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Introduction

Linking planning and operations is important to improve transportation decision-making and the overall effectiveness of transportation systems.  Coordination between planners and operators helps ensure that regional transportation investment decisions reflect full consideration of all available strategies and approaches to meet regional goals and objectives
.

Whether at a local government agency or state Department of Transportation (DOT), it is not uncommon for those involved in the day-to-day maintenance and operations of Intelligent Transportation Systems (ITS) and operations devices and systems to have little contact with their transportation planner counterparts.  Typically, an ITS or operations department in a state or region is allocated an annual budget that does not go through the traditional transportation planning process of identifying and selecting projects to address needs and deficiencies.  This usually results in limited funding, inadequate operations and maintenance (O&M) resources, and the deployment of strategies that do not necessarily make the transportation system work better as a whole.  In the cases where agencies have moved forward with taking steps to integrate operations into the planning process, there have been many challenges; one in particular is that traditional planning analysis tools and methods are not well suited for analyzing operational strategies.

The Federal Highway Administration (FHWA) initiated a project to identify how planners and operations professionals can better use existing transportation planning and operations analysis tools and methods to analyze, evaluate, and report the benefits of investments in transportation operations, in order to make the overall transportation system work better.  One step in addressing this need was to ascertain and analyze what agencies are doing today.  It is important to document success stories and challenges to help agencies learn from others, and to identify gaps and areas for improvement.  Some of the key findings, issues, and challenges include:

· There is a need for a message that resonates with both planners and operators, down to the terminology that is used to discuss the consideration of operations within planning processes.  Both need to see the benefits of using operations data, regional coordination, and analyzing operations strategies within the planning process.  Both planners and operators need to move away from deploying operations as individual projects or additions to capital investments; operational strategies need to involve systematic regionwide application based upon improving systemwide transportation efficiency.

· There are few established procedures, methods, and/or tools for evaluating operations strategies on a regional scale.  Although there is now a broader range of tools available, the challenge is determining how these tools can be integrated and most appropriately used for the type of planning effort at hand.  Multiple tools may be needed depending on the effort.  In addition, most of the tools are not understandable by planners or consistent with planning-type analysis tools.
· There is a need for guidance on how existing tools and methods can be used as is, or innovatively, to analyze operations strategies for improving transportation system performance within the planning process.

· Among the tools currently available, there still remain important analysis gaps.  For instance, current planning practices do not typically recognize non-recurring delay or its causes (e.g., incidents, construction, weather, special events, etc.), which is estimated to represent approximately 60 percent of the total delay.  The measures of effectiveness are limited and do not provide a level playing field for capacity versus operational improvements.

· There is need to get a better understanding of the impacts operational strategies have on travel decisions (mode, route, time-of-day), and capture that within the methods and tools.
· Travel demand forecasting models (TDM) and simulation models need to become more compatible and/or integrated to best evaluate operations strategies for the various planning purposes, and there is little to no guidance on how to go from TDM to dynamic traffic assignment (DTA) and/or microsimulation.  Simulation tools need to move towards better consideration of demand, and travel demand forecasting models need to move towards improving time-of-day and non-recurring delay considerations.
· There seems to be less interest from planners in archived data sets than expected; this disinterest may result from the format of archived data, a lack of understanding on how it may be used, and/or confidence in the data (quality).  However, there seems to be more interest in archived data for calibrating and/or validating models.
· Existing methods and tools typically do not take all travel modes and/or transportation programs into consideration (e.g., freight, transit, operations, etc).

This paper contains a synthesis of existing practice in the use of analysis tools or methods for planning for operations along with some real-world examples.

Methods and Models Used in Current Practice

Some agencies have been working toward an integrated approach to planning for operations for a while, some are just getting started, and others do not know where to begin.  In current practice, agencies are using the following methods and tools:

· Sketch planning tools;

· Travel demand forecasting models;

· Deterministic models;

· Traffic signal optimization tools;

· Simulation tools;

· Archived operations data; and/or

· Operations-oriented performance measures/metrics.

In addition, on behalf of the FHWA, Mitretek Systems recently conducted a survey of the members of the Association of Metropolitan Planning Organizations (AMPO) to inquire what analysis tools transportation agencies are using.  Sixty-four responses were received (December 2005), and the results are incorporated in the following sections.

Sketch Planning Tools

The ITS Deployment Analysis System (IDAS), Screening for ITS (SCRITS), and Surface Transportation Efficiency Analysis Model (STEAM) are three popular examples of sketch planning tools.  The IDAS software works with the output of traditional transportation planning models, and enables planners to evaluate both the relative costs and benefits of ITS investments.  It provides the ability to estimate life-cycle costs, including capital and O&M costs.  SCRITS is similar in that it is intended to allow practitioners to obtain an initial indication of the possible benefits of various ITS applications.  It involves a more simplified spreadsheet analysis to expedite a benefit-cost analysis.  The user is required to input capital and O&M costs into the SCRITS spreadsheet analysis.  STEAM uses information developed through the travel demand forecasting modeling process to compute the net value of mobility and safety benefits attributable to regionally important transportation projects.  Another sketch method is the use of the ITS Joint Program Office’s Benefits and Costs Databases.  (Several agencies have used the results from evaluations and studies documented on this web site to justify investments in operational strategies.)

Of the 64 respondents to the AMPO survey mentioned above, IDAS was the most widely used sketch planning tool.  IDAS is being used by state DOTs, regional planning agencies, and local governments around the country to analyze and estimate the costs and benefits of ITS deployment alternatives, particularly with respect to ITS strategic planning.  At the regional level, MPOs have mostly used IDAS on a project-by-project basis.  At the state level, agencies that use IDAS tend to use it systematically, rather than for just one particular project.  It is used to evaluate ITS projects to provide a consistent statewide process for comparing/prioritizing ITS projects with non-ITS projects, and to assist with the development of ITS strategic plans.

One example of how IDAS was applied involved planning for the operation of a major construction management initiative in Michigan.  When the Michigan Department of Transportation (MDOT) was planning to invest $42.4 million on repairing and rebuilding parts of the I‑496 corridor through downtown Lansing, the construction plan called for a full closure of the eastern 2.5 miles of I‑496 for a period of 5 months.  MDOT developed a construction mitigation strategy to address the impacts of the project via a strong public outreach campaign, ITS deployment, and signal timing upgrades.  The ITS component was called the Temporary Traffic Management System (TTMS) and was designed to provide public information on the project; monitor the impact of construction activity on traffic in the region; and help mitigate the impact of traffic on alternative routes by providing real-time traffic information to the public.  IDAS was used to evaluate the operational impacts of the TTMS.  The IDAS analysis identified the regional impacts on the roadway network; identified benefits to MDOT, motorists, and the environment; provided a benefit/cost analysis for the deployment of the TTMS; and provided the basis for recommendations for MDOT on the utility and relevance of ITS-based traffic management systems for improving mobility and safety in construction work zones.  In short, IDAS demonstrated value in the evaluation of ITS alternatives for mitigation of major construction projects.

Travel Demand Forecasting Models

There are many types of travel demand forecasting models available, including TRANPLAN, EMME/2, TransCAD/TransModeler, Cube, and TRANSIMS.  Most states mandate the use of a particular software modeling tool regardless of whether they have a statewide model.  The majority of the MPOs participating in the AMPO survey are using TransCAD.  Forecasting models are being used to assess needs for long-range planning, conformance with the TIP, project evaluations, and air quality analyses.  To name a few, forecasting models are being used to plan for operations in New York State DOT Regions 8, 10, and 11; Rockland County, New York; Westchester County, New York; and New Jersey DOT.

Recently, Wisconsin DOT implemented this strategy.  The Dane County/Madison MPO Travel Demand Forecasting Model was developed in TRANPLAN.  Data was extracted from this forecasting model for the USH 51 corridor in the Stoughton Area.  The outputs of the model were directly incorporated into a Paramics simulation model for dynamic assignment of the future trip tables developed in the travel demand forecasting model.  The data from the planning model was used to assess current and future needs to achieve acceptable operations in the study area.  Signal system upgrades, ramp meters, and new roadway designs were identified as a result of this process.

The recent update to the Oregon Transportation Plan added a goal to “improve the efficiency of the transportation system by optimizing the existing transportation infrastructure capacity with improved operations and management.”
  The Oregon DOT used the Oregon Statewide Model to analyze a “maximum operations” strategy involving transit and various operational improvements.  Parameters in the model were adjusted to conduct the analysis based on engineering judgment and other evaluation and case study results.

Deterministic Models

Two examples of deterministic models include Traffix and Highway Capacity Software (HCS).  The Traffix software can conduct traffic impact analysis of new developments, calculate Level of Service (LOS) at critical signalized and unsignalized intersections, test different mitigation measures, and determine traffic impact fees for individual development projects.  HCS implements the procedures defined in the Highway Capacity Manual (HCM 2000) for analyzing capacity and determining LOS for signalized and unsignalized intersections, urban streets, freeways, weaving areas, ramp junctions, multilane highways, two-lane highways, and transit.  It can also perform signal warrant analyses according to the process in the 2003 Manual on Uniform Traffic Control Devices (MUTCD).  All the participants in the AMPO survey who indicated application of deterministic models said they use HCS.  Some municipalities mandate the use of deterministic models as part of their environmental impact review process.  This is the case for New York City’s City Environmental Quality Review (CEQR) where HCS is required.

Traffic Signal Optimization Tools

When tasked with upgrading signal timing plans to address current operational needs, traffic engineers turn to optimization models.  Four such tools include Synchro, Transyt‑7F, SOAP, and PASSER.  Both Synchro and Transyt‑7F (TRAffic Network StudY Tool, Version 7, Federal) are individual software tools for optimizing traffic signal timing and performing capacity analysis.  These tools optimize splits; offsets; and cycle lengths for individual intersections, arterials, or complete networks.  SOAP (Signal Operations Analysis Package) provides a macroscopic analysis with the primary objective of developing signal control plans for individual intersections.  PASSER (Progression Analysis and Signal System Evaluation Routine) consists of three optimization software programs that optimize traffic signal timings on single roadways or entire networks of roadways.  The three programs work with three different traffic signal scenarios:  PASSER II with single signalized roadways, PASSER III with diamond interchanges, and PASSER IV with single or multiple roadways and diamond interchanges.

Traffic engineers generally determine which optimization tool is best depending on the goal of the traffic signal timing study, the network conditions, and the data available.  The majority of participants in the AMPO survey use Synchro.

The Westchester County Sustainable Development Study is a good example of how Synchro was used to plan for operations.  Under this project, three municipalities (Peekskill, Cortlandt, and Yorktown) were extracted from the New York Metropolitan Transportation Council (NYMTC) Best Practice Model (BPM) and enhanced to perform peak hour LOS analysis at over 100 intersections.  The subarea model was refined to perform trip generation at the parcel level, meaning that land use changes as small as one parcel effect could be analyzed on the transportation system.  The microsimulation model was coded to correspond to the travel demand forecasting model, which enabled traffic operations analysis to be performed using Synchro for the entire study area.  The integrated model is now being used to look at each development and determine what developers need to do in order to sustain the level of transportation operations by addressing the impacts their development will have on the network.  Specifically, it is being used by the Town of Yorktown to evaluate all land use proposals to determine the cumulative effect of development on the transportation system, and to assess the developers’ “fair share” contribution to improvements.

Simulation Tools

Agencies use simulation tools to analyze operations of both transit and traffic to conduct needs assessments, alternatives analysis, environmental impact statements, and operations planning.  Simulation tools may include microscopic simulation, mesoscopic simulation, or macroscopic simulation.  Many tools in use today include CORSIM/TSIS, Paramics, AIMSUN, and VISSIM.  The AMPO survey respondents indicated that CORSIM and VISSIM were the two most popular simulation tools.  Mesoscopic simulation tools, such as DYNASMART-P, DynaMIT-P, and VISTA, lend themselves more towards short-range operations planning, allowing for modeling of regionwide networks, integration of simulation and assignment, analysis of traveler information strategies, easier interfaces with travel demand forecasting models, and with less data and calibration requirements than microsimulation.

To name a few, microsimulation models have been used for operations planning by Wisconsin DOT, Indiana DOT (INDOT), New York State DOT Region 11, New Jersey DOT, Miami-Dade County, Florida DOT, and California DOT (Caltrans).  INDOT is currently working on a project that involves using Paramics to evaluate and address future operational needs.  The tool is being applied to determine future growth and design needs for I‑465, I‑70, and I‑69 within Marion County.  The City of El Paso and the University of Texas – El Paso has combined DYNASMART‑P and CORSIM to evaluate downtown traffic and the environmental impacts of one-way and two-way traffic flow reconfigurations.

Archived Operations Data

Operational deployments can generate a wide variety of data, but currently the most widely available and used are traffic surveillance data on freeways:  volumes, speeds, and lane occupancies from point-based detectors, spaced anywhere from one-third to one mile.  Additional forms of traffic condition data – such as travel times derived from probe vehicles, cell phone tracking, and toll tags – have not yet penetrated deeply enough to be used by agencies for planning purposes.  Even in areas where freeway traffic surveillance data are available, many planning agencies do not take advantage of the data collected and stored by TMCs.  Often the data are simply “spooled off” to a server, rather than formally managed in a data archive.  The sheer size of the datasets is sometimes a hindrance to planning agencies as well, because the data processing and analysis skills needed to work with the data are often lacking.  Finally, there is a pervasive problem with data quality that must be addressed before archived data are widely used and accepted by planners.

When they are accessed, archived traffic surveillance data is used by planning agencies to:

1. Supply model inputs – Archived data can provide link-level free-flow speeds, capacities, and congested speeds.  Interzonal travel times may also be estimated, although the current restriction of the data to freeways limits this capability.

2. Calibrate/validate operations and planning models – The major use is for checking assigned volumes against continuously-collected volumes.  Speed data is sometimes used to check speeds from the traffic assignment process.

3. Report congestion performance trends – Although only a few planning agencies are engaged in this activity now, it appears to be expanding.

Washington State DOT is a long time leader in developing an annual performance report using archived data.  The congestion sections of their “Graybook” rely heavily on the use of archived traffic data from Seattle freeways.  Other MPOs are starting to use archived operations data for a variety of purposes:

· Maricopa Association of Governments (Phoenix) – Ongoing congestion performance monitoring;

· Southern California Association of Governments (Los Angeles) – Development of relationships between reliability and base congestion level for economic analysis;

· Capital District Transportation Committee (Albany) – Estimates of incident-related delay;

· Southeast Michigan Council of Governments (Detroit) – Ongoing congestion performance monitoring; and

· Florida DOT Central Office and District 5 (Orlando) – Use of ITS data to generate reliability performance measures.

Various case studies are also documented in the FHWA’s Archived Data Management Systems:  A Cross-Cutting Study. 

Operations-Oriented Performance Measures/Metrics

Having effective analysis tools and performance measures that estimate the impacts of operational improvements enables planners to compare and prioritize investment strategies and communicates the benefits to decision-makers.  Unfortunately, traditional planning methods are not typically sensitive to many of the benefits derived from operational improvements (e.g., non-recurring delay, crashes), and the use of operations-oriented performance measures is not widespread.  With the exception of the sketch planning tools that were designed specifically to assess ITS and operational impacts (IDAS and SCRITS) and some simulation tools, the use of existing models appears to be limited to studying operational treatments related to improving base capacity (e.g., ramp meters, signal timing).  However, over time more agencies are recognizing the need to expand the performance measures used to evaluate transportation investments, and are incorporating more operations-oriented measures into their planning process.  Some recent examples include the use of travel time reliability measures for corridor analyses in Los Angeles (California), Evansville/Indianapolis (Indiana), and Jackson County/Kansas City (Missouri); and long-range plan alternatives analysis in Hampton Roads (Virginia), Orlando (Florida), and Tucson (Arizona).

3.0
Matching Transportation Planning Needs With Operational Analysis Tools and Methods

There is no one analytical tool that can do everything or solve every problem.  The method or tool selected for any analysis should be consistent with planning objectives and matched with budget and resource requirements.  Time requirements and budget factors must be considered, as do data needs and availability.  Using a too sophisticated tool results in poor use of resources (e.g., use of a complex and time-consuming microsimulation for a preliminary screening of scenarios).  However, using too little tool produces inaccurate or unreliable results (e.g., use of a travel demand forecasting model for design of an operational strategy).  Finding the right tool can be challenging.  This section begins to match transportation planning needs with the appropriate operational analysis tools and methods.
As described earlier, there are seven categories of tools and methods available (i.e., sketch planning tools, travel demand forecasting models, deterministic models, etc.).  These methods vary in purpose, complexity, input/output data, and strategies analyzed.  In addition, not all tools fit neatly into these seven general categories.  Some tools may combine capabilities of several different categories (e.g., IDAS is a hybrid between a sketch planning tool and a travel demand forecasting model).  Furthermore, some tools, when integrated, apply to many transportation planning needs (e.g., Westchester County model).
Table 1 maps typical transportation planning needs with operational analysis tools and methods that may be appropriate.  The mapping is meant as a general guideline and suggests strategies in line with common practice.  As there are advantages and challenges to using each type of tool, a careful analysis should be done to decide which tool or method to use on a case-by-case basis.  Factors, such as technical complexity, available time, budget, and data resources, will aid in the process of determining which method is best.  Some guidance on selecting appropriate traffic analysis tools can be found at http://www.ops.fhwa.dot.gov/trafficanalysistools/index.htm.
Table 1.
Transportation Planning Needs and Operational Analysis Tools

	Transportation Planning Needs
	Operational Analysis Tools/Methods

	Needs assessments/deficiency analysis
	· Travel demand forecasting models

· Deterministic models

· Traffic signal optimization tools

· Simulation

· Archived operations data

· Operations-oriented performance metrics

	Preliminary screening assessments
	· Sketch planning tools

	Alternatives analysis
	· Sketch planning tools

· Travel demand forecasting models

· Simulation

	Strategic ITS planning
	· Sketch planning tools

· Travel demand forecasting models

	Project scoring/ranking/prioritizing
	· Travel demand forecasting models

· Deterministic models

· Operations-oriented performance metrics

	Corridor and environmental analysis
	· Deterministic models

· Travel demand forecasting models

· Traffic signal optimization tools

· Simulation

	Planning for non-recurring congestion
	· Sketch planning tools

· Travel demand forecasting models

· Simulation

	Performance monitoring
	· Deterministic models

· Traffic signal optimization tools

· Archived operations data

· Operations-oriented performance metrics

	Evaluations of deployed projects
	· Sketch planning tools

· Travel demand forecasting models

· Archived operations data

· Operations-oriented performance metrics


As evident in Table 1, most planning needs may be addressed with more than one operations planning tool/method.  To narrow down the options, the basic advantages and limitations for each tool type should be taken into consideration.  This information is noted in Table 2.  The available data, desired outputs, target audience for the results, geographic scope, facility type, mode of travel, and the strategies being evaluated will need to be carefully considered when selecting the right tool/method.

Table 2.
Advantages and Challenges of Operational Analysis Tools

	Tools/Methods
	Advantages
	Challenges

	Sketch planning tools
	· Low cost

· Fast analysis times

· Limited data requirements

· View of the “big picture”
	· Limited in scope, robustness, and presentation capabilities

	Travel demand forecasting models
	· Validated models available for most metro areas

· Evaluation of the regional impacts
· Consistent with current planning practices
	· Limited ability to analyze operational strategies

· Typically does not capture non-recurring delay

	Deterministic models
	· Quickly predict impacts for an isolated area

· Widely accepted
	· Limited ability to analyze broader network impacts

· Limited performance measures

	Traffic signal optimization tools
	· Effective tool for testing plans prior to field implementation
· Proven operational benefits
	· Calibration process can be time consuming

	Simulation
	· Detailed results, particularly microsimulation

· Dynamic analysis of incidents and real-time diversion patterns

· Visual presentation opportunities
	· Demanding data and computing requirements, particularly microsimulation

· Resource requirements may limit network size and number of analysis scenarios

· Limited to no future demand forecasting

	Archived operations data
	· Quick data collection

· Current/up-to-date data

· Provides detailed response to public officials based on real-world data
	· Limited availability of quality data

· Requires access to data/
privacy concerns

	Operations-oriented performance measures/
metrics
	· Provides detailed response to public officials based on real-world data
	· Limited availability of quality data

· Difficult to fuse different types of data


Additional Considerations

Investment Requirements for Operations Strategies

An operations investment typically requires not only capital, but a significant amount of other ongoing operational and maintenance costs.  In competing for funds, it is particularly important to identify management and operations costs for a project along with a justification for these funding needs.  Having tools or methods to identify the costs and validate these needs would be valuable in ‘selling’ an operations project.  Accurately estimating and allocating life-cycle costs upfront ensure transportation goals can be achieved.

There are resources available to help estimate the life-cycle costs associated with operations.  For operations costs affiliated with ITS, one such resource is the ITS Costs Database (www.itscosts.its.dot.gov), a web site designed to provide easy access to data for use in developing cost estimates of ITS deployments.  The information it contains is collected by the U.S. DOT ITS Joint Program Office and continually updated with data from around the country.  Estimates for operations costs, maintenance costs, and capital costs are provided individually, along with the average life (in years) of each system component.  The cost module in the sketch planning tool IDAS is consistent with the ITS Costs Database and provides life-cycle cost estimates for ITS investments.

Developing Performance Measures

Performance measures are critical component of both planning and operations.  In addition to providing information on current conditions, performance measures can be used to evaluate the success of implemented projects, provide insight into expected future conditions, and compare various potential transportation strategies.  They are invaluable when presenting information to decision-makers and the public.  Performance measures should capture the perspective of improving transportation systemwide.  In the case of considering operations in the planning process, the development of performance measures to use should include not only planners and policy-makers, but also those involved with management and operations.  Management and operations staff will bring the day-to-day, ongoing operational perspective with considerations, such as travel time, delay, safety, and reliability.  For example, operational improvements, such as traveler information and incident management, are specifically designed to improve conditions during non-recurring congestion.  Most transportation planning tools do not capture non-recurring congestion.  IDAS is one of few tools available that can capture this, but results are limited.  Impacts are applied in IDAS on a large regional planning level using rates and impact percentages.  It does not effectively capture the travel decisions as a result of these strategies (e.g., mode, route, time-of-day).  The limited number of tools to estimate the performance measures typically associated with operational strategies is often noted as a constraint in advancing operational strategies.  However, there are a growing number of tools that can analyze all or some, including IDAS, SCRITS, Cal-B/C, and various simulation tools.

Collaboration – Incorporating Operations Strategies that Improving Systemwide Performance

Different groups within an agency tend to focus on their own aspect of the program:  Operations is separate from Maintenance is separate from Transit, is separate from Highway, etc.  When each of these departments develops projects, they naturally tend to hone in on projects that benefit their realm of responsibility.  Even though all transportation projects and activities have impacts on other aspects of the transportation system, few agencies look at improving systemwide performance as a whole.

For example, an agency might develop separate alternatives to mitigate one problem:  an infrastructure redesign, a transit improvement, and an operations alternative.  These three alternatives are typically evaluated individually and only one will be selected.  An opportunity to integrate parts of these alternatives to develop best solution is missed.  More benefit to the overall transportation network would likely come from some combination of parts of one or more of the three alternatives.  In general, operations should no longer be considered a separate and distinct alternative; it should be integrated into the other alternatives.

Rather than segmented planning, projects (operational or otherwise) need to be identified and analyzed with consideration for their impacts across the entire transportation system.  Regional coordination is needed for everyone to understand the big picture and work together toward the most effective solution.  Some agencies have begun to promote this type of work, and others are trying to catch up.  Tools are needed to help promote this systemwide, regional way of thinking.

There are few established procedures, methods, and/or tools for evaluating operations strategies on a regional scale.  Performance measures are needed that address not only traditional improvements, but operations as well, so a fair comparison can be made.  Some tools exist that enable planning-level analysis of operations; however, there is room for improvement.  The challenge is determining how these tools can be integrated and most appropriately used for the type of effort at hand.  Multiple tools may be needed depending on the effort.

4.0
Promising Methods and Challenges

There is strong evidence that, although capacity-related operational treatments are being studied with existing models, analysis of strategies targeted at roadway events (incidents, work zones, weather, and special events) has clearly lagged.  These treatments may include direct management of events, as well as providing traveler information.  Because these non-capacity-related sources cause a substantial portion of total delay nationwide (50 to 60 percent by most estimates), some accommodation must be made for studying them with existing methods or analytic tools.

Regardless of the analytic methods selected to perform planning-level assessments of operations, some key topics should be considered that include the following:

1. Context – Tools and methods must be matched to planning applications.  Planners engage in analyses at different scales – from sketch planning to evaluating the impacts of specific design alternatives.  Factors such as analytical context, geographic scope, facility types, modes of travel, management strategies to evaluate, traveler responses, and desired performance measure outputs, among others should be considered in determining which analytical tool or method should be used.

2. Realistic estimates of congestion (i.e., delay) by source of congestion should be made; these include bottleneck, incident, weather, work zone, traffic control, special events, and daily variations in demand.  Since operational treatments largely affect non-capacity-related delay, it is essential that these source estimates be made as a starting point.  The variability in travel time/delay caused by these sources is essentially how reliability is defined, and rolling them up to an overall measure of reliability can be easily done.  Alternately, overall reliability can be used as a surrogate for delay by source, but the ability to predict it as a function of data readily available at the planning level is still required.  Ideally, delay estimates should directly incorporate the effects of queuing, time of day, and bottleneck location.  This will require additional data items, such as more accurate physical capacity estimates and event characteristics (e.g., incident duration).

3. Impacts for different operational treatments on each source of delay, either as direct delay reduction factors, shifts in demand (volume), changes in factors used to estimate non-capacity delay, or changes in capacity.

Post-Processing Travel Demand Forecasting Model Output (Non-Simulation)

TDM models are widely used and understood by the planning profession.  They are the primary analytic tool used by planners and are, thus, a good place to start for making operational assessments at the planning level.  Their main purpose is to identify major highway capacity deficiencies using forecasts of “typical” (average) traffic.  However, they cannot be effectively used to directly assess operational impacts, because they deal only with physical capacity and do not allow for variations in congestion level due to events and demand.  Still, a good portion of the base data needed to do operational assessments is provided by TDM models.  TDM models are particularly useful at the long-range planning horizon at the regional level, and it is desirable to consider traditional capacity and operational treatments simultaneously.  Extending TDM model output by using post-processors is a logical step that can be accommodated relatively easily.  Current post-processors, such as IDAS, basically work in this fashion, but there is opportunity to improve their interfaces and update methodologies based on data that have become available in the past five years.  Post-processing may be done with existing software packages, but other simple and custom procedures could also be derived.

Traffic Simulation Models (Linking and/or Integration)

Adaptation of mesoscopic or macroscopic simulation models, especially when linked to TDM models, offers potential for identifying network deficiencies and the impact that operation can have on alleviating them.  An example of a linked TDM/meso/microsimulation analysis is the model corridor study conducted by Caltrans in the San Francisco Bay Area I‑880 Corridor.  In this study, a regional demand model (EMME/2) is linked with a mesoscopic simulation model (DYNASMART‑P), which is linked to a microscopic simulation model.  This approach allows for assessment of trip generation, trip distribution, and mode shift (features of the regional travel demand forecasting model); followed by assessment of regional route diversion (feature of the mesoscopic simulation model); and followed by local assessments of delay, bottlenecks, queues, and travel time (using the microsimulation model).  Another innovative application of the mesoscopic simulation model is to replace the static traffic assignment methods used in the current TDM models with DTA.

Microscopic simulation models provide the most refined estimates of delay, but still are limited for analyzing operational treatments, data intensive, and require a good deal of skill in matching the model to existing conditions.  They are effective in determining the impact of single events (e.g., a single incident), but since these can vary dramatically over time in their characteristics and location, trying to get an assessment of the cumulative impact of operational treatments is problematic.  Also, many types of situations are not modeled directly, but rely on “tricking” the model to represent them (e.g., work zones).  One strategy would be to determine a fixed number of likely scenarios, and then combine them in such a way that they represent what happens on a network or in a corridor over time.  Given their data intensiveness, for the purpose of making planning-level assessments of operations, it is likely that microscopic simulation models will be limited to evaluating project alternatives, rather than being used to identify network deficiencies.

Use of Archived Operations Data

Archived data from operations sources have great potential for planning applications, but the applications for it are different than the models discussed above.  It is true that archived operations data can be used to supply model inputs and for calibration/validation of models, but the applications differ substantially and in some represent new territory for planners:

· Customized Congestion Relationships – Simple (sketch planning level) relationships for predicting reliability and non-recurring congestion can be developed using localized data, even down to the facility level (e.g., non-recurring congestion is X% of recurring congestion; reliability as a function of average congestion level).  Additionally, archived data is a good source of time-of-day demand (volume) information.

· Ongoing Performance Measurement – This deals with what has already transpired on the system, rather than predicting its future condition (the traditional realm of planners).  Developing a seamless performance measurement program – where the same performance measures are used across the entire time horizon (from the recent past to the distant future) and applications (both planning and operations) – would be one way of involving planners more directly in operations.  A performance measurement program could include estimates of total congestion, reliability, and congestion by source to name a few.

· Evaluations of Operational Deployments – Evaluations of the effectiveness of projects are not routinely done by planners, but is an area that they can naturally move in to, especially with regard to operations.  To facilitate evaluations, guidelines on experimental design, data collection, and analysis would be helpful for planners.

· Create Synthetic Origin-Destination (OD) Data – Planners and engineers can use archived data to create synthetic OD data for short-term operations planning, such as work zone management, incident management, special event management, etc.  Synthetic OD data created from archived data should be more realistic and reliable than those generated from TDM models.
�	� HYPERLINK "http://www.plan4operations.dot.gov" ��http://www.plan4operations.dot.gov�.


�	� HYPERLINK "http://www.oregon.gov/ODOT/TD/TP/ortransplanupdate.shtml" ��http://www.oregon.gov/ODOT/TD/TP/ortransplanupdate.shtml�.


�	� HYPERLINK "http://www.itsdocs.fhwa.dot.gov/jpodocs/repts_te/14128.htm" ��http://www.itsdocs.fhwa.dot.gov/jpodocs/repts_te/14128.htm�.


�	� HYPERLINK "http://www.plan4operations.dot.gov" ��www.plan4operations.dot.gov�.
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