Chapter 9:  Ramp Performance Monitoring, Evaluation and reporting


9.1 Chapter Overview

Performance monitoring provides a mechanism to determine the effectiveness of all the strategies and actions described in this Handbook.  Performance monitoring ties the strategies and actions selected in Chapter 6, back to the program goals and objectives outlined in Chapter 3.  By doing so, practitioners can easily determine if selected strategies help resolve the problems that occur on or near ramps of interest.  Additionally, performance monitoring, evaluation and reporting, promote on-going support of the ramp management strategy, and offers ways to improve it.  This leads to improvements in operational efficiency and reduces unneeded expenditures.  Finally, performance monitoring and reporting provides feedback for refining agency and traffic management program goals and objectives.  
Chapter 9 guides practitioners through the process of monitoring, evaluating, and reporting the performance of ramp operations and the ramp management strategies selected and implemented in Chapter 6 and 7 respectively. The processes and methods that may be used to monitor and evaluate the performance of ramp management strategies to provide feedback to the deploying agency are presented.  This includes a discussion on the types of metering analyses, examples of performance measures and costs and resources needed to conduct these activities.  

Likewise, the tools available to collect and analyze data, and measure and estimate ramp performance are described.  Additionally, the chapter provides recommendation on how to assess impacts of ramp management strategies on Freeway Operations, Work Zones, 
Objectives

Importance to Overall Handbook

· This chapter suggests that ramp and traffic managers use the information derived from chapter 6 on selecting ramp management strategies, chapter 7 on implementing ramp strategies, and chapter 8 on operating and maintaining ramp strategies to develop performance measures that are consistent with program goals and objectives (discussed in chapter 3).  The results of the performance monitoring effort then feed back to refining and updating the program.  
Key Issues

· Developing an Performance Monitoring and Evaluation Strategy Appropriate to the Needs of the Agency

· Identifying the Proper Analysis Methodology and Tools Appropriate to the Performance Measures being Evaluated

9.2 Ramp Metering Analysis Considerations
The analysis of ramp meter performance can be performed as a single study, on a periodic basis, or as an on-going continuous program, depending on the needs and available resources of the deploying agency.  For the purposes of this manual, the general steps in analyzing ramp meter performance as described as:

· Performance Monitoring – The collection of performance statistic, using either manual or automated methods, to enable the assessment of particular Measures of Effectiveness (MOEs) related to the performance of the ramp meter deployment.

· Evaluation – The analysis of the collected data to provide meaningful feedback on the performance of the system

· Reporting – The output of the evaluation results in a format appropriate to the needs of agency personnel, elected decision makers, the public, or other potential audiences.  
This section summarizes some of the important considerations in developing a performance analysis process and provides practitioners with guidelines for tailoring performance monitoring, evaluation, and reporting efforts that are appropriate to their needs.  
Types of Ramp Metering Analysis
This section summarizes the basic types of analysis related to ramp metering performance.  This section also discusses the implications of how each type of study has different needs that substantially influence the analysis procedures to be performed.  The different types of analysis include: 
· Pre-Deployment Studies – Analysis performed to determine the appropriateness of ramp meter applications for a particular location. 
· System Impact Analysis – Analysis performed to identify the impact of an existing ramp meter location on one or more selected MOEs.
· Benefit/Cost Analysis – Comprehensive analysis conducted to evaluate the cost effectiveness of a ramp metering application
· On-going System Monitoring and Analysis – Continuous, real-time performance analysis for the purpose providing feedback to system operators. 
Identifying the Appropriate Study Area
The study area selected can have significant implications on the analysis data requirements, evaluation techniques, resource requirements, and even the results.  These implications will be discussed to help practitioners identify the appropriate study area suitable to their particular needs.  The issues and needs will be categorized into the following three study areas:  
· Localized Analysis

· Corridor Analysis

· Regionwide Analysis

Performance Measures
The particular performance measures selected for monitoring, evaluation, and reporting have substantial influence over the analysis structure and requirements.  Several different categories of MOEs will be discussed along with their potential implications on the analysis effort.  In other words, when selecting an MOE, the method to obtain the performance measure data for the evaluation should also be considered.  These performance measures will be illustrated with example MOEs from previously conducted ramp metering analysis to provide practitioners with an idea of their order of magnitude.  The performance measures to be discussed include: 
· Safety – Change in the number or severity of crashes.
· Travel Time – Change in the average travel time.
· Travel Time Reliability – Change in the variability of travel time.  
· Environmental – Change in emissions and fuel use.
· Facility Throughput – Change in facility speed or volumes.
· Public Attitudes/Acceptance

· Other Performance Measures

Analysis Structure
This section provides guidelines for successfully planning and structuring the analysis to meet the needs identified in the previous sections.  The suggested methodology approach is consistent with the US DOTs ITS Joint Program Office guidelines on performance evaluation.  The steps to be discussed include:
· Developing an Evaluation Plan

· Developing Detailed Test Plans

· Identifying Data Collection Methodology

· Analyzing Data

· Reporting and Archiving Results

Controlling Analysis Externalities
Externalities can have a distorting impact on performance analysis.  This section will highlight the potential impact and discuss remedies, so that practitioners can anticipate and minimize the impacts of these externalities in their monitoring and evaluation efforts.  Specifically, this section will discuss:  
· Controlling for Data Discrepancies Occurring Over Time

· Controlling for Data Discrepancies Due to Other System Improvements

Costs of Monitoring/Evaluation
The level of resources required to successfully conduct monitoring and evaluation will be discussed for different types of efforts.  Example monitoring/evaluation costs from agencies conducting these efforts will be used where available to provide real-world illustrations.
9.3 Performance Monitoring
This section will provide practical guidance on the monitoring the impacts of ramp meter applications in the immediate ramp and merge area.  This involves measuring the goals and objectives with data that is easily and routinely collected.  Practical experiences from the Twin Cities Ramp Metering Evaluation and/or other real-world analysis efforts will be used where appropriate to illustrate these guidelines.
Discuss data archiving, data requirements, quality, warehousing information, and database issues that support the analysis.
Analyzing Impacts in Merge/Weave Areas

· Appropriate Performance Measures

· Analysis Data Needed

· Data Collection Methodology and Tools

Analyzing Impacts of Ramp Queuing

· Appropriate Performance Measures

· Analysis Data Needed

· Data Collection Methodology and Tools

Analyzing Impacts on Freeway Operation

· Appropriate Performance Measures

· Analysis Data Needed

· Data Collection Methodology and Tools

Analyzing Impacts on Arterial Operation

· Appropriate Performance Measures

· Analysis Data Needed

· Data Collection Methodology and Tools

9.4 Evaluation
This section will provide practical guidance on evaluating the impacts of ramp queuing on facilities and at intersections immediately adjacent to the ramp facility.  The impacts of traffic diversion onto parallel arterial streets will be discussed separately in Section 9.6.  Practical experiences from the Twin Cities Ramp Metering Evaluation and/or other real-world analysis efforts will be used where appropriate to illustrate these guidelines.

Discuss the process and analysis that supports performance evaluation of existing strategies and control plans.

Discuss Analysis Techniques and Tools

· Analyzing Impacts in Merge/Weave Areas

· Analyzing Impacts of Ramp Queuing

· Analyzing Impacts on Freeway Operations

· Analyzing Impacts on Arterial Operations

Special Considerations for Evaluating HOV Facilities

· Appropriate Performance Measures

· Analysis Data Needed

· Data Collection Methodology and Tools

· Analysis Techniques and Tools

Real-Time Performance Monitoring and Evaluation

This section will provide an overview on the specialized needs and requirements for collecting and analyzing ramp performance data in real-time.  Automated data monitoring sources may be used to provide continuous and immediate feedback to system operators on the real-time performance of the metering application.  This data may be evaluated and used in a variety of ways to adjust the short-term or long-term performance of the meter application to improve the performance of the system.  This section will include discussions covering:  

· What is the need for real-time ramp performance monitoring and evaluation?
· Where is real-time ramp performance monitoring and evaluation being performed and how is the data being used?

· What are the benefits of real-time ramp performance monitoring and evaluation?

· What are the current challenges/limitations of real-time ramp performance monitoring and evaluation?

· What are the costs of real-time ramp performance monitoring, evaluation, and data archiving?
· What opportunities exist to enhance and expand the utility of real-time ramp performance monitoring, evaluation, and data archiving?
9.5 Reporting

This section discusses the third step of the process which involves reporting how your ramp management strategy has performed.

· Reporting is the bridge from monitoring performance and using that information to improve strategies and refine goals and objectives.

· Reporting is key to building support for ramp management activities by showing the benefits of those activities.
· Archiving the results of the analysis and the reports as well as the raw data is important and must be considered in the development of databases and document control and archiving systems.  

Sample reports from various jurisdictions will be shown here.  A list of key items to report will be shown in table format.

THIS DISCUSSION CAN BE MOVED TO THE APPENDIX.  Otherwise, it will be placed in section 9.3.
Analysis Tools

The various analysis tools available for providing assessment of ramp meter performance will be identified in this section along with guidance on selecting the appropriate tool to meet the needs of the particular analysis.  These guidelines will be based on criteria and information from the FHWA’s Traffic Analysis Tools Primer (2003).  Various tools to be discussed include: 

· Observational (Before/After) Analysis Tools 

· Sketch Planning Tools

· IDAS

· SCRITS

· Macroscopic Analysis Tools

· FREQ – brief description of the model, type of tool category, how tool category can be applied to ramp metering, types of MOEs given, geographic extent of tool category.
· HCS – brief description of the model, type of tool category, how tool category can be applied to ramp metering, types of MOEs given, geographic extent of tool category.
· HiCAP – brief description of the model, type of tool category, how tool category can be applied to ramp metering, types of MOEs given, geographic extent of tool category.

· Other Macroscopic Tools

· Microsimulation Analysis Tools

· Vissim – brief description of the model, type of tool category, how tool category can be applied to ramp metering, types of MOEs given, geographic extent of tool category.
· Corsim – brief description of the model, type of tool category, how tool category can be applied to ramp metering, types of MOEs given, geographic extent of tool category.
· Other Microsimulation Technologies
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Chapter OBjectives





Objective #1:	Explain what is involved in ramp metering analysis, including performance measures and analysis tools


Objective #2:	Describe how to tailor monitoring and evaluation efforts to meet the needs of the deploying agency.


Objective #3:	Describe how to measure and estimate ramp performance


Objective #4:	Describe analysis and reporting tools and techniques


Objective #5:	Discuss ramp queuing


Objective #6:	Describe how to assess freeway and arterial performance.  











