
Rural to Urban Intercity Transit User Characteristics Analysis, Demand Estimation and Network Design
A Dissertation Presented for the 

Doctor of Philosophy
Degree
The University of Tennessee, Knoxville

Hongtai Yang
December 2013
Copyright © 2013 by Hongtai Yang
All rights reserved.

Acknowledgements

This dissertation could not have been finished without the support of my families, friends and colleagues.

First and foremost, I would like to thank my girlfriend Xue Yue. Thank you for being there for me to encourage me when I am frustrated. Thank you for your understanding and staying with me at the library after midnight for so many times. Without you, this dissertation would not be finished in four years and the process would be much harder. I also would like to thank my mom, Chuanrong Song, for the encouraging words and supporting the decisions I have made.
Many many thanks to my advisor, Dr. Christopher Cherry. Thank you for giving me the opportunity to study at the University of Tennessee. You have always been an inspiration to me, both in the professional field and in my life. You set a great example to me on how to do research, advise students and handle the hard problems in my life. I also would like to thank my statistics advisor, Dr. Russell Zaretzki. Thank you for answering all my questions in statistics and give me guidance on my research. I would like to thank Dr Lee Han and Dr. Megan Ryerson for their guidance and suggestions on my research and dissertation.
Thank all my friends at the ITS lab. I had a great time working and hanging out with you guys and each of you has taught me something in my life. Thank the dance crew of Dance Miracle. I really enjoyed teaching the dance moves, dancing with you guys and giving fantastic performance. You have given me a great opportunity to dance the stress away. Many thanks to the UTk Chinese soccer team. You guys are amazing and I had so much fun playing soccer with you.


Abstract
Rural transit always plays a critical role in transporting rural residents, especially the ones who do not have a car, cannot drive, or choose not to drive. Intercity bus (ICB), deviated fixed route transit (DFRT) and demand responsive transit (DRT) are three major modes of rural public transportation. Although there are more DFRT and DRT service providers and services in the US, due to institutional issues, there are much more studies about ICB than DFRT and DRT. Meanwhile, state governments are struggling on how to improve the rural transit system with limited budget. This dissertation is aimed to fill the gap by studying the rural transit rider characteristics, ICB system evaluation method and DFRT route design.
First, surveys were performed to understand who are using the rural DFRT and DRT services and why they use them. It was found out that DFRT and DRT passengers, whose characteristics are similar to ICB riders, are likely to be female, of minority races, have low personal and household income, low number of vehicles in the household and rent the house. 90% of the riders have difficulty finding alternative transportation mode, suggesting they are captive riders, not choice riders. Secondly, a methodology to locate the high ICB demand area and design ICB stops accordingly is proposed. The existing stop locations are compared to the high demand areas and meaningful destinations. It was found out that the ICB stops in Tennessee are well connected to the meaningful destinations but poorly located to cover the high demand areas. Finally, a methodology to find the most cost effective routes is developed. It uses DRT trip records of a local DRT service provider to construct a trip generation model. The model finds that the trip generation rate of a census tract is significantly positively related to the density of population over 16 years old and density of no-vehicle household in the census tract. The method to find the best routes is presented using Tennessee as an example. This dissertation provides useful information to state government on how to evaluate ICB system, improve rural transit and design DFRT network. 
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Chapter 1 Introduction and Background

Rural to urban public transit is an important mode of transportation for rural residents. It is essential to rural residents who do not have a car or cannot drive. However, due to the low population density and dispersed origins and destinations, rural transit services usually have a very low fare box recovery rate. Thus, the rural transit is heavily subsidized.

Intercity bus (ICB), deviated fixed route transit (DFRT), and demand responsive transit (DRT) are three major modes of rural public transportation. The definition from the National Transit Database (NTD) 2[]
 establishes DFRT service as “transit service that operates along a fixed alignment or path at generally fixed times, but may deviate from the route alignment to collect or drop off passengers who have requested the deviation”. ICB service is defined as “regularly scheduled bus service for the general public, using an over-the-road bus, that operates with limited stops over fixed routes connecting two or more urban areas not in close proximity or connecting one or more rural communities with an urban area not in close proximity; has the capacity for transporting baggage carried by passengers; and makes meaningful connections with scheduled ICB service to points that are more distant”. DRT is defined as “a transit mode comprised of passenger cars, vans or small buses operating in response to calls from passengers or their agents to the transit operator, who then dispatches a vehicle to pick up the passengers and transport them to their destinations”.

In the 1980s, the deregulation of ICB industry resulted in a large-scale elimination of ICB routes, especially in the rural area, primarily because of low revenue 3[]
. To meet rural transit needs, federal funds were used to support rural transit. Section 5311 Formula Grants for Other than Urbanized Areas was enacted to provide funding support for the rural transit. One part of Section 5311 is Section 5311 (f) Intercity Bus Program. It requires each state to spend 15 percent of non-urbanized funds on the rural intercity bus services unless the state certifies that the state’s ICB needs are adequately met. In order to evaluate this criterion, many states have recently performed ICB studies 
 ADDIN EN.CITE 
[4-21]
. Because of this, although there are more DFRT and DRT service providers and services, there are many studies about ICB while DFRT and DRT were seldom studied. In the 2010 rural transit report of National Transit Database (NTD) 2[]
, 1180 of the 1751 reported services were DRT services (68%); 57% of the 530 “mode of bus” (include DFRT and ICB) services were DFRT services; only 43% of the “mode of bus” services were ICB. Although DFRT and DRT are more important than ICB in rural transportation system in terms of number of services, they are much less studied.

Recognizing the lack of literature about DRT and DFRT, this dissertation aims to fill this important gap. But before focusing on DRT and DFRT, a review of the existing rural transit, especially ICB studies is conducted. Those studies, usually in the form of project reports, establish of baseline of ICB passengers’ characteristics, funding opportunities and the ICB infrastructures in the state. However, network planning is seldom studied. As a result, many states are struggling to find the appropriate place to implement the ICB routes. To provide a solution, Chapter 4 of this dissertation develops a methodology to locate the ICB stops and to evaluate the existing locations of the ICB stops.

So far, little information is known about rural DRT and DFRT riders. It is difficult for the government to make appropriate policies or improvement suggestions regarding DRT and DFRT without knowing who are using the service, why they are using the service, and what improvements are valued by existing passengers and potential riders. Chapter 3 explores the trip information, perceptions and especially the personal characteristics of the rural DFRT and DRT riders. A survey was performed to collect demographic and trip information of DFRT and DRT riders in Tennessee. Another survey was performed to collect demographic information of rural residents (i.e., predominantly car drivers) in DFRT and DRT service areas. The trip information and perceptions sections of the survey explore what DFRT and DRT are used for (trip purpose), frequency of the transit use, difficulty level of finding alternative transportation modes, and so on. The demographics of the DFRT and DRT riders are compared to the demographics of rural residents to investigate common or distinct DFRT and DRT rider characteristics. The characteristics can be used to locate the high DFRT and DRT demand areas to help DFRT route planning, thus serving as a good reference for future research.

Due to the low ridership in rural areas, rural transit services are usually heavily subsidized. Determining the most cost effective route under a certain level of operating cost funding is a challenge that government agencies are interested in addressing. Chapter 5 proposes a methodology to find the most cost effective DFRT routes in a state. Tennessee is used as an example to demonstrate the methodology. First, a zero inflated negative binomial regression model is used to estimate the trip generation of all the census tracts in Tennessee. The model finds that the trip generation rate is positively related to the density of population over 16 years old and the density of no-vehicle households in the census tract. If the census tract is in a big city county, its trip generation rate (from rural transit) is significantly lower. The operation environment of the DFRT is set to be consistent with the existing rural DFRT services in the Tennessee, to only run on interstate and state highways and operate on weekdays and non-holidays with two round trips per day. A methodology to identify all the possible DFRT routes and determine the best routes is presented. All the interstates and state highways are divided into five-mile segments. Since the DFRT serves as a connection between the rural area and the urban areas, the DFRT routes start with the segments intersecting the boundaries of the urban areas. Then one segment connecting to an existing route is added to the route at a time and this process iterates until it meets the user defined stopping criteria (e.g., maximum route-miles). The length of the route, number of passengers served and operating cost per passenger is updated every time one segment is added to the route. This methodology is presented with an example in Tennessee. 
This study was originally funded by Tennessee Department of Transportation (TDOT) for the purpose of evaluating Tennessee intercity bus system. All the data used to illustrate the proposed methodology are data from Tennessee. Similar methods can be applied to other states.

Chapter 2 
Literature Review

Studies related to ICB are usually performed by states in the form of reports as opposed to peer reviewed papers. The key points in these reviews are riders’ demographics, methodology to evaluate the existing network and ways to design routes and networks that serve as a foundation to the research presented later in this dissertation. 

Intercity Bus Studies

Since 2007, there have been at least 14 intercity bus studies published. More studies have been performed but their study reports are not accessible to public. These published studies are shown in Table 1.

The most frequent objective of the ICB studies are “to provide the state Department of Transportation with an evaluation of the intercity bus industry in the state so that recommendations concerning ‘Governor’s certification’ of Section 5311(f) funds can be made” 6[]
.

The ICB studies always involve surveys. There are generally five types of survey subjects: representatives from other states that have intercity bus services; representatives from local transit agencies, planning organizations and government agencies; general public and ICB riders; managers of ICB facilities; and ICB service providers. Other state representatives are surveyed to obtain experiences regarding their strategies to meet federal- and state-level requirements 
 ADDIN EN.CITE 
[4, 5, 14, 18]
. Representatives from local transit agencies, Rural/Metropolitan Planning Organizations are surveyed to elicit information regarding intercity service, local feeder services to ICB services, and unmet transportation needs 
 ADDIN EN.CITE 
[9, 10, 14, 17, 18]
. ICB facility managers are surveyed and evaluated to determine whether funding should be spent to improve the existing facilities 4[, 6, 13]
. ICB service providers are often surveyed to obtain their service location and frequency 
 ADDIN EN.CITE 
[4-6, 9, 14, 15, 17]
.

General public and ICB riders are surveyed to get their opinions of the ICB service and deficiency and the demographics of the ICB riders. 
 ADDIN EN.CITE 
[4, 7, 9-11, 15, 21]
 For the general public surveys, the questionnaires are usually sent to the selected household. For the ICB rider surveys, surveys are usually performed at the ICB stops or on the bus. Only Tennessee sent the questionnaires to the service providers and let the bus driver distribute questionnaires to riders. 21[]

Table 1 Intercity Bus Study of States
	Year of the Study Report
	State
	Performing Organization

	1993
	Texas 4[]

	Texas Transportation Institute

The Texas A & M University System

	2001
	Illinois 5[]

	Urban Transportation Center

University of Illinois at Chicago

	2002
	Alabama 6[]

	University of Alabama

	2006
	Missouri 7[]

	Missouri Department of Transportation

	2007
	California 8[]

	KFH Group

	2007
	Ohio 9[]

	The Lakatos Group

	2007
	Tennessee 10[]

	TranSystems Corporation

	2009
	Michigan 11[]

	University of Michigan

	2009
	North Carolina 12[]

	Institute of Transportation Research and Education

North Carolina State University

	2009
	Alabama 13[]

	University of Alabama

	2009
	Indiana 14[]

	RLS & Associates

	2009
	Florida 15[]

	Tindale-Oliver & Associates

	2010
	Minnesota 22[]

	KFH Group

	2010
	Utah 17[]

	Public Transit Team

Utah Department of Transportation

	2011
	Montana 18[]

	Western Transportation Institute

Montana State University

	2011
	Vermont 19[]

	KFH Group

	2012
	South Carolina 20[]

	RLS & Associates

	2012
	Tennessee 21[]

	University of Tennessee


Except the studies performed by states to evaluate the ICB industry, some other aspects of ICB were also studied. Woldeamanuel 23[]
 compared the competitiveness of various intercity transportation modes in terms of sustainability indicators and found that ICB is “an environmentally-friendly, economically viable and socially-inclusive mode” for intercity travel. Ye 24[]
 found that states that conducted ICB studies to identify routes usually use a RFP(request for proposal)/bid system to award funds. In other states, where funds were awarded using a grantor/grantee system, the determination process has three steps: 1) ICB service providers submit proposals, 2) review and score proposals; and 3) determine funds for projects.
Intercity Bus Rider Demographics

In terms of ICB rider demographics, Greyhound conducted a national survey in 1999. The findings were cited in both the Alabama 6[]
 and Florida 25[]
 reports. Greyhound riders are more likely to have low income (Two-thirds of passengers make less than $35,000 per year), young (53% under 35), single (70%). They are more likely to travel alone (66%) and travel for personal pleasure (73%), for instance visiting family/friends. 
Missouri’s 7[]
 survey found that people who use ICB service are mostly Hispanic or Amish people, persons released from incarceration, college students and U.S. military personnel. It also reveals that most of the riders were driven by someone else to the bus stop (70%), around 21% of the riders used taxi and the rest of them either took a city bus or drove their own vehicles.

Michigan’s 11[]
 survey found out that visiting friends and family was the major trip purpose. Its survey design is similar to ours, making it possible to compare the survey results. The revealed characteristics of bus passengers are from low-income households, having low vehicle ownership and young with age under 35. They are also more likely to travel alone.

Montana 18[]
 conducted an ICB rider survey and found out that the most common trip purpose is visiting family or friends, and the second most common trip purpose is work. Riders are mostly driven by someone else from origin to boarding stop and from alighting stop to destination.
TCRP Report 79 Effective Approaches to Meeting Rural ICB Transportation Needs 3[]
 identified several demographic characteristics of regular-route ICB passengers: “passengers are more likely to be young or old - more passengers are under age 24 or over age 60 than on other modes; have a low-income - have lower household incomes than those using other intercity modes; and less likely to own a vehicle in operating condition - about 30 percent do not own a vehicle”.
Common themes from the above ICB studies are the most common trip purpose is visiting family or friends. Most passengers are driven by someone else from the origin to the boarding stop and from the alighting stop to the destination. The characteristics of ICB passengers are likely to have low personal and household income, have low vehicle ownership, be young and are more likely to travel alone.

The surveys of the studies above are all targeted at ICB service users. Few studies have targeted at DFRT or DRT service users. Although there are more DFRT and DRT services than ICB services in the US, they are less studied. It is not because they are not important but because of institutional issues. The Section 5311 (f) Intercity Bus Program requires each state to spend 15 percent of non-urbanized funds on the rural intercity bus services unless the state certifies that the state’s ICB needs are adequately met. In order to evaluate this criteria, many states have recently performed ICB studies 
 ADDIN EN.CITE 
[4-21]
. However, there is no such requirement for the DFRT and DRT studies. Although DFRT and DRT are less-studied, it by no means indicates they are less important. On the contrary, according to the 2010 rural transit report of National Transit Database (NTD) 2[]
, 1180 of the 1751 reported services were DRT services (68%); 57% of the 530 “mode of bus” (include DFRT and ICB) services were DFRT services; only 43% of the “mode of bus” services were ICB. So there are more rural DFRT and DRT services than ICB services, which to some extent suggest that DFRT and DRT are more important. At the same time, state governments are struggling on how to spend the federal funds to improve rural transit in a cost effective way. This question could not be answered without knowing who are using the rural transit, especially DFRT and DRT, why they are using it, and what are riders’ transit service improvement suggestions. Chapter 3 aims to fill this gap by answering these questions and provide useful rural transit trip characteristics and rider demographics information to help state governments make appropriate policies.
Intercity Bus Travel Demand Model and Network Evaluation

A few papers have discussed mode choice modeling for intercity surface travel. Ashiabor, et al. 26[]
 reviewed disaggregate nationwide travel demand modes developed between 1976 and 1990 presented in 
 ADDIN EN.CITE 
[27-30]
. All four models used versions of National Travel Surveys (NTS) conducted by the Bureau of the Census and the Bureau of Transportation Statistics (BTS). All of these four models included bus as one of the transportation modes. The fifth attempt to model nationwide travel demand was carried out by Ashiabor, et al. 26[]
, who developed a logit model based on 1995 American Travel Survey (ATS). The TCRP 147 Toolkit for Estimating Demand for Rural ICB Services 31[]
, which was subsequently written as 32[]
, describes two models to estimate demand for ICB services on a proposed route. One is a regression model that is developed based on the ridership data of 57 routes. The other one is a trip rate model based on the number of long-distance trips made by rural residents using public transportation modes. 

However, those models only focus on trips of 100 miles or more, eliminating intercity trips that are shorter than 100 miles, which include most of the within-state Tennessee ICB trips. Although only Tennessee intercity trips are surveyed and determined to be less than 100 miles, it is reasonable to infer that in other States, there are also many intercity trips that are less than 100 miles because of similar geography, demographics, and travel behavior.
Illinois 5[]
 developed a gravity model to estimate demand for intercity bus. First they inventoried all the city pairs in the state. The city pairs were ranked based on ICB demand calculated by the gravity model and based on supply measured by the level of service of three intercity travel modes: bus, rail, and combined bus and rail. A deficiency analysis indicates routes where existing and additional service is needed if a city pair is ranked more highly on the demand side than on the supply side. The drawback of the method is that it bases the decision on the difference of demand ranking and supply ranking, not the actual “quantity” of demand and supply. For example, if the demand of an area is 5 while its supply is 10. The demand of this area should be met. However, if the demand of this area is ranked highly among all the areas and the supply of this area is ranked low among all the areas, that method could conclude that the demand of this area is not met. So this method could possibly lead to incorrect decision-making. 
Yang and Cherry 33[]
 and KFH 
 ADDIN EN.CITE 
[8, 16, 19]
 proposed methods to use the demographics rural ICB riders to locate the high demand area. The coverage of the existing network is compared to the high demand area and the meaningful destinations to evaluate networks. This method was applied in studies of North Carolina, South Carolina, Tennessee and Utah 
 ADDIN EN.CITE 
[12, 17, 20, 33]
. Chapter 4 described in detail the method and results developed by Yang and Cherry 33[]
.

Deviated Fixed Route Transit Network Design

DFRT has several names. It can be called mobility allowance shuttle transit, flexroute transit or route deviation in different papers. Existing studies related to DFRT are limited. Common themes of those studies are developing a relationship between various design parameters of DFRT to help transit planners to consider the trade-off between parameters or to optimize one specific parameter. 
Fu 34[]
 developed an equation for the relationship between various system variables, such as the number of feasible deviations, slack time, zone size and dwell time. Smith and Demetsky 35[]
 explored the relationship between service zone size, which is the area between fixed stops where deviations are permitted, and slack time distribution among zones. Zhao and Dessouky 36[]
 analyzed the relationship between service cycle time, and the length and width of the service area. Those studies serve as a good baseline for DFRT parameter optimization. However, these studies are somehow overlapping. Three studies analyzed the relationship between service area and other parameters. Two studies analyzed the relationship between slack time distribution and other parameters. It would be very helpful if all the parameters could be considered at once. This could be an area of future research.
These studies are focused on the operation of the DFRT. They are usually proposed under an ideal operating environment, such as grid network. So the research products are not ready to be used in an empirical case. On the other hand, state governments are eager to know how to better serve rural residents with limited budget. While many factors could improve the transit service, the route location of DFRT plays an important role in determining ridership (also the number of potential passengers that could be served), fare box recovery rate and operating cost. A well designed route could serve more people with low operating cost. However, no studies have been performed to answer the question how to design the route. So Chapter 5 will fill this gap by proposing a method to determine the best routes in a state.

Chapter 3 
A Description of the Use Characteristics and Demographics of Rural Transit Based on Survey Statistics and Logistic Regression
Introduction

Rural transportation is an important part of the transportation system. Most rural trips are performed by personal transportation mode. A rural resident survey, which will be discussed later, shows that 97% of the reported rural-to-urban trips were performed by personal car, truck and SUV. However, rural transit plays a critical role in transporting rural residents who do not have access to a car or cannot drive, or do not wish to drive. ICB, DFRT and DRT are three major modes of rural transportation. 

A DFRT rider survey and DRT rider survey, (discussed later) shows that around 90% of both DFRT and DRT riders found it either “difficult” or “extremely difficult” to find alternative transportation mode, indicating most of DFRT and DRT riders are highly dependent on either DFRT or DRT services. Although DFRT and DRT are more important than ICB in rural transportation system in terms of number of services and dependence of riders, they are much less studied.

This chapter aims to fill this important gap. It focuses on the trip information, perceptions and especially the personal characteristics of the rural DFRT and DRT riders. A survey was performed to collect demographic and trip information of DFRT and DRT riders in Tennessee. Another survey was performed to collect demographic information of rural residents (i.e., predominantly car drivers) in DFRT and DRT service areas. 

The trip information and perceptions sections of the survey explore what DFRT and DRT are used for (trip purpose), frequency of the transit use, difficulty level of finding alternative transportation model, and so on. The demographics of the DFRT and DRT riders are compared to the demographics of rural residents to investigate common or distinct DFRT and DRT rider characteristics. The characteristics can be used to locate the high DFRT and DRT demand areas to help DFRT route planning, thus serving as a good reference for future research.

This study begins with a description of the DFRT, DRT and rural resident survey developed for the purpose of investigating difference in travel behavior from these groups. The trip information and rider perceptions are discussed. The demographics of DFRT and DRT riders are compared to the car-driving rural residents. A model is constructed to analyze the factors that influence rural residents’ mode choice of transit or car. The results are discussed and this chapter closes with a concluding remarks.

Survey Methods and Data Description

A survey approach was used to gather information from DFRT users, DRT users and rural residents who are potential users of the rural transit system. Two main populations were targeted, existing riders of DFRT and DRT services and rural residents in rural transit service areas, and those who are not users of rural transit systems (i.e., car drivers). The surveys were designed in similar ways such that comparisons can be made between populations. Surveys were performed between May 1, 2012 and August 31, 2012. DFRT riders, DRT riders and Tennessee rural car drivers were the survey subjects. Three questionnaires were developed for the three types of survey subjects.

Existing riders of DFRT and DRT
 The DFRT rider and DRT rider surveys were performed by sending the questionnaires to 10 Human Resource Agencies (HRA) and 1 private DFRT service provider. Survey packages were distributed to the transit agencies and drivers gave the surveys to boarding riders, along with a pencil and mail-back envelope. The 10 HRAs all provide DRT service and 4 of them provided DFRT service. Each agency received 100 questionnaires for each type of service it provides. The collected sample included 45 DFRT rider surveys and 238 DRT rider surveys, representing three DFRT agencies and eight DRT agencies. Since we did not receive any responses from some of the agencies, we assume that they did not distribute the surveys to the riders. In all, we expect that up to 1100 surveys were distributed. The DFRT rider survey response rate is 45/300=15% and DRT rider survey response rate is 238/800=30%. However, we cannot confirm that all 100 surveys were distributed to each type of user.

Rural Resident Survey
 The rural urban travel survey was conducted to understand rural household travel behavior aimed at non-transit riders. The primary emphasis was exploring how they travel between their residence and nearby cities. Geographic Information Systems data based on census classifications (2010 TIGER/Line data) were used to locate the urban areas in Tennessee. There are two types of urban areas: urbanized areas that contain 50,000 or more people and urban clusters that contain at least 2,500 people, but fewer than 50,000 people. Rural households are the households that are outside of the urban areas. Addresses of 6000 randomly selected rural households were purchased from Survey Sampling International. One survey package was sent to each household and each package contained two identical survey forms, designed to be completed by two adults in the household. If there are not two adults in the household or any other conditions exist that do not allow two adults from that household to complete the survey, completing only one survey and mailing it back is allowed.

Of the 6000 mailed surveys, 247 survey packages were sent back due to incorrect address. There are 844 responses received. Among them, 540 surveys come from households with two or more adults (identified if two surveys were completed by the same household). The other 304 surveys come from one-adult households. There are 7 surveys with the survey ID removed, making it impossible to identify their addresses and whether they come from the same household or not. The response rate ranges between 7.1% (821/(6000-247)/2) to 9.7% (261+2+292+3)/(6000-247), depending on calculation method. 

Survey Results

Trip Information
 The design of the rural resident travel survey queried the information about the most recent trip to a large city by any mode. Nine largest cities were listed as options to choose from. They are Chattanooga, Clarksville, Franklin, Jackson, Johnson City, Knoxville, Memphis, Murfreesboro and Nashville. Nashville responses ranked first (27%), Knoxville second (22%). Chattanooga, Memphis, Jackson, Murfreesboro and Johnson City are the cities that rural residents travel less frequently. Clarksville and Franklin have the lowest trip frequency among the nine cities. According to 2010 US Census data, Memphis has the largest population, 646,889 people; however, it ranked fourth in terms of the frequency residents reported travelling there. It is likely because Memphis is located in the corner of Tennessee and not all the areas around Memphis are in Tennessee (our sample) and rural areas surrounding Memphis are sparsely populated relative to areas surrounding Nashville and Knoxville.
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Figure 1 Large City Frequency Distribution of the Most Recent Trip
In the survey, 97% of trips were made by personal car, truck, or SUV. This sample effectively represents car (hereafter “personal car”) users allowing for comparison between the other rural transit samples in the following sections. 

The trip purposes distribution of the three surveys were plotted in Figure 2. Riders use DFRT and DRT mainly for health care appointments (70% for DFRT riders and 61% for DRT riders), while the most common non-transit trip purpose for personal car travel to go to bigger city is shopping. But it should be noted that the health care appointments and travel are funded by TennCare, Tennessee’s low income health care program, thus subsidizing many of the trips for specific health purposes. Trip purposes are more evenly distributed among car travelers, suggesting car is used for trips of multiple purposes. It should be noted that the most frequent trip purpose for ICB riders is visiting families or friends. So the travel modes are divided into three groups by the major trip purpose: DFRT and DRT for health care appointments, ICB for visiting families and friends and personal car for shopping. The trip purpose distribution of DFRT and DRT are very similar, suggesting they are the same mobility option to users.
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Figure 2 Trip Purpose of DFRT, DRT and Personal Car Trips
Around 78% of DFRT riders and 67% of DRT riders expressed it is “very difficult” to find an alternative method to meet the trip need, and 13% of DFRT riders and 21% of DRT riders expressed it is “difficult”. About 90% of the riders have difficulty finding alternative transportation modes, and are highly dependent on the DFRT and/or DRT services. Fewer than 10% expressed it is relatively easy or very easy. These response rates reveal that transit services are very critical transportation methods to those individuals. Recall that around 2/3 of transit riders were using the service to access health care, implying that the DFRT/DRT service is improving accessibility to important health services.
DFRT and DRT riders were asked to report how frequent they used the DFRT or DRT transit service. That frequency is compared to the reported frequency of rural residents visiting the big city that they reported earlier in the survey, shown in Figure 3. It was found that DFRT and DRT have higher travel frequency. It may be not fair to compare the frequency of rural transit riders to use transit to go anywhere to the frequency of personal car users to use car to go to one place (the reported big city). But the frequency of the rural transit riders use the transit is surprisingly high. 67% of the transit riders use the transit more than once a week. It shows that as long as the transit service area covers the potential riders, they would use the service frequently. The use frequency distributions of DFRT and DRT are very similar, again suggesting DFRT and DRT are the similar mobility option to the users.
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Figure 3 Frequency of DFRT, DRT and Person Car Use
DFRT and DRT riders were asked how they made this trip before the corresponding transit service started and how they would make this trip if the service stops. The most frequent answer is “someone else drove me”. If the service stops, a one third of respondents would not make this trip anymore. Of those who would not make the trip, 54% were using the service to access health care, implying that the DFRT/DRT service is improving accessibility to important health services. 
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Figure 4 Previous Travel Mode and Future Travel Mode of DFRT and DRT Passengers
To summarize, most of the DFRT and DRT riders use the transit to access health care, while the primary trip purpose for car drivers and ICB users are shopping and visiting families and friends. 90% of the transit riders stated it is difficult to find an alternative way to perform the trip, indicating those people are highly dependent on public transit for critical health care needs. Two thirds of the transit users use the transit service more than once a week, suggesting if the service stops, their mobility would be severely impacted. The trip purpose distribution and use frequency distribution of DFRT and DRT are very similar. It indicates that DFRT and DRT plays the same or very similar role of transportation method to the users.

Demographics
 The percentage of male DFRT riders, DRT riders and rural-urban household travel survey respondents are 39%, 28% and 49% respectively. Chi-squared test shows that women are more likely to take rural transit than men with p-value less than 0.01. The age distributions of the three surveys’ respondents are similar. The median age for DFRT riders, DRT riders and personal car users are 54, 53 and 57 respectively. It shows they are more likely to be middle aged or old people. This age distribution is different from ICB users, who are more likely to be young.
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Figure 5 Age Distribution of Respondents of DFRT Riders, DRT Riders and Personal Car Users
Transit riders are more likely to be of minority races. The percentage of white people in DFRT riders, DRT riders and car users are 85%, 75% and 95%, respectively. Figure 6 shows that DFRT and DRT riders also have a higher proportion of unemployed (seven times more likely) and retired compared to the car-driving respondents. The distribution of education level does not have a pattern, and is not shown in this paper. Figure 7 shows that car-driving respondents are twice as likely to be college-educated. 
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Figure 6 Employment Status of DFRT Riders, DRT Riders and Personal Car Users
The home ownership rate for DFRT riders, DRT riders and rural-urban household travel survey respondents are 38%, 41% and 91%, respectively. The number of automobiles available at home for DFRT riders and DRT riders is lower than rural-urban household travel survey respondents. 95% of DFRT riders and 97% of DRT riders have 2 or fewer cars available at home, compared to the percentage of rural-urban household travel survey respondents 65%. The Chi-square test does not show a significant difference of home ownership rate between DFRT and DRT riders. There are also more non-vehicle households in the DFRT and DRT riders than personal car users. 
DFRT and DRT riders have both low personal and household incomes. Their personal annual income is typically below $15,000 and household income below $20,000, while the most common personal income and household income category for rural residents are $50,000 and over and 100,000 and over, respectively.
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Figure 7 Education of DFRT Riders, DRT Riders and Personal Car Users
Based on the demographics analysis, the transit riders including DFRT riders and DRT riders are more likely to be female, of minority races (non-white), unemployed, rent a house as opposed to own a house, have low automobile ownership, and have low personal and household income. DFRT and DRT riders have generally the same characteristics as ICB riders except the DFRT and DRT passengers were generally not young.

Perceptions
 DFRT and DRT riders reported the two main reasons that they use the corresponding transit service. The frequency of the reasons reported is shown in Figure 8. The most frequent reason for DFRT riders is the transit fare is subsidized. “I don’t have access to a car” is the most frequent reason for DRT riders and the second most frequent reason for DFRT riders. “I don’t have driver’s license” is the fourth most important reason. It suggests that DRT and DFRT provide important transportation mode to people who do not have access to a car or cannot drive. Another important reason is that the van can pick passengers up from origin and drop them off at destinations. It has an important implication that if the DFRT service is replaced by ICB, which can not deviate to pick up and drop off passengers, the service would become less attractive. The fare of the DFRT and DRT are relatively low. For example, the fare of the DFRT service from Nashville to Cookeville is only $9.50 one way. While the distance is 81 miles, traveling by car would cost $10.7 if the fuel economy is 25 MPG and fuel price is $3.30 per gallon. For DRT service, it usually charges a fare for in county trip and an additional fare for each county line crossed. The starting fare ranges from $2.00 to $6.00 and the additional fare ranges from $2.00 to $5.00. When the starting fare is high the additional fare is usually low and vice versa. So traveling by DFRT and DRT is cheaper than traveling by personal car. However the low fare is not a leading reason to use the transit. The feature of the transit service (pick up from origin and drop off to destination) and the limitations of the riders (do not have access to a car or cannot drive) are the main reasons of using rural transit. Also when the transit fare is subsidized, it generates a big initiative to use rural transit.
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Figure 8 Reasons to Use DFRT and DRT
Rural residents (personal car drivers) were asked their feelings about the following two statements: “I will always dislike the idea of riding intercity bus no matter how good the service is” and “Federal or state money should be used to subsidize intercity transit operating cost”.
Regarding the first statement, 201 respondents said “agree”, 357 said “neutral” and 280 said “disagree”. If only regarding the people who said “disagree” as the people who are open to traveling by ICB, it indicates a significant amount of people (33%) are open to the travel mode of ICB, in contrast to only 5 out of 836 who answered travel method question actually used rural transit to perform the most recent trip. Nearly ¼ of the population are not open to riding ICB. The result indicates although a lot of people are open the idea of using ICB, not many people used it. Again it corresponds to our previous finding that most of the transit riders are captive users, not choice users.
Regarding the second statement, 271, 362 and 194 respondents expressed “agree”, “neutral” and “disagree”, respectively. Only 52% of the people who are open to the travel mode of ICB agree that federal funding should be used to subsidize intercity transit operating cost. Also only 53% of the people who believe federal funds should be used to subsidize intercity transit are open to the mode of ICB. Only 17% of all the respondents both agree that federal funds should be used on intercity transit and are open to travel by ICB.

Respondents of the three surveys were asked to rate on the scale of 1 to 5 that best explains the likelihood that they would use intercity transit if the following changes were made. 1 means “not likely at all” and 5 means “very likely”. The average score of every improvement by three survey respondents are shown in Table 2.
In general, scores of improvements given by DFRT riders are consistent with those given by DRT riders, both of which are much higher than the score given by car-driving rural respondents, either open to using ICB or not. It indicates that DFRT and DRT riders generally value all the improvements more than rural residents, whether they would like to travel by ICB or not.

Table 2 Average Score of Improvements by Survey Respondents
	Improvements
	Average score by ICB riders
	Average score by DRT riders 1
	Average score by rural car-driving travel survey respondents 2

	If it’s safer to ride on the transit
	4.2
	- 
	3.3 (3.0) 

	If the transit always arrives and departs on time
	4.5
	4.3
	3.6 (3.2)

	If the travel time of transit trip is shorter
	4.2
	4.2
	3.5 (3.2)

	If the service is more frequent
	4.1
	
	3.5 (3.2)

	If the bus stop is closer to my home
	
	
	3.7 (3.3)

	If the fare is less expensive
	4.3
	4.2
	3.6 (3.2)

	If the vehicle condition is better with more leg room, wider aisles and more comfortable seats
	4.2
	4.1
	3.4 (3.1)

	If the local city public transportation at destination city is more convenient
	4.1
	3.6
	3.7 (3.3)

	Auto parking were available near the van/bus station
	3.5
	-
	-

	The cost of gasoline were to increase
	4.0
	4.1
	-

	The operator of call reservation center or driver was friendlier
	4.4
	4.0
	-

	Overall, if intercity transit could pick you up close to your home with a reasonable price and schedule, how likely are you to use it?
	-
	-
	3.7 (3.3)


1. Blank cells mean the question is not applicable to the survey indicated by the column.

2. The value before parenthesis is the answer from rural residents who would consider traveling by intercity bus, while the value in parenthesis is the answer from all the rural residents no matter their answer whether they would consider traveling by ICB.

The improvement with the highest score given by transit riders is “if the transit always arrives and departs on time”. The unreliability of transit arriving and departing time has been the major concern of riders. The improvement of this unreliability has the greatest satisfaction to transit riders. The improvements “If the local city public transportation at destination city is more convenient” and “if the bus stop is closer to my home” get the highest score from rural residents. This generally indicates that easier access to the boarding stop and to the destination from the alighting stop would to the most extent increase the attraction of intercity transit to rural residents. The fact that it may be difficult for potential riders to travel to the bus stop or inconvenient to park at the origin stop and that the local transit is not very convenient will prevent them from riding the intercity transit. The deviation feature of the DFRT could be very attractive to car-driving residents. However, few DFRT service providers give description of this feature on their website. Service providers should put more efforts on marketing, giving more detailed description of the service and highlighting its route-deviation features. That could attract more people to DFRT.
All the improvements scored by rural transit riders are above 4 except two, “if the local city public transportation at destination city is more convenient” and “if auto parking were available near the van/bus station”. Except for those two improvements, all the improvements are scored much higher by transit riders than rural residents, even higher than the score of the last item “overall, if intercity transit could pick you up close to your home with a reasonable price and schedule”. It indicates that the value of any specific improvement to riders is higher than the value of the combination of all the improvements to non-riders.

Riders Characteristics Modeling

The DFRT rider survey, DRT transit survey and personal car travel survey were combined together to perform a case control study. Because the response variable (mode choice of transit or car) is binary, a logistic regression model was constructed to analyze different variables’ influence on the likelihood of a person choosing rural transit. 37[]

Correlation Analysis
 The correlation matrix is shown in Table 3. There is a high correlation between personal income and household income. The household income is highly positively correlated with the number of cars in the household and number of working adults in the household, with a Pearson Correlation coefficient of 0.49 and 0.45 respectively. 

People who own his or her home have an average of 2.13 cars, much higher than people who rent a house, 0.99 cars. White people have, on average, 2.00 cars compared to people of non-white race who have 1.25 cars. Around 80% of white respondents own a house compared to 50% of non-white respondents. The Chi-Square test shows that race is not independent of home ownership type with p-value less than 0.01. So it can be concluded that most of the independent variables (demographic variables) are correlated.

Table 3 Correlation Matrix of Independent Variables

	
	Personal income
	Household income
	Number of cars
	Number of children
	Number of adults
	Number of working adults
	Number of elderly

	Personal income
	1.00
	0.73**
	0.37**
	0.05
	0.07*
	0.29**
	-0.12**

	Household
income
	1.00
	0.49**
	0.14**
	0.25**
	0.45**
	-0.17**

	Number
of cars
	
	1.00
	0.14**
	0.36**
	0.43**
	-0.11**

	Number
of children
	
	
	1.00
	0.07*
	0.24**
	-0.33**

	Number
of adults
	
	
	
	1.00
	0.51**
	0.03

	Number of
working adults
	
	
	
	
	1.00
	-0.45**

	Number of
elderly
	
	
	
	
	
	1.00


**significant at 0.01 level; * significant at 0.05 level.

Introduction to Logistic Regression
 Logistic regression is different from linear regression in that the response variable for logistic regression is categorical. In this case the response variable has two levels (car/transit) so we specify a binary logistic regression. 
The event that one chooses intercity transit is denoted by[image: image10.png]


, one chooses car is denoted by [image: image12.png]


. The probability that one chooses intercity transit and car is:
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The binary logistic regression specification is given:
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 observations are independent, their joint probability function is:
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The log likelihood function is obtained by a logarithm transformation of the above function: 
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This is the likelihood function of the coefficients to be estimated and one can estimate the coefficients [image: image27.png]


 using maximum likelihood method:
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The impact of attribute p on the mode choice compared to attribute q of the jth variable can be described by the odds ratio, denoted by [image: image30.png]OR
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An odds ratio greater than 1 indicates that attribute p increases the probability of choosing intercity transit compared to attribute q.
Mode Choice Model and Results Analysis
 The response variable is mode choice: personal car vs. rural transit. Demographic variables were included in the model and tested. Race, personal income, household income, employment type, education level, type of home ownership, number of cars, children, adults and working adults in household are significant variables at 0.05 level. There are no mode-specific variables because of difficulty estimating cost and performance of different modes for different trips. All the significant variables were included in the model and stepwise selection method was used to select the best model. 

Model results are shown in Table 4. Due to the high correlation among independent variables, the variances of the coefficients were overestimated. So the significance of the coefficients was underestimated. This indicates that variables in the model are actually more significant, instead of less significant. So other variables that are not significant at 0.05 level but at 0.15 level may also be significant due to this underestimation. However, no other variables are significant at 0.15 level when controlling for the current significant variables. So no other variables were analyzed. Although principal component analysis or factor analysis could be used to reduce the multiple highly correlated variables into fewer variables (factors), the reduced variables will lose the ability of interpretation and that is not the aim of this study.

Although the coefficients of the variables in the model can be interpreted as holding other variables constant, what would happen to the odds of the response variable if one independent variable increases by one unit, in reality because of the high correlation between independent variables, when one variable increases by one unit, other variables will also likely change correspondingly. So as personal income increases, the household income would also increase, so does the number of cars in the household. The person is more likely to own a house. So generally speaking, the model result shows that wealthier people (who also generally own more cars and own their home) are less likely to use transit.

It is interesting that all the variables in the model are related to the person’s economic status, except for the race. Gender and employment status that were found significantly different between personal car user group and transit user group are not significant in the model after controlling for other variables. It is probably because those variables are correlated with the variables in the model, and do not explain as much variation of the data as the variables directly related to the wealth. It shows again that wealth is dominant factor that influence people’s mode choice.

Table 4 Intercity Travel Mode Choice Model (Car vs. Transit) Results
	Parameter
	Level
	Estimate
	Odds Ratio

	Alternative specific constant
	
	1.67*
	

	Race
	White (base)
	-
	-

	
	Non-white
	1.23*
	3.42

	Personal income (unit: $5,000)
	
	-0.27**
	0.75

	Household income (unit: $10,000)
	
	-0.21*
	0.82

	Home ownership type
	Rent (base)
	-
	-

	
	Own
	-1.61**
	0.21

	
	Other
	0.59**
	1.90

	Number of cars
	
	-1.29**
	0.29


Car is the base mode

** Statistically significant at 1% level; * statistically significant at 5% level; 

N= 871; 164 people used intercity transit and 707 people used car. 

The -2 Log-likelihood of intercept only model is 1703.8. The -2 Log-likelihood of intercept and covariates model is 1688.2
Combined with previous finding that about 90% of the riders have difficulty finding alternative transportation mode, it suggests that rural transit riders are captive riders, not choice riders. So the rural transit serves a critical transportation role to less wealthy rural residents. It is important that policy makers understand the role of the rural transit plays in the rural transportation system.

Discussion and Conclusion

Rural transportation is an important component of the transportation system. Although most of rural resident travel by cars, rural transit plays an important role in transporting people who cannot drive or do not have access to a car. ICB, DFRT and DRT are the three main modes of rural public transportation. Although there are more DFRT and DRT services than ICB services, ICB are studied much more frequently than either DFRT or DRT. Little information is known about the rural DFRT and DRT trips or rider characteristics. Policies regarding DFRT and DRT and improvement suggestions are hard to make without knowing who are using the service, why they are using the service and what improvement is valued. This paper summarizes three surveys: DFRT rider survey, DRT rider survey and rural car-driving residential survey and tries to answer these questions.

DFRT and DRT are mainly used for health care appointments, in part because the fare is subsidized under health programs. To compare, there is no leading trip purpose for car users. Personal cars are used for multiple trip purposes while fixed route and schedule rural transit, ICB, is mainly used for visiting families and friends. In general DFRT/DRT, personal car and ICB are three different groups of mode choices. The trip purpose distribution and travel frequency distribution of DFRT and DRT are very similar, suggesting they are the same mobility option to users. 

It is important to realize how critical the DFRT and DRT are to the users. Over 90% of the DFRT and DRT riders reported it is difficult to find alternative transportation method, indicating rural transit riders are mostly captive users instead of choice users. More than two thirds of the riders use the transit at least once a week. If the transit services are stopped, it would severely impact the mobility and welfare of the users.

In terms of improvement, the unreliability of the transit is the biggest concern for transit riders. To personal car users (choice riders), on the other hand, they are more attracted to transit if the bus stop could be closer to their house or the local transit would be more convenient at the destination city. Improving transit in the destination city could increase the ridership of rural transit.

The demographics of DFRT and DRT riders are very similar. They are more likely female, of minority races (non-white), unemployed, rent a house as opposed to own a house, have low automobile ownership, and have low personal and household income. Those characteristics are similar to ICB riders, but different from car users. It indicates that the rural transit service is mainly used by less wealthy people. It is important for policy makers to understand to make equitable policies. After controlling for other variables in the logistic regression model, only the variables that are directly related to the wealth and race are significant. It again suggests that wealth is the main factor that determines a person’s mode choice.

Although the rural transit fare is cheap compared to the car travel, it is not the main reason that riders use it. The feature of the transit service (pick up from origin and drop off to destination) and the limitations of the riders (do not have access to a car or cannot drive) are the main reasons of using rural transit.
This paper gives an overview of the DFRT and DRT trip characteristics and rider demographics and compares those to riders of ICB and personal car users. It is one of the first studies that focuses on the rural transit in general, not only ICB. It also points out the number of existing studies related to rural DFRT and DRT do not match its importance in rural transportation system. Future work should focus on the planning of DFRT routes and optimization of DFRT and DRT services.

Chapter 4 
Rural-Urban Bus Travel Demand and Network Evaluation

Introduction
US cities lost one third of the scheduled ICB service between 1960 and 1980 and more than half of the remaining service between 1980 and early 2006 38[]
. But with rising travel demand, escalating fuel price, and the Federal Transit Administration (FTA) 5311 (f) funding to support ICB agencies to provide or continue their service; the ICB industry is beginning to see more ridership. It has been rated as the fastest growing mode of intercity transportation, outpacing air and rail transportation in 2010 39[]
. In Tennessee, an ICB Demonstration Program was implemented in 2008 in response to the growing public intercity travel need. There is a growing number of fixed route, scheduled ICB service in the state. In the context of this study, we focus on ICB operating within the state of Tennessee, and not directly connecting to different states (though they do feed interstate bus terminals). In general, the ICB services described in this paper are short-haul buses that connect rural regions with urban centers.
While some studies have investigated interstate bus trips, such as Greyhound trips 
 ADDIN EN.CITE 
[26-30, 40]
, little research has been directed to the within-state ICB services, particularly in the context of recent demographic changes and growth in demand. This paper is aimed at exploring the rider and trip characteristics of ICB, estimate high demand regions, and evaluate the existing ICB network.

Literature Review
Intercity Travel Demand Model Review
 A few papers have discussed mode choice modeling for intercity surface travel. Ashiabor, et al. 26[]
 reviewed disaggregate nationwide travel demand modes developed between 1976 and 1990 (Stopher and Prashker 1976; Grayson 1981; Morrison and Winston 1985; Koppelman 1989). All four models used versions of National Travel Surveys (NTS) conducted by the Bureau of the Census and the Bureau of Transportation Statistics (BTS). All of these four models included bus as one of the transportation modes. The fifth attempt to model nationwide travel demand was carried out by Ashiabor, et al., who developed a logit model based on 1995 American Travel Survey (ATS). However, both 1977 NTS and ATS only collected information on trips of 100 miles or more, leaving the intercity trips that are shorter than 100 miles pre-eliminated from these studies, which include most of the within-state Tennessee ICB trips. Although only Tennessee intercity trips are surveyed and determined to be less than 100 miles, it’s reasonable to infer that in other States, there are also many intercity trips that are less than 100 miles because of similar state dimension and people’s travel behavior.

Fravel, et al. 
 ADDIN EN.CITE 
[41]
 wrote TCRP Report 147 introducing the toolkit for estimating demand for rural ICB services. An application example of the tools is the Minnesota ICB network study 
 ADDIN EN.CITE 
[22, 40]
 which chose five transit-dependent population characteristics to profile persons who rely on transit. Potential ICB needs were identified by comparing the locations served by the current network with the locations in Minnesota that have concentrations of persons more likely to rely on public transportation. It serves as a good reference to this paper. We improve the method by comparing Tennessee ICB riders characteristics to general travelers to get the specific characterizes of Tennessee riders and introduces methods to evaluate the connection of bus network to potential riders and destinations.

ICB Riders Characteristics Review
 An earlier Tennessee ICB Study 42[]
 performed an ICB passenger interview survey to develop a profile of passengers. It was conducted for 24-hour period at several bus terminal locations. The survey result shows that a typical ICB passenger is aged 16 to 25, uses the bus once a year to visit friend and/or relatives, travels over ten miles by auto to get to and from the terminals, and has an annual income of between $7,501 and $15,000. Data also indicates some variance in automobile ownership between cities. In Chattanooga, Memphis, and Nashville most respondents indicated that they owned one automobile, while in Jackson and Knoxville most respondents indicated that they did not own an automobile.

The BTS’s 1995 American Travel Survey 43[]
 concludes that the ICB riders are more likely to be persons 65 years old and over, female, minority, less educated, to live in households with low income and no personal use vehicle available. Although it’s a good description of long distance ICB riders’ characteristics, these characteristics parallel the scope of the ATS, people who travel more than 100 miles.

Although the studies above have given a comprehensive view of intercity travel mode choice modeling and ICB riders’ characteristics, no published study has been performed to analyze the within-state long distance bus travelers’ characteristics, particularly linking rural areas with urban centers. As a result, to get information about intrastate long distance travelers is crucial to determine these individuals’ characteristics and identify the area with such demand. This paper will begin to fill this gap and test how ICB rider population demographics are different from overall intercity traveling population.

Survey Method
A questionnaire was developed for each of the ICB route that is supported by FTA 5311 (f) funds. This included 5 transit companies (3 Human Resource Agencies and 2 private service providers) providing 756 route-miles of service in Tennessee. The surveys were conducted between May 1, 2010 and August 21 2010. ICB passengers were asked about their trip and personal information, such as trip purpose, boarding and alighting stops, rider age, gender, annual household income, and so on. 
Two survey methodologies were considered. The first one is an intercept survey. Researchers intercepted passengers at different ICB stops in different locations throughout the state and ride the bus to survey passengers on bus. This type of survey has a high response rate; a high quality of data collected and allows surveyors to collect other information, including open-ended observations from the riders. However, a big drawback of this survey method is that it has high cost for interviewers, particularly given low bus service frequency, dispersed locations of bus stops, and relatively small number of riders on the bus. A pilot survey was performed to test the survey method. During the two-day pilot survey, only 27 riders were interviewed. 

Another survey method distributed questionnaires to bus riders with the help of the driver. Survey packages were distributed to the transit agencies and drivers gave the surveys to boarding riders, along with a pencil and mail-back envelope. This survey method had a relatively low response rate and survey quality, but it greatly increased the cost-effectiveness of the data collection. Using this method, 446 questionnaires were sent out and 92 were returned (21% response rate). The true response rate is somewhat uncertain because we were unable to confirm that all surveys were distributed to passengers.
Statistical Analysis
Considering the low number of ICB trips recorded in the 2009 NHTS nationwide, only 48 trips are made by ICB compared to 62,920 trips made over 30 miles by other modes, it is difficult to model ICB travel from this dataset. Indeed, the NHTS does not record any trips in Tennessee that are made by ICB. As such, an alternative method is adopted to estimate ICB rider characteristics. All intercity trips made in Tennessee are extracted from NHTS. ICB riders’ and trips’ characteristics are summarized by comparing data in our survey and the dataset extracted from NHTS. ICB riders’ attributes will serve as a reference to determine the number of potential ICB riders in each census tract in Tennessee, which will be converted to estimate likely ICB rider population density. The density will help to determine the areas with higher ICB demand.

Attributes Comparison
 ICB riders and trips characteristics were summarized from the survey responses and compared with the riders and trips characteristics of intercity car trips with same travel distance, extracted from 2010 NHTS. From our survey, trip length ranges from 6 miles to 162.5 miles. There are only two trips shorter than 30 miles, the existence of which might be due to the misunderstanding or writing error, the shortest length of intercity trip is set as 30 miles. The upper limit of intercity trip length is rounded to 170 miles. ICB trip distance includes three parts: distance from origin to boarding bus stop, travel distance on the bus, and distance from alighting stop to destination. Moreover, a geographic criterion was also used to filter the data from NHTS--only trips made in Tennessee were selected. Considering the fact that the trip origin and destination are unknown for the NHTS data, the State of household location of survey responders was adopted as an alternative way to select the trips made in Tennessee.

The filtered NHTS dataset includes 1116 intercity trips distributed among modes shown in Figure 9. As shown, 1095 trips are made by non-public transportation and no trips are made by ICB. Of these trips, 129 were made by private vans, which could include commuter vanpools.
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Figure 9 Transportation Mode Choice Percentage of NHTS Intercity Trips
In addition to transportation mode choice, 11 trip and rider characteristics are compared, including traveler’s race, gender, age, employment status, ability to drive, household annual income, household size, number of vehicles available in household, education level, trip purpose, and trip distance. We assume these 11 characteristics influence traveler’s mode choice and are included in both the NHTS and our survey.

Our analysis focuses on supplementing the NHTS with our survey data and applying findings from the NHTS to our dataset. We compare the differences in the variables to identify if the variable in each survey dataset has the same distribution. 
Results
 Comparing both the NHTS (mostly personal auto) intercity trips in Tennessee with our dataset reveals significant differences in all variables with the exception of gender, as shown in Table 5.
The results obtained here are different from what have been observed in other studies, which shows the importance to perform this test and comparison. Most results follow intuition. Key results are summarized as follows.
Although age between private vehicle users and ICB riders are significantly different, there is no special trend to characterize ICB riders’ age. 

ICB riders are more likely to be non-white races. 

ICB riders are more likely to be unemployed.

ICB riders are more likely to be unable to drive. 

ICB riders are more likely to be from low-income household. Nearly 70% ICB riders’ annual household income is under $27,499 compared to 21% of non-ICB riders.

ICB riders are more likely to have larger number of household members, especially equal to or above seven. 

ICB riders are more likely to have smaller number of vehicles in the household, usually two or fewer. Combined with the high number of people per household results in higher reliance on transit service.
Table 5 Demographic Comparison between NHTS Trips and ICB Trips

	Variable Name
	Category
	NHTS Percentage 
	Survey Percentage 
	P-value 

	Race
	White
	94
	86
	0.0079

	Sex
	Male
	56
	53
	0.6357

	Employment status
	Employed
	63
	46
	0.0014

	Capability to drive
	Able
	97
	91
	0.0036

	Household income
	Under $15,000
	12
	49
	<0.0001

	 
	$15,000-$27,499
	9
	20
	

	 
	$27,500-$52,499
	27
	8
	

	 
	$52,500-$89,999
	32
	8
	

	 
	$90,000 and over
	20
	14
	

	Household size
	1
	6
	31
	<0.0001

	 
	2
	50
	28
	

	 
	3
	17
	9
	

	 
	4
	18
	16
	

	 
	5
	6
	8
	

	 
	6
	2
	0
	

	 
	7 and more 
	2
	9
	

	Household vehicle 
	0
	0
	1
	<0.0001

	Count
	1
	9
	40
	

	 
	2
	37
	30
	

	 
	3
	34
	22
	

	 
	4
	11
	7
	

	 
	5 and more 
	9
	1
	

	Education level
	Less than high school 
	7
	63
	<0.0001

	 
	High school or GE 
	32
	0
	

	 
	Some college or vocational degree 
	32
	0
	

	 
	Bachelor’s degree 
	16
	30
	

	 
	Graduate or professional degree 
	13
	7
	

	Age
	Below 15 
	4
	0
	0.0122

	 
	15-24 
	6
	14
	

	 
	25-34 
	10
	13
	

	 
	35-44 
	17
	9
	

	 
	45-54 
	20
	21
	

	 
	55-64 
	22
	27
	

	 
	Equal to or above 65 
	21
	15
	

	Trip purpose
	Work/school 
	27
	24
	<0.0001

	 
	Religious activity 
	4
	2
	

	 
	Medical/dental services 
	4
	39
	


Table 5 Demographic Comparison between NHTS Trips and ICB Trips-Continued
	Variable Name
	Category
	NHTS Percentage 
	Survey Percentage 
	P-value 

	 Trip  Purpose
	Shopping/errands 
	20
	1
	<0.0001

	
	Social/recreational
	14
	10
	

	Trip length (miles)
	Mean value
	53.8
	75.5
	<0.0001


Note: All p-values were estimated using the Chi Squared test with the exception of trip length, evaluated with Wilcoxon Rank Sum test.
ICB riders in our sample are likely to take the trip for medical purpose. This could be because of a bias in the sampling approach, i.e., many of the bus services we surveyed fed regional medical centers. 

ICB riders are more likely to travel for longer distance. 
Among the eight characteristics, six of them are household- or individual-level: race, employment status, ability to drive, household income, household size, and number of vehicles in household. In order to use these characteristics to identify the areas with high ICB demand, the demographic data related to these six attributes were downloaded for the Tennessee at census tract level from the American Community Survey (ACS). The ACS does not contain any information about the capability to drive (or license status), so only five variables are used to locate the area where residents with a higher demand of ICB live.

Geographic Analysis
High Demand Census Tract
 The number of people that satisfy each of the selection criteria was determined. Five measures are determined for each census tract in Tennessee, and then divided by census tract area to get the density of that variable. The five measures are non-white population density, unemployed population density, poverty-level household density, large-size household density and low vehicle count household density. Five ratings are given to each census tract according to the five measures. Each rating is given by ranking all the census tracts by one measure. For example, the first rating is given according to the variable Race. All census tracts are ranked by non-white density. The higher the non-white population density is, the higher the census tract’s ranking is. The five ratings are summed to get a total rating for each census tract.
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Figure 10 Tennessee ICB Demand Map
The ICB demand is divided into five levels using ArcGIS--high, medium high, medium, medium low and low (based on demographic rating). This grouping level could change depending on analysis purpose or government’s goal of ICB service coverage. Out of 1261 census tracts, 228 were identified as the high ICB demand area, with a total area of 7684 square miles and 973795 residents, around 18% of Tennessee’s area and 16% of Tennessee’s population. The next highest category, medium high demand areas, included 296 census tracts, with an area of 12254 square miles and 1362653 people, around 29% of Tennessee area and 22% of Tennessee’s population. Figure 10 shows that census tracts with the similar demand levels are usually located adjacent to each other, enabling potential ICB corridors.
Spatial Analysis
 There are six agencies providing ICB services within Tennessee. Altogether 15 routes are running in addition to interstate Greyhound routes that connect all the Greyhound stations in Tennessee. This system serves 87 stops.

The access shed, defined as the access and egress distance, is summarized based on our survey dataset. For the access distance, the mean is 10.1 miles and maximum value is 34.0 miles. For the egress distance, almost all trips were destined for location of the bus stop (usually a major trip generator) with a mean distance of 1.2 miles and 90 percentile distance of 9.2 miles. Average egress distance is shorter than access distance because some ICB agencies provide stop-to-door service, i.e., transport passengers to the destinations, even though they are not bus stops; and while it’s not likely that passengers’ origin is exactly the starting stop, in most cases, their destination is one of the stops. In these cases, their egress distance is zero.

The function of one bus stop is two-fold: connect to potential riders and connect to meaningful destinations. As a result, we evaluate bus stops by these two functions. To evaluate how well bus stops connect to riders, we use two methods: 1, determine how much high demand area is covered by ICB stops service area and 2, count how many stops are within the high ICB demand area and medium high demand area.

Two buffers are made around each bus stop, one with radius of mean access distance value, 10 miles, and the other with a radius of maximum value, 34 miles, as shown in Figure 10. Considering that 34 miles is the largest distance from the origin to boarding stop, the aim of the buffer with this radius is to cover all the high and medium-high demand area in Tennessee. The 10 mile radius buffer is meant to cover the high demand area.

Combining the buffers with the demographic distribution, 1222 square miles of the 7684 square miles high demand areas (around 16%) are covered by the small buffer and 9875 square miles of 19938 square miles medium-high and high demand areas (50%) are covered by the large (34 miles) buffer. Looking at Figure 10 another way, the total area of the small buffer is 8735 square miles, compared to 7684 square miles of high demand area. Similarly, total area of the large buffer is 33618 square miles, compared to 19938 square miles of high and medium-high demand areas. It may imply that the bus stops are not well located to cover the high and medium high demand area. 

Another way to assess the bus stops’ connection to riders is to explore the percentage of stops that are within the high and medium high demand area and compare to the percentage of these demand area to total state area. 14 stops are within the high demand area and 8 stops are within the medium high demand area. Since the high and medium high demand area covers around 18% and 29% of Tennessee area, the number of stops within these two areas should be at least proportional to the two percentages. 17% of stops are within the high demand area , which is proportional to the high demand area percentage. However, only 9% of the stops are within medium high demand areas, which is lower than the medium high demand area percentage, indicating an inappropriate orientation of the bus stops. The two analysis results above show that bus stops are not well located on the origin side.

Since bus stops are not only designed to connect to riders (origins) but also connect to activity center (destinations), which are usually not areas with high number of people matching ICB rider demographics, we need to explore how well these stops connect to activity centers to evaluate the orientation of bus stops. Depending on purpose of ICB program, the destinations stops should connect to different types of places, such as hospitals, universities, airports, military bases, large employers and so on. In this paper, we focus on ICB programs that provide rural residents access to opportunities in urban area, but not include job access. So hospitals, universities, airports and military bases are regarded as meaningful destinations. They are shown in Figure 10.
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Figure 11 Tennessee Meaningful Destinations Map
Stops located within 10 miles of the meaningful destinations are regarded as connecting to them. All the airports, hospitals, military bases and universities in Tennessee are inventoried. There are 4 airports, 156 hospitals, 3 military bases and 67 universities and research institutes. Spatial analysis was used to determine how many stops are within the 1.2 miles buffer of these meaningful destinations. We found out that 8 stops connect to airports, 70 stops connects to hospitals, 0 stops connect to military bases and 49 stops connect to universities and research institutes. Some of the stops connect to two or more destinations. Only 15 stops (17%) do not connect to any meaningful destinations. It indicates the bus stops are well connected to the destinations.
To make the ICB program successful, changes need to be made on the stop locations to better connect to origins. There are 13 stops that are not located within high or medium high demand area and not connected to any meaningful destinations. They could be relocated to better connect to potential riders. The identified high demand area and meaningful destinations could serve as reference for where these stops should be relocated to.

There are several issues that need to be further studied. A more complete inventory of all possible destinations may be needed to give a more detailed study. The distance by which whether bus stops are connected to a meaningful destination should be studies carefully because it has great impact on bus stations’ accessibility level. A sensitivity analysis may be needed to have a general understanding of how distance changes will affect bus stations’ connectivity level.
Conclusion
The ICB (particularly those publicly subsidized) in Tennessee that connect rural areas to urban areas usually only travels within Tennessee and serve urban centers. ICB riders’ characteristics and trip characteristics are different from car-based intercity or interstate trips, say traveling more than 200 miles. A survey was performed to attain Tennessee ICB rider characteristics. NHTS data are filtered based on the trip distance that satisfies the intercity and intrastate travel requirement to correlate with the types of trips that ICB service provides. We compared ICB survey responses and the NHTS responses and found significant difference between mostly car drivers and bus riders among almost all variables we observed. Several ICB characteristics are identified and used to locate where these populations, whose demographics correlate with ICB riders, live based on ACS data. Bus stations have two service functions: connecting to potential riders and connecting to potential destinations. To evaluate how stations connect to riders, we place existing ICB stops on a GIS map, buffering their service areas to determine the proportion of the high demand census tracts that are served by the bus stops and proportion of bus stops within high demand area compared to proportion of high demand area to total state area. These buffers are viewed as bus service area and compared with high demand areas. The result shows that there are enough ICB stops to cover all the high demand area in Tennessee, but only half of ICB high demand area is covered. While the medium high demand area covers 29% of the state area, only 9% of the stops are within high demand area. These results suggest that the location of these stops should be investigated to better connect to potential riders. On the destinations side, 81 airports, 156 hospitals, 3 military bases and 67 universities and research institutes are inventoried and regarded as popular destinations. 72 stops connect to the meaningful destinations. It shows that the bus network are well connected to destinations but poorly connected to potential riders. 13 stops are found neither connecting to potential riders nor connecting to destinations. So relocation of these stops to better connect to high demand area should be considered. This research provides solid methodology of evaluating the current ICB network. It also introduces ways to identify the bus stops that do not have good connectivity to either origins or destinations, and methods to relocate them.
This paper has several limitations. First, because ICB service and ridership is low in Tennessee, data volume and quality are challenges toward developing robust transportation demand models. The data collection method possibly introduces some self-selection bias, that is, we survey existing bus riders on existing routes that are not ubiquitous or randomly distributed across Tennessee. Still, this paper has begun to fill a research gap on a mode of transportation that is beginning to grow after decades of decline. The methods applied here could be applied to other states to identify their ICB riders’ characteristics and to evaluate their existing ICB network.
Chapter 5 
Rural to Urban Intercity Deviated Fixed Route Design -An Application in Tennessee
Introduction
DFRT is an important type of rural transit, maintain characteristics of fixed route transit (ICB) and fully demand responsive transit (DRT). It “operates along a fixed alignment or path at generally fixed times, but may deviate from the route alignment to collect or drop off passengers who have requested the deviation” 2[]
. Its flexibility could make it more suitable to serve the rural area than fixed route counterparts because of dispersed rural population. In late 1980s, the deregulation of ICB industry has resulted in abandonment of many ICB routes, especially in rural areas, because of the low revenue generation from rural riders 31[]
. Service cuts negatively impacted the mobility of bus-riding rural residents. DFRT has been playing an increasingly important role in meeting rural residents’ transportation needs. According to National Transit Database (NTD) 2[]
, in 2010 there were 302 rural DFRT operators in the US, providing around 22 million passenger trips with total revenue miles around $65 million. Although the DFRT services have been implemented across US, there are few standards to which transit service providers can turn when designing service. 44[]
 
The existing literature related to DFRT focuses on optimizing various service parameters of DFRT and while constraining other parameters. No studies have focused on the route planning of DFRT using existing networks and heterogeneous demand. Recognizing the lack of literature about DFRT demand analysis and empirical network design, this chapter aims to fill this important gap by proposing a methodology to estimate demand and plan DFRT routes. 

The two-part planning methodology is presented using Tennessee as an example. First travel demand of each census tract in Tennessee is estimated using a trip generation model. This model is estimated using a DRT ridership dataset as input, relating trip generation with census-level demographic data. DRT riders share common characteristics to DFRT riders (see Chapter 3), we assume DRT trip generation serves as an effective proxy to DFRT trip generation. Using available ridership data from one DRT operator is available a model is constructed to estimate trip generation of census tracts as a function of available demographic data, and estimate ridership in census tracts surrounding cities that are not in the operator’s service area. Second, after estimating trip generation of all census tracts in Tennessee, all the interstates and highways in Tennessee are divided into 5-mile segments and analyzed as potential route segments, radiating from Tennessee’s five largest urban areas. The service areas of all the segments are overlaid with trip generation to estimate the trip generation served by each segment. Segments are linked to form routes and all routes are evaluated for cost effectiveness as they extend away from urban areas. Most cost-effective routes are prioritized and presented. Last, suggestions about how to use this methodology and its limitations are discussed. 
Literature Review

DFRT can also be referred to as mobility allowance shuttle transit 
 ADDIN EN.CITE 
[36, 45]
, flexroute transit 34[]
 or route deviation transit 46[, 47]
 in different papers. Existing studies related to DFRT are limited. 
For studies directly related to DFRT, the common theme the development of relationship between various design parameters of DFRT to help transit planners consider the trade-offs between parameters or to optimize one specific parameter. They are usually proposed under an ideal or hypothetical operating environment, such as grid network 
 ADDIN EN.CITE 
[34-36]
. 
Fu 34[]
 developed an equation for the relationship between various system variables, such as the number of feasible deviations, slack time, zone size and dwell time, based on a grid network. Smith and Demetsky 35[]
 explored the relationship between service zone size, which is the area between fixed stops where deviations are permitted, and slack time distribution among zones. Zhao and Dessouky 36[]
 analyzed the relationship between service cycle time, and the length and width of the service area. Those studies serve as a good foundation for DFRT parameter optimization, yet provide little practical or empirical approaches to service planning or network design. 

Other articles do not study DFRT directly but focus on flexible transportation services, which include “all types of hybrid services that are not pure DRT or fixed-route service” 44[]
. Most of the flexible transportation services are implemented in rural and small urban areas 47[]
. Koffman studied the flexible transportation services operated by 24 transit systems and acknowledged that there are few standards that transit service providers can use when designing service. Potts et al. 48[]
 analyzed features of small, medium and large urban and rural transit agencies and described the appropriate flexible transportation services strategies for each of them. All these studies acknowledge the need for studies that look at the planning and operation of flexible transportation services. In summary, studies on flexible transportation services all state there is a need to look at the planning and operation of flexible transportation services. The existing DFRT studies focus on operations of existing or hypothetical DFRT service, but do not provide guidance on network planning.  Important challenges of how to design efficient DFRT networks or where to implement the deviated fixed routes remain unanswered. This chapter will address these challenges by proposing a method to plan DFRT routes in a state. It begins with constructing a trip generation model to estimate the trip generation of all census tracts in Tennessee. Next all the interstates and highways in Tennessee will be divided into five-mile segments and overlaid with the trip generation to estimate the trip generation of each route segment. Different combinations of linked route segments will be analyzed to find the best routes for different budget constraints.
Trip Generation Modeling
This section describes a trip generation model used to estimate trip generation rate of all census tracts in Tennessee. This model is constructed based on a DRT ridership dataset in one part of the state and applied to areas without ridership data estimate the trip generation of those areas based on demographics in the census data. 
Data Description
 Mid-Cumberland Human Resource Agency (MCHRA) keeps a record of all the demand responsive trips it provided. A two-year dataset (July 1, 2009-June 30, 2011; fiscal year 2009-2010) was obtained from MCHRA. The dataset contains an anonymous but unique passenger ID number, trip date, pick up address, pick up time, drop off address, drop off time, trip mileage, fare, passenger age, gender and trip purpose of all the trips. There were 169112 trips in fiscal year 2009 and 180488 trips in fiscal year 2010. This dataset is used to construct a model to estimate trip generation based on known census data (e.g., population density, no-vehicle household density) and applied to other places in Tennessee without direct demand data. Because the trips in the dataset are unlinked passenger trips, where a trip is originally produced (i.e., home) is unknown. If a pickup location is regarded as a trip producing zone, then the urban area would have the highest trip generation rate because most riders go there and return from there. To address this, trips are linked into trip tours and assigned to the origin of the original trip link in the rural area.
Trip Linking
 In each trip tour there could be many trips. Only the origin of the first trip is the trip producing location. The origins of other trips in this trip tour are actually intermediate destinations of the traveler. Confusing them could lead to incorrect estimation of trip generation. An examination of the data reveals that the connecting trips in a trip tour are usually performed within ten hours while two different trip tours are usually more than ten hours apart. A criteria to link trips into trip tours was developed: trips performed by the same person (indicated by matching rider ID) within ten hours, with the drop off address matching the pick up address of the following trip are linked together. The trip linking was performed using SAS PROC SQL 1[]
. The trip linking process is shown in Figure 12.
In total, 349600 trips in the dataset are linked into 190914 trip tours. Among the 190914 trip tours, 148500 tours are composed of two trips, 4134 tours are composed of three trips and 965 tours are composed of four trips. Number of trip tours generating from each census tract were counted as input of the trip generation model. 












Model Selection
 Because only trip tour count data in the MCHRA service area are available (other service providers either do not keep a record of individual trips they provided or are reluctant to offer that information), a model was constructed to estimate the trip generation of census tracts in Tennessee outside of MCHRA’s service area relying on relationships between trip generation and demographics. To estimate the model parameters, first, the number of trip tours generating from each census tract were counted from the last section. The trip generation rate (unit is trip tours per square mile) of each census tract is the dependent variable of the trip generation model. The trip generation rate of census tracts in MCHRA service area is shown in Figure 13. For illustration, trip generation rate is divided into five quintile levels (0-0.17, 0.17-0.66, 0.66-6.03, 6.03-20.87, 20.87-449.7 trip tours per square mile per year). In the figure, Davidson County is highlighted as the political boundary of the urban area (Nashville), which has lower (or zero) rural transit trips. This is important when developing the model. This model is applied to areas outside MCHRA’s service area to estimate trip generation in all of Tennessee’s census tracts. 
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Figure 13 Trip Generation of Census Tracts in MCHRA Service Area
The trip generation rate is represented as count data (number of passenger trip tours) divided by the area of the census tract. Poisson regression and negative binomial regression models are usually used to model count data. The less restrictive NB model is more widely used than Poisson regression because it does not assume the variance of the responsive variable is equal to the mean. In this dataset, the variance of the responsive variable is larger than the mean so the NB model is used. Often when analyzing count data, the number of exogenous zeroes may seem large, which is the case of this study. Davidson County (or generally the county where a large city is located) is served with urban transit, paratransit, and taxi service, so people in those urban counties are not likely to use rural DRT, It is reasonable to assume that this pattern also applies to other large urban areas. So when this model is used to estimate the trip generation of urban census tracts, the true trip generation rate should be much lower than predicted by the model. As shown in Figure 13, census tracts in Davidson County usually have the lowest trip generation. In fact, many of census tracts have zero trip generation. Thus, the number of zeroes may be inflated and a standard NB model would not be appropriate to model these data. A zero-inflated negative binomial (ZINB) model allows for excess exogenous zeros is most appropriate. 

In this case, a ZINB model 49[]
 assumes that zero outcome is due to two different processes: 1) whether a census tract is in an urban county; 2) if in the urban county, the outcome is zero. If not in the urban county, trip generation is estimated as a count process. The two parts of a ZINB model are a binary model, usually a binary logit model and a count model, in this case, a standard NB model. The expected count is function of the two processes. In this study, the expected trip generation rate is defined as follows:
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The probability whether the trip generation rate is zero, p is modeled by a logistic regression, with the form:
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 β's are the parameters that will be estimated. x’s are the features of a census tract, such as population density, no-vehicle household density, and its distance from the Davidson County.
The expected trip generation rate given it is not zero is modeled using NB regression. Its form is:
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α's are the parameters that will be estimated and again, x’s are features of the census tract.

SAS 9.3 50[]
 was used to construct the model. There are 397 census tracts in the MCHRA service area. 300 observations were randomly chosen as the training sample and the other 97 observations are used as validation sample. The data were tested to show that there are excess zeros in the data with p-value less than 0.01, which means ZINB is required rather than standard NB. The density of total population, population of age 16 and over, population of age 65 and over, people without employment, not in labor force, females, unemployed, total households, households with no vehicles available and households with income below poverty level served as the predictors of the trip generation model. A dummy variable indicating whether the census tract is located within the five urban counties also serve as an independent variable. A stepwise variable selection procedure was used to select the best model.
Before settling on the best model, several different specifications were tried. Trip generation, defined as number of trip tours generating from each census tract, and number of trip tours per thousand people were used as dependent variables. None of these models have as good fit as when trip generation rate (tours per square mile per year) is used as the dependent variable. The model specification was selected using trip generation rate as the dependent variable.
Model Results
 The best model has an R-square of 0.54 for the training sample and R-square of 0.42 for the validation sample. The model contains three variables: a dummy variable whether the census tract is in the large urban area county boundary, the log transformation of the density of no vehicle households in the census tract and the log transformation of the density of population aged 16 and above in the census tract. Then all the observations including both training sample and validation sample were used to estimate the parameters of the three variables and the intercept. The results are shown in Table 6.

Distance of a census tract away from the Davidson County, calculated from the centroid of the census tract to the centroid of the Davidson County, was expected to have an effect on the trip generation rate of this census tract. Distance was included in the model and it does improve the predictive power. However, contrary to intuition, the distance parameter is positive, which means the farther away the census tract is from Davidson County, the higher trip generation rate when controlling other variables. This is an interesting finding that is worth exploring. One possible reason could be that it is easier for people living closer to Davidson County to get a ride to the county (or Nashville) from friends or families than for people living farther away. Thus census tracts closer to the Davidson County have lower trip generation rate. However this pattern would ultimately fail at some point. If this pattern always holds, it would predict, for example, a census tract in New York city have a much higher demand to go to Nashville than any census tract in Tennessee, which is not true. It is unknown when this pattern would fail and how transferable this pattern is when applied to a larger area (Tennessee or region). If the distance is included in the model, when the distance goes up, it always becomes a dominant factor that determines the trip generation rate. A census tract far away from large urban county will always be predicted to have high trip generation rate, regardless values of other variables. To try to control for this increasing, then diminishing effect of distance, one specification included distance interacted with a dummy variable to “turn off” the distance effect after an arbitrary distance is exceeded. This limited dataset does not allow estimation of this threshold because the geographic distribution of the data are relatively small. However, choosing a threshold of the approximate radius of MCHRA’s service from Davidson County (75 miles) reveals that, within the range of 0-75 miles, distance still has a positive and significant effect on DFRT demand. The distance effect is worthy of future exploration, but because of the challenges with the specification, the distance variable is not included in the model to avoid a biased estimate.
The fitted model was used to estimate the trip generation of other census tracts in Tennessee. The trip generation map is shown in Figure 14. For the most part, trip generation rates are high surrounding the large urban areas (labeled in white) primarily because of higher densities.
Table 6 Trip Generation Model Results

	Negative binomial regression part
	Logistic regression part

	Variable
	Coefficient
	S.E.
	Variable
	Coefficient
	S.E.

	Intercept
	-0.18
	0.31
	Intercept
	-24.68*
	0.28

	If in the urban county
	-5.56*
	0.29
	If in the urban county
	25.28
	0.00

	Log of no vehicle household density
	0.97*
	0.12
	-
	-
	-

	Log of population aged 16 and above density
	1.37*
	0.29
	-
	-
	-


1. Dependent variable is log of trip tours per square mile
2. * indicates significant at 0.05 level.
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Figure 14 Tennessee Trip Generation Map
Routes Development

After the trip generation rate map is developed, all the interstates and highways are divided into five-mile segments. The segments are surrounded by 0.75-mile, 5-mile and 10-mile buffers and are used as proxies for service areas (see Chapter 4). The centroids of five-mile segments and buffers are shown in Figure 15. Trip generation of a segment is defined as the trip generation of its service area. Routes are developed by radially extending five-mile segments from urban county boundaries. The cost effectiveness of the routes is evaluated each time they are extended and optimum routes are identified as those who generate the most ridership per distance of service. 
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Figure 15 Centroids of Interstates and Highways Segments and Buffers
Route Development Methodology
 Since rural to urban DFRT usually run for long distances, we eliminate the use of local streets as main bus routes, limiting mainline service to interstates and state highways. Each interstate and highway outside of the urban area counties are divided into five-mile segments (some segments are shorter). Those segments are used to build routes. Five large urban area counties are identified as destinations because they contain major activity centers (e.g., hospitals) and operate urban public transportation systems. The DFRT routes radiate from these five cities.
The route segment linking procedure is performed using SAS PROC SQL 1[]
 and is shown in Figure 16. 














Cost and Ridership Calculation
 Each developed route has an associated cost (based on vehicle miles) and ridership (based on demand estimate) yielding a relative cost effectiveness value. It is important to note that the demand estimates are most likely accurate relative to other census tracts, rather than absolute. As such, the cost effectiveness estimates are appropriate for ranking and comparison of routes. In this study the operating cost is assumed to only be related to the annual vehicle miles provided by the service. Operating cost is calculated as follows. 
[image: image43.png]Operating cost =
Route length x Service daysina year x Number of round trips per day x
2 x Average operating cost per annual vehicle mile



 

Since most rural DFRT services provide two round trips per day and do not run on Saturdays, Sundays, or major holidays, the proposed DFRT service uses the same level of service. There are 254 service days, with two round trips per year. The average operating cost per annual vehicle mile of DFRT service for three years (2008-2010) is obtained from the National Transit Database (NTD) 51[]
. The mean of 324 systems (if one system appear twice in different years, it counts as two) in 50 states is $2.88 per vehicle mile traveled. 
The service area of each segment is a ribbon. TCRP Synthesis 53 52[]
 states most DFRT service providers allow a maximum deviation distance of 0.75 miles. But the service area is wider than 1.5 miles (2*0.75) because people who live nearby the 0.75 buffer area could access to the closest point in the buffer area and get DFRT service. To understand how different width of the service area could influence the route locations and what percent of riders could be served under different service area assumptions, three service area widths are considered: 1.5 miles, 10 miles and 20 miles. Three buffers, 0.75-mile, 5-mile and 10-mile buffers, are made around each segment to represent the three service areas. Those buffers are overlaid on the trip generation map to assess the trip generation potential. So each segment has three trip generation (demand) potentials corresponding to three buffers. After segments are linked to become routes, the length and demand potential of all the routes are determined. The demand potential is the sum of the potential of each segment in the route. Since the operating cost is calculated, the cost effectiveness, measured by operating cost per trip tour could be calculated. Routes with the lowest operating cost per trip tour are defined as the optimum route for that class. So the optimum route has the following quality: given the length of the route, the optimum route has the lowest operating cost per passenger, or stated another way, the highest potential demand per route mile.
Proposed Route Locations

All possible routes were developed radiating out of each city. A dataset was developed containing all the routes and the associated cost effectiveness. The stopping criterion is when all routes exceed 70 miles. Figure 14 shows the five aggregated urban counties in Tennessee (five light color areas). From left to right, the urban counties and associated metropolitan areas are: Shelby County (Memphis), Davidson County (Nashville), Hamilton County (Chattanooga), Knox County (Knoxville) and Washington-and-Sullivan County (Kingsport). 

Table 7 shows the number of routes of different length categories for each urban county. Memphis has fewer routes compared to other cities because the surrounding interstate and highway network less complex, so there are not many combinations of segments to form different routes. Also, this study only considers routes within the state and ignores routes extending into other states. This is important for Memphis (bordering Arkansas), Chattanooga (bordering Georgia), and Kingsport (bordering Virginia). 
Table 7 Number of Routes of Different Length Categories

	
	40-50 Miles
	50-60 Miles
	60-70 Miles
	Above 70 Miles

	Chattanooga
	68
	110
	188
	231

	Kingsport
	28
	68
	145
	539

	Knoxville
	613
	945
	964
	1393

	Memphis
	7
	18
	75
	154

	Nashville
	1771
	3536
	4036
	6885


The cost effectiveness of all routes are calculated and the best route connecting to each urban county is picked for each distance category, which reflects budget availability. Considering a 0.75-mile buffer, the best routes of length 40 to 50 miles, 50 to 60 miles, 60 to 70 miles and above 70 miles are shown in Figure 17, Figure 18, Figure 19 and Figure 20. The figures reveal that the best routes of different lengths are sometimes serving different locations, indicating the best route location is sensitive to its design length and the demand density distribution served. Even given a demand density map, it could be hard for a transit planner to choose corridors with the most potential ridership. These maps illustrate the value of this route-finding methodology to find the best routes for different distance (budget) categories. 
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Figure 17 Best Routes of Length between 40 and 50 Miles Based on 0.75-Mile Buffer
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Figure 18 Best Routes of Length between 50 and 60 Miles Based on 0.75-Mile Buffer
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Figure 19 Best Routes of Length between 60 and 70 Miles Based on 0.75-Mile Buffer
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Figure 20 Best Routes of Length above 70 Miles Based on 0.75-Mile Buffer
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Figure 21 Best Routes of Length above 70 Miles Based on 5-Mile Buffer
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Figure 22 Best Routes of Length above 70 Miles Based on 10-Mile Buffer
Figure 21 and Figure 22 show the best routes greater than 70 miles long that are chosen based on 5-mile buffer and 10-mile buffer. Compared the routes above 70 miles based on 0.75-mile, 5-mile and 10-mile buffers, their locations can be different, particularly Knoxville. It suggests the route locations can be influenced by the width of the buffer. The strength of influence is determined by the demand distribution and the width of the service area. If the route is located in a wide high demand area, after increasing the service area width, the service is still in the high demand area. The best routes could still be the best routes. But if the service area width is increased too much or the high demand area is narrow, after increasing the service area width, some parts of the service area will fall out of the high demand area. The locations of the best routes may change.
Table 8 shows the lowest operating cost per trip tour (OCPTT, unit is dollar per trip tour) of the routes picked based on the 0.75-mile buffer. It shows that there is not a simple pattern between route length and OCPTT. For Chattanooga, the lowest OCPTT is the optimum route in the 40 to 50 mile category. For Memphis, the lowest OCPTT is the optimum route in the >70 mile category. This is because of the different distribution of high trip generation areas surrounding each city. The OCPTT of Knoxville routes that correspond to the four lowest OCPTT in Table 8 are presented in Figure 23. It shows some routes have the lowest cost per passenger for one range but very high cost per passenger for other ranges, extending up the y-axis in figures. For example, the route that is the most cost effective for the 40-50 miles category is least cost effective when its length is around 25 miles, as circled in Figure 23.

Table 8 Lowest Operating Cost per Trip Tour (0.75-mile deviation, Dollar)
	Range (miles)
	Chattanooga
	Kingsport
	Knoxville
	Memphis
	Nashville

	40-50
	68.5
	90.0
	43.3
	244.5
	39.1

	50-60
	78.8
	59.9
	51.7
	177.1
	40.6

	60-70
	86.0
	60.0
	62.5
	74.8
	41.5

	>70
	79.3
	62.6
	67.4
	65.7
	49.3
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Figure 23 OCPTT of Best Knoxville Routes of Different Lengths (0.75-mile deviation)

In general, Nashvilles routes have the lowest cost per passenger, followed by routes serving Knoxville and Kingsport. Routes serving Memphis have the highest cost per passenger. This is probably because rural areas surrounding Memphis are sparsely populated relative to areas surrounding other cities and the interstates and highways are sparsely located, making it less likely to cover the high demand areas. When the route of Memphis is longer than 60 miles, it reaches a higher trip generation area, and its OCPTT goes down.
The percent of Tennessee area covered estimated demand by the service area of proposed routes is calculated and shown in Table 9. The column “Trip Gen” shows the percentages of the estimated trip generation or demand covered by the service area. The column “Area” shows the percentage of Tennessee area covered by the service area. It should be noted that the best routes of some length ranges are close to each other or overlap. Then their buffers overlap, making the total buffer areas smaller. This is why the percent of area and estimated riders covered by routes above 70 miles is lower than those covered by routes between 60 and 70 miles. The column “Ratio” is calculated by dividing trip generation percentage by area percentage. This indicates the percent of trip generation covered by unit percent of area. If this proposed method to find the best routes ends up being completely random then, on average, the percent of trip generation covered should equal to the percent of area covered and the value of the ratio will be about 1:1. However, all the ratio values in the table are above one, with the highest value above 4, indicating with 1% of the area coverage, the proposed routes covers more than 4% of the trip generation potential. It shows this method can discover high demand areas and the good routes. Another usage of the ratio is that it can be compared to other ratios to find out which routes are more effective in terms of covering more trip tours within a unit service area. For example, a policy objective could be to provide the highest amount of coverage, regardless of which city is served. This policy would likely eliminate the Memphis route in favor of more or longer Nashville routes. For routes proposed, based on 0.75-mile buffer, the routes in the 60-70 mile category and >70 mile category have the highest ratios. It suggests that the routes of 60-70 mile category and >70 mile category could serve more trip tours per unit service area. So while not considering the budget constraint, longer routes are preferred to shorter routes. 
Table 9 Percent of Area and Estimated Riders Covered in Tennessee

	Dist. Range (mile)
	0.75-mile Buffer
	5-mile Buffer
	10-mile Buffer

	
	Trip Gen
	Area
	Ratio
	Trip Gen
	Area
	Ratio
	Trip Gen
	Area
	Ratio

	40-50
	2.1%
	0.6%
	3.67
	11.0%
	5.0%
	2.20
	18.2%
	11.7%
	1.55

	50-60
	3.6%
	0.9%
	4.09
	15.5%
	6.5%
	2.37
	23.6%
	13.7%
	1.72

	60-70
	4.4%
	1.0%
	4.31
	17.4%
	7.5%
	2.32
	25.6%
	15.2%
	1.69

	Above 70
	4.2%
	1.0%
	4.31
	15.4%
	6.7%
	2.28
	25.4%
	15.6%
	1.63


Conclusion

In this study, a method of inventorying all the possible DFRT routes and picking the best route based on the lowest operating cost per passenger is proposed. The design methodology is as follows. The input is the ridership dataset of DRT services, in this case, a record of all the DRT trips by MCHRA from July 1, 2009 to June 30, 2011. Unlinked trips were linked into trip tours apply the trip production to the census tract where the trip tour originated. A trip generation model was constructed to understand the relationship between trip generation and demographic predictors. In the absence of state or location specific ridership data, the trip generation model developed here could cautiously be transferred to other areas. Since we do not know the trip generation of areas other than MCHRA service areas, the trip generation model was used to estimate trip generation in all census tracts in Tennessee. The trip generation rate is positively related to the density of population above 16 years old and no-vehicle households. If the census tract is in a large urban area county, its trip generation rate is significantly lower.
All the interstates and highways in Tennessee were analyzed as potential route segments, radiating from Tennessee’s five largest urban areas. The service area of all the segments were overlaid with the trip generation map to estimate the trip generation rate of each segment and all routes were evaluated for cost effectiveness as they extend away from urban areas. Three service area buffers were considered: 0.75-, 5- and 10-mile buffers. The cost effectiveness of routes is compared at four ranges: 40-50 miles, 50-60 miles, 60-70 miles and above 70 miles. The routes with the lowest cost per passenger were chosen to present here. Government agencies could use the result of this study to determine the best route network under budget constraints or policy objectives. The private sector could use these results for service planning and revenue estimation. 

There are several assumptions and approximations used in this study. First, because the DFRT serves to transport rural residents to urban centers, all the routes start from the urban centers. There are many ways to define the boundary of the urban centers. In this chapter, the county border where the urban center located in is used to define the boundary. An alternative way is to use the urban transit network coverage to define this boundary. This approach would assist in the development of a multimodal transportation system and avoid redundant service. However, in the scope of a statewide study, it is assumed that the main county boundaries are appropriate approximations of urban cores. Next, since the input data for the trip generation model is the DRT ridership data, it is assumed that people who use the DRT service will also use rural DFRT service when it is used to replace the DRT service. It is unclear if DFRT will have higher ridership since it introduces some schedule constraints but also requires less advance planning (i.e., scheduling pickups in advance). The trip generation model should be used to assist in relative rank and prioritization. Based on expected (low) trip generation, the cost effectivenss of the services is much lower than the national average, $22 per passenger trip tour. There is no apparent reason that cost effectiveness in Tennessee should be that much lower than neighboring states or national average. The results should be used cautiously and are best applied as a relative ranking tool than an absolute ridership estimation tool. Despite its limitations, this study provides much new information and proposes methodologies to evaluate and design rural transit. The methodology proposed in this study is also applicable to other states.
Chapter 6 
Conclusion
This study examined the trip information and riders’ personal characteristics of rural DFRT and DRT; proposed a method to locate the high ICB demand area, identified existing ICB network gaps; designed an framework to design ICB network and proposed an method to design compared the proposed the method to design rural DFRT network. 
To study the characteristics of rural DFRT and DRT passengers, surveys were distributed to rural DFRT riders, DRT riders and rural residents to understand needs of rural intercity transit users (and potential users) and their opinion about intercity transit. It was found that rural DFRT and DRT riders are more likely to be female, of minority races (non-white), rent a house as opposed own a house, have low automobile ownership, and have low personal and household income. Most of the users express they are highly dependent on rural transit to travel around the state. Their characteristics are different from ICB passengers.
The identified demographics of rural transit users were used to locate where people with those demographics live. Areas with a high population density with those sets of demographics are regarded as high demand areas. It was suggested that ICB stops should be located in these identified high demand areas. After comparing the existing stop locations to the high demand areas and meaningful destinations, it was found out that the existing ICB network was able to connect to the meaningful destination but not well designed to cover all the high demand areas. The meaningful destinations include airports, interstate bus and train stations, hospitals, military bases, and universities. Eight stops are found neither connected to high demand areas, nor connected to any meaningful destinations. Suggestions were made to move the eight stops into the high demand areas.
Finally, a new method of designing the optimum rural DFRT network was proposed. A DRT trip dataset was used to construct a trip generation model. This model was used to estimate the trip generation of all the census tracts in Tennessee. All the interstates and highways serve as potential routes. They were divided into 5-mile segments and were overlaid with trip generation map to estimate the trip generation rate of each segment. All the routes radiate from Tennessee’s five largest urban areas. All the possible routes were inventoried and evaluated for cost effectiveness as they extend away from urban areas. The best route has the quality that its service area has the highest trip generation rate (also the highest cost effectiveness).The best routes of four ranges of route length (40-50 miles, 50-60 miles, 60-70 miles and above 70 miles) are presented on the map. Under different service area width, the best route locations are different. The route locations of three widths of service area were examined: 1.5-mile, 10-mile and 20-mile. Government agencies could use the result of this study to determine the best routes under budget constraints or policy objectives. The private sector could use these results for service planning and revenue estimation. 

The cost effectiveness of the best rural DFRT routes was compared to the rural DFRT service in NTD. It was found out that the OCPTT is higher than the median OCPTT of services in the NTD. However, its cost effectiveness is comparable to that of DRT services in NTD. It indicates that the DRT service could be replaced by the proposed DFRT service without compromising the cost effectiveness. 

The study provides much new information and proposes methodologies to evaluate and design rural transit. Useful information includes a new demographic profile of rural transit riders and non-riders in Tennessee. Methodologies include evaluating the existing ICB network, designing the optimum deviated fixed route network and comparing the cost efficiency of deviated fixed route service with demand responsive service to determine whether to replace one by another. Those methodologies are also applicable to other states. 
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Appendix

Appendix A. ICB Rider Survey Questionnaire (Front Page)
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O, 15timesayesr

0,712 tmes ayesr

114 times per month

0, 14 s pr week

D More than times perweek

Oy tdontioow

12. D0 you have  regulrty sheculed thn o day
10 use thisntrcy ransh? example:evry
Thursday st sam)

s, s

1Mo, s not ety schochtes

I3 Befor thisntrcy transt e was

vaibl 1 y0u, howdid you make this tip?

0, Did ot make thistrip

0, rove mysell.

3, someone lse drove me

0 st ans services provided by ol
Human Resource Agences

o.1ad

O, Aplane

0 Othe,plese specty,
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avalable smymore, how woud you make this tr?

Wil ot make this

0, v mysell.

0, semeone e dves me.

1 st cthe ranst sevices provided b loal
Human Resource Agences

Oura

. Aipane

1 Other,pess spec,

15 How it would it b o fnd shermatve
ransportation i eric was ot proided?
0, Very dificut

o, ot

Oanewtst

sy

Daveryeasy

16, Whatae the TWO maln ressons that you use

i trans service?

. The vani fre s chesp

3, Diing a car s more expensivetha aingthis:
wanphus

0y s v s sz o covered by
Sovernment o hakthcompany et

1 The vanfbus ca ickme up from myipaigin
locsion

. The anbusca drop e oy destinaton
locstion

0 The bus o s cose ta myip o cation

0 The bussopiscose to my destiston ocstion

.t don't have scess 3 -

.1 o' have drver's eense

1, Taking thevaous s safr than  dive

1. Other, lssespcty.

17, Cicethe number o  scseof 1105 that
best explios the kelhood that youwuld s
the intrcy trans i the folowing changes were
made. 1 means “not ey st and S means
“very el

The vanfus v werelower

he vt o th van/bus i s shrter

The anhusshys v and s on thme

At parking were svaablenes the vanybus
herewre more g room, wider issnd moce
comfottlessts

The cost ofgsoline were o ncresse

The eniranment of thevanbus stopis beter o
ster

Loy bus ransporaton were et o

The frequency of s ransi ncressed

The operatorof call esenvaton center o diver
s indier

18.00 you haveany complain rimprovement
suggestions about this wransit sevce?

el us it sbout yourse.

19, Yourgender s
e
0, femsie

20 Yourageis

O whee

0, Afcan American, Blck

Osisn

1 American indin, Auskan e

1, Nt Hawaian o athr acic stander
. uttracal

O, Hspaniisican

lOther, plesse spec,

22 Youremployment status
D Employed

0, Unemployed
[E—

O, sudent

D.ome maker

DL Retves

23 Highest education completed
0, Elmentaryschoot

0, e school-

g schoot

1. ollge o urversity

. Graduateschool.

1. ther,plesse specy.

,0un
o, rent
oyomer

ity o Tennesses

25, Your PERSONAL ot income for 20115
0, Under 55000
0,55,000510000
D.510000515,000
Dus15000520000
0. 520000525,000
,525,000$30000
;53000035000
D, 535,000840000
,540.000545.000
515000550000
D, 550000snd over

26 Toatincome of your HOUSEHOLD for 2011 i
0, Under$10000

0, 510000520000
0520000530000
0. 550000520,000
0, 510.000550,000
0, $50000560,000
0, 560.000570,000
DL570000530000
,550000$50000
5900005100000
015100000 and ver

27, How many sutomobies are susable at home
o use by mermbers of this household?

o0

=

o2

L More than,lese secy

28, Number o pople I your househole:
Number of chiaen under 1
Nomber of s 18 and shove:

Nomber of workingaduts 18 andsbel
Number f ey (65 and sbove):
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Demand Responsive (Dial-a-
ride) Transit Rider Survey

Dear Riders,

1 am Hongial Yang, 3 thir-year doctoral
student of the Cwil and Environmental
Engincering Department at the University of
Tennessee 3t Knawile. Thank you for your
supportof transit services in Tennessee. | am
doing research on ways to improve the
demand  responsive

Tennessee for my disseration. | need your
help to get input for my research project 35
wel a5 my diseration. lease hlp me out by
complting this survy. | apprecate yourhelp.

This sunvey s designed to ghe you the
opportunity to praide input on the demand
responsive Demand
Responsive Transic Senvce is comprised of
vehices operating i response to calls from
passengers or ther agents to the transit
operator, who then dispaches 2 vehide t
pick up the passengers and transport them to
thei destination. 1 siso called Disbride
transit. The van/bus you are riding s an
example of demand responsive ransi. Your
feadback will help us make better planning
decisons or future rural and urban intercty

This survey i sdminitered by Tennessee
Department of Transportaton and Uriversty
of Tennessce. lease completethe survey only

if you are over 18 years old. This suvey i
anomymous.

There s 2 penclin the attached envelope.
Please retum the completed survey to the.
van/bus driver when you leave the van/bus,
or putthe survey in the postage-paid emvelop.
and mail t back. | am gratefl for your
particpationin the suvey.

Hongta Yang
forg tal Vang
7 J

1. Please indicate. the time you got on the
van/bus nd thetime you gt off the van/bus:

amjpm
amjpm

Gettngon:
Gettingof:

2. Where did your current tip start? (This s
caled “triporgin)

Description:
(example: Home, werk place, medica cener]

2ip ode:

Address or narest intersection

3. Where wil your curent trip end? (this is
called your “destinaion’)

Description

(example:Home, work, medical center)

2ip ode:

Address o nesrest intersecion

. Whatis the main purpose ofthis rip?

0, Work

0, school

0, Heslth care

D shopping.

0, Recreaton

0, Visting familes o Fiends

0 Access to arpor, Greyhound staton or
other tranit stations.

14 Other, lease speciy

5. How often do you use this demand
responsive transic?

0, Less frequently than once a year

0, 16 tmesayear

0,712 times ayer

01, 1.4 tmes per month

0, 1.4 times per week.

0 More than 4 imes per week

Ot don'tknow

5. D0 you have aregulrly scheduied time or
dayto use this nterciy ransi? (example:
vy Thursday at 8am)

Oyves,ts

0, No, s not reulary schedued.

of Temnesse

7. Before this intercity tranit service was

‘avallable t you, how did you make this rp?

3, Did ot makethis wip

0, Drove myselt

0, Someone olse drove me:

D Used other transit senicesprovided by
ocal Human Resource Agencies

B,Ta0

0, Airplane

3, Other, please specfy_

.18 this Intercity ransi service were ot

avalable anymore, how would you make this

win?

0, Wil ot make this trip.

0, Orve myslf

0, Someone else drives me.

D Use other ransit servics provided by local
Human Resource Agencies

8,70

D, Airplane

0 Other, lease speciy

9. How dificut would it be to find
aternative transportation i this service was
not provided?

0, Verydificult

o, Dificutc

0, Neutral

O Reltively essy

0, Verycasy
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10, Wht are the TWO main ressons that you

e this transi service?

0, The transit fare s chesp

D, Driving 2 caris more expensivethan taking
isvan/bus

0, My ransitfre i subsiczed orcovered by
overnment or heslth company etz

0, The vanfous canpick me up from my tip.
orgi locaton and drop me offat my
destintion focation

1 ot have access 03 car-

D1 o't have diver's cense

O Taking thebus i safer than | dive

0 Other, please specty.

1. Cirle the number on  sale of 1 t0'5 that
best explains the ikelihood that you would
use the intercity. transt if the following
changes were made. 1 means "not ikely 3t
A" 3nd 5 means “very kel

The van/bus fae were lower

33 W

The travel tm of the van/bus tip was
<horter

S 5 g Y

The van/bus always arves ontime
S i

There were mr log room, wider aises and.
more comfortabl seats
U5 v

The costof gasline were to ncrease
3 5, @

Loca iy bus transportation were avaable or
more converient at destnation city

1B 13 A

The operator of cal resenvation center or
driver was fisndlier

172 3 & s

1200 you have amy complint or
improvemen suggestions about this demand
responsive transit service?

Tell s e about yoursel.

13, Yourgenders
0, male
0, Female

14. Your agels.

15. Yourrace s
o, white

0, Afican American, Black

0, Asan

01, American indian, Alaskan Native

0, Native Hawalian o other Pacic slander
. muttracal

0 Hispanic/Medcan

1 Other, pleasespeciy

16. Your employment status s
00 Employed

0, Unemployed

0, elfemployed

0, stugent

0, Home maker

0, fetred

17. Highest education completed
0, Elementary school

0 Midde schoo!

0, Highschool

1, Collegeor uiversity
D Graduateschool

0, Other, please speciy

15. 00 you ent or own your home?
0,0um

0, fent

0, other

19. Your PERSONAL totalincome for 2011 s
0, Under $5000

0 $5,000510000
0510000515000
0,515,000520000
0, 520000525000
0,525,000530.000
0530000535000
0,535,000540,000
0,540,000-545,000
0,,545,000.$50000
01,550,000 nd over

20. Total income of your HOUSEHOLD for
2k

O, Under 510,000

B, 510000520000
1, 520000530000
0, 530000.540,000
0, 540000-550,000
0, $50000-560,000
0, 560000570,000
0, 570000530000
0, 580,000-590,000
010590,000.$100,000
51:$100,000 and over

21, How many automobiles are available at
ome for use by members of this household?
8,0

0,1

0,2

5, More than 2, please speciy.

2. Number o people in your ousehold:
Number of chidren (under 15)
Number of adus 18 and above):
Number of working aduls (13 and 3bove:

Number of elderty (65 nd abovel:
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“Think back to the LAST TIME you went to
e of Temnessee’sbig ciies.

1.What s the most recent chty
vt?

0, Chutaooms
0, Clrkovile
0, Fanklin
Bl sackson

0 Johoson ity
Kol
0, Mamghis
O Mutrcsboro
B Nasille

2. When did that rip happen?
Monyesr, .

3. What was the main purpos o hat rp?
5 Wod

i school

0, Heakh cre

i Stopping

) Recraion

L Viing familes o iends

15, Access o irport, Greyhound staion o ther
0 Oter, plese specty

4. How did you ravl o hatcey?

D doves perscn vehile

Ol remed acar

5 My relative o find dove e there

0 Regulrlyscheduld iy trsit (s, vsn,
oSl vl betweeh che)

0. Diakacide i (b, v, or shotle)
providad by localHuman Resoure Agecies

Qe Aipane

5 Oter, plese specty,

S What are your fcings sbout the elowing
1 ill aways disike the s o riding ety
s no matter how good thesevi s
OiAgee  DiNewsl D Dingrc

KNOXVILLE

Federal or state money should be wsed 10
subsidiz ntrctytansit operaing cost.
Diagee  DiNeuns O Disgre

6. Cirle the mumber on a sl of 1 10 S that
st exlain the ikelihaed that you would v
ey transi f the following changes were
made. 1 means “not likely at al” 384 § means
ery ke

10 st rde on the wansit.
Brmta )
)b it vy arives and deprts on e
iR 5
11t vt of i i s shoser
. 2 3
Y ——

i
101 bus stop i lose 0 my ome

(R O R
e e s s cxpensive

R
17 e ehicecondition i et ith moce I
oo, wiler ailesand more comorabe st

Voiak 8 e
WIE the local city public tmsporision st
dsinaion ity i morecomvericnt

I T
) Overall, i ety it could pick you up
Cloe 1 your hos with 3 ressonable prceand
Sehedule b el aeyou 1o e

T Y A

7. Assuming adequate sped,sevice frequency,
and stop location: What is the maximus
amount You would pay 1 go 10 hat iy you
nowered n Queston | wing atrcky ranst
(one w5,

8 Are you aware of any regularly scheduled
teriy ransit (bus, v, shotte) that can
ke you from near your home (o one of
Tennessec's ctes lised

Which company o agency
0, Ves i offre by,
oiNe

GO VOLS!

9.0 you have a regularly scheduled time or
day 1o travl 1o that ciy? (cxample: every
Thursday at fam)

Oy Ve

Do ks T

10, About how many s did you visi that
cityin20it?

“Tell s  litte bout yoursef.

1. What s the sip code of
resdence?.

12 Yourgenderis
o, e
O Femle

13 Voursge s

14, Yourrace b
O/ Whie

5. Aficin American, Black

O Asan

5. American I, Al Natve

D Nat Hawaian o othr Pacis sander
0, Muliacial

O Hispnicexican

O Othr, s specity,

15 Your cmployment satus
i Eaployed

5 Uncmployed

0, selfmployed

O Sudent

i Homw maker

0, Reteed

16 Highes ducation ompleed
O Elmcoeyshool

0, Midd schoat

O High school

0. College o niversiy

O Gradiate school-

0 Ocher, s specity.

17 Vour PERSONAL tota icome for 2011 i
D Under55.000
055000510000
510000515000
0.515.000-520000
1520000:25000
0525.000-530000
5, 530000:535000
0 535.000-540000
1540000545000
0545, 00-550.00
1155000 and over

15, Total income of your HOUSEHOLD for
Witis

), UnderS10000
:510000-520000
1520000-530000
530000:540000
1540000-550000
.550000-50000
57560000:570000
157000050000
550000:590000
0590005100000
115100000 ad over

19.D0 you reator o your hame?
/0w
;e
e

20, How many sutomobils are avalabe at
ome for e by members of this houschold?
o0

o

o2

1 More than 2, plese spciy,

31 Number f peopl n our household:
Nunberof chiden (s 15,
Numberof s (15 and shoviy
Nunberof working aduls (13 ndBove): _
Nuniber of ekery (65 and sbonel:






Vita
Mr. Hongtai Yang was born on July 26, 1987 in Weifang, China and grew up there. In 2005, he entered Shandong University. Four years later, he graduated with B.Eng. in Civil Engineering. Then he went to University of Tennessee-Knoxville and studied there as a PhD student. He obtained his PhD degree in Civil Engineering with emphasis on Transportation Engineering in 2013.

During his PhD study, Mr. Yang has conducted research on various topics, including rural intercity transit planning and evaluation, traveler mode choice behavior analysis, traffic safety and passenger forecasting. He gained a lot of experience of using statistical tools and spatial analysis tools to solve engineering problem. He also obtained a M.S. in Statistics from Department of Statistics, Operations, and Management Science.
Mr. Yang is a member of ITE, ASA and ASCE. He holds an Engineer-in-Training certification. He won the first place of TSITE paper competition, third place of 20th National Conference on Rural and Intercity Bus Student Paper Competition, first place winner of TSITE Traffic Bowl competition. He was awarded McClure Scholarship by UT Knoxville for international research.

Mr. Yang hopes to obtain a career in academia to inspire engineering students to perform interdisciplinary studies and to advocate the use statistical and spatial analysis tools to solve engineering problems.
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Prepare two DRT datasets, they are the same





Determine if any trip meet the matching criteria1





No





Dataset 1 left join2 dataset 2





Determine if the number of trips joined is zero 





No





Yes





Use the output dataset as dataset 1








Yes





End and delete redundant trip tours





Criteria are: 1) rider ID in dataset 1 = rider ID in dataset 2; and 2) drop off address in dataset 1 = pick up address in dataset 2; and 3) pick up time in dataset 2 is between the drop off time in dataset 1 and the drop off time in dataset 1 + 10 hours; and 4) the first pick up address in dataset 1 ≠ the last drop off address in dataset 1


“Left join” is a term used in SQL � ADDIN EN.CITE <EndNote><Cite><Author>SAS Institute Inc.</Author><Year>2004</Year><RecNum>232</RecNum><DisplayText>[1]</DisplayText><record><rec-number>232</rec-number><foreign-keys><key app="EN" db-id="9p5twx0rnftxzeeazsbxe9rm0vxfrdwsewtr">232</key></foreign-keys><ref-type name="Book">6</ref-type><contributors><authors><author>SAS Institute Inc.,</author></authors></contributors><titles><title>SAS® 9.1 SQL Procedure User&apos;s Guide</title></titles><dates><year>2004</year></dates><pub-location>Cary, NC: SAS SAS Institute Inc.</pub-location><urls></urls></record></Cite></EndNote>�[� HYPERLINK \l "_ENREF_1" \o "SAS Institute Inc., 2004 #232" ��1�]�.





Figure � SEQ Figure \* ARABIC �12� Trip Linking Procedure





Prepare starting segment dataset 1 and qualified segment dataset 2





Each of the starting segments is a route. Give each one a route ID





Use starting dataset as first dataset, qualified dataset as second dataset





Whether criteria are met 3





No





Yes





First dataset left join second dataset. Give each new route a route ID.








Use the output dataset as first dataset, qualified dataset as second dataset





Are all the new routes longer than user defined length?





End








Yes





No





Starting segment dataset: composed of the segments with one end in the big city county and the other end outside.


Qualified segment dataset: composed of the segments with at least one end outside of the urban county.


Criteria: x, y coordinates of one end in second dataset are equal to the x, y coordinates of one end in first dataset, and the segment in second dataset has not appeared in route before,





Figure � SEQ Figure \* ARABIC �16� Route Development Procedure
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