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EXECUTIVE SUMMARY 
The objectives of this project are to (a) examine strategies for deploying managed lanes 

on arterials, (b) identify tools for evaluating their performance, and (c) investigate ways to 
coordinate the deployment and operations of these lanes on arterials. 

 For the first objective, this report reviews the state and national practices for managed lane 
on arterials in Section 2. Section 3 then identifies the types of managed lanes appropriate for 
Florida along with related issues such as design, enforcement, and pricing. As a summary, 
Section 3 also provides a flow chart that can assist in selecting a managed lane strategy for 
implementation in Florida. Section 4 discusses issues such as the planning, financing, 
partnerships, and generating public and governmental support for managed lane projects. 
Required processes such as Congestion Management Process (CMP), the completion of 
National Environmental Protection Act (NEPA), and a Finding of No Significant Impact 
(FONSI) are identified. 

 For the second objective, Section 2 reviews practical steps for evaluating the performance of 
managed lanes. Additionally, Section 4 discusses issues in setting operational objectives and 
policies, both of which influence how managed lanes are evaluated for their performance. 
Section 5 reviews the literature for tools used in evaluating the effectiveness of managed 
lanes. These tools are used in sketch, project, and operational planning, and all can be used to 
analyze managed lane strategies. Typically, key differences among these tools are in 
modeling resolution, scale, accuracy, data need, and available resources (such as time 
available of the analysis). 

 For the last objective, Section 6 proposes two heuristic procedures, one for selecting arterials 
for managed lane implementations and the other for evaluating a plan for deploying a set of 
managed lanes on arterials. Section 6 concludes with case studies of how to deploy managed 
lanes on a road network in South Florida using fictitious demand data.  
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1 INTRODUCTION 

Over the last 20 years, development trends in Florida continue to focus on areas with 
existing highway infrastructure. Due to limited right-of-way and operational constraints, Florida 
Department of Transportation (FDOT) cannot continue to mitigate congestion by widening 
existing highways alone. It has to also manage traffic on these highways to further reduce 
congestion and/or improve mobility. 

FDOT defines managed lanes as highway facilities or sets of lanes within an existing 
highway facility where, in responding to changing conditions, operational strategies are 
proactively implemented using a combination of tools. Managed lanes in this report include 
high-occupancy vehicle (HOV) lanes, high-occupancy/toll (HOT) lanes, express lanes, bus-only 
or truck-only lanes, reversible lanes, and contraflow lanes. They have been extensively deployed 
along freeways and urban expressways in the United States. For example, HOV lanes are 
preferential lanes designated for exclusive use by vehicles with two or more occupants for all or 
part of a day (FHWA, 2008a). The deployment of HOV lanes in the United States has evolved 
over 30 years. A FHWA report (Chang, et al., 2008) identifies 345 HOV facilities in operation or 
under construction across the nation. As a derivative of HOV lanes, HOT lanes have been 
attracting attention from governors, transportation officials, state legislatures, and the media. 
HOT lanes are HOV lanes that allow lower-occupancy vehicles to access them by paying tolls. 
Currently, there are approximately nine HOT facilities (and three value-priced lanes) in 
operation around the country, and many others are either under construction or in a planning 
stage (USGAO, 2012). 

In Florida, there are HOV lanes on I-95 in Miami-Dade, Broward, and Palm Beach 
Counties. These lanes are buffer-separated and activated during peak hours (7AM to 9AM and 
4PM to 6PM). When combined, there are 58 HOV lane-miles in each direction (or 116 HOV 
lane-miles in total), making this HOV facility the longest in the United States. FDOT also 
implemented HOT lanes, known as 95 Express, on I-95 in the Miami and Fort Lauderdale. When 
completed, 95 Express will be approximately 22 miles long, extending from I-95 interchange at 
SR-112 north to the Broward Boulevard Park and Ride lot. It is being constructed in two phases. 
Phase 1 extends from SR-112/I-195 to the Golden Glades Interchange. The northbound express 
lanes opened to traffic on July 11, 2008, and tolling began on December 5, 2008. The 
southbound opened to traffic in late 2009, and tolling began on January 15, 2010. Phase 2, 
currently under construction, will expand the HOT lanes from the Golden Glades to Broward 
Boulevard in Broward County. The operating goal of 95 Express is to safely and efficiently 
maximize the throughput of the facility while ensuring travel speeds greater than or equal to 45 
mph on the HOT lanes. To achieve these objectives, dynamic tolling is implemented. During 
Phase 1, the toll on 95 Express is updated every 15 minutes and varies from $0.25 to $7.25. 

Similar to above, the majority of managed lanes in the United States have been deployed 
along freeways. Therefore, the objectives of this project are to (a) examine strategies for 
deploying managed lanes on arterials; (b) identify tools to evaluate their performance; and (c) 
investigate ways to coordinate the deployment and operations of managed lanes on both limited-
access facilities and arterials. 
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The remainder of the report is organized as follows: 

 Section 2 reviews the literature on managed lanes. In particular, it highlights, e.g., the 
policies, practices, planning, implementation, design, regulations, and public acceptance of 
managed lanes on arterials. 

 Section 3 gives a definition of a strategy for managed lanes used in this report. The section 
also identifies the types of managed lanes with potentials for managing traffic along arterials 
in Florida. The designs, implementation issues, and schemes for managing traffic on these 
lanes are introduced and discussed. Lastly, a selection and screening process is developed. 

 Section 4 identifies steps for performance evaluation before and after the implementation. 
This section also discusses related topics such as agency responsibility, necessary activities 
and funding sources for managed lane projects on arterials. 

 Section 5 identifies quantitative tools for performance evaluation and provides 
recommendations for improvements. 

 Using case studies, Section 6 explores the impacts that managed lanes have on the 
surrounding road network and the possibility for coordinated deployment and operations of 
managed lanes on arterials. 
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2 REVIEW OF STATE AND NATIONAL PRACTICES FOR MANAGED LANES ON 
ARTERIALS 

Federal Highway Administration (FHWA, 2008b) defines managed lanes as “highway 
facilities or a set of lanes where operational strategies are proactively implemented and managed 
in response to changing conditions.” In practice, these lanes are managed using three strategies: 
pricing, vehicle eligibility, and access control. TABLE 2.1 provides details regarding the 
characteristics for these strategies. 

TABLE 2.1 Strategies and Characteristics of Managed Freeway Lanes 

Strategy Characteristics 

Pricing 

Pricing refers to the use of tolls to manage travel demand. Tolls 
may vary with time of day and day of week or by the level of 
congestion. Higher tolls increase travel costs. Generally, this leads 
to lower travel demands. Some refer to this form of tolling as 
congestion or value pricing because less demands mean less cars on 
freeways or lanes therein. Congestion pricing is different from tolls 
collected in order to pay for transportation facility constructions. 
This type of tolls may not be effective in congestion mitigation. 
However, they do discourage freeway usage, especially when there 
is a free alternative.  

Vehicle Eligibility 
The lanes are managed by allowing certain vehicles or restricting 
others. Requiring vehicles that satisfy a minimum occupancy in 
HOV lanes is an example of an eligibility restriction. 

Access Control1 
The lanes are managed by controlling access using lane separation 
and designated access points. 

 

Below, FIGURE 2.1 graphically illustrates all potential types of managed lanes, some of 
which involve multiple strategies. On the left of the diagram (or along the vertical axis), the 
figure lists three principal management strategies. Along the horizontal axis, moving from left to 
right involves combinations of strategies and typically indicates higher level of complexity in 
terms of management and/or enforcements. Inside the rectangular region formed by the two axes, 
polygons with different colors indicate types of managed lanes. (Many of these are described and 
discussed in subsequent sections.) Those further away from the vertical axis toward the right-
hand-side involve policies and enforcements that are more complex and may require advance 
technology.  

 

                                                 
1  Ramp metering is another form of access control. In practice, ramp meters are installed on entrance ramps for 

highways and they do not control access to individual lanes. 
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Source: FHWA (2008b) 

FIGURE 2.1 Types of Managed Lanes 

For example, value-priced and toll lanes use tolls to managed usage demand in order to, 
e.g., mitigate congestion and ensure an acceptable of level of service. They are at the top in a red 
polygon and bordered by the vertical axis because they use pricing and are relatively simple to 
implement and managed. To the right of value-priced and toll lanes are HOT Lanes. These 
managed lanes are a combination of toll and HOV lanes and the polygon for HOT lanes is 
orange, a mixture of red and yellow. Compared to value-priced and toll lanes, HOT lanes require 
a more complex operational policy to manage and its enforcement requires determining numbers 
of occupants in vehicles, a rather difficult task to perform accurately in practice. The 
multifaceted facilities on the far right of the diagram are those that incorporate or blend together 
multiple lane management strategies. 

In the above FHWA’s definition, managed lanes are lanes or facilities on highways or 
freeways. Some consider them as a “freeway-within-a-freeway” because managed lanes are 
usually freeway lanes that are separated from general-purpose (GP) lanes (FHWA, 2008b). 
While the concept of managed lanes is in principle applicable to arterial roadways or, more 
simply, arterials, it is not clear that every type and/or strategy in FIGURE 2.1 can be effectively 
implemented on arterials because traffic conditions on them are different. Freeways generally 
serve long distance trips and have speed limits between 55 and 70 mph. They also have a limited 
number of access points to maintain high speed limits and traffic volume. Unless they are 
entering or exiting, vehicles on freeways generally travel at similar speeds.  

Designed to deliver traffic from collector roads to freeways or expressways and between 
urban centers, typical arterials have many intersections, most of which allow left turns and some 
permit U turns. Vehicles from local streets access arterials via these intersections. Some vehicles 
also enter arterials via abutting driveways that provide access to business and other land-use 
activities. Thus, it may be difficult politically or otherwise to restrict access to arterials to, e.g., a 
limited number of intersections without creating hardships and/or inconveniences to certain 
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groups and/or organizations. While vehicles on freeways generally travel at similar speed, buses, 
private cars, and commercial vehicles, for example, stops along arterials to load and unload 
passengers, access local business, and make deliveries, respectively. Curb lanes on arterials may 
be reserved for bicycles, parking, delivery, and/or bus stops. These factors make it difficult to 
promote safety, maintain speeds, and improve travel-time reliability on arterials. Therefore, it is 
not clear that every arterial can be managed to achieve some of the objectives, goals, and/or 
characteristics of managed freeway lanes, particularly when tolls are charged. 

Below, the next two sections highlight policies, practices, planning, implementation, 
design, regulations, public acceptance, environmental considerations, traffic conditions, and 
facility performance of both managed facilities on freeways and arterials. 

2.1 Managed Freeway Lanes 

The literature on managed freeway lanes, particularly those focusing on HOV and HOT 
lanes, is vast. Over the years, several publications (e.g., FHWA, 2004 and 2008b, Perez et al., 
2012, and Kuhn et al., 2002) review and/or summarize findings and experiences with managed 
freeway lanes across the United States. Often, these publications also give guidance when 
choosing a method for implementing these lanes. Our objective is not to repeat the content of 
these publications here. Instead, we summarize the findings and lessons learned from managed 
freeway lanes on aspects specified in the task order and those relevant to arterials. The latter is 
the topic for Section 2.2.  

We group managed freeway lanes into two main categories: those managed by vehicle 
eligibility and others by price and eligibility. For simplicity, we refer to these two categories as 
eligibility-managed (EM) and price-managed (PM) freeway lanes, respectively. Note that the 
name of the second category may seem inaccurate. However, allowing HOVs to travel on HOT 
lanes for free is akin to charging them zero toll. Thus, managing freeway lanes by price and 
vehicle eligibility can be viewed as managing by price alone. Among the two categories, PM 
freeway lanes are more flexible and include EM freeway lanes as special cases where the toll 
prices are zero for eligible vehicles and extremely high for those ineligible. Nationally, there is a 
trend toward PM freeway lanes. 

Eligibility-managed Freeway Lanes: There are two main types of freeway lanes 
managed by eligibility: bus-only and HOV. The former allows only buses and the latter permits 
HOVs as well as others such as motorcycles and hybrid vehicles in most cases during peak travel 
periods. Bus-only lanes on freeways are typically part of a bus-rapid-transit (BRT) system. When 
(transit) buses are considered as vehicles with a (perhaps, extremely) high occupancy, bus-only 
and HOV lanes are in principle the same. The main difference is in the occupancy requirement. 
On HOV lanes (see FIGURE 2.2), the occupancy is, at minimum, either 2 or 3 persons. On the 
other hand, the minimum occupancy2 for bus-only lanes may be 45.  

Historically, HOV lanes were originally bus-only lanes in several congested expressways 
in northern New Jersey, Washington, D.C., and Los Angeles during 1960s. When a bus strike 
occurred in 1976, Los Angeles temporarily allowed carpools to use the El Monte Busway3 along 

                                                 
2  The term “occupancy” is used loosely here because buses with no passenger can still use bus-only and bus-toll 

lanes for free. On the other hand, vehicles with no passenger (i.e., solo drivers) cannot use HOV lanes. 
3  The El Monte Busway is now part of HOT lanes under the Metro Express Lanes project in Los Angeles. 
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I-10. Since then, routes employing HOV lanes grew from 125 route-miles in 1985 to over 1500 
route-miles by 2005. 

 

 

FIGURE 2.2 Example of HOV Lanes from California 

Price-managed freeway lanes: There are four main types of freeway lanes that are 
managed by both pricing and eligibility. They include bus-toll, HOT, express-toll (ET), and 
truck-only toll lanes.  

 Bus-toll and HOT Lanes: Similar to bus-only lanes, bus-toll lanes are typically part of a BRT 
system. Buses can freely travel on BT lanes and other type of vehicles may access them for a 
fee. Fees may vary with classes of vehicles, time and/or traffic conditions. Similar to bus-
only and HOV lanes, bus-toll and HOT lanes are the same in principle. In most cases, HOVs 
can freely use HOT lanes (see FIGURE 2.3). Single-occupancy vehicles (SOVs) or lower 
occupancy vehicles have to pay tolls to use them. When buses are considered as a type of 
HOVs, bus-toll and HOT lanes are essentially the same. As before, the key difference 
between bus-toll and HOT lanes is in the occupancy requirement. Bus-toll lanes require a 
higher occupancy4 than HOT lanes. 

HOT lanes were introduced in the mid-1990s to better manage HOV lanes by 
regulating demand more finely via pricing and vehicle eligibility. Electronic toll collections 
allow HOT lanes to be implemented without tollbooths. This makes HOT lanes attractive to 
both motorists and transportation agencies. San Diego was the first to implement HOT lanes 

                                                 
4  See the previous footnote regarding our use of the term “occupancy” for buses. 
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on I-15 between the Orange and Riverside County in California. The same can be said about 
convert bus-only to bus-toll lanes. Recently, the Tampa Hillsborough Expressway Authority 
is studying new bus-toll lanes (see, Stone, 2013). 

 

 

FIGURE 2.3 A Sign Showing Toll Rates above I-394 HOT Lanes in Minneapolis5 

 ET Lanes: These lanes consist of individual roadways or lanes therein that motorists can use 
by paying tolls. Tolls may vary with classes of vehicles, time and/or traffic conditions. In 
principle, ET lanes charge all vehicles including HOVs and do not provide the same level of 
incentives for ride-sharing like HOT lanes.  

The distinction between HOT and ET lanes in practice is unclear because many have 
incorporated the terms “express” or “express-lanes” into the names of their HOT lane projects 
(Perez et al., 2012). Currently, there is only one true ET lane operating in the United States. 
Maryland Transportation Authority opened its I-95 Express Toll Lanes (see FIGURE 2.4) for 
traffic toward the end of 2014.  All vehicles using these lanes must pay tolls that vary from $0.70 
for 2-axle and motorcycles between 9PM and 5AM using E-ZPass to $19.74 for vehicles with 6-
axle and more during peak hours via Video Tolling. For the latter, the registered owner of the 
traveling vehicle is mailed a Notice of Toll Due or NOTD. 

                                                 
5 Source: http://www.mnpass.org/ 
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FIGURE 2.4 Maryland Transportation Authority’s I-95 Express Toll Lanes  

 Truck-only and Truck-only Toll Lanes: These lanes are dedicated to the exclusive use of 
trucks. Other classes of vehicles are not allowed on these lanes. Trucks must pay tolls to use 
truck-only toll lanes.  

Currently there are very few truck-only facilities in the United States and none of 
them require tolls (Cambridge Systematics, 2009). Instead, most states restrict trucks to use 
certain lanes (e.g., the two right most lanes), but all vehicles can also use them. Although 
there have been several studies and proposals, there is currently no truck-only toll lane in the 
United States because of several operational and institutional issues (Charlotte Region, 
2007). One of which is the need to provide two directional lanes so that trucks can pass one 



9 
 

another in order to maintain service capacity and operational benefits. According to Turnbull 
(2002), studies and plans for truck-only toll in Los Angeles (I-710 and SR 60 corridors), 
Atlanta (I-75 and I-285 corridors) and Virginia (I-64 and I-81 corridors) did not moved 
forward to the construction phase. 

2.1.1 Policies 

In general, policies developed for specific freeway facilities or agencies should address 
land use, economic development, congestion levels, environmental factors, impacts on mixed 
flow lanes, safety, cost, and support services and facilities (TTI et al., 1998). Below are policies 
or goals that address the management of freeway lanes presented above. 

Eligibility-managed freeway lanes: Basically, the policy or goal of these lanes is to 
move more people in fewer vehicles. By using the dedicated lanes, buses and HOVs are able to 
bypass congested traffic, save time, and realize more predictable (or reliable) travel times. 
Ideally, these benefits should provide sufficient incentives for transit services, carpools, or 
vanpools.  

Although different, all published goals for EM freeway lanes always encompass the 
above basic goal. For example, the HOV Systems Manual (Turnbull and Capelle, 1998) states 
that “HOV facilities are intended to help maximize the person carrying capacity of the 
roadway… by altering the design and/or operation of the facility in order to provide priority 
treatment for high-occupancy vehicles.” Other regional agencies have more expanded goals and 
objectives and several are listed TABLE 2.2.  

TABLE 2.2 Policies of Eligibility-Managed Freeway Lanes 

Agency Goals 

State of California 

 Increase people-moving capacity 
 Reduce congestion 
 Provide travel time and cost savings 
 Increase system efficiency 
 Improve air quality 

Minneapolis, Minnesota 
 Maximize people-moving capacity 
 Provide support for bus services and rideshare programs 

State of Texas 
 Increase people per vehicle 
 Preserve person-movement capacity 
 Enhance bus operations 

State of Washington 
 Maximize people-moving capacity 
 Mitigate transportation related pollution 
 Reduce fuel consumption 

Washington, D.C. 

 Increase people per vehicle 
 Preserve person-movement capacity 
 Enhance bus transit operations 
 Support air quality improvements 
 Provide predictable travel times 
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Priced-managed freeway lanes: The policies or goals of these lanes include (Perez et al. 
2012): 

 Traffic Management: Optimal use of freeway capacity, reduce congestion, and a better 
management of traffic volume and condition. 

 Revenue Generation: Generate revenue to pay for the cost of implementing and operating the 
lanes and to support other transportation needs. 

 New Travel Options: Provide new options to motorists (particularly solo drivers) in 
congested freeways. 

 Enhance Transit Service: Provide faster transit service and improve travel-time reliability. 

2.1.2 Practices 

The most common reason for considering managed freeway lanes is to release recurring 
congestion. Freeway congestion occurs when average speeds fall below 35 mph for a prolonged 
interval (two to three hours) during peak travel periods (Perez et al., 2012). TABLE 2.3 lists 
conditions when EM and PM freeway lanes can be effective. 

TABLE 2.3 Conditions for Managed Freeway lanes 

Conditions Eligibility-Managed Price-Managed 
Lack of free-flowing parallel routes: Managed 
freeway lanes work best in metropolitan areas 
with high-density corridors where there are 
limited travel options.  

Effective Effective 

Lack of planned future improvements: The 
corridor or region does not have enough future 
capacity planned to meet current and future 
demands when considering all transportation 
modes and traffic patterns. 

Effective Effective 

Congested HOV lanes: Priced-managed 
freeway lanes can be effective when the demand 
for an HOV lane exceeds the capacity of a single 
lane, but cannot justify the addition of a second 
HOV lane. 

Not applicable Effective 

Under-utilized HOV lanes: Priced-managed 
freeway lanes can be effective when the demand 
for an HOV lane is below its operational 
capacity and there is congestion on the parallel 
GP lanes. 

Not applicable Effective 

Sufficient HOV demand: There is sufficient 
demand among transit and rideshare users to 
justify a dedicated lane. 

Effective Not applicable 

Among the above conditions, the lack of free-flowing parallel routes suggests that adding 
new managed capacities to an existing freeway network can mitigate congestion. On the other 
hand, conversion to PM freeway lanes may be more effective at managing traffic on congested or 
under-utilized HOV lanes.  
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The tables below provide examples of the managed freeway lanes in the United States. 

TABLE 2.4 Managed Freeway Lanes in the United States 

 
       Source: Perez et al. (2012) 

TABLE 2.5 Characteristics of Managed Freeway Lanes in the United States 

Source: Perez et al. (2012) 
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2.1.3 Planning and Implementation 

Below are the steps for planning and implementing managed freeway lanes from Perez et 
al. (2012). They are similar to those associated with any highway improvement and align with 
the metropolitan planning organization (MPO) and National Environmental Protection Act 
(NEPA) processes. 

 Pre-planning: Once the need for an improvement is identified, the responsible transportation 
agency—often in coordination with the local MPO—identifies and reviews conceptual, 
operational and physical solutions for their effectiveness, anticipated cost, ease of 
implementation, and acceptability to the public. The decision to proceed with the 
improvement project should be weighed against other needs facing the state and local region. 

 Planning: If the project sponsor makes a decision to proceed with the project, the project 
should be incorporated into the MPO’s long-range Metropolitan Transportation Plan (MTP) 
that identifies transportation needs and policies over a 20-year horizon. Once in the MTP, 
federal funding may be used to support planning work and the completion of NEPA 
environmental clearance documents. During this process, the project sponsor should narrow 
and refine the project as well as develop alternatives. 

The process culminates with the identification of a preferred alternative that must be 
approved through a Categorical Exclusion, a Finding of No Significant Impact (FONSI) upon 
the completion of an Environmental Assessment, or a Record of Decision (ROD) upon 
completion of an Environmental Impact Statement (EIS). Projects must also be incorporated 
into the MPO’s Transportation Improvement Program (TIP), a fiscally constrained plan 
identifying the projects in the MTP to be completed in the coming four-year cycle. 

 Design and Procurement: Once the MPO and NEPA requirements and funding 
commitments have been completed and secured, the project sponsor completes design work 
for the preferred alternative and then puts the project out to bid.  

If the project is being procured via the traditional design-bid-build (DBB) model, the 
project sponsor would retain a design consultant to complete the final design drawings and 
hold a second procurement for project construction. The qualified contractor that submits the 
lowest bid is awarded the project. Alternatively, if the project sponsor chooses to procure the 
project on a design-build (DB) or design-build-finance-operate-maintain (DBFOM) 
concession basis, a design-builder or private concessionaire normally completes the final 
design work. The sponsor must also perform additional analyses to determine if DBFOM 
procurement is feasible. These would include conducting a financial feasibility analysis to 
determine the “base financial case” or the cost if the project sponsor builds, operates, and 
maintains the project. If offers submitted by private developers are better than the base 
financial case, then the ones with the lowest cost deliver a better value and one of them 
should be accepted. For PM freeway lane projects, the sponsor should also consider whether 
the project can be funded from forecasted toll proceeds.  

 Construction: During the construction phase, a private contractor, design-builder, or private 
development partner builds the project according to the design or design specifications and 
implementation schedule established in the construction contract. The project sponsor 
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supervises the construction to ensure that the completed project is consistent with the design 
and meets the necessary quality standards.  

 Operation and Maintenance: Once completed to the satisfaction of the project sponsor, the 
new facility begins its operation. With traditional DBB or DB procurements, the project 
sponsor assumes responsibility for maintaining and operating the managed freeway lane. 
With DBFOM concessions, the private developer operates and maintains the facility for a 
designated concession period. During this period and depending on the project, the private 
developer has the right to collect toll revenues or receive availability payments from the 
project sponsor. In some cases, the project sponsor or other public toll agency might be 
responsible for toll collection. Responsibility for enforcement and incident management 
remains with the appropriate public agencies. 

Below are comments on how to plan for managed freeway lanes from the literature: 

 In Ungemah and Swisher (2006), the authors address the following issues within the 
conceptual development of the HOT lane conversion process from the perspective of the 
implementing agency’s project manager.  

 Understanding the potential excess capacity is important for evaluating the general 
feasibility of HOT lanes in the conceptual development portion of the HOV to HOT 
conversion process.  

 Significant and recurring congestion in the adjacent GP lanes is required for successful 
HOT-lane implementations.  

 From the project manager’s perspective, non-barrier-separated HOT lanes have to 
address the complicated issues related to weaving, safety, enforcement, toll zones, and 
toll rates.  

 Because the funding for the HOV lanes were mainly from FHWA or Federal Transit 
Administration (FTA) grants, project managers need to demonstrate in the proposal that 
the proposed HOT lane can maintain travel times throughout the day and especially 
during peak periods.  

 The primary objective of the HOT lane program should be identified and extended 
throughout the lifetime of the program.  

 Instead of revenue maximization, congestion relief or mobility enhancement should be 
the primary factor in the project’s traffic-and-revenue studies.  

 The implementing agency should consider (a) how to integrate HOT lane conversion 
project into an existing toll system, and (b) how the project accommodates the broader 
goals and objectives of a statewide or region-wide system.  

 To progress positively in public opinion, project managers and partners for HOT lanes 
should make concerted efforts and use mechanisms appropriate to their regions. 

 Project manager should build political support for the HOT-lane conversion process by 
providing relevant information to policy makers. 
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 In Munnich and Buckeye (2007), the authors discuss the issues concerning the I-394 
MnPASS express lanes in Minnesota.  

 Double solid white-lines was not causing excessive weaving and enforcement problems, 
but instead worked well and might have actually improved safety for buses and other 
motorists.  

 Although the revenue continues to rise, the concern about how excess revenues above 
operating and capital costs did not exist at the end of the first year of operation because 
revenue only covered operating costs.  

 MnPASS transponders have been leased more than expected, but the utilization by 
individual customer is less than expected.  

 Customers could grasp and understand the signs with dynamic and multiple prices 
quickly.  

 The enforcement with the double solid white-lines is working well with drivers 
complying with the lines and reduced violation rates from the previous HOV-lane levels. 

 Accident rates have dropped slightly since the introduction of MnPASS.  
 There have been no negative impacts on transit or carpoolers due to the adaptation of the 

HOV lanes to HOT lanes and there may be some safety benefits for buses.  
 Because congestion has been reduced in the entire corridor, MnPASS users and users of 

the GP lanes both benefit and people of all income levels use and support the project. 
 The I-394 MnPASS project also offers a number of lessons for transportation 

practitioners such as assembling a knowledgeable and multidisciplinary team, engaging 
the community in the planning process, tapping outside experts and experience, being 
prepared to respond quickly to problems and make corrections, and learning and sharing 
knowledge with others. 

 In Loudon et al. (2010), the authors conduct a survey of agencies that had been directly 
involved in congestion pricing and managed lane project in 10 metropolitan areas in the 
United States and report the following: 

 Reducing congestion should be at least as important as revenue generation when 
evaluating congestion pricing and managed lanes options.  

 Managed lane projects should be incorporated into metropolitan planning process and 
gain stakeholders’ support and public acceptance. Private sector could also be involved as 
a partner.  

 Continued support for the assessment of congestion pricing and managed lanes projects is 
important for continued consideration and implementation of these projects. The support 
can be additional encouragement through guidance documents and descriptions of 
exemplary practices, and grants to support regional planning for congestion pricing and 
managed lanes projects. The authors also pointed out that continued support was required 
for the enhancement of the modeling tools maintained by MPOs to improve their 
sensitivity to congestion pricing. 

 In Ungemah et al. (2007), the authors consider ride-matching in the planning of carpool 
lanes. Ride-matching is planned by employers, transit organizations, and rideshare agencies, 
and enhanced through promotional activities by employers. They are most suitable in areas of 
high employment density. For ride-matching to be most successful, riders must (a) live close 
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to each other, (b) travel long enough so that pickup time is relatively insignificant, (c) work 
together or close to one another, (d) have similar working hours, and (e) be consistent in 
carpool use.  

 In Fischer et al. (2003), the authors address the issues regarding the planning and analysis of 
truck-only lanes on SR-60 and I-710 truck-only lanes in Southern California. SR-60 is an 
east–west corridor from downtown Los Angeles to Coachella Valley that is east of Los 
Angeles. SR-60 is one of the most heavily used corridors by trucks in Southern California 
because it runs through the warehouse and manufacturing districts of the San Gabriel Valley 
and Ontario International Airport. I-710 is the major access route from downtown Los 
Angeles to the ports of Los Angeles and Long Beach, where the combined port complex is 
the largest container port in the United States and the third-largest container port in the 
world. The study of these lanes suggests the following: 

 Truck lanes could improve freight mobility in congested urban areas, but with limited 
success. Identifying corridors with high truck-volumes is not sufficient for successful 
truck lanes because urban trucks generally make short trips during mid-day. So, truck-
only or truck-toll lanes might not generate enough benefits compared with managed lane 
projects that allow multiple types of vehicles.  

 For extremely high-volume facilities which operate in congested conditions throughout 
most of the day, truck lanes may be feasible. 

 Truck lanes have the safety benefits of separating automobile and truck traffic. 
 Truck lanes accommodate overweight trucks or longer-combination vehicles (LCV). 

Such lanes could improve the economic efficiency of port drayage operations and provide 
the greatest stimulus for private investment in truck-lane facilities. 

 In Chu and Meyer (2008), the authors identify the following criteria for potential truck-only 
toll lanes.  

 Candidate freeway lanes should have 2030 LOS E or F on the GP lanes during the PM 
peak period.  

 The 2030 daily truck volume on candidate freeways should be greater than 9,000.  
 The percentage of trucks on candidate freeways should be greater than 14%. 
 Candidate freeways should have at least 63 truck-related crashes per 100 million vehicle 

miles traveled (VMT). 

 In Poole (2009), the author states that a cost-effective approach in planning for the separated 
roadway is to use rights of way that were created for other purposes (such as under-used 
railroads, drainage channels and power line corridors) and turn them into managed lanes. 
Upgrading current limited-access roadways for truck-only toll lanes would bring significant 
gains in productivity. However, the cost of thicker pavement and stronger bridges is seen as a 
barrier. Another important planning aspect for tolled roads is the values of time and 
reliability of car and truck drivers. 

 In Wolshon and Lambert (2006), the authors report safety concerns that emerge when 
planning reversible roadway operations. These concerns include parking for enforcement 
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vehicles, the difficulty to make emergency stops, and difficulties for service vehicles to 
access accidents. However, reversible operations usually do not result in more accidents. 

2.1.4 Design and Regulations 

The design and construction of managed freeway lanes involves a variety of 
improvements to widen or otherwise alter the existing roadway, including utility coordination 
and relocation, the installation of drainage systems, earthwork, paving, the construction of 
ramps, overpasses and bridges, and adding appropriate signage and striping. In some cases, new 
managed freeway lanes have been built within the median by removing shoulders. In others such 
as IH 10 in Houston and I-15 in San Diego, new right-of-way may be needed. In either case, 
modifications to some components of the existing roadway are likely. 

2.1.4.1 Lane Design 

Aside from new lane constructions, the conversion of an existing GP or HOV lane to a 
managed freeway lane can be less complicated if the prior design supports managed traffic 
without safety ramifications. About half of the HOV lanes in the United States meet the design 
standards commonly found in the AASHTO Green Book and AASHTO’s 2004 Guide for High 
Occupancy Vehicle Facilities (AASHTO, 2004). However many projects were implemented with 
reduced lane and shoulder widths. In these instances, a safety analysis may be required to 
determine what design and/or operational changes are necessary to support changes in traffic 
volume after lane conversions. For added capacity, access locations of the new managed freeway 
lanes must be analyzed for safety and other reasons instead. TABLE 2.6 displays the basic cross-
section elements for managed freeway lanes. 

TABLE 2.6 Managed Freeway Lanes Cross-Section Specifications 

 
 

Additionally, the physical configuration and operation of managed freeway lanes varies 
greatly because of travel demand and physical constraints. Managed freeway lanes may involve 
single or dual (or even greater) directional lanes operated on a concurrent (with the flow of 
traffic) or reversible-flow (inbound in the AM, outbound in the PM) basis. Concurrent operations 
typically provide one lane in each direction and these lane designs are symmetrically oriented 
around the median centerline. Reversible operations on freeways require full concrete barrier 
separation. See AASHTO (2004) for cross-sections for these configurations. 



17 
 

2.1.4.2 Access Control 

Access limits entry to freeway lanes based upon facility congestion levels or operational 
conditions, such as an accident or maintenance needs. TABLE 2.7 lists the different types of 
access designs for freeway lanes. 

TABLE 2.7 Types of Access Control for Freeway Lanes 

Type of Access Illustration 

Weave Zones and Lanes are 
generally used on facilities with 
buffer separation. A weave zone 
refers to a short break in the 
buffer striping to allow for 
simultaneous ingress and egress. 
A weave lane is an entire lane 
designated for both ingress and 
egress between managed and 
GP lanes.  

 
Weave Zone Access Treatment on SR-167 Express Lanes in 

Seattle, WA 

Slip ramps are separated 
ingress and egress using 
dedicated acceleration and 
deceleration lanes to provide 
drivers with a better opportunity 
to adjust their speed to match 
that of the traffic stream into 
which they are merging. 

 
Slip Ramp Access to the I-680 HOT Lane in Alameda 

County, CA 
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TABLE 2.7, continued 

Near-continuous accesses are 
marked by dashed white-lines, 
while the rest of the express 
lanes are marked with double 
solid white-lines. The access 
points range from 3,000 to 9,000 
feet long. 

 
Near Continuous Access on I-35W in Minneapolis 

Grade-separated accesses are 
generally reserved for high 
volume movements and those 
serving linkages to transit 
facilities. They greatly reduce 
weaving and merging 
movements for vehicles entering 
or exiting a facility 

 
Direct Connector Ramp to HOV lanes in Los Angeles 

2.1.4.3 Separation Treatments 

The managed freeway lanes currently in operation typically utilize painted buffers, 
pylons, or concrete barriers to separate the managed lanes from the GP lanes and designate entry 
and exit points (see FIGURE 2.5).  
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Concrete barrier separation on I-25 Express in 
Denver 

 
Pylon separation on the I-95 Express in Miami 

FIGURE 2.5 Types of Separation Treatments 

2.1.4.4 Tolling Provisions 

PM freeway lanes rely on electronic-toll-collection (ETC) systems for the collection and 
processing of toll payments (see FIGURE 2.6). ETC keeps traffic flowing by allowing motorists 
to pay tolls without having to stop. In the United States, most of ETC systems use radio-
frequency identification (RFID) technology communicating in the 815 MHz frequency range. 
While no national interoperability standard has emerged, MAP-21 passed in July 2012 calls for 
all toll facilities on federal-aid highways to implement technologies and business practices that 
facilitate the interoperability of ETC systems. 

 

 
RFID reader antennae 

 
Windshield-mounted ETC transponder 

FIGURE 2.6 Components of an Electronic Toll Collection System 

In addition to basic ETC components, most managed freeway lanes also utilize photo-
enforcement systems to increase accuracy and reduce the chance of missed transactions. Since 
RFID systems are susceptible to miss transactions due to a variety of environmental conditions, 
video enforcement is one way of protecting revenue streams and ensuring that most trips, if not 
all, result in paid transactions. 
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2.1.4.5 Signage 

Accurate, informative signs are essential in explaining operational procedures of 
managed freeway lanes and ensuring safe access and egress from them (see FIGURE 2.7 to 
FIGURE 2.9). Signs for these lanes should provide motorists with the following information: 

 Access and egress locations 
 Distances to ramps 
 Occupancy requirements 
 Operating hours 
 Tolls, if any 
 Enforcement issues 

In addition, motorists must be given adequate time to decide whether to use and access 
the managed freeway lane safely. Motorists must be able to make informed and real-time 
decisions on whether to use the facility. Signage should adhere to the standards prescribed for 
special-use facilities in the federal Manual on Uniform Traffic Control Devices (2009 edition) 
Section 2B-49 and 50. 

 

 

FIGURE 2.7 Typical Design for Signage for Managed Freeway Lanes 
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FIGURE 2.8 Variable Message Sign on I-95 Express in Miami 

 

 

FIGURE 2.9 Signs for HOV Lanes 
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2.1.4.6 Enforcement Areas 

Managed freeway lanes should include locations from which enforcement officers can 
monitor traffic and identify unauthorized vehicles (see FIGURE 2.10). In order to see occupants 
properly during hours of darkness or inclement weather, lighting is required at observation 
points. The enforcement areas should be large enough to accommodate the need for enforcement 
officers to accelerate to the speed limit before entering traffic. The areas should be wide enough 
to accommodate safety enforcement action and may be located near tolling points, allowing 
officers to monitor traffic as it enters the facility and provide a visual deterrent to potential 
offenders. 

 

 

FIGURE 2.10 Enforcement Area on I-45 in Houston 

2.1.4.7 Rules and/or Regulations 

Vehicle occupancy verification is critical in the implementation of managed freeway 
lanes. Currently, vehicle occupancy verification depends primarily on manual methods with 
direct visual observation by enforcement personnel (Ungemah et al., 2008). Stationary and 
roving patrols work together to monitor managed freeway lanes and apprehend violators. The 
cost of this manual method is high, especially for HOT lanes. 

There are two main automated vehicle occupancy enforcement systems, roadside systems 
and in-vehicle systems. Roadside systems use surveillance equipment to capture images of the 
interiors of passing vehicles. Expensive imaging devices are required to capture details from the 
interiors of fast-moving vehicles. In-vehicle systems verify the number of vehicle occupants 
using advanced airbag systems to distinguish empty seats from occupied ones. Both systems 
require vehicle infrastructure integration (VII) to communicate the occupancy information from 
vehicles to the roadside infrastructure. In-vehicle systems face two key obstacles. One is that 
motorists and automobile manufacturers may be reluctant to allow occupancy information from 
airbag systems to be transmitted to the roadside infrastructure because many consider such 
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information private. The other obstacle is the length of time required for every vehicle to be 
equipped with the technology.  

There are currently two methods to determining occupancy violations. One is to 
photograph a frontal view of the vehicle and driver with sufficient quality to determine the 
identity of the driver. The other is to capture images of the vehicle’s license plate. Both systems 
have issues. First, the photographic record of occupants may be used for other purposes. Second, 
VII must maintain anonymity of the vehicles and drivers in violation and prevent specific 
vehicles from being tracked. Third, HOV infractions are considered as moving violations and 
result in assessment of points on the driving record in many states. 

For photo enforcement, the operation must maintain a high level of oversight and 
cameras must be inspected periodically (Kiesling and Ridgway, 2006). Elements necessary for 
oversight include conducting periodical visits to the vendor’s operations facility, providing clear 
business rules to the vendor, auditing the issuance of unauthorized or unapproved citations, 
making misuse of images a breach of contract, making sure records are confidential, limiting the 
time images are kept, and periodically conducting technical inspections of cameras. 

For HOT lanes, manual and automated occupancy enforcements have limitations (Poole, 
2011). Many HOT lanes lack space for separate enforcement lanes or for patrol officers. Both 
roadside and airbag deployment systems can detect only front-seat passengers, while back-seat 
occupant verification is important in determining tolls for HOT lanes.  

2.1.5 Public Acceptance 

The issues concerning public acceptance of managed freeway lanes include the 
following: (Perez et al., 2012) 

 Project Benefits and Goals: As with any investment of public funds, constituents and 
stakeholder groups have an immediate interest in the benefits that a managed freeway lane 
may bring and why it is the best solution to address a given problem. Ungemah and Collier 
(2007) studied the pre- and post-implementation public opinion concerning tolling and 
pricing in California (SR-91 Express lanes and I-15 FasTrak HOT lanes), in Texas (all toll 
lanes), and Minnesota (I-394 MnPASS HOT lanes). In all cases, the public was skeptical and 
even opposed these projects initially. With careful and judicious planning, post-
implementation feedback was positive in all three states. For a pricing project to be 
politically acceptable, Ungemah and Collier (2007) recommend that the project should be 
simple in design, progress in an incremental step, and earn public trust by having a 
transparent financial flow.  

 Travel Impacts:  
 Perez et al., (2012) report that very few drivers choose to use the PM freeway lanes all 

the time. Instead, users may choose to pay to use the lanes when they want to guarantee 
their trip time or avoid congestion. At other times, drivers will choose the GP lanes 
during congested conditions to avoid paying a toll. Frequent users of managed lanes 
make many trips on the free GP lanes or choose alternate modes like transit on certain 
days.  
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 In Golob (2001), 86% of 457 FasTrak customers on I-15 in San Diego, a HOT-Lane 
project with two reversible lanes, travel in-bound on the HOT lane at least once during a 
week, 35% drive solo at least once on GP lanes, and 11% make at least one trip in 
carpools.  

 In Li et al. (2007), carpoolers and solo drivers in Dallas-Fort Worth and Houston, Texas 
rate the ability to use HOV lanes the most important factor among the reasons for 
forming carpools in the study. Traveling with others was considered enjoyable and 
ranked second. Carpool-partner matching program and preferred parking at work were 
the least important factors in making the mode choice decision. Other factors mentioned 
by survey respondents include timesaving, helping the environment and society, and 
sharing vehicle costs. The reasons for not carpooling include the limitation of location 
and schedule for carpooling, flexibility of driving alone, and the need to use vehicle 
during the day. 

 Project Cost and Use of Funds: While tolls are not popular, experience with existing PM 
freeway lanes demonstrates that these projects are likely to generate greater support with the 
public when toll revenues are used to support the maintenance and operations of the project 
and other transportation needs such as transit improvements (Perez, et al., 2012). 

 Equity and Fairness: Because PM freeway lanes provide paying drivers the opportunity to 
bypass congestion, these facilities to some critics favor higher income individuals. Below are 
results from several surveys and studies. 
 In Golob (2001), carpoolers think that FasTrak, the HOT-lane program on I-15 in San 

Diego, is less fair and effective. However, the opinion regarding effectiveness of the 
program varied across the survey population. Educated customers are more likely to think 
the program is effective. Those younger, older, or more restricted to carpools by 
household character perceive the program less effective.  

 In Harrington et al. (2001), the authors surmise that public aversion is primarily from two 
reasons. One reason is that many perceive the collected fees as an additional tax and the 
other is that the imposition of congestion fees unfairly penalizes those who cannot 
participate in carpool programs because of household locations and occupational 
decisions. Survey respondents from Southern California were described as a “congestion 
fee” of 5 to 10 cents per mile (depending on current congestion levels) was to be levied 
on all freeways in the region. Then, respondents were asked to evaluate the congestion 
fee with the following options: 
 Congestion fees with tax reductions: Respondents were told that a certain portion of 

the fee revenues (25%, 50% or 82%) would be used to reduce other taxes, such as 
sales tax or state gasoline taxes or DMV registration and license fees. They were also 
given a dollar amount of the tax reduction. 

 Congestion fees with coupons: Respondents were told that they would be given 
coupons that could be used for a variety of transportation-related services, including 
public or private transit, jitney services, vehicle emission equipment repair, etc. The 
face values of the coupons being offered were 25%, 50% or 82% of the respondent's 
estimated fee payments. 
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 Congestion fees only on the left-most lanes: Respondents were asked if they would 
support a policy in which fees would be charged only on the left-most lane of all 
freeways. 

When offered with tax reduction, the support for congestion fee increases from 
43% to 50% on average. For the option with coupons, the support decreases slightly. 
When only imposed on the left-most lanes, the support of the fees increases from 37% to 
46%, instead. Harrington et al. (2001) conclude that the public will respond favorably 
when the congestion pricing proposals preserve motorist choice and address the issues of 
revenue redistribution.  

 In Weinstein and Sciara (2006), the analysis suggests that (a) HOT lane projects always 
raise equity concerns, (b) assessing project’s distributional outcomes should be a part of 
every step of the planning process, and (c) impacts on low-income travelers are 
complicated. Weinstein and Sciara (2006) recommend public education/outreach, 
incorporating equity analysis into the planning process, designing HOT lanes as pilot 
projects, and using HOT revenue to address inequity. The authors point out that travelers 
with low-income may be unable to acquire a transponder because they do not have a 
credit card or bank account.  

 Taylor and Kalauskas (2010) suggest four strategies to mitigate equity concerns and 
overcome political opposition. These include (1) addressing equity early in process, (2) 
building broad-based support from the public and interest groups, (3) establishing trust 
between elected officials and transportation agencies, and (4) getting powerful 
constituencies for toll revenues.  

 In Dill and Weinstein (2007), truck-only toll and HOT lanes were the only projects with 
more than 50% support among the survey respondents. Women are likely to support 
truck-only toll lanes because they may have a stronger preference to have trucks 
separated from personal vehicles. Residents in regions that have tolled facilities are 
supportive of pricing projects. For example, 60% of the residents Los Angeles County, 
the region with the only HOT lanes in California, support HOT lanes whereas 
approximately 50% of residents in other regions do the same. 

 Technology Concerns: Electronic toll collection is standard in the United States, known in 
different regions by brand names such as E-ZPass and FasTrak®. The public needs to be 
informed of how the proposed ETC system will work, including the role of an electronic 
transponder, the function of entry and exit gantries, the administration of pass-holder 
accounts, and the protection of individual privacy. (Perez et al., 2012) 

 Enforcement: The traveling public wants information on how the managed freeway lanes 
will be enforcement (e.g., see FIGURE 2.11). A lack of upfront coordination could lead to 
misinformation and changes that could be detrimental to public support. (Perez et al., 2012) 
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FIGURE 2.11 HOV Violation Sign 

2.1.6 Environmental Considerations 

Vehicle emissions are the main environmental issue with managed freeway lanes. The 
literature regarding to vehicle emissions on managed freeway lanes are limited and most rely on 
computer simulation or modeling software. As discussed below, they can provide insights on 
how managed freeway lane can benefit environment by reducing greenhouse gases. 

2.1.6.1 HOV and HOT Freeway Lanes 

HOV freeway lanes can reduce vehicle emissions because HOVs carry more passengers 
and spend less time in uncongested HOV freeway lanes. These lanes can also reduce emissions 
resulting from initial inefficient engine operation at the beginning of a trip and evaporation of 
fuel from a hot engine when the trip ends. Boriboonsomsin and Barth (2008) compare 
continuous and limited-access HOV freeway lanes in terms of vehicle emissions. The authors’ 
simulation model suggests that continuous-access HOV freeway lanes produce less emission 
than the limited-access type. When compared to the latter, continuous-access lanes produce 
about 12 – 17% less CO, 7 – 13% less HC, and 3 – 8% less NOx and CO2. The concentrated 
weaving behavior at designated ingress and egress locations for limited-access HOV freeway 
lanes seem to generate more emissions. Drivers frequently have to slow down and wait for gap in 
the adjacent lane or accelerate to take the gap ahead. These actions also cause other vehicles to 
react in fashions that generate more vehicle emissions as well. For continuous-access lanes, 
drivers have unlimited opportunity to change lane and are less likely to make quick acceleration 
or deceleration, thereby generating less vehicle emissions. 

2.1.6.2 Truck‐Only Toll Freeway Lanes 

Trucks have higher carbon dioxide emission factors than light-duty vehicles. The total 
amount of carbon dioxide emissions from trucks is only second to passenger cars. Truck-only 
toll lanes can reduce greenhouse gases emissions because they generally have less congestion 
and better traffic flow, both of which improve fuel efficiency. In Chu and Meyer (2009), the 
authors’ demonstrate using a computer simulation demonstrates that, when compared to those 
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without truck-only toll lane, scenarios with truck-only toll lanes reduce HC emission by 
approximately 10%, NOx emission by 18% on average, and CO2 emission by at least 50%.  

Many use environmental considerations to argue against truck-only lanes because trucks 
typically use diesel engines. These engines have high emission factors. However, modern trucks 
have to comply with new low-sulfur diesel fuel standards and all trucks sold after 2007 must use 
new low-emission diesel truck engines (Poole, 2009). When coupled with the increase in 
trucking productivity, the socio-economic costs of moving goods by trucks are lower than rail. 

2.1.7 Traffic Conditions and Facility Performance 

This section addresses the effects of managed freeway lane on traffic conditions and 
safety.  

2.1.7.1 Effects on Traffic Conditions 

HOV Freeway Lanes: In Liu et al. (2011a), the authors conclude that GP lanes are more 
likely to breakdown than HOV freeway lanes. This supports the notion that HOV freeway lanes 
save time and provide reliable travel-times. On freeways with open queues, HOV freeway lanes 
can reduce person-hours of travel without significantly increasing vehicle-hours of travel. 
However, converting GP to HOV freeway lanes can reduce freeway’s ability to store vehicles, 
extend freeway queues and block ramps (Daganzo and Cassidy, 2008). Liu et al. (2011b) also 
report that (a) concrete barriers lead to the most isolation, (b) soft-barrier separation has more 
interaction, and (c) congested GP lanes create “frictional” effects on HOV lanes when they are 
buffer-separated. Menendez and Daganzo (2007) on the other hand find that an HOV lane has no 
drastic lane-changing effect on adjacent GP lanes. Cassidy et al. (2010) show that ineligible 
vehicles migrate from the HOV lane when the HOV restriction becomes effective. This reduces 
the lane-changing rate before a bottleneck. However, lifting and imposing HOV restrictions can 
cause a bottleneck to remain active for at least 30 minutes. 

HOT Freeway Lanes: Liu et al. (2011a) demonstrate that HOT freeway lanes preserve 
travel-time reliability and save time like HOV freeway lanes. Burris et al. (2012) and Munnich 
and Buckeye (2007) both study MnPASS, a HOT freeway lane in Minnesota. The former finds 
that MnPASS save minimal time and its toll rates change frequently. The latter conclude that 
MnPASS reduces congestion on the entire corridor.  Safirova et al. (2003) report that converting 
HOV freeway lanes in Northern Virginia to HOT freeway lanes would reduce congestion on GP 
lanes, while the congestion on the converted lane may increase slightly. 

Truck-only Lanes: Rakha et al. (2005) write that not allowing trucks to use left lanes on 
steep grades may decrease traffic density and number of lane changes. On the other hand, 
restricting trucks to the right-most lane can increase the number of lane-changes at locations with 
no entry or exit ramps. The report also notes that location characteristics influence the effects of 
truck restrictions and trucks should not be allowed in the left-most lane if the grade is steeper 
than 4%. 

2.1.7.2 Safety Implications 

Chung et al. (2007) find that a greater percentage of collisions occurred in the left-most 
lanes adjacent to HOV freeway lanes than any other lane. This suggests that restricting the 
number of entrances and exits for HOV freeway lanes can make lane-changing actions more 
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intense and challenging and perhaps leads to more collisions near HOV freeway lanes. However, 
the overall accident rate on MnPASS, a HOT freeway lanes separated with double solid white-
lines in Minnesota, dropped after the conversion (Munnich and Buckeye, 2007).  

Crash data from the New Jersey dual-dual turnpike show that 45% of sideswipe collisions 
involve trucks and, while generating only 30% of traffic, trucks account for 40% of crashes on 
mixed lanes (Middleton and Lord, 2005). Lord et al. (2005) also support the notion that truck-
free freeway facilities have a better safety record than mixed-traffic facilities. In Vidunas and 
Hoel (1997), results from a computer simulation implies that truck-free freeways would be safer 
and truck-only facilities would improve operations and safety. 

2.2 Managed Arterial-Lanes 

In the literature, the number of publications and case studies discussing managed lanes on 
arterials is less than the ones on freeways. This is particularly evident for publications appearing 
in 2000 and afterward. Below, we highlight the difference between managed lanes on freeways 
and arterials. As previously explained, the operating environment on arterials is different. 
Arterials deliver traffic from collector roads to freeways/expressways and between urban centers. 
By nature, they have many intersections with vehicles of various types both making stops and 
traveling at different speeds. Speed limits on arterials are between 35 and 50 mph, instead of 55 
and 70 mph. 

In this section, we use the term “facilities” instead of “lanes,” where the former refers to 
individual roads and lanes therein as well as treatments such as queue jumps or bypasses. Similar 
to before, we group the managed facilities on arterials into two main categories, one managed by 
eligibility and the other by price and eligibility. We refer to facilities in these two categories as 
EM and PM arterial facilities. EM arterial facilities include HOV and bus-only lanes along with 
any specialized treatments, e.g., at signalized intersections. As in freeway lanes, we view PM 
arterial facilities as those EM arterial facilities that allow ineligible vehicles to use the facilities 
for a fee. Although truck-only toll lanes are part of the PM freeway lanes, we do not include the 
lanes in this section. According to Samuel et al. (2002), “the most likely early candidates are 
interstate highways with heavy truck traffic that need additional capacity to cope with projected 
growth” and we do not envision heavy truck traffic on arterials. 

2.2.1 Policies and Practices 

The policies of HOV and HOT are similar to those for freeway lanes in Section 2.1.1. For 
bus-only lanes and special lane treatments, the policy is to enhance transit service by providing 
faster transit service and improving travel-time reliability. TABLE 2.8 and TABLE 2.9 provide 
examples of managed arterial facilities in the United States and Canada. 
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TABLE 2.8 HOV Lanes on Arterials in the United States and Canada 

Name Information and Statistics 

Montague Expressway 

 Type: Concurrent flow HOV lane 
 Location: Santa Clara, California 
 Year opened: 1983 
 Length: 5.4 miles 
 Occupancy requirement: 2+ 
 Violation rates: 

 34% (AM) and 22% (PM) at intersection of Zanker Road 
 61% (AM) and 64% (PM) at intersection of Trade Zone 

Blvd 
 Vehicles using HOV lane at peak hour: 188 (AM), 235 (PM) 
 Vehicles using GP lanes at peak hour: 1,732 (AM), 1,336 (PM) 

Hastings Street 

 Type: Concurrent flow HOV lane 
 Location: Vancouver, British Columbia 
 Year opened: 1996 
 Length: 4.4 miles 
 Occupancy requirement: 2+ 
 Violation rate: 13% (AM) 

Eglinton Avenue 

 Type: Concurrent flow HOV lane 
 Location: Toronto, Ontario 
 Year opened: 1993 
 Length: 7 miles 
 Occupancy requirement: 3+ 
 Violation rate: > 32% (AM) 

South Dixie Highway 
(U.S. 1) 

 Type: Concurrent flow HOV lane 
 Location: Miami, Florida 
 Year opened: 1974 
 Length: 5.5 miles 
 Occupancy requirement: 3+ 
 Violation rate: 8% 

Santa Fe Drive 

 Type: Concurrent flow HOV lane 
 Location: Denver, Colorado 
 Year opened: 1986 
 Length: 7.5 miles (northbound), 5.7 miles (southbound) 
 Occupancy requirement: 2+ 
 Lane of road used: left lane 
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TABLE 2.8, continued 

Kalanianaole Highway 

 Type: Contraflow HOV lane 
 Location: Honolulu, Hawaii 
 Year opened: 1975 
 Length: 2.4 miles (1.9 miles contraflow, 0.5 miles concurrent 

flow) 
 Occupancy requirement: 3+ 
 Violation rate: 9% 

Union Avenue 

 Type: Reversible HOV lane 
 Location: Memphis, Tennessee 
 Road configuration: 4 lanes in major flow direction, 2 lanes in 

minor flow direction 

Nicholasville Road  
(U.S. 27) 

 Type: Reversible HOV lane 
 Location: Lexington, Kentucky 
 Road configuration: 3 lanes in major flow direction, 1 lane in 

minor flow direction, 1 two-way left-turn lane 
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TABLE 2.9 Bus Facilities in the United States and Canada 
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2.2.2 Planning and Implementation 

In general, the planning and implementation of managed arterial facilities are similar to 
those for freeway lanes in Section 2.1.3. Below is a summary of publications that address 
planning and implementation of arterial facilities. 

Nihan and Davis (1990) report that successful implementations of HOV lanes on arterials 
occurred on those with high volume, limited access, and suburban commuter corridors. The 
degree of success depends on the ability to achieve the same level of control as the freeways. To 
be successful, arterials with HOV lanes should have minimal turning movements, signalized 
intersections, and access to abutting properties. Spot treatments such as queue jumps play an 
important role, particularly at recurrent bottlenecks, overloaded intersections, and system 
constrictors such as tunnels and bridges. Nihan and Davis (1990) also group HOV lanes on 
arterials into three main groups: (a) HOVs on principal arterials; (b) HOVs on minor arterials; 
and (c) spot treatments such as queue jumps. 

According to Turnbull (2002), the following groups/agencies should be involved in the 
planning and designing of managed lanes on arterials. Although the discussion in Turnbull 
(2002) focuses on HOV and bus lanes, the conclusions also apply to other forms of managed 
lanes on arterials. 

 Local Municipalities: City or county departments may have the lead responsibility on 
managed facilities on arterials. For HOV lanes, the city or county may be the lead agency 
that is responsible for all aspects of a project such as planning, designing, implementing, 
operating, and maintaining the managed facility. For bus-only lanes, it may be more 
appropriate for a transit agency (see below) to take the lead instead. 

 Transit Agency: A transit agency may have the lead responsibility on managed facilities such 
as bus-only lanes or may co-sponsor a HOV-lane project. Transit agencies usually work 
closely with the local municipality or state department of transportation that has jurisdiction 
over the street and traffic signal systems. Key responsibilities of transit agencies may focus 
on planning and designing for bus operations, enforcement, and overall project coordination. 

 State Department of Transportation (DOT): The state will usually have the lead role with 
managed lanes projects on state-owned arterials. On the other hand, the state DOT may be a 
supporting agency when the project provides a link to and from, e.g., HOV lanes on 
freeways. Representatives from the state DOT may be involved in a multi-agency team or 
may provide assistance throughout the development, implementation, and operation of 
managed facilities on arterials. 

 Local and State Police: Representative from the state, city, and county police departments 
should be involved in the development of managed-facility projects. One or more of these 
agencies are usually responsible for enforcing the rules of the managed facility. 

 Rideshare Agency: If managed facilities are open to carpools and vanpools, the rideshare 
agency is usually included as a member of the multi-agency team. 
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 MPO: Representatives from the MPO may participate on the multi-agency team and may 
provide assistance depending on the nature and scope of the managed facility. 

 Federal Agencies: The FHWA and FTA may partially fund the project and may wish to be 
involved and/or monitor the managed-facility project. 

 Other Groups: In some cases, it may be appropriate to include representatives from the 
following: 

 The local judicial system responsible for enforcing fines and citations. 
 Personnel from emergency agencies such EMS and the fire department who have to 

respond to incidence and accidents on arterials. 
 Tow truck operators who may be responsible for removing disable vehicles. 
 Businesses, delivery companies and vendors, and neighborhood groups. 

2.2.3 Design and Regulation 

Each bullet point below addresses the design of managed arterial facilities. Other aspects 
of the design and regulation are similar to those for managed freeway lanes in Section 2.1.4. 

 HOV and HOT Lanes: The design of HOV and HOT lanes on arterials are similar to those on 
freeways and operates on a concurrent, reversible, or contraflow basis. The latter typically 
applies to one-way streets. Like those on freeways, HOV and HOT on arterials are typically 
implemented on the left-most lanes on two-way streets and on center lanes when the flow is 
reversible. 

 Bus-only or Bus-Toll Lanes: TABLE 2.10 lists the different designs of bus-only lanes on 
arterials and discusses their strengths and weaknesses. The designs using median and curb-
side lanes, where the latter are with contraflow operations on one-way streets, are also 
suitable of bus-toll lanes. In addition to those in TABLE 2.10, there are also designs for bus-
only or bus-toll lanes are off-street (see FIGURE 2.12). 
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TABLE 2.10 Strengths and Weaknesses of Different Bus-Only Lane Designs 

Type of Bus-only Lanes Strengths Weaknesses 

Curb-side: concurrent flow 

Ease of installation; Low cost; 
Minimize street space devoted 
to bus system. 

Difficult to enforce; Least 
effective in reducing bus 
travel-time; Added delay for 
buses due to conflicts between 
right-turning traffic and 
pedestrians 

Curb-side: contraflow 

Enables two-way bus 
operation on one-way streets; 
May increase number of curb 
faces available for passenger 
stops; Completely separate 
bus from general traffic 
flow;Self enforcing 

May disperse BRT onto 
several streets and reduce 
passenger convenience; Limits 
passing opportunities around 
stopped or disabled buses 
unless multiple lanes are 
provided; Can create conflict 
with opposing left turns; May 
create safety problems for 
pedestrians 

Interior Lanes: concurrent 
flow 

Remove BRT from curbside 
frictions; Allow curb parking 
to be retained; Provide far-side 
bus “bulbs” at stops for 
passenger convenience 

Require curb-to-curb street 
widths of 60 to 70 feet; Curb 
parking maneuvers could 
delay buses 

Median Lanes: concurrent 
or contraflow 

Physically separates BRT 
running ways from general 
traffic; Provides a strong sense 
of bus identity; Eliminates 
conflicts between buses and 
right-turning automobiles; Can 
enable bus lanes to be grade 
separated at major 
intersections 

Require prohibiting left turns 
from the parallel roadways or 
providing special lanes and 
signal phases for these turns; 
Require wide streets, generally 
more than 80 feet from curb to 
curb; Costs can be high 

Bus-only streets or bus malls 

Remove BRT from general 
traffic; Increase walking space 
for pedestrians and waiting 
space at stops/stations; 
Improves BRT identity; 
Improves the ambience of 
surrounding areas 

Require nearby parallel streets 
for displaced traffic, 
provisions for goods delivery 
and service access from cross 
streets or off-street facilities; 
Generally limited to a few city 
blocks 
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FIGURE 2.12 Off-Street Bus-Toll Lanes 

Turnbull (2002) suggests the following general guidelines regarding traffic volumes for 
various designs or implementations of managed facilities. 

TABLE 2.11 Guidelines for Bus-Only and HOV Lanes 

Type Minimum Traffic Volume 

Bus Mall 80 – 100 vphpl* 

Bus-Only Lane (Left or Right-side) 50 – 80 vphpl 

Contraflow Bus-Lane on one-Way Street 50 – 80 vphpl 

HOV Lanes (Left or Right-side) 200 – 400 vphpl 

HOV Lanes (Center and Two Way) 200 – 400 vphpl 

HOV Lanes (Center and Reversible) 80 – 160 vphpl 

*vphpl = vehicles per hour per lane 

 

 Priority Treatments at Intersections: In the literature, there are many treatments giving 
priorities to, e.g., buses and HOVs, when traveling through signalized intersections. Names 
for these treatments vary depending on the author(s) of each report or journal article. Below 
are some of the more common treatments. 

 Queue Jump at Signalized Intersections: Some also refer to these lanes as “signal-
preemption lanes” or “at-grade queue jumps.” (see FIGURE 2.13) In principle, these 
lanes are short lanes at the approach of an intersection reserved for eligible vehicles such 
buses or HOVs. These lanes have a separate traffic signal head and an advance green 
light, while holding the general-purpose lanes on red. Doing so allows buses and HOVs 
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to move through the intersection and re-enter managed or general-purpose lanes in 
advance of other traffic. 

 

FIGURE 2.13 At-Grade Queue Jump 

 Bus Advance Areas or Gating: Turnbull (2002) describes a bus advance area as a 
segment of road before a signalized intersection. A set of pre-signals are used to hold 
other traffic while allowing buses to move to the front of the traffic stream at the 
intersection. This concept is being tested in London, England and Berne, Switzerland. 

 Priority Signal Treatments: A number of different techniques and technologies can be 
used to provide, e.g., buses with priority at signalized intersections. Most implementation 
involves technologies that communicate with the signal controller to, e.g., change the 
signal phasing. 

 Grade-Separated Queue Jumps: These refer to overpasses and underpasses at signalized 
intersections. (see FIGURE 2.14 and FIGURE 2.15) Such queue jumps allow eligible 
vehicles to travel through the intersection without having to wait for green lights. In 
Poole and Swenson (2012), the authors recommend that grade separated-queue jumps 
should be used for the heaviest through movements of two intersecting roadways.  
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Source: Swenson and Poole (2012) 

FIGURE 2.14 Grade-Separated Queue Jumps or Overpass at an Intersection 

 
Source: Swenson and Poole (2012) 

FIGURE 2.15 Grade-Separated Queue Jumps or Underpass at an Intersection 

2.2.4 Public Acceptance 

As recommended in Nihan and Davis (1990), community involvement is important in 
HOV projects on arterials because they tend to benefit some and burden others. In Orange 
County, California, 75% of survey respondents expressed positive attitudes toward an HOV lane 
“test” on arterials. Although they felt that a GP lane may be a more effective congestion 
mitigation solution, they were willing to try HOV lanes (Green and Barasch, 1986). In one 
survey (Gilmore Research Group, 1988), 90% of survey respondents in Seattle were either 
somewhat or strongly support the idea of bus and carpool lanes. In another (Rutherford, 1989), 
99% of people were aware of HOV lanes and 80% did not think that they were unfair to non-
users. 
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2.2.5 Environmental Considerations 

The impacts of managed arterial facilities on the environment are similar to those for 
freeways in Section 2.1.6. 

2.2.6 Traffic Conditions and Facility Performances 

The performance of HOV facilities on arterials has been mixed (see TABLE 2.12). 
Among the 95 HOV facilities on arterials reported in Batz (1986), 22 of these facilities were 
suspended because of low utilization (11), reconstruction of roadways (5) and enforcement 
problems (6). Eleven other projects had enforcement problems and were in danger of being 
suspended. Among successful facilities, only 33 could provide data that showed (a) increased 
carpool and transit use, (b) reduced congestion, and (c) decreased travel times. On the other 
hand, a contraflow bus-only lane in downtown Chicago was suspended following pedestrian 
deaths. Crowel (1978) states that curb-side bus-only lanes on arterials have been known to 
increase transit travel times. Similarly, the priority signal treatments also had little effects on 
buses under mixed traffic conditions. Batz (1986) reports that nine out of 16 priority signal 
treatments in his review were suspended because of delays caused to other traffic, high 
maintenance costs, and other unspecified reasons. Later, Environmental Protection Agency 
(2000) reports that bus-only lanes in New York City saved up to 30 minutes in travel times, 
increased the ridership of some bus lines by 7%, and significantly improved on-time 
performance of those bus lines using the bus-only lanes. 

In other studies, Henry and Mehyar (1989) reported that non-barrier-separated HOV 
facilities can be operated safely. Golob et al. (1989) reports that there is no measurable increase 
in accident frequencies could be attributed to a non-barrier-separated HOV lane in Los Angeles. 
Mounce (1984) reports that the violation of a non-enforced priority ramp in Houston was 40% or 
higher and enforcement may not be cost effective when the violation rate is low. Billheimer et al. 
(1981) indicates that the base violation rate before adopting an enforcement strategy should be 
between 5% and 12%. 
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TABLE 2.12 Performance of Arterial Facilities in the United States and Canada 

Facility Findings 
Montague Expressway 
 Arterial HOV lane 
 Location: Santa Clara, California 
 Year opened: 1983 
 Length: 5.4 miles 
 Occupancy requirement: 2+ 

 Violation rates: 
 34% (AM) and 22% (PM) at intersection of 

Zanker Road 
 61% (AM) and 64% (PM) at intersection of 

Trade Zone Blvd 
 Vehicles using HOV lane at peak hour: 188 

(AM), 235 (PM) 
 Vehicles using GP lanes at peak hour: 1,732 

(AM), 1,336 (PM) 
 HOV lane users lost travel time compared to 

users of general GP lanes. 
 Entire roadway operates at LOS F. 
 High violation rates due largely to lack of access 

control along expressway. 
 Lessons learned: 

 Lack of access control and close spacing of 
intersections and freeway on-ramps along an 
HOV lane can lead to frequent violation of 
the HOV lane. 

 If an arterial HOV lane runs parallel to a 
freeway HOV lane, the greater travel time 
savings achieved by the freeway lane over 
long distances could undermine the 
usefulness of the arterial HOV lane. 

 The effectiveness of a curbside HOV lane is 
diminished when large numbers of right-
turning vehicles must share the HOV lane. 

Hastings Street 1: 
 Facility statistics: 
 Type: Arterial HOV lane 
 Location: Vancouver, British 

Columbia 
 Year opened: 1996 
 Length: 4.4 miles 
 Occupancy requirement: 2+ 

 Violation rate: 13% (AM) 
 Seven months after opening of HOV lane, 

substantial changes seen in AM peak hour 
traffic: 

 Overall traffic volume increased by 10%. 
 Two person carpools increased by 40%. 
 Three or more person carpools increased by 

28%. 
 Average vehicle occupancy increased from 1.27 

to 1.33. 
 HOV lane produced travel time savings of 3-5 

minutes. 
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TABLE 2.12, continued 
Eglinton Avenue 
 Type: Arterial HOV lane 
 Location: Toronto, Ontario 
 Year opened: 1993 
 Length: 7 miles 
 Occupancy requirement: 3+ 

 Violation rate: > 32% (AM) 
 Buses saved 2.5-3 minutes on a 35 minute trip 

when using the HOV lane. 
 No substantial travel time savings for carpools 

and vanpools due to presence of buses. 
 HOV lanes carry 50% of total person volume on 

roadway. 
 Lesson learned: 

 HOVs may not realize travel time savings 
from HOV lanes if forced to share a lane 
with buses. 

South Dixie Highway (U.S. 1) 
 Type: Arterial HOV lane 
 Location: Miami, Florida 
 Year opened: 1974 
 Length: 5.5 miles 
 Occupancy requirement: 3+ 

Violation rate: 8% 
 HOV lane produced travel time savings of 5-10 

minutes. 
 HOVs carry 40% of total person volume on 

roadway. 
 Vehicles move 7 mph faster in HOV lane than 

in the GP lanes. 
 HOV lane handles 24% of directional traffic. 
 Accident rate on roadway increased after 

implementation of HOV lane. 
 Lesson learned: 

 Implementing a managed lane may adversely 
affect the safety of an arterial roadway. 

Santa Fe Drive 

 Type: Arterial HOV lane 
 Location: Denver, Colorado 
 Year opened: 1986 
 Length: 7.5 miles (northbound), 5.7 

miles (southbound) 
 Occupancy requirement: 2+ 
 Lane of road used: left lane 
 

 HOV lane does not comply with FHWA 
guidelines, despite being implemented before the 
FHWA had guidelines regarding HOV lanes. 

 Colorado lacks design standards for arterial 
HOV lanes, complicating enforcement efforts. 

 Placement of HOV facility in the left lane makes 
maintenance difficult and hinders enforcement in 
places where traffic must cross the HOV lane to 
turn left. 

 HOV lane has no system of data collection, no 
benefit-cost analysis, and no ways of measuring 
the facility’s success. 

 Enforcement of HOV lane is uneven across the 
municipalities that the lane passes through.  

 Lesson learned: 
 Effective implementation and management 

of managed lanes require adequate 
regulations, standards, and support from the 
state DOT. 
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TABLE 2.12, continued 

Madison Avenue  

 Type: Arterial bus-only lanes 
 Location: New York, New York 
 Year opened: 1981 
 Length: 0.85 miles 
 

 Express buses realized travel time savings of 
42% (6 minutes). 

 Local buses realized travel time savings of 35% 
(5 minutes). 

 Reliability of bus travel times increased for both 
express and local buses. 

 17 months after implementation, ridership 
increased by 31% on local buses and by 6% on 
express buses. 

 During the peak hour period, mixed traffic 
speeds and total traffic volumes both increased 
by 10%. 

 As of 2002, the average speed for local buses on 
Madison Avenue bus lanes was only 6.5 mph. 

 Bus lanes and bus stops are often blocked. 
 Lesson learned: 

 Bus-only lanes may not provide sufficient 
travel time savings to buses in crowded 
downtown areas over the long term, 
especially if other traffic blocks the bus 
lanes. 

 
16th Street 

 Type: Bus mall 
 Location: Denver, Colorado 
 Year opened: 1982 
 Length: 1 mile 
 

 300-400 daily bus trips removed from downtown 
streets. 

 Granite pavers require costly maintenance. 
 Lesson learned: 

 For dedicated bus-only streets, the design 
must balance the appearance of the street 
with the functionality of the facility, since a 
design with a high aesthetic value may not be 
able to endure heavy transit use. 

Nicollet Avenue 

 Facility statistics: 
 Type: Bus mall 
 Location: Minneapolis, Minnesota 
 Year opened: 1967 
 Length: 11 blocks 

 Bus mall improved appearance and vitality of 
downtown area. 

 Facility provides a centralized area for 
downtown bus service. 
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TABLE 2.12, continued 

Spring Street  

 Type: Arterial contraflow bus-only 
lane 

 Location: Los Angeles, California 
 Year opened: 1974 
 Length: 1.5 miles 
 

 Contraflow lane increased the speed and reduced 
the travel time of both express and local buses. 

 Bus speeds increased by about 15% 13 
 Movement of commuter buses to Spring Street 

increased bus speeds on Main Street by 16% 13 
 Speeds of other vehicle traffic increased by 21% 

on Spring Street and by 40% on Main Street 13 
 Bus routes were rerouted from parallel streets, 

thereby centralizing bus service. 
Kalanianaole Highway 

 Type: Arterial contraflow HOV lane 
 Location: Honolulu, Hawaii 
 Year opened: 1975 
 Length: 2.4 miles (1.9 miles 

contraflow, 0.5 miles concurrent 
flow) 

 Occupancy requirement: 3+ 

 Violation rate: 9% 
 Initial travel time savings of 3 minutes. 
 HOV lane moves 39% of total person volume in 

21% of vehicles traveling on roadway. 
 Carpools (3+ passengers) in 

contraflow/concurrent flow lane averaged 45.8% 
less travel time and 17.8% less CO exposure 
than regular cars.12 

 Express buses in contraflow lane averaged 
59.6% less travel time and 60.9% less CO 
exposure than regular cars. 12 

 Non-bus HOVs (4+ passengers) in contraflow 
lane averaged 53.3% less travel time and 27.8% 
less CO exposure than regular cars. 12 

 Lesson learned:  
 HOV lanes provide tangible health benefits 

in the reduction of pollutants users are 
exposed to. 
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TABLE 2.12, continued 

Union Avenue 

 Type: Arterial reversible roadway 
 Location: Memphis, Tennessee 
 Road configuration: 4 lanes in major 

flow direction, 2 lanes in minor flow 
direction 

 Roadway operated at LOS C. 
 Reversible lanes were a factor in 17% of 

accidents on roadway. 
 Of the accidents related to reversible lane 

operation, 81% were caused by drivers turning 
left across an adjacent lane with flow in the same 
direction. 

 Many drivers were unwilling to use the 
outermost reversible lane due to narrow (10 ft.) 
lane width and proximity to oncoming traffic. 

 Reversible lane configuration discontinued due 
to operational and safety concerns. 

 Lessons learned: 
 Reversible lanes should be sufficiently wide 

(12 ft. width is standard) to encourage use 
and minimize danger from oncoming traffic. 

 Left turns should be restricted to the 
outermost lane and to certain sections along 
reversible roads in order to improve safety. 

Nicholasville Road (U.S. 27) 

 Type: Arterial reversible roadway 
 Location: Lexington, Kentucky 
 Road configuration: 3 lanes in major 

flow direction, 1 lane in minor flow 
direction, 1 two-way left-turn lane 

 Traffic delays decreased and speeds increased in 
the major flow direction during peak periods. 

 Traffic delays increased in the minor flow 
direction during off-peak periods and the 
evening peak period. 

 Project had a benefit-cost ratio of 6.90:1. 
 Lesson learned: 

 A reversible road should have more than one 
lane in the minor flow direction. 
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TABLE 2.12, continued 

Ottawa 

 Type: Arterial queue jumps/transit 
signal priority 

 Location: Ottawa, Ontario 
 Year opened: 1998 (for first queue 

jumps) 

 Queue jumps involved implementing the 
following features: 
 Transit priority signal indication 
 Advanced stop bar at intersections 
 Bulb-outs 
 Lane control signals 
 Bus-only lanes 

 Bus travel times and variability in bus travel 
times both reduced substantially. 

 Use of bus-only lanes maximized. 
 Violation rates remained low. 
 No major impacts on use of GP lanes or on 

safety of intersections. 
 Lessons learned: 

 Buses don’t always use queue jumps 
immediately after implementation, but use 
generally improves over time. 

 Mixed traffic doesn’t always stop at the 
advanced stop bar, preventing buses from 
jumping to the front of the queue. 

 Moving the stop bar away from the 
intersection increases the length of the queue, 
so enough room must be provided. 

Bremerton 

 Type: Arterial transit signal priority 
 Location: Bremerton, Washington 

 Bus travel times reduced by 5-16%. 
 Possible but indeterminate impacts on cross-

street traffic. 

Central Expressway  

 Type: Arterial queue jumps 
 Location: Santa Clara, California 
 Year opened: after 1982 

 Violation rates: 38% (AM), 32% (PM) 
 Queue jumps perform poorly despite the 

intersection evaluated operating at LOS F. 
 Poor performance is probably due to the queue 

jump lanes being roughly parallel to the US 101 
(freeway) HOV lane. 

 Lesson learned: 
 Queue jump lanes may not perform 

adequately when a parallel freeway HOV 
lane or queue jump runs nearby. 
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3 IDENTIFICATION AND SELECTION OF MANAGED LANE STRATEGIES 

To simplify our discussion6, we classify strategies for managed lanes based on three 
factors: (1) types; (2) designs and methods of implementation; and (3) traffic 
management/control schemes. For example, the types of managed lanes include HOV lanes, 
HOT lanes, bus-only lanes, truck-only lanes, ET lanes, bus-toll lanes, truck-only toll lanes 
among others. A particular type of managed lanes may have a variety of designs and methods of 
implementation. For example, a bus-only lane can be placed on the median of a two-way arterial 
or as a contraflow lane on a one-way arterial. Traffic management schemes, such as transit signal 
priority to buses and allowing them to jump queues of waiting vehicles at intersections, can be 
used to further enhance the performance of managed lanes as well. In this report, we define this 
combination of three factors as a strategy or, more specifically, a bus-only lane strategy. Such a 
definition allows us to fully capture the variety or heterogeneity of managed lanes on arterials 
and present them in a unified framework. 

Below, Section 3.1 summarizes several types of arterial managed lanes which can be 
potentially implemented in Florida. Section 3.2 describes their designs and methods of 
implementation, followed by an introduction of various traffic management schemes for 
managed lanes in Section 3.3. Lastly, Section 3.4 proposes a procedure for screening locations 
and selecting a managed lane strategy for implementation. 

3.1 Types of Managed Lanes for Florida 

As aforementioned in Section 2.2, we categorize types of managed lanes on arterials 
based on their management or control techniques such as vehicle eligibility, access control and 
pricing. In the literature, types of managed lanes include HOV, bus-only, HOT, ET, truck-only, 
bus-toll, and truck-only toll lanes. Below, we describe the specific design and implementation of 
HOV, bus-only, HOT, and ET lanes because these are more likely to be implemented on arterials 
in Florida. In principle, the bus-toll lanes are very similar to HOT lanes, and we do not treat them 
separately. Truck-only lanes and truck-only toll lanes have been suggested as an effective means 
to manage and separate (generally slower) truck traffic from other types of vehicles. However, 
they have not been successfully implemented in practice. When there is only one truck-only lane, 
trucks must enter the adjacent GP lane to pass a slow-moving truck. This would allow truck 
traffic to mix with other types of vehicles. Thus, there must be at least two truck-only or truck-
toll lanes for this type of managed lanes to be effective. Unfortunately, truck traffic is usually too 
low to justify having two lanes. 

3.2 Design and Implementation of Managed Lanes 

Designing managed lanes involves, e.g., determining its layout, placement, length, width, 
and traffic separation. For each of these elements, we discuss below the available options along 
with their advantages and disadvantages. 

                                                 
6  In the literature, the definition of a strategy is unclear. The discussion in Section 2 relies on the definition most 

common in the literature. However, such definition is cumbersome for our purpose.  
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3.2.1 Layout and Placement 

Managed lanes can be classified according to their placement and direction of traffic flow 
as (concurrent) right-side, left-side, median, reversible, right-side contraflow, and left-side 
contraflow.  

3.2.1.1 Right‐Side Managed Lanes 

Right-side managed lanes refer to concurrent lanes located on the right side of an arterial 
(see FIGURE 3.1 and FIGURE 3.2). This design has been adopted for HOT lanes in Santa Clara 
County, CA (see FIGURE 3.3). 

The curbside lane available for parking and deliveries can be converted into a right-side 
managed lane. However, the issue with parking vehicles and those making deliveries must be 
addressed. Bus-only lanes often adopt this design because passengers can board and alight on the 
street side. 
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Source: TTI et al. (1998) 

FIGURE 3.1 Right-Side Managed Lane on One-Way Street 
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Source: TTI et al. (1998) 

FIGURE 3.2 Right-Side Managed Lane on Two-Way Street 

 

 
Source: County of Santa Clara (2003) 

FIGURE 3.3 Right-Side Managed Lane in Santa Clara County, CA 

3.2.1.2 Left‐Side Managed Lanes 

The left-side managed lanes (see FIGURE 3.4 and FIGURE 3.5) refer to the concurrent 
lanes that are located on the left side of an arterial. Barriers can be added so that the facility 
operates more like a reserved lane (see FIGURE 3.6). In this case, access points must be 
carefully provided. 
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Although left-side managed lanes are less common, they offer a few advantages. First, 
they still allow vehicles to right-turn, park or make deliveries along curbside lanes. Second, 
travel speeds on left-side lanes are often higher because there is less disruption. This benefits 
longer-distance users. On the other hand, vehicles in left-side managed lanes (e.g., HOV lanes) 
need to weave into GP lanes to make right turns and it is not convenient for transit vehicles to 
load and unload passengers on the left-side bus-only lanes. The problem of vehicles in GP lanes 
making left turns needs to be addressed as well.  

In general, left-side managed lanes are suitable for implementing HOV, HOT and ET 
lanes. 
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Source: TTI et al. (1998) 

FIGURE 3.4 Left-Side Managed Lane on One-Way Street 
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Source: TTI et al. (1998) 

FIGURE 3.5 Left-Side Managed Lane on Two-Way Street 
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Source: TTI et al. (1998) 

FIGURE 3.6 Left-Side Managed Lane with Barrier on Two-Way Street 

3.2.1.3 Median Managed Lanes 

If there is a left-side managed lane in each direction of a two-way street, we refer to them 
as “median managed lanes”. FIGURE 3.7 and FIGURE 3.8 show a sketch of a median managed 
lane and FIGURE 3.9 displays an actual implementation in Seoul, Korea where the managed 
lanes are painted in a different color (pinkish orange). It is also possible to physically separate 
median managed lanes from others using, e.g., concrete barriers.  

The advantages and disadvantages of median managed lanes are similar to left-side 
managed lanes because the former consists of left-side managed lanes in each direction. Median 
managed lanes are suitable for implementing HOV, HOT and ET lanes. 
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FIGURE 3.7 Median Managed Lane 
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FIGURE 3.8 Median Managed Lane with Barrier 
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FIGURE 3.9 Median Managed Lane in Seoul, Korea7  

3.2.1.4 Reversible Managed Lanes 

Traffic in a reversible managed lane (see FIGURE 3.10) can be in either direction at 
different times. This design is particularly applicable to corridors where traffic demand presents 
a “tidal” phenomenon. The design allows traffic authorities to manage traffic under unusual 
circumstances such as construction, particularly on bridges and in tunnels. FIGURE 3.11 
displays a reversible managed lane on Lions Gate Bridge in Stanley Park, Vancouver. 

This design can make good use of all lanes and leave curbside lanes available for parking, 
delivery, and turning right. It is suitable for implementing all types of managed lanes. However, 
it may be inconvenient for vehicles in GP lanes to make a left turn when there is a managed lane 
in the median. This issue needs to be addressed.  

  

 

                                                 
7 Source: http://www.traffictechnologytoday.com/news.php?NewsID=3849 
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Source: TTI et al. (1998) 

FIGURE 3.10 Reversible Managed Lane 

 

FIGURE 3.11 Reversible Managed Lane on Lions Gate Bridge, Stanley Park, Vancouver8  

3.2.1.5 Right‐Side Contraflow Managed Lanes 

A right-side contraflow managed lane (see FIGURE 3.12 and FIGURE 3.13) is on the 
right side of the street when traveling in the direction of the lane. When implemented, the arterial 
must have sufficient capacity such that the GP lanes are not be negatively impacted by the lane. 
See FIGURE 3.14 for a right-side contraflow bus-only lane in San Juan, Puerto Rico. 

                                                 
8 Source: http://en.wikipedia.org/wiki/File:Lions_Gate.jpg 
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Such a design takes advantage of the capacity often available in the non-peak direction. 
However, the design is normally limited to bus-only lanes, since regular drivers are not accustom 
to driving on them (AASHTO, 2004). 
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Reproduced by authors based on TTI et al. (1998) 

FIGURE 3.12 Right-Side Contraflow Managed Lane on One-Way Street 
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Reproduced by authors based on TTI et al. (1998) 

FIGURE 3.13 Right-Side Contraflow Managed Lane on Two-Way Street 
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FIGURE 3.14 Right-Side Contraflow Bus-Only Lane in San Juan, Puerto Rico 

3.2.1.6 Left‐Side Contraflow Managed Lanes 

A left-side contraflow managed lane (see FIGURE 3.15 and FIGURE 3.16) is located 
near the curb, which is on the left side of the street when traveling in the direction of the lane.  

The advantages and disadvantages of such a design are similar to those of right-side 
contraflow managed lanes. The design is normally used for bus-only lanes, but is less popular on 
streets with many bus stops, because additional space is needed to build bus stops on the right 
side of the bus-only lane. 
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FIGURE 3.15 Left-Side Contraflow Managed Lane on One-Way Street 
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FIGURE 3.16 Left-Side Contraflow Managed Lane on Two-Way Street  
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3.2.1.7 Summary and Recommendation  

TABLE 3.1 summarizes the advantages and disadvantages of different layouts presented 
above. The choice of layouts depends on many factors such as the number of lanes and turning 
movements, tidal traffic condition, and the duration and extent of congestion. 

TABLE 3.1 Pros and Cons of Different Layout Designs 

Layout Pros Cons 

Right-side Easy to implement 
Parking and deliveries need 
to be addressed 

Left-side 
Offer higher speed and do not 
affect curb activities 

Inconvenient for local 
transit and left-turn vehicles 
at GP lanes  

Median 
Offer higher speed and do not 
affect curb activities 

Inconvenient for local 
transit and left-turn vehicles 
at GP lanes 

Reversible 
Make use of capacity in the non-
peak direction and do not affect 
curb activities 

Inconvenient for local 
transit and left-turn vehicles 
at GP lanes 

Right-side contraflow 
Make use of capacity in the non-
peak direction 

Usually limited to bus-only 
lanes 

Left-side contraflow 
Make use of capacity in the non-
peak direction 

Usually limited to bus-only 
lanes and need to address 
the bus stop issue 

 
If local buses are allowed to load and unload passengers in HOV or HOT lanes, there 

should be more than one such lanes (see FIGURE 3.17). When possible, a median next to the 
managed lane can be used (see FIGURE 3.18).  

For bus-only lanes, well-located bus stops can (a) improve the safety and convenience of 
passengers, (b) reduce the conflicts between local buses and regular vehicles, and (c) avoid 
generating traffic bottlenecks. Detailed design guidelines for bus stops can be found in TTI 
(1996). 

HOV lanes that are underutilized are often converted into HOT and ET lanes. The public 
also seems to accept such conversion more easily than converting a GP lane into some form of 
managed lanes. Similarly, there is a similar public support for converting parking or turning 
lanes into managed lanes.  
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FIGURE 3.17 Multiple Right-Side Managed Lanes on Two-Way Street  

Median

3.6 m
(12 ft)

3.6 m
(12 ft)

3.6 m
(12 ft)

3.6 m
(12 ft)

3.6 m
(12 ft)

 
Reproduced by authors based on TTI et al. (1998) 

FIGURE 3.18 Right-Side Contraflow Managed Lane with Median on One-Way Street 

3.2.2 Lane Length and Width 

The length of a managed lane can range from one to several blocks depending on its 
purpose. Managed lanes for express buses or HOVs are typically longer. The length of a bus-
only lane depends on the configuration of bus routes. HOT or ET lanes, either as a lane in a long 
arterial or a bridge or tunnel bypassing a congested bottleneck, must offer adequate travel time 
savings to justify paying tolls (Dragan, 2013).  

When there are active pedestrian movements, the width of a curbside managed lane 
should be 4.0 to 4.3 meters. Otherwise, the width of these lanes is typically 3.6 meters, definitely 
not less than 3.3 meters. Further, if there are barrier separations, the lane should be 0.6 to 1.2 
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meters wider according to the characteristics of the barriers to be discussed below (AASHTO, 
2004). 

3.2.3 Lane Separations 

There are three primary types of lane separation: striping; buffer separation using plastic 
tubes; and concrete barriers. 

Striping costs the least and is easy to implement and maintain. TABLE 3.2 summarizes 
the types of striping used for different managed lanes. In general, the lack of physical barriers 
encourages violations and illegal weaving that can create safety issues or prevent a managed lane 
facility from achieving its operational objectives. 

TABLE 3.2 Striping Used in Different Types of Managed Lanes 

Type of Managed Lane Type of Striping 

Concurrent Solid white lines 

Contraflow Solid double lines 

Median Solid double yellow lines 

Reversible (24-hour operation) Solid double yellow lines 

Reversible (Less-than-24-hour operation) Skip double yellow lines 
Source: AASHTO (2004) 

Plastic tubes are tubular markers, pylons, or stanchions that offer a buffer-separation 
option for managed lanes. They can be from 20 inches to 3 ft. tall, and mounted permanently to 
the pavement or attached to the roadway with adhesive. The recommended spacing between 
pylons is 20 feet (Charles, 1990). However, vehicles traveling at a low speed (e.g., 30 mph) may 
be able to weave between pylons. In this case, pylons should be placed in a smaller spacing than 
20 ft. (Kuchangi et al., 2013). Pylons have been used on several HOT lanes on freeways, e.g., I-
95, SR-91, and I-10.  

FIGURE 3.19 shows the buffer separation on 95 Express, Florida. Such separation 
requires less right-of-way and costs less than concrete barriers. Further, it does not restrict the 
access of emergency and police vehicles, as those vehicles are allowed to weave between pylons. 
However, pylons are prone to damage during operations and need replacement, which increases 
maintenance costs. 

Concrete barriers (see FIGURE 3.20), on the other hand, have high initial cost, require 
more right-of-way, and limit the access of emergency and police vehicles (Poole and Orski, 
1999). However, they eliminate unlawful ingress and egress and help in maintaining safe traffic 
operations when high speed differentials exist between managed and GP lanes. With concrete 
barriers, there is less mental stress on drivers of HOVs knowing that those on an adjacent GP 
lane cannot weave into the managed lanes (Kuchangi et al., 2013).  

TABLE 3.3 summarizes the advantages and disadvantages of all separation types. Along 
with factors such as enforcement strategies, speed differentials and traffic dynamics, the 
available resource and right-of-way generally dictate the selection of the separation type. 
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FIGURE 3.19 Buffer Separation on 95 Express, Florida9  

 

  

FIGURE 3.20 Concrete Barriers on I-15 Express Lanes, San Diego, California10  

                                                 
9 Source: http://www.itsinternational.com/sections/nafta/features/floridas-high-occupancy-tolling-success-in-
reducing-congestion/ 
10 Source: 
http://ops.fhwa.dot.gov/freewaymgmt/publications/frwy_mgmt_handbook/revision/jan2011/mgdlaneschp8/sec8.htm 
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TABLE 3.3 Summary of Separation Types 

Separation Types Advantages Disadvantages 

Pavement Markings 

Cheapest to implement; very 
low maintenance cost; 
unconstrained access of 
emergency and police vehicles 

Higher number of violations; safety 
and operational concerns 

Plastic Pylons 

Require less right-of-way; less 
installation cost than concrete 
barriers; easier enforcement than 
striping; easy access for 
emergency vehicles 

More expensive than striping; higher 
maintenance cost  

 

Concrete Barriers 
Eliminate unlawful weaving; 
improve safety; reduce mental 
stress of drivers 

Very high construction cost; limit the 
access of emergency and police 
vehicles; wider buffer area 

 

3.2.4 Signs and Markings 

Signs and markings are necessary for the operations of managed lanes. Their design and 
implementation should follow the Manual of Urban Traffic Control Devices (MUTCD) (FHWA, 
2009). 

According to MUTCD, managed lane regulatory signs mainly include those that specify 
the minimum number of occupants, display periods of operation, and designate the beginning 
and end of managed lanes. The symbol and word message displayed on the signs should depend 
on the type of managed lanes, such as HOV or bus-only lanes (see FIGURE 3.21). Changeable 
message signs can supplement static signs. However, they should be place sufficiently far ahead 
of the entrance to the HOT or ET lanes to announce toll rates dynamically and allow drivers to 
make a decision whether to pay and use the lanes. Such signs can be placed overhead in a certain 
distance before each entrance. The distance and configuration of the signs may vary across 
facilities and depend on the operating speed, driver familiarity, and other factors. More detailed 
information about the size, placement and design of managed lane signs can be found in Chapter 
2G of MUTCD. FIGURE 3.22 shows the placement of the signs on HOV lanes. 

Markings should be painted in applicable pavement, including symbols and additional 
wording (see FIGURE 3.23). As stated in MUTCD, markings should be spaced as close as 80 ft. 
on city streets. More detailed of managed lane markings design can be found in Chapter 3D of 
MUTCD. In particularly, maintenance activities need to be scheduled for markings, especially in 
the areas of high traffic volume or with humid weather. 
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Source: FHWA (2009) 

FIGURE 3.21 Examples of HOV Signs  

  

Source: FHWA (2009) 

FIGURE 3.22 Example of Signs on HOV Lane 
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FIGURE 3.23 Example of Markings on Managed Lane11 

3.2.5 Access Points 

The design of access points will largely depend on the type, layout, and placement of a 
managed lane, and the means of separation. For contraflow managed lanes, the access points 
usually begin and end at intersections, so that eligible vehicles can only enter or exit the lanes at 
intersections for the apparent safety reason. For (concurrent) managed lanes with continuous 
access, eligible vehicles can enter or leave the lanes at any point. Such design is often used for 
bus-only and HOV lanes. For buffer- or barrier-separated managed lanes, most of which are 
HOT or ET lanes, vehicles can only enter/exit at ingress/egress points. Since weavings 
associated with ingress or egress may cause safety issues and interrupt traffic flow, the number 
of access points should be limited. On the other hand, frequent access points provide 
convenience to drivers and attract more traffic demand. It is a tradeoff that planners and decision 
makers have to make. 

Usually, access points are provided by only suspending physical separation or changing 
prohibitive lane change striping to permitted striping, e.g., a single broken line. Sometimes, a 
weave lane is added to better maintain speed and flow in the managed lane (see FIGURE 3.24). 
The design of access points for freeway managed lanes has been discussed in various reports. In 
WSDOT (2006), it is suggested that “if a minimal lane shift distance of 500 feet is used to locate 
the access point and if access to or from the HOT/HOV lane is restricted to one movement, then 
the access opening could be as short as 500 feet… A combined access (allowing both ingress and 
egress) using the same minimal lane change distance should provide at least 1000 feet (2 × 500 
feet per lane change) of access.” However, for arterial managed lanes, the access point length can 

                                                 
11 Source: http://en.wikipedia.org/wiki/File:Newark_Penn_Station_XBL_%28exclusive_bus_lane%29.JPG 
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be shorter due to lower speeds. Particularly, if an access point is located near an intersection, the 
space of the intersection can be utilized to make the access point length even shorter.  

Managed Lane

Buffer

Weave Lane
Buffer Buffer

GP Lanes

 
Reproduced by authors based on WSDOT (2006) 

FIGURE 3.24 Example of Weave Lane Used for Access Points Design  

3.2.6 Pedestrian and Bicycle Conflicts 

If managed lanes are newly added, the pedestrian conflicts need to be considered 
carefully. The added lanes will increase the walking time and thus negatively affect the safety of 
pedestrians. To resolve the issue, mid-street refuge islands can be provided as well as pedestrian 
skywalks or tunnels. Alternatively, the walking phase of signal control can be made longer and 
the vehicle speed limit set to be lower. For contraflow or reversible managed lanes, additional 
signs should be provided to notify pedestrians the contraflow vehicles.  

For curb-side concurrent managed lanes, if the volume of bicycle flow is high, bicycle 
conflicts should be taken into account as well. To reduce the conflicts, one bicycle lane can be 
added next to the managed lane (see FIGURE 3.25) or the lane can be widened by 0.6 to 1.2 m to 
accommodate bicycles (see FIGURE 3.26). However, for the contraflow curb-side managed 
lanes, bicycles should be restricted to ensure safety and an efficient operation of the contraflow 
managed lanes. 

 

FIGURE 3.25 Example of Managed Lane with Separate Bicycle Lane12 

                                                 
12 Source: http://citytransport.info/Digi/3952a.jpg 
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FIGURE 3.26 Example of Managed Lane Accommodating Bicycles13 

3.2.7 Intersection Enhancement 

If intersections are oversaturated, intersection enhancement can be carried out, such as 
constructing modern roundabouts, particularly, overpass and underpasses (see FIGURE 2.14 and 
FIGURE 2.15) to increase intersection capacity and help managed lanes operate fluidly. Such 
enhancements are certainly costly to implement. For a generic underpass, the cost is estimated to 
be $41.8 million. However, the toll revenue generated from the underpass (or overpass) can be 
used to pay for its construction cost (Swenson and Poole, 2012). A criterion for deciding whether 
to implement an overpass or underpass in Swenson and Poole (2012) indicates that, if the queue 
at an intersection is shorter than one-fourth mile, there is no much benefit to build an overpass or 
underpass. In the same publication, the authors also state that the capacity increased by an 
intersection overpass or underpass is significantly higher than that offered by adding new lanes 
along the whole corridor. 

3.3 Traffic Management Schemes 

Various traffic management schemes can be used to enhance the performance of 
managed lanes on arterials. There are three categories of traffic management schemes: 
intersection treatment, segment management and enforcement. An intersection treatment allows 
vehicles in managed lanes to pass through intersections without significant delay. Common 
objectives in segment management are to manage traffic demand and improve the throughputs of 
managed lanes between intersections. In general, enforcement ensures that rules and regulations 

                                                 
13 Source: http://www.patchwayjournal.co.uk/2012/06/15/highwood-road-petition-falls-deaf-ears-south-glos-
council/ 
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of managed lanes (e.g., vehicle eligibility) are followed. Below, we describe these categories of 
management schemes in detail.  

3.3.1 Intersection Treatment 

3.3.1.1 Queue Jump 

A queue jump provides the priority of passage to vehicles on managed lanes at 
intersections. An example is shown in FIGURE 3.27 where one additional lane is provided for 
local buses to bypass the queue at the intersection. Usually, a special signal phase is designated 
to the queue jump to allow eligible vehicles to cross the intersection before other vehicles. With 
queue jumps, eligible vehicles can reduce delay at signalized intersections and improve their on-
time performances. Mainly, there are three ways to design and implement a queue jump. 

 

FIGURE 3.27 Queue Jump14 

3.3.1.2 Queue jump with a continued lane 

FIGURE 3.28 is a sketch of a queue jump with a continued lane for buses. The design 
helps buses cut to the front of the queue. Also, buses do not need to change lanes to load or 
unload passengers if there is a far-side bus stop. Therefore, bus delay at the intersection can be 
reduced and travel time reliability may thus be enhanced. 

However, right-turn movements of the vehicles on GP lanes are affected negatively. 
Therefore, if the right-turn traffic volume is high, this type of treatment is not recommended. On 
the other hand, it may take some time for buses or other eligible vehicles to merge into the GP 

                                                 
14 Source: http://www.metrojacksonville.com/article/2007-jan-brt-better-quality-but-not-rapid-
transit#.VGTI0ckhC7g 
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lanes during peak hours. In this case, early green can be provided to ensure buses to jump the 
queue. This queue jump with early green is similar to the next type of queue jump below.  

B
U
S BUS

 

FIGURE 3.28 Queue Jump Continued Lane 

3.3.1.3 Queue jump lane with designated signal 

A queue jump lane coupled with a designated signal helps eligible vehicles bypass the 
queue on GP lanes, as shown in FIGURE 3.29. The signal provides an early green of a few 
seconds to give the vehicles in the queue jump a head start. Similar to a queue jump with a 
continued lane, this type of queue jump does hinder the right turns of vehicles on GP lanes. 

B
U
S

BUS

 

FIGURE 3.29 Queue Jump Lane with Designated Signal 

3.3.1.4 Queue jump with bus advance area 

A bus advance area, as illustrated in FIGURE 3.30, is an effective way to provide buses 
with a head start when turning left. In the figure, the near signal stops GP vehicles at the stop 
line, while buses can bypass them and proceed to the main signal. A few seconds later, when the 
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far signal turns green, the near signal releases the GP vehicles, so that they join the queue behind 
the buses. This treatment, however, requires space to store queues, and thus may not be practical 
in dense urban streets where intersections are close to each other. 

3.6 m
(12 ft)

3.6 m
(12 ft)

3.6 m
(12 ft)

BUS

Bus Lane

May vary in length, 
but suggest at least 

150 m (500 ft)

Near Signal

Far Signal

Stop Line

BUS

 
Source: TTI (1998) 

FIGURE 3.30 Queue Jump with Bus Advance Area 

3.3.1.5 Signal Control 

Coupled with managed lanes, signal control can offer eligible vehicles additional 
preferential treatment. Similar to the queue jumps, these schemes reduce delay at signalized 
intersections and improve travel time reliability for eligible vehicles.  

Signal timing can be adjusted to favor the approach, in which managed lanes are present. 
Below is a summary of possible adjustments:  
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 A coordination signals along the direction of managed lanes can decrease the number of 
stops and total delay for vehicles traveling on the managed lanes. 

 Designating a phase to managed lanes at certain intersections may further reduce delay 
for eligible vehicles.  

 For fixed control, increasing the green split of the managed lane approach leads to a 
reduction of passenger delay rather than vehicle delay.  

 For actuated control, providing more green extension and larger maximum green time 
allows more eligible vehicles to clear an intersection.  

The above adjustments can be made for HOV, HOT or ET lanes. However, they may not 
be feasible at saturated or oversaturated intersections. The key is to ensure that the adjustments 
do not substantially increase the delays for vehicles on GP lanes. Otherwise, the adjustments may 
raise public acceptance issues. 

Signal priority offers vehicles on managed lanes a preferential treatment and allow them 
to pass through signalized intersections more smoothly. As aforementioned, it can be used in 
conjunction with a queue jump. Often, it is also offered to in-service buses.  

Transit signal priority has been identified as a critical technology for deployment of BRT 
systems and for improvement of traditional transit services. Deployments of transit signal 
priority have occurred in many cities across the country such as Chicago, Portland, Charlotte, 
Seattle and Los Angeles. Most of these systems provide early green or green extension to 
accommodate the passing of a bus at a signalized intersection without considering the resulting 
disruption to otherwise well-coordinated signaling system across the street network. A “point” 
detection means is employed to detect the approaching buses at a fixed location or within a 
limited area. It provides a “short notice” to the traffic signal control system and would result in 
late calls that have limited lead time to borrow “seconds” from the remaining phases for early 
green treatment or could miss the potential green extension treatment.  

In contrast, an adaptive transit priority system provides priority to transit vehicles while 
trying to minimize negative impacts to the minor-phase traffic. The system would have a 
continuous detection means, such as GPS, to sense the approaching bus continuously so that the 
bus arrival time can be predicted and updated in a real-time manner. With the predicted bus 
arrival information, the system can determine a real-time signal timing strategy to accommodate 
the bus arrival while explicitly considering the impacts on the non-transit vehicles and ensuring 
pedestrian safety. The timing strategy should make a trade-off between transit delay and traffic 
delay and be adaptive to the movement of the transit vehicle and the prevailing traffic condition 
(Zhou et al, 2004).  

3.3.1.6 Turning Movement Management 

Regulating turning movements is critical for ensuring the success of arterial managed 
lanes. Right-turn vehicles crossing a right-side managed lane (see FIGURE 3.1) and left turns 
crossing a left-side (see FIGURE 3.4) or median managed lane (see FIGURE 3.7) interfere with 
the operations of managed lanes. These types of turning movements of vehicles on GP lanes 
should be prohibited or limited to ensure the travel time reliability of managed lanes on arterials. 
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At the intersections where turning movements are allowed and severe interference arises, 
turn bays can be added to reduce the interference. In this case, all the turns can only be attempted 
in the turn bays. Vehicles on GP lanes have to merge into the managed lanes and then weave into 
the bays if they want to make a turn.  

3.3.1.7 Signal Controlled Roundabout Treatment 

The first roundabout with signal control was designed in the United Kingdom in 1959. 
However, it was only in the early 1990s that signal controlled roundabouts started to become 
more common (Ridding and Phull, 2009). Traffic signals installed at the roundabout (see 
FIGURE 3.31) are able to regulate the traffic flows entering the roundabout and their speed. 
Doing so (a) can help the roundabout operate more fluidly, (b) balance and improve the capacity, 
(c) reduce the delay and accident, and (d) improve safety (Department for Transport U.K., 2009). 
This type of treatment is usually used during peak hours when the number of vehicles entering a 
roundabout exceeds its capacity. When there is ample space, queue jump and signal control can 
also be used with this type of roundabouts. 



70 
 

 
Source: Department for Transport U.K. (2009) 

FIGURE 3.31 Signal-Controlled Roundabout 

3.3.2 Segment Management  

3.3.2.1 Pricing Strategies 

HOT and ET lanes rely on pricing to maintain superior traffic conditions. Successful 
operations of these lanes are mainly affected by employing an effective pricing strategy. Pricing 
can be either time-of-day or dynamic. In dynamic pricing, the toll price varies with the real-time 
traffic conditions and it is typically updated every few minutes. On the other hand, tolls that vary 
with time-of-day are predetermined and based on a toll schedule developed from historic traffic 
data. Time-of-day tolling is useful for facilities that have a stable traffic demand pattern. 
Between these two types of tolling, data from real-world implementations of HOT and ET lanes 
on freeways have demonstrated that dynamic tolling is more effective at achieving the operating 
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objectives of HOT and ET lanes. For both types of pricing, many agencies also establish the 
lowest and highest toll price. When setting these two prices, drivers’ willingness-to-pay and 
public acceptance must be considered. 

A HOT or ET lane facility can be single-segment or multi-segment. For the former, there 
is typically an entrance at the start of the segment with a tolling facility and an exit where the 
segment ends. Motorists who enter the facility during the same tolling interval pay the same toll 
amount. Pricing of a single-segment facility has been well studied by, e.g., Yin and Lou (2009) 
and Lou et al. (2011).  

A HOT or ET lane consisting of multiple segments has several entrances and exits that 
are located at some distance from each other. Compared to single-segment, a multi-segment 
facility is more challenging to price. In principle, pricing should provide superior traffic flow 
conditions on the HOT or ET lanes while maximizing roadway’s throughput. Moreover, it 
should avoid creating inequality issues among motorists entering the facility at different ingress 
points. It also need to ensure similar traffic conditions within every segment of the facility 
without causing excessive lane changes before each HOT or ET lane entrance. Although a multi-
segment facility often has multiple tolling points, a motorist does not necessarily have to pay at 
each point. Where a motorist is charged depends on the toll structure implemented. In general, 
the toll structures for multi-segment facilities can be classified as zone-based, origin-specific, 
OD-based, and distance-based. All four structures have been implemented in practice on 
freeways. 

Below are descriptions for each toll structure along with their advantages and 
disadvantages. Each description addresses a multi-segment HOT-lane facility illustrated in 
FIGURE 3.32. In this facility, there are two HOT lanes and three GP lanes. The HOT lanes are 
separated from the GP lanes by double solid line. Motorists can enter and exit the HOT facility 
only at the access points indicated by dashed lines. In the figure, I1, I2, and I3 denote the 
entrances and O1, O2, and O3 designate the exits to and from the HOT lanes, respectively. A toll 
gantry is generally located downstream from each entrance. 

Traffic
Demand

Legend

I1
O1 O2 O3I2 I3

Toll Gantry

HOT Entrance/Exit

GP/HOT Separation

Toll 1 Toll 2 Toll 3

  

FIGURE 3.32 Example of a Multi-Segment HOT Lane 

 In zone-based toll structure, a HOT lane facility is divided into multiple zones. Whenever a 
motorist enters a new zone, he or she pays a specific toll. Consequently, the toll amount that 
a motorist pays depends on the numbers of zones he or she has traversed. Each zone can 
include multiple HOT lane entrances and exits. The toll amount for a zone is computed at the 
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first entrance to a zone and will be assigned to all the entrances that belong to the same zone. 
When dynamic pricing is implemented, the toll calculation algorithm for a zone should 
consider the traffic conditions in the entire zone and, in some cases, the traffic conditions in 
the downstream zones as well. The toll at all the entrances that belong to the same zone is the 
same, however. A vehicle traveling on a zone-based HOT lane has to make a lane-choice 
decision every time it enters a new zone. For instance, suppose that the facility in FIGURE 
3.32 is divided into two zones, one from I1 to O1 and the other from I2 to O3. In this case, 
Zone 1 has one entrance and one exit. Let “Toll 1” denote the toll for Zone 1. As shown in 
FIGURE 3.32, Zone 2 has two entrances (I2 and I3) and two exits (O2 and O3). Let “Toll 2” 
denote the toll for Zone 2. Motorists traveling through Zone 1 will pay toll 1 and motorists 
traveling through the entire facility will pay Toll 1 plus Toll 2. Travelers entering the facility 
at either I2 or I3 and exiting at either O2 or O3 pay the same toll, i.e., Toll 2. 
  The zone-based toll structure has been implemented on the I-15 Express lanes in Salt 
Lake City, the I-10 HOT lane corridor in Houston, and the MnPass I-394 HOT lanes in 
Minneapolis (see FIGURE 2.3). 

 In the origin-specific structure, the toll amount a motorist will pay depends only on where he 
or she enters the facility. More precisely, a traveler pays the toll amount that is displayed on a 
sign at his or her entry point regardless of how far the traveler is going to travel on the HOT 
lanes. Consequently, the traveler will only have to face the lane choice once. In the example 
network in FIGURE 3.32, there are three origins, I1, I2, and I3. Motorists who enter at I1 
will pay toll 1 regardless of which exit, O1, O2, or O3, they are going to take. In this case, a 
driver who travels from I1 to O1 will pay the same toll amount as someone who travels 
through the entire HOT facility. This can be unfair to the drivers who travel short distances 
on the HOT lanes. On the other hand, travelers can choose just once whether or not to use the 
HOT lanes and know in advance exactly how much they are going to be charged. 
  Origin-specific tolling was implemented on SR-167 HOT lanes, so users of the SR-167 
HOT lanes pay the toll displayed at their entrances even if they traverse the entire facility. 

 OD-based tolling implies that the toll rate a motorist will pay depends on where he or she 
enters and leaves the HOT lanes, i.e., it is based on their origin and destination. Thus, there is 
a different price for motorists who travel through different OD pairs. In this case, the prices 
to major destinations should be displayed at the variable message sign prior to each entry 
point so that motorists can decide whether they want to use the HOT lanes. In the example 
network of FIGURE 3.32, there are seven OD pairs (I1-O1, I1-O2, I1-O3, I2-O2, I2-O3, I3-
O2, I3-O3) and drivers have to pay depending on their OD. The toll per mile can be different 
for different OD pairs, thus creating some equality issues among drivers. The tolls displayed 
before each toll gantry show the price to major destinations, but do not indicate the exact 
amount a driver will finally pay. This toll structure is implemented on I-15 in San Diego. 

 In distance-based tolling, the toll amount a motorist is charged depends on the distance that 
he or she travels on the HOT lanes. The toll rate, that is, toll per mile, is the same for all entry 
locations at a specific time interval. The variable message sign at the entrance should display 
the minimum toll for entering the facility (the toll to the first exit), a toll rate, and the toll 
amount for traveling to the end of the facility. For example, in FIGURE 3.32, the toll per 
mile for all the three entrances, I1, I2, and I3 will be the same at a certain time interval. At 
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each entrance, the toll per mile is displayed. Such a toll structure has been recently 
implemented on I-85 HOT lanes in Georgia. 

The pros and cons of the above four toll structures are summarized as follows. In the 
zone-based tolling, the toll charged for one zone is usually determined based on the traffic 
conditions in that particular zone. The toll rate will be displayed at the entrance to each zone. 
Therefore, the tolling algorithm for each zone is essentially the same as for a single-segment 
facility. In this sense, the zone-based toll structure is easier to implement. Motorists can make 
their decisions on whether to pay to access the HOT lanes multiple times and they know in 
advance exactly how much they will pay when they make those lane-choice decisions. One of 
the critical issues in implementing a zone-based toll structure is to determine the number and 
location of zones. If a zone is too long, pricing becomes less effective in managing demand. 
Conversely, many short zones will create additional lane changes, possibly yielding moving 
bottlenecks and disrupting the managed lane operations. 

To summarize, origin-specific tolling is convenient for users because they only need to 
make their lane choices once. However, this toll structure may create inequity if the facility is 
long because the toll per mile at an upstream entrance may be less than that at a downstream 
entrance. Otherwise, the capacity of HOT lanes upstream would be wasted. Consequently, users 
who enter midway or downstream of the HOT lanes may pay more for traveling a shorter 
distance, which may be viewed unfair to many. Similar to some ramp metering strategies, this 
toll structure tends to favor the long-distance travelers. If not designed properly, it may lead to 
public resistance, like the opposition to ramp metering in the Twin Cities, Minnesota, area where 
the state legislature passed a bill in 2000 requiring a ramp meter shut-off experiment. 

The OD-based toll structure, at least theoretically, can effectively manage demand and 
utilize available capacity on a long multi-segment HOT facility. The toll rates can be carefully 
designed to reduce inequality among users who access the facility via different entrances. It is, 
however, more sophisticated and thus more difficult to implement than the previous two 
structures. It can require a relatively high implementation cost because the system should keep 
track of where the vehicles enter and exit. Another downside of this structure is that, when users 
make their lane choices, they may not be sure of the exact amount of toll they will have to pay 
for their trips. In the current practice on freeways (i.e., I-15 in San Diego), when a motorist 
enters the facility, he or she needs to pay the minimum toll, regardless of his or her destination. 
A sign at each entrance advises one or more possible fares for longer trips to upcoming exits. If 
the destination is somewhere after the first possible exit, the expected toll can fall between the 
minimum and the toll for traveling all the way to the last exit of the HOT lanes. 

When compared to OD-based, the distance-based toll structure seems easier to 
implement. Software for implementing both schemes have similar complexity. However, 
distance-based tolling is more flexible at managing the traffic demand and may not create much 
equity concern as all travelers pay the same rate per-mile. On the other hand, distance-based tolls 
may lead to an inefficient use of the managed lane capacity. 

TABLE 3.4 summarizes the advantages and disadvantages of the different toll structures 
presented above. 
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TABLE 3.4 Pros and Cons of Toll Structures 

Toll structure Pros Cons 

Zone-based 
Easy to implement, particularly 
when expanded from a single-
segment HOT facility 

Additional lane changes at the 
beginning of each zone may cause 
disruptions; difficulty of balancing 
utilization of capacity and the 
disruptions caused by lane changes 

Origin-specific 
Easy to implement and convenient 
for users 

Inefficient utilization of capacity 
possible inequality concerns 

OD-based 
Effectively manage demand and 
utilize capacity 

More costly to implement 

Distance-based No equity concern 
More costly to implement 
inefficient utilization of capacity 

 

The selection of a toll structure to implement depends on the HOT or ET lane 
configuration, demand patterns, and available resources. All four toll structures have been 
implemented for HOT lanes on freeways. However, there is no implementation on arterials. 
Generally, a HOT or ET lane facility on an arterial is expected to have more entrances and exits 
comparably to a freeway HOT or ET lane facility and thus there are more OD pairs and more 
lane choice decision points for the travelers. Also, it is expected to be used for shorter trips. 
Thus, even though all four toll structures could theoretically been implemented on a multi-
segment HOT/ET lane on an arterial, some toll structures could provide more overall benefits 
than others. For instance, if the HOT/ET facility is long and many exits, then the origin-specific 
toll structure could create noticeable inequity issues. On the other hand, the OD-based toll 
structure could be too complicated and cause unnecessary confusion. Therefore, the zone-based 
or even distance-based structure is more appropriate for an HOT/ET lane on arterials. 

3.3.2.2 Speed Limit 

Setting limits for a speed of traveling vehicles is a widely used and effective tool 
reducing traffic accidents and prevent road casualties. An operating speed method or a road risk 
method can be used to determine speed limits for arterial managed lanes. In addition, it is critical 
to limit the maximum speed differential between the managed and GP lanes in advance of access 
points. Otherwise, there is an increased chance of rear-end accidents when vehicles merge into or 
diverge from the managed lanes at access points. AASHTO (2004) suggested that the difference 
of speed limits should be limited to 10 mph to 15 mph. 

Recently, many countries have adopted variable speed limits as a strategy for controlling 
freeway traffic. By dynamically changing the posted speed limits in response to the prevailing 
traffic, road or weather condition, variable speed limit systems are believed to be able to 
harmonize traffic flow, reduce the number of vehicular crashes and postpone or prevent traffic 
congestion. Recently, FDOT District 5 launched a variable speed limit system on a 10-mile 
stretch of I-4 from Orange Blossom Trail to Maitland Blvd in downtown Orlando.  

Variable speed limits can also be implemented on arterial managed lanes, primarily for 
safety considerations. For example, lower speeds can be imposed during a severe weather 
condition. Given that the operations of arterial managed lanes are frequently interrupted by 
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traffic signals and turning movements at intersections, variable speed limits should not be 
deployed for the purpose of preventing traffic flow breakdown or eliminating shockwaves, as 
they are expected to achieve at freeways (e.g., Carlson et al, 2010). 

3.3.3 Automatic Enforcement 

Enforcement is critical for a successful operation of managed lanes. Effective 
enforcement deters unauthorized vehicles and thus maintains travel time savings of eligible 
vehicles. In practice, effective enforcement also improves safety and helps in gaining further 
acceptance of managed lanes among users and non-users (TTI, 2006; Vu et al., 2008).  

Vehicle eligibility violations and unauthorized entries/exits are common occurrences 
among managed lanes. As reported in Vu et al. (2008), the eligibility violation rate during peak 
periods in Atlanta is approximately 12% and, on average, there are 3.69 unauthorized 
entries/exits per 100 feet per hour during rush hours on an HOV lane with continuous access 
along the I-85 Northeast corridor. 

Although it is challenging to remotely determine whether a vehicle in managed lanes 
carries the required number of passengers, there are a few automatic vehicle occupancy 
enforcement technologies. For example, near-infrared cameras (see FIGURE 3.33) are able to 
detect the number of passengers in a vehicle automatically and accurately. Another example is 
the monitoring system with two cameras: one for capturing the front windshield view and the 
other for the side window view (Vu, et al., 2008). After detection, the license plate of the 
violation vehicle will be photographed and the notice of punishment will be sent to the driver 
automatically. 

An electronic barrier system, called Gantry Controlled Access, can be applied to enforce 
unauthorized entries or exits (Vu, et al. 2008). The system records the presence of vehicles at 
each station and then identify whether a vehicle enter or leave the managed lane illegally (see 
FIGURE 3.34). When a vehicle is recognized as unauthorized, it will be recorded by the system 
via license plate readers and a video enforcement system. Similarly, the notice of punishment 
will be sent automatically. Such system is reported to be deployed in I-85 express lanes in 
Atlanta (Perez et al., 2012). 
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FIGURE 3.33 Near-Infrared Cameras15 

 
Source: Vu et al. (2008) 

FIGURE 3.34 Example of GCA in A HOT Lane 

                                                 
15 Source: http://license.umn.edu/technologies/99201_near-infrared-detection-of-humans-in-hov-lanes 
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3.4 Selection and Screening Process 

In this section, we propose a procedure for screening arterial corridors for managed lane 
implementations and then select the appropriate managed lane strategies for specific corridors. 
The flowchart for the procedure is displayed in FIGURE 3.35 In a nutshell, our selection and 
screening procedure starts with the identification of qualified corridor and follows by the 
selection of managed lane type and traffic management schemes. Note that the selection and 
screening process is carried out in the pre-planning stage as discussed in Section 4.  

3.4.1 Criteria for Qualified Corridors 

This subsection establishes criteria that can help identify corridors with higher priority to 
implement a managed lane strategy. The key is to evaluate whether the congestion at a major 
corridor is severe enough to warrant a managed lane treatment. The criteria are listed below. 
Note that the evaluation is not limited to existing conditions. It should also consider the future 
transportation needs (http://www.flfuturecorridors.org/index.htm).  

 High traffic volume: A corridor should have enough traffic volume to justify a managed 
lane treatment. If the current traffic volume is low but expected to grow substantially in 
the future, the corridor can also be a good candidate. In Parsons Brinckerhoff and TTI 
(2009), it is suggest that a corridor can be qualified for a managed lane treatment, if the 
average annual daily traffic is greater than 10,000 × number of lanes.  

 High level of congestion during peak hour: One of the primary goals of deploying 
managed lanes is to mitigate traffic congestion. Therefore, if a corridor experiences a 
high level of congestion, it may be considered as a candidate for managed lane 
deployment. Threshold values were suggested as the level of service of E or F for two 
hours or more, or a travel speed of 20 mph or less for two or more consecutive hours 
(Parsons Brinckerhoff and TTI, 2009).  

 Importance to a managed lane network: If a managed lane facility on a corridor is critical 
to the continuity and connectivity of a managed lane network, its deployment may thus 
be justified.  

If one or more criteria listed are satisfied, the corridor is considered to be qualified. 
Assuming that it is financially and physically feasible to deploy a managed lane along the 
corridor, below we discuss the process of determining a particular managed lane strategy to 
implement. 

3.4.2 Managed Lane Selection and Screening Process 

First, determine whether an HOV lane exists and its utilization is less than a certain 
threshold value.  

Lou et al. (2011) suggest that converting an HOV to an HOT lane is beneficial when the 
HOV demand is lower than 80% of the capacity of the lane. If the HOV lane is congested, i.e., 
the demand has exceeded its capacity, adding an additional HOV lane or increasing the 
occupancy requirement may more effective.  

Second, if the HOV demand is sufficiently high, a new HOV lane can be considered. 
Parsons Brinckerhoff and TTI (2009) suggest that the HOV demand should be higher than 300 
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vphpl while Turnbull (2002) suggests 200 to 400 vphpl for both right-side and left-side HOV 
lanes and 80 to 160 vphpl for a reversible HOV lane. 

Third, if many local buses are serving the corridor and their performances need to be 
further enhanced, then a bus-only lane can be considered. Turnbull (2002) suggests that a 
minimum bus volume of 50 to 80 vphpl is required to justify a bus-only lane.  

Finally, if the corridor is long enough and intersections are apart from each other, a HOT 
or ET lane should be considered. Without substantially reducing accessibility, turning 
movements at some intersections may be prohibited or the intersections can be entirely removed 
to further enhance the performance of HOT or ET lane.  

After selecting the type of the managed lane, the process proceeds to the determination of 
traffic management schemes, more specifically, treatments at selected intersections that operate 
under saturation.  

Improving signal control, such as changing signal timing, can be first considered as it is 
relatively easier to implement. On the other hand, the deployment of a transit signal priority 
system is much more involved. It can be considered if it is of critical importance to improve the 
service quality of bus routes using a bus-only lane. Queue jumps can be constructed to further 
enhance the performance of the managed lane, particularly if the lane is HOV or bus-only. 
Parsons Brinckerhoff and TTI (2009) suggest that if there are at least 20 buses or 200 vehicles 
per hour per lane, a queue jump may be worth implementing.  
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FIGURE 3.35 Flowchart of Selection and Screening Process 
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4 IMPLEMENTATION AND MONITORING PROGRAM 

4.1 Introduction 

Planning and implementation process is important in ensuring the success of any project. 
Below, we describe the planning and implementation process of managed lane projects on 
arterials. (see Section 3 for the different types of managed lanes suitable for arterials.)  

4.2 Overview and Milestones 

The overall planning and implementation for managed lanes consist of the following 
steps (Perez et al., 2012):  

1) Pre-planning: Once the need for managed lanes is identified, the responsible transportation 
agency—often in coordination with the local MPO and using the Context Sensitive Solutions 
(CSS) approach (see Section 4.3 for details)—develops and reviews conceptual, operational, 
and physical solutions or projects for their effectiveness, anticipated cost, ease of 
implementation, and acceptability to the public. The decision to proceed with the 
improvement project should be weighed against other needs facing the state and local region. 

According to Grant et al. (2011), metropolitan areas with population exceeding 200,000 
are considered as Transportation Management Areas or TMAs. Federal regulations require 
TMAs to conduct a Congestion Management Process (CMP) as an integral component of 
metropolitan transportation planning. (See Section 4.3 for details about CMP.) The decision 
to proceed with a managed lane project in a TMA should be an outcome of a CMP. 

2) Planning: If the project sponsor makes a decision to proceed with the project, the project 
should be incorporated into the MPO’s long-range MTP that identifies transportation needs 
and policies over a 20-year horizon. Once in the MTP, federal funding may be used to 
support planning work and the completion of NEPA environmental clearance documents. 
During this process, the project sponsor should narrow and refine the project as well as 
develop alternatives. 

The process culminates with the identification of a preferred alternative that must be 
approved through a Categorical Exclusion, a FONSI upon the completion of an 
Environmental Assessment, or a ROD upon completion of an EIS. Projects must also be 
incorporated into the MPO’s TIP, a fiscally constrained plan that identifies the projects in the 
MTP to be completed in the coming four-year cycle. 

3) Design and Procurement: Once the MPO and NEPA requirements and funding 
commitments have been completed and secured, the project sponsor completes design work 
for the preferred alternative and then puts the project out to bid.  

If the project is being procured via the traditional DBB model, the project sponsor 
would retain a design consultant to complete the final design drawings and hold a second 
procurement for project construction. The qualified contractor submitting the lowest bid is 
awarded the project. Alternatively, if the project sponsor chooses to procure the project on a 
DB or DBFOM concession basis, a design-builder or private concessionaire normally 
completes the final design work. The sponsor must also perform additional analyses to 
determine if DBFOM procurement is feasible. These would include conducting a financial 
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feasibility analysis to determine the “base financial case,” i.e., the cost if the project sponsor 
builds, operates, and maintains the project. Toll proceeds should be forecasted to see whether 
they would be sufficient to finance the project. If offers submitted by private developers are 
better than the base financial case, then the best offer delivers a better value and should be 
accepted. (When two or more offers are the best, use other factors such quality and past 
performance to break the ties.)  

4) Construction: During the construction phase a private contractor, design-builder, or private 
development partner builds the project according to the design specifications and 
implementation schedule established in the construction contract. The project sponsor 
supervises the construction to ensure that it will be consistent with the design and meets the 
necessary quality standards.  

5) Operation and Maintenance: Once completed to the satisfaction of the project sponsor, the 
new facility begins its operation. With traditional DBB or DB procurements, the project 
sponsor assumes responsibility for maintaining and operating the managed facility. With 
DBFOM concessions, the private developer operates and maintains the facility for a 
designated concession period. During this period and depending on the project, the private 
developer has the right to collect toll revenues or receive availability payments from the 
project sponsor. In some cases, the project sponsor or other public toll agency might be 
responsible for toll collection. Responsibility for enforcement and incident management 
remains with the appropriate public agencies. 

In the following page, Figure 4.1 displays the planning, implementation, and milestones 
of a managed lane project as a flowchart. To fit the entire process on a single page, we combine 
several steps into one box in places. Subsequent sections elaborate more on steps in the figure.  
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FIGURE 4.1 Proposed Planning and Implementation of Managed Lanes 
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From Figure 4.1, the following milestones can be identified:  
1) Decision to investigate a managed lane solutions at the end of the pre-planning phase (6 

months to one year) 
2) Decision to study a managed lane concept after assessing the institutional issues, operational 

strategies, political and public acceptability, and the physical constraints such as space 
availability and geographical suitability (6 months to one year) 

3) Decision to implement a project after identifying institutional structure, preferred engineering 
and technologies, financing approach, and pricing/eligibility policies (1 to 3 years) 

4) Development and submission of pricing-financing plan, establish institutional framework, 
obtain environmental approvals, refine engineering/technology solution, and establish 
operational requirements for review and approvals at city, county, district, state, and federal 
level (1 to 3 years) 

5) Issuance of a request for proposals 
6) Contractor/concessionaire selection (6 months to one year) 
7) Beginning of construction after finalizing institutional structure, preferred engineering and 

technologies, and preferred financing approach (up to 5 years) 
8) Facility opening after construction is completed, inspected for compliance with design, 

engineering, and quality standards, and accepted by responsible agency (1 to 6 months) 
9) Annual performance review (every year) 

In Figure 4.1, public outreach and consensus-building activities are critical throughout 
the process of planning and implementing managed lanes, particularly those managed by price, 
because of the following challenges: 

 While the benefits of combining occupancy requirements, access, and price to manage 
demand bring clear transportation benefits, the concept is often difficult for political decision 
makers and the public to embrace. 

 Many perceive tolling as double taxation because other transportation needs are funded with 
motor fuel taxes, vehicle registration fees, and other tax revenue. 

 Equity is a key concern with lanes managed by price, as some stakeholders may believe that 
it is inequitable to provide premium service to those who appear more likely to afford it. 

 

4.3 Identification of Need during Pre-Planning16 

The identification of general needs, issues, and opportunities for transportation 
improvements begins at the regional level with inputs from representatives of the MPO, state 
DOT, transit agency, affected federal agencies and local communities.  

4.3.1 Congestion Management Process 

For metropolitan areas with populations of at least 200,000, this identification of needs, 
issues, and opportunities should be a natural consequence of an on-going CMP mentioned in 
Section 4.3.1, which is a federal requirement. A CMP is a living document that evolves 
continually to address concerns of the communities, objectives and goals of the MPO, and 
congestion issues at the present and in the future. A CMP typically consists of the following 
eight actions (Grant et al., 2011): 
                                                 
16  The content of this section is adapted from Parsons Brinckerhoff and TTI (2009). 
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1) Develop regional objectives for congestion management: In developing objectives, it is 
important to realize that it may not be feasible or desirable to eliminate all congestion. Two 
questions that need answers are “What is the desired outcome?” and “What do we (MPO) 
want to achieve?” 

2) Define CMP network: This action involves specifying the geographical boundaries and 
system elements to be considered such as freeways, arterials, and transit routes. 

3) Develop multimodal performance measures: This action addresses the question: “How do we 
define and measure congestion at both regional and local scale?” For example, congestion 
can be defined using volume-to-capacity ratios or level of service (LOS) in combination with 
factors such as intensity, duration, extent, and variability. 

4) Collect data and monitor system performance: After performance measures are defined, data 
should be collected and analyzed to evaluate and/or assess the effectiveness and efficiency of 
the CMP network in managing congestion. 

5) Analyze congestion problems and needs: The purpose of this action is to identify locations 
with congestion problems and their sources. For example, the latter can include locations of 
major trip generators, may be seasonal, and depend on time-of-day. 

6) Identify and assess CMP strategies: Data and analyses from Action 4 and 5 should evolve 
into a set of recommended solutions to effectively manage congestion and achieve objectives 
established for the region. (When strategies involve managed lanes on arterials, the procedure 
or flowchart documented in Chapter 3 can be used.) 

An approach for accomplishing this action involves using the CSS which is a 
collaborative, interdisciplinary, holistic approach to the development of transportation 
solutions or projects. It is both a process and product characterized by a number of attributes. 
(see, FHWA, 2007.) It involves all stakeholders, including community members, elected 
officials, interest groups, and affected local, state, and federal agencies. It puts project needs 
and both agency and community values on a level playing field. CSS considers all trade–offs 
in decision-making and should be a part of all phases of program delivery including long-
range planning, programming, environmental studies, design, construction, operations, and 
maintenance. 

7) Program and implement CMP strategies: Implementation of CMP strategies occurs on three 
levels: system or regional, corridor, and project. Implementation of strategies at a regional 
level requires their inclusions in the MTP and/or TIP as discussed in Section 4.2. At the 
corridor level, strategies such as bicycle and pedestrian improvements can be assessed in 
studies and implemented using a variety of funding sources such as Surface Transportation 
Program (STP), National Highway System (NHS) funds, the Congestion Mitigation and Air 
Quality Improvement (CMAQ) Program, and Transportation Alternatives Program (TAP). 
Section 4.7 provides discussion concerning funding sources specific to managed lane 
projects. 

8) Evaluate strategy effectiveness: The primary goal of this action is to ensure that implemented 
strategies are effective at addressing congestion as intended and to make changes based on 
the finding as necessary. 
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4.3.2 Alternative Approaches for Non-TMAs 

For metropolitan areas with population less than 200,000, a CMP is not required. 
However, FHWA publications recommend similar approach to identify the need for 
transportation improvement. As an example, below is a process described in Perez et al. (2012). 

The regional planning process involves a screening of the potential for facility 
improvements based on a review of existing and forecast travel conditions when compared to a 
set of baseline and forecast transportation improvements. The purpose of screening is to 
determine if specific conditions, including the presence of congestion, travel-time benefits and 
demand, are present to support a managed facility. The screening process may involve 
successive steps to identify candidate corridors, growth patterns, and future conditions that are 
appropriate. Criteria used at the screening stage tend to be qualitative and take into account both 
the availability of data and need to examine issues on the macro level and allow for variances in 
corridors and market needs. For example, screening criteria at regional level include the 
following: 

 Congestion: Understanding of congestion in the region requires knowing the length and 
duration of traffic queues, weaving and accident characteristics associated with recurring and 
non-recurring events in, e.g., corridors, neighborhoods, and arterials. 

 Travel-Time Saving: Estimating the potential travel-time savings is important in being able 
to assess overall cost effectiveness. A general guideline is that a managed lane should 
generate at least five minutes of travel-time savings before a mode shift starts to occur.  

 Travel-Time Reliability: Providing trip reliability, based on observed frequencies of 
accidents and incidents, is another important factor influencing user behavior in a managed 
facility. Reliability is also important to transit providers in providing a reliable transit service.  

 Transit Services and Facilities: Where transit service potential exists, a market analysis may 
be needed to determine the nature of transit demand for express bus and park & ride services. 
An assessment would define where demand is located, what size facilities would be needed 
to serve it, and what access requirements to a managed lane will be needed to best serve the 
demand once specific alternative sites are identified.  

 Demand: Choosing a specific design and operation should depend on the demand from 
prospective users such as transit buses, carpoolers/vanpoolers, and solo drivers if pricing is 
considered. Each group will exhibit different travel patterns, access needs, and elasticity with 
respect to prices and factors such as location and frequency of service. Peak-hour demand 
estimates are needed for each prospective group, including motorcycles and possible hybrid 
vehicles, based on the latest federal statutes.  

 Environmental Issues: Assessing the possible benefits and issues at a preliminary level of 
detail can be used to examine alternative designs and operational approaches. 

 Cost Effectiveness: The proposed facility (including dedicated lanes, ramps, and related 
improvements) should be subject to an assessment of cost effectiveness based on its costs, 
benefits and impacts. For example, basic benefits include reduced delay, fuel consumption, 
emissions, and, when applicable, transit operating-costs. Costs include initial capital, daily 
operation, and maintenance. 

 Financial Viability: A vast majority of managed lane projects and systems being proposed 
are unfunded or inadequately funded. An early assessment of cost and financial viability is 
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needed to determine if pricing the roadway must serve as both a management and revenue 
augmentation tool.  

 Enforceability: Each design and operational concept generates a different set of enforcement 
issues that need to be addressed, preferably in the corridor planning stage with affected 
police agencies. The specific enforcement needs and potential resolutions will influence the 
facility design, its access plan and its operation plan. 

 Phasing/Constructability: The added lanes must be able to generate meaningful benefits if 
opened incrementally and must be incrementally developed so that added capacity does not 
diminish benefits for using the lanes.  

 Safety/Incident Management: Considering a managed facility provides both opportunities 
and potential obstacles to incident management. 

 Compatibility with Other Plans and Services: Other highway and transit plans are important 
factors. Managed facilities should be reviewed and evaluated in a context of achieving the 
best efficiency among all plans and providing maximum benefits to each. 

 Public and Agency Acceptance: Adequate outreach should be performed to determine if 
managed facilities are supported by other resource and respective transportation agencies and 
entities. 

 Operational Impacts: A variety of site-specific impacts (e.g., relating adjacent roadway 
operations, intersecting streets, and intersections) may be identified. 

 Other: Local criteria such as land use impacts, environmental or community concerns, safety 
or performance may be of concern to agency stakeholders and the public and should be 
investigated. 

4.4 Institutional and Organizational Issues17 

Several institutional and organizational issues need to be resolved when launching a 
managed-facility project. These involve identifying a logical project sponsor, arranging funding, 
working out operational protocols, and determining what legal ramifications may be involved. 

4.4.1 Roles and Responsibilities 

TABLE 4.1 lists activities associated with a managed-facility project and indicates the 
potential entities responsible for each activity. Not all activities (e.g., toll collection and billing) 
apply to every project. In some cases, a single agency, such as a state DOT, may be responsible 
for many of the activities noted in the table. 

                                                 
17  The content of this section is adapted from Perez et al. (2012). 
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TABLE 4.1 Activities and Responsibility for Managed-Facility Projects 
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Project Development 
Planning/Technical Studies X  X X X X  
Education and Public Outreach X X X X X X  
Federal Programs and Grant 
Applications 

X X X X    

Environmental Review/Permitting X X  X  X  
Project Finance X X X X X   
Contract Award and Administration X X X X X   
Design X    X X  
Construction X    X X  
Operations 
Toll Collection and Billing X X   X X  
Facility Operations X X X X X X  
Performance 
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X X X X X X  

Traffic Management Centers X X    X  
Travel Information X X  X  X X 
Maintenance Operations X X   X X  
Enforcement  X  X   X 
Incident Management X X X   X X 
Customer Service X X X X X X  
Marketing X X X X X X  
Transit Operations   X X    

*Indicate potential project sponsor 
 

4.4.2 Project Sponsor 

Identifying a project sponsor is one of the first and most important issues to resolve in 
implementing a managed-facility project. The project sponsor plays the most significant role in 
project implementation. As shown in TABLE 4.1, a project sponsor can be responsible for nearly 
all activities during a project’s development and operation. The project sponsor often executes 
planning studies, submits applications and environmental documentation, and oversees the 
construction and possibly the ultimate operation of the facility. To ensure success, a project 
sponsor often has to champion the project, promote collaboration and participation of various 
stakeholders, and be the main liaison between the project and other organizations.  
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A state DOT frequently acts as the project sponsor, but turnpike and toll road authorities, 
local transportation agencies and authorities, and public transit agencies can also sponsor or co-
sponsor a managed-facility project. Often a long legacy of institutional relationships has been 
established among project participants. Therefore, it is important to understand these 
relationships and determine if any pre-existing political or institutional issues should be 
addressed. 

4.4.3 State Departments of Transportation 

As the primary providers of highway service and owner/operators of a majority of the 
nation’s managed lane projects, DOTs and/or their district offices are logical sponsors of new 
managed facilities on arterials. They have extensive experience in planning, designing, 
constructing, operating, and maintaining highways and similar facilities. They have the financial 
depth to contemplate building, e.g., new capacities on freeways and arterials and to obtain the 
expensive toll collection and traffic monitoring systems that price-managed facilities require. 
DOTs also have the power of eminent domain.  

While state DOTs have a wealth of highway experience, they may not necessarily have 
the legal authority to levy tolls. They also may not be familiar with the operation of tolled 
facilities and the sophisticated electronic toll collection traffic monitoring systems that price-
managed facilities require. In some cases, they may have limited legal authority to privatize these 
operations. Toll-road operation also involves back-office activities including auditing, credit-
card billing, and customer service, all of which may be new activities for many DOTs. 

4.4.4 Turnpike and Toll Road Authorities 

As a precursor to the interstate highway program, many states developed turnpike and toll 
authorities with specific legislative charters to finance, build, and operate limited-access, high-
speed highways. While the advent of the interstate program provided a dedicated federal motor 
fuel tax to provide funding for non-tolled highways, most legacy toll authorities continue to 
serve their original roles. Fiscal constraints beginning in the 1980s have led to renewed 
significance and presence of toll authorities, especially in fast growing areas such as California, 
Texas, Colorado, Florida, and North Carolina. Some of these authorities are state or county 
agencies, while others are joint entities formed by multiple jurisdictions. In certain cases, the 
involvement of turnpike and toll authorities may facilitate the implementation of a price-
managed facility. In addition to engineering and construction experience, they are already vested 
with the legal authority to operate tolled facilities, thereby obviating the need to seek special 
authorizing legislation. Turnpike and toll authorities have the staff and systems in place to 
conduct all back-office revenue handling and accounting activities. In addition, many operate the 
advanced electronic toll collection and traffic-monitoring systems that price-managed facilities 
require. Because motorists are accustomed to paying tolls to turnpike and toll-road authorities, 
their involvement in the operation of price-managed projects could help in gaining the public’s 
understanding and acceptance of these potential projects. 

4.4.5 Local Transportation Agencies and Authorities 

In order to receive federal funding for transportation projects, all urbanized areas in the 
United States are required to establish an MPO. MPO status is designated by the United States 
Department of Transportation (USDOT) and is usually given to regional Councils of 



89 
 

Government or other joint powers’ authorities. These groups are generally governed by a board 
of elected officials representing municipal governments within their jurisdictions. State DOTs sit 
on all MPO boards ex officio. The organizational structure of MPOs varies around the country, 
and in certain cases, MPO status is given to county or municipal governments. In some areas, 
local authorities have been created to assist MPOs in securing funding and implementing 
projects identified through the MPO. These transportation or funding authorities, created at the 
county or regional level under varying conditions, can help to study the merits of price-managed 
facilities and secure funding for their implementation. Once a project is operational, they may be 
responsible for disbursement of net revenues collected.  

Given their regional mandate and their planning function, MPOs and local transportation 
authorities may be logical sponsors of managed lanes initiatives. Their active and consistent 
support is also essential if a new managed lane is to be built, and local transportation authorities 
often play a primary role in the initial planning studies investigating the feasibility of such 
projects.  

4.4.6 Public Transit Agencies 

Public transit agencies present interesting opportunities for participating in price-
managed facility project. Several transit agencies operate bus-rapid-transit or bus-only facilities 
that have excess capacity that could be sold to carpoolers, vanpoolers, or single occupant 
vehicles and operate as a HOT facility. Utilizing additional roadway capacity for other vehicles 
can help win political and public support and may limit the need to add additional roadway 
capacity. Similarly, the participation of transit agencies in price-managed facility projects 
sponsored by other agencies highlights the potential for price-managed facility projects to 
provide opportunities for promoting reliable mass transit improvements. Finally, transit agency 
involvement in the development of price-managed facilities may also help to introduce new 
sources of capital funds. In return, revenues for price-managed facilities can provide important 
new revenues to support improved transit service. It is important to note, however, that transit 
agencies would need to obtain the backing of the FTA before being able to launch a price-
managed facility project on their own.  

4.4.7 Other Entities 

In addition to project sponsors, other important roles and responsibilities rest with the 
private sector, including consultants and contractors and with law enforcement and emergency 
response personnel. 

4.4.7.1 The Private Sector 

The fact that price-managed facility projects generate toll revenues also introduces the 
possibility that they could be financially independent or even profitable ventures of potential 
interest to private investors. Private sector involvement can be an attractive option for 
transportation agencies, as it provides access to additional sources of capital. This allows DOTs 
to reserve their own funds for other needs and often accelerate the implementation of partnership 
projects. Private operators are motivated to maximize efficiency in order to maximize profits and 
their services—both capital construction and roadway operation—can bring good value for 
money. On the down side, financing terms for private investors may not always be as attractive 
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as those available to the public sector, and have the potential to offset other construction and 
long-term operational efficiencies. 

Private consultants and contractors may play significant roles in both the project 
development and operational phases of a project. As with many large transportation 
improvement projects, technical studies, environmental review, and design may be performed by 
consultants. Construction services may be handled by private contractors. Specialized firms offer 
services in price-managed facility operations, maintenance, incident management, and back-
office activities such as toll collection and billing, customer service, and marketing. Some or all 
of these activities may be contracted out to one or more private entities. 

4.4.7.2 Law Enforcement and Emergency Response Entities 

Enforcement is a critical activity in the operation of a price-managed facility both in 
terms of toll collection and occupancy requirements. These activities may be handled by the 
appropriate law enforcement agency, which could include the police force of a toll or turnpike 
authority, state highway patrol, or a local law enforcement agency. The decision on who will be 
the responsible enforcement entity will probably rest largely on established institutional 
protocols and precedents and may be prescribed by state law. 

4.5 Federal Programs and Requirements 

4.5.1 FHWA’s Office of Operations 

FHWA's Office of Operations (http://ops.fhwa.dot.gov/index.asp) provides national 
leadership for the management and operation of the surface transportation system. The office is 
responsible for FHWA's efforts in the areas of congestion management, Intelligent 
Transportation Systems (ITS) deployment, traffic operations, emergency management, and 
freight management and operations. Its program areas that are directly relevant to this project 
include, e.g., arterial management, congestion mitigation, corridor traffic management, and 
tolling & pricing program. (For the latter, see below for details.)  

The Office of Operations has an initiative to reduce highway congestion through better 
operating the highway network. This initiative builds on the thought that more can be done to 
operate the transportation system so that it performs better to meet customer expectations 
regardless of the demands placed on it. The Office provides State and local transportation 
agencies with relevant products and services, as well as technical support and assistance. 

4.5.2 Tolling Programs 

Two federal tolling programs and several pilot programs offer states opportunities to 
implement price-managed facilities on federal-aid highways. Current guidance on these 
programs is available on the FHWA Moving Ahead for Progress in the 21st Century (MAP-21) 
website: http://www.fhwa.dot.gov/map21/guidance/guidetoll.cfm.  

The FHWA Office of Innovative Program Delivery Road Pricing Revenue website 
(http://www.fhwa.dot.gov/ipd/revenue/road_pricing/tolling_pricing/) and the Office of 
Operations website (http://ops.fhwa.dot.gov/tolling_pricing/index.htm) also provide information 
and guidance on federal tolling programs. 
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The passage of MAP-21 made significant changes to the federal Section 129 Tolling 
Program including tolling eligibilities and agreement requirements. These changes have relaxed 
the prior, general prohibition on the imposition of tolls on federal-aid highways and formalized 
provisions previously available through pilot programs. Public agencies may impose new tolls on 
federal-aid highways in the following cases: 

 Initial construction of a new highway, bridge, or tunnel 
 Initial construction of new lanes on highways, bridges, and tunnels (including interstates) as 

long as the number of toll-free lanes is not reduced 
 Reconstruction or replacement of a bridge or tunnel 
 Reconstruction of a highway (other than an interstate) 
 Reconstruction, restoration, or rehabilitation of an interstate highway as long as the number 

of toll-free lanes is not reduced 

Prior to MAP-21’s provisions taking effect on October 1, 2012, public authorities were 
required to execute a tolling agreement with FHWA to impose tolls on a federal-aid highway, but 
this requirement is no longer required. For toll facilities that have executed Section 129 tolling 
agreements prior to October 1, 2012, the terms of those agreements will continue in force. 

Section 166 of Title 23 HOT/HOV Lanes: Under Section 166 of Title 23, existing HOV 
lanes may be converted to tolled operation provided that the local MPO endorses the use and 
amount of tolls on the converted lanes. All tolls on new lanes must be variably priced and 
collected electronically in order to manage travel demand. To implement tolls on an existing 
HOV lane, project sponsors must demonstrate that the conditions on the facility are not already 
degraded and that the presence of paying vehicles will not cause conditions on facility to become 
degraded. Ongoing annual reporting documenting conditions on the converted lanes is also 
required, and if the HOV facility becomes degraded the sponsor must bring the facility into 
compliance either by increasing HOV occupancy requirements, increasing tolls, increasing 
capacity, or eliminating access to paying motorists. The prior requirement to execute a tolling 
agreement with FHWA for HOV lane conversion is no longer in place under MAP-21, same as 
with the Section 129 General Tolling Program. 

4.5.2.1 Toll Pilot Programs 

In addition to the mainstream toll programs above, four toll pilot programs enacted prior 
to MAP-21 are managed by FHWA. 

 Value Pricing Pilot Program: The Value Pricing Pilot Program (VPPP) was initially 
authorized in ISTEA as the Congestion Pricing Pilot Program and subsequently amended 
under other laws, most recently SAFETEA-LU. The program has encouraged 
implementation and evaluation of value pricing pilot projects to manage congestion on 
highways through tolling and other pricing mechanisms. The number of VPPP project is 
limited to 15, seven of which have been permanently reserved for state agencies that have 
executed tolling cooperative agreements under the VPPP. MAP-21 made no changes to the 
program, and no additional funds have been authorized after Fiscal Year 2012. However, 
FHWA encourages use of the Section 129 General Tolling Program and Section 166 
HOV/HOT Lanes program wherever possible as opposed to the VPPP. MAP-21 guidance 
states that “requests for tolling authority under the VPPP will be limited to situations that 
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cannot be accommodated under the mainstream tolling programs, such as the pricing of 
existing toll-free facilities without substantial reconstruction of those facilities.” 

 Express Lanes Demonstration Program: The Express Lanes Demonstration Program, created 
in SAFETEA-LU, permitted tolling on up to 15 selected demonstration projects to manage 
congestion, reduce emissions in a non-attainment area, or finance new and existing interstate 
lanes for the purposes of reducing congestion. Qualified projects under this program included 
those that implement variable pricing by time of day or level of traffic, as appropriate to 
manage congestion or improve air quality. The program expired on September 30, 2012, and 
qualified projects should proceed under the Section 129 General Tolling Program. 

 Interstate System Construction Toll Pilot Program: The Interstate System Construction Toll 
Pilot Program was authorized under SAFETEA-LU to permit up to three existing interstate 
facilities to be tolled for the purpose of financing the construction of new interstate 
highways. Under MAP-21, the program has effectively been mainstreamed under the Section 
129 General Tolling Program, and consequently, FHWA will no longer be accepting 
applications for this program.  

 Interstate System Reconstruction and Rehabilitation Pilot Program: The Interstate System 
Reconstruction and Rehabilitation Pilot Program was authorized under TEA-21 to permit up 
to three existing interstate facilities to be tolled to fund needed reconstruction or 
rehabilitation on interstate corridors that could not otherwise be adequately maintained or 
functionally improved without the collection of tolls. MAP-21 does not make any changes to 
this program. In order to receive tolling authority under the program, project sponsors are 
required to have their program application approved by FHWA and to execute a tolling 
agreement. All three of the slots authorized for this program are conditionally reserved as of 
October 2012. 

4.5.3 Major Project Requirements 

Title 23 defines Major Projects as highway improvements requiring federal assistance 
that are over $500 million in cost. FHWA also has the discretion to designate a project with a 
total cost of less than $500 million as a Major Project in certain cases. At this scale, the processes 
and federal requirements involved in project delivery become more complex, rendering it more 
challenging, but ever more important, for the process to be well-managed. Several price-
managed facility projects implemented to date as part of larger major reconstruction projects 
have qualified as Major Projects. For federal funding to be authorized for the financing of a 
Major Project, the project owner must demonstrate to FHWA that the project has been carefully 
planned out, i.e., costs have been estimated as accurately and meticulously as possible; risks have 
been carefully considered and mitigated; financing requirements and strategies have been clearly 
defined; and the implementation of the project delivery has been carefully planned. Through the 
different phases of project delivery, project owners are required to submit financial and 
management plans and are subject to undergo various FHWA review processes before federal 
funding can be released for the project. Additional information on Major Project requirements is 
available at http://www.fhwa.dot.gov/ipd/project_delivery/resources/index.htm . 
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4.5.4 State Processes and Requirements for Tolling 

4.5.4.1 State Models 

Price-managed facility projects must comply with state and local laws on toll collection. 
The authority to collect tolls on state highways and other roads typically rests with designated 
turnpike or toll road authorities in states that have such agencies. However, toll collection may 
be limited to roadways already operated by these agencies. Obtaining authority for toll collection 
on newly developed roadways or previously un-tolled roadways may require approvals beyond 
the agency including a state legislative body. 

4.5.4.2 Variable Pricing Authority 

Trust agreements governing the operation of most toll roads only allow flat point-to-point 
toll rates (i.e., a consistently applied toll rate from point A to point B). If a price-managed facility 
project involves variably priced tolls, legislation may need to be drafted that establishes how and 
when toll rates can be changed and establishes the minimum acceptable traffic service levels in 
the price-managed facility. These issues should be addressed in the enabling legislation that will 
establish the legal and regulatory framework for the price-managed facility. Because price-
managed facility operations require a high degree of interagency cooperation and shared 
responsibility, enabling legislation should designate the operating agency or agencies and outline 
their specific responsibilities in such areas as construction, maintenance, toll collection 
accounting, and enforcement. If the price-managed facility were to be operated by a bi-state 
organization, approvals would be required from the United States Congress, as well as both state 
legislatures. 

4.5.4.3 Public‐Private Partnership Authority 

Use of private financing mechanisms for transportation facilities can occur only when the 
necessary legal authority exists and governing legal principles and restrictions are observed. 
Local governments not only must have the legal power through constitutional or statutory 
provisions to finance transportation facilities, but they must also use this power within the legal 
restraints established by legislatures and courts. The methods of granting power and limitations 
on that power vary.  

The Office of Innovation Program Delivery (http://www.fhwa.dot.gov/ipd/p3/index.htm) 
provide information and expertise in the use of different public-private partnership (P3) 
approaches, and assistance in using tools including the SEP-15 program, private activity bonds 
(PABs), and the TIFIA Federal credit program to facilitate P3 projects. Details concerning these 
tools are in Section 4.7. 

4.6 Public Outreach18 

Public outreach efforts establish meaningful processes for public participation in the 
planning and implementation of transportation projects and ensure that the different stakeholders 
have a voice in the planning process. This enables diverse interests involved to arrive at a 
transportation solution that is broadly accepted and beneficial. Ultimately, the goal of a public 
involvement program in support of a managed-facility project is to achieve consensus around 

                                                 
18  The section is adapted from Perez et al. (2012) 
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and utilization of a program of action. While one segment of the population may strongly favor 
managed facilities as the solution, another segment may feel it derives little benefit from the 
proposed facility. As with any proposed transportation improvement, managed facilities may 
have documented potential for technical and operational success, but may not find unanimous 
approval among constituents in the corridor. 

In using the public outreach process to build consensus, planners should attempt to 
anticipate the concerns of specific interest groups. An understanding of what aspects of managed 
facility projects may be more or less attractive to different groups can be valuable to project 
sponsors. Certain stakeholders and interest groups with a defined agenda may support or oppose 
a project depending on their priorities and how their town or county may be affected by the 
project. When sponsors understand constituents’ concerns, the public outreach process can be 
tailored to ensure that those issues are addressed and to discuss how those concerns will or could 
be accommodated within the proposed project. When discussing plans to address issues and 
finding ways to accommodate various public concerns, staff members involving in or connected 
with the operational aspect of the proposed project can offer useful advice and assistance. They 
can make modifications, e.g., on how a managed lane will operate once the construction is 
completed and may be able to better explain them to the public. 

Stakeholders may possess a range of opinions about a project, but consensus on a course 
of action is more likely if the public has been engaged in discussions of all the issues and if 
stakeholders agree upon the following: 

 A serious congestion problem exists and should be addressed. Conventional solutions like 
adding additional GP lanes, building transit facilities, or applying short-term or site-specific 
transportation systems management strategies may not be sufficient. 

 Travel-time reliability in the corridor is desirable. 
 Given the sponsoring agency’s mission, it is the right entity to address the situation. 
 The sponsoring agency’s approach and proposed solution to the problem is reasonable, 

sensible, responsible, and fair. 
 The sponsoring agency listens to and cares about local stakeholders. 

4.6.1 Stakeholder Identification 

In reaching out to local communities, political groups and organizations, elected officials, 
and neighboring cities, towns, and counties, project planners should include all potential 
stakeholders. No segment of a community likes to be excluded or surprised, and early efforts at 
inclusiveness will help to establish channels of communication at the outset of a managed lane 
project. Potential stakeholders include: 

 Local residents 
 Neighborhood groups and associations 
 Elected officials 
 Neighboring counties, municipalities, or towns 
 Associations of governments 
 Metropolitan planning organizations 
 Area businesses 
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 Chambers of commerce 
 Tourism representatives 
 Developers 
 Local and state departments of transportation 
 Local and regional transportation providers 
 Local and regional transit providers (public and private) 
 Local and regional tolling authorities 
 Local and regional law enforcement authorities 
 Local and regional agencies involving in intelligent transportation systems and operations 

related to incident management, public and road safety, homeland security, hazard materials, 
etc. 

 Rideshare coordinators 
 Public agencies (for land use and air quality) 
 Emergency service providers 
 Environmental groups 
 Transit rider groups 
 Automobile clubs 
 Taxi associations 
 Labor interests 
 Trucking interests 
 Newspaper reporters 
 Newspaper editorial boards 
 Think tanks 

4.6.2 Sharing Information 

Keeping the variety of stakeholders well informed during the initial project planning, 
review, construction, implementation, and operation phases is important for consensus building. 
Project planners and spokespeople can use a variety of methods to keep stakeholders involved 
and informed. These may include the following: 

 Advance notice for public meetings 
 Public meetings 
 Brainstorming sessions/group problem solving 
 Email lists and newsletters 
 Social media (e.g., Twitter, Facebook) 
 Telephone information/service lines 
 Project websites 
 Walk-in office/customer service centers 

Stakeholder coordination should continue throughout project implementation. Ensuring 
that technical work does not outpace constituency building is a prudent approach that keeps state, 
county and local politicians informed of project activities on a regular basis. 
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4.6.3 Citizens’ Advisory Committee/Community Task Force 

One option for formalizing public participation is through a citizens’ advisory committee. 
Such committees can be effective outreach tools and they may be particularly useful for price-
managed facility initiatives. Participants can be drawn from a variety of groups in the early 
planning stages, and the committee can help guide the public outreach process through later 
phases of planning and implementation. The group can be an important resource for identifying 
issues that outreach efforts should address and for connecting project sponsors with area 
community groups and other organized stakeholders. An advisory committee can also help to 
identify and recruit political champions. 

4.6.4 Executive Advisory Committee 

Some project sponsors have assembled a network of community leaders, inviting their 
input at key strategic points in the project progress. An executive-level advisory committee 
typically includes mayors, agency leaders, and other state and local elected officials. While these 
types of committees rarely have decision-making authority, their value is in representing their 
constituents, advising planners, and contributing to regional consensus. These committees may 
also be valuable in developing or maintaining regional consensus and helping to resolve conflicts 
between governments and agencies. 

4.6.5 Marketing and Refining the Concept 

Ultimately, the success of a price-managed facility will depend on drivers who are 
willing to pay to use it. In fact, some facilities refer to users as subscribers, pass holders, or 
customers, indicating that the facility has a clientele, and that drivers generally must acquire an 
electronic tag (transponder) for automated toll collection in order to use the facility. 

Because price-managed facilities are generally constructed within or parallel to existing 
roadways, drivers in the corridor may choose which facility to use, GP or managed facilities. 
Project planners thus face a challenge of cultivating users for the facility and some seek the 
services of marketing professionals to develop and implement a marketing plan in conjunction 
with and parallel to the public outreach process. 

The marketing aspect of price-managed facility planning is directly related to project 
feasibility. Marketing efforts can address how and why drivers may opt to acquire a user tag and 
toll account, and under what circumstances they will choose to use the facility for a given trip. 
Marketing techniques can be used to increase the number of users, address customer satisfaction 
issues, and to keep drivers well informed of any planned operational changes. 

4.7 Financing Managed Facility Projects19 

Different strategies should be pursued when financing managed-facility projects. All 
projects are unique. There is no single best approach. Below provides overviews of potential 
funding sources. For additional details concerning funding mechanism, application processes, 
tools, programs, legislation, and resources, see the Project Finance website20 maintained by 
FHWA and its primer on project finance (FHWA, 2010). FHWA’s Office of Innovation Program 

                                                 
19  This section is adapted from Perez et al. (2012). 
20  http://www.fhwa.dot.gov/ipd/fact_sheets/finance_introduction.htm 
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Delivery (IPD) provides research, technical assistance, and policy direction that assists project 
sponsors in understanding and using a wide array of finance tools. 

 Federal Demonstration Funds: The Transportation Equity Act for the 21st Century (TEA-
21) permits the U.S. Department of Transportation’s FHWA to enter into cooperative 
agreements with up to 15 State or local governments or other public authorities to establish, 
maintain, and monitor value-pricing projects. Any value-pricing project included under these 
local programs may involve the use of tolls on the Interstate System. A maximum of $7 
million was authorized for fiscal year (FY) 1999 and $11 million for each of FYs 2000 
through 2003 to be made available to carry out the requirements of the Value Pricing Pilot 
Program. The Federal matching share for local programs is 80 percent. Funds allocated by 
the Secretary to a State under this Section will remain available for obligation by the State for 
a period of 3 years after the last day of the fiscal year for which the funds are authorized. 

 State Funds: In locations where there are no prohibitions against using state monies to 
construct a toll facility, state transportation funds may be used to support construction of 
price-managed facilities. State Infrastructure Banks (SIBs) are one of the most logical 
sources of state support for price-managed projects. SIBs are revolving funds that function 
much like a private bank and can offer a range of loans and other credit assistance 
enhancements to public and private sponsors of highway or transit projects. SIBs can provide 
loans—at or below-market rates—loan guarantees, standby lines of credit, letters of credit, 
certificates of participation, debt service reserve funds, bond insurance, and other forms of 
non-grant assistance. 

SIB support may be used to attract private, local, and additional state financial 
resources, leveraging a small amount of SIB assistance into a larger dollar investment. 
Alternatively, SIB capital can be used as collateral to borrow in the bond market or to 
establish a guaranteed reserve fund. Loan demand, timing of needs, and debt financing 
considerations are factors to be considered by states in evaluating a leveraged SIB approach. 

Most SIBs were established using Federal-aid grants and local match funds as seed 
money. As loans or other credit assistance are repaid, a SIB’s initial capital is replenished 
and can be used to support new projects. Therefore the resources available to many SIBs are 
likely to be constrained. However, as of mid-2002 additional Federal funding for SIBs in 
California, Florida, Missouri, Rhode Island, and Texas provide significant new resources for 
SIB loans and credit enhancements in those states. Among other facilities, SIB funding has 
been used to support the construction of the Pocahontas Parkway in Virginia and Butler 
Regional Highway in Ohio. 

 Local Sales Tax Initiatives: With shrinking federal and state budgets, local initiatives have 
been used successfully to fund transportation improvements. But a key to this type of funding 
mechanism is outlining what will be built with the money before the legislation goes to a 
vote so that citizens will know what they are getting. In the case of, e.g., a price-managed 
lane, the revenue allocation plan would also need to be spelled out before the initiative is 
taken to the voters so that the funds can be accounted for. People are less likely to vote to tax 
themselves if they feel that the money is going to go into a black hole of bureaucracy, so 
definition of the projects on which the money will be spent and strict accountability for the 
funds after they are collected is of paramount importance from the outset. 



98 
 

Sales taxes, while they have the potential for significant revenue generation, are also 
highly sensitive to economic cycles. Currently, many transportation agencies that rely 
extensively on this source are experiencing funding gaps, as the economy has slowed to near-
recession conditions, and in response to the terrorist attacks. 

Other sources of local transportation finance are also available and have been utilized; 
these include motor fuel taxes, motor vehicle registration taxes, commuter taxes, tax 
increment financing, and other forms of special assessment. 

 Bonding and Debt Instruments: Several bonding and debt instrument options are available 
to priced managed lane project sponsors. These include municipal debt in the form of 
revenue bonds and Grant Anticipation Revenue Vehicle (GARVEE) bonds backed by future 
federal-aid funds, as well as private activity bonds and commercial bank loans in the case 
where a private sector partner is responsible for arranging project financing. 

 Revenue Bonds: Bonding is the primary financial tool available to state and local 
governments to raise financing covering the cost of public works projects of all types. 
State and local governments are able to issue debt using the municipal bond market 
where the interest income earned by the holders of these bonds is exempt from federal 
tax, as well as state and local taxes if the bonds are issued in the investor’s state of 
residence. As a result of the tax-exempt status of the income investors receive from 
municipal bonds, investors are usually willing to accept lower interest rate payments 
compared to other types of borrowing with comparable risk. This makes municipal debt 
particularly attractive to state and local governments, as the interest rates are lower than 
other debt options.  

In the case of price-managed facility projects, municipal bonds can take the form 
of revenue bonds backed by future toll proceeds, which are used to make interest and 
principal payments to the bondholders. 

 GARVEE Bonds: GARVEEs are a form of debt repayable with future proceeds from 
federal-aid highway funds received by states under Section 122 of Title 23 of the U.S. 
Code. GARVEE bonds require state enabling legislation, which can be project specific or 
enable the use of GARVEEs to finance projects on a programmatic basis. GARVEE 
bonds are a state obligation even though they leverage federal-aid funding. GARVEE 
bonds may be used to cover the entire cost of projects or larger improvement programs; 
they are also often combined with other debt and funding mechanisms for larger projects. 

 Private Activity Bonds: PABs are debt instruments issued by State or local governments 
whose proceeds are used to construct projects with significant private involvement. PABs 
have long provided a low-cost financing option for various types of public-benefit 
infrastructure projects, such as ports and water and sewer projects. However, 
transportation infrastructure had not been eligible for Private Activity Bond financing 
until the passage of SAFETEA-LU, which added highway and freight transfer facilities to 
the types of privately developed and operated projects for which PABs may be issued. 
SAFETEA-LU placed a national volume cap of $15 billion for these facilities, which was 
unchanged by MAP-21. Private activity is permitted on highway improvement projects 
while maintaining the tax-exempt status of the bonds. In this manner, private 
participation in transportation infrastructure is encouraged because borrowing costs are 
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reduced relative to standard commercial debt. In addition, PABs have been an attractive 
source of capital in a tight credit market where the issuance of commercial debt has been 
curtailed. 

 Commercial Bank Loans: Private sponsors of priced managed lane projects may borrow 
money from a commercial bank or more likely a syndicate of commercial banks. 
Borrowing costs to private sponsors, however, are typically greater than to public 
sponsors, and especially in a tight credit market, PABs have been a more attractive source 
of debt. To date, no price-managed facility projects have used commercial bank loans as 
a part of a financing package. 

 Section 129 Loans: Section 129 of Title 23 U.S.C. allows Federal participation in state loans 
to a public or private entity supporting the construction of toll highways and other non-tolled 
projects with other dedicated revenue sources, such as excise taxes, sales taxes, real property 
taxes, motor vehicle taxes, incremental property taxes, or other beneficiary fees. 

There are no Federal requirements that apply to how a state selects a public or private 
entity. Instead, this selection process is governed by state law. It is the state’s responsibility 
to ensure that the recipient uses the loan for the specified purposes. Assuming that a project 
meets the test for eligibility, a loan can be made at any time. The Federal-aid loan may be for 
any amount as long as it does not exceed the maximum Federal share (typically 80 percent) 
of the total eligible project costs. States also have the flexibility to negotiate interest rates and 
other terms of Section 129 loans and the loans can be combined with other flexible match 
and advanced construction programs.  

 TIFIA: The Transportation Infrastructure Finance and Innovation Act (TIFIA) credit 
program offers three types of financial assistance that could be used to support price-
managed facilities: 
 Direct flexible repayment loans to cover capital construction and financing costs 
 Loan guarantees that provide full-faith-and-credit guarantees by the Federal government 

to institutional investors making loans for projects 
 Standby lines of credit providing secondary sources of funding in the form of contingent 

Federal loans. These loans may be used to supplement project revenues, if needed, during 
the first 10 years of project operations. 

TIFIA project sponsors may be public or private entities, including state and local 
governments, special purpose authorities, transportation improvement districts, and private 
firms or consortia. However, the overall amount of Federal credit assistance may not exceed 
33 percent of total project costs. TIFIA assistance involves a competitive Federal application 
process. Project must meet threshold criteria to qualify, and estimated eligible costs must be 
at least $100 million or 50 percent of the state’s annual Federal-aid highway apportionments, 
whichever is less, or at least $30 million for ITS projects. Project must also be supported in 
whole or part by tolls or other non-Federal dedicated funding sources and included in the 
state’s Transportation Plan. If individual price-managed facility projects do not meet these 
minimum threshold criteria, they could still be eligible for TIFIA assistance if they were 
integrated with other larger regional improvements under a Record of Decision. The TIFIA 
website21 provides several guideline publications and loan document templates, as well as the 

                                                 
21  http://www.fhwa.dot.gov/ipd/tifia/guidance_applications/ 
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necessary application materials for prospective applicants and borrowers. (see also, USDOT, 
2013.) 

 SEP-15 is a new experimental process for FHWA to identify, for trial evaluation, new 
public-private partnership approaches to project delivery. It is anticipated that these new 
approaches will allow the efficient delivery of transportation projects without impairing 
FHWA's ability to carry out its stewardship responsibilities to protect both the environment 
and American taxpayers. 

SEP-15 addresses, but is not limited to, four major components of project delivery: 
contracting, compliance with environmental requirements, right-of-way acquisition, and 
project finance. Elements of the transportation planning process may be also involved. SEP-
15 applications may include suggested changes to the FHWA's traditional project approval 
procedures and may require some modifications in the implementation of FHWA policy. 
Deviations from current title 23, U.S.C., requirements and generally applicable FHWA 
regulations also may be involved. For more information, see 
http://www.fhwa.dot.gov/ipd/p3/tools_programs/sep15.htm. 

 The TAP (see, e.g., http://www.fhwa.dot.gov/map21/guidance/guidetap.cfm) provides 
funding for programs and projects defined as  
 Transportation alternatives on- and off-road pedestrian and bicycle facilities. 
 Infrastructure projects for improving non-driver access to public transportation and 

enhanced mobility. 
 Community improvement activities, and environmental mitigation. 
 Recreational trail program projects. 
 Safe route to school projects. 
 Projects for planning, designing, or constructing boulevards and other roadways largely 

in the right-of-way of former Interstate System routes or other divided highways. 

4.8 Operational Objectives and Policies 

As agencies begin the planning process for new price-managed facilities, they must make 
many important operational and policy decisions. 

4.8.1 Establishing Operational Objectives 

Establishing goals and objectives is an essential early step in the planning process for 
price-managed facilities. The establishment of operational objectives should also be a 
collaborative process between the project sponsor, the local MPO, transit partners and local 
communities. 

Operating agencies are typically involved in the regional transportation planning process 
and interact with MPOs. However, it is important to engage day-to-day operating agency 
managers from a systems operations perspective and not simply as advocates for capital projects. 
Developing an interagency committee that focuses on improving regional management and 
operations has been an effective technique used by several MPOs to engage operators in 
addressing regional operations. This forum can be used to determine system performance 
priorities, operations objectives, data availability, and funding opportunities. 
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Once the goals for managed facility projects have been established, project sponsors and 
planning organizations develop a set of objectives to assess and compare the extent to which 
different pricing alternatives are able to achieve the desired goals. Possible objectives include 
one or more of the following: 

 Improving travel-time reliability 
 Maximum overall travel-time savings  
 Maintaining minimum speed levels on the managed facilities 
 Maximum vehicle throughput subject to traffic level of service or minimum speed 

constraints 
 Maximum person throughput subject to traffic level of service or minimum speed 

constraints 
 Maximize revenue 

When the private sector is responsible for developing and financing price-managed 
facilities, their main objective may be to maximize revenue levels. However, public agencies 
implementing price-managed facilities may be more focused on maximizing operational 
efficiencies such as throughput and travel-time savings. These objectives need not be conflicting 
because revenue maximization should generally coincide with the optimization of operational 
efficiencies, such as throughput and travel-time savings. 

4.8.2 Establishing Operational Policies 

Operational polices including occupancy rates, hours of operations, and tolling schemes 
are also essential for managed facility projects. For example, 

 Occupancy requirements: Most HOV and HOT facilities have 2+ occupancy requirement for 
free trips, but many facilities require 3+ instead. In general, decisions on occupancy rate 
should be driven by HOV utilization, revenue generation goals, and occupancy requirements 
on other managed facilities in the region. They may also reflect other regional goals such as 
encouraging transit ridership and ride-sharing. 

 Vehicle requirements: Some facilities do not require an ETC transponder on HOVs that are 
eligible to use the facility for free and some do. 

 Allowing free facility-usage for other types of vehicles: Often, inherently low-emission 
vehicles (ILEVs) can used price-managed facilities for free. 

 The disposition of project revenues is of particular interest to the public. Decisions on the use 
of toll proceeds are often sensitive, affect public opinion, and should be addressed early. 
Close coordination with transit providers and using project’s proceeds to support transit 
improvements is an effective strategy to gain support from stakeholders. 

 Traffic and Revenue Forecasting: Planners must forecast demand levels for, e.g., both high-
occupant and single-occupant vehicles that buy in under a variety of pricing and occupancy 
requirement scenarios. This exercise serves a dual purpose: First, it allows the project 
sponsor to determine the combination of pricing and occupancy requirements that maximizes 
transportation benefits for all motorists traveling in the price-managed facility corridor. 
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Second, it allows the project sponsor to forecast revenue streams and then evaluate financing 
approaches. Desirable characteristics for a travel-demand model include relevant travel 
choices (such as departure or arrival time, route, and mode choice), travel costs, willingness-
to-pay, value of time, and value of travel-time reliability. 

4.9 Pre- and Post-Implementation Performance 

The evaluation of managed-facility operations should be conducted for a variety of 
reasons. Before-and-after studies determine whether the anticipated benefits outlined in the 
region’s and corridor’s goals and objectives are achieved. Ongoing monitoring and periodic 
evaluations ensure that the project provides the desired results. Monitoring and evaluations also 
identify when changes or enhancements in design or operation policies are necessary. 
Information on vehicle volumes, travel times, occupancy trends, transit patronage, violation rates 
and crash data are critical to an efficient and operationally sound project. 

The evaluation process begins with setting measures of effectiveness that mirror goals 
and objectives. The following table provides some example measures that mirror common goals 
and objectives. Desirable threshold levels of change should be identified and will be used to 
determine whether the project has met the specified objective. 

TABLE 4.2 Objectives and Related Measures of Effectiveness 

Objective Measure of Effectiveness 

Improve Mobility 

 Average speeds 
 Person or vehicular throughput 
 Average travel times 
 Rates of violation 

Increase Reliability 
 Speed or travel-time variation 
 Transit “on time” performance 
 Incident clearance times 

Improve Safety 
 Number of incidents by type 
 Incident response times 

Decrease Environmental Impacts 
 Vehicle miles traveled 
 Fuel consumption 
 Quantities of exhaust pollutants 

Preservation of Revenue 

 Gross and net revenue generation 
 Operations costs 
 Revenue leakage 
 Refunds for customer service 
 Refunds for diversion into managed lanes 

 
Monitoring equipment includes systems to collect and process the necessary data to 

assess price-managed facility performance. At a minimum, roadway detection devices must be 
capable of frequently and reliably collecting speed, volume, and throughout the project. 
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Operators and algorithms evaluate operating conditions on the facility based on speed and 
volume characteristics and determine whether the toll or other operating policies need to be 
modified to ensure optimal performance. For dynamically priced systems, the toll-setting 
algorithm uses real-time speed and volume data. Operators also look at speed and volume trends 
over a daily, weekly, or monthly basis to evaluate the performance of fixed by time-of-day 
pricing strategies. 

There are varieties of technologies available to detect traffic conditions at specific points 
along the corridor. Data collection equipment should be chosen based on cost, accuracy, 
reliability, maintainability, and the ability to integrate technologies with existing equipment. 
Traffic monitoring equipment serves a critical function of alerting managed facility operators to 
the presence of traffic disruptions. Non-recurring traffic disruptions—such as debris on the 
roadway or collisions—may warrant a change in toll rates on dynamically priced systems, 
incident information on variable message signs, and in certain cases, temporary lane closure. 

Traffic cameras also serve a critical toll operations role, by confirming that appropriate 
toll rates and other informational messages are correctly functioning and displayed on variable 
message signs. Monitoring equipment may also alert operators to the existence of recurring 
traffic disruptions (i.e., significant slowing at access points), which may warrant a different type 
of management response. 

The level of roadway detection and monitoring capability on price-managed facilities 
may need to be more extensive than that found on other GP facilities and maintained at a high 
level of functional reliability. Functional requirements for the detection and monitoring system 
need to be defined and implemented as part of the ITS and tolling integration systems that 
support the operations of the price-managed facilities. The functionality and accuracy of 
monitoring equipment should be tested at regular intervals to ensure that reported data is reliable. 
This is particularly important for systems that incorporate dynamic pricing algorithms that rely 
on accurate traffic data to properly set the toll rates. 
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5 IDENTIFICATION OF EVALUATION TOOLS 

Similar to any other transportation improvement project, whether and where to 
implement arterial managed lanes ultimately depend on the benefit-cost ratios they yield. While 
it is usually easier to evaluate the cost for deploying a managed lane strategy, assessing and 
quantifying its benefit is not straightforward. The benefit is often multifaceted and can be 
affected by many factors, such as the utilization of the managed lane, travel time saving and 
reliability improvement of the users, impacts on other vehicles on GP lanes, and environmental 
impacts. Fortunately, quite a few tools and methodologies exist in the literature, which may be of 
help to evaluate the performance of a managed lane strategy.  

Below, these evaluation tools are categorized into three types, i.e., sketch planning, 
project planning and operational planning tools. All these tools can be used to analyze managed 
lane strategies but differ in various aspects such as modeling resolution, scale and accuracy, data 
need and time requirement. For example, a sketch planning tool may provide quick assessments 
and is inexpensive to use, but it cannot analyze a particular alternative in detail. On the other 
hand, an operational planning tool is more competent for a detailed analysis, but it is more 
expensive to use and requires much more input data.  

For the remainder, Section 5.1 reviews evaluation tools in the literature Section 5.2 
compares different types of tools and makes improvement recommendations.  

5.1 Evaluation Tools 

In this section, we review the tools useful in evaluating the performance of a managed 
lane strategy. As aforementioned, we classify these tools into three types and we introduce them 
one by one below.  

5.1.1 Sketch Planning  

Sketch planning tools analyze a large set of alternatives in a quick and broad-based 
manner to identify a small set of the most promising alternatives for further analysis. 
Alternatively, they can be applied to conduct a high-level macroscopic analysis of a 
transportation policy in a large region (Meyer and Miller, 2001).  

A few sketch planning tools have been developed to analyze managed lane strategies on 
freeways and arterials. They include the following: 

 The Spreadsheet Model for Induced Travel Estimation - Managed Lanes (SMITE-ML) 
(www.fhwa.dot.gov/steam/smiteml.htm) 

 Sketch Planning for Road Use Charge Evaluation (SPRUCE) (DeCorla-Souza, 2004) 
 Quick-HOV (Wellander et al., 1998) 
 Modified Charles Rivers Associates technique (modified CRA) (Wellander et al., 1998) 
 Spreadsheet Method for Arterial HOV Facilities (SMArtHOV) (Wellander et al., 1998) 
 Model of Sustainability and Integrated Corridors (MOSAIC) (Zhang et al., 2013) 
 Policy Options Evaluation Tool for Managed Lanes (POET-ML) (Smith et al., 2008) 
 High-Occupancy Toll Strategic Analysis Rating Tool (HOT START) (Eisele et al., 2006). 
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TABLE 5.1 provides a summary of the tools listed above. Many adopt a similar 
methodology to estimate traffic demands on managed lanes. For example, SMITE-ML, SPRUCE 
and MOSAIC apply the pivot point logit model while the modified CRA model uses a 
multinomial logit model. 

Among these tools, QUICK-HOV, modified CRA, SMArtHOV and MOSAIC are 
applicable to arterial managed lanes. Below we review MOSAIC, POET-ML, and HOT START 
due to the availability of detailed information of the tools. Although the latter two are not 
designed for evaluating arterial managed lanes, their modeling approaches are capable of doing 
so if the characteristics of arterial corridors, such as the impacts of intersection and bus stops, are 
properly considered.  

TABLE 5.1 Summary of Sketch Planning Tools 

Tool Usage Application Input Output 

SMITE-ML 

Evaluate impacts of 
typical freeway 
capacity expansion 
projects involving 
managed lanes  

Washington, DC. 

Total daily person trips; percent 
in peak periods; transit mode 
share; average bus, auto and 
carpool occupancy; freeway 
capacity per lane; number of 
restricted freeway lanes; total 
arterial capacity, etc. 

Travel speed; 
delay; toll 
revenues; user 
and social 
benefits 

SPRUCE  
Estimate impacts of 
toll road projects 

Virginia 

Average daily traffic volume 
for freeway and arterials; travel 
time and cost changes; freeway 
capacity per lane; number of 
restricted freeway lanes; total 
arterial capacity, etc. 

Travel 
demand; travel 
speed; delay; 
toll revenues; 
user and social 
benefits 

Quick-HOV  
Predict traffic 
demand of HOV 
lanes 

Vancouver, 
Washington 

Length of corridor; number of 
HOV and GP lanes; whether or 
not the barrier is used to 
separate HOV and GP lanes; 
HOV eligibility requirements; 
existing vehicle volumes and 
average vehicle occupancy; 
average speed on parallel 
facility; signal density; cycle 
length; green splits; estimate of 
HOV lane violators, etc. 

Travel times 
for HOV and 
non-HOV 
travel times; 
the percentage 
of HOVs using 
HOV lanes 

Modified 
CRA  

Predict traffic 
demand for arterial 
HOV lanes 

Vancouver, 
Washington 

Total traffic volumes; volume 
of HOVs and buses; average 
load factor of buses; average 
trip travel times; number of 
current and proposed vehicle 
lanes; average speeds; 
capacities of HOV and GP 
lanes; HOV eligibility 
requirements; length of HOV 
lane 

Traffic volume 
of HOV lanes 
in the opening 
year 
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TABLE 5.1, continued 

SMArtHOV  

Analyze impacts of 
arterial HOV 
treatments, including 
HOV lanes, queue 
jumps and transit 
signal priority 

Arizona, 
Vancouver, 
Washington 

Volume of HOVs; volume of 
through vehicles; volume of 
right-turning vehicles; volume 
of buses using the facility; 
cycle length; red time for each 
phase; average stopped delay; 
average load factor for buses 

Transit and 
HOV delay 
savings  

MOSAIC  

Evaluate impacts of 
corridor 
improvement 
options, including 
HOV, HOT, ET, bus-
only, truck-only 
lanes, etc.  

Maryland 

Length of corridor; number of 
managed and GP lanes; HOV 
eligibility requirements; toll 
price of HOT lanes; number of 
intersections, etc. 

Travel time; 
travel speed; 
travel demand 
for each mode; 
intersection 
delay; energy 
consumption; 
pollution 
emissions; 
crash rates; 
noise, etc. 

POET-ML 

Explore impacts of 
potential alternative 
policies on existing 
HOV facilities, 
including changing 
the HOV eligibility 
requirement and 
conversion to HOT 
lane, etc. 

- 

Length of corridor; number of 
HOV and GP lanes; HOV 
eligibility requirement; existing 
vehicle volumes and average 
vehicle occupancy; average 
speed on parallel facility, etc. 

Demands of 
GP and 
HOV/HOT 
lanes; speeds 
of GP and 
HOV/HOT 
lanes; levels of 
service of GP 
and 
HOV/HOT 
lanes; travel 
time savings; 
emissions; 
total revenue 

HOT START 

Assess whether a 
conversion of HOV 
to HOT is likely to 
succeed 

Texas 

Scores of various factors 
including HOV lane utilization 
and willingness to pay tolls, 
etc.  

Overall score 
of a HOT 
project 

 

5.1.1.1 MOSAIC   

The MOSAIC spreadsheet, sponsored by the Maryland State Highway Administration, 
was developed to evaluate the sustainability of different corridor improvement options such as 
HOV, HOT, ET, and bus-only lanes. This model can be used for both freeway and arterial 
corridors. In the following, we introduce its application to arterial corridors. Our introduction is 
heavily based on Zhang et al. (2013).  

In MOSAIC, a key step is to estimate the modal shift once a managed lane strategy is 
implemented. The shift is captured by the following pivot point logit model: 



107 
 

∆

∑
∆  

where: 

′: New share of using mode ; 

: Original share of using mode ; 

∆ : Change in the utility of mode ; and 

: The number of all available modes. 

In the above, ∆  represents the utility change due to the changes in travel time and costs, 
i.e., ∆ ∆ ∆ , where ∆  and ∆  represent the changes in travel 
time and cost, and  and  are the corresponding coefficients. The travel time is calculated by 
the flowing equation: 

 

where: 

: The length of the corridor;  

: The roadway travel speed in the corridor; 

: The number of intersections in the corridor, and 

: Average intersection delay. 

Both the roadway travel speed and intersection delay can be estimated according to TABLE 5.2 
and TABLE 5.3. 
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TABLE 5.2 Speed Estimation Based on Daily Traffic Volume per Lane 

Congestion 
Level 

Daily Traffic Volume per 
Lane 

Speed Estimate Equation Peak 
Speed (mph) 

Uncongested <5500 35 
Medium 5500-7000 33.58-(0.74*ADT/LANE) 
Heavy 7000-8500 33.80-(0.77*ADT/LANE) 
Severe 8500-10000 31.65-(0.51*ADT/LANE) 

Extreme >10000 32.57-(0.62*ADT/LANE) 
Note: ADT: Average Daily Traffic, and the unit is thousand; and the lowest speed is 20 mph. 
Source: Zhang et al. (2013) 

 

TABLE 5.3 Traffic Control Delay at Intersections 

Congestion Level 
Daily Traffic Volume per 

Lane 

Average Delay at Intersections 
(Seconds per vehicle) 

Signalized 
Intersections 

Unsignalized 
Intersections 

Uncongested <5500 10 10 
Medium 5500-7000 20 15 
Heavy 7000-8500 35 25 
Severe 8500-10000 55 35 

Extreme >10000 80 50 
 Source: Zhang et al. (2013) 

To illustrate the procedure for estimating modal shift, consider a scenario of building one 
new HOV lane in a corridor. For those not eligible to use the lane, such as SOVs and trucks, it is 
assumed there is no change in their travel times at the first iteration, i.e., ∆ 0 and thus ∆
0. For the other modes, such as HOVs and buses, their travel times can be estimated as 
previously described. Based on the estimates of utility changes at the first iteration, the mode 
shares can be recalculated and the resulting traffic demands of different modes are then used for 
travel time calculation. Such an iterative process continues until the traffic equilibrium across the 
HOV and GP lanes is achieved, e.g., the difference in travel times of GP lane at two consecutive 
iterations is within one minute. 

With the new travel times, MOSAIC estimates the travel reliability as follows (Ramani et 
al., 2009): 

	 	 	2.189 	 	 1 1.799 	 	 1  

 The travel time index in the above expression is the ratio of actual travel time and the 
free-flow travel time or travel time at posted speed limits.  

MOSAIC also provides estimates of energy consumption and air pollutant emissions 
based on actual speeds, as shown in TABLE 5.4. For other estimates, such as crash rate and 
noise, readers can refer to Zhang et al. (2013).  
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TABLE 5.4 Roadway Consumption and Emissions Rates 

Speed 
(mph) 

Energy Consumption 
per Vehicle (million 

BTU/mile) 

CO 
(grams/mile)

NOx 
(grams/mile) 

PM10 
(grams/mile)

2.50 15.39 15.39 3.61 0.14 
5.00 9.32 9.32 2.12 0.08 
10.00 6.34 6.34 1.47 0.05 
15.00 5.37 5.37 1.30 0.04 
20.00 4.73 4.73 1.19 0.04 
25.00 4.02 4.02 1.11 0.03 
30.00 3.74 3.74 1.03 0.03 
35.00 3.41 3.41 0.96 0.03 
40.00 3.16 3.16 0.94 0.02 
45.00 3.00 3.00 0.93 0.02 
50.00 2.94 2.94 0.93 0.02 
55.00 2.94 2.94 0.92 0.02 
60.00 2.99 2.99 0.93 0.02 
65.00 3.13 3.13 0.97 0.02 
70.00 3.43 3.43 1.03 0.02 
75.00 4.30 4.30 1.08 0.02 

Source: Zhang et al. (2013) 

5.1.1.2 POET‐ML 

POET-ML is a sketch planning tool that quantifies the impacts of potential alternative 
policies on existing HOV facilities. FIGURE 5.1 outlines the analytical process of POET-ML. 
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Source: Smith et al. (2008) 

FIGURE 5.1 POET-ML Framework 

The first step in the procedure is to assess the operational performance of existing HOV 
facility and classify them into one of the following three conditions: with excess capacity during 
both peak and off-peak periods; well-utilized during the peak period, but has excess capacity 
during the off-peak period or heavily congested during the peak period, but has excess capacity 
during the off-peak period. Various policy changes have been proposed for each condition. For 
example, if a HOV facility has excess capacity during both peak and off-peak periods, it is 
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necessary to consider relaxing the occupancy and eligibility requirement or converting the 
facility into a HOT facility.  

For each policy change, the second step is to evaluate its impacts on travel demand, 
mobility and environment, and its financial viability. Travel modes considered in POET-ML 
include carpool, transit, motorcycles, special fuel vehicle, taxi, and paying vehicles if HOT lanes 
are of interest. POET-ML makes ad hoc assumptions to estimate mode shares. For example, 
when converting HOV to HOT, traffic demand at a HOT lane is assumed to be maintained at 
least at LOS C (about 75% of capacity by default) during the peak period and no higher than the 
demand of GP lanes. The volume of paying vehicles is assumed to be equal to the spare capacity 
of the HOT lane. Moreover, these paying vehicles are assumed to come from both the GP lanes 
and parallel facilities with pre-specified splits, e.g., 30/70 split between GP lanes and parallel 
facilities when the GP lanes operate at LOS A while 40/60 split if the GP lanes operate at LOS 
B.  

With the estimated demands, mobility impacts, such as travel speed, travel time, level of 
service are consequently calculated. Specifically, the following BPR function is adopted to 
estimate travel time:  

1 0.9  

where	  is the free-flow travel time (based on a speed of 65 mph);  represents traffic volume 
per lane per hour; and  is the lane capacity. 

Using an average fuel consumption rate of 0.68 gallon per hour, POET-ML subsequently 
estimates the fuel consumption based on estimated travel times. Multiplying the fuel 
consumption with emission factors in TABLE 5.5 yields the emissions of CO, NOx, and VOC. 
Similarly, with a minimum value of time of $0.42 per min, POET-ML coverts total travel time 
saving of paying vehicles on the HOT lane into the toll revenue of the lane. Consequently, the 
financial viability of the facility can be assessed.  

TABLE 5.5 Emission Factors 

Air Quality - Pollutant Passenger Car Emission Factor 

CO (kg/gallon) 14.44 

NOx (kg/gallon) 1.27 

VOC (kg/gallon) 1.91 

Carbon Dioxide (kg/gallon) 8.79 
Source: Smith et al. (2008) 
 

5.1.1.3 HOT START 

HOT START was developed by Texas Transportation Institute, sponsored by the Texas 
Department of Transportation (Eisele et al., 2006).  It is intended for evaluating the benefits of 
adapting an HOV lane to a HOT lane.  
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Instead of quantifying specific benefits, HOT START assesses the adaptation of an HOV 
lane to a HOT lane from scoring decision trees for key factors including lane separation for toll 
collection, facility access satisfying O-D requirements, access design, HOV lane utilization, 
travel time savings or reliability, public acceptance, political acceptance and so on. These factors 
are grouped into three categories, i.e., facility considerations, performance considerations, and 
institutional considerations (see TABLE 5.6). Moreover, to encapsulate these related factors into 
a comprehensive, logical and explainable analysis, each factor will be considered from three 
dimensions: weight, score, and interaction. Weight refers to the factor’s significance relative to 
the goals of adaptation; score shows how well the factor is when compared with a desirable or 
minimum standard; interaction illustrates how much the factor is related to the other factors. The 
default weight of each factor is shown in TABLE 5.6.  
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TABLE 5.6 Factors When Considering Adaptation of HOV to HOT Lane 

Categories Factors Default Weight 

Facility factors 

Facility cross section 6 

Lane separation for toll collection 6 

Facility access satisfies O-D requirements 5 

Facility access design 5 

Ability to enforce 5 

Facility traffic control 5 

Pricing strategy 5 

Incident management 3 

Maintenance 2 

Performance factors 

HOV lane utilization 6 

Travel time savings/ reliability 6 

Public agency/societal benefit 5 

Willingness to pay tolls 4 

Safety 4 

Environment 2 

Institutional factors 

Public acceptance Political 6 

Political acceptance 6 

Environmental justice/Title VI issues 6 

Revenue use 5 

Interagency cooperation 4 

Media relations 2 

Sustained public education/information 2 

Source: Eisele et al. (2006) 

Given the weight of each factor, a scoring method is proposed. The highest score of each 
factor is 5, while the lowest score is -5. FIGURE 5.2 illustrates the decision tree for the cross-
section factor, in which the Guide for High-Occupancy Vehicle Facilities issued by AASHTO is 
referenced.  
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Design 
envelope 
satisfies 
AASHTO 
minimum 

requirements 
for entire 
length?

Length of 
sections with 
unsatisfied 

requirements:

<100 ft *

100 ft‐1000 ft *

1000 ft‐1 mile

1 mile to ½ facility

> ½ facility

Entire facility **

3

1

0

‐1

‐3

‐5

5Yes

No

* Sections must be at least 1 mile apart.

** This is a critical issue and upon scoring is noted in the Results  
Source: Eisele et al. (2006) 

FIGURE 5.2 Sample Scoring Decision Tree for the Facility Cross-Section Factor 

With the performance of each factor, it is also necessary to investigate the interactions 
between different factors. For example, a poor facility cross section factor will have negative 
impacts on the performance factors, such as decreasing the HOV lane utilization and increasing 
the travel time. Therefore, HOT START identifies the intersections of between the facility and 
performance factors as per TABLE 5.7. 

TABLE 5.7 Interaction of Factors Affecting Adaptation of HOV Lane to HOT Lane 

Facility Factor 
Performance Factor 

HOV Lane 
Utilization 

Travel 
Time 

Willingness 
to Pay Tolls

Safety Environment Benefits 

Cross section 1 3 2 1 

When any of 
the first five 
performance 
factors are 

impacted the 
benefits of the 
HOT lane are 

impacted 

Lane separation 2 1 
Facility access 
for HOT O-D 

3 
 

2 
  

Facility access 
design  

2 2 1 
 

Ability to 
enforce   

3 3 
 

Facility signage 2 2 3 
Pricing strategy 1 1 
Incident 
management 

3 3 2 3 3 

Maintenance 3 3 3 3 

In the table, 1 = strong interaction, 2 = moderate interaction, and 3 = weak, but significant interaction 
Source: Eisele et al. (2006) 
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The output of the above procedure includes the scores for various factors. Taking I-10 
(Katy Freeway) HOV lane as an example, the scores of different facility factors are shown in 
FIGURE 5.3 while the final scores page is shown in FIGURE 5.4.  

 
Source: Eisele et al. (2006) 

FIGURE 5.3 I-10 HOV Facility Factors Scores  
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Source: Eisele et al. (2006) 

FIGURE 5.4 I-10 HOV Resulting Scores Page  

5.1.2 Project Planning 

Compared with sketch planning tools, project planning tools are more sophisticated for 
better capture the characteristics of travel demand and supply and their interactions. These tools 
primarily adopt the traditional four-step transportation planning process as the general 
methodology, with a limited number of them are activity based.  

Below we describe the modeling of arterial managed lanes in the Florida Standard Urban 
Transportation Model Structure (FSUTMS) or FSUTMS modeling environment. It was 
developed by the FDOT for producing long-range travel demand forecasts throughout Florida. 
FSUTMS consists of a standardized set of modeling steps, software programs, operating 
procedures and urban area data formats, which many planning models in Florida generally 
follow.  

FIGURE 5.5 is a sketch of the transit and highway demand modeling processes in 
FSUTMS. Note that trip assignments of transit and highway trips are separated. The impacts of 
bus-only lanes and the associated traffic management schemes such as queue jumps and transit 
signal priority can be reasonably captured in FSUTMS. Bus-only lane strategies lead to 
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reductions in transit running times, which can be easily represented in transit assignment. 
Iterations between mode split and traffic/transit assignments are needed to capture the mode shift 
and the change in traffic conditions caused by the deployment of bus-only lane strategies.  

 

START

GENERATION
Generation/External

NETWORK
Highway Network/Paths

DISTRIBUTION
Trip Distribution

TRANSIT
Transit Network/Paths

MODE SPLIT
Mode Choice

ASSIGNMENTS
Highway/Transit

REPORTING

END
 

Source: FDOT (2012) 

FIGURE 5.5 FSUTMS Transit and Highway Demand Modeling Processes 

Because ET and HOV lanes can be treated as special cases of HOT lanes, below we only 
describe the modeling of HOT lanes in FSUTMS. Yin et al. (2007) summarize three procedures 
that have been applied or proposed to model HOT lanes in a traditional four-step modeling 
process. The first procedure is simplest and has been most often used to evaluate the impacts of 
converting HOV lanes into HOT lanes. In the procedure, auto trips on a tolled or non-tolled road 
are considered as distinct modes and a nested logit model and a subsequent loading process are 
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applied to estimate the flows on HOT lanes. The primary advantage of using this procedure is 
that current mode choice models define utility functions for travel modes, which makes it 
convenient to include tolls as another variable in the functions. The primary drawback is that in 
the modeling process, iterations need to be performed until a stable equilibrium is reached such 
that travel times can be calculated and adopted in determining mode choice. In contrast to the 
first modal-split procedure, the second approach is deterministic or stochastic traffic assignment. 
The former coverts the toll into a time-equivalent, through VOT, and then incorporates it into 
volume-delay functions to assign trips among different paths. The latter uses a logit model to 
calculate the probability of using a tolled facility as a function of the relative cost/disutility 
between the tolled and non-tolled routes. The primary benefit of modeling toll roads in trip 
assignment is the ability to evaluate the influence of traffic congestion on demand for the toll 
facility. However, since different users have different VOTs, in order to be more accurate, multi-
class trip assignment models need to be utilized. Another approach can be a post processor. It 
first calculates the market share of motorists who would use a toll facility under certain toll 
charge, and then uses a separate procedure to divert the calculated volume into toll lanes. 
Washington D.C. and San Diego, California used to apply this procedure. In the post processor, 
at least two alternative paths need to be developed: one using the toll route and the other using 
the best available non-toll route. Then the model uses diversion formulae to assign a percentage 
of the market to each route. Essentially, the post processor is a simplified stochastic loading 
procedure. The primary benefit is that the processor can be applied without modifying or 
recalibrating the existing four-step model while it may only capture part of the impacts that 
pricing may impose.  

As indicated in Yin et al. (2007), the modal-split and traffic-assignment approaches are 
generally applicable to model HOT lanes in FSUTMS. As aforementioned, both approaches have 
pros and cons, but the trip-assignment approach may be more preferable. In the modal-split 
approach, the paths shared by both toll lanes and GP lanes generally lead to an incorrect 
estimation of modal splits because of the independence from irrelevant alternative property of 
the multinomial logit model. This is difficult to resolve in the current modeling framework. 
Further, iterations need to be performed until a consistency or equilibration is reached for the 
travel times used in mode choice and those resulted in trip assignment respectively. Such 
iteration is time consuming and the consistency may never be reached. For the trip-assignment 
approach, a multiclass stochastic user equilibrium assignment model is preferred where different 
VOTs may be used for classes with different trip purposes and income. FIGURE 5.6 shows the 
representation of HOT lanes in network coding for the traffic-assignment approach while 
TABLE 5.8 presents VOTs for different trip purposes in Southeast Florida. 
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Source: Parsons Brinckerhoff (2012) 

FIGURE 5.6 Coding HOT Lanes 

 

TABLE 5.8 Southeast Florida Travel Time Values by Travel Demand Model Trip Purpose  

Market Value (2004 Dollars) 

Home-Based Work $12.69 per hour 

Home-Based Shopping $10.59 per hour 

Home-Based School $10.58 per hour 

Home-Based Social/Recreational $10.59 per hour 

Home-Based Other $12.10 per hour 

Home-Based Unknown $11.34 per hour 

Non-Home-Based $12.10 per hour 
Source: Corradino Group, Inc., and Cambridge Systematics, Inc. (2009) 
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Recently, a HOT lane modeling approach in Parsons Brinckerhoff (2012) can be viewed 
as a combined mode split/traffic assignment procedure. The “mode split” is reflected by TABLE 
5.9. At each iteration of the assignment procedure and for each origin-destination (O-D) pair, the 
travel time difference between vehicles using any segment of managed lanes and those without 
accessing managed lane are calculated and compared to the total amount of toll paid. The ratio 
between the toll and travel time saving are examined against TABLE 5.9 to determine the 
proportion of the O-D demand not using managed lanes. The remaining portion may use the 
lanes if it is “preferable” in the assignment.  

TABLE 5.9 Not-Willing to Pay Proportion for Cost per Time Saved, by Demand Category  

Toll Cents per Minute Saved Demand Category 

 1 2 3 4 5 6 7 8 
0 5 5 5 5 5 5 5 5 
8 50 50 50 50 50 50 50 50 
10 60 60 60 60 60 60 60 60 

16.3 75 75 75 75 75 75 75 75 
20 81.7 81.7 81.7 81.7 81.7 81.7 81.7 81.7 

23.7 85 85 85 85 85 85 85 85 
31.4 90.5 90.5 90.5 90.5 90.5 90.5 90.5 90.5 
41.7 95 95 95 95 95 95 95 95 
51.8 96 96 96 96 96 96 96 96 
58.3 98 98 98 98 98 98 98 98 
66.7 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 

 
Demand Categories: 
1 - urban & rural short 

   

2 - Long-Distance Business    
3 - Long-Distance Tourist    
4 - Short, Cross-border EI    
5 - Long-Distance US, Canada   
6 - Medium Trucks    
7 - Unused    
8 - Light Trucks    
Source: Parsons Brinckerhoff (2012) 
 

In the procedure, the toll rate is congestion dependent in the procedure and varies 
according to a look-up table whose relationship is sketched in FIGURE 5.7. The procedure is 
simple to implement and flexible enough to reflect various considerations for different types of 
analysis. However, one of the challenges is to accurately determine the not-willing-to-pay 
proportions, which encapsulate other variables in addition to the values of travel time.  
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Source: Parsons Brinckerhoff (2012) 

FIGURE 5.7 Congestion Level versus Toll  

5.1.3 Operational Planning 

The analysis based on either a sketch or project planning tool is not sufficient for 
supporting the design and operations of a managed lane facility. These tools do not adequately 
model traffic dynamics and fail to capture complex interactions among a large set of design and 
operations variables. Therefore, before a major investment deployment, it is often essential to use 
an operational planning tool to further evaluate different designs of managed lanes and traffic 
management schemes, e.g., where to locate ingress/egress points and queue jumps, how to time 
traffic signal and manage turning movements at intersections.  

Often, operational planning tools are microscopic traffic simulators such as VISSIM, 
Paramics, CORSIM, and SimTraffic. Among them, some consider VISSIM as the most 
appropriate tool to model managed lanes (Fenno et al., 2002). On the other hand, a team at 
University of Florida has enhanced CORSIM and made it a tool particularly useful for simulating 
the operations of HOT lanes (Michalaka et al., 2012). Below we thus focus on VISSIM and 
CORSIM. 

5.1.3.1 VISSIM 

VISSIM is a software for microscopic traffic simulation developed by Planung Transport 
Verkehr AG (PTV). Similar to others, VISSIM provides a graphical user interface for network 
coding and allows users to use AutoCAD drawings and aerial photographs as background to help 
create a network. Unlike others that use a link-node structure, VISSIM implements a link-
connector structure, where “links are used to represent roadways and are continuous (even 
through intersections), as long as the fundamental geometry (i.e., primarily, the number of lanes) 
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remains constant. Where junctions and intersections occur, connectors are used to provide 
turning and/or merging/diverging vehicles with a path off of one link and onto another.” (Fenno 
et al., 2002). See FIGURE 5.8 for an example. Signal controllers and stop, yield, speed control 
signs can be directly added to the network. 

Westbound Arterial

Eastbound Arterial

 
Reproduced by authors based on Fenno et al. (2002). 

FIGURE 5.8 Geometric Elements of VISSIM Modeling 

To model HOT, HOV and ET facilities, VISSIM provides a module called Managed 
Lanes Facilities (see FIGURE 5.9) for VSSIM users to edit their characteristic, such as tolls for 
different user classes. To model an HOV facility, the toll for ineligible classes can be set as very 
high in the Pricing Model (see FIGURE 5.9). For dynamic tolling, VISSIM considers a traffic-
responsive scheme where the toll rate varies with respect to average speed in a pre-determined 
manner (see FIGURE 5.10). 

To model drivers’ lane choices, VISSIM uses a binary logit model, where the 
deterministic portion of the utility function consists of only two components, i.e., travel time and 
toll. FIGURE 5.11 shows the window where VISSIM users can input the parameters in the logit 
model, including the scale parameter and the coefficients associated time and toll.  
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Source: PTV (2011) 

FIGURE 5.9 Managed Lanes Facilities Window in VISSIM 

 

 
Source: PTV (2011) 

FIGURE 5.10 Toll Pricing Calculation Models 
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Source: PTV (2011) 

FIGURE 5.11 Decision Model of Managed Lanes 

To simulate bus-only lanes in VISSIM, it is possible to specify whether the lane at which 
the transit line runs is bus-only or not using the Lane Closure editor shown in FIGURE 5.12.  If 
the lane is closed to other types of vehicles, it is a bus-only facility. 

VISSIM is also capable of simulating a number of intersection treatments, such as transit 
signal priority and queue jumps. For example, a queue jump lane can be set to open only to 
certain types of vehicles via the Lane Closure editor. Then the Signal Head editor (see FIGURE 
5.13) can be configured to provide early green to the vehicles in the queue jump lane.  
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Source: PTV (2011) 

FIGURE 5.12 Lane Closure Editor 

 

 

FIGURE 5.13 Signal Head (PTV, 2011) 
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5.1.3.2 CORSIM 

CORSIM is a widely-used microscopic traffic simulation software, originally developed 
by FHWA. It is now maintained, developed and distributed by McTrans at the University of 
Florida. The tool is capable of simulating surface streets, freeways, and integrated networks with 
a complete selection of control devices. 

The procedure of simulating bus-only lanes in CORSIM is very similar to VISSIM. 
Details about bus operations can be found in the CORSIM Reference Manual (Record Type 185-
189), and bus lanes can be channelized for buses only (Record Type 11).  

Recently, Michalaka et al. (2012) enhanced CORSIM’s capability of simulating HOT 
lane operations. Three modules were developed, including dynamic tolling algorithms, toll 
structures for a HOT facility with multiple tolling segments, and modeling lane-choice behaviors 
of drivers between HOT and GP lanes.  

Tolling algorithms 

The enhanced CORSIM offers three types of pricing algorithms, including traffic 
responsive pricing, closed-loop control, and time-of-day pricing (see FIGURE 5.14). For the 
traffic responsive pricing, the traffic density ( ) in the current time interval and the difference 
between traffic densities in the current and previous time interval are used for determining the 
toll based on the Delta Settings Table shown in FIGURE 5.15. For closed-loop pricing, the 
traffic density in the current time interval and a pre-determined critical density ( ) are used for 
toll calculation as per the following equation: 

1 	  

 For the above expression, 	is the current toll amount; 1  is the toll amount for 
the next time interval; and  is a regulator parameter defined by the user. For time-of-day 
pricing, the toll varies by a toll schedule, which is pre-defined by users. The largest number of 
time intervals is 24, and the duration of each time interval can vary from 3 to 60 minutes. 
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Souce: Michalaka et al. (2012) 

FIGURE 5.14 Pricing Algorithms Available in Enhanced CORSIM 
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Source: Michalaka et al. (2012) 

FIGURE 5.15 Delta Settings Table in Enhanced CORSIM 

Lane choice 

In the enhanced CORSIM, both the HOT and GP lanes are integrated as a single facility 
and the lane-choice behaviors are simulated endogenously. Considering that it is always costly 
for users to collect data to calibrate a sophisticated logit-type lane-choice model, CORSIM 
implements a simple decision rule, where motorists pay to use a HOT lane if the benefit they 
perceive from travel time saving is greater than the toll amount they are charged. The perceived 
benefit is the VOT of the traveler multiplying the perceived travel time saving, which is assumed 
to follow a truncated normal distribution whose mean is the real or actual travel time saving 
(RTTS) and standard deviation is specified by CORSIM users. The RTTS is the difference 
between the travel times on GP and HOT lanes, averaged across a user-specified time interval. 
Travelers’ VOTs can be specified by CORSIM users as shown in TABLE 5.10. The lane choice 
procedure for a particular vehicle that is approaching a warning sign upstream to a HOT lane 
entrance is illustrated in FIGURE 5.16.  
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Source: Michalaka et al. (2012) 

FIGURE 5.16 Drivers’ Lane Choice in Enhanced CORSIM 
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TABLE 5.10 Value of Time ($/hr)  

% 
vehicles 

VOT 
% 

vehicles 
VOT 

% 
vehicles 

VOT 
% 

vehicles 
VOT 

% 
vehicles 

VOT 
Weighted 
Average 

Cars 10 8 15 10 50 16 15 18 10 22 15.2 

HOV 2 10 10 15 12 50 19 15 22 10 26 18.2 
HOV 3+ not 
registered 

10 12 15 14 50 23 15 26 10 31 21.8 

Source: Michalaka et al. (2012) 

Toll structures 

As discussed in the Section 3, there are four types of toll structures for a HOT facility 
with multiple tolling segments, including zone-based, origin-based, distance-based and origin-
destination-based. CORSIM simulates all these four toll structures, in addition to the scenario of 
each HOT lane being a stand-alone single-segment facility and charged individually. 

FIGURE 5.18 presents the steps of simulating HOT lanes in CORSIM. For details, please 
refer to Michalaka et al., (2012).  

 
Source: Michalaka et al. (2012) 

FIGURE 5.17 VOT and Toll Structure Editor in Enhanced CORSIM 
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Source: Michalaka et al. (2012) 

FIGURE 5.18 Simulating HOT Lanes in Enhanced CORSIM 
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TABLE 5.11 describes outputs from CORSIM that include, e.g., average density, real 
travel time saving, revenue, and some input data such as pricing algorithm, minimum and 
maximum tolls defined by the user.  

TABLE 5.11 CORSIM Output File 

Column No Column Name Explanation 
Inputs 

1 TIME Simulation time when the toll is calculated and updated. 
2 UPSTREAM NODE Upstream node of the HOT entry link. 

3 
DOWNSTREAM 
NODE 

Downstream node of the HOT entry link. 

4 
PRICING 
ALGORITHM 

Pricing algorithm selected for toll calculation. 

5 ORIGIN 
Origin (applies only to OD-based tolling to be 
implemented). 

6 DESTINATION 
Destination (applies only to OD-based tolling to be 
implemented). 

7 ZONE 
Zone number (applies only to zone- and distance-based 
tolling). 

8 MIN TOLL 
Minimum toll set by the user (applies only to responsive 
and closed-loop-control-based pricing) 

9 MAX TOLL 
Maximum toll set by the user (applies only to responsive 
and closed-loop-control-based pricing) 

Outputs 

10 DENSITY 
Average density calculated over a zone or segment (applies 
only to responsive and closed-loop-control-based pricing) 

11 DELTA DENSITY 
Difference in density between two tolling intervals (applies 
only to responsive pricing) 

12 PRICE Toll amount 

13 TOLL PER MILE 
Toll rate, i.e., toll per mile (applies only to distance-based 
tolling) 

14 MIN CHARGE 
Minimum toll for entering the facility (applies only to 
distance-based tolling) 

15 MAX CHARGE 
Toll amount for traveling to the end of the facility (applies 
only to distance-based tolling) 

16 RTTS Real or actual travel time saving 
17 REVENUE Revenue 

18 ZONE REVENUE 
Revenue for each zone (applies only to zone and distance-
based tolling) 

Source: Michalaka et al. (2012) 
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5.2 Evaluation and Recommendation  

Below is a summary of our evaluation along with our recommendation. 

 Sketch Planning Tools: We identify several sketch planning tools useful in evaluating 
strategies for managed lanes on arterials. Some are limited to analyzing a particular type of 
strategies such as converting an HOV into a HOT lane while others are more comprehensive. 
All of them are intended to provide a quick and high-level assessment of a large set of 
alternatives. Among them, MOSAIC appears the most comprehensive and is capable of 
evaluating different types of corridor improvements including HOV, HOT, ET, and bus-only 
lanes. Its methodology is sound and reasonable. It thus holds the most promise for being 
applied to evaluate arterial managed lane strategies in Florida. Related parameters need to be 
recalibrated for conditions in Florida. Further enhancements are needed to better capture 
traffic delays at intersections with different types of intersection treatments and to consider 
the impacts of bicycles, pedestrians, and bus stops etc.  

Although SMArtHOV is not described in this report due to the lack of information, it has 
a reputation of being a good analysis tool for arterial HOV lanes, queue jumps, and transit 
signal priority systems (Wellander et al., 1998). Its applicability can be further investigated.  

 Project Planning Tools: We review the capacity of FSUTMS in modeling arterial managed 
lane strategies. In general, FSUTMS can reasonably accommodate different managed lane 
strategies. FSUTMS contains elements that can cause a traditional four-step procedure to 
offer erroneous forecasts. However, these shortcomings are not unique to analysis of 
managed lane strategies. They also present when used in investigating, e.g., emerging policy 
issues and mobility options. Although activity-based models show promise for analyzing 
managed lane strategies in an integrated way, they are much more complex and require more 
resources to implement.  

For FSUTMS to better model arterial managed lane strategies, future research is needed 
to enhance link performance functions to capture the impacts of different intersection 
treatments, e.g., queue jumps, signal priority, turning movement management, on intersection 
delays and link travel times. Moreover, to adequately capture the impacts of bus-only lanes 
on other regular vehicles and more accurately predict the mode shift from highway to transit, 
a multimodal traffic assignment model can be applied in FSUTMS, which, however, 
substantially changes its transit modeling process.  

 Operational Planning Tools: Existing operational planning tools are capable of conducting 
sophisticated analysis for various types and designs of arterial managed lane strategies. 
Among them, the enhanced CORSIM provides unique feature and functionality of simulating 
different types of toll lanes while VISSIM is a promising tool for simulating strategies related 
to bus-only lanes with advanced traffic signal control. 
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TABLE 5.2 summarizes the above findings.  

TABLE 5.12 Summary of Recommended Tools 

Tool Usage Recommendations 

MOSAIC  
Sketch planning for HOV, 
HOT, ET, bus-only and truck-
only lanes etc.  

Related parameters need to be calibrated to 
represent the prevailing conditions in Florida. 
Further enhancements are needed to better capture 
traffic delays at intersections with different types 
of intersection treatments, and consider the 
impacts of bicycles, pedestrians, and bus stops etc. 

FSUTMS   
Project planning for various 
types of managed lane 
strategies. 

Future research is needed to enhance link 
performance functions to capture the impacts of 
different intersection treatments on intersection 
delays and link travel times. Moreover, to 
adequately capture the impacts of bus-only lanes 
on other regular vehicles and more accurately 
predict the mode shift from highway to transit, a 
multimodal traffic assignment model can be 
applied in FSUTMS. 

VISSIM/CORSIM 
Operations planning for various 
types of managed lane 
strategies. 

The enhanced CORSIM provides unique 
functionality of simulating different types of toll 
lanes while VISSIM is a promising tool for 
simulating strategies related to bus-only lanes with 
advanced traffic signal control. 
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6 IMPACTS OF MANAGED LANES ON FREEWAYS AND ARTERIALS 

This section discusses how to estimate or forecast the impacts of managed arterial lanes 
on average travel delay in a road network and demonstrate how these estimates can be used in 
identifying and coordinating deployments and operations of these lanes. More specifically, we 
describe two procedures, steepest decrease (SD) and pairwise interchange (PI) procedure. The 
SD procedure selects a pre-specified number of arterials for managed lane implementations and 
the other procedure (PI) evaluates a plan for managed lane deployment. 

Both procedures rely on results from solving a multi-modal equilibrium problem with 
different inputs. The equilibrium problem is similar to one in Song et al. (2014). Below, Section 
6.1 describes the road network for South Florida used in our case studies below. Sections 6.2 and 
6.3 present the two procedures and illustrate them using the network in Section 6.1.  

6.1 Network for Case Studies 

To illustrate our approaches, we use the network of freeways and arterials in FIGURE 
6.1. Only road segments highlighted in blue are included in our case studies. In FSUTMS, these 
freeways and arterials are of types listed in TABLE 6.1. For our case studies, those with codes 
21, 41, and 61 are considered as arterials whose lanes can be managed to, e.g., reduce traffic 
congestion and improve mobility. 

TABLE 6.1 Facility-Type Code for Freeways and Arterials 

Facility-type Code Explanation 
11 Freeway Segments 
12 Freeway Segments 
21 Uninterrupted Segments 
41 Higher Speed Interrupted Facility 
61 Lower Speed Facility and Collector 
81 2+ HOV Segments 
91 Toll Freeway Segment 

 



136 
 

 
 

FIGURE 6.1 Arterials and Highways in South Florida 

FIGURE 6.2 is a representation of the road network in FIGURE 6.1 used in our model. 
Generally, nodes in FIGURE 6.2 represent intersections or interchanges between several 
highways. However, some nodes represent locations where there are structural changes instead. 
For example, a node may represent the location where the number of lanes reduces from four to 
three or increases from three to four. Links or arcs joining two nodes correspond to segments of 
freeways and arterials connecting to two intersections or interchanges. In most cases, links are 
bi-directional. 
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FIGURE 6.2 Network of Links and Nodes for South Florida 
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6.1.1 Estimating Travel Demands 

Because demand data are not readily available, the first step for our case studies is to 
estimate travel demands between pairs of nodes shown in FIGURE 6.2. We assume that 
motorists use the network in FIGURE 6.2 to commute between home and work during peak 
travel period if such a trip is between 20 and 70 miles. Motorists use local streets for commuting 
trips shorter than 20 miles. Trips longer than 70 miles are less common and considered 
negligible. One method for estimating demands is to solve an O-D estimation problem similar to 
the one in Shen and Wynter (2012) using link flows and parameters from FSUTMS. However, 
demands estimated with such an approach did not lead to significant travel time improvements 
during our preliminary investigation. Instead, we generate our own travel demands.  

Our set of demands includes 1013 O-D pairs and consists of 148,817 SOVs and 27,850 
HOVs per hours during peak periods. TABLE 6.2 lists the demands (in vehicles per hour) that 
originates from nodes 1 to 5. Demands originating from other nodes are too numerous to list in 
this report. In TABLE 6.2, the demand to travel from node 4 to node 34 (or for O-D pair (4,34)) 
is on average 419.4 vehicles per hour during a peak travel period.  
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TABLE 6.2 Demand (in Vehicles per Hour) Originating from Nodes 1 to 5 

(O, D) SOV HOV (O,D) SOV HOV 
(1,12) 36.3 6.5 (4,22) 27.6 5.2 
(1,15) 42.2 7.7 (4,34) 419.4 74 
(1,17) 41.7 7.8 (4,37) 32.9 5.9 
(1,36) 28.4 5.1 (4,38) 39.4 7.2 
(1,53) 35.3 6.2 (4,58) 29.3 5.3 
(1,55) 28.3 5 (4,59) 32.2 6 
(1,56) 32.9 5.9 (4,62) 29.4 5.4 
(1,62) 36.9 6.7 (4,63) 35.8 6.5 
(2,14) 27.3 5 (4,64) 25.9 4.7 
(2,16) 32.5 6 (4,65) 41.3 7.5 
(2,18) 27.8 5.3 (4,71) 30.8 5.9 
(2,19) 31.8 6 (5,15) 412.6 75.1 
(2,35) 27.2 4.8 (5,22) 35.1 6.7 
(2,38) 33.4 6.2 (5,23) 25.3 4.8 
(2,57) 26.3 4.7 (5,29) 404.3 71 
(2,63) 39.5 7.2 (5,42) 33.8 6.4 
(2,65) 33.1 6.1 (5,47) 39.1 7.5 
(3,20) 40.5 7.7 (5,56) 402.7 71.7 
(3,21) 41.7 7.9 (5,59) 41.5 7.7 
(3,35) 387.9 68.6 (5,62) 421 76.4 
(3,37) 31.1 5.6 (5,65) 27.2 5 
(3,58) 39.6 7.2 (5,67) 38.4 7.2 
(3,64) 40.1 7.3 (5,68) 37.9 7.1 
(4,13) 33.2 6 (5,71) 27.9 5.3 
(4,14) 40 7.3 (5,74) 35.3 6.8 
(4,16) 25.7 4.7 (5,75) 39.1 7.5 
(4,19) 28.6 5.4    

 
The user-equilibrium distribution associated with our demand data generates 21.90 

units of equilibrium value22 with average delays of 122.64 minutes (approximate 2 hours) and 
75.38 minutes (approximately 1.25 hours) for SOVs and HOVs, respectively. Overall, the travel 
delay when averaged over both SOVs and HOVs is 118.59 minutes or 1.98 hours during a peak 
travel period. Although these delays seem excessive and, perhaps, unrealistic, we choose them to 
make the results in our case studies conspicuous. 

                                                 
22  We refer to the objective value of the “diagonalized” problem in the Appendix as the “equilibrium value” 
associated with the user-equilibrium distribution. 
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6.2 Selection of Managed Arterial Lanes  

This section describes a heuristic procedure called “steepest decrease” to add HOV lanes 
to arterials. (The procedure of adding and/or converting GP lanes to HOT lanes is similar. Our 
preliminary investigation using the above data indicates that the improvements associated with 
HOT implementations are less than those with HOV.)  

In general, the SD procedure selects lanes on arterials for HOV implementation one at a 
time. Each time, the arterial that leads to the most decrease in the equilibrium value23 is selected 
for HOV implementation. In our approach, we determine the equilibrium value associated with 
an HOV implementation on an arterial using the mathematical model and procedure described in 
the appendix. Strictly speaking, the procedure is heuristic because it is based an intuitive idea 
and does not necessarily yield an optimal solution. However, the managed lane selection 
problem as documented in the literature (see, e.g., Song et al., 2014) is difficult to solve 
optimally. Below, we first describe the SD procedure and subsequently illustrate it with an 
example using the network and data described in Section 6.1. 

6.2.1 Steepest Decrease Procedure 

The SD procedure requires as inputs a list of candidate arterials for HOV implementation. 
The basic idea is to consider a candidate arterial from the list one at a time and in an iterative 
fashion. During each iteration, we assume that we implement and remove from the candidate list 
all arterials chosen during the preceding iterations and consider individually the remaining 
candidate arterials still on the list one at a time. For each remaining candidate, we evaluate the 
impact of the HOV implementation using the procedure in the appendix. The one with the least 
(or the most decrease) equilibrium value is chosen for implementation and removed from the 
candidate prior to the next iteration. The process is repeated until the desired number of arterials 
has been selected. Below, we state the SD procedure formally assuming that there are  
candidate arterials for HOV implementation and  of these arterials are to be selected. 

Steepest Decrease Procedure 
Step 1: Put all  arterials on a list called  and set 0. 
Step 2: If , then stop and the desired number of arterials have been chosen. Otherwise, 

go to Step 3. 
Step 3: For each arterial on , implement the HOV scheme and evaluate the impact using the 

procedure24 in the appendix. 
Step 4: Choose the arterial on  with the least equilibrium value for implementation and 

remove it from . Set 1 (i.e., to indicate that we choose one additional arterial 
for an HOV implementation) and return to Step 2. 

                                                 
23  Other factors can be used instead of the equilibrium value. The underlying problem can be viewed as an 
optimization problem with two objectives, i.e., one is to minimize the average travel time of HOVs and the other is 
to minimize the same for SOVs. In the literature, a bi-objective optimization problem is difficult to solve and has 
multiple non-dominated solutions. Our steepest decrease procedure is a heuristic algorithm that relies on the 
equilibrium value as an estimate of the impact of a managed lane.  
24  It is also possible to FSUTMS instead of the procedure in the appendix. 
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6.2.2 Case Study 

To illustrate the SD procedure, we assume that the set of candidate arterials consist of the 
following links: (23,24), (26,27) ,(38,58), (54,53), (57,56), (57,58), (66.41), (67,17), (69.18), 
(69.70), (80,81), (81.43). FIGURE 6.3 shows the locations of these links.) In our user-
equilibrium distribution, the actual travel time on these links are at least twice as much as their 
free-flow travel times. As indicated earlier, the equilibrium value associated with the user-
equilibrium distribution prior to any HOV implementation is 21.90.  

 
FIGURE 6.3 Locations of Candidates for HOV Implementations 

For our experiment, if a candidate arterial has two lanes (in each direction), then our 
HOV implementation adds two HOV lanes to the arterial to generate more dramatic impacts. On 
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the other hand, we only add one HOV lane to those candidate arterials with three or more GP 
lanes.  

TABLE 6.3 displays the equilibrium values associated with each candidate arterial from 
four iterations of the SD procedure. During the first iteration, we implement the above HOV 
scheme on each candidate individually and the associated equilibrium values are listed in the 
column titled “Iteration 1.” For example, when we implement the HOV scheme on link (23,24), 
the equilibrium value decreases from 21.90 to 21.9442. At the end of the first iteration, link 
(81,43) yields the most decrease in equilibrium value 22.0912 . Thus, we choose it for the 
HOV implementation. In Iteration 2, the procedure assumes that 81,43  has new HOV lanes 
and seeks one additional arterial for HOV implementation. At the end of Iteration 2, link 
80,81 	generates the smallest (or the most decrease) equilibrium value 22.0915 . Iterations 

3 and 4 are similar. Observe that the equilibrium values for Iterations 2, 3 and 4 appear 
essentially the same because we round the value to four decimal places. When more decimal 
places are considered, these values are not the same. In any case, TABLE 6.3 indicates that 
implementing the HOV schemes on {(80, 81), (81, 43)} or {(80,81), (81,43), (67,17)} are 
sufficient because additional implementations would not yield significant decreases in 
equilibrium value.  

TABLE 6.3 Equilibrium Values from SD Procedure 

Candidate Iteration 1 Iteration 2 Iteration 3 Iteration4 
(23,24) -21.9442 -22.0914 -22.0915 -22.0915 
(26,27) -21.9574 -22.0914 -22.0915 -22.0915 
(38,58) -22.0195 -22.0914 -22.0915 -22.0915 
(54,53) -22.0294 -22.0914 -22.0915 -22.0915 
(57,56) -22.0363 -22.0914 -22.0915 -22.0915 
(57,58) -22.0587 -22.0914 -22.0915 -22.0915 
(66,41) -22.0617 -22.0914 -22.0915 -22.0915 
(67,17) -22.0704 -22.0915 -22.0915 n/a 
(69,18) -22.0739 -22.0915 -22.0915 -22.0915 
(69,70) -22.0796 -22.0915 -22.0915 -22.0915 
(80,81) -22.0818 -22.0915 n/a n/a 

(81,43) -22.0912 n/a n/a n/a 

minimum -22.0912 -22.0915 -22.0915 -22.0915 
 

TABLE 6.4 to TABLE 6.6 display travel delays from the SD procedure for HOVs and 
SOVs, individually and averaged together. Except SOV travel delay in Iteration 4, all average 
delays appear to decrease or remain the same after each iteration of the SD procedure. In TABLE 
6.4, the HOV travel delays decreases from 78.35 minutes (see Section 6.1.1) to 62.68 minutes or 
approximately 14%. 
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TABLE 6.4 Travel Delays for HOVs from SD Procedure 

Candidate Iteration 1 Iteration 2 Iteration 3 Iteration 4 
(23,24) 73.2556 62.6804 62.6753 62.6751 
(26,27) 72.4139 62.6778 62.6752 62.6751 
(38,58) 67.6531 62.6774 62.6751 62.6751 
(54,53) 66.9065 62.6767 62.6751 62.6751 
(57,56) 66.4796 62.6765 62.6751 62.6751 
(57,58) 64.7589 62.6761 62.6751 62.6751 
(66,41) 64.4433 62.6756 62.6751 62.6751 
(67,17) 64.0165 62.6755 62.6751  
(69,18) 63.6913 62.6754 62.6751 62.6751 
(69,70) 63.3466 62.6754 62.6751 62.6751 
(80,81) 63.2767 62.6753   

(81,43) 62.6844    

minimum 62.6844 62.6753 62.6751 62.6751 

 
TABLE 6.5 Travel Delays for SOVs from SD Procedure 

Candidate Iteration 1 Iteration 2 Iteration 3 Iteration 4 
(23,24) 122.1337 119.6834 119.6835 119.6835 
(26,27) 121.9451 119.6836 119.6835 119.6835 
(38,58) 120.7975 119.6837 119.6835 119.6835 
(54,53) 120.6302 119.6837 119.6835 119.6835 
(57,56) 120.5195 119.6836 119.6834 119.6835 
(57,58) 120.1100 119.6836 119.6835 119.6835 
(66,41) 120.0874 119.6835 119.6835 119.6835 
(67,17) 119.9184 119.6835 119.6835  
(69,18) 119.9063 119.6835 119.6835 119.6835 
(69,70) 119.7918 119.6835 119.6835 119.6835 
(80,81) 119.7776 119.6835   

(81,43) 119.6842    

minimum 119.6842 119.6834 119.6834 119.6835 
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TABLE 6.6 Average Travel Delays for HOVs and SOVs from SD Procedure 

Candidate Iteration 1 Iteration 2 Iteration 3 Iteration 4 
(23,24) 117.9531 114.8151 114.8148 114.8147 
(26,27) 117.7094 114.8151 114.8148 114.8147 
(38,58) 116.2560 114.8152 114.8147 114.8147 
(54,53) 116.0393 114.8151 114.8147 114.8147 
(57,56) 115.9020 114.8150 114.8147 114.8147 
(57,58) 115.3816 114.8150 114.8147 114.8147 
(66,41) 115.3338 114.8148 114.8147 114.8147 
(67,17) 115.1436 114.8148 114.8147  
(69,18) 115.1045 114.8148 114.8147 114.8147 
(69,70) 114.9708 114.8148 114.8147 114.8147 
(80,81) 114.9518 114.8148   

(81,43) 114.8162    

minimum 114.8162 114.8148 114.8147 114.8147 
 

6.3 Evaluation of Deployment Plans 

In this section, we assume that a set of arterials have been selected for managed lane 
implementations, i.e., there is a plan for deploying managed lanes on arterials. The goal of this 
section is to describe a procedure that examines alternatives to this plan for possible 
improvements. If none exists or provides an improvement that is insignificant when considered 
in light of, e.g., political, equity, environmental and other issues, then the set of selected arterials 
is considered “optimal.” Because it is beyond the scope of this projectto consider political or 
other previously mentioned issues, this section uses equilibrium values (mentioned in Section 
6.1) as a measure of improvement. 

Below, we describe a procedure called “pairwise interchange” to search for an alternative 
set of arterials with a better equilibrium value. As the name implies, the procedure tries to find a 
better alternative by interchanging or replacing a selected arterial with an alternative. (Note that 
this interchange involves a pair of arterials consisting of a selected arterial and an alternative.) If 
the interchange leads to an improvement, then the interchange becomes permanent. The process 
continues until no significant improvement is possible. As before, we illustrate the procedure 
using the network and data described in Section 6.1. 

6.3.1 Pairwise Interchange Procedure 

The PI procedure assumes that there exists a set of arterials selected for managed lane 
implementation. As done in Section 6.2, this section assumes that the implementation involves 
adding HOV lanes. The procedure is essentially the same when applied to HOT or a combination 
of HOV and HOT implementations. The procedure examines the improvement in equilibrium 
value gained from replacing a selected arterial with an alternative in a manner that ensures all 
possibilities are examined. To state the procedure formally, let  and  denote respectively the 
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set of selected and alternative arterials, respectively. The latter can consist of, e.g., managed lane 
projects from MPO’s long-range MTP or TIP. 

Pairwise Interchange Procedure 
Step 1: Evaluate the impact of adding HOV lanes to arterials in  using the procedure in the 

appendix. Set 	equal	to the associated equilibrium value. 
Step 2: For each arterial in  (denoted as ) and each one in  (denoted as ) 25, evaluate the 

impact on the equilibrium value (using the procedure in the appendix) when we add HOV 
lanes to  instead of . 

Step 3: Let pair ̂, ̂  yields the least equilibrium value and denote this value. If represents 
a significant improvement to , then stop and the arterials in  is optimal. Otherwise, 
remove arterial ̂ from  and add it to  and, similarly, remove ̂ from  and add it to . 
Return to Step 2. 

6.3.2 Case Study 

To illustrate the PI procedure, we assume that  (the set of selected arterials) and  (the 
set of alternatives) are defined as follows: 

58, 57 , 66, 41 , 81, 43

26, 27 , 38, 58 , 54, 53 , 67, 17 , 69, 18 , 80, 81
 

Below, we evaluate whether  is the best set of arterials to implement using the PI procedure to 
explore whether there is a better alternative. 

TABLE 6.7 displays the details concerning each iteration of the PI procedure. Note that 
members of  are used to label the rows and those in  label the columns. The improvements due 
to the pairwise interchange of elements of the above  and  are displayed under “Iteration 1” 
heading. Note that replacing 66,41  with 58,53  yields the largest improvement in equilibrium 
value. After the interchange,  and  become 58, 57 , 58, 38 , 81, 43  and 
26, 27 , 54, 53 , 66,41 , 67, 17 , 69, 18 , 80, 81 	 . At which point, the second iteration 

of the procedure begins. At the end of this iteration, we replace 81,43  with 54,53 . Similarly, 
we replace 54,53  with 26,27  at the end of the third iteration. Finally, Iteration 4 proves that 
no pairwise interchange leads to any improvement and the procedure terminates. The final set of 
selected arterials for HOV implementation consists of 26,27 , 58,38 , 58,57 . Finally, 
TABLE 6.8 displays how travel delays and equilibrium values as the PI procedure progresses. 
While the improvements for SOV delays and equilibrium values from the first to third iterations 
seem small, the decrease in HOV travel delays (7.7%) is significant. 

                                                 
25  Mathematically, we consider every possible pair ,  where ∈  and ∈ . 
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TABLE 6.7 Iterations from PI Procedure 

Iteration 
1 

      

 (26,27) (54,53) (58,38) (67,17) (69,18) (80,81) 
(58,57) 0 0 0.0482 0.0027 0 0 
(66,41) 0.008 0.0097 0.0683 0.0132 0.0069 0 
(81,43) 0.0032 0.0036 0.0615 0.006 0 0 
       

Iteration 
2 

      

 (26,27) (54,53) (66,41) (67,17) (69,18) (80,81) 
(58,38) 0 0 0 0 0 0 
(58,57) 0 0 0 0 0 0 
(81,43) 0.0004 0.0065 0 0.004 0.0031 0 
       

Iteration 
3 

      

 (26,27) (66,41) (67,17) (69,18) (80,81) (81,43) 
(54,53) 0.0073 0 0.0035 0.0021 0 0 
(58,38) 0 0 0 0 0 0 
(58,57) 0 0 0 0 0 0 
       

Iteration 
4 

      

 (54,53) (66,41) (67,17) (69,18) (80,81) (81,43) 
(26,27) 0 0 0 0 0 0 
(58,38) 0 0 0 0 0 0 
(58,57) 0 0 0 0 0 0 
 

 
TABLE 6.8 Travel Delays (in minutes) and Equilibrium Value for PI Procedure 

Iteration SOV Ave HOV Ave All Ave Equil. Value 
1 122.23 72.96 118.02 -21.93 
2 121.00 67.85 116.45 -22.00 
3 120.82 67.31 116.24 -22.01 
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APPENDIX A: USER-EQUILIBRIUM MODEL FOR COMBINED ROUTE AND MODE 
CHOICE 

 In this section, we describe a model for finding a user-equilibrium flow distribution in a 
network of nodes and links. The latter may be parallel to represent individual lanes of different 
types on the same road segment. 

Let ,  denote the network of freeways and arterials where  and  represent the 
set of nodes and arcs. Moreover, ∪ ∪ ∪  where , ,  and  consist 
of links corresponding to freeways, arterials, HOV lanes, and tolled freeways and arterials, 
respectively. For simplicity, we assume that there are two types of vehicles, SOVs and HOVs, 
and their flows on link ,  for OD pair ∈  (where  is the set of all OD pairs) are denoted 
as  and , respectively. The travel demands for SOVs and HOVs are denoted as  and , 
respectively. We also let  and  represent the vectors of individual  and , respectively. 
Then, a pair of vectors , , ,  is feasible if they belong to the following set: 

, , , , , , 0, ∀ ∈  

In the above,  is the node-arc incidence matrix for the subnetwork , ), where 
∪ ∪ , i.e.,  consists of links traversable by SOVs. Similarly,  is the node-arc 

incidence matrix of ,  because HOVs can travel on every link. In addition,  is a vector 
with 1 in the component corresponding to the origin node of OD pair  and with 1 in the 
component corresponding to the destination. The remaining components of  are zero.  

Then, , , ,  is a user-equilibrium flow distribution if it satisfies the following 
variational inequality, i.e., for all , , , ∈ 	 , the following holds: 

̂ ̂
1

ln ln

∈

0 

where ̂ ,  is a toll vector, and the remaining (i.e., ,  and ) are logit parameters. 

For the results in Sections 6.1, 6.2.2 and 6.3.2, we find an approximate solution to the 
above variational inequality using the diagonalization algorithm implemented in GAMS 
(www.gams.com), a software for algebraic modeling. The diagonalization algorithm finds an 
approximate solution to the above by solving a sequence of related optimization problems. We 
refer to the optimal objective value to the final optimization problem as the “equilibrium value” 
the variational inequality. 
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APPENDIX B. PRESENTATION MATERIALS   

Below are the presentations used for the progress report meetings during the project.   
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Draft�Final August�30,�2014 September�19
Final November�30,�2014
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�

3URMHFW�2YHUYLHZ

�

5HVHDUFK�2EMHFWLYH

x ([DPLQH�PDQDJHG�ODQH�GHSOR\PHQW�
VWUDWHJLHV�RQ�DUWHULDOV

x ,GHQWLI\�WRROV�WR�HYDOXDWH�WKHLU�
SHUIRUPDQFHV

x ,QYHVWLJDWH�ZD\V�WR�FRRUGLQDWH�WKH�
GHSOR\PHQW�DQG�RSHUDWLRQV�RI�PDQDJHG�
ODQHV�RQ�ERWK�OLPLWHG�DFFHVV�IDFLOLWLHV�DQG�
DUWHULDOV

�

0DQDJHG�/DQH�6WUDWHJLHV��
x $�PDQDJHG�ODQH�VWUDWHJ\ LV�GHILQHG�DV�D�
FRPELQDWLRQ�RI�WKUHH�DVSHFWV��LQFOXGLQJ�WKH�W\SH�RI�
WKH�PDQDJHG�ODQH��LWV�GHVLJQ�DQG�LPSOHPHQWDWLRQ��
DQG�DVVRFLDWHG�WUDIILF�PDQDJHPHQW�VFKHPHV�
± )RU�H[DPSOH��D�EXV\�RQO\�ODQH�FDQ�EH�SODFHG�RQ�
WKH�PHGLDQ�RI�D�WZR�ZD\�DUWHULDO�RU�LV�D�
FRQWUDIORZ�ODQH�DW�D�RQH�ZD\�DUWHULDO��)XUWKHU��
YDULRXV�WUDIILF�PDQDJHPHQW�VFKHPHV��VXFK�DV�
WUDQVLW�VLJQDO�SULRULW\�DQG�TXHXH�MXPSV��PD\�EH�
SURYLGHG�WR�HQKDQFH�LWV�SHUIRUPDQFH�

��

7\SHV�RI�0DQDJHG�/DQHV
x :H�FODVVLI\�PDQDJHG�ODQHV�LQWR�D�IHZ�PDMRU�W\SHV�
EDVHG�RQ�WKHLU�PDQDJHPHQW�RU�FRQWURO�DSSURDFKHV��
L�H���YHKLFOH�HOLJLELOLW\��DFFHVV�FRQWURO�RU�SULFLQJ
± +LJK�RFFXSDQF\�YHKLFOH��+29��ODQHV
± +LJK�RFFXSDQF\�WROO��+27��ODQHV
± %XV�RQO\�ODQHV
± 7UXFN�RQO\�ODQHV
± ([SUHVV�WROO��(7��ODQHV
± %XV�WROO�ODQHV
± 7UXFN�WROO�ODQHV

��

$UWHULDO�

x $Q�DUWHULDO�LV�D�KLJK�FDSDFLW\�XUEDQ�URDG�ZKRVH�
SULPDU\�IXQFWLRQ�LV�WR�GHOLYHU�WUDIILF�IURP�FROOHFWRU�
URDGV�WR�IUHHZD\V��DQG�EHWZHHQ�XUEDQ�FHQWHUV�DW�
WKH�KLJKHVW�OHYHO�RI�VHUYLFH�SRVVLEOH�� $V�VXFK��PDQ\�
DUWHULHV�DUH�OLPLWHG�DFFHVV�URDGV��RU�IHDWXUH�
UHVWULFWLRQV�RQ�SULYDWH�DFFHVV�

��

7DVN����
5HYLHZ�RI�6WDWH�DQG�1DWLRQDO�3UDFWLFHV�

RI�0DQDJHG�/DQHV�RQ�$UWHULDOV
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��

'HILQLWLRQV

x +29�/DQHV��$OORZ�DFFHVV�WR�KLJK�RFFXSDQF\�
YHKLFOHV�DQG� SHUKDSV� PRWRUF\FOHV��HOHFWULF�DQG�K\EULG�
YHKLFOHV�

x +27�/DQHV��$OORZ�DFFHVV�WR�QRQ�+29�IRU�D�IHH

+29�/DQH�LQ�
6DQWD�&ODUD�
&RXQW\��&$

��

'HILQLWLRQV��FRQW��

x %XV�2QO\�/DQHV��$OORZ�DFFHVV�RQO\�WR�EXVHV
x %XV�7ROO�/DQHV��$OORZ�DFFHVV�WR�RWKHU�W\SHV�RI�
YHKLFOHV�RI�D�IHH

%XV�2QO\�/DQH�LQ�5RRVHYHOW�
5RDG��7DLSHL��7DLZDQ

&RQWUD�IORZ�%XV�2QO\�/DQH��
6SULQJ�6WUHHW��/RV�$QJOHV��&$

��

'HILQLWLRQV��FRQW��

x ([SUHVV�7ROO��(7��/DQH��(YHU\�YHKLFOH�PXVW�SD\�
WROOV�WR�DFFHVV�

x 7UXFN�2QO\�/DQH
x 7UXFN�2QO\�7ROO��727��/DQH

��

.H\ )LQGLQJV��&XUUHQW�3UDFWLFH

x 7KHUH�DUH�PDQ\�PDQDJHG�IUHHZD\�ODQHV�LQ�WKH�8�6��
�)+:$��2IILFH�RI�2SHUDWLRQV�
± ����+29�IDFLOLWLHV�

� ����RSHUDWLRQDO�����EHLQJ�SODQQHG�����XQGHU�
HQYLURQPHQWDO�UHYLHZ�����XQGHU�FRQVWUXFWLRQ

� 3XUHO\����������������3XUHO\������������
± 6RPH�RSHUDWHV�OLNH�+27�ODQHV�

� &DOLIRUQLD������0LQQHVRWD������:DVKLQJWRQ�6WDWH���
� ,�����+29�ODQHV�LQ�9LUJLQLD�RSHQHG�LQ�����
� 0DMRULW\�RSHQHG�DIWHU�����

± ���+27�IDFLOLWLHV������PLOHV�
� 65����LQ�2UDQJH�&RXQW\��&$�RSHQHG�LQ�-DQ������

��

.H\�)LQGLQJV��&XUUHQW 3UDFWLFH��FRQW��

x 7KH�QXPEHU�RI�PDQDJHG�DUWHULDO ODQHV�LQ�WKH�8�6��LV�
UHODWLYHO\�VPDOO�
± 1LQH�+29�IDFLOLWLHV�RQ�DUWHULDOV��IURP�RXU�UHYLHZ�

� 6RXWK�'L[LH�+LJKZD\ �0LDPL��)/���
± 2SHQHG�����������PLOHV��2FFXSDQF\�5HT�����

± ���%XV�IDFLOLWLHV��%XV�6WUHHWV�0DOOV��%XV ODQHV��LQ����FLWHV
� 6SULQJ�6WUHHW�EXV�RQO\�ODQH �/RV�$QJHOHV��&$�

± 2SHQHG ����������PLOHV��FRQWUDIORZ
± ,Q�������%DW] UHYLHZHG����EXV�+29�ODQHV�

� ���VXFFHVVIXO
� ���VXVSHQGHG� ���XQGHU�VXVSHQVLRQ�FRQVLGHUDWLRQ
� ��RXW�RI����VLJQDO�WUHDWPHQWV�VXVSHQGHG��GHOD\V�LPSRVHG�RQ�
RWKHU�WUDIILF��FRVWV��DQG�RWKHU�UHDVRQV

��

([DPSOHV RI�+29�/DQHV�RQ�$UWHULDOV

/RFDWLRQ <HDU�RSHQHG /HQJWK��PLOH� 7UDYHO�7LPH�
6DYLQJ��PLQ�

2FFXSDQF\�
5HTXLUHPHQW

$LUSRUW�5G��
6HDWWOH��:$ ���� ��� � ��

&DSLWRO�([S\��
6DQWD�&ODUD��&$

���� ���
����$0�3HDN
����30�3HDN

��

0RQWDJXH�([S\��
6DQWD�&ODUD��&$

���� ���
����$0�3HDN
����30�3HDN

��

6DQ�7RPDV�([S\��
6DQWD�&ODUD��&$

���� ���
����$0�3HDN
����30�3HDN

��

6HOHFWHG ,PSOHPHQWDWLRQV�RI�$UWHULDO�+29�/DQHV
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��

([DPSOHV�RI�%XV�2QO\�/DQH�RQ�
$UWHULDOV

/RFDWLRQ 5RXWH /HQJWK��PLOH�

$YHUDJH�

2SHUDWLRQDO

6SHHG��03+�

$YHUDJH�

:HHNGD\�

5LGHUVKLS

(YHUHWW��:$ 6ZLIW�%57�65�
�� ���� �� �����

(XJHQH��25 )UDQNOLQ�(P; � �� �����

/RV�$QJHOHV��&$ ����/D�&LHQHJD�
9HUQRQ�5DSLG ���� ���� �����

1HZ�<RUN��1< 0�� ��� �� ������

1DVKYLOOH��71
5RXWH����%57
*DOODWLQ�5RDG

�� �� �����

:DVKRH�&RXQW\�
19

57&�5$3,' ��� ���� �����

6HOHFWHG�,PSOHPHQWDWLRQV�RI�$UWHULDO�%XV�2QO\�/DQHV

��

.H\�)LQGLQJV��&XUUHQW�3UDFWLFH��FRQW��

x 7KHUH�LV�QR�WUXH�H[SUHVV�WROO�ODQH LQ�WKH�8�6�
± 0DU\ODQG�ZLOO�RSHQ�LWV�,����(7�ODQH�ODWHU�WKLV�
\HDU�

x 7KHUH DUH�YHU\�IHZ�WUXFN�RQO\�IDFLOLWLHV�LQ�WKH�8�6�
± 7KHUH�LV�QR 727�ODQHV�

� 6WXGLHV�DQG�SODQV�IRU�727�ODQHV�LQ�/RV�$QJHOHV��
$WODQWD��DQG 9LUJLQLD�GLG�QRW�PRYH�IRUZDUG�LQWR�
FRQVWUXFWLRQ�

��

.H\�)LQGLQJV��2EMHFWLYHV

x 2EMHFWLYHV ZKHQ�PDQDJHG�E\�HOLJLELOLW\
± ,QFUHDVH�SHRSOH�PRYLQJ�FDSDFLW\
± 5HGXFH�FRQJHVWLRQ
± 3URYLGH�WUDYHO�WLPH�DQG�FRVW�VDYLQJV
± ,QFUHDVH�V\VWHP�HIILFLHQF\
± ,PSURYH�DLU�TXDOLW\
± (QKDQFH�EXV�WUDQVLW�RSHUDWLRQV
± 3URYLGH�SUHGLFWDEOH�WUDYHO�WLPHV

��

.H\�ILQGLQJV��2EMHFWLYHV��FRQW��

x 2EMHFWLYHV�ZKHQ�PDQDJHG�E\�SULFH
± 7UDIILF�0DQDJHPHQW��2SWLPDO�XVH�RI�IUHHZD\�
FDSDFLW\��UHGXFH�FRQJHVWLRQ��DQG�D�EHWWHU�
PDQDJHPHQW�RI�WUDIILF�YROXPH�DQG�FRQGLWLRQ�

± 5HYHQXH�*HQHUDWLRQ��*HQHUDWH�UHYHQXH�WR�SD\�IRU�
WKH�FRVW�RI�LPSOHPHQWLQJ�DQG�RSHUDWLQJ�WKH�ODQHV�
DQG�WR�VXSSRUW�RWKHU�WUDQVSRUWDWLRQ�QHHGV�

± 1HZ�7UDYHO�2SWLRQV���3URYLGH�QHZ�RSWLRQV�WR�
PRWRULVWV��SDUWLFXODUO\�VROR�GULYHUV��LQ�FRQJHVWHG�
IUHHZD\V�

± (QKDQFH�7UDQVLW�6HUYLFH��3URYLGH�IDVWHU�WUDQVLW�
VHUYLFH�DQG�LPSURYH�WUDYHO�WLPH�UHOLDELOLW\�

��

3XEOLF�$FFHSWDQFH

x ,VVXHV
± 3URMHFW�%HQHILWV�DQG�*RDOV
± 7UDYHO�,PSDFWV
± 3URMHFW�&RVW�DQG�8VH�RI�)XQGV
± (TXLW\�DQG�)DLUQHVV
± 7HFKQRORJ\�&RQFHUQV
± (QIRUFHPHQW
± (QYLURQPHQWDO�,PSDFWV

��

7DVN����
,GHQWLILFDWLRQ�DQG�6HOHFWLRQ�RI�0DQDJHG�

/DQH�6WUDWHJLHV�
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��

,GHQWLILFDWLRQ��

x ,GHQWLI\�PDQDJHG�ODQH�VWUDWHJLHV�WKDW�KDYH�
SRWHQWLDOV�IRU�PDQDJLQJ�WUDIILF�DORQJ�DUWHULDOV�LQ�
)ORULGD
± 7\SHV�RI�$UWHULDO�0DQDJHG�/DQHV�
± 'HVLJQ�DQG�,PSOHPHQWDWLRQ�RI�0DQDJHG�/DQHV
± 7UDIILF�0DQDJHPHQW�6FKHPHV�

��

7\SHV�RI�0DQDJHG�/DQHV
x 7\SHV�WR�FRQVLGHU

± +LJK�RFFXSDQF\�YHKLFOH��+29��ODQHV
± %XV�RQO\�ODQHV
± 7UXFN�RQO\�ODQHV
± +LJK�RFFXSDQF\�WROO��+27��ODQHV
± ([SUHVV�WROO��(7��ODQHV
± %XV�WROO�ODQHV
± 7UXFN�WROO�ODQHV

7ROO�/DQHV

��

'HVLJQ�DQG�,PSOHPHQWDWLRQ

x 7KH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�D�PDQDJHG�
ODQH�LQYROYHV�VL[�DVSHFWV�
± /D\RXW�DQG�SODFHPHQW
± /DQH�OHQJWK�DQG�ZLGWK
± /DQH�VHSDUDWLRQV
± 6LJQV�DQG�PDUNLQJV
± $FFHVV�SRLQWV
± 3HGHVWULDQ�DQG�ELF\FOH�FRQIOLFWV

��

/D\RXW�DQG�3ODFHPHQW

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

Barrier
0.6�m

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

Barrier
0.6�m

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

Barrier
0.6�m

5LJKW�6LGH /HIW�6LGH 0HGLDQ

5HYHUVLEOH 5LJKW�6LGH�&RQWUDIORZ /HIW�6LGH�&RQWUDIORZ

��

/D\RXW�DQG�3ODFHPHQW��&RQW¶G�

5LJKW�6LGH�0DQDJHG�/DQH�LQ�6DQWD�&ODUD�&RXQW\��&$

��

/D\RXW�DQG�3ODFHPHQW��&RQW¶G�

5HYHUVLEOH�0DQDJHG�/DQH�RQ�/LRQV�*DWH�%ULGJH��6WDQOH\�3DUN��9DQFRXYHU
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��

/D\RXW�DQG�3ODFHPHQW��&RQW¶G�

5LJKW�6LGH�&RQWUDIORZ�%XV�2QO\�/DQH�LQ�6DQ�-XDQ��3XHUWR�5LFR

��

/D\RXW�DQG�3ODFHPHQW��&RQW¶G�
/D\RXW 3URV &RQV

5LJKW�VLGH (DV\�WR�LPSOHPHQW 3DUNLQJ�DQG�GHOLYHULHV�
QHHG�WR�EH�DGGUHVVHG

/HIW�VLGH 2IIHU�KLJKHU�VSHHG�DQG�GR�QRW�
DIIHFW�FXUE�DFWLYLWLHV

,QFRQYHQLHQW�IRU�ORFDO�
WUDQVLW�DQG�OHIW�WXUQ�
YHKLFOHV�DW�*3�ODQHV�

0HGLDQ
2IIHU�KLJKHU�VSHHG�DQG�GR�QRW�
DIIHFW�FXUE�DFWLYLWLHV

,QFRQYHQLHQW�IRU�ORFDO�
WUDQVLW�DQG�OHIW�WXUQ�
YHKLFOHV�DW�*3�ODQHV

5HYHUVLEOH
0DNH�XVH�RI�FDSDFLW\�LQ�WKH�QRQ�
SHDN�GLUHFWLRQ�DQG�GR�QRW�DIIHFW�
FXUE�DFWLYLWLHV

,QFRQYHQLHQW�IRU�ORFDO�
WUDQVLW�DQG�OHIW�WXUQ�
YHKLFOHV�DW�*3�ODQHV

5LJKW�VLGH�

FRQWUDIORZ
0DNH�XVH�RI�FDSDFLW\�LQ�WKH�QRQ�
SHDN�GLUHFWLRQ

8VXDOO\�OLPLWHG�WR�EXV�
RQO\�ODQHV

/HIW�VLGH�FRQWUDIORZ
0DNH�XVH�RI�FDSDFLW\�LQ�WKH�QRQ�
SHDN�GLUHFWLRQ

8VXDOO\�OLPLWHG�WR�EXV�
RQO\�ODQHV�DQG�QHHG�WR�
DGGUHVV�WKH�EXV�VWRS�LVVXH

��

/DQH�/HQJWK�DQG�:LGWK�

x 7KH�OHQJWK�RI�D�PDQDJHG�ODQH�PD\�YDU\�IURP�RQH�
WR�VHYHUDO�EORFNV��GHSHQGLQJ�RQ�LWV�SXUSRVH

x $OO�ODQHV�DUH�W\SLFDOO\�����P�ZLGH��QRW�OHVV�WKDQ�
����P��H[FHSW�WKDW��
± ,I�WKHUH�DUH�DFWLYH�SHGHVWULDQ�PRYHPHQWV��LW�
VKRXOG�EH�����WR�����P

± ,I�WKHUH�DUH�EDUULHU�VHSDUDWLRQV��LW�VKRXOG�EH�����
WR�����P�ZLGHU

��

/DQH�6HSDUDWLRQV

x 7KHUH�DUH�WKUHH�SULPDU\�W\SHV�RI�VHSDUDWLRQ��
LQFOXGLQJ�VWULSLQJ��EXIIHU�VHSDUDWLRQ�XVLQJ�SODVWLF�
WXEHV��DQG�FRQFUHWH�EDUULHUV

%XIIHU�6HSDUDWLRQ�LQ����([SUHVV��)ORULGD &RQFUHWH�%DUULHUV�LQ�,����([SUHVV��6DQ�'LHJR

��

/DQH�6HSDUDWLRQV��&RQW¶G�
6HSDUDWLRQ�7\SHV $GYDQWDJHV 'LVDGYDQWDJHV

6WULSLQJ

&KHDSHVW�WR�LPSOHPHQW��YHU\�
ORZ�PDLQWHQDQFH�FRVW��
XQFRQVWUDLQHG�DFFHVV�RI�
HPHUJHQF\�DQG�SROLFH�
YHKLFOHV

+LJKHU�QXPEHU�RI�YLRODWLRQV��
VDIHW\�DQG�RSHUDWLRQDO�FRQFHUQV

3ODVWLF�7XEHV

5HTXLUH�OHVV�ULJKW�RI�ZD\��
OHVV�LQVWDOODWLRQ�FRVW�WKDQ�
FRQFUHWH�EDUULHUV��HDVLHU�
HQIRUFHPHQW�WKDQ�VWULSLQJ��
HDV\�DFFHVV�IRU�HPHUJHQF\�
YHKLFOHV

0RUH�H[SHQVLYH�WKDQ�VWULSLQJ��
KLJKHU�PDLQWHQDQFH�FRVW�

&RQFUHWH�

%DUULHUV

(OLPLQDWH�XQODZIXO�ZHDYLQJ��
LPSURYH�VDIHW\��UHGXFH�
PHQWDO�VWUHVV�RI�GULYHUV

9HU\�KLJK�FRQVWUXFWLRQ�FRVW��OLPLW�
WKH�DFFHVV�RI�HPHUJHQF\�DQG�
SROLFH�YHKLFOHV��ZLGHU�EXIIHU�DUHD

��

6LJQV�DQG�0DUNLQJV

x 6LJQV�DQG�PDUNLQJV�QHHG�WR�EH�SURYLGHG�WR�
KLJKOLJKW�WKH�RSHUDWLRQV�RI�PDQDJHG�ODQHV��$OO�RI�
WKHP�QHHG�WR�EH�UHPDUNDEOH�DQG�HDV\�WR�
XQGHUVWDQG

x 7KHLU�GHVLJQ�DQG�LPSOHPHQWDWLRQ�VKRXOG�IROORZ�
WKH�0DQXDO�RI�8UEDQ�7UDIILF�&RQWURO�'HYLFHV�
�087&'�

167



��

6LJQV�DQG�0DUNLQJV��&RQW¶G�

([DPSOH�RI�0DUNLQJV�RI�0DQDJHG�/DQHV

([DPSOHV�RI�6LJQV�RI�0DQDJHG�/DQHV

��

$FFHVV�3RLQWV

x 7KH�GHVLJQ�RI�DFFHVV�SRLQWV�ZLOO�ODUJHO\�GHSHQG�RQ�
WKH�W\SH��OD\RXW�DQG�SODFHPHQW�RI�D�PDQDJHG�ODQH�
DQG�WKH�PHDQV�RI�VHSDUDWLRQ
± )RU�FRQWUDIORZ�PDQDJHG�ODQHV��DFFHVV�SRLQWV�ZLOO�
XVXDOO\�EH�DW�LQWHUVHFWLRQ

± )RU�FRQFXUUHQW�PDQDJHG�ODQHV��DFFHVV�SRLQWV�
PD\�EH�FRQWLQXRXV

x )UHTXHQW�DFFHVV�SRLQWV�SURYLGH�FRQYHQLHQFH�WR�
GULYHUV�EXW�PD\�FDXVH�VDIHW\�LVVXHV�DQG�LQWHUUXSW�
WUDIILF�IORZ�

��

$FFHVV�3RLQWV��&RQW¶G�

x $�ZHDYH�ODQH�FDQ�VRPHWLPHV�DGGHG�WR�EHWWHU�
PDLQWDLQ�VSHHG�DQG�WKURXJKSXW�LQ�WKH�PDQDJHG�
ODQH

Managed�Lane
Buffer

Weave�LaneBuffer Buffer

GP�Lanes

([DPSOH�RI�:HDYH�/DQH�XVHG�IRU�$FFHVV�3RLQWV�'HVLJQ

��

3HGHVWULDQ�DQG�%LF\FOH�&RQIOLFWV

x ,I�PDQDJHG�ODQHV�DUH�QHZO\�DGGHG��SHGHVWULDQ�
FRQIOLFWV�QHHG�WR�EH�FRQVLGHUHG�FDUHIXOO\
± 0LG�VWUHHW�UHIXJH�LVODQGV�FDQ�EH�SURYLGHG�DV�ZHOO�
DV�SHGHVWULDQ�VN\ZDONV�RU�WXQQHOV

± 7KH�ZDONLQJ�SKDVH�RI�VLJQDO�FRQWURO�FDQ�EH�PDGH�
ORQJHU�DQG�WKH�YHKLFOH�VSHHG�OLPLW�VHW�WR�EH�ORZHU

x )RU�FXUE�VLGH�FRQFXUUHQW�PDQDJHG�ODQHV��RQH�
ELF\FOH�ODQH�FDQ�EH�DGGHG�QH[W�WR�WKH�PDQDJHG�
ODQH�RU�WKH�ODQH�FDQ�EH�ZLGHQHG�WR�DFFRPPRGDWH�
ELF\FOHV

��

3HGHVWULDQ�DQG�%LF\FOH�&RQIOLFWV �&RQW¶G�

([DPSOHV�RI�0DQDJHG�/DQHV�$FFRPPRGDWLQJ�%LF\FOHV

��

7UDIILF�0DQDJHPHQW�6FKHPHV

x 9DULRXV�WUDIILF�PDQDJHPHQW�VFKHPHV�FDQ�EH�XVHG�
WR�HQKDQFH�WKH�SHUIRUPDQFH�RI�DUWHULDO�PDQDJH�
ODQHV��7KH\�IDOO�LQWR�RQH�RI�WKH�IROORZLQJ�WKUHH�
FDWHJRULHV�
± ,QWHUVHFWLRQ�WUHDWPHQW
± 6HJPHQW�PDQDJHPHQW
± (QIRUFHPHQW
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��

,QWHUVHFWLRQ�7UHDWPHQWV

x 7XUQLQJ�PRYHPHQW�PDQDJHPHQW
± 3URKLELW�RU�OLPLW�WXUQLQJ�PRYHPHQWV�RI�*3�
YHKLFOHV�WKDW�ZLOO�LQWHUIHUH�ZLWK�WKH�RSHUDWLRQV�
RI�PDQDJHG�ODQHV

x 4XHXH�MXPS�
± 3URYLGH�WKH�SULRULW\�RI�SDVVDJH�WR�YHKLFOHV�RQ�
PDQDJHG�ODQHV�DW�LQWHUVHFWLRQV

x 6LJQDO�FRQWURO
± 2IIHU�HOLJLEOH�YHKLFOHV�DGGLWLRQDO�SUHIHUHQWLDO�
WUHDWPHQW

��

4XHXH�-XPS

B
U
S BUS

4XHXH�-XPS�&RQWLQXHG�/DQH

��

4XHXH�-XPS �&RQW¶G�

B
U
S

BUS

4XHXH�-XPS�/DQH�ZLWK�'HVLJQDWHG�6LJQDO

��

([DPSOH

��

4XHXH�-XPS �&RQW¶G�

3.6�m
(12�ft)

3.6�m
(12�ft)

3.6�m
(12�ft)

BUS

Bus�Lane

May�vary�in�length,�
but�suggest�at�least�

150�m�(500�ft)

Near�Signal

Far�Signal

Stop�Line

BUS

4XHXH�-XPS�ZLWK�%XV�$GYDQFH�$UHD

��

6LJQDO�&RQWURO

x 6LJQDO�WLPLQJ�
± &RRUGLQDWH�VLJQDOV�DORQJ�WKH�GLUHFWLRQ�RI�
PDQDJHG�ODQHV

± 'HVLJQDWH�D�SKDVH�WR�PDQDJHG�ODQHV�DW�FHUWDLQ�
LQWHUVHFWLRQV

x 6LJQDO�SULRULW\
± 3URYLGH�HDUO\�JUHHQ�RU�JUHHQ�H[WHQVLRQ�WR�
DFFRPPRGDWH�WKH�SDVVLQJ�RI�DQ�HOLJLEOH�YHKLFOH�
DW�D�VLJQDOL]HG�LQWHUVHFWLRQ
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Amtech¶s RF System

([DPSOH�RI�6LJQDO�3ULRULW\

7DJ
$QWHQQD

3ULRULW\�*HQHUDWRU

7DJ�,QWHUIDFH�8QLW�
IRU�'\QDPLF�'DWD

5HDGHU�
&DELQHW

��

([DPSOH�RI�6LJQDO�3ULRULW\�

*36�6DWHOOLWHV
70&

7UDIILF�6LJQDO

&RQWUROOHU
/RRS�
'HWHFWRUV

&'3'

)UDPH�5HOD\

TSP Master 
Computer

��

6HJPHQW�0DQDJHPHQW

x 3ULFLQJ�VWUDWHJLHV�
± 6HW�D�ULJKW�WROO�SULFH�IRU�WKH�VXFFHVVIXO�RSHUDWLRQ�
RI�WROO�ODQHV

x 6SHHG�OLPLWV
± /LPLW�WKH�GLIIHUHQFH�RI�VSHHG�OLPLWV�EHWZHHQ�
PDQDJHG�DQG�*3�ODQHV

± 9DULDEOH�VSHHG�OLPLWV�VKRXOG�QRW�EH�GHSOR\HG�IRU�
WKH�SXUSRVH�RI�SUHYHQWLQJ�WUDIILF�IORZ�
EUHDNGRZQ�RU�HOLPLQDWLQJ�VKRFNZDYHV��DV�WKH\�
DUH�H[SHFWHG�WR�DFKLHYH�DW�IUHHZD\V

��

3ULFLQJ�6WUDWHJLHV

x =RQH�EDVHG�WROO�VWUXFWXUH
± $�PRWRULVW�SD\V�D�WROO�ZKHQ�HQWHULQJ�D�QHZ�]RQH

x 2ULJLQ�VSHFLILF�WROO�VWUXFWXUH
± 'HSHQG�RQ�ZKHUH�WKH�PRWRULVW�HQWHUV�WKH�IDFLOLW\

x 2'�EDVHG�WROO�VWUXFWXUH
± 'HSHQG�RQ�WKH�RULJLQ�DQG�GHVWLQDWLRQ�RI�WKH�
PRWRULVW

x 'LVWDQFH�EDVHG�WROO�VWUXFWXUH
± 'HSHQG�RQ�WKH�GLVWDQFH�WKDW�WKH�PRWRULVW�WUDYHOV�
RQ�WKH�IDFLOLW\

��

3ULFLQJ�6WUDWHJLHV �&RQW¶G�
7ROO�VWUXFWXUH 3URV &RQV

=RQH�EDVHG

(DV\�WR�LPSOHPHQW��
SDUWLFXODUO\�ZKHQ�H[SDQGHG�
IURP�D�VLQJOH�VHJPHQW�+27�
IDFLOLW\

$GGLWLRQDO�ODQH�FKDQJHV�DW�WKH�
EHJLQQLQJ�RI�HDFK�]RQH�PD\�
FDXVH�GLVUXSWLRQV��GLIILFXOW\�RI�
EDODQFLQJ�XWLOL]DWLRQ�RI�
FDSDFLW\�DQG�WKH�GLVUXSWLRQV�
FDXVHG�E\�ODQH�FKDQJHV

2ULJLQ�VSHFLILF (DV\�WR�LPSOHPHQW�DQG�
FRQYHQLHQW�IRU�XVHUV

,QHIILFLHQW�XWLOL]DWLRQ�RI�
FDSDFLW\�SRVVLEOH�LQHTXDOLW\�
FRQFHUQV

2'�EDVHG (IIHFWLYHO\�PDQDJH�GHPDQG�
DQG�XWLOL]H�FDSDFLW\ 0RUH�FRVWO\�WR�LPSOHPHQW

'LVWDQFH�EDVHG 1R�HTXLW\�FRQFHUQ
0RUH�FRVWO\�WR�LPSOHPHQW�
LQHIILFLHQW�XWLOL]DWLRQ�RI�
FDSDFLW\

��

$XWRPDWLF�(QIRUFHPHQW

x 9LRODWLRQ�W\SHV�
± 9HKLFOH�HOLJLELOLW\�YLRODWLRQV
± 8QDXWKRUL]HG�HQWULHV�H[LWV

x .H\�WHFKQRORJLHV
± 1HDU�LQIUDUHG�FDPHUD
± (OHFWURQLF�EDUULHU�V\VWHP
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$XWRPDWLF�(QIRUFHPHQW �&RQW¶G�

1HDU�,QIUDUHG�&DPHUDV

��

$XWRPDWLF�(QIRUFHPHQW �&RQW¶G�

(OHFWURQLF�%DUULHU�6\VWHP

��

6HOHFWLRQ�DQG�6FUHHQLQJ�3URFHVV

x 0DQDJHG�ODQH�VHOHFWLRQ�DQG�VFUHHQLQJ�SURFHVV
± ,GHQWLILFDWLRQ�RI�TXDOLILHG�FRUULGRUV
± 6HOHFWLRQ�RI�PDQDJHG�ODQH�W\SH
± 6HOHFWLRQ�RI�WUDIILF�PDQDJHPHQW�VFKHPHV

x &ULWHULD�IRU�TXDOLILHG�FRUULGRUV
± +LJK�WUDIILF�YROXPH
± +LJK�OHYHO�RI�FRQJHVWLRQ�GXULQJ�SHDN�KRXU
± ,PSRUWDQFH�WR�D�PDQDJHG�ODQH�QHWZRUN

��

6HOHFWLRQ�DQG�6FUHHQLQJ�3URFHVV

Arterial�corridor�
candidates

High�traffic�volume

High�congestion�level�
during�peak�hours

Importance�to�the�
whole�managed�lane�

network

No

End

No

Yes

Yes

Yes

Existence�of�HOV�lane

High�volume�of�
local�bus

Low�density�of�
intersections

Underutilized

Convert�into�
HOT�lane

BusͲonly�lane

HOT/ET�lane
Qualified
corridors

Corresponding�
type�of�managed�

lane

Yes Yes

Yes

Yes

No

No

No

No

Large�number�of�turning�
movements

Oversaturated�
Intersection

No

No
Yes

Yes

Selection�of�
Managed�Lane�Type

Selection�of�Traffic�
Management�Schemes

Identification�of�
Qualified�Corridors

Congested

Lower�occupancy�
requirement

Add�one�more�
HOV�lane

Increase�
occupancy�
requirement

YesNo

Signal�control

Queue�jump

No

High�volume�of�HOVs HOV�lane

No

Yes

Intersections�can�be�
removed�or�turning�
movements�can�be�

prohibited

YesNo

��

7DVN����
,PSOHPHQWDWLRQ�DQG�0RQLWRULQJ�

3URJUDP

��

2YHUYLHZ

x 6HOHFWLRQ�DQG�6FUHHQLQJ�3URFHVV��3DUW�RI�&RQJHVWLRQ�0DQDJHPHQW
3URFHVV RU�&03"
± $�IHGHUDO�UHTXLUHPHQW�IRU�7UDQVSRUWDWLRQ�0DQDJHPHQW�$UHDV�
�70$V�
� 032�ZLWK�SRSXODWLRQ�H[FHHGLQJ��������

x (LJKW�&03�DFWLRQV
± 'HYHORS�5HJLRQDO�2EMHFWLYHV�IRU�&RQJHVWLRQ�0DQDJHPHQW
± 'HILQH�&03�1HWZRUN��JHRJUDSKLFDO�VFRSHV�	�V\VWHP�
HOHPHQWV��

± 'HYHORS�0XOWLPRGDO�3HUIRUPDQFH�0HDVXUHV
± &ROOHFW�'DWD�0RQLWRULQJ�6\VWHP�3HUIRUPDQFH
± $QDO\]H�&RQJHVWLRQ�3UREOHP�DQG�1HHGV
± ,GHQWLI\�DQG�$FFHVV�6WUDWHJLHV
± 3URJUDP�DQG�,PSOHPHQW�6WUDWHJLHV
± (YDOXDWH�6WUDWHJ\�(IIHFWLYHQHVV

171



��

2YHUYLHZ��FRQW��

x 3ODQQLQJ
± 7KH�SURMHFW�VKRXOG�EH�LQFOXGHG�LQWR�032¶V�
ORQJ�UDQJ�0HWURSROLWDQ�7UDQVSRUWDWLRQ�3ODQ�
�073��DQG�7UDQVSRUWDWLRQ�,PSURYHPHQW�
3URJUDP��7,3�

± &RPSOHWH�1DWLRQDO�(QYLURQPHQWDO�3URWHFWLRQ�
$FW��1(3$��HQYLURQPHQWDO�FOHDUDQFH�
GRFXPHQWV�

± $SSURYDO�WKURXJK�D�&DWHJRULFDO�([FOXVLRQ��
)216,��RU�5HFRUG�RI�'HFLVLRQ��52'��XSRQ�D�
FRPSOHWLRQ�RI�(,6�

��

2YHUYLHZ��FRQW��

x 'HVLJQ�DQG�3URFXUHPHQW��
± 032�DQG�1(3$�UHTXLUHPHQWV�DQG�IXQGLQJ�
FRPPLWPHQWV�KDYH�EHHQ�FRPSOHWHG�DQG�VHFXUHG�

± 'HVLJQ�ZRUN�FRPSOHWHV
± 3URMHFW�SXWV�RXW�IRU�ELGV�

� 'HVLJQ�%LG�%XLOG��'%%�
� 'HVLJQ�%XLOG��'%�
� 'HVLJQ�%XLOG�)LQDQFH�2SHUDWH�0DLQWDLQ��'%)20�

��

2YHUYLHZ��FRQW��

x &RQVWUXFWLRQ
x 2SHUDWLRQ�DQG�0DLQWHQDQFH

± :LWK�'%%�RU�'%�SURFXUHPHQWV��WKH�SURMHFW�
VSRQVRU�DVVXPHV�UHVSRQVLELOLW\�IRU�PDLQWDLQLQJ�
DQG�RSHUDWLQJ�WKH�PDQDJHG�IDFLOLW\

± )RU�'%)20��WKH�SULYDWH�GHYHORSHU�RSHUDWHV�DQG�
PDLQWDLQV�WKH�IDFLOLW\�IRU�D�GHVLJQDWHG�
FRQFHVVLRQ�SHULRG�

x 3XEOLF 2XWUHDFK
± 2FFXU�QHDUO\�WKURXJKRXW�WKH�HQWLUH�SURMHFW

��

5ROHV�DQG�5HVSRQVLELOLW\

x $JHQFLHV
± 6WDWH�'27�RU�LWV�GLVWULFW�RIILFHV
± 7XUQSLNH�7ROO�$XWKRULW\
± 032�DQG�2WKHU�/RFDO�$JHQFLHV
± 7UDQVLW�$JHQFLHV
± 3ULYDWH�'HYHORSPHQW�3DUWQHUV
± 3ULYDWH�&RQVXOWDQW�&RQWUDFWRUV
± /DZ�(QIRUFHPHQW�$JHQF\�(PHUJHQF\�5HVSRQVH

��

5ROHV�DQG�5HVSRQVLELOLWLHV��&RQW��

x 5HVSRQVLELOLWLHV
± 3URMHFW�'HYHORSPHQW

� 3ODQQLQJ�7HFKQLFDO 6WXGLHV
� (GXFDWLRQ�DQG�3XEOLF�2XWUHDFK
� )HGHUDO�3URJUDPV�DQG�*UDQW�$SSOLFDWLRQV
� (QYLURQPHQWDO�5HYLHZ�3HUPLWWLQJ
� 3URMHFW�)LQDQFH
� &RQWUDFW�$ZDUG�DQG�$GPLQLVWUDWLRQ
� 'HVLJQ
� &RQVWUXFWLRQ

��

5ROHV�DQG�5HVSRQVLELOLWLHV��&RQW��

± 2SHUDWLRQV
� 7ROO�&ROOHFWLRQ�DQG�%LOOLQJ��LI�DSSURSULDWH
� 7UDIILF�0DQDJHPHQW�&HQWHU
� 7UDYHOHU�,QIRUPDWLRQ
� )DFLOLW\�2SHUDWLRQV
� 3HUIRUPDQFH�0RQLWRULQJ�0DQDJHPHQW
� 0DLQWHQDQFH�2SHUDWLRQV
� (QIRUFHPHQW
� ,QFLGHQW�0DQDJHPHQW
� &XVWRPHU 6HUYLFH
� 0DUNHWLQJ
� 7UDQVLW�2SHUDWLRQV��LI�DSSURSULDWH

172



��

3URMHFW 6SRQVRU

x 3URMHFW�6SRQVRU
± &KDPSLRQ�WKH�SURMHFW
± &DQ�EH�UHVSRQVLEOH�IRU�QHDUO\�DOO�DFWLYLWLHV

� ([HFXWHV�SODQQLQJ�VWXGLHV
� 6XEPLWV�DSSOLFDWLRQV�DQG�HQYLURQPHQWDO�GRFXPHQWDWLRQ
� 2YHUVHHV�FRQVWUXFWLRQ�DQG�SRVVLEO\�WKH�RSHUDWLRQ�RI�WKH�
IDFLOLW\

± 0XVW�XQGHUVWDQG�LQVWLWXWLRQDO�UHODWLRQVKLSV�
� $GGUHVV�DQ\�SUH�H[LVWLQJ�SROLWLFDO�DQG�LQVWLWXWLRQDO�LVVXHV�

± 7\SLFDO FKRLFHV�IRU�D�SURMHFW VSRQVRU�LQFOXGH
� 6WDWH�'27�RU�LWV�GLVWULFW�RIILFHV
� 7XUQSLNH�7ROO�$XWKRULW\
� 032�DQG�2WKHU�/RFDO�$JHQFLHV
� 7UDQVLW�$JHQFLHV

��

)HGHUDO�3URJUDPV�DQG�5HTXLUHPHQW

x 6HFWLRQ�����7ROOLQJ�3URJUDP
± 7ROOLQJ�HOLJLELOLWLHV�DQG�DJUHHPHQW�UHTXLUHPHQWV

x 7ROOLQJ�3URJUDPV
± 9DOXH�3ULFLQJ�3LORW�3URJUDP
± ([SUHVV�/DQHV�'HPRQVWUDWLRQ�3URJUDP
± ,QWHUVWDWH�6\VWHP�&RQVWUXFWLRQ�7ROO�3LORW�3URJUDP
± ,QWHUVWDWH�6\VWHP�5HFRQVWUXFWLRQ�DQG�5HKDELOLWDWLRQ�
3LORW�3URJUDP

x 0DMRU�3URMHFW�5HTXLUHPHQWV
± 7LWOH����GHILQHV�0DMRU�3URMHFWV�DV�KLJKZD\�LPSURYHPHQW�
UHTXLULQJ�IHGHUDO�DVVLVWDQFH�WKDW�DUH�RYHU������PLOOLRQ�LQ�
FRVW�

± 3URFHVVHV�DQG�IHGHUDO�UHTXLUHPHQWV�DUH�PRUH�FRPSOH[

��

6WDWH 3URFHVVHV�DQG�5HTXLUHPHQWV�IRU�
7ROOLQJ
x 0XVW FRPSO\�ZLWK�VWDWH�DQG�ORFDO�ODZV�RQ�WROO�
FROOHFWLRQ�

x 9DULDEOH�3ULFLQJ�$XWKRULW\
x 3XEOLF�3ULYDWH�3DUWQHUVKLS�$XWKRULW\

��

3XEOLF 2XWUHDFK

x 6WDNHKROGHU�,GHQWLILFDWLRQ� ORFDO�UHVLGHQFH��
QHLJKERUKRRG�JURXSV�DQG�DVVRFLDWLRQV��HOHFWHG�
RIILFLDOV��QHLJKERULQJ�FRXQWLHV��PXQLFLSDOLWLHV��RU�
WRZQV��HWF�

x 6KDULQJ�,QIRUPDWLRQ
x &LWL]HQV¶�$GYLVRU\�&RPPLWWHH�&RPPXQLW\�7DVN�
)RUFH

x ([HFXWLYH�$GYLVRU\�&RPPLWWHH
x 0DUNHWLQJ�DQG�5HILQLQJ�WKH�&RQFHSW�

��

)LQDQFLQJ

x )HGHUDO�'HPRQVWUDWLRQ�)XQGV
x 6WDWH�)XQGV��H�J���6WDWH�,QIUDVWUXFWXUH�%DQN��6,%�
x %RQGLQJ�DQG�'HEW�,QVWUXPHQWV��

± *UDQW�$QWLFLSDWLRQ�5HYHQXH�9HKLFOH��*$59((��
%RQGV

± 3ULYDWH�$FWLYLW\�%RQGV��3$%V�
± &RPPHUFLDO�%DQN�/RDQV

x ,QQRYDWLYH�)LQDQFH�3URJUDPV
± 6HFWLRQ�����/RDQV
± 7UDQVSRUWDWLRQ�,QIUDVWUXFWXUH�)LQDQFH�DQG�
,QQRYDWLRQ�$FW��7,),$��FUHGLW�SURJUDP

��

3HUIRUPDQFH�0RQLWRULQJ�

x 3UH� DQG�3RVW�LPSOHPHQWDWLRQ
x 2EMHFWLYHV�DQG�ZKDW�WR�PRQLWRU

± ,PSURYH�PRELOLW\
� $YHUDJH�VSHHG
� 3HUVRQ�RU�YHKLFXODU�WKURXJKSXW
� $YHUDJH�WUDYHO�WLPH
� 5DWHV�RI�YLRODWLRQ�SHU�PRQWK

± ,QFUHDVH�WUDYHO�WLPH�UHOLDELOLW\
� 6SHHG�RU�WUDYHO�WLPH�YDULDWLRQ
� 7UDQVLW�³RQ�WLPH´�SHUIRUPDQFH
� $YHUDJH�LQFLGHQW�FOHDUDQFH�WLPH
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3HUIRUPDQFH 0RQLWRULQJ��FRQW��

± ,PSURYH�VDIHW\
� 5DWH�RI�LQFLGHQWV�E\�W\SHV��H�J���SHU�PRQWK�
� $YHUDJH�LQFLGHQW�UHVSRQVH�WLPH

± 'HFUHDVH�HQYLURQPHQWDO�LPSDFWV
� 9HKLFOH�PLOHV�WUDYHOHG
� )XHO�FRQVXPSWLRQ�SHU�PRQWK
� 0RQWKO\�TXDQWLWLHV�RI�H[KDXVW�SROOXWDQWV�

± 3UHVHUYDWLRQ�RI�5HYHQXH
� *URVV�DQG�QHW�UHYHQXH�JHQHUDWLRQ
� 2SHUDWLQJ�FRVWV
� 5HYHQXH�OHDNDJH
� 5HIXQGV�IRU�FXVWRPHU�VHUYLFH
� 5HIXQGV�IRU�GLYHUVLRQ�LQWR�PDQDJHG�ODQHV

��

1H[W�6WHSV

x 3URFHHG�ZLWK�RXU�ZRUN�SODQ
± 5HYLVH�PHPRV�IRU�7DVNV���DQG���
± &RQGXFW�7DVNV���DQG����ZKLFK�DUH�GXH�-XO\���
± 0RQWKO\�PHHWLQJV�ZLWK�30
± 3URMHFW�SUHVHQWDWLRQ��WHPSRUDOO\�-XO\����

��

7KDQN�\RX�
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'HSOR\PHQW�6WUDWHJLHV�RI�0DQDJHG�
/DQHV�RQ�$UWHULDOV

Project Meeting, 9/2/2014

�

7RGD\¶V�$JHQGD

x ,QWURGXFWLRQ��&KULV�)UDQFLV����PLQ�

x 2YHUYLHZ��<DIHQJ�<LQ����PLQ�

x 7DVN����<DIHQJ�<LQ�����PLQ��

x 7DVN����6LULSKRQJ�/DZSKRQJSDQLFK�����PLQ��

�

2YHUYLHZ

�

%DVLF�,QIRUPDWLRQ
x 3URMHFW�7LWOH

± 'HSOR\PHQW�6WUDWHJLHV�RI�0DQDJHG�/DQHV�RQ�
$UWHULDOV

x 3URMHFW�3HULRG
± �����������WKUX�����������

x 3URMHFW�0DQDJHU
± &KULV�)UDQFLV

x 3ULQFLSOH�,QYHVWLJDWRUV�
± <DIHQJ�<LQ
± 7RL�/DZSKRQJSDQLFK�

�

5HVHDUFK�2EMHFWLYH

x ([DPLQH�PDQDJHG�ODQH�GHSOR\PHQW�
VWUDWHJLHV�RQ�DUWHULDOV

x ,GHQWLI\�WRROV�WR�HYDOXDWH�WKHLU�
SHUIRUPDQFHV

x ([SORUH�WKH�LPSDFWV�WKDW�PDQDJHG�ODQHV�RQ�
IUHHZD\V�KDYH�RQ�WKH�VXUURXQGLQJ�DUWHULDO�
QHWZRUN�DQG�WKH�SRVVLELOLW\�IRU�FRRUGLQDWHG�
GHSOR\PHQW�DQG�RSHUDWLRQV�RI�PDQDJHG�
ODQHV�RQ�DUWHULDOV

�

7DVNV

x 7DVN����Review of State and National Practices of 
Managed Lanes on Arterials 

x 7DVN����Identification and Selection of Managed 
Lane Strategies

x 7DVN����Implementation and Monitoring Program
x 7DVN����Identification of Evaluation Tools 
x 7DVN����Managed Lanes on Limited Access Facilities 

and Arterials 
x 7DVN����Meetings
x 7DVN����Draft and Final Report
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1H[W�6WHSV

x 5HYLVH�PHPRV�IRU�7DVNV���DQG����
x 'UDIW�ILQDO�UHSRUW�VXEPLWWHG�ODWH�6HSWHPEHU
x )LQDO�SUHVHQWDWLRQ�ODWH�2FWREHU�
x )LQDO�UHSRUW�GXH�1RYHPEHU���

�

0DQDJHG�/DQH�6WUDWHJLHV��
x $�PDQDJHG�ODQH�VWUDWHJ\ LV�GHILQHG�DV�D�
FRPELQDWLRQ�RI�WKUHH�DVSHFWV��LQFOXGLQJ�WKH�W\SH�RI�
WKH�PDQDJHG�ODQH��LWV�GHVLJQ�DQG�LPSOHPHQWDWLRQ��
DQG�DVVRFLDWHG�WUDIILF�PDQDJHPHQW�VFKHPHV�
± )RU�H[DPSOH��D�EXV\�RQO\�ODQH�FDQ�EH�SODFHG�RQ�
WKH�PHGLDQ�RI�D�WZR�ZD\�DUWHULDO�RU�LV�D�
FRQWUDIORZ�ODQH�DW�D�RQH�ZD\�DUWHULDO��)XUWKHU��
YDULRXV�WUDIILF�PDQDJHPHQW�VFKHPHV��VXFK�DV�
WUDQVLW�VLJQDO�SULRULW\�DQG�TXHXH�MXPSV��PD\�EH�
SURYLGHG�WR�HQKDQFH�LWV�SHUIRUPDQFH�

�

7\SHV�RI�0DQDJHG�/DQHV
x :H�FODVVLI\�PDQDJHG�ODQHV�LQWR�D�IHZ�PDMRU�W\SHV�
EDVHG�RQ�WKHLU�PDQDJHPHQW�RU�FRQWURO�DSSURDFKHV��
L�H���YHKLFOH�HOLJLELOLW\��DFFHVV�FRQWURO�RU�SULFLQJ
± +LJK�RFFXSDQF\�YHKLFOH��+29��ODQHV
± +LJK�RFFXSDQF\�WROO��+27��ODQHV
± %XV�RQO\�ODQHV
± 7UXFN�RQO\�ODQHV
± ([SUHVV�WROO��(7��ODQHV
± %XV�WROO�ODQHV
± 7UXFN�WROO�ODQHV

��

7\SHV�RI�0DQDJHG�/DQHV
x 7\SHV�WR�FRQVLGHU

± +LJK�RFFXSDQF\�YHKLFOH��+29��ODQHV
± %XV�RQO\�ODQHV
± 7UXFN�RQO\�ODQHV
± +LJK�RFFXSDQF\�WROO��+27��ODQHV
± ([SUHVV�WROO��(7��ODQHV
± %XV�WROO�ODQHV
± 7UXFN�WROO�ODQHV

7ROO�/DQHV

��

'HVLJQ�DQG�,PSOHPHQWDWLRQ

x 'HVLJQ�DQG�LPSOHPHQWDWLRQ�RI�D�PDQDJHG�ODQH�
LQYROYH�VL[�DVSHFWV�
± /D\RXW�DQG�SODFHPHQW
± /DQH�OHQJWK�DQG�ZLGWK
± /DQH�VHSDUDWLRQV
± 6LJQV�DQG�PDUNLQJV
± $FFHVV�SRLQWV
± 3HGHVWULDQ�DQG�ELF\FOH�FRQIOLFWV

��

7UDIILF�0DQDJHPHQW�6FKHPHV

x 9DULRXV�WUDIILF�PDQDJHPHQW�VFKHPHV�FDQ�EH�XVHG�
WR�HQKDQFH�WKH�SHUIRUPDQFH�RI�DUWHULDO�PDQDJH�
ODQHV��7KH\�IDOO�LQWR�RQH�RI�WKH�IROORZLQJ�WKUHH�
FDWHJRULHV�
± ,QWHUVHFWLRQ�WUHDWPHQW
± 6HJPHQW�PDQDJHPHQW
± (QIRUFHPHQW
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6HOHFWLRQ�DQG�6FUHHQLQJ�3URFHVV

Arterial�corridor�
candidates

High�traffic�volume

High�congestion�level�
during�peak�hours

Importance�to�the�
whole�managed�lane�

network

No

End

No

Yes

Yes

Yes

Existence�of�HOV�lane

High�volume�of�
local�bus

Low�density�of�
intersections

Underutilized

Convert�into�
HOT�lane

BusͲonly�lane

HOT/ET�lane
Qualified
corridors

Corresponding�
type�of�managed�

lane

Yes Yes

Yes

Yes

No

No

No

No

Large�number�of�turning�
movements

Oversaturated�
Intersection

No

No
Yes

Yes

Selection�of�
Managed�Lane�Type

Selection�of�Traffic�
Management�Schemes

Identification�of�
Qualified�Corridors

Congested

Lower�occupancy�
requirement

Add�one�more�
HOV�lane

Increase�
occupancy�
requirement

YesNo

Signal�control

Queue�jump

No

High�volume�of�HOVs HOV�lane

No

Yes

Intersections�can�be�
removed�or�turning�
movements�can�be�

prohibited

YesNo

��

7DVN��

,GHQWLILFDWLRQ�RI�(YDOXDWLRQ�7RROV

��

2EMHFWLYH

x 5HYLHZLQJ�H[LVWLQJ�TXDQWLWDWLYH�WRROV�IRU�HYDOXDWLQJ�
YDULRXV�W\SHV�RI�PDQDJHG�ODQHV

x ,GHQWLI\LQJ�WKH�QHHGV�RI�IXUWKHU�HQKDQFHPHQWV��LI�
QHFHVVDU\

��

7\SHV�RI�(YDOXDWLRQ�7RROV

x 4XLWH�D�IHZ�WRROV�KDYH�EHHQ�GHYHORSHG��7KH\�FDQ�EH�
XVHG�WR�DQDO\]H�PDQDJHG�ODQH�VWUDWHJLHV�EXW�GLIIHU�
LQ�YDULRXV�DVSHFWV�VXFK�DV�PRGHOLQJ�UHVROXWLRQ��VFDOH�
DQG�DFFXUDF\��GDWD�QHHG�DQG�WLPH�UHTXLUHPHQW�

x 6NHWFK�SODQQLQJ�WRROV
± $QDO\]H�D�ODUJH�VHW�RI�DOWHUQDWLYHV�LQ�D�TXLFN�DQG�
EURDG�EDVHG�PDQQHU�WR�LGHQWLI\�D�VPDOO�VHW�RI�WKH�
PRVW�SURPLVLQJ�DOWHUQDWLYHV�IRU�IXUWKHU�DQDO\VLV��
$OWHUQDWLYHO\��WKH\�FDQ�EH�DSSOLHG�WR�FRQGXFW�D�
KLJK�OHYHO�PDFURVFRSLF�DQDO\VLV�RI�D�WUDQVSRUWDWLRQ�
SROLF\�LQ�D�ODUJH�UHJLRQ

��

7\SHV��&RQW¶G�

x 3URMHFW�SODQQLQJ�WRROV
± (VWLPDWH�WKH�LPSDFWV�RI�SDUWLFXODU�SURMHFWV
± 3ULPDULO\�DGRSW�WKH�WUDGLWLRQDO�IRXU�VWHS�
WUDQVSRUWDWLRQ�SODQQLQJ�SURFHVV�DV�WKH�JHQHUDO�
PHWKRGRORJ\

x 2SHUDWLRQDO�SODQQLQJ�WRROV
± )XUWKHU�HYDOXDWH�GLIIHUHQW�GHVLJQV�RI�PDQDJHG�
ODQHV�DQG�WUDIILF�PDQDJHPHQW�VFKHPHV

± 0RVWO\�PLFURVFRSLF�WUDIILF�VLPXODWRUV

��

6NHWFK�3ODQQLQJ�7RROV

60$UW+29 026$,&�

4XLFN�+29 32(7�0/

0RGLILHG�&5$ +27�67$57

60,7(�0/ 6358&(
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026$,&

x 6SRQVRUHG�E\�WKH�0DU\ODQG�6WDWH�+LJKZD\�
$GPLQLVWUDWLRQ�DQG�GHYHORSHG�E\�8QLYHUVLW\�RI�
0DU\ODQG�WR�HYDOXDWH�WKH�VXVWDLQDELOLW\�RI�
GLIIHUHQW�FRUULGRU�LPSURYHPHQW�RSWLRQV�VXFK�DV�
+29��+27��(7��DQG�EXV�RQO\�ODQHV

��

026$,&��&RQW¶G�

x ,Q�026$,&��D�NH\�VWHS�LV�WR�HVWLPDWH�WKH�PRGDO�
VKLIW�RQFH�D�PDQDJHG�ODQH�VWUDWHJ\�LV�
LPSOHPHQWHG��7KH�VKLIW�LV�FDSWXUHG�E\�WKH�
IROORZLQJ�SLYRW�SRLQW�ORJLW�PRGHO�

��

026$,&��&RQW¶G�

x

��

026$,&��&RQW¶G�

&RQJHVWLRQ�

/HYHO

'DLO\�7UDIILF�9ROXPH�SHU�

/DQH

6SHHG�(VWLPDWH�(TXDWLRQ�3HDN�

6SHHG��PSK�

8QFRQJHVWHG ����� ��

0HGLXP ��������� �����������$'7�/$1(�

+HDY\ ��������� �����������$'7�/$1(�

6HYHUH ���������� �����������$'7�/$1(�

([WUHPH !����� �����������$'7�/$1(�

6SHHG�(VWLPDWLRQ�%DVHG�RQ�'DLO\�7UDIILF�9ROXPH�SHU�/DQH��=KDQJ�HW�DO��������

1RWH��$'7��$YHUDJH�'DLO\�7UDIILF��DQG�WKH�XQLW�LV�WKRXVDQG��DQG�WKH�ORZHVW�VSHHG�LV����PSK�

��

026$,&��&RQW¶G�

&RQJHVWLRQ�/HYHO
'DLO\�7UDIILF�9ROXPH�SHU�

/DQH

$YHUDJH�'HOD\�DW�,QWHUVHFWLRQV�

�6HFRQGV�SHU�YHKLFOH�

6LJQDOL]HG�

,QWHUVHFWLRQV

8QVLJQDOL]HG

,QWHUVHFWLRQV

8QFRQJHVWHG ����� �� ��

0HGLXP ��������� �� ��

+HDY\ ��������� �� ��

6HYHUH ���������� �� ��

([WUHPH !����� �� ��

7UDIILF�&RQWURO�'HOD\�DW�,QWHUVHFWLRQV��=KDQJ�HW�DO��������

��

026$,&��&RQW¶G�

x :LWK�WKH�HVWLPDWHG�WUDYHO�WLPH��026$,&�
HVWLPDWHV�WUDYHO�WLPH�UHOLDELOLW\�DV�IROORZV�
�5DPDQL HW�DO��������

x 6LPLODUO\��026$,&�SURYLGHV�HVWLPDWHV�RI�HQHUJ\�
FRQVXPSWLRQ�DQG�DLU�SROOXWDQW�HPLVVLRQV�EDVHG�
RQ�DFWXDO�VSHHGV�
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32(7�0/

x $�VNHWFK�SODQQLQJ�WRRO�WR�TXDQWLI\�WKH�LPSDFWV�RI�
SRWHQWLDO�DOWHUQDWLYH�SROLFLHV�RQ�H[LVWLQJ�+29�
IDFLOLWLHV

x 'HYHORSHG�E\�%RR]�$OOHQ�+DPLOWRQ�DQG�+17%�
IRU�)+:$�LQ�����

��

32(7�0/��&RQW¶G�

$VVHVV�WKH�RSHUDWLRQDO�
SHUIRUPDQFH�RI�H[LVWLQJ�
+29�IDFLOLW\�DQG�FODVVLI\�
WKHP�LQWR�RQH�RI�WKH�
IROORZLQJ�WKUHH�FRQGLWLRQV

(VWLPDWH�PRGH�VKDUHV�
EDVHG�RQ�DG�KRF�
DVVXPSWLRQV�

,GHQWLI\�SROLF\�FKDQJH�
IRU�HDFK�FRQGLWLRQ

��

32(7�0/��&RQW¶G�

x :LWK�HVWLPDWHG�GHPDQGV��PRELOLW\�LPSDFWV��VXFK�
DV�WUDYHO�VSHHG��WUDYHO�WLPH��OHYHO�RI�VHUYLFH�DUH�
FRQVHTXHQWO\�FDOFXODWHG��)RU�H[DPSOH��WKH�
IROORZLQJ�%35�IXQFWLRQ�LV�DGRSWHG�WR�HVWLPDWH�
WUDYHO�WLPH�

��

32(7�0/��&RQW¶G�
x 8VLQJ�DQ�DYHUDJH�IXHO�FRQVXPSWLRQ�UDWH�RI������JDOORQ�SHU�
KRXU��32(7�0/�VXEVHTXHQWO\�HVWLPDWHV�WKH�IXHO�
FRQVXPSWLRQ�EDVHG�RQ�HVWLPDWHG�WUDYHO�WLPHV��0XOWLSO\LQJ�
WKH�IXHO�FRQVXPSWLRQ�ZLWK�HPLVVLRQ�IDFWRUV�\LHOGV�WKH�
HPLVVLRQV�RI�&2��12[�DQG�92&��

$LU�4XDOLW\�� 3ROOXWDQW 3DVVHQJHU�&DU�(PLVVLRQ�)DFWRU

&2��NJ�JDOORQ� �����

12[��NJ�JDOORQ� ����

92&��NJ�JDOORQ� ����

&DUERQ�'LR[LGH��NJ�JDOORQ� ����

(PLVVLRQ�)DFWRUV��6PLWK�HW�DO��������

��

(YDOXDWLRQ�

x (LJKW�WRROV�ZHUH�LGHQWLILHG�
x 6RPH�DUH�OLPLWHG�WR�DQDO\]LQJ�D�SDUWLFXODU�W\SH�RI�
VWUDWHJLHV��VXFK�DV�DGDSWDWLRQ�RI�DQ�+29�ODQH�WR�D�
+27�ODQH�ZKLOH�RWKHUV�DUH�PRUH�FRPSUHKHQVLYH�

x $OO�RI�WKHP�DUH�LQWHQGHG�WR�SURYLGH�D�TXLFN�DQG�
KLJK�OHYHO�DVVHVVPHQW�RI�D�ODUJH�VHW�RI�DOWHUQDWLYHV

x $PRQJ�WKHP��026$,&�DSSHDUV�WKH�PRVW�
FRPSUHKHQVLYH�DQG�LV�FDSDEOH�RI�HYDOXDWLQJ�GLIIHUHQW�
W\SHV�RI�FRUULGRU�LPSURYHPHQWV�LQFOXGLQJ�+29��
+27��(7��DQG�EXV�RQO\�ODQHV�

��

(YDOXDWLRQ��&RQW¶G�

x 7KH�PHWKRGRORJ\�RI�026$,&�LV�UHDVRQDEOH��,W�WKXV�
KROGV�WKH�PRVW�SURPLVH�IRU�EHLQJ�DSSOLHG�WR�
HYDOXDWH�DUWHULDO�PDQDJHG�ODQH�VWUDWHJLHV�LQ�
)ORULGD�

x 5HODWHG�SDUDPHWHUV�QHHG�WR�EH�UHFDOLEUDWHG�WR�
UHSUHVHQW�WKH�SUHYDLOLQJ�FRQGLWLRQV�LQ�)ORULGD��
)XUWKHU�HQKDQFHPHQWV�DUH�QHHGHG�WR�EHWWHU�
FDSWXUH�WUDIILF�GHOD\V�DW�LQWHUVHFWLRQV�ZLWK�GLIIHUHQW�
W\SHV�RI�LQWHUVHFWLRQ�WUHDWPHQWV��DQG�FRQVLGHU�WKH�
LPSDFWV�RI�ELF\FOHV��SHGHVWULDQV��DQG�EXV�VWRSV�HWF�
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3URMHFW�3ODQQLQJ�

x &RPSDUHG�ZLWK�VNHWFK�SODQQLQJ�WRROV��SURMHFW�
SODQQLQJ�WRROV�DUH�PRUH�VRSKLVWLFDWHG�IRU�EHWWHU�
FDSWXULQJ�WKH�FKDUDFWHULVWLFV�RI�WUDYHO�GHPDQG�DQG�
VXSSO\�DQG�WKHLU�LQWHUDFWLRQV

x 7KHVH�WRROV�SULPDULO\�DGRSW�WKH�WUDGLWLRQDO�IRXU�
VWHS�WUDQVSRUWDWLRQ�SODQQLQJ�SURFHVV�DV�WKH�JHQHUDO�
PHWKRGRORJ\��ZLWK�D�OLPLWHG�QXPEHU�RI�WKHP�EHLQJ��
DFWLYLW\�EDVHG��

��

)68706

x )68706�FRQVLVWV�RI�D�VWDQGDUGL]HG�VHW�RI�PRGHOLQJ�
VWHSV��VRIWZDUH�SURJUDPV��RSHUDWLQJ�SURFHGXUHV�
DQG�XUEDQ�DUHD�GDWD�IRUPDWV��ZKLFK�PDQ\�
SODQQLQJ�PRGHOV�LQ�)ORULGD�JHQHUDOO\�IROORZ�

x :H�H[DPLQHG�WKH�PRGHOLQJ�RI�HDFK�W\SH�RI�DUWHULDO�
PDQDJHG�ODQHV�LQ�WKH�)68706�PRGHOLQJ�
HQYLURQPHQW

��

%XV�2QO\�/DQH
67$57

*(1(5$7,21
*HQHUDWLRQ�([WHUQDO

1(7:25.
+LJKZD\�1HWZRUN�3DWKV

',675,%87,21
7ULS�'LVWULEXWLRQ

75$16,7
7UDQVLW�1HWZRUN�3DWKV

02'(�63/,7
0RGH�&KRLFH

$66,*10(176
+LJKZD\�7UDQVLW

5(3257,1*

(1'

)68706�7UDQVLW�DQG�+LJKZD\�'HPDQG�0RGHOLQJ�3URFHVVHV��)'27�������

1RWH�WKDW�WULS�DVVLJQPHQWV�RI�WUDQVLW�DQG�
KLJKZD\�WULSV�DUH�VHSDUDWHG��7KH�LPSDFWV�RI�
EXV�RQO\�ODQHV�DQG�WKH�DVVRFLDWHG�WUDIILF�
PDQDJHPHQW�VFKHPHV�VXFK�DV�TXHXH�MXPSV�
DQG�WUDQVLW�VLJQDO�SULRULW\�FDQ�EH�UHDVRQDEO\�
FDSWXUHG�LQ�)68706�

��

%XV�2QO\�/DQH��&RQW¶G��
67$57

*(1(5$7,21
*HQHUDWLRQ�([WHUQDO

1(7:25.
+LJKZD\�1HWZRUN�3DWKV

',675,%87,21
7ULS�'LVWULEXWLRQ

75$16,7
7UDQVLW�1HWZRUN�3DWKV

02'(�63/,7
0RGH�&KRLFH

$66,*10(176
+LJKZD\�7UDQVLW

5(3257,1*

(1'

,WHUDWLRQV�EHWZHHQ�PRGH�VSOLW�DQG�WUDIILF�WUDQVLW�
DVVLJQPHQWV�ZLOO�EH�QHHGHG�WR�FDSWXUH�WKH�PRGH�
VKLIW�DQG�WKH�FKDQJH�LQ�WUDIILF�FRQGLWLRQV�FDXVHG�
E\�WKH�GHSOR\PHQW�RI�EXV�RQO\�ODQH�VWUDWHJLHV��

��

+27�/DQH�

x <LQ�HW�DO���������VXPPDUL]HG�WKUHH�SURFHGXUHV�WKDW�
KDYH�EHHQ�DSSOLHG�RU�SURSRVHG�WR�PRGHO�+27�ODQHV�
LQ�D�WUDGLWLRQDO�IRXU�VWHS�PRGHOLQJ�SURFHVV
± 0RGDO�VSOLW�SURFHGXUH
± 'HWHUPLQLVWLF�RU�VWRFKDVWLF�WUDIILF�DVVLJQPHQW
± 3RVW�SURFHVVRU

��

+27�/DQH��&RQW¶G��

0DUNHW 9DOXH�������'ROODUV�

+RPH�%DVHG�:RUN �������SHU�KRXU

+RPH�%DVHG�6KRSSLQJ �������SHU�KRXU

+RPH�%DVHG�6FKRRO �������SHU�KRXU

+RPH�%DVHG�6RFLDO�5HFUHDWLRQDO �������SHU�KRXU

+RPH�%DVHG�2WKHU �������SHU�KRXU

+RPH�%DVHG�8QNQRZQ �������SHU�KRXU

1RQ�+RPH�%DVHG �������SHU�KRXU

6RXWKHDVW�)ORULGD�7UDYHO�7LPH�9DOXHV�E\�7UDYHO�'HPDQG�0RGHO�7ULS�3XUSRVH�
�7KH�&RUUDGLQR *URXS��,QF��DQG�&DPEULGJH�6\VWHPDWLFV��,QF��������
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+27�/DQH��&RQW¶G��
x $�FRPELQHG�PRGH�VSOLW�WUDIILF�DVVLJQPHQW�
SURFHGXUH��3DUVRQV�%ULQFNHUKRII�������
± $W�HDFK�LWHUDWLRQ�RI�WKH�DVVLJQPHQW�SURFHGXUH��IRU�
HDFK�2�'�SDLU��WKH�WUDYHO�WLPH�GLIIHUHQFH�EHWZHHQ�
YHKLFOHV�XVLQJ�DQ\�VHJPHQW�RI�PDQDJHG�ODQHV�DQG�WKRVH�
ZLWKRXW�DFFHVVLQJ�PDQDJHG�ODQH�ZLOO�EH�FDOFXODWHG�DQG�
FRPSDUHG�WR�WKH�WRWDO�DPRXQW�RI�WROO�SDLG��7KH�UDWLR�
EHWZHHQ�WKH�WROO�DQG�WUDYHO�WLPH�VDYLQJ�LV�FRPSDUHG�
DJDLQVW�the willingness to pay table WR�GHWHUPLQH�WKH�
SURSRUWLRQ�RI�WKH�2�'�GHPDQG�WKDW�ZLOO�QRW�XVH�
PDQDJHG�ODQHV�IRU�VXUH��7KH�UHPDLQLQJ�SRUWLRQ�PD\�
XVH�WKH�ODQHV�LI�WKH\�DUH�IRXQG�WR�EH�SUHIHUDEOH�LQ�WKH�
DVVLJQPHQW��

��

+27�/DQH��&RQW¶G��
:LOOLQJ�WR�3D\�3URSRUWLRQ�IRU�&RVW�SHU�7LPH�6DYHG��E\�'HPDQG�&DWHJRU\�

�3DUVRQV�%ULQFNHUKRII�������
7ROO�&HQWV�SHU�0LQXWH�

6DYHG
'HPDQG�&DWHJRU\

� � � � � � � �

� �� �� �� �� �� �� �� ��

� �� �� �� �� �� �� �� ��

�� �� �� �� �� �� �� �� ��

���� �� �� �� �� �� �� �� ��

�� ���� ���� ���� ���� ���� ���� ���� ����

���� �� �� �� �� �� �� �� ��

���� ��� ��� ��� ��� ��� ��� ��� ���

���� � � � � � � � �

���� � � � � � � � �

���� � � � � � � � �

���� ��� ��� ��� ��� ��� ��� ��� ���

'HPDQG�&DWHJRULHV�

��� XUEDQ�	�UXUDO�VKRUW

��� /RQJ�'LVWDQFH�%XVLQHVV

��� /RQJ�'LVWDQFH�7RXULVW

��� 6KRUW��&URVV�ERUGHU�(,

��� /RQJ�'LVWDQFH�86��&DQDGD

��� 0HGLXP�7UXFNV

��� 8QXVHG

��� /LJKW�7UXFNV

��

(YDOXDWLRQ�

x )68706�FDQ�UHDVRQDEO\�DFFRPPRGDWH�DQG�HYDOXDWH�
GLIIHUHQW�PDQDJHG�ODQH�VWUDWHJLHV�

x 7KHUH�DUH�VRPH�HOHPHQWV�WKDW�SRWHQWLDOO\�OHDG�D�
WUDGLWLRQDO�IRXU�VWHS�SURFHGXUH�WR�RIIHU�HUURQHRXV�
IRUHFDVWV��+RZHYHU��WKHVH�VKRUWFRPLQJV�DUH�QRW�XQLTXH�WR�
DQDO\VLV�RI�PDQDJHG�ODQH�VWUDWHJLHV��EXW�DOVR�RWKHU�
SUREOHPV�OLNH�HPHUJLQJ�SROLF\�LVVXHV�DQG�PRELOLW\�
RSWLRQV��

x $OWKRXJK�DFWLYLW\�EDVHG�PRGHOV�VKRZ�SURPLVH�IRU�
DQDO\]LQJ�PDQDJHG�ODQH�VWUDWHJLHV�LQ�DQ�LQWHJUDWHG�ZD\��
WKH\�DUH�PXFK�PRUH�FRPSOH[�DQG�UHTXLUH�PRUH�UHVRXUFHV�
WR�LPSOHPHQW�

��

5HFRPPHQGDWLRQV�

x 7R�EHWWHU�PRGHO�DUWHULDO�PDQDJHG�ODQH�VWUDWHJLHV��IXWXUH�
UHVHDUFK�LV�QHHGHG�WR�HQKDQFH�OLQN�SHUIRUPDQFH�IXQFWLRQV�
WR�FDSWXUH�WKH�LPSDFWV�RI�GLIIHUHQW�LQWHUVHFWLRQ�
WUHDWPHQWV��H�J���TXHXH�MXPSV��VLJQDO�SULRULW\��WXUQLQJ�
PRYHPHQW�PDQDJHPHQW��RQ�LQWHUVHFWLRQ�GHOD\V�DQG�OLQN�
WUDYHO�WLPHV�

x 7R�DGHTXDWHO\�FDSWXUH�WKH�LPSDFWV�RI�EXV�RQO\�ODQHV�RQ�
RWKHU�UHJXODU�YHKLFOHV�DQG�PRUH�DFFXUDWHO\�SUHGLFW�WKH�
PRGH�VKLIW�IURP�KLJKZD\�WR�WUDQVLW��D�PXOWLPRGDO�WUDIILF�
DVVLJQPHQW�PRGHO�FDQ�EH�DSSOLHG�LQ�)68706��ZKLFK��
KRZHYHU��VXEVWDQWLDOO\�FKDQJHV�LWV�WUDQVLW�PRGHOLQJ�
SURFHVV�

��

2SHUDWLRQDO�3ODQQLQJ

x 7KH�DQDO\VLV�EDVHG�RQ�HLWKHU�D�VNHWFK�RU�SURMHFW�
SODQQLQJ�WRRO�LV�QRW�VXIILFLHQW�IRU�VXSSRUWLQJ�WKH�
GHVLJQ�DQG�RSHUDWLRQV�RI�D�PDQDJHG�ODQH�IDFLOLW\��
DV�WKH�WRROV�GR�QRW�DGHTXDWHO\�PRGHO�WUDIILF�
G\QDPLFV�DQG�IDLO�WR�FDSWXUH�FRPSOH[�LQWHUDFWLRQV�
DPRQJ�D�ODUJH�VHW�RI�GHVLJQ�DQG�RSHUDWLRQ�YDULDEOHV

��

2SHUDWLRQDO�3ODQQLQJ��&RQW¶G��

x 9HU\�RIWHQ��RSHUDWLRQDO�SODQQLQJ�WRROV�DUH�
PLFURVFRSLF�WUDIILF�VLPXODWRUV�VXFK�DV�9,66,0��
3DUDPLFV��&256,0�DQG�6LP7UDIILF

x $PRQJ�WKHP��VRPH�FRQVLGHU�9,66,0�DV�WKH�PRVW�
DSSURSULDWH�WRRO�WR�PRGHO�PDQDJHG�ODQHV��)HQQR HW�
DO����������2Q�WKH�RWKHU�KDQG��D�WHDP�DW�8QLYHUVLW\�
RI�)ORULGD�KDV�HQKDQFHG�&256,0�DQG�PDGH�LW�D�
WRRO�SDUWLFXODUO\�XVHIXO�IRU�VLPXODWLQJ�WKH�
RSHUDWLRQV�RI�+27�ODQHV��0LFKDODND�HW�DO��������
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��

&256,0�

x &256,0�LV�D�ZLGHO\�XVHG�PLFURVFRSLF�WUDIILF�
VLPXODWLRQ�VRIWZDUH��RULJLQDOO\�GHYHORSHG�E\�
)+:$��,W�LV�QRZ�PDLQWDLQHG��GHYHORSHG�DQG�
GLVWULEXWHG�E\�0F7UDQV DW�WKH�8QLYHUVLW\�RI�
)ORULGD

x 7R�VLPXODWH�+27�ODQH�RSHUDWLRQV��WKUHH�PRGXOHV�
ZHUH�GHYHORSHG�E\�0LFKDODND�HW�DO����������
LQFOXGLQJ�G\QDPLF�WROOLQJ�DOJRULWKPV��WROO�
VWUXFWXUHV�IRU�D�+27�IDFLOLW\�ZLWK�PXOWLSOH�WROOLQJ�
VHJPHQWV��DQG�PRGHOLQJ�ODQH�FKRLFH�EHKDYLRUV�RI�
GULYHUV�EHWZHHQ�+27�DQG�*3�ODQHV�

��

&256,0��&RQW¶G��
x 7ROOLQJ�DOJRULWKPV

± 7UDIILF�UHVSRQVLYH�SULFLQJ
± &ORVHG�ORRS�FRQWURO�
± 7LPH�RI�GD\�SULFLQJ

x /DQH�FKRLFH
± 6LPSOH�GHFLVLRQ�UXOHV

x 7ROO�VWUXFWXUHV
± =RQH�EDVHG�
± 2ULJLQ�EDVHG�
± 'LVWDQFH�EDVHG�
± 2ULJLQ�GHVWLQDWLRQ�EDVHG

��

/DQH�&KRLFH�

*HQHUDWH�WKH�SHUFHLYHG�WUDYHO�WLPH�
VDYLQJ��1M��IRU�YHKLFOH�M

7ROO���1M927M

9HKLFOH�M�FKRRVHV�WR�
WUDYHO�RQ�+27�ODQHV

<HV

1R
9HKLFOH�M�WUDYHOV�
RQ�*3�ODQHV

,V�YHKLFOH�M�DOORZHG�WR�HQWHU�
WKH�+27�ODQHV"

9HKLFOH�M�WUDYHOV�
RQ�WKH�*3�ODQHV

1R

<HV

1R

9HKLFOH�M�WUDYHOV�
RQ�+27�ODQHV

<HV,V�YHKLFOH�M�DOORZHG�WR�HQWHU�
WKH�+27�ODQHV�IRU�IUHH"

��

(YDOXDWLRQ

x ([LVWLQJ�RSHUDWLRQDO�SODQQLQJ�WRROV�DUH�FDSDEOH�RI�
FRQGXFWLQJ�VRSKLVWLFDWHG�DQDO\VLV�IRU�YDULRXV�W\SHV�
DQG�GHVLJQV�RI�DUWHULDO�PDQDJHG�ODQH�VWUDWHJLHV��

x $PRQJ�WKHP��WKH�HQKDQFHG�&256,0�SURYLGHV�
XQLTXH�IHDWXUH�DQG�IXQFWLRQDOLW\�RI�VLPXODWLQJ�
GLIIHUHQW�W\SHV�RI�WROO�ODQHV�ZKLOH�9,66,0�LV�D�
SURPLVLQJ�WRRO�IRU�VLPXODWLQJ�VWUDWHJLHV�UHODWHG�WR�
EXV�RQO\�ODQHV�ZLWK�DGYDQFHG�WUDIILF�VLJQDO�FRQWURO�

��

7KDQN�\RX�
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7DVN����
0DQDJHG�/DQHV�RQ�/LPLWHG�$FFHVV�

)DFLOLWLHV�DQG�$UWHULDOV

�

7DVN¶V�REMHFWLYH

x 7R�H[SORUH�WKH�LPSDFWV�WKDW�PDQDJHG�ODQHV�RQ�
OLPLWHG�DFFHVV�IDFLOLWLHV�KDYH�RQ�
± 7KH�VXUURXQGLQJ�DUWHULDO�QHWZRUN�DQG�
± 7KH�SRVVLELOLW\�IRU�FRRUGLQDWHG�GHSOR\PHQW�DQG�
RSHUDWLRQV�RI�PDQDJHG�ODQHV�RQ�DUWHULDOV�

�

5HPLQGHU��

x 7DVN����,GHQWLILFDWLRQ�DQG�6HOHFWLRQ�RI�0DQDJHG�/DQH�
6WUDWHJLHV
± 7\SHV�RI�$UWHULDO�0DQDJHG�/DQHV�

� +29��+27��%XV�2QO\��([SUHVV�7ROO�	�%XV�7ROO�/DQHV
± 'HVLJQ�DQG�,PSOHPHQWDWLRQ�RI�0DQDJHG�/DQHV

� /D\RXW�DQG�SODFHPHQW��ODQH�OHQJWK�DQG�ZLGWK��ODQH�
VHSDUDWLRQV��VLJQ�DQG�PDUNLQJV��DFFHVV�SRLQWV��
SHGHVWULDQ�DQG�ELF\FOH�FRQIOLFWV

± 7UDIILF�0DQDJHPHQW�6FKHPHV�
� ,QWHUVHFWLRQ�WUHDWPHQW �H�J���TXHXH�MXPSV��VHJPHQW�
PDQDJHPHQW��DQG�HQIRUFHPHQW

± 6HOHFWLRQ DQG�6FUHHQLQJ�3URFHVV )ORZFKDUW

�

5HPLQGHU��FRQW��
x 7DVN����,PSOHPHQWDWLRQ�DQG�0RQLWRULQJ�3URJUDP

± 3ODQQLQJ
� ,QFOXGH�LQ�032¶V�ORQJ�UDQJH�0HWURSROLWDQ�
7UDQVSRUWDWLRQ�3ODQ��073��DQG�7UDQVSRUWDWLRQ�
,PSURYHPHQW�3URJUDP��7,3�

± 'HVLJQ�DQG�3URFXUHPHQW
� 6HFXUH�IXQGLQJ��FRPSOHWH�GHVLJQ�ZRUN��DQG�SXW�
SURMHFWV�RXW�IRU�ELGV�

± &RQVWUXFWLRQ
± 2SHUDWLRQ�DQG�0DLQWHQDQFH
± 3XEOLF�2XWUHDFK

�

$VVXPSWLRQV�IRU�7DVN��

x 0DQDJHG�ODQH�SURMHFWV�IRU�WKH�LPSDFW�VWXG\
± 3URMHFWV�KDYH�EHHQ�VFUHHQHG�DQG�VHOHFWHG�DV�D�SDUW�RI�
WKH�&RQJHVWLRQ�0DQDJHPHQW�3URFHVV��&03��

± ,QFOXGHG�LQ�ORQJ�UDQJH�0HWURSROLWDQ�7UDQVSRUWDWLRQ�
3ODQ��073��DQG�7UDQVSRUWDWLRQ�,PSURYHPHQW�
3URJUDP��7,3�

± 3URMHFWV�LQ�WKH�FROOHFWLRQ�DUH�SK\VLFDOO\�IHDVLEOH�DQG�
LQWHURSHUDEOH�ZLWK�IDFLOLWLHV�LQ�D�QHWZRUN
± $FFHVV�SROLF\��SULFLQJ�SODQ�DQG�FROOHFWLRQ�V\VWHPV
± 3K\VLFDO�IHDVLELOLW\�DW��H�J��DFFHVV�SRLQWV DQG�
LQWHUVHFWLRQV�

�

$VVXPSWLRQV�IRU�7DVN����FRQW��

x ,PSURYHPHQWV�IRU�HDFK�SURMHFW�TXDQWLILHG�
± &KDQJH�LQ�WUDYHO�VSHHG�GXH�WR��H�J���JUDGH�
VHSDUDWHG�TXHXH�MXPSV�DW�VHOHFWHG�
LQWHUVHFWLRQV��FKDQJH�LQ�VSHHG�OLPLW��WXUQLQJ�
PRYHPHQW�PDQDJHPHQW��DQG�VLJQDO�
WLPLQJ�SULRULW\�

± 1XPEHU�RI�DGGLWLRQDO�ODQHV
± 3ULFLQJ�VFKHPH
± $FFHVV�SROLF\��H�J���+29����RU����
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�

2XU�DSSURDFK
x (VWLPDWH�WKH�LPSDFW�RI�WUDYHO�GHOD\��

± &RPSDUH�GHOD\�EHIRUH�DQG�DIWHU�SURMHFW�
LPSOHPHQWDWLRQ�
� 6HYHUDO�SURMHFWV�FDQ�EH�FRQVLGHUHG�WRJHWKHU�WR�WDNH�LQWR�
DFFRXQW�WKH�V\QHUJLVW�HIIHFWV�

x 8VH�PXOWL�PRGDO�HTXLOLEULXP�PRGHO
± 3URMHFW�LPSURYHPHQWV�OHDG�WR�GLIIHUHQW�PRGHO�
SDUDPHWHUV�

± $VVXPH�WKDW�WUDYHOHUV�DOZD\V�FKRRVH�D�OHDVW�FRVW�URXWH�
� 7UDYHO�FRVW��WLPH��LQFUHDVHV�ZKHQ�PDQ\�FKRRVH�WR�WUDYHO�RQ�
WKH�VDPH�URDG�RU�KLJKZD\��

± (TXLOLEULXP�LV�UHDFKHG�ZKHQ�QR�RQH�KDV�DQ\��FRVW��
LQFHQWLYH�WR�VZLWFK�URXWHV�
� 7UDYHO�GHOD\�LV�FDOFXODWHG�IURP�HTXLOLEULXP�IORZV�

�

([DPSOH��$UHD�RI�6WXG\

x $UHD�RI�VWXG\

�

([DPSOH��$UHD�RI�6WXG\��FRQW��

x )DFLOLW\�VHOHFWHG�IRU�RXU�H[DPSOH

��

([DPSOH��$UHD�RI�6WXG\ �FRQW��

x 5HVXOWLQJ�QHWZRUN

��

([DPSOH��$UHD�RI�6WXG\ �FRQW��

x 2XU�UHSUHVHQWDWLRQ

��

([DPSOH��0DQDJHG�/DQHV�3URMHFWV

x 6FKHPHV
± $GGLQJ�D�PDQDJHG�ODQH�WR�(DVW�:HVW�OLQNV�
± &RQYHUWLQJ�D�ODQH�RQ�1RUWK�6RXWK�OLQNV�LQWR�D�
PDQDJHG�ODQH�
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([DPSOH��0DQDJHG�/DQHV�3URMHFWV��FRQW��

x $VVXPSWLRQV
± ����RI�2'�GHPDQGV�DUH�+29¶V
± 7ROO�UDWH�RQ�DOO�WROO�URDGV�LV�������SHU�PLOH�
± 7KH�DYHUDJH�YDOXH�RI�WLPH�LV�����SHU�KRXU�
± &RQYHUWLQJ�D�*3�ODQH�LQWR�D�PDQDJHG�ODQH�
�+29�RU�+27��LQFUHDVHV�WKH�WUDYHO�WLPH�E\���
PSK�

��

5HVXOWV��$GGLQJ�&RQYHUWLQJ�WR�+29�/DQHV

x 5HGXFWLRQ�LQ�GHOD\�LV�QRW�DGGLWLYH�

��

5HVXOWV��$GGLQJ�&RQYHUWLQJ�WR�+29�/DQHV�
�FRQW��

x /DQHV�ZLWK�ORZ�XWLOL]DWLRQ�DUH�FDQGLGDWHV�IRU�
HOLPLQDWLRQ

��

5HVXOWV��$GGLQJ�&RQYHUWLQJ�WR�+27�/DQHV

x 7ROO�UHYHQXH�LV�SHU�KRXU�
x 7ROO�UHYHQXH�GHFUHDVHV�DV���VZLWFKHG�WR�FDUSRROV�LQFUHDVHV�
x :KHQ�FRPSDUHG�WR�+29�ODQHV��+27�ODQHV�OHDG�WR�ODUJHU�UHGXFWLRQ�LQ�

WUDYHO�GHOD\�
± $W����VZLWFKLQJ�UDWH�����IRU�+29�YHUVXV�����IRU�+27�

��

5HVXOWV������'HPDQG�,QFUHDVH�DQG�+27

x ����'HPDQG�LQFUHDVH�OHDGV�VOLJKWO\�ODUJHU�UHGXFWLRQ�LQ�WUDYHO�
GHOD\�

x &RPELQLQJ�(DVW�:HVW�DQG�1RUWK�6RXWK�6FKHPH�OHDGV�WR�VOLJKWO\�
KLJKHU�UHGXFWLRQ�LQ�WUDYHO�GHOD\�

��

&RQFOXVLRQV

x 3URSRVH�D�PRGHO�WKDW�FDQ�EH�XVHG�WR�HVWLPDWH�LQ�
WKH�LPSDFWV�RI�PDQDJHG�ODQHV�

x ([DPSOH
± 1HWZRUN�RI�KLJKZD\V�DQG�DUWHULDOV�IURP�'LVWULFWV�
��DQG���

± (VWLPDWH�LPSDFWV�RQ�WUDYHO�GHOD\�XVLQJ�WKUHH�
VFKHPHV
� (DVW�:HVW��1RUWK�6RXWK��DQG�ERWK�
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