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1.0 Project Background

1.1 Purpose

The Minnesota Department of Transportation (Mn/DOT) operates high-occupancy vehi-
cle (HOV) facilities on two corridors in the Twin Cities metropolitan area.  The HOV lanes
require a vehicle occupancy of two or more persons (including children of any age).  Car-
pools, vanpools, buses, and motorcycles all qualify to use the HOV facilities.  There are
approximately 17 miles of HOV lanes and more than 70 HOV ramp meter bypasses in
operation in the Twin Cities metro area.  In addition, there are approximately 100 miles of
freeway where transit vehicles are authorized to use the shoulder.  The goals of the HOV
system are to provide faster, more reliable travel for those who rideshare or use transit,
and to transport more people in fewer vehicles.

In 2001, the Minnesota Legislature asked Mn/DOT to study how opening the HOV lanes
to all traffic would affect traffic flow and safety on the interstates.  During the summer of
2001, the Federal Highway Administration (FHWA) barred Mn/DOT from opening the
HOV lanes to all traffic for this study.  Federal funds were used to build portions of the
HOV facilities and if Mn/DOT decides to not comply with the FHWA guidance, all new
federal funding will be withheld for projects in the Twin Cities area.  FHWA also felt that
opening the HOV lanes to all traffic would erode transit incentives and could negatively
impact the use and acceptance of the HOV lanes in the future.  As a result, Mn/DOT pro-
ceeded with a non-intrusive study for determining the impacts of opening the HOV lanes
to all traffic.  The study will rely on acceptable methods for modeling traffic flow and con-
gestion, calculating transit and HOV use, and estimating safety impacts associated with
opening the HOV lanes to all traffic.  The results of this study will be presented to the
Legislature by February 2002.

In September 2001, Mn/DOT selected a consultant team led by Cambridge Systematics,
Inc. to conduct the study.  Joining Cambridge Systematics on the study team are URS
Corporation, Mn/DOT’s market research consultant MarketLine Research, and a panel of
national experts on HOV facilities.

A Technical Working Group (TWG) was established to advise and provide technical
assistance to the consultant team.  The TWG’s roll is to represent the stakeholders who
have an interest in the legislatively mandated study, provide direction and feedback to the
consultant team, keep the study on track, and identify and discuss issues and concerns
regarding their respective areas.
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1.2 Twin Cities HOV System Corridors

The Twin Cities HOV system consists of two facilities and several HOV ramp meter
bypasses.  Figure 1.1 presents the HOV facilities on I-394 and I-35W.  The HOV lanes
require a vehicle occupancy of two or more persons; carpools, vanpools, buses, and
motorcycles all qualify to use the HOV facilities.

Table 1.1 summarizes the I-394 and I-35W HOV facility characteristics.  The I-394 HOV
corridor consists of two types of HOV operations, barrier-separated and non-barrier sepa-
rated (concurrent), and has different restrictions to use.  The I-35W HOV facility is non-
barrier separated (concurrent).

Figure 1.1 Twin Cities HOV System
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Table 1.1. Twin Cities HOV Lane Characteristics

Characteristic I-394 Eastbound I-394 Westbound
I-35W

Northbound
I-35W

Southbound

Extents CR 101 S. Jct to I-94 I-94 to Carlson Pkwy Burnsville Pkwy to
86th St

66th St. to
TH 13

Number HOV lanes - 2 east of Hwy 100

- 1 west of Hwy 100

- 2 east of Hwy 100

- 1 west of Hwy
100

1 1

Length (miles) 10.37 8.84 5.72 7.51

Type of facility - Barrier-Separated east
of Hwy 100,

- Concurrent west of
Hwy 100

- Barrier-Separated
east of Hwy 100

- Concurrent west
of Hwy 100

Concurrent Concurrent

HOV eligibility 2+ 2+ 2+ 2+

Hours of operation
(weekdays only)

- 6:00 a.m. to 1:00 p.m.
east of Hwy 100

- 6:00 a.m. to 9:00 a.m.
west of Hwy 100

- 3:00 p.m. to 6:00
p.m. east of Hwy
100

- 2:00 p.m. to
midnight west of
Hwy 100

6:00 a.m. to 9:00
a.m. and 3:00
p.m. to 6:00

p.m.

6:00 a.m. to 9:00
a.m. and 3:00
p.m. to 6:00

p.m.

Other information All traffic can use HOV
lanes at other times

No SOV use at any
time in the barrier
separated portion

All traffic can
use HOV at
other times

All traffic can
use HOV at
other times

1.3 Evaluation Plan Structure

This document represents the Evaluation Plan developed for the study by the Cambridge
Systematics (CS) team with input from the TWG.  It contains:

• Section 2.0 – Evaluation Objectives;

• Section 3.0 – Measures of Effectiveness;

• Section 4.0 – Test Plan for Secondary Research;

• Section 5.0 – Test Plan for Market Research;
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• Section 6.0 – Test Plan for Data Collection and Modeling;

• Section 7.0 – Test Plan for Benefit/Cost Analysis;

• Section 8.0 – Test Plan for Congestion Pricing (HOT Lanes) White Paper; and

• Section 9.0 – Evaluation Schedule, Meetings and Deliverables.

This Evaluation Plan will serve as the guideline for conducting the HOV study.  As such,
this document is intended to be sufficiently detailed to provide valuable guidance to the
evaluators; however, the plan also maintains flexibility to address project contingencies
that may arise.



2.0 Evaluation Objectives
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2.0 Evaluation Objectives

The goals and objectives for conducting the evaluation of opening the HOV lanes to all
traffic were designed to meet the mandate of the legislature’s bill.  These goals include:

• Assess whether the benefits of opening the HOV lanes on I-394 and I-35W to all traffic
outweigh their drawbacks and associated costs; and

• Identify how the Twin Cities HOV system compares with other HOV systems across
the country.

Based upon these evaluation goals, several evaluation objectives were identified.  These
evaluation objectives provide the framework for conducting the evaluation.  Table 2.1 pre-
sents the evaluation objectives as they relate to each of the evaluation goals.

Table 2.1 Evaluation Measures

Evaluation Goal Measures of Effectiveness

• Assess whether the benefits of
opening the HOV lanes on I-394 and
I-35W to all traffic outweigh their
drawbacks and associated costs

• Estimate traffic flow impacts (positive and negative) of the
HOV facilities, for both HOV corridors.

• Estimate impacts (positive and negative) of HOV facilities
on transit and carpooling, for both HOV corridors.

• Estimate safety impacts (positive and negative) of the
HOV facilities, for both HOV corridors.

• Quantify HOV violation rates and enforcement issues
associated with the HOV facilities, for both corridors.

• Estimate the air quality and energy consumption impacts
(positive and negative) of the HOV facilities, for both
HOV corridors.

• Identify the HOV facility impacts (positive and negative)
on the entire region.

• Identify public attitudes towards the HOV facilities.

• Identify how the Twin Cities HOV
system compares with other HOV
systems across the country.

• Compare Mn/DOT’s HOV system to other HOV systems
across the country.

• Identify national trends regarding the HOV strategies and
use.

• Identify benefits, impacts, and costs of HOV use
documented in studies done across the country.

The following sections describe in greater detail the tasks required to fulfill the evalua-
tion’s goals and objectives.



3.0 Measures of Effectiveness
and Evaluation Overview



Twin Cities High-Occupancy Vehicle Study

Cambridge Systematics, Inc. 3-1

3.0 Measures of Effectiveness and
Evaluation Overview

The evaluation goals and objectives presented in the previous section provide the frame-
work for the evaluation.  This section presents the measures of effectiveness that will be
evaluated during the HOV study.  These evaluation measures build on the evaluation
objectives and are designed to provide for a comprehensive analysis of the evaluation
goals.  This section also presents an overview of the methodologies that will be used for
the study.

3.1 Evaluation Measures

For the evaluation objectives identified in Section 2.0, one or more measures of effective-
ness have been identified to provide an assessment of the objective.  Where possible, these
evaluation measures are expressed in quantitative terms; however, many of the measures
are more appropriately expressed in qualitative terms.

The evaluation measures selected for each evaluation objective are presented in Table 3.1.
The measures of effectiveness focus on the incremental change estimated between the two
evaluation scenarios – “with HOV” (current operating strategy) and “without HOV”
(opening HOV lanes to all traffic).

By focusing on the changes occurring between the two scenarios, the evaluation team will
be better able to isolate the particular benefit/impact.  The measures of effectiveness are
not mutually exclusive and in some cases the same measure is used to test several objec-
tives.  The evaluation measures are also designed to be “neutral” and not presuppose any
outcome of HOV study.  Outcomes may be both positive and negative in that results may
vary across the HOV corridors or timeframes (2000 versus 2020).

Appropriate data will be collected related to each of these measures to provide the
opportunity for assessment against the evaluation objectives and goals.  Section 3.2 pres-
ents an overview of the methodology that will be employed in evaluating these measures.
The remaining sections of this document provide greater detail on the data collection and
analysis methodologies.
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Table 3.1 Evaluation Measures

Evaluation Objective Measures of Effectiveness

• Estimate traffic flow impacts (positive
and negative) of the HOV facilities, for
both HOV corridors.

• Estimated changes in travel time.
• Estimated change in travel speed.
• Estimated changes in vehicle and person throughput.
• Estimated changes in travel time reliability.

• Estimate impacts (positive and
negative) of HOV facilities on transit
and carpooling, for both HOV
corridors.

• Estimated changes in travel time.
• Estimated and perceived change in mode shift.
• Estimated change in auto vehicle occupancy.
• Perceived change in time of day travel.
• Estimated change in operating costs for the HOV facilities

and transit operations.
• Estimated change in parking costs due to mode shifts.
• Customer satisfaction with HOV facilities.
• Qualitative and policy impacts (mobility options,

snow/ice removal for HOV facilities, etc.)

• Estimate safety impacts (positive and
negative) of the HOV facilities, for
both HOV corridors.

• Estimated change in the number of crashes.
• Estimated change in the severity of crashes.

• Quantify HOV violation rates and
enforcement issues associated with the
HOV facilities, for both corridors.

• Estimated changes in operating costs associated with HOV
lane enforcement.

• HOV violation rates.
• Estimated changes in revenue from HOV enforcement.

• Estimate the air quality and energy
consumption impacts (positive and
negative) of the HOV facilities.

• Estimated regional change in emissions by pollutant and
by facility type

• Estimated regional change in fuel consumption by facility
type.

• Identify the HOV facility
impacts/benefits (positive and
negative) on the entire region.

• Estimated regional change in travel time for different
facility types.

• Estimated regional change in travel speed for different
facility types.

• Estimated regional change travel time reliability.
• Estimated regional change in emissions and fuel

consumption.

• Identify public attitudes towards the
HOV facilities.

• Carpool/Vanpool characteristics.
• Attitudes towards HOV facilities.
• “What if” questions on future use of HOV facilities.

• Compare Mn/DOT’s HOV system to
other HOV systems across the
country.

• Documentation only.

• Identify national trends regarding the
HOV strategies and use.

• Documentation only.

• Identify benefits, impacts, and costs of
HOV use documented in studies done
across the country.

• Documentation only.
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3.2 Evaluation Scenarios and Assumptions

In order to assess whether the benefits of opening the HOV lanes on I-394 and I-35W to
mixed flow outweigh the drawbacks and associated costs in both the near-term and long-
term, four different conditions for both the a.m. and p.m. peak periods will be analyzed.
These include:

1. Existing “with HOV”:  This scenario assumes current (2001) HOV conditions and
operations.

2. Existing “without HOV”:  The existing I-394 and I-35W freeway HOV lanes are open
to all traffic, and bus-only shoulder lane use is added to those sections of I-394 and
I-35W where feasible.  No geometrical adjustments will be made to the barrier-
separated portion of I-394.

3. Future 2020 “with HOV”:  This scenario assumes existing HOV operations plus
existing and committed improvements.  Year 2020 demand will be obtained using the
travel demand model.

4. Future 2020 “without HOV”:  This scenario includes existing and committed
improvements, with the HOV freeway lanes open to all traffic.  Bus-only shoulder
lanes would be added to the converted HOV roadway segments where feasible.  No
geometrical adjustments will be made to the barrier-separated portion of I-394.  Year
2020 demand will be obtained using the travel demand model.

The bus-only shoulder lanes “where feasible” will be determined as part of the data col-
lection effort.  Preliminary discussions with Mn/DOT indicate the following:

• I-35W Northbound:  Buses could use the shoulder from Burnsville Parkway to the
south end of the Minnesota River Bridge (the bridge is not wide enough to accommo-
date shoulder bus use in either direction).  The buses could use the truck lane that
starts north of the Minnesota River Bridge to just past 106th Street.  The buses could
start to use the shoulder again just south of 98th Street to 82nd Street.  No shoulder
user would be available through the I-494/I-35W interchange.

• I-35W Southbound:  A bus-only shoulder lane exists from 66th Street to 76th Street.
Bus-only shoulders are not recommended from 76th Street to 82nd Street due to the
weave area of I-494 and I-35W.  The buses could then start using the shoulders from
82nd Street to the north end of the Minnesota River Bridge (the bridge does not have
wide enough shoulders for bus use in either direction).  Buses could then enter the
shoulders at Blackdog and continue to TH 13.

• I-394 Corridor:  Bus-only shoulders exist in the eastbound direction from Xenia to
TH 100.  Shoulder width should be adequate to accommodate bus-only shoulders for
most of I-394 except the section between TH 100 and downtown.  In addition, for the
section of I-394 from TH 100 to downtown, use of bus-only shoulders in the eastbound
direction would need to be reconsidered, as it would result in other potential impacts
(exits to downtown are on the left side of the roadway).
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3.3 Overview of Evaluation Methodologies

In order to assess whether the benefits of opening the HOV lanes on I-394 and I-35W to all
traffic outweigh their drawbacks and associated costs, a combination of data collection,
modeling, and market research will be used.  The secondary research will be used to com-
pare and validate the results obtained from the data collection and modeling tasks.  Table
3.2 summarizes the data collection and analysis methods which will be used to assess the
measures of effectiveness for this study.

Table 3.2 Data Collection and Analysis Methods

Measures of Effectiveness
Travel
Model

Market
Research IDAS

Secondary
Research

Agency
Records

Travel time and speed
Throughput
Travel time reliability
Mode shift
Temporal change
Average vehicle occupancy
Customer satisfaction
Crashes
HOV lane violation rates
Air quality/emissions
Fuel consumption
Costs

Benefit/Cost

To support the HOV study, individual test plans have been developed to guide the collec-
tion and analysis of different types of data.  Each test plan provides detailed instructions
for conducting a specific aspect of the study.  Yet, all the individual test plans have been
carefully linked to provide coordination between the different analysis efforts.

The individual test plans developed for this study include:

• Test Plan for Secondary Research – Identifies the secondary research to be performed
to compare and contrast the HOV system in the Twin Cities metropolitan area with
other HOV systems across the country (Section 4.0);

• Test Plan for Market Research – Defines the survey data collection tasks to be per-
formed and presents the methodology to be used (Section 5.0);
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• Test Plan for Data Collection and Modeling – Identifies data to be collected and
model analysis plan (Section 6.0);

• Test Plan for Benefit/Cost Analysis – Identifies how the data collected for the HOV
facilities and modeling task will be extrapolated to develop estimates of regionwide
impacts and a benefit/cost comparison across scenarios (Section 7.0); and

• Test Plan for HOT Lane White Paper – Identifies the review of the use of HOT lanes
as a compromise to opening the HOV facilities to all traffic (Section 8.0).

The following sections present the various individual test plans that provide specifics on
the conduct of the various evaluation tasks.



4.0 Test Plan for Secondary
Research
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4.0 Test Plan for Secondary
Research

The purpose of this task is to review and summarize other relevant research regarding the
benefits and costs of HOV lanes (including studies which may exist regarding opening
HOV lanes to vehicles other than HOVs).

In this task the CS team will review current published and unpublished HOV studies,
including, but not limited to, the State of Virginia DOT study that examines options for
HOV lanes in the Hampton Roads area.  The CS team will compile the most current
information regarding:

• A comparison of Minnesota’s HOV system to other deployments in metropolitan areas
across the country, including the total number of HOV lane miles (current and pro-
jected), the types of operation (reversible, concurrent, contra-flow, etc.), hours of
operation, HOV opportunities, impacts on general purpose lanes and bus-only
shoulders on I-394 and I-35W, as well as adjacent highways (with or without HOV
lanes, park-and-ride facilities, etc.), benefit/cost, environmental and safety studies
undertaken, outreach and educational efforts, and plans for expansions or new HOV
deployments;

• A summary of the trends of HOV strategies and use; and

• A summary of the benefits, impacts, and costs of HOV use from studies done across
the country.

The CS team will also identify and search ITS and other transportation agency web sites
and relevant domestic and international transportation trade press to find HOV informa-
tion that is current and relevant.  Trade press and databases anticipated to be searched
include:

• Traffic Technology International;

• Roads and Bridges;

• The Journals of the Association of Metropolitan Planning Organizations, the Institute
of Transportation Engineers (ITE), Public Works Association, and the Urban
Transportation Monitor, etc.;

• U.S. DOT’s electronic data library;
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• U.S. DOT’s ITS costs and benefits database; and

• State and other transportation agency DOT web sites.

The CS team will also interview and/or survey five individuals with expertise on HOV
use to supplement the secondary research.  The five agencies, which will be interviewed,
include:

• California Department of Transportation (Caltrans);

• Virginia DOT;

• New Jersey DOT;

• Washington DOT; and

• Texas Transportation Institute.

A technical memorandum will be produced summarizing the results of the secondary
research.



5.0 Test Plan for Market
Research
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5.0 Test Plan for Market Research

Travelers’ perceptions and usage of the HOV corridors will be assessed though a set of
four surveys among automobile users and bus riders in the Minneapolis/St. Paul metro-
politan area.  A total of four traveler surveys are planned to produce a total of 1,300
observations.  The four types of surveys include the following:

• Random Sample – A random digit-dial sample will be drawn to represent peak-
period travelers in the seven-county study metropolitan area (N=300);

• Transit Riders – A sample of transit riders will be drawn on selected bus routes that
utilize the HOV lanes and bus shoulder lanes on the I-394 and I-35W corridors (N=100
in each corridor);

• HOV Users – A random sample of I-394 and I-35W corridor users who participate in
carpools or vanpools and therefore benefit from using the HOV lanes will be drawn
from a user list provided by the Metro Commuter Services (N=100 in each corridor);
and

• Highway SOV Users – A random sample of commuters in the I-394 and I-35W corri-
dors who drive alone using the general traffic lanes in these corridors will be drawn
by random digit dial to telephone exchanges within a “commuter shed” around each
corridor (N=300 for each corridor).

The analysis of travel patterns and traveler perceptions toward the HOV lanes will help to
interpret the findings of the modeling effort and any traffic engineering data that will be
collected.  The survey data will be analyzed to identify:

• Travel patterns and HOV lane usage;

• Composition of the carpool / vanpool;

• Attitudes toward HOV lanes; and

• Responses to “what if” questions on the future of HOV lanes

The structure of the three telephone surveys will be similar to each other.  As an example,
the HOV user telephone survey will include the following groups of questions:

1. Screening – A set of screener questions will identify peak-period users of the corridor
of interest; the direction of travel in the corridor; and the time of day that this trip is
taking place.  Respondents traveling in the peak direction between 6:00 and 9:00 a.m.
and/or between 3:00 and 6:00 p.m. will be selected for the interview.  Interviews with
respondents working for Mn/DOT, planning agencies, media outlets, and city/county
public works departments will be discontinued.
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2. Trip Origin and Destination (O-D).

3. HOV Usage Patterns and Attitudes – These questions will address respondents’ expe-
rience with using the HOV lanes, the size and composition of the carpool, and the
arrangements made for picking up participants in the carpool.  The reasons for joining
a carpool and the importance of a dedicated Express Lane and by-pass ramps on
respondent’s decision to form a carpool will also be addressed.

4. O-D Travel Times, Costs, and Perceived Savings – In this section the survey will
address the length of the daily commute, the extent of HOV lane usage, the perceptions
of travel time consistency and amount of congestion, and the parking-related aspects of
respondents’ daily trip.

5. Policy Options – This section will examine respondents’ degree of agreement with dif-
ferent policy options related to the HOV lanes.  These options include opening up the
HOV lanes to general traffic, charging a toll to single-occupancy cars, and reducing the
hours of Express Lane operation.

6. Demographic Characteristics.

7. Polling Question – Finally, respondents will be asked whether the HOV lanes should
continue to operate as they do now, whether they should be modified in any way, or
whether they should be opened-up to all traffic.

The analysis of the four types of surveys will focus on comparisons of travelers’ attitudes
toward the HOV lane concept.  The statistical analysis will aim to identify important dif-
ferences among groups of respondents by focusing on differences that are statistically sig-
nificant.  The analysis will also take into account other factors that may have an impact on
travelers’ attitudes, such as:

• Frequency of travel during a typical week;

• Differences in respondents’ travel patterns; and

• Demographic characteristics of each respondent.

Tasks and deliverables in this effort include:

1. Design of the survey instruments for the four types of surveys;

2. Solicitation of input and approval from Mn/DOT staff and the Technical Working
Group for the various survey types;

3. Programming of the surveys for HOV users, SOV users, and the random sample of
travelers into a computer-aided telephone interview program;

4. Pre-testing of all survey types;

5. Administration of the telephone surveys and the on-board bus rider survey;
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6. Independent analysis of each survey with two books of cross-tabulations (a total of
32 banner points);

7. A comparative statistical analysis of traveler perceptions and travel behavior across
the different surveys and traveler market segments; and

8. A technical memorandum summarizing the survey findings and the comparative
analysis highlighting important differences.



6.0 Test Plan for Data Collection
and Modeling
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6.0 Test Plan for Data Collection
and Modeling

6.1 Data Collection Plan

The objective of the data collection portion of this study is to measure the impacts of HOV
use on transportation system performance on highway corridors and measurement vari-
ables.  These data will be analyzed and applied to the entire metropolitan transportation
system to derive the systemwide impacts of HOV use, as described in Section 7.0, Benefit/
Cost Analysis.  The results of the corridor-specific data collection and analysis can also be
used to directly report the effects of HOV use on each corridor studied.  Whenever possi-
ble, existing data sources from the Traffic Management Center (TMC), Department of
Public Safety (DPS), transit operators, and other sources will be used.  Original data col-
lection will be done only in limited cases in response to a specific need.

Since this is a non-intrusive study for determining the impacts of opening the HOV lanes
to all traffic, the study will mostly rely on acceptable methods to modeling traffic flow and
congestion, transit and HOV use, and energy consumption to estimate the impacts.  Data
collection and market research will be used to estimate other impacts, such as HOV lane
enforcement, operational impacts, and public perception.

As part of the data collection effort, the CS team will:

• Present recommended data collection practices to the TWG for their review and
approval;

• Conduct research and collect data pursuant to the plan approved by the TWG as nec-
essary to perform analysis on MOE’s previously agreed upon, including the guiding
principles of Moving Minnesota and statewide transportation priorities, advantages
for transit, mode shift within and outside the I-394 and I-35W corridors, throughput
(traffic volume), travel time, accidents, HOV and general lane performance/operating
characteristics, effects on HOV compliance (current), current transit and carpool use of
HOV lanes, general travel patterns given current conditions (i.e., with present HOV
restrictions), enforcement, and air quality;

• Manage, coordinate and oversee the research and data collection efforts of subcon-
tractors so that proper data collection procedures are followed;

• Supply all the necessary resources (data collection equipment and staff) to successfully
collect, reduce and analyze the data;
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• Coordinate with state, counties, cities, Transit Operations, Department of Public
Safety, local sheriff and Police Departments, and any other entity to acquire system
data needed for the study;

• Verify the data integrity and conducting the data reduction and analysis of any data
acquired from other sources;

• Monitor (on a daily basis) the key data and implement contingency plans if needed;
and

• Verify that data collection practices are reliable and will yield reasonable results.

The data collected as part of this task will be used to estimate the measures of effective-
ness identified in Section 3.0.  Data for the “with HOV” or current HOV operations will be
used for the analysis of the benefits and cost, as well as for model validation purposes.
The impacts of the “without HOV” (opening the HOV lanes to all traffic) scenario will be
estimated using the region’s travel demand model.  Current, as well as future (2020),
impacts will be estimated as part of this study.  Spring 2001 conditions will be used for the
existing conditions data collection effort.  Spring 2001 was selected because HOV utiliza-
tion and transit data are readily available, university and schools are in session, and ramp
metering conditions were consistent during that period.  Data will be collected and ana-
lyzed for the morning and afternoon peak periods, when the HOV lanes are operational.

The data collection test plan will be subdivided according to the five primary objectives:

• Assess traffic flow impacts;

• Assess transit and carpooling use;

• Estimate safety impacts;

• Assess HOV violation rates and enforcement issues; and

• Estimate the air quality and energy consumption impacts.

The specific measures of effectiveness for each objective and their corresponding data
sources are presented in the following sections.  In several cases, the performance meas-
ures will be estimated using the travel demand model and/or IDAS.  The travel demand
model and IDAS are defined in more detail in Sections 6.2 and 7.0, respectively.

Traffic Flow Impacts

Traffic flow measures of effectiveness include estimated changes in travel time, travel
speed, vehicle and person throughput, and travel time reliability.  “With HOV” facility
HOV lane and general purpose lanes travel times and speeds will be obtained from the
travel demand model.  Existing “with HOV” vehicle and person throughput will be
obtained from the HOV quarterly reports generated by Mn/DOT Metro Division – Freeway
Operations Section.  Changes in travel times will be strictly associated with the travel
times over the length of the HOV facility, for both the HOV lane(s) and the general-
purpose lanes and will be computed using the travel demand model results.  Speed and
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throughput changes for the HOV corridors will be estimated using the model and will be
compared with observed data.

The existing “with HOV” data will be obtained for the spring 2001 morning and afternoon
peak periods.  This data will be used to validate the “with HOV” lane conditions in the
travel demand model.  Traffic flow impacts for the “without HOV” scenario (HOV lanes
open to all traffic) and future scenarios will be estimated using the travel demand model
and IDAS.  The changes in travel time reliability will be estimated using IDAS.

HOV and Transit Use Impacts

Transit Travel Time

Estimated changes in transit travel time will be estimated using existing data and the
travel demand model.  Changes in transit travel times will be strictly associated with the
transit travel times over the length of the HOV facility.  Existing transit travel times will be
estimated using the existing HOV lane speeds from the travel demand model.  “Without
HOV” and future travel times for carpoolers and buses will be estimated using the travel
demand model.

Average bus speeds on bus-only shoulder facilities data will be obtained from Metro
Transit.  These data will be used to estimate the travel time change associated with the
segments of the freeway which can be accommodated by bus-only shoulders for use by
transit vehicles only.  According to Metro Transit, bus-only facilities have a maximum
operating speed of 35 mph but flow and safety concerns may result in slower average
operating speeds.  In addition, the buses are only permitted to travel no more than 15 mph
over the mixed-flow speed.  If the speed on the general-purpose lanes is greater than
35 mph, the buses will operate in the general purpose lanes but if it is less than 35 mph,
they operate on the bus-only shoulders where available.  The analysis will assume that
transit vehicles will use the bus-only shoulders (where feasible) when the speed in the
general purpose lanes is below 35 mph.

Mode Shift

Mode shift within and outside the I-394 and I-35W corridors which may result from
opening the HOV lanes to all traffic will be estimated using the travel demand model and
the market research.  This will include shifts from SOV to HOV, HOV to SOV, bus to
HOV, HOV to bus, SOV to bus, and bus to HOV.

Average Vehicle Occupancy

Existing and future average vehicle occupancy “with HOV” and “without HOV” will be
estimated using the travel demand model.  Existing average vehicle occupancy data from
Mn/DOT will be used to validate the model values.  We will also use occupancy data
collected as part of the violation data collection effort (discussed below).
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Temporal Change

Potential changes in the time of day that people travel will be estimated from the market
research.

Operating Costs

Opening the HOV lanes to all traffic will result in several operating cost impacts, including
the operating costs associated with the HOV facilities and use; transit operating costs; and
the cost to convert the HOV lanes to general traffic use.  Numerous data sources will be
used to estimate these costs.

HOV Lane Costs

If the HOV lanes are opened to all traffic, some of the costs associated with operating the
HOV facilities will be eliminated.  However, some of the costs will remain, as the reversi-
ble barrier-separated lanes will still require operating costs for changing travel direction.
The CS team will obtain the operating cost data for the HOV facilities from Mn/DOT and
assess (with assistance from Mn/DOT) which costs will continue or be eliminated due to
opening the HOV lanes to all traffic.

Converting the HOV lanes to all traffic will require some capital outlay costs.  Signs will
need to be removed, pavement markings will need to be removed and advance notice
overhead signs for the I-394 reversible lanes will need to be modified.  These costs will be
taken into account.

This study assumes that bus-only shoulders would be implemented in the sections of
HOV facility that will be opened to all traffic wherever feasible.  This will be a one-time
expenditure and will include bus-only signing, design, drainage, and labor.  In addition,
the quality of the pavement on the shoulder is uncertain.  Additional costs may be neces-
sary where pavement quality is estimated to be inadequate.  The CS team with work with
Mn/DOT to estimate these costs.

A qualitative assessment of additional costs which may result from opening the HOV
lanes to all traffic will also be included as part of this task.  This would include recom-
mended changes to the facilities for more effective and safe use of the lanes for general
purpose traffic.  For example, the reversible portion of I-394 consists of two lanes of traffic.
However, the facility is constrained by a one-lane entrance and several entrance/exit
design issues.

Transit Costs

Numerous data will be collected from the various transit operators which would be
affected by opening the HOV lanes to all traffic.  Travel times and mode shift are the
anticipated primary impacts for transit.  As such, it is anticipated that the potential
operating impacts to transit providers would be to the transit schedules and ridership/
bus utilization.  This study assumes that current transit route headways will need to be
maintained.  Methodologies for estimating the potential change in the number of buses
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required to accommodate maintaining bus headways and potential increases in ridership
will be developed in coordination with the transit representatives in the TWG.

The approach to estimating the number of buses which will be required to maintain the
transit headways is outlined in Appendix A.  There will be cases where this approach will
not apply (e.g., where service is demand-based, not run on headways).  In these cases, the
additional buses which may be required will need to be assessed using a different
methodology.

For the benefit/cost analysis, the changes in number of buses and operators will be moni-
tized.  For this effort, we will obtain average annual operating costs (driver and vehicle
operation and maintenance) and capital costs (vehicle) for each transit operator, as well as
any other agency costs or revenues, such as NTD Federal Funds.

The data to be obtained from each of the transit operators consist of:

• Bus routes using the I-394 or I-35W HOV facilities;

• Average headway for each route;

• Cycle time for each route;

• Average annual operating cost (driver and vehicle operation and maintenance);

• Average annual capital cost per vehicle; and

• Anticipated annual Federal revenue loss (from Metro Transit only).

A qualitative discussion of other transit impacts would also be included for this effort.
For example, currently when there is a snow event, the HOV lanes are cleared first to
ensure transit reliability, safety, and movement of the maximum number of people in the
fewest vehicles.  In this case, if the HOV lanes were opened to all traffic, buses would be
stuck in the mixed-flow traffic resulting in delays, unreliable service, and reduced service
to the bus schedules and operations.

Federal Cost Impacts

Since the HOV lanes were built using some federal funding, if the HOV lanes were
opened to all traffic, the state of Minnesota may have to repay the federally-funded por-
tion and/or current federal funding may be withheld.  The CS team will contact FHWA to
determine what the federal cost impacts would be if the HOV lanes were opened to all
traffic.

Parking Costs

Change in parking costs due to mode shifts will be estimated using the market research
surveys.  For this effort, we will assume there is adequate parking supply at either end of
the trip and that parking costs will remain the same.  The approach will estimate changes
in parking cost based on the estimated number of people who shift from transit or carpool
to driving alone minus the estimated number of people who shift from driving alone to
transit or carpool times the estimated parking cost.
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Customer Satisfaction

Customer satisfaction with HOV facilities will be obtained from the market research surveys.

Safety Impacts

The estimated change in the number and severity of crashes will be estimated using mod-
eling.  The analysis will use crash rates by facility type.

HOV Enforcement Impacts

The HOV enforcement impacts from opening the HOV lanes to all traffic involve three
items:  operating costs for enforcement, violation rates for the HOV facilities, and revenue
resulting from the enforcement.  Opening the HOV lanes to all traffic will eliminate the
need to enforce HOV violation for the I-394 and I-35W HOV facilities.  The operating costs
for enforcement and resulting revenues will be obtained from the State Patrol and local
agencies which enforce the HOV violations.  Since violation rates were last obtained in the
field in 1997, the TWG felt that, due to the age of the data, as well as the change in traffic
conditions on the freeways due to the ramp metering changes over the last year, field
HOV violation data should be collected.  The CS team will collect violation rates at three
locations as defined in Table 6.1 and shown in Figure 6.1.

Table 6.1 HOV Lane Violation Count Locations

Location and Direction of Travel
Morning Peak

(6:00 a.m. to 9:00 a.m.)
Afternoon Peak

(3:00 p.m. to 6:00 p.m.)

I-394 EB Reversible Section (Penn Avenue) X

I-394 WB Reversible Section (Penn Avenue) X

I-394 EB Concurrent Section (Winnetka Avenue) X

I-394 WB Concurrent Section (Winnetka Avenue) X

I-35W NB Concurrent Section (Minnesota River) X

I-35W SB Concurrent Section (Minnesota River) X
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Figure 6.1 HOV Lane Violation Rate Count Locations

Determination of HOV Lane Violators

The number of occupants in a vehicle to use the HOV lane is a minimum of two persons
per vehicle.  Information will be collected to determine the rate of HOV lane violators
during the two peak periods of travel.

The results of the information from this data collection will then be analyzed and applied
to the entire HOV system to derive the systemwide impacts on HOV use.  The results of
the corridor-specific data collection and analysis can also be used to directly report the
statistically valid effects of HOV use on each corridor studied.  The data will be used to
calibrate and validate modeling tools, which will then be used for testing the HOV system
scenarios.
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The data collection methodology used to estimate the HOV lane violation rate is presented
below.

1. Sample Size:

− All data will be collected in 15-minute intervals;

− Data will be collected on two days at each site; and,

− Data collection will occur between Tuesday and Thursday.

2. Assumptions:

− Only HOV lanes will be observed for total volume, occupancy, and for carpool
status (HOV violator or not);

− Valid HOVs will only be counted if a passenger is observed (assume violation for
obscured windows); and,

− If a substantial incident occurs, data collection will be repeated on another day.

3. Data collection methods and tools:

− To tally valid HOV users and violators, data will be collected and aggregated into
15-minute periods;

− I-35W will be videotaped to minimize traffic disruption.  The videotapes will then
be reviewed to determine the violation rate; and,

− The information will be processed using a variety of computer software, including
Excel and Access.

Environment and Energy Impacts

Estimates of air quality/emissions and fuel consumption for all scenarios will be obtained
from the modeling efforts using emissions and fuel consumption rates by speed range.

Summary of Data Needs

The following summarizes the data needs from sources other than the travel demand
model:

• Existing vehicle and person volumes at select locations along the HOV facility, in the
HOV lane(s) and general purpose lanes;

• Existing speeds, in the HOV lane(s) and general purpose lanes;

• Identification of where bus-only lanes would be feasible;

• Average bus speed on bus-only shoulder facilities;
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• Average vehicle occupancy, in the HOV lane(s) and general purpose lanes;

• HOV facility operating costs (facility operations, staffing, data monitoring, etc.);

• Capital outlay costs for signage and pavement marking removal to convert the HOV
lanes to use by all traffic;

• Capital outlay costs for bus-only signage, pavement, drainage, design, and labor to
open the shoulders in the HOV corridors to bus-only use;

• Estimated average speed for buses on existing bus–only shoulders;

• Bus routes using the I-394 or I-35W HOV facilities for each transit operator;

• Average headway for each bus route using the HOV facilities;

• Average cycle time for each bus route using the HOV facilities;

• Peak direction ridership and capacity for each bus route using the HOV facilities;

• Average annual operating cost (per driver and per vehicle operation and maintenance);

• Average annual capital cost per vehicle;

• Anticipated annual Federal revenue loss (e.g., National Transit Database (NTD)
funds);

• Federal cost impacts of opening the lanes to all traffic (repay federally-funded portion
and/or withhold current federal funds);

• Estimated average parking costs for mode shift;

• Customer satisfaction;

• Average annual HOV violation enforcement costs;

• Average annual HOV violation enforcement revenues; and

• HOV violators.

The deliverables for the data collection task include:

• A technical memorandum describing the results of the data collection “with HOV”
lanes.  This will be submitted to Mn/DOT for review prior to the completion of the
modeling/simulation “without HOV” (converting HOV lanes to mixed flow).  The CS
team will meet with the TWG to present the findings of this data collection effort.
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• A data collection book that details data collection practices of current traffic flow and
congestion, present transit and HOV use, and safety conditions to be provided to
Mn/DOT’s project manager in both electronic and hardcopy version.

6.2 Travel Demand Modeling

The objective of the modeling portion of this study is to estimate the impacts of opening
HOV lanes to all traffic on actual transportation system performance on effected highway
corridors and measurement variables.  The results of the information from this modeling
effort will be used to forecast future conditions under alternative HOV lane use scenarios.

The Twin Cities Regional Travel Demand model developed by the Metropolitan Council
and the Minnesota Department of Transportation will be used for this study.

The modeling will be conducted for four different scenarios, for both the a.m. and p.m.
peak periods.  These are presented below:

1. Existing “with HOV”:  This scenario assumes current (2001) HOV conditions and
operations.

2. Existing “without HOV”:  The existing I-394 and I-35W freeway HOV lanes are open
to all traffic, and bus-only shoulder lane use is added to those sections of I-394 and
I-35W where feasible.  No geometrical adjustments will be made to the barrier-
separated portion of I-394.

3. Future 2020 “with HOV”:  This scenario assumes existing HOV operations plus
existing and committed improvements.  Year 2020 demand will be obtained using the
travel demand model.

4. Future 2020 “without HOV”:  This scenario includes existing and committed
improvements, with the HOV freeway lanes open to all traffic.  Bus-only shoulder
lanes would be added to the converted HOV roadway segments where feasible.  No
geometrical adjustments will be made to the barrier-separated portion of I-394.  Year
2020 demand will be obtained using the travel demand model.

More detailed information on the travel demand model and this task can be found in
Appendix B.

The deliverables for this task include:

• A technical memorandum describing the assumptions and methodology to be used in
the modeling for opening HOV lanes to all traffic.  The CS team will meet with the
TWG to present the finding of this effort.
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• A technical memorandum describing the results of the modeling “without HOV”
(opening HOV lanes) and presenting a preliminary comparison analysis of the “with
HOV” and “without HOV” scenarios.

6.3 Assess Impacts on Future HOV Expansion and
Connections

A qualitative analysis will be conducted for the future HOV expansion and connections,
and will assess the effects of allowing general use traffic (<2-person occupancy) on the
HOV lanes.  This review will include summaries of any HOV policies, and proposed facil-
ity improvements involving HOV advantages.  These advantages will include non-barrier
separated HOV lanes, barrier-separated HOV lanes, HOV ramp meter bypasses, and
parking discounts for high-occupancy vehicles.  In addition, this analysis will include a
detailed evaluation of other potential HOV advantages.

The effects will be deduced through the conclusions found through the measures of effec-
tiveness that will be analyzed in detail for the existing HOV system.

Some measures of effectiveness that will be discussed include:

• Changes in congestion;

• Changes in air emissions;

• Travel time changes;

• Operating costs (gas, repairs, insurance);

• Parking cost savings (shared expense, and/or parking discount);

• Parking demand reductions; and

• Parking location priorities.

The deliverable for this task is a technical memorandum summarizing the assessment
results.
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7.0 Test Plan for Benefit/Cost
Analysis

The expansion of the study to examine the broader regional benefits and costs of the HOV
facilities is one of the primary goals of the evaluation.  By investigating these comprehen-
sive systemwide benefits and costs, the quantitative value of the HOV facilities will be
estimated.  This quantitative benefit/cost figure will be combined with customer
perceptions of the HOV facilities in the Twin Cities metropolitan area to provide a com-
prehensive evaluation of HOV use in the region.  The benefit/cost comparison will evalu-
ate the systemwide impacts of changes to the I-394 and I-35W HOV facilities, including
future programmed and committed HOV facilities for 2020.

The identification of the regionwide benefits and costs will rely heavily on the findings
from the modeling analysis of the two HOV corridors.  Cambridge Systematics team
members with extensive benefit/cost analysis experience will be intricately involved with
the evaluation from the project kick-off to ensure the data needs of the benefit/cost analy-
sis are fully considered in the development of evaluation plans, the collection of data, and
the modeling task.

Extrapolating the results from the focused analysis of selected corridors to estimate the
broader, regionwide benefits and costs requires the application of innovative evaluation
tools.  The CS team plans to apply the ITS Deployment Analysis System (IDAS) software
to estimate the benefits and costs of the I-394 and I-35W HOV facilities in the metropolitan
area.  The IDAS software was developed by Cambridge Systematics for the FHWA spe-
cifically for estimating the benefits and costs of various transportation management
strategies.  An earlier prototype version of the IDAS software was previously (1999)
applied to the Twin Cities region to estimate benefits and costs of various arterial ITS
strategies for the Metropolitan ITS Arterial Strategies project conducted by Mn/DOT and
numerous local partners.

IDAS uses outputs from the locally validated regional travel demand model to recreate
the transportation network and travel demand within the model.  The software provides
the ability to estimate changes to regionwide benefits, including travel time, travel time
reliability, user costs, accident costs, and environmental costs (emissions and fuel use),
among other benefits.  Figure 7.1 shows an IDAS screen presenting an example benefit/
cost comparison.
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Figure 7.1 Sample IDAS Benefit/Cost Outputs

IDAS will be used in this study to identify the regionwide benefit/cost impacts of opening
the I-394 and I-35W HOV system to all traffic.  The analysis structure of IDAS will allow
the evaluation of a scenario of the HOV lanes with current restrictions on use and a sepa-
rate scenario with the HOV lanes open to all vehicles.  The benefit/cost analysis will be
assessed for the morning (6:00 a.m. to 9:00 a.m.) and afternoon (3:00 p.m. to 6:00 p.m.)
peak periods.  The IDAS model input parameters, such as volume/delay relationships,
and the value of time will be adjusted to local conditions for the analysis to ensure the
local validity of the results.

The results of the two scenarios (with and without HOV lanes) will then be compared to
isolate the incremental benefits/impacts.  The outputs will include the benefits expressed
in monetized terms, as well as the supporting performance statistics, such as vehicle miles
traveled, person hours traveled, number of trips, and number of accidents, segmented by
mode and facility type.
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Deliverables for this task include:

• A technical memorandum will be produced which documents the significant input
variables in the IDAS software.  This memorandum will be submitted to Mn/DOT for
review to help identify any parameters to be modified to better match locally-
preferred values (e.g., value of time).

• A technical memorandum which documents the benefit/cost results from the IDAS
analysis of scenarios with and without the I-394 and I-35W HOV facilities   All sup-
porting performance statistics will be provided with the report, as well as the results
from any sensitivity analysis.
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8.0 Test Plan for Value Pricing
(HOT Lanes) White Paper

The purpose of this task is to review and summarize the potential use of value pricing,
such as high-occupancy toll (HOT) lanes, as an alternative to opening the I-394 and I-35W
HOV facilities to all traffic.  The use of HOT lanes will also be reviewed as a possible solu-
tion to using, more efficiently, current and future HOV lane capacity without jeopardizing
federal funding for the region.  Other options, such as adjusting speed limits in the HOV
lanes or opening the lanes to all traffic in major incident situations, which are being con-
sidered or implemented in other regions, will also be documented.  Furthermore, litera-
ture and web sites will be reviewed to include travelers’ perceptions of HOT lanes and
other innovative measures for using HOV facilities.

The value pricing white paper will explore considerations and circumstances that may
merit the use of HOT lanes without discouraging transit and/or carpool use.  This
research will also assess whether there should be limitations on users of HOT lanes (e.g.,
restrict to commercial vehicle operators, such as couriers, etc.).  The objective of this task
will be to develop possible alternatives for the operation of the HOV lanes that more effi-
ciently use the HOV lane capacity without jeopardizing federal funding for the Twin Cities
region.  The research for this task will include:

• A review of current literature on the use of HOV lanes in general.

• The identification of innovative strategies in the use of HOV lanes; and

• Providing recommendations for possible uses of HOV lanes that enhance HOV usage
and performance on both the HOV lanes and the general-purpose lanes.

• Research on other regions which have used congestion pricing or HOT lanes and
future trends.  Specifically, the white paper will indicate under what circumstances
HOT lanes and other measures should be used, the benefits and impacts, and solicit
input and approval from the advisory and technical committees and state on how this
information is reported.  In addition, this will include research conducted on the
potential economic competitiveness if HOT lanes are made available to commercial
vehicles.

• An assessment of the short- and long-term impacts on the HOV and general purpose
lanes of implementing HOT lanes and how these changes might affect the overall
quality of commuting life.

The deliverable for this task is a white paper document summarizing the research results
and findings.



9.0 Schedule, Meetings, and
Deliverables



Twin Cities High-Occupancy Vehicle Study

Cambridge Systematics, Inc. 9-1

9.0 Schedule, Meetings, and
Deliverables

The objective of these tasks is to ensure that a broad cross-section of stakeholders with
both technical and non-technical levels of expertise participates in and guides the study to
ensure that the results have credibility throughout the community.

9.1 Project Schedule

The project schedule and key task deliverables are shown in Figure 9.1.

Figure 9.1 Project Schedule
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Expansion and Connections

8. Benefit-Cost Analysis

9. Hot Lane White Paper

10. Prepare Reports and Presentations

Month
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As shown in the schedule, the CS team is committed to meeting Mn/DOT’s legislatively
mandated deadline of reporting the results of the HOV study to the legislature by February
2002.  The proposed schedule is extremely aggressive and requires that Mn/DOT and the
TWG members be active partners with the CS team in data collection, and facilitating the
review and approval of project milestone submittals.

This Evaluation Plan (Task 1) was developed during the months of September and October.
The secondary research (Task 3) will also be completed at the end of October.  October
through November will involve the data collection (Task 5), setup of the modeling
(Task 6), and market research tasks (Task 4).  The benefit, cost, and impact analyses will be
complete by the end of December (Tasks 6 and 8), as well as the qualitative future impact
assessment (Task 7) and HOT lane white paper (Task 9).  The draft final report and legis-
lative presentation (Task 10) will be complete by mid-January, in time for Mn/DOT and
the TWG to review and comment for final delivery in February 2002.  The final report will
be completed in February following receipt of comments from the legislature.

9.2 Meetings

The CS team will meet with the TWG at six critical milestones during the HOV study,
including:

• Initial meeting and presentation of draft Evaluation Plan;

• Completion of the secondary research and market research survey design;

• Completion of data collection for existing HOV conditions;

• Completion of modeling and market research findings;

• Completion of benefit/cost analysis, future expansion assessment, and white paper
discussion; and

• Completion of draft final HOV study report.

The CS team will also present the HOV findings to the Minnesota State Legislature and/or
Mn/DOT representatives.

Upon request of Mn/DOT’s project manager, CS will also participate in as many as six
additional meetings involving any of the following:

• Additional TWG meetings;

• Media briefings; and/or

• Conferences, workshops, and/or legislative hearings related to the HOV study.
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The CS team will supply the following materials for the meetings and presentations.  An
electronic and hardcopy version of all materials will be provided to the Mn/DOT project
manager:

• Presentation materials (on-line and one copy of accompanying handouts);

• Drafts of technical memoranda; and

• Meeting minutes.

9.3 Reports and Presentations

The CS team will produce a set of clear and concise reports and presentation materials
that will successfully communicate the key findings of the HOV study to both technical
and non-technical audiences.

The CS team will prepare a draft report for review by Mn/DOT and the TWG at the com-
pletion of all other task activities.  The report, produced in Microsoft Office, will be
highly graphical, and understandable to a wide variety of audiences.  It will include all
appropriate supporting statistical data in technical appendices, resulting in a complete
accounting of the study and analysis techniques.  An Executive Summary for non-technical
audiences, a detailed technical analysis, and supporting appendices will be included.

CS will produce a final report, based on review and input received from the TWG.  This
report will be delivered in a format suitable for posting on the Internet.  CS will also pre-
pare a PowerPoint presentation for use by the state and/or members of the TWG, also
suitable for on-line media.  The CS team will work closely with Mn/DOT to explore par-
ticularly useful presentation formats and materials suitable to the intended audiences.

Deliverables include:

1. A copy of the Draft Final HOV Study Report, including an Executive Summary and
supporting appendices in the form of an unbound camera-ready original and an elec-
tronic file in a format that is consistent with current state standards to the Mn/DOT
project manager.  Due date is January 15th, 2002.

2. A copy of the Final HOV Study Report in the form of an unbound camera-ready origi-
nal and an electronic file in a format that is consistent with current state standards to
the Mn/DOT project manager.  Due date is January 31st, 2002.

3. A Microsoft PowerPoint presentation suitable for legislative presentation.  An elec-
tronic and hardcopy version of all materials will be provided to the project manager.
Due date is January 31, 2002.
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Appendix A – Transit Impact
Methodology

The number of buses required to maintain a specific headway is:

headway
timecycle

busesofNumber =

With opening the HOV lanes to all traffic, the transit route cycle time will likely increase
but the current headways need to be maintained.  The cycle time when the lanes are
opened to all traffic will become the existing cycle time plus the change in travel time on
the roadway segments that are being opened to all traffic.  This assumes that travel times
on the other portions of the bus routes will remain the same.  The increase in travel time
on the roadway segments opened to all traffic will be estimated using speeds generated
from the travel demand model and an estimate of speed for bus-only shoulder operations.
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where: x = distance of segment with bus only shoulder (in miles)

y1 = original speed in the HOV lane for that segment

y2 = speed after opening lanes to all traffic in bus only shoulder (35 mph max
or mixed-flow speed whichever is greater)

y3 = original speed in the HOV lane for that segment

y4 = speed after opening lanes to all traffic

z = distance of segment where no HOV or bus-only shoulder

For the benefit/cost analysis, the changes in number of buses and operators will need to
be monitized.  For this effort, we will need to obtain average annual operating costs
(driver and vehicle operation and maintenance) and capital costs (vehicle) for each transit
operator, as well as any other agency costs or revenues, such as NTD Federal Funds.  The
assumptions:

• Buses would use bus-only shoulder facilities where feasible and the general lanes with
all traffic where bus-only shoulders are not feasible;

• The maximum speed for bus-only shoulders is 35 mph;
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• The estimated speed for the bus-only shoulder is x mph (speed to be obtained from Metro
Transit);

• Speed for the mixed-flow traffic once the lanes are open to all traffic will be estimated
using the travel demand model;

• Maintain same level of service (headway);

• Annual operating cost includes additional drivers and vehicle operations (fuel) and
maintenance;

• Estimate capital cost includes additional vehicles; and

• Regional annual federal revenue loss includes NTD funds.

The data needs from each of the transit operators consist of:

• Bus routes using the I-394 or I-35W HOV facilities;

• Average headway for each route;

• Cycle time for each route;

• Average annual operating cost (driver and vehicle operation and maintenance);

• Average annual capital cost per vehicle; and

• Anticipated annual Federal revenue loss (from Metro Transit only).
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Appendix B – Travel Demand
Modeling Task

Travel demand models are used to project future traffic and are the basis for the determi-
nation of the need for new road capacity, transit service changes and changes in land use
policies and patterns.  Travel demand modeling involves a series of mathematical models
that attempt to simulate human behavior while traveling.  The models are done in a
sequence of steps that answer a series of questions about traveler decisions.  Attempts are
made to simulate all choices that travelers make in response to a given system of high-
ways, transit and policies.  Many assumptions need to be made about how people make
decisions, the factors they consider and how they react to a particular transportation
alternative.

Travel simulations require that an urban area be represented as a series of small geo-
graphic areas called travel analysis zones (TAZs).  TAZs are characterized by their popu-
lation, employment and other factors and are the places where trips begin (trip producers)
or end (trip attractors).  Trip making is first estimated at the household level and then
aggregated to the zone level.  Trip making is assumed to begin at the center of activity in a
zone (zone centroid).  Trips that are very short, that begin and end in a single zone (intra-
zonal trips) are usually not directly included in the forecasts.  This limits the analysis of
pedestrian and bicycle trips in the typical travel demand modeling process since they tend
to be short trips.

The Twin Cities Regional Travel Demand model was developed by the Metropolitan
Council and the Minnesota Department of Transportation.  This model, divided up into
1,200 TAZs, was developed in the early 1990s based on Census data, and a Travel Behavior
Inventory.

Network Development

The highway system and transit systems are represented as networks for computer analy-
sis.  Networks consist of links to represent highways segments or transit lines and nodes
to represent intersections and other points on the network.  Data for links includes travel
times on the link, average speeds, capacity, and direction.  Node data includes informa-
tion about intersections and the location of the node (coordinates).

Highway Network

The highway networks will be updated to include all major facility changes that have
occurred since the model has last been updated.  This includes improvements to I-394,
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I-35W, and other major roadway capacity changes and connectivity changes that may
affect the operation of the HOV lanes.

Transit Network

The transit network will be refined to reflect transit facilities currently in operation that
may have a primary impact on the study corridors.  This is necessary in order to forecast
the usage of transit and/or HOV lanes.  To forecast usage, it is first necessary to calibrate
existing usage.  One method of determining calibration is to compare the computer simu-
lated trips to actual trips.  This is important for determining or projecting the potential of
multi-person vehicles using the HOV lanes that may choose transit if HOV benefits are
reduced.

Four-Step Travel Demand Model Process

The travel simulation process follows trips as they begin at a trip generation zone, move
through a network of links and nodes and end at a trip-attracting zone.  The simulation
process is known as the four-step process for the four basic models used.  These are trip
generation, trip distribution, mode split and traffic assignments.  The process used to rep-
resent urban areas and the use of model results will also be described.  The basic modeling
process is illustrated in the diagram below.

Figure B.1 Basic Travel Demand Forecasting Four-Step Process

Source:  U.S. DOT Travel Model Improvement Program.
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Trip Generation

The first step in travel forecasting is trip generation.  In this step, information from land
use, population, and economic forecasts are used to estimate how many person trips will
be made to and from each zone.  This is done separately by trip purpose.  Trip purposes
that can be used include home-based work trips, home-based shopping trips, home-based
other trips, school trips, non-home-based trips, and truck trips.  Trip generation uses trip
rates that are averages for large segment of the study area.  Trip productions are based on
household characteristics, such as the number of people in the household and the number
of vehicles available.  Trip generation is used to calculate person trips.  These are later
adjusted in the mode split/auto occupancy step to determine vehicle trips.

Total trips generated in the region will not differ due to changes in the transportation
system.  This is because the amounts of trips are determined primarily by the socioeco-
nomic characteristics of the region, and is independent of the available transportation
networks.  Therefore, the socioeconomic data will be updated in simulated existing condi-
tions and for projecting 2020 transportation alternatives.

Trip Distribution

Trip generation finds the number of trips that begin or end at a particular zone.  These trip
ends are linked together to form an origin-destination pattern of trips through the process
of trip distribution.  Trip distribution is used to represent the process of destination choice.
Trip distribution leads to a large increase in the amount of data, which needs to be dealt
with.  Origin-destination tables are very large.  For the Twin Cities Model, which consists
of 1,200 TAZs, there are 1,440,000 possible trip combinations in its O-D table.  Separate
tables are also done for each trip purpose.

The Twin Cities Model uses the ‘gravity model’ for trip distribution.  The gravity model
takes the trips produced at one zone and distributes to other zones based on the size of the
other zones (as measured by their trip attractions) and on the basis of the distance to other
zones.  A zone with a large number of trip attractions will receive a greater number of
distributed trips than one with a small number of trip attractions.  Distance to possible
destinations is the other factor used in the gravity model.  The number of trips to a given
destination decreases with the distance to the destination (it is inversely proportional).
The distance effect is found through a calibration process, which tries to lead to a distri-
bution of trips from the model similar to that found from field data.

‘Distance’ can be measured several ways.  The simplest way this is done is to use auto
travel times between zones as the measurement of distance.  Other ways might be to use a
combination of auto travel time and cost as the measurement of distance.  Still another
way is to use a combination of transit and auto times and costs (composite cost).  This
method involves multiplying auto travel times and costs by a percentage and transit
time/cost another percentage to get a composite time and cost of both modes.  Because of
calculation procedures, the model must be iterated a number of times in order to balance
the trip numbers to match the trip productions and attractions found in trip generation.
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Mode Choice

Mode choice is one of the most critical parts of the travel demand modeling process.  It is
the step where trips between a given origin and destination are split into trips using tran-
sit, trips by car pool or as automobile passengers and trips by automobile drivers.  Calcu-
lations are conducted that compare the attractiveness of travel by different modes to
determine their relative usage.  All proposals to improve public transit or to change the
ease of using the automobile are passed through the mode split/auto occupancy process
as part of their assessment and evaluation.  It is important to understand what factors are
used and how the process is conducted in order to plan, design and implement new sys-
tems of transportation.

The Twin Cities Model uses the ‘Logit’ model to determine mode split.  This involves a
comparison of the “disutility” of travel between two points for the different modes that
are available.  Disutility is a term used to represent a combination of the travel time, cost
and convenience of a mode between an origin and a destination.  It is found by placing
multipliers (weights) on these factors and adding them together.  Travel time is divided
into two components:  1) in-vehicle time to represent the time when a traveler is actually
in a vehicle; and 2) out-of-vehicle time which includes time spent traveling, which occurs
outside of the vehicle (time to walk to and from transit stops or parking places, waiting
time, transfer time).

Travel cost is multiplied by a factor to represent the value that travelers place on time
savings for a particular trip purpose.  For transit trips, the cost of the trip is given as the
average transit fare and in/out of vehicle time for that trip while for auto trips cost is
found by adding the parking cost to the length of the trip as multiplied by a cost per mile.
HOV trip cost is a combination of the two.  For instance, many HOVs currently receive
reduced parking rates at the Third Avenue Distributor parking garages in Downtown
Minneapolis.

Once disutilities are known for the various mode choices between an origin and a desti-
nation, the trips are split among various modes based on the relative differences between
disutilities.  The logit equation is used in this step.  A large advantage in disutility will
mean a high percentage for that mode.  Mode splits are calculated to match splits found
from actual traveler data.

Automobile, transit, and HOV trips are converted from person trips to vehicle trips with
an auto occupancy model.  Mode split and auto occupancy analysis can be two separate
steps or can be combined into a single step, depending on how a forecasting process is set
up.  In the simplest application a highway/transit split is made first which is followed by
a split of automobile trips into auto driver and auto passenger trips.  The Twin Cities
Model divides trips into multiple categories (single occupant auto, two or more person car
pool, local bus and express bus, etc.).

Assignment

Upon determining the split of trips into highway and transit modes, the specific path that
they use to travel from their origin to their destination is found.  These trips are then
assigned to that path.  Traffic assignment is the most time consuming and data intensive
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step in the process.  The process first involves the calculation of the shortest time path
from each origin to all destinations.

Trips for each O-D pair are then assigned to the links in the minimum path and the trips
are added up for each link.  The assigned trip volume is then compared to the capacity of
the link to see if it is congested.  If a link is congested the speed on the link needs to be
reduced to result in a longer travel time on that link.  The whole process is undergoes sev-
eral iterations until there is equilibrium between travel demand and travel supply.

Transit trip assignment is done in a similar way to auto trip assignment except that transit
headways are adjusted rather than travel times.

Model Calibration and Validation

This model was originally calibrated for the Year 1990.  Model calibration and validation
will be updated to the current year for certain variables, depending on available informa-
tion.  The calibration and validation for this study will focus on Average Weekday Traffic
Volumes (AWDT) in the study corridors for both HOV lanes, and general-purpose lanes.
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Technical Memorandum:
Secondary Research

The purpose of this technical memorandum is to summarize the results of the secondary
research task of the Twin Cities High-Occupancy Vehicle (HOV) Lane Evaluation.  This
task involved reviewing and summarizing relevant research regarding the benefits and
costs of HOV strategies employed in other comparable metropolitan areas.  In addition,
city agencies and HOV lane experts were interviewed to obtain more detailed insight into
the objectives, strategies, successes, and challenges with their HOV facilities.

This report is classified into the following sections:

• Section 1.0 – Basics of HOV Lanes,

• Section 2.0 – Extent and Usage of HOV Lanes,

• Section 3.0 – HOV Goals and Strategies,

• Section 4.0 – HOV Lane Types,

• Section 5.0 – Performance Measures and Impacts,

• Section 6.0 – HOV Lane Challenges,

• Section 7.0 – Keys to a Successful HOV Lane Program,

• Section 8.0 – Expert Interviews, and

• Section 9.0 – References.

1.0 Basics of HOV Lanes

The Federal Highway Administration (FHWA) defines HOV lanes as “lanes where only
high-occupancy vehicles are allowed to operate, which include exclusive bus lanes and
bus ways (1).”  The vehicle occupancy requirement varies by facility and time period, but
in general, two people in each vehicle is the minimum, with the exception of motorcycles.

HOV lanes are used to help ease traffic congestion by maximizing person mobility, rather
than vehicle throughput.  Greater portion of HOVs on the corridors does not necessarily
increase the total vehicle being carried (2-3).  HOV lanes are only a component of a big-
picture ridesharing program, which also involve (1):
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• Carpool parking facilities,

• Casual carpool pick-up points,

• Express transit services,

• Office ridesharing programs,

• Parking management and pricing policies,

• Trip reduction ordinances,

• Zoning ordinances,

• Proper growth control and land use policies,

• Enforcement agencies, and

• Intelligent Transportation Systems (ITS).

Currently, there are more than 2,500 lane-miles of HOV facilities in the Unites States and
Canada.  Of these, more than 45 percent are located in California.  HOV lane coverage is
expected to double within the next 25 years (4).

First implemented more than 30 years ago, various HOV lane strategies and restrictions
have been applied and revised, and many lessons have been learned.  When applied
effectively, HOV lanes may produce the following benefits:

• Increased person movement/mobility,

• Improved speed and travel time to HOV lane users,

• Larger variety of mode choice to the public,

• Improved transit schedule adherence and reliability,

• Reduced peak period congestion, and

• Improved air quality and energy conservation.

On the other hand, concerns over HOV lanes include:

• Underutilization – While HOV lane proponents argue that HOV lanes promote car-
pooling and increase person movement, critics point out that several HOV lanes are
still underutilized; often so low, agencies must revert them back to mixed-flow (gen-
eral purpose) lanes.  “Backsliding” is not the only solution to this problem.  Section 6.0
discusses possible actions to improve HOV lane utilization.

• Expensive – Costs to plan, construct, operate, enforce, and market the HOV facilities
can be high.  These costs largely depend on the facility type, and whether or not a new
HOV facility needs to be constructed.  Fortunately, there are federal grants that are
allotted for transit/ridesharing programs.  Section 4.0 discusses HOV lane costs in
greater detail.

• Congestion Still Occurs – In many regions, HOV lane volumes remain consistently
low since opening day.  So far, there is no conclusive evidence that HOV lanes induce
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commuters to carpool or use transit (5).  Experts believe that not all HOV lane imple-
mentations would relieve congestion.  Rather, they are in place to provide greater
mode choice to travelers and improve transit operations (3).

• Inconvenient – Many Americans enjoy the freedom and flexibility of driving solo,
which is a major deterrent to carpooling.  Although HOV lanes may improve travel
time, additional time must be invested for carpool setup time.  Plus, with the increasing
popularity of flexible work hours, keeping a uniform and consistent work schedule
among several commuters is difficult.

• Unsafe – Since most HOV lanes are located on the inside (left-most) part of the free-
way, cars must weave their way through several traffic lanes to get to the HOV lanes,
and later from the HOV lanes to the freeway exit.  Often, large speed differentials
between the lanes may pose safety risks.  Also, HOV enforcement without proper ref-
uge areas could disrupt traffic and lead to unsafe circumstances (6).

• Not For Everyone – Carpooling works well at congested corridors or for trips to dense
areas where parking costs are prohibitive.  Otherwise, commuters would perceive that
driving alone would be more beneficial.  Many citizens fear that HOV lanes would
“force” them to carpool; they would rather see their tax dollars go to additional mixed-
flow lanes, instead of HOV facilities.

• Enforcement Issues – Many believe that the key success factor to HOV lanes depends
on strong and consistent enforcement.  However, still others would argue that the
limited police budget and manpower should be used to address more important social
problems, such as drugs, gangs, or domestic violence.  In addition, enforcement of
HOV violation often causes congestion due to gawking.

2.0 Extent and Usage of HOV Lanes

2.1 Extent

As of June 2001, there are more than 2,500 lane-miles of HOV lanes in the U.S. and Canada,
or more than double the mileage in 1995 (4).  Over 45 percent of these HOV lanes are
located in California, followed by Texas, Virginia, Minnesota, and Washington.

Los Angeles (CA) is currently the metropolitan area with the most HOV lane facilities, and
unlike other cities, HOV facilities in Los Angeles operate 24 hours a day, seven days a
week (4-5).  The FHWA estimates that by 2025, over 2,600 lane-miles of HOV will be
added to the current system (4).  A complete listing of HOV facilities in the U.S. and
Canada is included in Appendix A.
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2.2 Warrants

Generally, there are no specific warrants for HOV lanes, other than recurring congestion.
The Texas Department of Transportation (TxDOT) recommends that freeway corridors
with average daily traffic of at least 25,000 vehicles per lane should be considered as an
HOV lane candidate (3).  Corridors with heavy peak-period demands are usually priori-
tized for HOV lane deployment.

California has no specific warrants for selecting target corridors.  Rather, it concentrates
on the predicted impacts of the proposed HOV lanes.  Currently, California HOV lane can-
didates must be predicted to carry at least 800 vehicles per hour per lane (vphpl) during
the peak hour (5).  Washington uses a similar technique, only with a different performance
measure.  To be considered effective, Washington HOV lanes must operate at 45 mph or
more during the peak hour, at least 90 percent of the time.

2.3 Usage

The following are the most common HOV lane restrictions:

• HOV 2+ (two or more) – The most common HOV facility requirement, HOV 2+
requires at least two people within each vehicle.  In the U.S. and Canada, over
70 percent of HOV facilities impose this restriction (4), including Minnesota.

• HOV 3+ (three or more) – The second-most common HOV restriction, HOV 3+ facili-
ties require at least three people sharing a vehicle to legally operate on them.  Such
requirement is having recent setbacks, mostly downgraded to HOV 2+, due to low 3+
demands.

• HOV 4+ (four or more) – A rare HOV requirement, HOV 4+ needs at least four people
in a vehicle.  The U.S.-Mexico border crossing near San Diego (CA) has the only HOV
4+ lanes in North America.

• Exclusive Bus Way and Bus Lane – Bus ways and bus lanes are built exclusively for
transit, with the primary goal of improving transit reliability and schedule adherence.
Bus ways are as expensive to construct as any other freeway lanes, but carry less traf-
fic, often times making them less cost-effective.  Bus lanes, on the other hand, are very
similar to concurrent flow HOV lanes, except that no other vehicles except buses are
allowed on them.  Both have limited vehicle utilization, making them less viable
options.  However, the potential of bus ways and bus lanes are tremendous, since
buses are an efficient urban people mover, yet cheaper and more flexible than light
rail.  For major corridors with many bus routes in urban areas with high transit rider-
ship, bus ways and bus lanes can be a very attractive solution.  A local example of an
exclusive bus way is the University of Minnesota transit way that connects the
Minneapolis and St. Paul campuses.

• Bus, Taxi, and Vanpools Only – Exclusive HOV lanes limited to transit, paratransit
(both vacant or occupied), and registered vanpools.
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• HOV/Toll (HOT) Lanes – HOT lanes allow carpools to use the facility for free (or at a
discount), but also allow single-occupancy vehicles (SOVs) to travel on them, for a
premium.  The toll fees imposed can be fixed or variable.  Variable toll prices are
determined depending on the time of day, direction, and potential timesavings.  Since
HOT lanes require toll collection booths or Electronic Toll Collection (ETC) equipment
and must be separated from the mixed-flow lanes, they normally cost more.  SR-91 in
California, for example, cost $133 million to construct and requires $9.1 million annu-
ally for operations and maintenance (O&M).

2.4 Operation Times

In general, HOV facilities across the country operate during the weekday a.m. and p.m.
peak periods, usually from 5:00 a.m. to 9:00 a.m. and from 3:00 p.m. to 7:00 p.m.  More
agencies are now considering implementing the HOV restrictions during weekend peak
periods.

In areas where underutilizations exist, agencies often reduce the operating times in order
to avoid the “empty lane syndrome” and offer more effective capacity utilization of the
lanes.  For more about HOV lane challenges and strategies used to encounter them, please
refer to Section 6.0.

3.0 HOV Goals and Strategies

3.1 Goals

HOV lanes are only a component of the ridesharing program.  According to the FHWA,
ridesharing is established to “move more people in fewer vehicles and encourage people
to use HOV (1).”  In California, the state law decrees that HOV lanes are built to relieve
congestion and to “encourage individual citizens to pool their vehicular resources and,
thereby, conserve fuel and lessen emission of air pollutants (5).”  In Texas, “making the
most of existing infrastructure” is the primary goal (4).  According to Park et al., most state
agencies have the following goals for their HOV facilities (7):

• Move more people than the General Purpose (GP) lanes,

• Fully utilize the HOV lanes,

• Provide travel time savings,

• Maintain higher speeds than the GP lanes,

• Provide more travel options to the travelers,

• Increase the number of people per vehicle, and

• Provide more predictable travel times.
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3.2 Ridesharing Strategies

Since the introduction of automobiles, Americans have enjoyed unprecedented levels of
privacy and freedom never before provided by transit.  Since the demand for more free-
way capacity is much larger than the increases in supply, ridesharing programs have been
introduced.  Several forms of ridesharing include (1):

• Household Carpooling – The most common form of carpooling, where commuters
from the same household travel together to similar destinations, makes up the largest
group of HOV lane users.  Studies have shown that people tend to favor carpooling
when their travel mates are from the same household (1).  Furthermore, household
carpoolers require no setup time at the beginning of the trip, although different desti-
nations may require extra time.  Also, this form of carpooling is largely a result of trip
chaining, or incorporating several sub-destinations within a main Origin-to-Destination
(O-D) trip.  Classic examples include mothers who need to drop-off their children at
school before heading to work.

• Office Carpooling – Vice versa, office carpools share the same destination, but not the
same origin.  From the efficiency standpoint, perhaps the timesavings would not differ
much from household carpooling.  However, the biggest obstacle to office carpooling
is the advent of flexible work hours and telecommuting.  Often times, the difficulties
of maintaining uniform and consistent schedules prompt people to drive in SOVs.

• Organized Carpool/Rideshare Services – Typically a public or non-profit agency that
coordinates carpooling among people with similar origins and destinations.  Metro
Commuter Services in the Twin Cities provides such services.

• Casual Carpooling – A rare carpooling method, often raising safety concerns, casual
carpoolers are strangers sharing a vehicle to a general destination.  The drivers pick up
carpoolers at predetermined locations, such as transit stops, and drop them off at a
negotiable drop-off point.  In the San Francisco Bay Area, for example, Bay Area Rapid
Transit (BART) stations often serve as casual carpool pick-up points.  Casual carpooling
is loosely organized, and remains a small part of the HOV program.

• Transit – Perhaps a safer form of carpooling with strangers is public transit, although
destination and schedule inflexibilities are considerable tradeoffs.  Some view transit
as the only effective form of ridesharing, urging transportation agencies to only con-
sider future planning and construction of bus lanes (8).  However, recent trends show
that by lowering the occupancy requirements, more people would be attracted to
share their vehicles with others (9).
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3.3 Preferential Parking

Preferential parking is perhaps one of the important components that could promote
higher occupancy vehicles.  With preferential parking, carpoolers may park at “premium”
parking stalls for free or at a discount.  According to a study in Seattle, preferential parking
work best under the following conditions (10):

• Employers control or subsidize worksite parking,

• Parking lots are at or near capacity,

• SOV parking costs are expensive, and

• Reserved HOV parking spaces are located at “premium” locations.

4.0 HOV Lane Types

4.1 Geometric Configuration

From the way the HOV facilities were constructed, there are several types of HOV lanes,
including (1, 3, 7):

• Concurrent Flow – The most common form of HOV lane, concurrent flow HOV lanes
are located adjacent to mixed-flow traffic lanes, only separated by traffic striping.
Most concurrent HOV lanes are located in the inside (left-most) traffic lanes, but sev-
eral variations exist to accommodate buses that must pull in and out of the freeway.
Both I-35W and I-394 west of Highway 100 fall under this category.

• Barrier-Separated – Concrete barriers separate this HOV lane type from the mixed-
flow lanes.  These facilities are usually more expensive to construct, but may bring
additional advantages, depending on how they are used.  Speed limits on these
facilities may be different than the mixed-flow lanes without raising any safety con-
cerns due to high speed differentials.  There are two sub-types of barrier-separated
HOV facilities:

− Fixed Flow – The barrier-separated HOV lane is used for one fixed direction.  While
it has limited advantage over concurrent lanes, barrier-separated HOV lanes are
more exclusive for buses, allowing for construction of transit stops along the facil-
ity.  Separated HOV lanes have few connection points with the freeway mainline,
thus keeping the number of exits at a minimum.  If weaving is a major problem,
separated HOV facilities must have their own freeway exits, making them even
more expensive.

− Reversible Flow – By making the lanes reversible, they can be used to serve two
directions, usually the peak direction during a given peak period.  The main disad-
vantage of reversible flow lanes is their high operating costs.  Twice-daily efforts to
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open and close appropriate entry/exit points must be maintained over the life of
the facilities.  I-394 east of Highway 100 is considered a reversible HOV lane.

• Contraflow – Similar to barrier-separated, reversible HOV lanes, contraflow lanes are
also reversible.  If traffic demand for an off-peak direction is light enough, lanes from
this direction may be “borrowed” to serve as HOV lanes for the peak direction.  High-
way crews must arrange rubber pylons or movable concrete barriers to determine the
directions of the lane.  The contraflow approach imposes an even higher operating cost
than fixed-flow, reversible lanes, since the reconfigurations must be done manually
over the entire length of the HOV facilities.

• Shoulder Lane – Sometimes carpools may legally operate on freeway shoulders during
designated hours.  California, Washington, and Maryland are the only U.S. states with
shoulder HOV lanes, with a total of less than 70 lane-miles nationwide.  Shoulder
lanes were first implemented because of a combination of capacity, financial, and
space constraints.  Criticisms against shoulder lanes include weaving and merging
safety issues.  Minnesota uses bus-only shoulder lanes for transit operations.

• Ramp Meter Bypass – When a freeway on-ramp has two lanes, one of the lanes may
be metered, while the other is dedicated as an HOV bypass lane.  The success of
bypass lanes is closely related to the ramp metering policy; highly restrictive metering
may lead to rampant illegal use of the bypass lanes.  Twin Cities has an extensive
ramp meter bypass system.

4.2 Capital and Operating Costs

Concurrent HOV lanes are usually the least expensive to construct and maintain, since
they do not require exclusive right-of-way or barriers.  Also, converting a mixed-flow lane
into an HOV lane is cheaper, requiring only minimal field efforts, such as re-striping and
signposting.  The following table lists the average costs of constructing, maintaining, and
enforcing HOV lanes based on a 1992 study (11).

Table 4.1 Average HOV Lane Costs (in Thousands)

Cost Type

Exclusive
Bus
Way

Barrier-
Separated Concurrent

Contra-
Flow

Capital cost per mile $1,022 $1,055 $890 $250
Annual O&M costs $30 $150 $60 $300
Annual police enforcement costs $150 $60 $60 NA

Source: FHWA, 1992.
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5.0 Performance Measures and Impacts

Numerous evaluations have been performed on HOV systems throughout the nation.
Since the goals of HOV facilities are similar no matter the type of HOV configuration, the
measures of effectiveness (MOEs) used for each study are similar.  Table 5.1 lists the
MOEs that have been used, along with general comparisons against mixed-flow lanes.
Detailed impact values for the various studies are documented in Appendix B and sum-
marized in Table 5.2.

Table 5.1 HOV Lane MOEs

MOE Comparison to Mixed-Flow

Volume (vehicles) Less
Volume per lane Less
Person Less
Person per lane More
Average vehicle occupancy More
Speed Faster
Travel time Faster
Travel time reliability More Reliable
Timesavings Positive
Incident rate Depends on HOV lane type
Energy and emissions Less
Public perception Mixed
Mode shift/induction effects NA
Parking costs NA
Enforcement costs vs. revenue NA
Violation rate NA
Transit ridership NA

Sources: Cambridge Systematics, Inc.; FHWA, 1992 and 1996; and WashDOT.
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Table 5.2 Peak Hour HOV Lane Impacts

Measure
Exclusive
Bus Way

Barrier-
Separated Concurrent

Contra-
Flow

Mixed-
Flow

Vehicle volume 725 876 1,038 150 5,884
Vehicle volume per lane 725 703 834 150 1,540
Person volume 34,685 5,720 4,807 6,000 7,600
Person volume per lane 34,685 4,427 3,431 6,000 2,220
Speed (mph) 21 54 42 50 26
Travel time per mile (min) 2.86 1.11 1.44 1.20 2.31
Timesavings per mile (min) -0.55 1.20 0.95 1.11 NA
Violation rate (peak hour) 1.0% 5.0% 12.4% NA NA
Violation rate (peak period) 1.0% 9.5% 13.3% NA NA
Incident per million VMT NA 1.43 2.94 NA 2.03
HOV-to-MF vehicle vol per lane ratio 0.47 0.46 0.54 0.10 NA
HOV-to-MF person vol per lane ratio 15.6 2.0 1.5 2.7 NA

Source:  FHWA, 1992.

The following items have been observed from the studies:

• HOV lanes carry more people than a congested mixed-flow lane.  Each HOV lane typi-
cally transports twice more people than a mixed-flow lane during the peak hour.  The
bus way between New Jersey and New York is the most successful implementation of
an HOV program, carrying almost 16 times more people than a mixed-flow lane
would during peak hours.

• In some cases, HOV lanes are underutilized, carrying fewer vehicles per lane than
their mixed-flow counterparts.  According to some findings, HOV lane vehicle utiliza-
tion ranges from 10 to 54 percent of the mixed-flow lane vehicle volumes.  Park et al.
writes that effective HOV lanes should carry between 400 and 1,500 vphpl (7).

• In general, HOV lane speeds are 20 to 30 mph higher than their regular counterparts.
Speeds along bus ways are also excellent; but taking into account the transit stops, the
average speed tends to be lower.

• Likewise, HOV lanes are expected to generate travel timesavings to their users.
According to a Portland study, HOV travel time benefits are approximately one min-
ute per mile (12).  Combining HOV lanes with Intelligent Transportation Technologies
(ITS) could increase the benefits further, as high as two minutes per mile (13).

• With enough buses to fill them, bus ways and bus lanes move the most number of
commuters.  NJ Route 495, a 2.5-mile bus way connecting New York City with New
Jersey, carries over 700 buses during the peak hour, transporting approximately 35,000
commuters.
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• Violation rates vary depending on the level and method of enforcement (detailed in
Section 6.0), but typically around 10 percent.  Concurrent HOV lanes, seamlessly inte-
grated with the rest of the freeway mainlines, usually exhibit higher violation rates.
Barrier-separated or exclusive HOV lanes, having limited entry and exit points, are
geometrically more effective in deterring HOV lane abuses.

• Incident rates on HOV lanes and their adjacent mixed-flow lanes range between two
to three incidents per one million miles of travel, largely due to weaving and large
speed differentials.  Barrier-separated facilities usually have lower incident rates.

• Public acceptance of HOV lanes vary by metro area, but generally, HOV lanes are
accepted as a good idea when the corridors experiences recurring congestion.  In Texas
and Southern California, the public supports the use of HOV and HOT lanes.  On the
other hand, Virginia and New Jersey had to re-evaluate their HOV strategies due to
lack of use and the resulting lack of public support.

6.0 HOV Lane Challenges

Like other transportation solutions, HOV lanes have their limitations and weaknesses.
Operating an HOV facility at an optimum level is definitely a tough challenge that trans-
portation agencies must undertake.  This section presents a few key issues and challenges
with HOV lanes.

6.1 Combating the “Empty Lane Syndrome”

Most HOV experts agree that HOV facilities increase person-movement.  However, when
asked if HOV lanes are making the most out of today’s infrastructures, the answers would
contrast sharply.

Although moving about twice the number of people on each mixed-flow lane, most existing
HOV lanes are still underutilized.  On average, California’s HOV lanes carry only two-
thirds of their vehicle volume capacity of 1,650 vphpl.  Many are operating below the
California Department of Transportation’s (Caltrans) minimum limit of 800 vphpl.
Unfortunately, many states are experiencing similar difficulties.  Today, state agencies
must reconsider the strategies and goals behind their HOV/ridesharing programs, and
how to implement them effectively.  Below are some of the considerations studied:

• “Backslide” to Mixed-Flow – Most of the HOV facilities were built using federal
grants and subsidies, so backsliding was an option very much opposed by the FHWA.
Up until the 1990s, no rules were in place to prevent state DOTs to convert their HOV
facilities to mixed-flow.  As a result, many agencies used the money to build HOV
lanes, only to convert them as quickly as one month after opening day (8).  Starting in
1994, states were required to refund the federal grants if the HOV lanes did not oper-
ate as such, or did not meet the FHWA usage requirements.  Secondly, congestion
relief from such conversion proved to be short-lived.  Since travel demand is much
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larger than the available roadway capacity, the extra capacities were quickly absorbed
by induced travel demand.  According to a 1995 study at the University of California
at Berkeley, a one percent increase in lane-miles induces a 0.9 percent increase in vehi-
cle miles of travel (VMT) (5).

• Lower HOV Requirement – In order to keep the federal grants, yet making the most
of the HOV facilities, state agencies were forced to rethink their strategies.  The most
common outcome of that process was lowering minimum occupancy requirements on
most HOV facilities, usually from 3+ to 2+.

• Allow Incident Override – Another compromise that the FHWA was willing to make
was to allow SOVs to use the HOV lanes during incidents of longer duration.  How
long, is an issue that must be evaluated on a case-by-case basis.  In Hampton Roads
(VA), for example, legislators first recommended opening up the HOV lanes during
incidents that block traffic for more than five minutes.  The FHWA, however, rejected
the proposal and later settled on a 10-minute trigger (14-15).  Perhaps it is worth noting
that such a policy takes away the advantage to transit and carpools when it is needed
most.

• Increase Speed Limit – In July 2001, Virginia Department of Transportation (VDOT)
raised speed limits on its barrier-separated HOV lanes from 55 to 65 mph.  Another
way to improve HOV lane usage is to increase the benefits to the users.  The major
concern over this methods is safety, especially on concurrent HOV lanes.  The speed
discrepancy between the mixed-flow and HOV lanes, coupled with heavy weaving
between the HOV lanes and the exits, could pose a dangerous situation to the motorists.

• Remove/Reduce Enforcement – Theoretically, the higher the violation rates, the
higher the HOV lane use, whether it is legal or illegal.  One way to do this would be to
remove or reduce state patrollers from the corridors.  However, since the patrollers are
already there to oversee the entire freeway operations, including ramp metering and
speeding, reducing manpower would mean reducing enforcement levels in these other
areas as well.  In Tennessee, a legislation has been proposed to reduce the HOV lane
violation penalty to $1, and allow usage of HOV facilities as “passing lanes” (99).  It is
very unlikely that the FHWA would go along with this proposal, but beyond that,
such proposal could undermine the seriousness of HOV operations.

• Convert to HOT Lanes – Probably one of the more attractive options to the state agen-
cies and economists, such conversion would be a tough sell to the public.  While it is
true that HOT lanes promise more effective use of the extra capacity – essentially let-
ting SOVs to “bid” on their usage – HOT lane critics have long argued that these
“Lexus Lanes” are too drastic of a change, and would discriminate against the poor.
So far, while there is some correlation between income and usage, it was a weak one:
more than 40 percent of the lowest income ($28,000 or less) population group used
SR-91, versus about 50 percent of the highest income ($100,000 or more).
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6.2 Violation and Enforcement

Effective enforcement is critical to the success of HOV facilities.  For example, HOV lanes
on I-4 in Orlando (FL) were not enforced, and the resulting violation rate was a record
75 percent in 1992 (11).  Violation rates typically run around 10 percent, although this rate
largely depends on the following factors:

• HOV Facility Type – Concurrent HOV lanes typically have higher violation rates,
because vehicles may freely enter and exit the lane.  When the mixed-flow lanes are
heavily congested and no patrollers are in sight, motorist sometimes use the HOV lane
illegally for a short period of time or as a passing lane.  This cannot be easily done on
barrier-separated or exclusive HOV lanes, since motorists are uncertain of the presence
of patrollers along the facility.

• Enforcement Consistency – A report on I-80 HOV lanes in New Jersey suggests that
strategies employed by the Highway Patrol play an important role (16).  According to
the study, more frequent enforcement would decrease violation rates.  However, it
also finds that random enforcement would further lower the rates.  Table 6.1 displays
the results of different enforcement strategies.

Table 6.1 Summary of Violation Rates on I-80 in New Jersey

Enforcement Strategy
Percent

Violations
I-80 EB
Five days per week 6.9%
Three days per week 10.4%
Six random peaks per week (4 patrollers) 4.6%
Eight random peaks per week (3 patrollers) 7.6%

I-80 WB
Five days per week 6.1%
Three days per week 24.3%
Six random peaks per week (4 patrollers) 5.2%
Eight random peaks per week (3 patrollers) 6.9%

Source: Perlman and Kotchi, 1999.

• Staff Manpower – The more patrollers assigned to enforce the HOV regulations, the
lower the violation rates will be.  Interestingly, the I-80 study suggests that staffing is
more critical than consistency.  In the study, enforcing six random peak periods per
week with four patrollers was more effective than enforcing four random peaks with
only three patrollers.  Please refer to Table 6.1 for the results of the study.

• Visible Yet Safe – Consistent enforcement must be clearly visible to the motorists, but
without disrupting traffic (2).  According to the U.S. DOT, too many patrollers
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enforcing a corridor could lead to major disruptions of traffic (6).  An effective way to
ensure safety and smooth traffic flows, while maintaining a good level of enforcement,
would be to provide protected refuge/enforcement areas for the state patrollers.

• Penalties – Significant deterrents are important in controlling HOV lane abuses.  In the
U.S., carpool penalties average $150 per offense, ranging from $40 in Honolulu (HI) to
$300 in Pittsburgh (PA).  Classifying HOV occupancy violation as a moving violation,
and thus contribute to the driver’s point count, is another good penalty to deter HOV
lane abuses.

• Time Factors – The FHWA concludes that part-time HOV facilities usually exhibit
higher violation rates, particularly at the time fringes between HOV and mixed-flow
use (6).  Daylight is also determinant factor in HOV violations.  Generally, violation
rates are higher in darkness, when motorists perceive that the State Patrol cannot accu-
rately determine vehicle occupancies.

• Residual Effects – Enforcement is also proven to carry residual effects on the opposite
peak period.  When one peak is heavily enforced, the other peak period will also
exhibit decreases in violation rates.  However, without randomization, this effect could
only be temporary.

6.3 Monitoring Techniques

Throughout its 30-year history, numerous adjustments and policy changes have been
implemented.  According to Haboian et al. (2), person volumes, violation rates, and aver-
age occupancy per HOV data are still limited.  Efforts to provide and streamline HOV
data flows are critical to the longevity of the HOV program.  By continuously publishing
up-to-date benefits of HOV lanes, public satisfaction and political support would remain
high.  By having a rich source of data, demand predictions would be more accurate.

6.4 Enhanced Planning Techniques

Predicting the usage and demand of unbuilt HOV facilities is no easy task.  Since usage of
each HOV facility is closely intertwined with other issues like enforcement, employment,
population growth, and suburbanization, better models need to be developed.  HOV lanes
require large amounts of upfront capital investments, so assessments on congestion pricing
elasticities and public acceptance must be carefully done.

6.5 Realistic Expectation

Yet, transportation agencies must set out realistic expectations when operating HOV
facilities.  It is unfair to expect HOV facilities to solve all the congestion problems in an
area.  Therefore, synergies between HOV strategies and other transportation management
techniques, such as transit, ITS, and local ordinances are critical.
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7.0 Keys to a Successful HOV Program

In conclusion, one can draw important lessons from current and past HOV lane opera-
tions.  The following lists some of the keys necessary for a successful HOV program:

• Select the Right Segment – HOV lanes work best in metropolitan areas with high lev-
els of congestion or recurring congestion.  Without congestion or capacity constraints,
most people would prefer to drive alone, since travel costs are relatively inexpensive
in the U.S.  Usually, corridors connecting residential neighborhoods to the downtown
or major employment centers are good HOV lane candidates.  TxDOT suggests that
freeways with over 25,000 vehicles per lane per day should be relieved with the help
of HOV lanes (3).

• Select the Right Restriction – A balance between HOV restrictions and person-volumes
must be carefully analyzed.  Predicting HOV lane utilization may require years of trial
and error and monitoring.  Even then, the urban area dynamics will constantly change
the HOV demand and utilization.  However, keeping the HOV lanes full is crucial in
keeping them open.

• Enforcement – Studies have shown that support for HOV lanes is lessened when peo-
ple start to perceive that the HOV privilege is being abused (6, 16).  Providing a high
level of enforcement that is random, consistent, and visible, as detailed in Section 6.0,
is important.

• Interagency Coordination – Since HOV lanes are just a component of a bigger picture,
careful coordination with city agencies, transit authorities, and bridge authorities are
needed.  Teamwork between these groups, led by a project champion, would increase
the likelihood of success, where each stakeholder’s goals and objectives are met.
Experts argue that stand-alone HOV lanes would only address specific problems at
specific corridors.  To multiply the effectiveness and benefits over the entire metro-
politan area, the approach must be done within the context of the entire urban mobil-
ity and integrated multimodal transportation goals (2).

• Synergy – HOV lanes will be more effective if they are coupled with other facilities,
services, technologies, and policies, especially transit and ITS (2-3, 13).  Section 1.0 lists
several components that can form effective synergies with HOV facilities, such as car-
pool parking, trip reduction ordinances, transit facilities, park and ride facilities, ride-
sharing programs and connections to bus-only shoulders.

• Public and Policy-Maker Support – As with other public projects, interaction with the
client and potential users of the facility is critical.  Beyond just marketing the project, it
is necessary to involve the public and their representatives during every step of the
project, from the planning, design, to the implementation stages.

• Education and Marketing Programs – People’s perceptions tend to change over time.
A diligent transportation agency would continue marketing its existing HOV facilities
to ensure high public support and possibly lower violation rates.  Seattle (WA), for
example, continues to educate the public about the benefits of its transportation pro-
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grams (including HOV lanes), while promoting its “HERO Program,” where motorists
could alert the authorities about possible HOV lane violations.

• Continuous Monitoring and Data Collection – Like the recent trend in lowering the
HOV restrictions to increase usage, changes in population, density, growth, subur-
banization, and employment may require further revisions in HOV planning, decision-
making, and policies.  Current surveillance systems are adequate to monitor HOV lane
vehicle volumes and speeds; but the more important data, such as person volumes
and violation rates, are still collected manually and intermittently.

8.0 Expert Interviews

Interviews with several implementing agencies or research institutions were included in
order to obtain more “hands-on” information regarding the strategies, objectives, suc-
cesses, and challenges related to HOV lane operations in comparable metropolitan areas.
The following are summaries of the interviews with four state agencies (Virginia, California,
New Jersey, and Washington), as well as one university research agency (Texas
Transportation Institute).

8.1 Virginia Department of Transportation (VDOT)

Contact: Mr. Stephany Hanshaw
Smart Traffic Center Facility Manager
(757) 424-9907
hanshaw_sd@vdot.state.va.us

HOV lanes were first implemented in Virginia in the 1980s without much success.  A five-
mile lane was converted into an HOV 3+ lane to serve as a queue bypass for a toll facility.
Since it took out a lane, public reaction was overwhelmingly negative, and the project was
terminated quickly.  In 1992, VDOT re-introduced HOV lanes to the public, and this time,
it was a success.  As of June 2001, VDOT operates over 200 lane-miles of HOV facilities,
which consist of concurrent and reversible lanes.  VDOT hopes to double this figure by
2020.  Figure 8.1 illustrates the current HOV lane network in the Hampton Roads region.
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Figure 8.1 Hampton Roads Area HOV Lane System

The main goal that VDOT has for its HOV facilities is to increase people movement.
Along with this, VDOT hopes to relieve congestion and promote transit.  On average,
Virginia’s HOV lanes carry about 300 to 400 vphpl during the peak hour, which makes
underutilization the biggest challenge to HOV operations.

To promote greater utilization of its HOV facilities, VDOT has implemented several strat-
egy adjustments, most of them due to public and political pressures.  “Backsliding” was
not an option, because, if it were to happen, the FHWA would require VDOT to repay
over $170 million in federal grants used to build the HOV lanes.  In 1992, when HOV lanes
were re-introduced in the state, all occupancy requirements were set at HOV 2+, not the
original HOV 3+ used in the 1980s.  In July 2000, HOV operating hours were reduced by
30 minutes in the morning and one hour in the afternoon.

In June 2001, incident overrides for accidents longer than 10 minutes were adopted.  Ini-
tially, the legislators asked for a five-minute trigger, which the FHWA rejected.  VDOT
studies claimed that “over 55,300 vehicles have been re-routed to use the HOV lanes during
periods of lifted restrictions, and the average time saved for each vehicle was 4.0 minutes.”
Public reaction over this adjustment has been very favorable.
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Finally, in July 2001, the speed limit on the barrier-separated, reversible HOV lanes in
Hampton Roads was raised by 10 mph.  VDOT speed studies indicated that the 85th per-
centile speed at this corridor was 64 mph, while the speed limit was only 55 mph.  Fortu-
nately, the barrier separation eliminates the safety issue caused by large speed
differentials between the mixed-flow and the HOV lanes.  Again, public support for this
ruling has been excellent, and there were no objections from the safety constituents.

The Virginians slowly accepted ridesharing and HOV lanes, because many felt that the
HOV lanes would force them to carpool.  Citizens preferred to have mixed-flow lanes
added to the current infrastructure, instead of HOV lanes.  However, recent alterations in
HOV operations helped the public to perceive more favorably toward HOV lanes.  In
addition, VDOT has hired a marketing agency to help promote ridesharing and, in turn,
greater utilization of HOV lanes.  Some of the mediums used by the VDOT include televi-
sion ads, radio spots, souvenirs, public meetings and posters.

The average HOV violation rate in Virginia is approximately five percent, although rates
at the concurrent HOV lanes tend to be higher (between five and 10 percent) than the bar-
rier-separated facilities.  Virginia State Patrol handles all enforcement issues, including
scheduling and manpower distribution.  Although effective, the use of state patrol is very
cost- and labor-intensive.

8.2 California Department of Transportation (Caltrans)

Contact: Ms. Antonette Clark
Chief of HOV Systems
(916) 653-4552
Antonette.Clark@dot.ca.gov

What first started as a bus way on the lower deck of the Bay Bridge in 1962, Caltrans now
operates the most extensive network of HOV facilities in the U.S.  It has over 1,000 lane-
miles of HOV lanes, mostly in Los Angeles and the Bay Area.  Caltrans expects to double
this amount by 2023, all through corridor expansions, and not mixed-flow lane conver-
sions.  Figures 8.2 and 8.3 illustrate the HOV lane networks in the Bay Area and Los
Angeles.
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Figure 8.2 San Francisco Bay Area HOV Lane System

The main goal of HOV operations in California is to relieve congestion.  HOV lanes are
currently planned and implemented as part of a $5.2 billion state program enacted by
Governor Gray Davis in 2000.  The main challenge to the HOV program is gaining public
acceptance prior to facility implementation.  For example, HOT lanes SR-91 in San
Bernardino and I-15 in San Diego faced tough challenges from the public during their
planning stages, but everything quieted down after the lanes were opened.  Caltrans cur-
rently investigates more effective public relations mediums to convey the general benefits
of HOV lanes to Californians.  Recent surveys in Southern California indicate that public
satisfaction is overwhelmingly positive – close to 90 percent reacted positively toward
HOV lanes.

Most HOV facilities in California require at least two passengers in each vehicle, and
changes in occupancy requirement almost never occurred.  Adjustments are usually done
in the operating hours, either by extending or shortening the part-time HOV lane hours.
Changes are usually driven by the public.  It usually takes six months of planning and
preparation for each change, followed by 14 to 18 months of pilot study, during which the
facility is continuously monitored.

Caltrans acknowledged that underutilization occurs at some segments, and that HOT
lanes would be an effective way to “sell” the extra capacity.  However, Caltrans believe
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that such conversion is “too drastic,” and all HOT lane implementations require the
Governor’s approval.

Figure 8.3 Los Angeles Area HOV Lane System

HOV violation rates in California are generally under 10 percent.  All aspects of HOV
enforcement, including strategies, manpower, and methods, are left up to the California
Highway Patrol (CHP).  CHP does not use a standard method to monitor California’s
HOV facilities; instead, it monitors the resulting violation rates.  When a segment has vio-
lation rates of more than 10 percent, special attention is given to the area until the rate falls
under the 10-percent threshold.

“Backsliding” occurred only once in California.  With approval from the FHWA, Caltrans
converted a five-mile concurrent HOV segment on I-580 in Richmond.  The facility oper-
ated as an HOV lane between 1989 and 2000, for one hour during the a.m. peak and one
hour during the p.m. peak.  Originally implemented as an emergency measure after the
Loma Prieta earthquake, Caltrans decided that this was not a good site to implement
HOV.  The segment was too short, the operating window too small, and traffic was too
low to produce significant timesavings.  There were no significant objections from anyone
when the switch occurred in 2000.

In the 1990s, Caltrans experimented with opening freeway shoulders to traffic during
peak periods.  No specific studies were conducted, but the pilot project was quickly ter-
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minated because of high crash rates from cars rear-ending stalled vehicles that were
moved to the shoulders prior to the peak periods.  Shoulder lanes are deemed “confusing”
and “unsafe.”  Besides, many California shoulders are not wide enough to be used as a
traffic lane.

In the case of major incidents, HOV lanes may be opened up to general traffic.  The Traffic
Management Center and Caltrans make this decision on a case-by-case basis.  Once the
decision is made, CHP directs traffic to the HOV lanes, followed by radio and Variable
Message Sign (VMS) announcements.

Caltrans never considered adjusting the HOV lane speed limits to boost utilization.  The
safety committee sets the speed limits, and this committee is largely detached from the
operations division.  Given the costs and controversy to change the speed limit, while the
benefits are relatively unknown, Caltrans does not think that this is a worthwhile idea.

San Diego operates eight-mile, reversible, barrier-separated HOT lanes on I-15.  Initiated
as a pilot project between 1996 and 1999, its sunset date was removed in 2001.  Carpools of
two or more and motorcycles are allowed to use the facility for free, while SOVs with spe-
cial FasTrak accounts can pay to use the facility.  There are no tollbooths on I-15, since all
payments are done using electronic toll collection (ETC) technology.  I-15 has doubled its
daily traffic from 9,400 vehicles per day (vpd) as a 2+ HOV facility to 18,000 vpd as a HOT
facility.  Initially opposed by many, fearing a “Lexus Lane Syndrome,” I-15 proved to pro-
vide real timesavings that can be enjoyed by all travelers in the area.  It now enjoys favor-
able public perceptions.  Violation rates vary between two to five percent due to constant
CHP monitoring at the site.

SR-91 Express Lanes in San Bernardino originally started in 1995 as a HOT lane facility,
but, due to high usage, HOVs are now required to pay – albeit at a cheaper fare than
SOVs – for their use.  In fact, demand is so high, toll fares have been raised more than five
times since opening day.  One of the few private toll roads in the nation, a non-compete
clause was built in to the agreement between the private owners and the Orange County
Transportation Authority (OCTA).  The clause restricts the county from expanding the
current free lanes for the next 30 years.  Currently, OCTA is looking into purchasing back
this non-compete clause, because of a dire need to expand the corridor.  Along with this,
OCTA must also decide the future of the express lanes.  Some of the future considerations
to the express lanes include:

• Converting them back to HOT lanes (carpools use the facility for free), or

• Open them up to general traffic.
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8.3 Texas Transportation Institute (TTI)

Contact: Ms. Ginger Daniels
(512) 467-0946
g-daniels@ttimail.tamu.edu

Mr. David Fenno
(713) 686-2971
d-fenno@tamu.edu

Unlike HOV facilities in other U.S. metropolitan areas, Houston’s HOV lanes are operated
and enforced by its transit authority.  First implemented in 1979 by the Houston
Metropolitan Transit (Metro) as express lanes for buses and registered vanpools, HOV
lanes in Houston always go hand-in-hand with transit operations.  The Texas Department
of Transportation (TxDOT) is only responsible for the maintenance of the HOV infra-
structures.  Today, Metro owns approximately 65 lane-miles of HOV lanes, all of them
barrier-separated, reversible lanes.  Figure 8.4 shows the HOV lane system in Houston.
Houston has no HOV bypass lanes on the ramps, because these HOV lanes have their own
access points directly to/from the transit stations and park-and-ride lots.

Figure 8.4 Houston HOV Lane System Map
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All of Houston’s HOV lanes operate from 5:00 a.m. to 11:00 a.m. and 2:00 p.m. to 8:00 p.m.,
while closed the rest of the time.  Some of the HOV facilities operate on weekends.

Metro’s primary goal for its HOV facilities is first to improve person-movement, followed
by transit reliability.  So far, the HOV program in Houston has encountered great success.
Initially implemented as bus- and vanpool-only facilities, the HOV requirement was low-
ered to 3+ and later to 2+ to overcome underutilization.  Recently, however, the require-
ment was raised back to 3+ during peak periods due to high demand and a need to
maintain significant timesavings.  Current guidelines require Metro to rethink its strate-
gies when peak-hour volumes on the HOV lanes exceed 1,400 vphpl.

Public support for HOV lanes in Houston is generally positive.  One survey indicates that
up to 70 percent of the respondents support the HOV program.  The biggest concern over
the current facilities is limited access points to/from the local arterials.  Recently, a state
senator proposed a legislation to limit future HOV facilities to only concurrent HOV lanes.

Having Metro as the caretaker of the HOV facilities brings many institutional benefits to
the transit/ridesharing program as a whole.  Instead of having separate campaigns to
promote transit and HOV separately, Metro promotes both at the same time.  When
problems arise with the HOV lanes, Metro has the decision-making ability to determine
the best action possible in a shorter timeframe, without neglecting the transit perspective.

Metro even has its own enforcement unit to monitor its HOV facilities.  While the State
Patrol enforces freeway operations on the mixed-flow lanes, Metro Police monitors the
HOV lanes.  In Houston, police officers, even in their personal vehicles, may use the HOV
facilities without regard to the occupancy requirement.  Including this, HOV violation
rates in Houston is generally between five and 10 percent.  Metro is currently having diffi-
culties enforcing the facilities during the 3+ peak periods, mostly due to 2+ vehicles that
might have entered just before the peak.  Some people abused this benefit of the doubt,
and, as a result, violation rates may be as high as 44 percent.

During incidents of “longer duration,” Metro and TranStar (which consists of five local
transportation agencies) may open up the HOV lanes for general traffic use.  Decision to
open up the facilities is applied on a case-by-case basis, and there are no specific time trig-
gers that are used to make this decision.

Texas is the only state other than California to operate HOT lanes.  First instituted on I-10
in 1998, HOT lanes now operate also on Highway 290, both in the Houston area.  At these
corridors, which operate as HOV 3+ during peak periods, 2+ vehicles may use the facility
for a flat fee of $2 per use.  All transactions are done electronically, and enforcements are
done at the entry points.  So far, there have been no major oppositions to the HOT lanes.
Benefit-cost ratios range from six to 21, depending on time and location.

Metro operates temporary shoulder HOT lanes on I-10 Katy Freeway, right where the cur-
rent barrier-separated facility ends.  These inside-shoulder HOT lanes will continue to
operate until construction of the permanent facility is complete in 2004-2005.  This six-mile
stretch operates as HOT lanes during peak periods, HOV lanes during the regular oper-
ating hours, and used as emergency shoulders at all other times.  While TTI acknowledges
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safety concerns from such configuration, so far there have been no problems to prove it
otherwise.

Metro has adjusted the HOV lanes speed limits from 55 mph up to 70 mph, following
similar adjustments TxDOT did on the mixed-flow lanes.  Metro has the authority to
determine speed limits on its facilities, and it was slightly behind in adjusting them when
the 55-mph national restriction was lifted in 1996.  There were neither outside pressure to
raise the speed limits, nor any major opposition to keep them at 55 mph.

8.4 Washington Department of Transportation (WashDOT)

Contact: Mr. Vinh Dang
HOV Systems Engineer
(206) 440-4462
DangV@wsdot.wa.gov

Seattle metropolitan area first instituted HOV lanes in 1970, and now operates over
200 lane-miles of HOV in seven segments.  All HOV facilities operate 24 hours a day, with
a 2+ carpool requirement, except on SR-520.  WashDOT is currently constructing 14 addi-
tional miles of HOV lanes, with almost 100 miles in the planning stage.  Figures 8 5 and 8.6
illustrate the HOV lane systems on I-90 and I-5 in Seattle.

Figure 8.5 I-90 HOV Lane System
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Figure 8.6 I-5 HOV Lane System

WashDOT’s goal for the HOV lanes is to “move the most people through freeway conges-
tion, while providing a more reliable trip for buses, cars, and vanpools.”  While there is no
specific warrants for HOV implementation, WashDOT has a stringent requirement to keep
their HOV facilities open and effective:  users must be able to travel at least 45 mph during
the peak hour, 90 percent of the time.  When utilization is high and average speed dips
below 45 mph, WashDOT considers raising the occupancy requirement to 3+.  Currently,
WashDOT is also considering different HOT lane options to maintain this speed threshold.

Enforcement remains the biggest issue in Seattle.  Violation rates vary between two to
13 percent, but noticeably higher when State Troopers must attend to incidents and cannot
effectively monitor the HOV lanes.  Furthermore, funding constraints prevent increases in
enforcement manpower.  To complement this, WashDOT initiated the “HERO Program,”
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which allows motorists to report violators.  While popular, HERO only sends warning
letters to violators and might lose its effectiveness without proper enforcement.  HOV
violation penalty is only $86, which is lower than the national average of $150.

In 1998, WashDOT conducted a speed study on an HOV segment and its adjacent mixed-
flow lane.  When speed on the mainline slows down, it is expected that the speeds on the
HOV lanes slow down also; although the HOV lanes still maintain the speed advantages.
This is largely caused by “friction,” or weaving movements in and out between the HOV
lanes and the mixed-flow lanes.  However, WashDOT concludes that the HOV lane slow-
down, although a travel time disbenefit, is good from the safety perspective.  Larger speed
differentials between lanes contribute to higher crash rates.

HOV timesavings in Seattle vary between 30 seconds to one minute per mile.  Ramp HOV
bypass generate more perceived and real benefits, since delays caused by ramp meters
generally run up to three minutes.  Currently, both HOV and SOV motorists perceive
HOV lanes favorably, with over 90 percent and 70 percent approval ratings, respectively.
The main public objection to HOV lanes is the perception of “empty lane syndrome.”

WashDOT operates shoulder HOV lanes on SR-520.  In the 1960s, when the corridor still
operated as a toll bridge, the shoulders were initially opened as bus bypass lanes.  When
the tolls were removed in the 1970s, the bus bypass turned into bus lanes, and just recently
converted into the only 3+ HOV lanes in the Seattle Metro area.  To keep the shoulder
lanes effective, WashDOT maintains constant camera surveillance to monitor the facility,
and around-the-clock service patrols to immediately tow disabled vehicles off the bridge.

8.5 New Jersey Department of Transportation (NJDOT)

Contacts: Ms. Meg Frampton
(609) 530-2089

Ms. Laine Rankin
(609) 530-6539

Except at the New Jersey Turnpike, New Jersey currently has no HOV facilities.  Since its
introduction in 1994, HOV lanes in New Jersey have faced tremendous public and media
scrutiny until their eventual closure on November 30, 1998.  Figure 8.7 shows the former
HOV lane network in New Jersey.

First initiated to induce citizens to carpool, New Jersey HOV lanes never achieved this
objective.  NJDOT evaluations showed that underutilization and rampant violations led to
ineffective usage of New Jersey’s concurrent HOV lanes.  In addition, the HOV program
did not include HOV incentives such as park and ride and improved transit connections.

Vehicle volumes ran as low as 32 vphpl during the peak hour on I-287, averaging 200 to
400 vphpl statewide.  At the same time, the mixed-flow lanes were “unduly burdened”
with the rest of the traffic.  This big discrepancy also raised safety concerns, since most
accidents occur when there are large speed differentials between lanes.
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Figure 8.7 New Jersey’s Decommissioned HOV Facilities
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Due to “suburban travel patterns with diverse trips, origin, and destinations” and “virtu-
ally no buses (along the corridors),” New Jersey’s HOV lanes also failed to increase person
movement.  According to the study, the mixed-flow lanes still carried about 1,000 more
people per lane during the peak hour than the HOV lanes.

Violation rates on New Jersey HOV lanes ranged between 10 and 20 percent, but on I-287,
violation rates run as high as 52 percent.  NJDOT contributed this phenomenon due to the
“empty lane syndrome” and lack of safe enforcement areas.

In closing, NJDOT has listed several lessons-learned from New Jersey’s HOV lane experi-
ence.  They are listed as below (17):

• Site selection is crucial (observe travel patterns, transit routes, etc.);

• Synergy with transit is key;

• Existing operational problems should be corrected before HOV operation is implemented;

• Consider level of violations, congestion, and road rage in mixed-flow lanes as symp-
toms of a developing problem;

• A successful opening and operation do not guarantee continual operational success;

• Changes in the administration may affect the level of HOV support or policy;
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• Keep marketing and monitoring HOV facilities, advertise benefits; and

• Be vigilant, keep looking for different solutions.
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Inventory of HOV Facilities in
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Table A.2 Planned HOV Facilities

Location/HOV Lane Type Route-mi Lane-mi
Planned

Implementation/Remarks

California, Bay Area
US 101 (Marin County) concurrent-flow
lanes

4.5 9 2002

US 101 (Sonoma County) concurrent-flow
lanes

3 6 2002-2008

I-880 (Alameda County) concurrent-flow
lanes

2.3 13 2004

SR 87 (Santa Clara County) concurrent-flow
lanes

4 8 1999-2003

I-680 (Santa Clara County) concurrent-flow
lanes

7 14 2003

I-680 (Contra Costa County) concurrent-
flow lanes

4.4 8.7 2001

I-880 (Alameda Co.) concurrent-flow lanes 1.7 3.4 In design
US 101 (Sonoma Co.) concurrent-flow lanes 2.9 5.8 2006
California, Los Angeles County
I-5 concurrent-flow lanes 45.6 91.2 2004-2007
I-10 (San Bernardino Fwy.) concurrent-flow
lanes

30 60 1999-2003

I-10 (Santa Monica Fwy.) concurrent-flow
lanes

9.3 18.6 Beyond 2020

I-405 concurrent-flow lane extensions 18.8 37.6 2000-2004
I-605 concurrent-flow lanes 3.6 7.6 2004
I-710 concurrent-flow lanes 8 16 Beyond 2015
SR 14 concurrent-flow lanes southbound
only

19.8 19.8 Under Const, opening 04/01

SR 14 concurrent-flow lanes 20 39.4 2005
SR 30 concurrent-flow lanes 6 12 Open Jan 2002
SR 60 concurrent-flow lanes 7.5 15 2001
SR 133 concurrent-flow lanes 4.7 9.4 Pending, not known
SR 241 concurrent-flow lanes 24.6 49.3 Pending, not known
SR 231 concurrent-flow lanes 6.2 12.4 Pending, not known
California, Orange County
I-5 concurrent-flow lanes (Harbor to SR 39) 2.2 4.3 2001
I-605 concurrent-flow lane extension 1.6 3.3 Planning studies
SR 55/405, 57/91 interchanges, HOV ramps 6 13 2001-2005
SR 73 concurrent-flow lanes 15 29.4 Planning studies
SR 22 concurrent-flow lanes 12.5 25 Planning studies
SR 133 concurrent-flow lanes 4.7 9.4 Not known
SR 241 concurrent-flow lanes 24.7 49.3 Not known
SR 261 concurrent-flow lanes 6.2 12.4 Not known
California, San Bernardino County
I-215 concurrent-flow lanes 9.3 18.6 2001-2002
SR 30 concurrent-flow lanes 22.1 44.2 2001-2003
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Table A.2 Planned HOV Facilities (continued)

Location/HOV Lane Type Route-mi Lane-mi
Planned

Implementation/Remarks

California, Riverside County
SR 30 concurrent-flow lanes 23 45.6 Not known
SR 60 concurrent-flow lanes 4.7 9.4 Mar-01
SR 71 concurrent-flow lanes 3 6 Pending, not known
SR 9I concurrent-flow lanes 4.9 9.8 2003
I-215 concurrent-flow lanes 3.2 6.4 2008
California, Sacramento Area
I-5 concurrent-flow lanes 7.2 14.4 Pending, not known
US 50 concurrent-flow lanes 27.3 54.7 2005-2010
I-80 concurrent-flow lanes (Placer Co.,
Davis)

28 57.4 Not known

US 50/I-80 concurrent-flow lanes 11.1 22.2 Pending, not known
California, San Diego County
I-5 concurrent-flow lanes 53.8 107.6 Staged through 2011
I-15 managed lanes (4) 18.9 37.8 2011
SR 125 concurrent-flow lanes 4.4 8.8 2011
SR 52 concurrent-flow lanes 11.2 22.5 2011
SR 94 concurrent-flow lanes 1.8 3.6 2011
SR 125 concurrent-flow lanes 5 9.7 Not known
I-805 concurrent-flow lanes 3.5 7 2011
Colorado, Denver
I-25 North between SH 7 and SH 66 8.75 17.5 Under const., HOV future

designation only
US 36 concurrent-flow lane
extension/busway

1.25 2.5 Late 2001, 2005

Connecticut, Hartford
I-84 WB concurrent-flow lane 1.5 1.5 Under const, early 2000
Florida, Orlando
I-4 exclusive 2-way HOV/managed lanes 40 88 Beyond 2005
Florida, Ft. Lauderdale
I-75 express lanes NA NA Planning studies pending
I-95 concurrent-flow lanes 11 58 Beyond 2005
Florida, Miami
Miami, FL (US 1, southwest corridor)
busway extension

NA NA 2002

I-95 reversible managed lanes 8 16 Beyond 2005
Georgia, Atlanta (total of 220 route-miles
planned)
I-85 South concurrent-flow lane extensions 15.9 31.8 2020-2025
I-85 North concurrent-flow lane extensions 9.1 18.2 2015
I-75 South concurrent-flow lane extensions 35.8 71.6 2010-2025
I-20E concurrent-flow lanes 17 34 2010-2020
I-20W concurrent-flow lanes 26 52 2010-2025
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Table A.2 Planned HOV Facilities (continued)

Location/HOV Lane Type Route-mi Lane-mi
Planned

Implementation/Remarks

Georgia, Atlanta (continued)
I-285 concurrent-flow lanes 26.5 53 2015-2020
I-575 concurrent-flow lanes 18.2 36.4 2005, 2025
SR 316 concurrent-flow lane extensions 15.4 30.8 2015
SR 400 concurrent-flow lanes 18.5 37 2010
US 78 concurrent-flow lanes 23.5 27 2020
Maryland
SR 5/US 301 concurrent-flow lanes 11 22 Beyond 2005
I-95/495 Capital Beltway concept TBD NA NA Planning studies
I-95, I-495 to I-695 24 48 Beyond 2005
I-95 North of Baltimore NA NA Delayed
US 50 NA NA 2002
I-270 concurrent flow lane extension to
Frederick

22 44 Planning studies

Massachusetts, Boston
I-93 north contraflow lanes 8 16 2004
SR 3 south concurrent-flow lanes 11 22 Planning studies
I-93 Central Artery concurrent-flow lanes 4 8 2004
Route 128 (I-95) concurrent-flow lanes 13.7 27.4 2004
Route 3 North (concept to be determined) 22 44 Beyond 2005
I-90 Massachusetts Turnpike queue
bypasses

1 1 Pending

Minnesota, Minneapolis
I-35W concurrent-flow lanes 5 10 2005
New Hampshire
I-93 concurrent-flow lanes 20 40 Planning studies, TBD
New York, New York
I-495 Long Island Expy. Concurrent-flow
lanes

30 60 Staged through 2003

Gowanus Expy., concurrent-flow lanes 2 2 Pending, beyond 2000
North Carolina, Charlotte
I-77 north concurrent flow lanes TBD TBD Planning study, 2004-2006
University Corridor busway 15.5 31 Phased 2003-2023
Airport Corridor busway 10 20 Phased 2003-2023
North Corridor HOV lanes/bus rapid
transit

20 40 Phased 2003-2023

Independence Blvd. Corridor busway
(Phase 1)

3.5 7 2004

Independence Blvd. Corridor busway
(Extensions)

10 20 Beyond 2005

North Carolina, Raleigh-Durham-Chapel
Hill
I-40 and adjoining corridors NA NA Planning studies underway
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Table A.2 Planned HOV Facilities (continued)

Location/HOV Lane Type Route-mi Lane-mi
Planned

Implementation/Remarks

Ontario, Ottawa, Canada
Highway 17-Orleans concurrent lane in EB
shoulder

3 3 Beyond 2000

Highway 417-Kenta concurrent lane in WB
shoulder

2 2 Beyond 2000

Pennsylvania, Pittsburgh
East Busway extension NA NA Beyond 2000
Tennessee, Nashville
I-24 concurrent flow lanes 9 18 Under construction
Texas, Austin
Loop 1 South Mopac Expy. reversible lane 9 9 Planning studies, 2004
US 183 reversible or concurrent flow lanes NA NA Planning studies, 2015
I-35 reversible lane(s) NA NA Design underway, 2009
Texas, Dallas/Ft. Worth (193 route miles
planned)
US 75 North reversible lane N of I-635 9 9 Advanced planning
I-635 HOV/managed lanes (3 ea. direction) 18 108 Planning studies complete
I-30 reversible lanes (replaces contraflow
lane)

6 12 Planning studies in progress

SH 183/I-35 E (Stemmons) dual reversible
lanes

10 20 Corridor study complete

Loop 12/IH 35E dual reversible lanes 2 4 Corridor study complete
Various corridors (see regional total above) NA NA Through 2025
Texas, Houston
US 59 (Eastex Fwy.) reversible-flow lane
extensions

8 8 2002-2003

I-10 (Katy Fwy.) 4-lane 2-way managed
lanes

25 58 2006

US 59 (Southwest Fwy) concurrent flow lane
exts.

5 10 2002

Texas, San Antonio
I-35 North Pan Am Fwy. HOV/Express
lanes

NA NA Planning studies

Utah, Salt Lake City
I-15 concurrent-flow lanes 10 20 Under const., 2002-2005
Virginia, Norfolk/Virginia Beach
SR 44 concurrent-flow lanes 10 20 Not known
I-64 concurrent-flow lanes 1 2 2000
I-64 concurrent-flow lanes 9 18 2001
Virginia, Washington D.C. Area
I-66 concurrent-flow lanes 4 8 2004
I-95/495 Capital Beltway concept TBD 20 40 NEPA phase
I-95, Reversible flow lanes 4 8 Study pending
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Table A.2 Planned HOV Facilities (continued)

Location/HOV Lane Type Route-mi Lane-mi
Planned

Implementation/Remarks

Washington, Vancouver
I-5 (southbound AM peak only), 99th Street
to Interstate Bridge

4 4 Approval Oct 2000; opening in
Oct 2001

Washington, Seattle/Tacoma/Everett*
I-405 extensions to concurrent-flow lanes
(median)

3.5 7.1 7.1 miles under const, open 2002

I-5 South, extensions to concurrent-flow
lanes

20.5 41.1 Unfunded

I-5 North, extensions to concurrent-flow
lanes

5 10 Unfunded

SR 520 concurrent-flow lanes TBD TBD Unfunded
SR 167 extensions to concurrent-flow lanes 8.5 16.9 Unfunded
SR 16 concurrent-flow lanes 12.4 24.7 Unfunded
SR 526 queue bypass 1 1 NA
Various direct access ramps and transit
stations

NA NA Preliminary engineering

Grand Total 2,607.5
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Table B.1 Average HOV Costs (in Millions) and Impacts

Cost Busway
Barrier-

Separated Concurrent Contraflow

Capital cost per mile $10.22 $10.55 $0.89 $0.25

Annual O&M cost $0.03 $0.15 $0.06 $0.30

Annual enforcement cost $0.15 $0.06 $0.06 NA

Measures

Vehicle volume 725 876 1,038 150

Vehicle volume per lane 725 703 834 150

Person volume 34,685 5,720 4,807 6,000

Person volume per lane 34,685 4,427 3,431 6,000

Speed (mph) 21 54 42 50

Travel time per mile (min) 2.86 1.11 1.44 1.20

Timesavings per mile (min) -0.55* 1.20 0.95 1.11

HOV-to-mixed-flow vehicle volume
per lane ratio

0.47 0.46 0.54 0.10

HOV-to-mixed-flow person volume
per lane ratio

15.6 2.0 1.5 2.7

Violation rate (peak hour) 1.0% 5.0% 12.4% NA

Violation rate (peak period) 1.0% 9.5% 13.3% NA

Incident per million VMT in HOV NA 1.43 2.94 NA

*Negative value due to transit stops.
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High-Occupancy Toll Lanes
White Paper

! Introduction

The purpose of this paper is to summarize available information on High-Occupancy Toll
(HOT) lanes.  The HOT-lane concept varies in detail from one application to another, but
in general refers to High-Occupancy Vehicle (HOV) lanes where Single-Occupancy Vehicles
(SOV) are permitted access for a fee.  Actual experience with HOT lanes in the United
States is limited, but projects that have been implemented have been the subject of sub-
stantial research and evaluation.  Numerous studies to assess the feasibility of HOT lanes
currently are being conducted around the United States.  HOT lanes can be considered
part of the broader concept of value pricing.

The Value Pricing Pilot Program authorizes value pricing projects under TEA-21.  This
program permits Federal Highway Administration (FHWA) to enter into cooperative
agreements with up to 15 state or local governments or other public authorities to estab-
lish, maintain, and monitor value pricing projects.  According to FHWA’s report to
Congress on the Value Pricing Pilot Program, value pricing “is a market-based approach
to traffic management which involves charging higher prices for travel on roadways during
periods of peak demand.  Also known as congestion pricing, or road pricing, value pricing
is designed to make better use of existing highway capacity by encouraging some travel-
ers to shift to alternative times, routes, or modes of transportation.”  Any value pricing
project may involve tolls on Interstate highways.  States are allowed to permit SOVs in an
HOV lane if the vehicles are part of a value pricing project as authorized by TEA-21.

This paper will include the following information:

• Background of value pricing and HOT-lane proposals in Minnesota;

• Description of existing HOT-lane projects;

• Findings from existing HOT-lane projects;

• Description of proposed HOT-lane projects;

• Potential benefits of HOT-lane projects; and

• Potential obstacles to HOT-lane projects.

! Background

Since the passage of ISTEA in 1991, Minnesota has undertaken several initiatives designed
to re-examine its reliance on state and federal motor-fuel tax revenues to fund transporta-
tion infrastructure projects.  In 1993, the Legislature authorized Mn/DOT and other road
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authorities to solicit proposals for development and operation of toll facilities within their
jurisdiction, subject to the approval of the Commissioner of Transportation.  Based on
1994 legislation, Mn/DOT and the Metropolitan Council conducted a joint study of road
pricing and mileage-based fees for road usage.  This study was conducted by Wilbur
Smith Associates and SRF Consulting Group, and was completed in 1997.  The study
looked at a range of road pricing options; conducted an evaluation of those options,
including a financial analysis; and identified criteria for future demonstration and testing.
In 1995, state legislation required Mn/DOT to consider alternative financing options for
all projects valued over $10 million.

The Toll-Lane System Preliminary Feasibility Study was a follow-up study to the Road Pricing
Study, and also was conducted by Wilbur Smith Associates and SRF Consulting.  This
report was submitted to Mn/DOT and Metropolitan Council in early 1998 and provided a
preliminary feasibility analysis of a toll-lane system in the Twin Cities metropolitan area.
Two major elements of this program were:

1. Creation of a HOT-lane system that would permit SOVs to use existing and planned
HOV lanes for a fee; and

2. Permitting SOVs to use HOV ramp meter bypass lanes for a fee.

Market research was conducted using focus groups and stakeholder interviews.  Objec-
tives of the research were to gauge public acceptance of these alternatives and determine
what actions were needed to communicate with the public.

The report examined seven alternatives that presented various combinations of HOT
lanes, HOV lanes, and ramp meter bypass alternatives.  Under all of the options, the
existing HOV lanes on I-394 and I-35W were to be converted to HOT lanes.  Operational
and financial analyses were conducted as part of this report, as well as an assessment of
public opinion and acceptance.

Key findings from the technical portion of the study were identified as follows:

• HOT lanes have the potential to guarantee toll revenue at levels above the cost of
implementation and operation of the required electronic toll system;

• HOT lanes reduce congestion in the unrestricted, general purpose lanes;

• HOT lanes preserve HOV-lane concepts;

• Ramp meter bypass buy-in traffic impacts are inconclusive and require further study;
and

• A demonstration/pilot program study of the concept is required to evaluate various
design and operational issues.
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The legislature authorized a HOT-lane demonstration project on the I-394 HOV lanes in
1997 and the project was scheduled to start that summer.  However, the Commissioner
eventually withdrew Mn/DOT approval after public opposition to the project surfaced.

Mn/DOT currently is conducting a value pricing study under the FHWA’s Value Pricing
Pilot Program.  A Value Pricing Advisory Task Force has been formed to provide overall
guidance in developing value pricing proposals, to review various proposals that are
developed, and to help build constituent support.

Mn/DOT currently is reviewing the effectiveness of its HOV lanes and has incorporated
an analysis of HOT lanes into this project.  The remainder of this paper will review HOT-
lane experience elsewhere and discuss the applicability of the concept in Minnesota.

! HOT-Lane Experience

This section includes a review of three HOT-lane applications in the United States.  Repre-
sented are three different approaches to HOT-lane implementation and operation.

1. SR-91 Orange County, California – HOT lanes were added as new capacity to this
congested freeway.  A private corporation received a franchise to develop, operate,
and maintain the HOT lanes.

2. I-15 San Diego County, California – HOV lanes were converted to HOT lanes and are
operated by a toll authority.

3. I-10/U.S. 290 Houston, TX – As a result of congestion, HOV lane carpool requirements
were increased from two to three or more passengers.  Carpools with two persons
were permitted to use the lanes for a fee, while three or more person carpools continue
to use the lane for free.

Both California projects have been in operation for several years and have been the subject
of major evaluation efforts.  The Texas HOT lanes went into operation more recently and,
as a result, more limited data are available.

SR-91 HOT Lanes (ExpressLanes)

The SR-91 ExpressLanes, which opened in December 1995, represent the first application
of value pricing in the United States.  SR-91 links rapidly growing residential areas in
Riverside County with major employment centers in the coastal areas of Orange County.
As a result, this was one of California’s most congested freeways carrying over 190,000
vehicles per day that were experiencing 30- to 45-minute delays over the 10-mile stretch of
SR-91 in eastern Orange County.  The SR-91 project was one of four private toll road ven-
tures authorized by the California Legislature in 1989.  A franchise agreement was signed
between CalTrans and the California Private Transportation Corporation (CPTC) in 1990
for construction, operation, and maintenance of two toll lanes in each direction in the
median of SR-91 between the SR-55 interchange in Orange County and the Riverside-
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Orange County line, a distance of approximately 10 miles.  The franchise period is
35 years, after which ownership reverts to the state of California.  The capital cost of the
project was $134 million, or $3.5 million per lane mile.  This relatively low cost was
achieved due to the availability of right-of-way within the median.  Figure 1 shows the
location of the SR-91 toll road within the region.

Figure 1. SR 91 Toll Road Location

There is no intermediate access to or egress from the toll lanes.  There were also no alter-
nate routes when the toll lanes began operation as the roadway cuts through a mountain
pass; however, a parallel route has since been constructed.  This parallel route, the Eastern
Corridor, is also a toll road.  The SR-91 toll lanes are separated from the non-toll lanes by a
painted buffer and pylons.  As shown below in Figure 2, this system is highly effective in
providing separation, but still permits access/egress by emergency vehicles when
required.
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Figure 2. SR 91 ExpressLanes

All fares are collected electronically, using the FasTrak system in use on other Orange
County freeways.  Fares vary by time of day in order to maintain free flow in the lanes.
Current fares range from a low of $1.00 to maximums of $4.75 for p.m.-peak eastbound
traffic and $3.60 for a.m.-peak westbound traffic.  The current westbound toll schedule,
shown in Figure 3, illustrates the frequency with which fares are modified to maintain free
flow.  The fare at any given time is displayed on Variable Message Signs.

All users of the SR-91 ExpressLanes must have a valid FasTrak transponder.  As of early
2000, there were 124,000 transponders distributed for the ExpressLanes.  These transpond-
ers are interoperable with other toll roads in Orange County.  Originally, three or more
carpools were permitted to use the road for free, but they are now charged half-price.
Three or more carpools must travel through the toll readers in a separate lane, where
California Highway Patrol (CHP) enforcement personnel can confirm the number of pas-
sengers from an observation booth.  Motorcycles also are permitted to use this lane and
receive a 50 percent discount.  Violators in both the three or more lane and the regular toll
lanes have their license plates photographed as they pass the toll readers.  Citations are
issued by the CHP, and are sent by mail to violators who do not have a valid transponder.
Fines for not having a valid transponder are $100 for the first offense, $250 for the second
offense, and $500 for subsequent offenses within a year.

Large commercial vehicles are not allowed in the ExpressLanes.  The following explana-
tion is taken from the SR-91 customer web site.  “The only oversized vehicles that are
allowed on the 91 Express Lanes are motor homes and buses.  Large trucks may not use
the Express Lanes for several reasons:  1) Caltrans has approved a maximum vehicle
weight of 10,000 pounds for the 91 Express Lanes; 2) under California law, a variety of
vehicles – including vehicles towing a trailer, and trucks with more than two axles, may
only use the right two lanes of a four-lane limited-access highway such as the 91 freeway.
Therefore, these vehicles may not use the 91 Express Lanes, and; 3) most larger trucks
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Day

Sun Mon Tues Wed Thurs Fri Sat

Figure 3. SR-91 Westbound Toll Schedule
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5:00 p.m.

6:00 p.m.

7:00 p.m.

8:00 p.m.

9:00 p.m.

10:00 p.m.

11:00 p.m.

1.00

1.00

1.00

1.00

1.90

3.20 3.10

3.30 3.20

3.60 3.50 1.45

1.45 3.30 3.20 1.70

2.65 2.05

2.05 2.05

2.05 2.30

2.05 2.30

2.30 2.30

2.30 2.30

2.30 2.302.05

2.45 2.452.05

2.45 2.452.05

2.45 2.052.40

2.05 1.70

2.05

2.05

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.00

1.00

1.00

1.00

1.00

1.45

using the 91 freeway must stop at one of the weigh stations located near Weir Canyon
Road, which is not accessible from the 91 Express Lanes.  Therefore, trucks required to
stop may not use the Express Lanes.”

CalTrans has funded significant research in the corridor to measure the impacts of the toll
lanes, including both “before” and “after” studies.  The most recent evaluation report was
prepared by Edward Sullivan of Cal Poly State University at San Luis Obispo and issued
in December 2000.  It covers the period through mid-1999.  Some of the major findings of
that report are listed below:
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• The Express Lanes reached a peak ADT of 33,000 in 1998 three years after the
December 1995 opening, representing 14 percent of total ADT.  This volume repre-
sented 85 percent of the growth in corridor traffic during that period.  It is estimated
that about 20 percent of the traffic that shifted to the ExpressLanes in the first year
after opening were returning to the freeway from parallel city streets.  Overall traffic
on SR-91 increased from 190,000 to 200,000 ADT to 220,000 to 230,000 ADT between
the period prior to the 1995 ExpressLanes opening and 1999.

• No parallel freeway corridor existed at the time the ExpressLanes opened.  However, a
parallel toll road, the Eastern Transportation Corridor, opened in 1998.  In the six to
eight months following the opening, traffic on the SR-91 ExpressLanes dropped from
33,000 ADT to 24,000 ADT and then stabilized.

• There is a strong correlation between ExpressLane usage and time savings.  Over the
period of evaluation, the percentage of travelers using the express lane ranged from
seven percent of total freeway volume in the mid-day peak when time savings were
minimal to around 35 percent in the heaviest p.m.-peak hour.

• Typical p.m.-peak delays on the SR-91 freeway prior to opening of the ExpressLanes
were in the range of 30 to 45 minutes (time in excess of free flow condition).  In the six
months following the opening, delays in the free lanes were reduced from five to
10 minutes.  Over a three-year period, they gradually climbed back to about
30 minutes.

• Fine-tuning of the toll structure had a significant impact on peak-period behavior.
Originally, a single toll rate was charged for the entire period between 3:00 p.m. and
7:00 p.m.  This resulted in a very pronounced peak at around 5:00 p.m.  After tolls
were adjusted on an hourly basis (see Figure 3) peak demand began to spread out.

• Initially no toll was charged for three or more person carpools.  Immediately after
opening, there was a dramatic increase in three or more person carpools of over
40 percent.  After the 50 percent toll for HOVs was implemented in 1998, about one-
third of HOV traffic moved back to the free lanes.  Most of this shift occurred during
off-peak and at the edges of the peak periods.

• It appears that the ExpressLanes had no impact on either the number of HOV two
commuters or on patronage of the Inland Empire-Orange County (IEOC) commuter
rail line serving the corridor.

• The percentage of SR-91 corridor commuters who use the ExpressLanes at least some
of the time increased from 28 percent to 42 percent in the first three years of operation.

• In the first year after opening, more SOV commuters shifted to HOVs than vice versa.
HOV commuters are more likely to choose the ExpressLanes, due in part to the
opportunity to split tolls and in part to the travel time savings achieved.

• Discounts are provided to those who use the lane more than 20 times per month.  Only
about 12 percent of transponder owners take advantage of this option.



Cambridge Systematics, Inc. 8

• As expected, the primary reason for using the ExpressLanes is travel time savings.
About one-third of users gave other reasons, primarily driving comfort and safety.
These two reasons are those cited primarily by drivers who pay to use the lane during
off-peak periods.  About 58 percent of ExpressLane users felt ExpressLanes were safer
than the free lanes, while 14 percent felt they were less safe.

• The 1999 study data showed that propensity to use the ExpressLanes increased signifi-
cantly with income.  Approximately 20 percent of those in the under $40,000 annual-
income category used the express lanes, compared to 25 percent in the $40,000 to
$60,000 category; 40 percent in the $60,000 to $100,000; and 50 percent in the $100,000+
category.  A significant drop occurred in usage from 40 percent to 25 percent by the
$40,000 to $60,000 group between 1996 and 1999.

• Female SOV drivers have a much higher propensity to use toll lanes, nearly 50 percent
compared to fewer than 30 percent for SOV male drivers.  Middle-aged drivers are
more likely to use the express lanes than younger or older drivers.

• Approval of toll financing in general remained in the 50 percent to 75 percent range
during the first three years of operation.  However, approval for variable tolls by time
of day dropped from the range of 55 percent-75 percent to 30 percent-50 percent over
the same period.  This probably reflects the sharp increase in peak-hour tolls that was
required to maintain free flow.  These opinions did not vary significantly by income,
except for those over $100,000 annually, who were more favorable toward variable
tolls.

• Approval of the idea of private, for-profit toll roads declined significantly in the corri-
dor over the first three years of operation.  This is due in part to public relations prob-
lems and press coverage related to the CPTC’s efforts to sell the business to a private
non-profit corporation.  Charges of irregularity, investigations, lawsuits, and threat-
ened lawsuits all contributed to this change.

• Revenue increased over the first several years, and then dropped slightly after the
opening of the Eastern Transportation Corridor.  However, toll increases mitigated
most of the impact of the 25 percent decline in traffic volume.  Table 1 shows the four-
year pattern of operating expenses and revenues.  CPTC reported that, in 1998, it
began generating adequate revenue to begin paying back capital construction
expenses.

Table 1. SR-91 ExpressLanes Revenue and Operating Cost

Year Total Revenue Total Operating Expenses

1996 $  7,100,000 $6,300,000
1997 $13,900,000 $9,100,000
1998 $20,100,000 $8,700,000
1999 $19,500,000 $9,100,000
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• The price elasticity calculated for the combined a.m. and p.m. peak periods (six busiest
hours) was –0.7 to –0.8 (10 percent toll increase results in seven percent to eight per-
cent decrease in usage).  This appears to be slightly higher for the single peak hour,
where toll rates are highest.

• The toll lanes did not have a significant impact on accidents on SR-91 itself, either in
the toll or the free lanes.  Accident rates dropped after opening, but this may have
been due to the higher rate that was experienced during construction.  There were
increases in accidents rates on some adjacent sections, particularly in Riverside
County.  While the results are not conclusive, this may have occurred due to the
increased volume of traffic traveling to or from SR-91 during peak periods.

The unique financial and management arrangement of the SR-91 ExpressLanes will con-
tinue to provide useful information to others considering HOT-lane and value pricing
projects.

I-15 HOT Lanes

The I-15 HOT lanes represent a very different approach than SR-91.  Rather than new con-
struction, the HOT lanes on I-15 were originally constructed as HOV-only lanes, and were
converted for HOT lane use.  The system consists of two reversible lanes constructed in
1988 along an eight-mile stretch of I-15 about 10 miles north of San Diego.  This corridor
serves approximately 250,000 ADT, and rapid traffic growth is projected to continue in the
corridor.  Figure 4 shows the I-15 HOT Lanes project corridor.  The lanes are separated
from the mainline by a permanent barrier as shown in Figure 5.

Lanes were originally opened for southbound traffic between 5:45 a.m. and 9:15 a.m., and
to northbound traffic between 3:00 p.m. and 7:00 p.m.  Hours have been extended to
11:00 a.m., and the lane now opens for afternoon traffic at 1:00 p.m..  Lanes are closed on
weekends and holidays.  The HOV lanes were underutilized, leading to a proposal by the
San Diego Association of Governments (SANDAG) to create a HOT lane under the U.S.
DOT’s Congestion Pricing Pilot Program.  The program provided approximately
$8 million over a three-year period, which was matched by $2 million of state funds.  The
original three-year period of the demonstration ended in 1999, and was subsequently
extended by the Legislature.

The first phase of the project, called ExpressPass, was implemented in December 1996.
During this phase, SOV drivers were permitted to use the lane with purchase of a permit.
The permit allowed the user unlimited use of the lane for a flat monthly fee, which was
initially set at $50 and then raised to $70.  Color-coded windshield stickers were provided
as proof of purchase, and visual inspection by CHP personnel was used as the enforce-
ment method.  After a six-month period, the stickers were replaced by electronic trans-
ponders.  Permits were increased slowly during this period, since state-enabling
legislation required that level of service ‘C’ be maintained in the lane.  At the end of this
phase of the project, 1,000 ExpressPass permits had been sold.
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Figure 4. I-15 HOT Lanes Corridor Map
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Figure 5. I-15 FasTrak Lanes

In March 1998, the second phase of the project, known as “FasTrak,” was initiated.  The
flat rate monthly fee was replaced with a per-trip toll.  Published toll rates currently range
from $0.50 at periods of lowest demand to $4.00 during the highest peak hour.  However,
tolls can be varied based on the level service in the FasTrak lanes, and can be raised to as
much as $8.00 during periods of severe congestion.  Electronic signs in front of HOT-lane
entrances provide advance notice of the toll as motorists approach the lane.  One of these
signs is shown in Figure 6.

Figure 6. I-15 FasTrak Dynamic Message Sign

Throughout the demonstration period, two or more HOVs and motorcycles have contin-
ued to use the lanes without transponders.  SOV users go through a separate lane to have
their transponder verified by a reader.  A CHP officer is generally stationed in the toll
zone for enforcement purposes.  The officer has an electronic monitor available to identify
toll violators and watches for carpool violations.

The project’s stated primary goals were:  1) to maximize use of the existing I-15 Express
Lanes; 2) to fund new transit and HOV improvements in the I-15 corridor; 3) to test
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whether allowing solo drivers to use the Express Lanes’ excess capacity can help relieve
congestion on the I-15 main lanes; and 4) to use a market-based approach to set tolls.

An ongoing evaluation effort by San Diego State University indicated that these goals
have been achieved.  Some of the major conclusions of this evaluation were:

• Revenue from the project, $1.6 million per year, has been adequate to fund operating
expenses and also has provided funds for a new express bus service called the Inland
Breeze.  Analysis of ridership on this service indicates that it primarily serves a transit-
dependent market and has not yet attracted choice riders.

• Contrary to some expectations, HOV usage increased in the corridor; although it
declined slightly after implementation of the FasTrak system.  Overall, HOV usage
increased from 7,700 vehicles daily to 13,000 during the first three years of the
demonstration.  Total traffic in the lanes increased from 9,400 vehicles daily to 17,500.
About 25 percent of HOT lanes users are SOVs, or about 4,500 daily.  Approximately
24,000 transponders have been issued.

• FasTrak was considered successful in distributing volume away from the peak period
toward the edges of the peak and free flow traffic has been maintained.

Under worst traffic conditions, FasTrak users save about 20 minutes of delay (increased
travel time over free flow conditions) over the 10-mile length of the corridor.  However,
there has been a slight reduction in congestion on the main lines of I-15 due to a shift of
volumes from the middle of the peak to the edges of the peak.

• Detailed studies of enforcement effectiveness were conducted.  About $300,000 was
spent on enforcement activities of the CHP during the first three years of the project.
CHP had an active presence in the HOT lane between two and five days per week and
between 100 and 300 hours per month.  This was greater than the level of enforcement
prior to HOT-lane implementation and, as a result, SOV violation rates were reduced
substantially during the course of the demonstration period, from 15 percent to about
five percent.  The ability to fund more effective enforcement was made possible by
project revenue.  Enforcement activities generated about $100,000 in citations over the
three-year period.  Although enforcement did not pay for itself through citations, it
was necessary to maintain the integrity of the program.  The report concluded that
additional expenditures on CHP enforcement would have diminishing returns, and
that a system relying on both CHP and camera enforcement should be considered.

• Surveys show that the majority of FasTrak users support the per-trip pricing concept
and their acceptance increased over time.  They were willing to pay higher tolls in
order to keep the lane uncongested.  Travelers on the main line also supported the
program, although less decisively than FasTrak users; and both groups agreed that the
program was fair to all users.

• Surveys indicated that users of FasTrak tend to be from higher-income groups, were
more highly educated, were more likely to be middle-aged females, and come from
two or more vehicle households.
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The I-15 demonstration has generally been successful in meeting its objectives.  The HOT
lanes are more effectively utilized than the original HOV lanes.  Increased usage comes
not only from SOV buy-in, but from increased HOV usage as well.  Funds collected have
provided for improved enforcement and have funded additional transit service in the
corridor.

The success of this program has led SANDAG, CalTrans, and the Metropolitan Transit
Development Board (MTDB) to cooperate on a more ambitious “Managed Lane” (ML)
project in the corridor.  The ML project will incorporate the existing HOT-lane segment
and extend another 12 miles to the north.  The major elements of this project include:

• Construction of four median, barrier-separated lanes for the length of the corridor.
This would involve adding two lanes to the existing segment and adding four to the
northern end of the corridor.  The lanes would have a moveable barrier system, so that
three lanes would be provided in the peak direction and one in the off-peak direction.
The HOT lane pricing scheme will incorporate both peak direction and off-peak direc-
tion traffic.

• A continuous 20-foot enforcement shoulder will be provided along the length of the
project.

• The MLs will be in operation 24 hours per day, seven days per week.

• Unlike the existing HOT lanes, there will be intermediate access/egress points with
separate ramps for HOVs and transit vehicles.  SOV drivers buying into the lane may
be allowed to use these ramps, but this has not been decided.

• A Bus Rapid Transit (BRT) system will be incorporated into the corridor with stations
and park-and-ride lots at access points.

• An improved communications backbone will be provided and real-time traffic infor-
mation will be offered, so that SOV drivers can determine the benefits of using the
lanes.

The first phase of this project is scheduled for completion by 2004, with 2012 as the goal
for completing the entire project.  Most of the $200 million required for the first phase has
been committed, but funding will be a continuing challenge in finishing the project.

I-10 Katy Freeway

The Katy Freeway (I-10) is one of the busiest and most congested corridors in the Houston
area.  The HOV lane is a 13-mile single reversible lane that originally opened in 1984.  It
was successful enough in attracting buses and carpools that congestion began to occur in
the lane by 1988.  At that point, Houston METRO, the operator of the lane, restricted use
to three or more carpools only.  The number of carpools dropped by half and speed
returned to free flow.  However, the number of people moved in the lane was reduced by
30 percent.  In order to increase the number of people served, METRO used a Pilot
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Program, known as QuickRide, to permit two or more carpools to buy their way into the
lane for a $2 per trip fee.  Three or more carpoolers are free.  Transponders are required
for two or more carpools, and approximately 650 users signed up in the first year after the
program began in January 1998.  Actual usage is estimated at about 150 to 200 daily during
both peak periods.  This indicates that, on any given weekday, about 25 percent of trans-
ponder owners actually use the lane.  Initial surveys indicated that about five percent of
Transponder owners use the lane five days per week.  While the overall impact has been
modest, HOV usage overall has increased and most of the QuickRide users are commuters
who formerly used the SOV lanes.

The lane currently operates inbound from 5:45 a.m. to 11:00 a.m. and outbound from
2:00 p.m. to 8:00 p.m.  The QuickRide program is only in effect from 6:45 a.m. to 8:00 a.m.
and from 5:00 p.m. to 6:00 p.m.  At all other times that the lane is open, two or more car-
pools are permitted.  This project is, therefore, a very limited experiment to control vol-
ume during the period of highest usage.

Other HOT-Lane Projects Proposed and Under Study

A number of other cities are considering implementation of HOT lanes projects, either
through new construction or through conversion of HOV lanes.  Studies include evalua-
tion of HOT lane options on specific facilities.  These include U.S. 101 in Sonoma County,
California, where a recent study found that addition of a single reversible HOT lane in the
median would be more effective in reducing congestion in the free lanes than an HOV
option.  The revenue generated would be adequate to support operating expenses and pay
a portion of the capital cost.  A study of the LBJ Freeway (I-635) in Dallas showed that
without pricing 20 lanes would be required to meet demand.  A pricing option with eight
free lanes and six priced lanes was selected as a more feasible option to meet the needs in
the corridor.  A number of more general studies of value pricing options are underway
similar to the one now underway in Minnesota, including projects in Atlanta, San Francisco,
Portland, New York/New Jersey, and Seattle.

! Potential Benefits of HOT Lanes

Limited experience has shown that HOT lanes can provide benefits to both the traveling
public and operating agencies.  These benefits include:

• Increased usage of HOV lane – The “empty lane” syndrome associated with HOV
lanes continues to be a public relations headache for many transportation agencies,
including Mn/DOT.  Resentment among motorists who are unable or unwilling to
carpool tends to increase, along with the speed differential between the general lanes
and the HOV lanes.  The hostility of this constituency can make it very difficult to
obtain political support for new construction that only provides HOV lanes.  HOT
lanes have been successful in helping agencies to address these issues.  HOT lanes
have increased both usage of the HOV lanes and overall throughput on the roadway.
So far, they have done so without reducing the incentive to rideshare.  It should be
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noted that all three applications discussed above are on freeways that are among the
busiest and most congested in the United States, all carrying in the range of a quarter
million vehicles daily.

• Reduced congestion in non-HOV lanes – On SR-91 capacity was added to accommo-
date the HOV lane, with a significant positive impact on non-HOV-lane congestion.
Over time, congestion returned, but has still not reached previous levels.  On I-15, a
small impact on general usage lanes has been noted.  It is clear that this impact will
differ depending on local conditions, particularly the level of latent demand and the
availability of alternate routes.  Each proposal must be carefully analyzed if this is an
objective.

• Overall optimization of facility usage – Both the SR-91 and I-15 HOT lanes have
resulted in overall improvements in speed and throughput.  Impacts on air quality
and safety cannot be clearly identified.

• Peak demand spread over longer period – Variable pricing based on time of day
(SR-91) or time of day and volume (I-15) has proven effective in shifting demand and
maintaining free flow on HOT-lane facilities.  Operating agencies have been able to
experiment with different toll structures successfully to meet this objective.  It is
important that operating agencies have the maximum flexibility possible to make
these adjustments and be able to explain their policies effectively to customers.

• Additional revenue to pay for transportation improvements – The Inland Breeze bus
service along I-15 provides a good example of how HOT lanes can generate revenue to
improve alternate modes of transportation.  Many agencies are facing major recon-
struction costs for existing freeways; the HOT-lane concept provides one potential
source of revenue to fund some of these very expensive projects.  It should be noted
that the SR-91 project was able to add capacity very inexpensively due to the avail-
ability of right-of-way in the median and the lack of major bridge construction.  HOT
lanes will provide adequate revenue to fund operations and possibly pay for a portion
of capital expenses, but it is not realistic to anticipate that revenue will support major
construction projects that cost hundreds of millions of dollars.

• Customers make their own decisions regarding the tradeoff between money and
time – While providing more choices can generally be considered a positive benefit,
this must be balanced against equity concerns.  The importance of this benefit needs to
be debated locally in each area that considers HOT-lane implementation.

! Potential Obstacles to HOT-Lane Conversion

As previously discussed, the three corridors with active HOT-lane projects are not typical
U.S. urban freeway corridors.  Besides experiencing very severe congestion and excep-
tionally high volumes, they all have barrier-separated lanes and had existing toll infra-
structure in place in the region.  These differences must be noted in considering HOT-lane
implementation in Minnesota.
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• Need to implement toll structure – Both California and Texas had existing toll infra-
structure being put in place at the time their HOT lanes were implemented.  Toll infra-
structure requires significant up-front investment in electronic equipment,
communications, accounting software and personnel, public information, and man-
agement.  This investment will be more cost-effective if it is spread over a larger
regional toll system.  Also, customers are more likely to obtain transponders if they
can be used on other toll facilities in the region.  The feasibility of HOT lanes in
Minnesota will be impacted by the ultimate size of a toll system in the region.  If this
system is very limited, the investment in infrastructure for HOT lanes may not be very
cost-effective.

• Potential opposition to tolls or variable pricing – Tolls and variable pricing have been
accepted reasonably well in southern California and Texas.  At one time, tolls were not
accepted in these areas, but their popularity has increased due to increased congestion
and limited available funding for transportation system maintenance and improve-
ment.  It appears that users are more willing to accept tolls if they have a clear under-
standing of how funds are being spent.  Since Minnesota has traditionally not had toll
roads, significant public relations efforts will be required to implement even a limited
HOT-lane program.

• Safety concerns – With the exception of a limited portion of I-394, existing HOV lanes
in Minnesota are concurrent and not separated from the other lanes of traffic.  Weaving,
speed differential between HOV and general lanes, and incident response and clear-
ance are already concerns.  Implementation of HOT lanes without barrier separation
would increase safety concerns by placing more traffic in the inside lane.  While the
previous HOT-lane study conducted for Mn/DOT and Metropolitan Council indi-
cated that safety concerns could be adequately addressed, more detailed traffic and
safety analysis would be required.

• Enforcement – Enforcement is one of the major concerns in implementation of HOT
lanes.  It is important to note that, in all of the existing applications described above,
the lanes are separated by a barrier from the general lanes and there are no access/
egress points along the way.  This enables enforcement activities to be conducted
safely and from a single point, greatly reducing expenses.  SR-91 uses both electronic
and manual enforcement methods, while I-15 relies primarily on manual enforcement.
In both cases, HOT-lane traffic is routed into a single lane to increase the ease of
observation and limit the amount of electronic equipment required.

• Without barrier separation, enforcement would be far more difficult and significantly
more expensive.  The 1998 Minnesota HOT-lane study proposed electronic readers
every half mile in order to discourage weaving out of the lane to avoid toll readers.  In
addition, a minimum charge would be proposed upon entry.  Even with these propos-
als, it is likely that under conditions where congestion exists in the free lanes but not in
the HOT lanes, motorists will try to weave in and out to gain a time advantage.  This
will create safety problems and cut the advantage of the HOT lane.  Given the lack of
inside shoulder space along much of the proposed HOT-lane right-of-way on I-35W in
particular (presenting current enforcement challenges), currently camera enforcement
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would be the only safe and cost-effective method of addressing both toll and carpool
violations.

• Equity – Equity has been a concern in all HOT-lane applications, represented by the
term “Lexus lanes” that has been applied by some opponents.  Both California appli-
cations indicate that HOT-lane users tend to have higher incomes, although the differ-
ence is less pronounced than originally anticipated on SR-91.  Surveys conducted for
both California projects indicated that equity was not a major concern.  Users of the
general lanes seemed willing to accept the tradeoff between time and money, and also
realized some benefit from SOV users shifting to the HOT lanes.  It is clear that equity
concerns will differ significantly from one metropolitan area to another.  It is impor-
tant to understand local concerns through an extensive public participation process,
preferably supported by market research.

• Negative impact on transit and ridesharing – Negative impacts on transit and ride-
sharing have not been realized on existing projects.  In general, it appears that HOT
lanes have increased awareness of ridesharing and led to increase in carpool formation
and usage.  Impacts on transit appear to have been neutral, but there is limited data to
review.

• Availability of alternate routes – The availability of alternate routes can impact the
success of HOT lanes and lead to potentially undesirable diversion patterns.  This
could be an issue particularly on I-394; the I-35W corridor is constrained by a limited
number of river crossings.

! Additional Study Needs

In order to fully address the feasibility of HOV- to HOT-lane conversion on I-394 and
I-35W, additional analysis need would need to be conducted.  Any consideration of HOT
lanes should include a review of the assumptions and analysis conducted as part of the
1998 regional HOT lanes study.  In addition, new technologies and developments in the
field since that time would need to be considered.  If HOT lanes were to be considered, it
is recommended that a study proceed in two separate phases:

1. The first phase would include a technical evaluation of HOT-lane feasibility with
regard to physical layout, safety, traffic flow, and enforcement.  Preliminary benefit/
cost analysis of the system would need to be conducted.

2. If the HOT-lane concept were considered to be feasible, a second phase (including
market research, public participation, and further financial analysis) would need to be
initiated.
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A proposed work scope for the study could include:

1. Working with Mn/DOT and stakeholders identified by Mn/DOT, establish a set of
goals and objectives for HOT-lane operation.  Establish criteria and appropriate meas-
urements for evaluation of HOT-lane alternatives.

2. Identify potential HOT-lane alternative alignments for conversion of I-394 and I-35W
HOV lanes, including different options for lane separation.  Identify facility constraints
and roadway modifications required to provide safe operation.

3. Identify requirements for developing a toll infrastructure to service the HOT lanes.
Included will be start-up, capital, and operating and maintenance costs.  Institutional
issues related to toll implementation and their impact on costs also would be discussed.

4. Review and adjust models used to estimate HOT-lane diversion in 1998 study, par-
ticularly in light of results available from I-15 and SR-91 HOT-lane projects.  Revise
estimates for I-35W and I-394 HOT-lane conversion.  Estimates will include a range of
usage based on tolls charged and travel time savings over the regular lanes.

5. Initial alternatives developed under Item 2 will be revised or adjusted, as necessary,
based on estimates of usage developed in Item 4.

6. Provide economic analysis for preferred alternatives.  Include all costs and revenues
associated with value pricing operations, including staff, violation proceeds, customer
service center costs, interest income, discount elimination, transponder costs, trans-
ponder life cycles, equipment maintenance, and replacement costs.

7. Options for enforcement will be developed and evaluated for cost-effectiveness.
Alternatives will include both manual and automated methods of enforcement, in
addition to combinations.  Required legislation for the various options will be
identified.

8. The findings of this effort will be summarized and presented to Mn/DOT.  If
Mn/DOT decides to proceed with further analysis, a work program will be developed
for:

a. Market analysis;

b. Public participation process; and

c. Additional financial feasibility analysis.
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