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7. RAMP MANAGEMENT

7.1 INTRODUCTION

Ramp management is the application of control devices, such as traffic signals, signing, and gates to regulate the number of vehicles entering or leaving the freeway, in order to achieve operational objectives, such as:

· Improved safety.
· Improved mobility.
· Improved perception of transportation management agencies and staff.
· Reduced environmental impacts.
If designed, operated, and maintained effectively, ramps allow motorists to make connections between different facilities in a safe, convenient, and comfortable fashion with little or no delay or impact on traffic.  However, conditions on ramps seldom represent the conditions for which ramps were initially designed.  Instead, ramps are often too closely spaced, do not offer adequate acceleration distances for posted speeds, or are simply overwhelmed by the increasing number of motorists that use them on a daily basis.  When conditions like these exist, impacts may develop that affect the efficient and safe operation of traffic on ramps and/or the facilities to which they are connected (i.e., freeways and arterials).  Despite poor conditions, however, agencies can proactively manage traffic on ramps to obtain desired benefits, to satisfy pre-determined goals and objectives, and improve safety and efficiency of freeway operations.  

Ramp management typically encompasses the following four strategies:

· Ramp metering.
· Ramp closure.
· Special use treatments.
· Ramp terminal treatments.
Other than freeway-to-freeway interchanges, freeway entrance and exit ramps represent the only opportunity for vehicles to legally enter or exit a freeway and, therefore, represents the only location which control can be exercised.

7.1.1 Purpose of Chapter

The primary purpose of this Chapter is to improve the operation of freeways and their associated ramps by providing support, information, guidance, and recommended practice to practitioners responsible for freeway management and operations.  This chapter summarizes the Federal Highway Administration’s (FHWA) Ramp Management and Control Handbook1, by providing an overview of the essential elements of an effective ramp management program.  The use or application of these recommended practices, contained in this Chapter and in the Ramp Management and Control Handbook1, will in time serve to enhance the use and effectiveness of various ramp management strategies and techniques. 

The Ramp Management and Control Handbook1 describes ramp management in depth and is considered the primary reference on the subject.  This Handbook can be accessed using the following URL: http://ops.fhwa.dot.gov/freewaymgmt/index.htm.
7.1.2 What is Ramp Management?
Ramp management, is the “application of control devices, such as traffic signals, signing, and gates to regulate the number of vehicles entering or leaving the freeway, in order to achieve operational objectives”1.  Most ramp management strategies are employed to balance freeway demand and capacity and maintain optimum freeway operation by reducing incidents that produce traffic delays, improve safety on adjacent freeways or arterial streets, or give special treatment to a specific class of vehicles.  Ramp management strategies are often implemented with elements of other freeway management programs to create operational efficiencies and to assist in the delivery of overall transportation management goals and objectives.

Ramp management strategies may be used to control access to selected ramps, thus limiting the periods when vehicles may access the ramp or possibly restricting access to the ramp permanently.  This significantly reduces, or may even eliminate, the potential for collisions that occur as a result of traffic entering or exiting the ramp facility and in turn smoothes the flow of traffic on segments of roadway where these collisions have occurred in the past.  

Ramp management may also control the manner in which vehicles enter and exit a freeway.  For instance, vehicles that enter the freeway in platoons introduce turbulence, which causes vehicles on both the mainline and ramp to slow down to safely merge.  This causes congestion around and upstream of ramp/freeway merge points.  Ramp management strategies may be used to control the flow of vehicles entering a freeway, thus smoothing the rate at which vehicles are allowed to enter the freeway.  Similarly, ramp management strategies and treatments may be implemented at the ramp-arterial intersection to better manage the flow of traffic exiting the freeway.  Such treatments may reduce queues on exit ramps that extend out onto the freeway, helping to improve safety and mobility on the freeway.  
7.1.3 Relation to Other Freeway Management Activities

There are many freeway management activities that are related to or dependent upon ramp management.  To understand the role of ramp management within the freeway management spectrum, it is important to understand the relationships that exist between these activities. 

Ramp management is a single element or function that falls under an agency’s freeway management “umbrella”.  With that said ramp management should be viewed as an element of the overall transportation management system - not as a program that operates in parallel to or separate from it1.  In this regard, the relationship between ramp management and freeway management can be likened to puzzle pieces, with ramp management representing just one of these pieces that comprise the entire freeway management program (see Figure 7‑1).  Ramp management elements must work together with elements of other freeway management programs to deliver freeway management and surface transportation system goals and objectives (e.g., minimize freeway congestion and its side effects, to improve safety, to enhance mobility, etc.).  The freeway management functions that comprise a freeway management program are identified in Figure 7‑1, and their relationship with regard to ramp management is described below.
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Figure 7‑1:  Freeway Management Programs and Their Relationships with the Surface Transportation Program1
As previously stated, the freeway management programs presented in Figure 7‑1 are often integrated with other freeway management programs, including ramp management.  Relationships that exist between ramp management and other freeway management programs are briefly summarized in Table 7‑1.  
Table 7‑1: Freeway Management and Operations Activities 
and Their Relationship to Ramp Management

	Activity
	Relationship

	Managed Lanes (Chapter 8)
	Lane use controls may be used to direct motorists to use certain lanes and to merge out of other lanes.  Lane use controls are usually used either in reversible lane operations or to close lanes because of road work or incidents.  Ramp management strategies can be used in conjunction with lane use controls to manage the demand, leading to freeway sections where lane use controls are active.  

	High Occupancy Vehicle Treatments
(Chapter 9)
	Preferential treatment of HOVs and other vehicle classes have been successfully used to bypass single-occupant vehicle (SOV) queues at ramp entrances (metered and non-metered).  Similarly, ramps dedicated solely for the use by HOVs have been implemented to lessen travel times to and from the freeway by avoiding congestion on ramps and surface streets.  

	Incident Management (Chapter 10)
	Incident management procedures and plans may be integrated with ramp management to improve safety and restore operations on ramps and the mainline in a more timely fashion.  Through active management of ramp meters and other devices, operators may monitor freeway operations during emergencies and clear ramp queues to allow a more timely response to emergencies.  

	Planned Special Event Management and Control 
(Chapter 11)

	Ramp management can improve operations on ramps, freeways and surface street during special events, helping to minimize the impacts that special event traffic has on neighborhoods and through traffic near the special event.  Ramp management may be applied to reduce the length of queues on ramps, allowing queues to be fully contained to the ramp instead of flowing back onto the freeway and adjacent arterial.  This not only improves safety on these facilities, but also improves the flow of traffic that uses them.  Ramp management may also be used to minimize the impacts on neighborhoods near the special event by restricting assess to ramps in the areas, requiring special event traffic to use upstream and downstream ramps, where traffic will have less of an impact.  

	Information Dissemination (Chapter 13)
	Information dissemination techniques employed by other freeway management functions may be used to inform to motorists en-route or pre-trip about the current operational status of ramp meters.  Additionally, motorists may be alerted to planned ramp closures as well as construction activities on or near the ramp.

	Detection and Surveillance 
(Chapter 15)
	Surveillance and incident detection systems are used to determine and adjust freeway and ramp operational conditions.  Data from detectors installed on the ramp and/or mainline can be used to set or adjust ramp metering parameters.  Closed circuit television (CCTV) can be used to visually verify that ramp meters are functioning properly or to observe the effects of ramp metering on traffic flow.  


7.2 CURRENT PRACTICES, METHODS, STRATEGIES & TECHNOLOGIES

7.2.1 Overview

Simply speaking, freeway entrance and exit ramps connect high-speed, limited-access freeways to other high-speed, limited-access freeways or lower-speed, principal arterials/highways, and vice versa.  Additionally, ramps are the only facilities motorists may use to legally make connections to and from limited access facilities and as such represent the only locations where traffic entering and exiting a limited access facility can be controlled.1 

Ramp management strategies can balance freeway demand and capacity, maintain optimum freeway operation by reducing incidents that produce traffic delays, improve safety on adjacent freeways or arterial streets, or give special treatment to a specific class of vehicles.  The balance between freeway demand and capacity is achieved by controlling the manner in which vehicles enter a freeway.  For instance, vehicles that enter the freeway in platoons introduce turbulence, which causes vehicles on both the mainline and ramp to slow down to safely merge.  This causes congestion around and upstream of ramp/freeway merge points.  Ramp management strategies may be used to control the flow of vehicles entering a freeway, thus smoothing the rate at which they are allowed to enter the freeway.  

Ramp management strategies may be used to control access to selected ramps, thus limiting the periods when vehicles may access the ramp or possibly restricting access to the ramp permanently.  This significantly reduces, or may even eliminate, the potential for collisions that occur as a result of traffic entering or exiting the ramp facility and in turn smoothes the flow of traffic on segments of roadway where these collisions have occurred in the past.  
7.2.2 Benefits

Before and after evaluations of ramp management strategies offer strong evidence that ramps, freeways, and even adjacent arterials operate better once strategies are implemented.  Typical benefits of ramp management strategies include:
· Safety - Ramp management strategies, such as ramp metering, reduce stop-and-go driving behavior, resulting in fewer rear-end collisions.  Ramp metering also breaks up platoons entering a freeway, resulting in fewer side-swipe and merge-related collisions.  During periods of severe weather, ramps may be closed to prevent motorists from accessing freeways that are impassable.  Ramp-arterial treatments (e.g., signal timing improvements, canalization, widening, and striping) may also improve safety by containing vehicle queues to the ramp, preventing queues from spilling back onto the freeway or adjacent arterial.  Safety benefits from ramp metering programs across the county are presented in Table 7‑2.

· Mobility and Productivity - Ramp management strategies may increase travel speeds while reducing travel time and delay.  Freeways that have metered entrance ramps usually carry more traffic than they did before metering began, while attaining the improvements mentioned previously.  A ramp metering study in Minneapolis showed a 25-percent increase in peak period traffic volumes while increasing average speeds by 5 km/h (3 mi/h).

· Environmental Effects - The improved speeds, reduced stop-and-go traffic, and reduced delays that result from ramp management strategies also result in reduced emissions and fuel consumption.  An evaluation of ramp meters in Minneapolis identified a net annual saving of 1,160 tons of emissions.

· Traveler Perception and Satisfaction - Ramp management and improved operations on freeways demonstrate to the public that agencies responsible for transportation facilities are doing something about congestion and safety problems.  As a result, travelers and the public in general will be more satisfied with transportation agencies and the job they are doing.  Higher public satisfaction makes it easier for agencies to acquire the needed resources to develop, implement, operate and maintain transportation improvements.
· Promotion of Multi-modal Operation - Ramp management may promote the use of transit, carpools, vanpools, and other multi-occupant modes of transportation by giving preferential treatment to these modes.
Table 7‑2: Summary of Ramp Metering Benefits2
	Location
	Traffic Flow Benefits
	Safety Benefits
	Approximate Time of Implementation or Evaluation

	Portland, Oregon
	A 173% increase in average travel speed.
	43% reduction in peak period collisions.
	1981

	Minneapolis/St. Paul, Minnesota


	A 16% increase in average peak hour travel speed and a 25% increase in peak period volume.
	24% reduction in peak period collisions. 
	Initial implementation in 1970.  Evaluation in 1989.

	Seattle, Washington


	A 52% reduction in average travel time and a 74% increase in traffic volume.
	39% reduction in collision rate.
	1981-1987

	Denver, Colorado
	A 57% increase in average peak period travel speed and a 37% decrease in average travel time.  
	50% reduction in rear-end and side-swipe collisions.
	1981-1989

	Detroit, Michigan
	An 8% increase in average travel speed and a 14% increase in traffic volume.
	50% reduction in total collisions and 71% reduction in injury collisions.
	1984

	Long Island, New York
	A 9% increase in average travel speed.
	15% reduction in collision rate.
	1991


More information on the benefits of the Minneapolis/St. Paul ramp metering program is provided in Section 7.4.  A summary of a ramp closure project conducted in Honolulu, Hawaii is also provided in Section 7.4.    
7.2.3 Key Considerations During Freeway Management Program Development

Ramp management systems and strategies can be an important part of a freeway management and operations program.  Ramp management goals, objectives and strategies should be consistent with regional transportation goals and objectives and must support the mission and vision of the agency responsible for implementing them.1,
  Ramp management goals, objectives and strategies should be defined at the regional level and should fit into the context of the broader transportation planning process, including the freeway management program.

Agencies should not implement ramp management strategies if their associated improvements do not support local, regional, and statewide surface transportation system goals and objectives.  If policies are not in place and resources are not available to operate and maintain strategies, deployment may actually result in public contempt for the strategies that are implemented.  This in turn will impede the agency’s ability to effectively manage traffic.  

When properly planned and implemented, ramp management can be an important element of a freeway management program.  However, ramp management strategies are not appropriate for all situations, nor does their implementation eliminate the need to pursue other complimentary strategies. The potential use of ramp management strategies should be examined thoroughly before any such improvements are made.  A comprehensive approach in planning, designing, implementing and operating ramp management strategies can help ensure successful projects.  The Ramp Management and Control Handbook provides a comprehensive overview of the steps involved in planning, designing, and implementing ramp management strategies.  Some of these key considerations for planning and developing a ramp management program are discussed in the following sections:
7.2.3.1 Planning Considerations

To be effective, ramp management strategies often need to take into consideration aspects of ramp management strategy implementation that indirectly affect overall outcomes.  For instance, ramp management implementation and operation may be perfect, but if ramp management strategies are not enforced, the overall objectives of strategies may not be achieved.  Similarly, if issues affecting equity are ignored, strategies may viewed unfavorably by certain groups of individuals, ultimately limiting the positive impacts that strategies offer.  Last but not least, maintenance of strategies must be taken into consideration during the planning process to ensure that strategies can be actively maintained and that malfunctioning equipment does not confuse motorists.  

Enforcement is one key to effective ramp management and control.  This is especially true for ramp metering because compliance is critical to its operational success.  Therefore, enforcement issues associated with ramp management strategies must be taken into consideration during the planning process so appropriate actions are taken to ensure that ramp management strategies are enforceable.  This includes a coordinated effort with law enforcement to ensure that issues such as an appropriate enforcement strategy, safe enforcement areas, adequate staff, and support by the courts are addressed.

Similar to enforcement, equity and environmental justice issues are also a key consideration for ramp management projects.  The direct involvement of diverse cultural and economic communities in the development of transportation projects will help to ensure that projects fit harmoniously within their communities without sacrificing safety and mobility.

Planning is also required for maintenance, especially if new systems are implemented.  Therefore, it is important to include the maintenance staff in the planning stages of a project, as they will have recommendations on the types and manufacturers of equipment to procure, equipment location, and other issues that are an integral part of their jobs.
7.2.3.2 Inter- and Intra-Agency Coordination
Practitioners responsible for ramp management should coordinate with individuals inside and outside their respective agencies, first to ensure that ramp management strategies can be supported and secondly, to develop effective procedures to implement and operate these strategies.  The key is to break down barriers that exist within and between agencies and institutionalize working together as a way of doing business among transportation agencies, public safety officials, and other public and private sector interests within the region.  Practitioners responsible for ramp management may choose to use inter- and intra-agency coordination as a means to obtain consensus on how ramp management will operate and how it fits into the overall traffic management program.  
Inter-agency coordination will help the ramp management practitioner identify and exploit possibilities for improving day-to-day operations.  The continual coordination between agencies may foster the development of strong relationships and tactics that, over time, equate to measurable improvements in the safety, efficiency, and quality of service associated with regional transportation facilities, including freeways and ramps.  Inter-agency coordination, however, is not an easy process.  The ramp management practitioner should expect to make several attempts to obtain the level of inter-agency coordination needed to support ramp management activities, especially if this is a first attempt to coordinate with individuals from these outside agencies.  Adding to this difficulty are institutional barriers, such as resource constraints, internal stovepipes in large agencies, and the often narrow jurisdictional perspective of governing boards.  As such, initial attempts to coordinate with outside agencies should begin early in the planning process to allow enough time to ensure that coordination can occur.

Inter-agency coordination covers a broad set of agencies and stakeholders.  The agencies and disciplines that are critical to ramp management include:

· Enforcement agencies - to ensure that motorists obey signing, striping, barricades, and ramp signals to maximize the benefits of these investments.  City or state traffic ordinances may need to be amended to ensure that ramp management strategies can be enforced and to dictate penalties for non-compliance.  
· Local traffic engineering or public works departments - to ensure that ramp management operations fit well with arterial operations.  Coordination with traffic engineering or public works departments may also be needed to define agency roles and responsibilities.  For example, agreements may be needed to distinguish which agency will operate traffic signals located near metered ramps.  
· Transit agencies – to determine if ramp management strategies can support or improve transit operations, and if impacts on transit operations are acceptable.  Coordination with transit agencies should occur throughout the life cycle of ramp management strategies.  

· Local transportation planning agencies - to incorporate regional transportation data into the ramp management decision-making process and to program ramp management projects into the regional transportation planning program.

· Media – to establish solid relations with the media in the initial stages of ramp management.   The media can provide practitioners with a means to gain positive support for ramp management strategies from groups impacted by, and involved in their implementation.  However, the media can also be obstructive if not handled properly.  If the benefits of ramp management strategies are oversold and unrealistic, credibility of the implementing agency may be questioned.  
Similar to inter-agency coordination, intra-agency coordination will help individuals within an agency work together to solve operational problems, improve system performance, and communicate successfully with one another through deliberate collaboration and coordination.  This coordination will allow managers to coordinate their activities with others that comprise the broader traffic management program.  As mentioned earlier, ramp management is one element of the traffic management program and needs to further the goals and objectives of that program.  However, internal coordination goes beyond the traffic management program.  Personnel responsible for ramp management activities must also coordinate with the following set of internal staff:

· Planning staff - to make sure ramp management needs are incorporated into the agency plans.
· Design staff - to make sure that ramp management needs are incorporated in project designs.
· Maintenance staff – to determine if ramp management strategies can be adequately maintained.  If ramp management strategies cannot be adequately maintained, with existing agency resources, the practitioner must work with maintenance staff to determine the resources that are needed to maintain systems and equipment and options for acquiring them.
· Public information staff - who are responsible for informing the public of activities related to ramp management.
· Senior management – to keep these individual abreast of any issues arising from ramp management activities.  
Development of a regional traffic management program Concept of Operations (Con Ops) presents a good opportunity for inter- and intra-agency coordination in defining how ramp management fits into the larger traffic management program.  In short, the process of developing a Con Ops should involve all stakeholders and serve to build consensus in defining the mission, goals, and objectives of ramp management.  It should also provide an initial definitive expression of how functions are performed (thereby supporting resource planning), and identify interactions between organizations.
  
7.2.3.3 Staffing
Successful ramp management requires skilled, well-trained staff in sufficient numbers to operate and maintain the strategies at effective levels.  Staff who operate and maintain ramp management strategies should have knowledge, skills, and abilities (KSAs) similar to staff who operate and maintain other traffic management elements.  The needed KSAs will differ based on the functions that staff are intended to perform – planning/design, operations, or maintenance. 

Staff assigned to ramp management must be properly trained and have the knowledge to operate strategies effectively.  Training is available from in-house sources, national transportation organizations (e.g., the National Highway Institute), and educational institutions.

The appropriate staffing level will depend on a number of factors including the size of the system, the system complexity, the hours of operation and the specific ramp management strategies chosen.  For example, ramp metering will usually require more operations staff in a traffic management center, whereas time-of-day ramp closure will take more field staff.  

The ramp management practitioner should determine the impacts that ramp management and control activities will have on existing staff levels.  Practitioners must also assess the effect that changes to staffing have on current funding allocations.  Budgeting for training usually falls into an agency’s overhead budget and is 100-percent agency-funded.  This is often overlooked during the planning stage, yet can be costly if training new staff is required or inadequate training is provided.

7.2.3.4 Performance Monitoring

Effective ramp management relies on the ability to monitor the effects of any action taken to manage the movement of vehicles on ramps, regardless of whether it is on an exit or entrance ramp.  Along with the ability to monitor is the ability to implement actions to change the conditions under which the ramp is operating, such as varying the ramp meter timing, adjusting the time of day a ramp is closed, or adjusting signal timing at the ramp-arterial intersection.  Practitioners must seek to understand the impact (positive or negative) ramp management strategies have on furthering the region’s transportation goals.  Based on this understanding, practitioners must correct problems and seek ways to maximize the benefits of the strategies that have been implemented.  
For each objective associated with the ramp management program, the appropriate measure(s) of effectiveness should be identified, along with the desired threshold level of change that will be used to determine if the strategy has met the objective.  Objectives of a ramp management program typically include:

· Improve traffic flow and travel time reliability for selected corridors.

· Improve safety for selected corridors.

· Improve neighborhood impacts.

· Improve transit operations.

Typical measures of effectiveness that correspond to the above objectives include:

· Change in travel time.

· Change in travel time reliability.

· Change in the total number of crashes.

· Change in the severity of crashes.

· Change in traffic volumes on adjacent surface streets.

· Change in transit travel times.

· Change in transit ridership levels.  
Various types of equipment (e.g., CCTV, detection) can be installed to conduct performance monitoring and streamline the data collection process.  This equipment may be installed before ramp management strategies become operational.  They may also be programmed into other freeway management projects scheduled to be completed before ramp management strategies are planned to be in place.  
7.2.4 Relationship to National ITS Architecture

The National ITS Architecture
 “Freeway Control” market package includes ramp metering.  This market package supports ramp meter controls on the freeway, traffic data flow from the freeway to the traffic management center, the control of ramp meters from the traffic management center, the control of sensor and controller equipment, status and performance monitoring.  

7.2.5 Technologies and Strategies

As previously mentioned earlier in this chapter, there are four general classifications of ramp management strategies.  The advantages and disadvantages of each strategy differ, thereby requiring practitioners to closely analyze each to determine their appropriateness for satisfying existing problems and conditions.  Before selecting a strategy, it is important that practitioners understand the purpose of each strategy and its advantages and disadvantages.  This understanding will help narrow the focus and to identify the one strategy, or set of strategies, that is most appropriate given a set of unique issues and characteristics.  
Ramp management strategies are not all mutually exclusive and in certain cases may be combined to maximize their potential advantages.  For example, high-occupancy vehicle (HOV) ramps or bypass lanes, a special use treatment, are often implemented with ramp metering.  Ramp terminal treatments are often combined with any one or combination of the other three.  A brief overview of the available ramp management strategies is provided in the following section.  The four ramp management strategies are bulleted below and are discussed in the order that they appear.  
· Ramp metering.
· Ramp closure.
· Special use treatments.
· Ramp terminal treatments.
Readers should refer to the Ramp Management and Control Handbook1 for a detailed discussion of ramp management strategies.  
7.2.5.1 Ramp Metering

Ramp metering is the use of a traffic signal(s) deployed on a ramp to control the rate at which vehicles enter a freeway (see Figure 7-3).  By controlling the rate at which vehicles are allowed to enter a freeway, the flow of traffic onto the freeway becomes more consistent, smoothing the flow of traffic on the mainline and allowing more efficient use of existing freeway capacity.  Ramp metering can be an effective tool to address congestion and safety concerns that occur at a specific point or along a stretch of freeway.  
There are several aspects associated with ramp meter operation that practitioners should be aware of prior to making the decision of whether or not to implement ramp meters.  These aspects affect how a ramp meter or system of ramp meters control traffic based on agency goals and objectives and on local conditions.  Aspects of ramp metering that need to be considered are briefly discussed below.
· Metering Strategy – The control decision made that best addresses the specific goals and objectives of the metering system.
· Geographic Extent - the area that will be covered by ramp metering and whether the meters in that area will be operated in an isolated manner or as part of a larger system of meters.
· Metering Approaches - local or system-wide and pre-timed or traffic responsive.
· Metering Algorithms - the specific logic and calculations used to select or determine a metering rate.
· Queue Management - how the metering rate will be affected by ramp queues and how the agency will keep queues at a manageable and acceptable level.
· Flow Control - how traffic will be released from the meter, one at a time or two at a time in one lane or multiple lanes.
· Signing - how drivers will know that a ramp meter is on or off.
Figure 7‑2: Ramp Metering Signals

Figure 7‑3: Metered Ramp

7.2.5.2 Ramp Closure

Ramp closure has the greatest potential impact on existing traffic patterns and is rarely implemented as a long-term strategy.  The potential for significant impact is especially true for full or permanent ramp closures, where access to the ramp is no longer provided, requiring traffic to seek alternative routes to access the freeway.  In many cases, full ramp closure involves the physical removal of the ramp pavement so as not to give the false impression that the ramp will be re-opened.  Other types of ramp closures that affect traffic to a lesser degree include temporary and scheduled closures.  These types of closures usually involve deploying automatic gates or manually placing barriers at the ramp entrance to prevent access to the ramp.  Due to the relatively high impact on existing traffic patterns, ramp closures are seldom considered for deployment if other viable options are available.  Full ramp closure is best applied as a last resort for severe safety problems.  Temporary or scheduled closures may be applicable for reducing potential vehicle conflicts that may result from construction, major incidents, emergencies, or special events.

Figure 7‑4: Ramp Closure Gate

7.2.5.3 Special Use Treatments

Special use treatments for ramp management give “special” consideration to a vehicle class or classes to improve safety, improve traffic conditions, and/or encourage specific types of driving behavior.  Special use treatments require that the necessary policies (e.g., HOV, special events) be in place before strategies are implemented and funding requirements can be met.

Special use treatments include:

· HOV bypass lanes
· HOV exclusive ramps
· Construction, delivery, or emergency vehicle exclusive ramps.  

Figure 7‑5: HOV Ramp

7.2.5.4 Ramp Terminal Treatments

Ramp terminal treatments are solutions to specific problems that occur at the ramp/arterial intersection or have the potential to affect operations on the ramp, adjacent arterial, or freeway.  Typically, ramp terminal treatments focus on managing queues that form on the ramp that spill back onto an adjacent arterial or the freeway facility.  Ramp terminal strategies implemented at entrance ramps will provide better flow of arterial traffic not destined for the freeway and will improve the flow and handling of traffic on the ramp.  Ramp terminal treatments implemented at exit ramps may reduce queue spillback from the ramp terminal signal, reducing the potential for collisions on the freeway at the back of the queue.  There are at least six treatments that can be implemented at ramp terminals that can improve traffic conditions (e.g., traffic flow and safety) on or near ramp facilities:

· Ramp widening - to increase capacity, provide additional storage, or to provide a separate lane adjacent to the general-purpose lane so that HOV vehicles can bypass queues at meters.
· Channelization – to delineate and separate traffic movements.
· Signal timing adjustments - to reduce queuing on the ramp and to prevent queues from backing up into the intersection (entrance ramps), onto the freeway facility (exit ramps).
· Turn restrictions - to restrict volumes on the arterial downstream of the interchange, similar to signal “gating” methods.
· Geometric improvements - to improve sight distances, reduce horizontal and vertical curves in the roadway, or fix any other geometric deficiencies that cause motorists to take corrective measures.  
· Signing and pavement marking improvements - to inform or provide guidance to motorists of downstream conditions or to delineate traffic and help facilitate vehicle movements.  
Figure 7‑6: Advance Ramp Control Warning Sign

7.2.6 Design and Related Considerations

There are a variety of considerations for the design of the systems and field elements within any capital improvement project that supports a ramp management strategy.  Every project must be reviewed to ensure that it is consistent with the operational objectives and that all pieces of the project are consistent with one another.

The American Association of State Highway and Transportation Officials (AASHTO) Design Guidebook
 and the Manual on Uniform Traffic Control Devices (MUTCD)
 provide design guidelines for freeways.  Some agencies also have their own design guides.  Sections 10.6 through 10.9 of the Ramp Management and Control Handbook1 addresses the design considerations for ramp closures, special-use ramps, ramp terminal treatments, and ramp metering.  The types of equipment, signing, and pavement markings needed are outlined for each.  

With many ramp management strategies, ITS elements are typically required.  Section 10.8 of the Ramp Management and Control Handbook1 offers guidance in following a systems engineering approach, whereby the agency can guide their ITS procurement through a step-by-step process from the Concept of Operations and detailed requirements and design to implementation and system acceptance.
7.2.7 Emerging Trends

Ramp meter operation is likely to be improved in the future in the following ways:

· Current research into an improved understanding of traffic flow in the region of flow breakdown is likely to result in improved ramp metering control strategies.  For example, different metering strategies might be employed for sustained operation in the free flow region as compared with recovery from the congested flow regions.

· Improved estimation of the tail of the ramp queue will lead to better control of the queue.  Improved estimation is likely to come about through improved estimation algorithms and through the increased use of wider area detection technologies.
,

· Improved recognition of the multi-objective applications of ramp metering (e.g., freeway flow optimization, corridor flow optimization, safety improvement, merge flow smoothing, and limitation of queue waiting time) and the design of systems that accommodate these functions at the required locations.

· Improvement in the ease of tuning ramp metering systems to accomplish their objectives.  The use of fuzzy logic and emphasis on evaluation of performance data are steps in this direction.11
· More frequent use of real-time performance monitoring and operations to gain a better understanding of how ramp meters are performing and to make needed adjustments more quickly.1  

7.3 IMPLEMENTATION AND OPERATIONAL CONSIDERATIONS

Ramp management strategy implementation is a delicate process that begins well before strategies are physically deployed, and concludes only when deployed strategies have been successfully tested and initially operated.  Before ramp management strategy implementation is seriously considered and systems or equipment are purchased, practitioners must coordinate internally with upper management to determine the feasibility of and support for ramp management strategy implementation.  This includes close examination of the minimum requirements to successfully deploy and operate ramp management strategies, such as staffing levels and needs, hardware and software needs, budgetary constraints and resources, and policy directives.
7.3.1 Intra-Agency Readiness

Agencies preparing to implement ramp management strategies should take steps to ensure that strategies can be implemented successfully.  Ramp management strategies should not be implemented until agencies are ready to implement, operate, and maintain selected strategies.  Implementing the selected strategies requires planning to ensure that the needs of the agency and the public will be met.

· Systems Implementation – Ramp meter instrumentation (loops, signals, signs, controllers, etc.) need to be installed well in advance of when ramp metering is slated to begin.
· Software Implementation - Software that is used to establish communications in the field and that allow operators to monitor and control systems need to be developed or procured and tested before implementation can take place.
· Data Collection – Before ramp management strategies are implemented data need to be collected to evaluate the performance of ramp management strategies in delivering pre-determined goals and objectives.  Traffic volumes, travel times, and other appropriate performance measures should be collected, modeled, and analyzed to estimate the benefits of implementing the ramp management strategy.  Improvements to travel time and travel speeds in a specific corridor, as well as changes in congestion on the mainline and ramps, may be measures of effectiveness that can be used to prioritize locations where equipment will be installed.  Depending on the scope of ramp management deployment, this action may need to be completed as much as one year in advance of when the strategy is slated to begin.  
· Testing - It is critical to make sure all detection, communication, field controller firmware, and central system software is well tested before ramp meters are turned on.  Ramp meters and associated equipment need to be installed well in advance of when strategies are slated to take effect.  This gives parties responsible for ramp meter implementation time after meters are deployed but before meters are turned on to test each meter to confirm they are working properly.  

· Staffing - New staff may need to be hired, or existing staff may need to be trained, when ramp management and control activities are added to a traffic management program.  Staff may be needed to plan, design, operate or maintain strategies.  Practitioners must determine the impacts that ramp management activities have on existing staff levels, and must assess how staffing needs will be filled.  Practitioners must also assess the effect that changes to staffing have on current funding allocations.  This is often overlooked during the planning stage, yet can be costly if training new staff is required or inadequate training is provided.  Contractors may be hired on a full-time or part-time basis to satisfy or supplement staffing needs.1
· Training - Systems and devices that support ramp management strategies can only be used to their furthest extent if staff are properly trained on how to operate and maintain them.  All operators or maintenance staff responsible, whether existing or newly hired, will need to be trained on the procedures specific to individual systems and devices, operational policies, and testing and calibration methods.  This includes typical and disaster specific emergency procedures.  
7.3.2 Public Information and Outreach

Public information and outreach is needed to build consensus and understanding of the ramp management program and its associated activities.  Public information and outreach is also critical from the stand point of acquiring public input so that strategies adequately address needs.  Without a public information and outreach campaign motorists may not understand the ramp management strategies that have been implemented, and may not know how to properly respond to them.  This may result in confusion or even contempt for ramp management strategies.  

The size and scope of the public outreach effort should be commensurate with the size and scope of the ramp management strategy being implemented.  Information released to the public, local agencies, and the media should be fair and accurate, to reduce the chance that the reliability of released information will be called into question at a later date.  Information can be disseminated to the public, neighborhood groups and local agencies through brochures like the one shown in Figure 7-7, public information meetings, handouts, and/or print and electronic media.  

· Local Leaders - Local leaders can be valuable advocates of or powerful opponents to ramp management strategies.  Practitioners responsible for ramp management should determine whether local leaders are predisposed to either advocacy or opposition to the proposed strategies, and to develop an outreach program that targets both the advocates and the opponents.
· Motorists - Motorists’ initial impressions of ramp management strategies may be negative because negative aspects associated with these strategies are more easily observed than their benefits.  For example, motorists may tend to focus on the fact that ramps that were once unrestricted, now have meters installed that delay their trips.  Motorists often fail to understand that the negative aspects are usually more than completely offset by the improvements to mainline speed, delay, and safety.  Therefore, public information campaigns should emphasize how strategies work, the reasons why strategies are being considered, and the benefits likely to be observed.  By doing so, motorists’ negative perceptions of ramp management strategies may be mitigated to a greater extent.

7.3.3 Agency Agreements, Policies and Procedures

Intra- and inter-agency agreements, policies and procedures either need to be created or reviewed to determine if the ramp management strategies are supported, and if they are supported to dictate how strategies can then be implemented.  An assessment of local, county, state and federal laws, regulations, and policies should be reviewed to determine if additional policies are needed and to assure that the planned strategies fit within the existing legal and policy framework for the local area.  Agency agreements, policies and procedures may be needed to capture support for ramp management strategies as well as to define agency expectations for how strategies will be designed, implemented, operated, and maintained.  Depending on the importance of issues identified, agreements between agencies can be formal memoranda of understanding, less formal letter agreements, or informal handshake agreements.  In any case, it is critical that personnel from different agencies as well as personnel from different departments within the agency responsible for ramp strategy implementation coordinate to thoroughly flesh out the details pertaining to proposed ramp management strategy deployments.
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The following sub-sections identify several key policies and procedures necessary to design, implement, operate, maintain, and enforce ramp management strategies.  Both intra- and inter-agency policies and procedures are described, as well as the policies and procedures that span the two.

7.3.3.1 Intra-Agency Agreements, Policies and Procedures
Ramp management strategies require approval and support from upper management and other department managers before implementation can be seriously considered.  Support is needed from upper management to secure the resources needed for implementation (e.g., personnel, contracts to procure and install communications, field equipment, workstations, and servers as well as any construction needed), operation, and maintenance of strategies.  In addition, upper management support is needed to ensure that implemented ramp management strategies will remain an integral aspect of regional transportation directives and that ramp management investments can be expanded to other areas of need, if appropriate.  Input from managers of other departments is needed to verify that ramp management strategies fit into current operations and can be seamlessly integrated.  Managers of other departments may also identify implementation challenges associated with selected strategies, which can be resolved before strategies are implemented.  

7.3.3.2 Inter-Agency Agreements, Policies, and Procedures

Ramp management strategies also require coordination among partner agencies to establish region-wide policies that guide how strategies are implemented and how associated issues are resolved.  Coordination needs to continue beyond the planning stages and into the operations stages of ramp management.  Several types of agencies with differing agendas will likely be involved with or affected by the operation of ramp management strategies, therefore, policies should be drafted to ensure equity among motorists and agencies across jurisdictional borders.  The impacts of ramp management strategies, such as ramp metering, may expand beyond the freeway to local arterials, increasing the traffic demand on the arterial as well as introducing other unwanted impacts (e.g., reduced safety, increased emissions, increased fuel consumption).  Without local agency support, continued operation of ramp management strategies may be problematic.  It is important to continue the coordination that was established during the planning stages throughout the life cycle of ramp management strategies.  Policies and operational procedures should be revisited and modified if needed to make sure that agency needs continue to be met.  

7.3.4 Maintenance
Systems, software, and other equipment that support ramp management strategies must be routinely maintained to ensure adequate performance and operational stability.  Frequently maintaining systems, software and equipment, helps agencies maximize returns on their investments by offering the best chance for systems to be operated up to and possibly beyond their design life span.  This saves the time, effort, and funding needed to purchase new systems before deployed systems reach their designed life span.  Failure to maintain ramp management equipment results in disruptions or failure of the strategies or systems that the equipment supports, and makes it difficult to achieve the goals set out for these strategies.  Systems that are maintained according to vendor requirements will be useable for longer periods than those that are minimally maintained or not maintained at all.  
Maintenance activities associated with ramp management strategies, and most particularly with regard to ramp metering include:

· Replacing defective or broken components.
· Updating software and system inventories.
· Logging repairs.
· Testing equipment.
· Cleaning system components.
When systems or devices fail, staff must be available to fix problems in a timely manner to reduce the impact on and exposure to the public.  This is particularly important for systems that support emergency operations, such as automated gates.  If ramp management strategies cannot be adequately maintained due to lack of funding or available staff or for other reasons, they should not be implemented.  Additionally, if strategies are implemented and they are not routinely maintained, the potential for equipment malfunction will increase.  This in turn will result in greater public skepticism of the effectiveness of ramp management strategies, and may in time erode public support for ramp management.

7.3.5 Performance Monitoring, Evaluation and Reporting
Ramp management strategies should be monitored and evaluated to determine if they are achieving their intended objectives, and to make necessary improvements so that optimal system performance can be achieved.  Selected strategies should be observed in the field and if possible confirmed in the TMC.  If problems are observed or reported, adjustments to the strategies, maintenance, or another responsive action should be performed.  

Evaluating the effectiveness of ramp management strategies should not be considered a one-time activity, but should be part of a periodic review of the effectiveness of the component and of the overall system.  Ramp management strategies should be analyzed on a continual basis and more formal evaluations should be conducted several times within the first year of deployment and then annually thereafter.  Evaluations at two weeks, six months, and one year after initial operation often meet the needs to report how the system is doing in the first year of operation.  

The results of performance monitoring and evaluation should be reported to the public, partner agencies and the media.  This helps communicate the effectiveness of ramp management projects to these groups, builds a general understanding of the benefits of the ramp management strategy, and builds support for ramp management activities.  Reporting formats should be tailored to the specific needs of the audience in which they will be reported.

7.4 EXAMPLES
This section provides two examples where ramp management strategies have been used and have provided benefits.  
7.4.1 Ramp Metering (Twin Cities, Minnesota)3,

The Minnesota Department of Transportation (Mn/DOT) owns and operates an extensive ramp metering system in the Minneapolis/St. Paul metropolitan area (also referred to as the Twin Cities).  The ramp metering system has over 430 ramp meters and is one of the most extensive ramp metering applications in the nation.  The Twin Cities ramp metering program is used for corridor and regional traffic control and has historically employed some of the most restrictive metering algorithms in the nation.  Characteristics of the Twin Cities metering program are captured in  REF _Ref123615469 \h 
 \* MERGEFORMAT .

Table 7‑3:  Twin Cities, Minnesota Ramp Metering System Summary
	Characteristic
	

	Number of Meters
	430

	Freeway Miles
	210 in Twin Cities metropolitan area.

	Types of Metering Control Applied
	Mix of pre-timed, traffic responsive, and system wide ramp metering.

	Time of Day Operations
	Both AM and PM peak periods.

	Planned Expansion of the System
	350 by 2008

	Special/Unique Application or Capabilities
	Represents one of the most comprehensive ramp metering systems in the United States.  Includes some metering of freeway-to-freeway ramps.  


The Twin Cities ramp metering system was subject to an extensive and well publicized evaluation in 2000 when the meters were turned off for a six-week period for evaluation of the impacts of the application.  An extensive planning and policy review effort followed to modify the region’s metering system to better balance the needs of system operators and regional travelers.  Many useful lessons learned resulted from this effort involving the evaluation and performance monitoring of mature metering systems.  The lessons learned in this effort illustrate the need for system evaluations, both as a tool for further improving the system and measuring the benefits of the system.  

The evaluation of the ramp metering system was mandated by the State legislature.  This mandate was prompted by a small, but vocal, group of citizens who were opposed to ramp metering.  The legislature directed Mn/DOT to suspend the operation of the metering system for a six-week period and provided funding for a comprehensive independent evaluation of the impacts observed during the shutdown period to identify the overall impacts of the system.  Throughout the shutdown experiment, the evaluation was extensively covered in the local media and followed by the public.

System performance data was collected during two six-week periods, both preceding and during the ramp metering shutdown.  Data collected prior to the shutdown was used to represent travel conditions “with” the ramp metering system.  Data collected during the shutdown period was used to reflect “without” the ramp metering system.

Several performance measures were used to evaluate the ramp metering system.  These included traffic volumes and throughput, travel times, reliability of travel time, safety, emissions, fuel consumption, and public perception.  The highlights are bulleted below.

· Throughput:  Traffic volumes on the freeway mainline were observed to decrease by nine percent when the meters were shut down.  There was no appreciable change in the volumes on the parallel arterials observed when the meters were shut down.
· Travel Time:  Freeway speeds were reduced by 14 percent, or 11.9 km/h (7.4 mi/h), when the meters were shut down, resulting in greater travel times that more than offset the elimination of ramp queue delays.  There was no appreciable change in the travel times on the parallel arterials observed when the meters were shut down.
· Travel Time Reliability:  Travel times were nearly twice as unpredictable when the meters were shut down.
· Safety:  Crashes on freeways and ramp segments increased by 26 percent when the meters were shut down.
· Benefit/Cost Analysis:  The ramp metering system was estimated to produce approximately $40 million in benefits to the Twin Cities region.  These benefits outweighed the costs of the ramp metering system by a ratio of 15 to 1.
· Market Research:  Survey and focus group efforts were used to gather perceptions and opinions on the metering system.  This research revealed that the majority of Twin Cities’ residents supported the use of ramp metering and felt that the system provided them with a benefit.  However, many residents also supported modifications to the system to decrease time spent waiting in the ramp queues.  The market research findings generally supported the observed impacts of increased safety, improved travel time, and more reliable travel times resulting from ramp meter operation.  One noted discrepancy involved the time spent waiting in the ramp queues reported by travelers.  Travelers perceived their wait times to generally be twice as great as the observed wait times.
7.4.2 Permanent Ramp Closure (Honolulu, Hawaii)

This case study explores the simulated and real-world results of the H-1 freeway entrance ramp closure.  The H-1 freeway (eastbound and westbound) qualifies as a severely congested facility because central portions of the H-1 operate below 50 km/h (31.1 mi/h) for at least one hour during the AM peak period.

Project staff started the simulated H-1 freeway ramp closure by analyzing and selecting the appropriate ramp.  Using over 30 simulated alternatives, discussions with HDOT Traffic staff, helicopter surveillance, and driver experience, it was determined that the Lunalilo Street entrance ramp was the source of a major bottleneck.  The Hawaii Department of Transportation (HDOT) then conducted a two-week ramp closure experiment on the Lunalilo Street entrance ramp in the Fall of 1997.  Ramp metering was considered for the H-1 corridor.  However, since both the mainline and entrance ramp traffic volumes were very high, the metering rate would need to have a long cycle, which effectively means closing the ramp since less than 30 percent of the ramp volume would be allowed access.  This helped to show that ramp metering would not have been the appropriate solution.  In addition, ramp metering would not have been effective given the close proximity of many of the entrance ramps.

Though this ramp closure experiment was just two weeks long, there were some notable lessons learned.  First, it is possible to conduct a ramp closure experiment on a major interstate freeway.  Not only is it doable and safe, but it is also an affordable option to a ramp metering solution which would require considerable alignment changes in this case.  Second, while experimentation is a wonderful method to determine the actual results, a short-term project is not able to attain simulated results because equilibrium and normal driving conditions can not be realized in two weeks time.  Third, detailed simulations can be an effective representation of existing traffic conditions and future traffic conditions.  Lastly, this experiment demonstrated a successful and cooperative multi-agency effort.  Both HDOT and the City and County of Honolulu worked well together to meet the extraordinary demands of this short-term project.

Specifically, the positive impacts of the ramp closure included:
· Though ramp metering would be a less disruptive alternative, it would have required extensive alignment modifications to meet the storage and acceleration requirements.  Therefore, using the entrance ramp closure was a much more economical solution.
· The geometry of the Lunalilo Street entrance ramp was particularly favorable for a ramp closure.  This entrance ramp extends to become the right lane of the two-lane Vineyard Boulevard exit ramp.  This closure re-routes the traffic to a high-design arterial street (Vineyard Boulevard) which reconnects to the freeway further downstream.  And the remaining left lane at the Vineyard Boulevard exit ramp was sufficient to allow mainline motorists off the freeway.
The negative impacts of the ramp closure included:

· Because the experiment was only two weeks in length, the results were not comprehensive enough.
· Ten percent of freeway motorists rated the experiment bad or very bad.  This mostly applied to the drivers who exited early and did not experience the experiment site and therefore perceived longer travel times.
· Fifty-two percent of the Lunalilo Street entrance ramp users found the experiment to be bad or very bad.
Motorists who exited at or past the experiment site gave consistently higher ratings than those who exited earlier.  It is clear that the motorists who exited early and did not experience the experiment site perceived longer travel times.

A majority of the freeway motorists (51 percent) found the experiment to be good or very good.  Of the motorists who use the Lunalilo Street entrance ramp, 25 percent found the experiment to be good or very good, and 23 percent found it neutral.

The two-week ramp closure experiment lead to a formal pilot project aimed at easing congestion on the H-1 freeway.  The pilot project, which began in August 2004, closed the Lunalilo Street entrance ramp to morning weekday commuters from 6:00 to 9:30 AM.  This was an attempt to eliminate a dangerous, traffic-slowing weave on the freeway.  The State’s preliminary data showed the change was working and has had little effect on area residents.  The results were as follows:

· Travel time savings on the H-1 freeway after the project started was 10 minutes.
· The time it took to get from Piikoi Street to the freeway’s Queen Emma Overpass via the Lunalilo Street entrance ramp was an average of 9.2 minutes before the demonstration.  With the rerouting, the same distance was covered in 4.5 minutes.
· There was no difference in the amount of traffic on the Punahou Street H-1 entrance ramp before and during the ramp closure project.
· There was a small increase of traffic on the School Street entrance ramp, but the increase was not enough to create congestion around the ramp.
In October 2004, the State decided to extend the Lunalilo Street entrance ramp closure project until February 2005 so more data could be collected and community concerns answered.  

Surveys handed out to motorists since the change show that 70 percent of the drivers near ‘Ainakoa Avenue in Kahala rated the project very good or good.  However, 39 percent of the drivers on Vineyard Boulevard, where the Lunalilo Street traffic has been diverted, said the project was bad or very bad.

Closing the Lunalilo Street entrance ramp in the morning rush hour has helped thousands of East Honolulu commuters on H-1 freeway get to work faster, but Makiki residents say they have paid the price for the convenience of others.  The State Transportation Director said that the demonstration project closing the entrance ramp has been a success, but that a final look at the Makiki concerns must be done before making the ramp closure change permanent.
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