)

11) Summarize the statistics based on “stfid_wp,” and link the data with those in the merged TAZ shapefile using “stfid_wp” in the summarized tables and “stfid” in the TAZ shapefile as the “common key” for linking.  

Estimation Procedures

Transit Need Index

A Transit Need Index can be computed for a geographic area at either the census tract or census block group level based on a number of demographic indicators and a score assigned to each of the indicators in a given area.  Five indicators are used in the Central Texas Region plan: 
· percentage of households without an automobile, 
· median household income, 
· percentage persons with a disability, 
· percentage of households below the poverty line, and 
· percentage persons over age 65.  

An analyst may use the five-step procedure outlined below as a general guideline to calculate the Transit Need Index for each block group in every county in a given region.

12) Obtain the demographic data for each block group based on the most recent data from the census or a data provider.
13) Compute the value associated with each of the five demographic indicators for each block group in the area in question.
14) Assign a score to each indicator in each block group based on a given scale (e.g., 1-5).
15) Compute the sum of the scores for all five indicators for every block group.
16) Use the sum associated with each block group as determined in Step 4 above as the Transit Need Index representing the need for transit service in a block group.

Geographic Distribution of Trip Origins and Destinations

Based on the prepared data using the steps described above, an analyst can easily calculate the number of workers in each TAZ based on their home and work locations, the number of vehicles leaving home or arriving at work in each TAZ, and the average commute time for workers leaving a TAZ and arriving at another TAZ.  Procedures related to these calculations are summarized in Table 5.1. 

Table 5.1.  Summary of Methods for Examining the Geographic Distribution of Journey-to-Work Trips 
and Their Origins and Destinations.
	Estimated Values in a TAZ
	Estimation based on home locations
	Estimation based on work locations

	Number of workers 
	Calculate the number of workers in each TAZ where workers’ homes are located.
	Calculate the number of workers in each TAZ where workers’ offices are located.

	TAZs with the largest number of workers 
	Determine the TAZs with the largest number of workers whose homes are in the TAZs; this task can be easily accomplished by sorting the number of workers in each TAZ where workers’ homes are located.
	Determine the TAZs with the largest number of workers whose offices are in the TAZs; this task can be easily accomplished by sorting the number of workers in each TAZ where workers’ offices are located.

	Number of vehicles 
	Calculate the number of vehicles leaving home for work in each TAZ where their homes are located.
	Calculate the number of vehicles arriving at their offices from home in each TAZ where their offices are located.

	Average commuting time
	Determine the average commuting time of journey-to-work in each TAZ where workers’ homes are located.
	Determine the average commuting time of journey-to-work in each TAZ where workers’ offices are located.

	Note: TAZ – Traffic Analysis Zone


Once the values shown in Table 5.1 are estimated for each TAZ, maps can be produced to show: 
· the geographic distributions of the number of workers in each TAZ based on their home locations and their work locations, 
· the number of commuting vehicles leaving and arriving at each TAZ, and 
· the average commute time for workers who live and work in each TAZ. 

Estimation of Commute Flows between Different Geographic Areas

To analyze traffic flows between different geographic areas, an analyst can categorize areas in each county in the study area into two general categories—urban areas and rural areas.  Based on the United States Census definition, urban areas are areas with a population density of at least 1,000 people per square mile and surrounding census block groups with a density of at least 500 people per square mile.  The analyst can then determine commute flows between a possible pair of areas based on the information obtained by following the steps described in the previous section.  Based on this classification of areas in a county, there are a total of four sets of commute flow data between a pair of urban and rural areas within a county: (1) Urban-to-Urban, (2) Urban-to-Rural, (3) Rural-to-Urban, and (4) Rural-to-Rural.  Similarly, for each pair of counties in a study area, there are also four sets of inter-county commute flow data: (1) Urban-to-Urban, (2) Urban-to-Rural, (3) Rural-to-Urban, and (4) Rural-to-Rural.  

The analysis mentioned above can be easily extended to determine commute flows between different transit service areas.  This task can be accomplished in three steps.  First, determine the TAZs covered by a transit service area.  Second, for each pair of transit service areas A and B, compute the number of trips with origins in service area A and destinations in service area B, and vice versa.  Third, repeat the second step until all possible pairs of transit service areas are exhausted.

Estimation of Non-Work Related Travel Demand

Given the wide availability of geospatial data and land use information, it is not difficult to determine the locations of major attractions such as shopping centers, schools, and hospitals in a county.  These attractions are the destinations of non-work related travel.  The main difficulty here is how to determine the origins of non-work related trips to these destinations.  A gravity model may be used to calculate the number of trips originating from each TAZ and ending at one of these facilities.  Gravity models have been widely used to compute traffic flows between two different areas in the literature of geographic analysis and transportation planning.  This model is very easy to implement.

Assume that there are M TAZs and N shopping centers in a county.  Let dij denote the distance between the centroid of the ith TAZ and the jth shopping center.  An analyst can use Expression (1) given below to proportionally assign the number of people going from the ith TAZ to the jth shopping center based on the relative attractiveness of the jth shopping center and the distance between the ith TAZ and the jth shopping center.  This procedure can be repeated many times for all types of attractions in the area in question.

Pij = kij × Pi;   
[image: image1.wmf]å

=

j

ij

j

ij

j

ij

d

F

d

F

k

;   
[image: image2.wmf]å

=

j

ij

k

1






 (1)

where, Pij is the number of people traveling from the ith TAZ to the jth shopping center;

kij is a coefficient;

Pi is the population size in the ith TAZ; and
Fj is the relative importance of the jth shopping center with respect to other shopping centers in a county.

A Case Study for Estimating Journey-to-Work Travel Demand

In this section, a five-county area in Central Texas provides an example that illustrates some of the concepts and procedures discussed in previous sections of this chapter.  The five counties are Bexar, Comal, Hays, Travis, and Williamson Counties (Figure 5.1).  There is significant commute traffic flow between different areas in this five-county area.  The goal here is to illustrate how to determine the geographic distribution of origins and destinations of journey-to-work trips as well as commute flows between different areas using the data and procedures described in previous sections of this chapter.  Readers who desire to have more information about the case study is referred to TxDOT technical report titled “GIS Models for Analyzing Intercity Commute Patterns: A Case Study of the Austin-San Antonio Corridor in Texas” (0‑5345 R2) for a more detailed discussion. 

Geographic Distribution of Trip Origins

Based on the 2000 census data and the procedures described in Table 5.1, an analyst can determine that there were a total of 1,229,662 workers in the five-county area in 2000. Figure 5.2 shows the number of workers in each TAZ where these workers’ homes were located and the geographic distribution of these workers at the TAZ level.  These numbers clearly indicate where the journey-to-work trips were originated.  Similarly, an analyst can also determine the number of workers in each TAZ where the workers’ offices were located as well as the geographic distribution of the workers based on their office locations.  More detailed descriptions about determining the origins and destinations of journey-to-work data can be found in a TxDOT technical report titled “GIS Models for Analyzing Intercity Commute Patterns: A Case Study of the Austin-San Antonio Corridor in Texas” (0-5345 R2) (Zhan and Chen, 2006).  

Commute Flows between Different Geographic Areas 

Based on the procedures described in previous sections, an analyst can determine commute flows between urban and rural areas within a county and between counties in the study area.  The commute flows in the case study area in 2000 are summarized in Table 5.2 as shown below.  As can be seen in Table 5.2 within Bexar County, there were 397,902 daily one-way journey-to-work trips between urban areas in 2000, 31,221 from urban areas to rural areas, 35,470 from rural areas to urban areas, and 7,201 between rural areas.  Between Bexar and Travis Counties, there were 1,782 daily one-way journey-to-work trips between urban areas of the two counties, 308 trips from urban to rural areas, 143 trips from rural to urban areas, and 10 trips between rural areas in the two counties.  

The total commute in-flows to each county are the number of daily one-way journey-to-work trips with destinations in that county.  For example, in the case study area there were a total of 401,239 trips with destinations in the urban areas of Bexar County from urban areas in the five counties (including Bexar County itself) in 2000, 31,434 trips with destinations in the rural areas of Bexar County from urban areas in all five counties, 43,242 trips with destinations in the urban areas of Bexar County from rural areas in all five counties, and 7,899 trips with destinations in the rural areas of Bexar County from rural areas in all five counties.  The commute in-flows from other counties in Table 5.2 can be understood similarly.  This set of numbers only accounts for the number of trips originated in other counties.  
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Figure 5.1.  Case Study Area – Five Counties in Central Texas.
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Figure 5.2.  Geographic Distribution of Workers Based on Their Home Locations in the Study Area.

Table 5.2.  Commute Flows between Different Geographic Areas in Central Texas.
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Chapter 5 Evaluation – Regional Intercity Travel Demand Estimation Methods

Data Sources:  

· Where can you find detailed geographic data and socioeconomic data that can be used to calculate Transit Need Index?
· Where can you obtain the Census Transportation Planning Package (CTPP) Part 3 Journey–to-Work data?
· Where can you download the GIS Map Layers of Census Traffic Analysis Zones (TAZs)?
· Where can you obtain land use data showing destinations of non-work related travel?

Data Preparation:  
· How can you link the Census Transportation Planning Package (CTPP) Part 3 Journey–to-Work data with the GIS Map Layers of Census Traffic Analysis Zones (TAZs)?
Transit Need Index:
· What indicators would you choose to calculate the Transit Need Index in a small geographic area (e.g., a census tract)?

· How would you weight these indicators?

Estimation of Commute Flows between Different Geographic Areas:  

· How would you determine the geographic distribution of the origins and destinations of journey-to-work trips at the Traffic Analysis Zone level? 
· How would you determine the journey-to-work traffic flows between different sub-county areas in a given region consisting of several counties?

Estimation of Non-Work Related Travel Demand:
· What are the main destinations of non-work related journeys?

· How would you determine non-work related traffic flows between different sub-county areas in a given region consisting of several counties?
************************************************************************

Assessment of my region — rate the following on a scale of 1 to 5:
1) We have identified the data sources that are necessary for computing the Transit Need Index in sub-county areas.

1                        2                         3                        4                           5

Strongly disagree …………………………………………………..Strongly agree
2) We are familiar with the data sources needed to analyze the geographic distribution of the origins and destinations of journey-to-work trips at the traffic analysis zone level.

1                        2                         3                        4                           5

Strongly disagree …………………………………………………..Strongly agree
3) We know the data sources indicating main destinations of non-work related journeys in our region.

1                        2                         3                        4                           5

Strongly disagree …………………………………………………..Strongly agree
4) We know the steps for computing the Transit Need Index.

1                        2                         3                        4                           5

Strongly disagree …………………………………………………..Strongly agree
5) We know how to determine the origins and destinations of journey-to-work trips at the Traffic Analysis Zone level.

1                        2                         3                        4                           5

Strongly disagree …………………………………………………..Strongly agree
6) We know the procedure for analyzing journey-to-work traffic flows between different areas in a region consisting of several counties.

1                        2                         3                        4                           5

Strongly disagree …………………………………………………..Strongly agree
7) We understand the process of using a gravity model to estimate non-work related travel demand in sub-county areas in a given region.

1                        2                         3                        4                           5

Strongly disagree …………………………………………………..Strongly agree
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