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ACCESSIBILITY AND BEHAVIOR IMPACTS OF BUS-HIGHWAY SYSTEM INTERACTIONS 

BACKGROUND 
This project will improve accessibility calculation capabilities and understandirlg of travel behavior by integrating data about 
highway bus operations, park-and-ride (P&R) facilities, and urban parking costs. Each component will be analyzed 
individually, and then merged to develop a recommended methodology for calculating accessibility and estimating traveler 
mode choice in contexts where park-and-ride transit is an option. The results can be applied to better understand current 
accessibility conditions and travel behavior, to evaluate planning scenarios and guide project selection and prioritization, and to 
inform operational decisions involving park-and-ride facilities and highway transit operations. Where possible and appropriate, 
the accessibility metrics used in the project will incorporate measures of variation in order to reflect the reliability of different 
transportation modes in providing access to destinations. First, highway bus operations will be analyzed by combining Global 
Positioning System (GPS) based highway congestion/speed data with transit schedules and vehicle location data to estimate the 
accessibility impact of different highway operating environments for buses, including general purpose lanes, bus-on-shoulder 
operation, and managed lanes. Second, P&R facilities will be analyzed by calculating accessibility from home location to P&R 
locations and from P&R locations to job locations, and then merging these into a combined home-work accessibility metric 
which includes the time cost of pedestrian travel within P&R lots and from the final transit stop to the destination. Third, urban 
parking costs will be analyzed based on locating and surveying parking Jot operators to collect both daily and contract parking 
rates. Fourth, these three components will be combined in a "time+money" accessibility metric which reflects the cost of travel 
not just in time, but also includes financial costs such as transit fares, parking fees, personal vehicle operating costs, and value 
of time based on typical wage levels at origin locations. This accessibility metric will be combined with results from earlier and 
ongoing research to produce a more robust accessibility-based model of mode choice which, for the first time, includes P&R 
transit as a distinct mode. Finally, the project will demonstrate how these metrics and tools can be applied to hypothetical 
planning scenarios involving P&R facilities and highway bus operations. 

OBJECTIVE 
As this research is comprehensive and multi-modal in focus, there are multiple areas of potential benefits for Minnesota 
taxpayers. On-highway bus operations are an important aspect ofregional transit operation, particularly for express buses, and 
different implementations may have significant accessibility benefits for Minnesota's commuters. Minnesota is also a national 
leader in bus-on-shoulder operations, and is in a unique position to evaluate and fine-tune their application. P&R can be an 
important strategy for congestion mitigation, allowing the metro region to continue providing high access to jobs in core cities 
while minimizing the need for costly highway expansions. P&R facilities may also yield significant economic accessibility 
benefits for commuters, and the explicit inclusion of such facilities in accessibility-based mode choice modeling is novel. 
Finally, the analysis of the influence of urban parking prices will provide useful information on driver's choices for the 
modeling process, improving our ability to plan for expected traveler outcomes. A comprehensive mode choice model that 
explicitly includes various types of bus-on-highway operation, as well as P&R facilities, would give direct insight into the 
time- and financial- costs associated with the commutes of Minnesotans; accessibility-based analysis of the various modes 
included can show potential economic benefits of targeted improvements in on-highway bus systems (such as managed lanes) 
and P&R facilities improvements (such as real-time signage). On-highway bus systems and P&R facilities constitute gaps in 
our current understanding of the economic accessibility landscape in Minnesota. Deliverable implications of this research will 
consist of economic accessibility benefits associated with different implementations of on-highway bus systems, P&R 
improvements and locations, and parking costs. Targeted improvements in the management of such systems and facilities can 
then be proposed based on highest potential gain in accessibility per dollar of investment, feasibility metrics, and other 
considerations. 

SCOPE 
This project will address current specific modal gaps in economic accessibility-based understanding of transportation networks; 
the specific modal gaps to be investigated are bus-on-highway transit implementations, the influence of P&R facilities on 
regional accessibility metrics, and integrating the aforementioned along with spatial parking cost effects into a comprehensive 
accessibility "time+money" cost metric. A set of bus-on-highway paradigms will be investigated for their accessibility effects, 
including bus-on-shoulder, managed lanes, and general-purpose lanes. Accessibility effects of trips via P&R facilities will be 
analyzed, and parking costs considered in a comprehensive mode choice model. All accessibility calculations will follow the 
methods established in the Access to Destinations and Access Across America series of projects and reports, both developed 
with MnDOT support. 
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The goal of this project is to address specific existing gaps in accessibility analysis within earlier and ongoing related research -
namely, to add data layers for bus-on-highway, P&R facilities, and parking costs to ongoing comprehensive accessibility 
models. GPS speed data, highway facility classification, bus vehicle position information, and transit schedule data will be 
combined to allow analysis of real world economic accessibility via highway bus service. P&R facility spatial location and 
transit service data will be combined to analyze the accessibility effects of commute trips explicitly involving P&R facilities. 
Parking cost data obtained from comprehensive surveying of urban parking facilities will provide real-world costs for the mode 
choice model. Where available, this data will differentiate between advertised daily parking rates and contract parking rates. 
Finally, the implications to economic accessibility of the various mode choice paradigms within the three main focus areas will 
be discussed. Economic accessibility benefits to transportation system users under various modal combinations will be 
identified and compared, and hypothetical planning scenarios involving potentially valuable improvements to P&R facilities 
and highway bus operations will be proposed. 

ASSISTANCE 
This project will involve data describing P&R facilities, transit routes, and transit schedules. The project team will request this 
information from MnDOT, Metro Transit, and the Metropolitan Council, as appropriate. 

Task Descriptions 

Task 1: Technical Synthesis of Research 
Under this task, the University will conduct a technical synthesis of research on various paradigms of highway bus operations, 
P&R operations and practices, and the influence of parking costs on travel demand and mode-choice; obtaining all relevant 
data sources relating to bus highway operations, P&R operations, and urban parking costs in the Twin Cities. The University 
will conduct a thorough synthesis of existing research in the three main areas of investigation to better inform the calculation of 
the project's comprehensive accessibility metrics; necessarily datasets will be gathered and collated. 

Task 2: Assess Impact of Highway Bus Operation Schematic Variations on Economic Accessibility 
Under this task, the University wiJI assess the impact of different types of highway bus operation implementations on economic 
accessibility will be assessed. This will include the evaluation of up to two planning scenarios selected in consultation with the 
Technical Advisory Panel (TAP). 

Task 3: Calculate Economic Accessibility via P&R 
Under this task, the University will calculate accessibility to P&R locations from home locations, and accessibility to jobs from 
P&R locations, and merge the data into a P&R-characteristic accessibility metric. These calculations will directly address the 
novel research area of economic accessibility impacts of P&R facilities. This will include the evaluation of up to two planning 
scenarios selected in consultation with the TAP. 

Task 4: Analyze Spatial Parking Effects Based on Location and Cost 
Under this task, the University will assess the impacts on economic accessibility of spatial variations in parking facilities and 
associated costs. 

Task 5: Combine Previous Metrics into a Comprehensive Accessibility Metric and Produce an Accessibility-Based 
Model of Mode Choice 
Under this task, the University will merge the previous three separate accessibility metrics, yielding a comprehensive 
accessibility metric for automobile, transit, and P&R facilities, to produce a "time+money" metric based on travel times and 
financial costs of transit fares, parking fees, personal vehicle operating costs, and wage-value-of-time. The University will 
produce an accessibility-based model of mode choice, which distinctly considers P&R facilities. This model will be applied to 
the planning scenarios evaluated in Tasks 2 and 3. 

Task 6: Compile Report, TAP Review and Revisions 
Under this task, the University will prepare a draft report, following MnDOT's publication guidelines, to document project 
activities, findings and recommendations. This report will need to be reviewed by the TAP, updated by the Principal 
Investigator to incorporate technical comments, and then approved by Technical Liaison before this task is considered 
complete. Holding a TAP meeting to discuss the draft report and review comments is strongly encouraged. TAP members may 
be consulted for clarification or discussion of comments. 
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Task 7: Editorial Review and Publication of Final Report 
During this task, the Approved Report will be processed by MnDOT's Contract Editors. The editors will review the document 
to ensure it meets the publication standard. This task must be completed within the contract time because the editors will 
provide editorial comments and request information from the Principal Investigator. 

Task Deliverables 

Task: Deliverable(s): 
1: A Summary Report, synthesizing appropriate research into highway bus operation practices, P&R operations, and 

urban parking cost effects; Technical Specifications, describing all data sources obtained for use in accessibility 
calculations 

2: Metropolitan Area-Wide Accessibility Datasets, focused on bus-on-highway operations; A Brief Report, detailing 
its methodology and structure (the report will also comment on the process of applying these evaluation methods 
to the selected planning scenarios, highlighting benefits and challenges) 

3: Metropolitan Area-Wide Accessibility Datasets, focused on accessibility to jobs, strictly from home locations, via 
P&R locations; A Brief Report, detailing its methodology and structure (the report will also comment on the 
process of applying these evaluation methods to the selected planning scenarios, highlighting benefits and 
challenges) 

4: Metropolitan Area-Wide Accessibility Dataset, focused on accessibility to jobs by car and considering effects of 
parking cost, and a brief report detailing its methodology and structure 

5: Metropolitan Area-Wide Accessibility Dataset, combining all of the above metrics; A Report, detailing the 
methodology and structure (the report will also summarize findings and lessons learned while applying these 
evaluation methods to the selected planning scenarios) 

6: Draft Report; Final Report, approved for publication (this report will summarize the findings of Tasks 1-5 and 
highlighting opportunities for implementation by MnDOT and/or Metro Transit, based on the experience of 
applying the developed evaluation methods to the selected planning scenarios) 

7: Final Published Report 

PROJECT SCHEDULE 

Task Durations 

2016 2017 2018 
1 2 3 4 5 6 7 8 9 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 

Months: 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 
Task 1 x x x x x 
Task2 x x x x 
Task3 x x x x 
Task4 x x x x 
Task 5 x x x 
Task6 x x x x 
Task7 x x 

Deliverable Due Dates 

Task: Draft Deliverable Due Date: Final Task Annroval Date: 
1: September 30, 2016 November 30, 2016 
2: December 31, 2016 February 28, 2017 
3: April 30, 2017 June 30, 2017 
4: August31, 2017 October 31, 201 7 
5: November 30, 2017 January 31, 2018 
6: March 31, 2018 May 31, 2018 
7: July 31, 2018 
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Key Milestones 

Key Milestone Target Date Description 
Kick-Off TAP Meeting July 1, 2016 Identify project priorities and discuss focus areas. 
TAP Meeting to Review Technical Synthesis November 1, 2016 Review technical synthesis and finalize project 

priorities and focus areas. 
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