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Commission, Department of Transportation, or the Federal Highway Administration.
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HOV LANE EVALUATION AND MONITORING

ABSTRACT

This report updates the previous report with the same title dated August 1996
(WA-RD 414.1) and summarizes the data collected in fulfillment of the requirements for
the Washington State Department of Transportation’s contract HOV Lane Evaluation and
Monitoring. This report provides the information necessary to analyze HOV lane
performance and development. Data collection results and analysis are presented,
followed by conclusions and recommendations.

The data contained herein were collected during the first three phases of the high
occupancy vehicle lane (HOV) monitoring project (July 1992-June 1997). The data
collection methodology is described in detail in the companioﬂ report, HOV Monitoring
and Evaluation Tool. (1) Discussed in this report are the folldwing primary and
secondary measures of HOV lane performance: (1) vehicle occupancy dafa; (2) travel
time data; (3) public opinion survey results; (4) transit ridership; and (5) enforcement,
compliance, and adjudication data. Additional secondary measures such as transit load
factors and HOV lane accident rates can be obtained by contacting Metro, Community,
and Pierce Transits and the Washington State Patrol, respectively. Data collection issues
and their implications for data availability are also covered.

Itis impértant to note that this report does not evaluate the HOV lane system in
the Puget Sound region. Rather, it is a compilation of the data necessary to conduct a
meaningful evaluation. Although an ahalysis of public opinion and enforcemenf is
provided, the report's primary purpose is to simply present the data and discuss issues

associated with their use, not to provide an extensive analysis.



EXECUTIVE SUMMARY

This is the fourth in a series of annual data reports for the High Occupancy
Vehicle Lane (HOV) Monitoﬁng and Evaluation project, sponséred by the Washington
State Departfnent of Transportation (WSDOT) and the Federal Highway Administration
(FHWA). The purpose of this project is to collect data on the usage of the HOV lane
system' in the Puget Sound region and to make those data available to a wide éudience of
| transportation planners and authorities. Completion of the HOV lane system is a high
priority for WSDOT. However, it is useful to understand the strengths and weaknesses of
the current HOV lane systém before the significant costs of constructing new HOV lanes
are incurred. The companion report, HOV Monitoring and Evaluation Tool (1), describes
the data collection methodology in detail and is supplemented with quarterly reports
covering any changes to collection measures. :

This report is not an evaluation of the HOV lane system in the Puget Sound
region; rather, it is a compilation of the data necessary to conduct a meaningful
evaluation. However, some of the data included in this report will need to be studied
more closely before substantive recommendations on existing HOV lane policy can be
made. Data are primarily presented in raw form; interpretation and relationships to other
data are provided when appropriate. The key elements of this data collection effort are
(1) that it gathers a wide range of information about the HOV lane system from
throughout the Puget Sound region and (2) that the collection effort is sustained over
time. These elements will allow WSDOT planners to assess the changes in travel
behavior that an HOV lane system is designed to induce, particularly where HOV lanes
do not currently exist. ‘

Analysis of the types of data outlined below will enable WSDOT to evaluate the
performance of the HOV lane sys;cem in terms of the objectives described in the 1992

Washington State Freeway HOV System Policy report. HOV systems serve the

following objectives:



« Improve the capability of congested freeway corridors to move more people by
increasing the number of people per vehicle.
¢ Provide travel time savings and a more reliable trip time to high occupancy
vehicles that use the facilities.
. Provide safe travel options for high occupancy vehicles without unduly affecting

the safety of freeway general-purpose mainlines.

Measures of effectiveness used to. determine the impact of the HOV system include the
following:

e person throughput

. vehiclé occupancy

¢ comparative and absolute general-purpose (GP) and HOV lane travel times

¢ travel time reliability.

Data collection since August 1996 has centered on both travel time savings and
aVerage car occupancy (ACO) analysis at the request of WSDOT. In general, the HOV
system has performed as expected. Most problems have occurred in the commute
direction along the start or terminus of a given HOV lane, at major freeway intersections,
and through the central business districts (CBDs) within Puget Sound. Results of the
AVO data are in Appendix B, with corridor descriptions given in Chapter 2. Results for
the high occupancy vehicle travel time (HOVTT) data are in Appendix F and G, with
corridor speed evaluations given in Chapter 4.

Overall, the support for HOV lanes continues to remain high among all
commuters, but opinions of HOV drivers and SOV drivers are diverging on issues related
to HOV lane usage, performance, and funding. Fortunately, the public’s support is as
strong as ever when it comes to continuing with construction of the HOV system, with 72

percent of survey respondents in favor of the idea. In response to what options may help



improve the current HOV system, the public supports issues related to expansion and
enforcement ovef issues linked to transportation management such as employer subsidies,
increased bus service, and more Park & Ride Iots

The period covered by this report was July 1992 through June 1997. The data
were collected under the methodology developed for the HOV Monitoring and
Evaluation Tool project, with changes in collection methodology noted in the
supplemental quarterly reports. The collection of conventional travel time data was
suspended as of July 1993, but it resumed in October 1995 utilizing the HOV Travel
Time Floating Car Method [HOVTT (fcm)]. Violation information was provided by the
HERO program (see Chapter .6), the Washington State Patrol Violation Recap Agency,
and the Office of the Administra;cdr for the Courts. Data on vehicle occupancy and travel
time (two methods) are presented in Appendices B, E, F, and G. The ACO data and
HOVTT data will be updated quarterly.



Recommendations

The following recommendations are guidelines for the continued success of the

project. Although they are presented here as brief statements, a further explanation of

their importance is provided in Chapter 7 of this report.

o v o» W

10.

Continue to prioritize observations at locations that ensure the best use of
resources. |

Evaluate the appropriateness of collecting vehicle occupancy data on the I-5
express lanes. |

Use short travel time study sections.

Conduct more travel time data collection sessions per study section.

As a special study, conduct travel time observations of the express lanes.
Conduct periodic reviews of the survey to ensure the appropriatenesé ofits
content.

Conduct a special study of repeat offenders to shed some light on the extent to
which violators change their behavior after receiving a ticket.

Conduct a special study on highway corridors characterized by chronic violation
problems. | |
Investigate the accident rates for HOV lanes on the right side of the road in-
comparison to HOV lanes on the left side of the road to determine which
configuration is safer.

Restore funding for data collection efforts to previous biennium levels.






CHAPTER ONE: INTRODUCTION AND RESEARCH APPROACH

PURPOSE AND PRODUCTS

The purpose of this project is to provide a comprehensive set of data for the HOV
lane system in the Puget Sound area. These data will be primarily used by transportation
planners and authorities to evaluate the performance of the HOV iane system and to aid
planning of other HOV facilities. This report is the fourth in a series of annual data
reports that will allow parties to track changes in the performance of the HOV lane
system over time. This report also contains recommendations for future HOV lane policy
and evaluation efforts. Information concerning the data collection method is available in
the companion report, HOV Monitoring and Evaluation Tool (1). Periodic changes in

methodology are noted in subsequent quarterly reports that are avaﬂable locally.

MEASURES OF EFFECTIVENESS

HOV lanes are intended to reduce average travel time and to increase travel time
reliability for transit users, carpoolers, and other ridesharers. HOV lanes are supposed to
provide a relatively unobstructed lane for users. For these reasons, HOV lanes are
expected to encourage transit use. The expected reductions in both travel time and
congestion must be measured to determine whether HOV lanes are cost effective.
Vehicle occupancy, travel time, and public opinion are the three types of primary data
collected by this project. Secondary sources are used to assess enforcement and
violations along HOV lanes. Although traffic volumes and person throughput may be
estimated from vehicle occupancy data, it is not the intent of this report to estimate these
or any other categories, such as violation rates, as related to traffic flows. Traffic |
volumes aré better measured using volume data from inductance loop detectors; person

throughput can then be estimated by multiplying the volume data by occupancy data



percentages. Analysis of violation rates depends on traffic volume data available, as well.

Inductance loop data are not currently collected as a part of this project. The data

collection efforts have focused on the following measures:

YVehicle Occupancy/Mode Choice. Vehicle occupancy is recorded by human
observers in the field at 53 sites in the Puget Sound area. Data are collected from
HOV laneé, general purpose lanes, and access/egress ramps to provide a profile of -
commute patterns, congestion, and the average number of passengers traveling along
commute routes during peak commute hours. Now that the project has a solid
baseline of occupancy counts at a variety of site locations, observation sessions are
scheduled exclusively at mainline sites within the Puget Sound region. Rather than
average vehicle occupancy (AVO), average car occupancy (ACO) is derived from the
data. '

Determining AVO requires the use of transit and vanpool loading factors
specific to the region under consideration (Chapter 3). Ridership information can be
obtained from the three local transit agencies that operate routes on HOV lanes:
Metro (King County Department of Metropolitan Services), Community Transit
(Snohomish County), and Pierce Transit (Pierce County). These data should focus on
changes in ridership over time for routes along freeway segments that contain HOV
lanes.

Mode choice data can be derived from vehicle occupancy and are
supplemented by survey results from this proj ect. Subsequent sections of this report
discuss data collection and the implications these methods have on the data available.
A regression analysis of the baseline vehicle occupancy data was performed in 1993,

and those results are discussed further in Chapter 2.



HOYV Violations. Violation rates may be calculated for peak-hour commute times by
determining the number of single occupant vehicles (SOVs) that use the HOV lane.
Data from ACO observations, the number of HOV violation tickets and warnings
issued, adjudication results, and information from the HERO program indicate thé
frequency of HOV violations and the enforceability of current restrictions (see
Chapter 6 for information on the HERO program). Taken together, these sources .
provide information about reports from citizens on HOV violations on area highways,
tickets and warnings issued primarily by law enforcement officers, and the number of
paid tickets and the outcomes of contested tickets in the courts. Survey results

provide information about regional commuters’ perceptions of violations.

Safety. Public opinion survey results provide information about commuter
perceptions of HOV lane safety. These data measure the level of concern about safety

and its impact on mode choice.

Travel Time. Travel time data measure the effectiveness of HOV lanes at reducing
commute times and improving reliability. Originally, a license plate matching
method was used to measure and compare travel times on HOV lanes and general
purpose lanes. Multiple counts at specific sites and roadway segments measured the
travel time reliability function of HOV lanes and estimated the speed and flow of
traffic. Over time, renewed observations may be used to measure the absolute and
relative travel time savings for HOV lanes. Because of the demands on resources this
method exacts and the level of labor required to produce significant samples, a
different method of a data collection was adopted in October 1995: the Floating Car
Method (fcm). Observers collect actual travel time data during the commute period
by measuring the time differentials between given roadside landmarks. This method

is further described in Chapter 4.



o Public Opinion. Public opinion data indicate the HOV program's perceived
importance and effectiveness, as well as ways it may be modified to appeal to more of
the region's drivers. Public opinion is measured by analyzing survey results from
randomly selected commuters observed along freeway routes that contain HOV lanes
during peak commute periods. Mail-out surveys were sent to drivers of both HOV
and SOV vehicles identified in the field by traffic observers. The mail-out surveys
were designed to elicit area drivers' perceptions of the attractiveness, efficacy, safety,
and violations of HOV lanes. This report presents public opinion data to show overall
results and to determine differences in opinion between ridesharers and SOV

commuters.

These measures of effectiveness categories provide a valid basis for evaluatihg the
performance of the current HOV lane system. They also help address WSDOT’s
information needs for determining where and when to construct new HOV facilities.
WSDOT’s HOV Lane Minimum Threshold Policy states four preconditions for HOV lane
construction: |

1. facility demand exceeds capacity for more than one hour each day

2. evidence exists that an HOV lane will move more people per hour during peak

periods than the per-lane average of the adjacent general purpose lanes

3. there is local support for HOV lane construction

4. The HOV lane segment will improve continuity by linking other HOV lane

corridors identified in the Year 2000 HOV Core Lane System (3).

The ACO and public perception data available from this study will provide
WSDOT with some of the information necessary to evaluate minimum threshold

requirements for new HOV lane construction. These data will also be useful in decisions
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concerning lane configuration, occupancy requirement policies, and general purpose lane
conversion.

The data published in this report will be readily available to WSDOT officials and
planners, as well as to other interested jurisdictions. Analysis of much of the data
requires specialized computer programs designed for this project, in addition to the
Statistical Package for Social Sciences for Windows (SPSSWIN) statistical analysis

program.

DATA COLLECTION

As stated before, extensive documentation of the data collection method used for
this project is provided in the companion report HOV Monitoring and Evaluation Tool
(1) and in supplemental quarterly reports. However, a brief explanation of the data
collection process is in order.

| This study employs human observers to collect data pertaining to vehicle

occupancy ahd travel time, as well as the information necessary to send out public
opinion surveys. Traffic observers count the occupants in each vehicle in a given lane as
‘ the vehicle passes beneath a highway overpass or through an access ramp. Travel time
data have been collected by matching license plate numbers with unique time indices at
two points along a roadway. Current travel times are collected by means of the Floating
Car Method. Observers drive the HOV lanes (and sometimes the general purpose lanes)
during the commute period and measure the time differential between given roadside
landmarks. Observers also collect license plate numbers of both HOVs and SOVs to |
generate comparable samples for the public opinion survey. These observers enter data
onto personal computers (observers originally used Toshiba T1000 laptops but now use
smaller, more reliable Hewlett-Packard HP-95 palmtop computers) and hard-copy forms
when necessary. Data are collected on the major interstate and state highways in the

region: I-5, 1-90, I-405, SR 520, SR 16, SR 167, SR 410, and SR 512 between the peak
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commute hours of 6:00 AM to 9:00 AM, and 3:00 PM to 6:00 PM (three hours each).
State highways 16, 167, 410, and 512 were added to this list in the third quarter of 1993.
No data regarding express lane traffic on the I-5 north and I-5 downtown corridors have
been collected, but AVO data on the reversible lanes of I-90 have been available since the
third quarter of 1994. At the same time, for ease of data managemént and to increase the
number of data collection sites, the I-405 corridor was divided into three corridors: I-405
South, I-405 Central, and I-405 North (1). Observation sites were also added to I-5 in
Everett and Tacoma. Because of recent limits in funding, ACO data from July 1995 to
the present are not available at all the 53 sites originally under observation. Table 1.1

~ indicates the data collection quarters and their corresponding dates for this study. (See

Table A2 for the beginning dates of study for the data collection sites.)

Table 1.1: Data Collection Period, by Quarter

Type Quarter of Study Dates
AVO Q3/92 July 3, 1992 - October 2, 1992
AVO Q4/92 October 5, 1992 - January 1, 1993
AVO Q1/93 January 4, 1993 - April 2, 1993
AVO Q2/93 April 5, 1993 - July 2, 1993
AVO - Q3/93 July 5, 1993 - October 1, 1993
AVO Q4/93 October 4,1993 - December 31, 1993
AVO Q1/94 January 3, 1994 - April 1, 1994
AVO Q2/94 April 4, 1994 - July 1, 1994
AVO Q3/94 July 5, 1994 - September 30, 1994
AVO Q4/94 October 3, 1994 - December 30, 1994
AVO Q1/95 January 2, 1995 - March 31, 1995
AVO Q2/95 April 3, 1995 - June 30, 1995
AVO Q3/95 July 3, 1995 - September 29, 1995
HOVTT Q4/95 October 2,1995 - December 29, 1995
HOVTT Q1/96 January 3, 1996 - March 29, 1996
HOVTT Q2/96 April 1, 1996 - June 28, 1996
AVO Q3/96 July 1, 1996 - September 27, 1996
HOVTT Q4/96 September 30, 1996 - December 27, 1996
HOVTT Q1/97 ’ January 1, 1997 - March 28, 1997
AVO Q2/97 March 31, 1997 - June 30, 1997
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The success of occupancy and travel time data collection is affected by the type of
observation performed and the collection method used. The objective is to conduct as
" many observations for a wide distribution of sites, with a goal of ten half-hour counts per
type of lane (GP vs. HOV) per quarter per site. To make the best use of resources, data
collection has focused on the direction in which peak period traffic is expected to flow.
Scheduling is affected by the type of data being gathered, the number of observers,
logistical considerations, weather, and the success of previous observations. Data
collection is further affected by such factors as the site's geographic characteristics,
weather and light conditions, observer performance, and data quality management.

The occﬁpancy and travel time data presented in this report are from 59 sites
studied during the first three phases of data collection (38 sites are for occupancy, 8 are
for travel time data collection, and 13 are used for both). Only vehicle occupancy data
and data using the floating car method [HOVTT (fcm)] are now being collected. Baseline
travel time data collection using the license plate method was discontinued as of July

1993 (1).

REPORT ORGANIZATION

Chapter 2 discusses vehicle occupancy data. Chapter 3 analyzes these ACO data.
Chapter 4 discusses travel time data. Chapter 5 provides comprehensive information
from the public opinion survey. Secondary data sources pertaining to enforcement,
compliance, and adjudication are presented in Chapter 6. Chapter 7 contains conclusions
and recommendations. The appendices contain v;ehicle occupancy and travel time data,

as well as relevant supplemental information.
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CHAPTER TWO: BASELINE VEHICLE OCCUPANCY DATA

Vehicle occupancy data are an empirical measure of commuter mode choice. This
measure can also be used to evaluate the effect of HOV lanes on the person-carrying
capacity of commute corridors. Vehicle -occupancy data indicate the proportion of
vehicles of a certain occupancy or mode at a given freeway location during the weekday
peak commute. For the project’s ongoing collection, observers record the vehicle
occupancy and mode at mainline and ramp locations by using a program that time-stamps
each observation. Average car occupancy (ACO) is then calculated from these
observations with the formula shown in Figure 2.1. Note that only passenger vehicles are
considered in the calculation of this number. To calculate average vehicle occupancy
(AVO), the formula in Figure 2.2 is recommended, but with reservations. The weighting
factors of 10 and 40 occupants (for vanpools and public transit buses, respectively) vary
by site, time of day, direction of travel, and quarter, and are likely to overestimate AVO. v
For this reason, ACO, rather than AVO, is used in the rémainder of this report. AVO can
only be estimated after the average vanpool and bus loadings for each location have been

acquired from the appropriate transit agencies.

Average car occupancy (ACO) can be calculated using the following formula:

(1x SOV)+(2x DOV)+(3x TOV) +(41x FOV)

ACO =
SOV + DOV + TOV + FOV
where
e SOV is the number of single-occupancy vehicles observed
. DOV is the number of double-occupancy vehicles observed
. TOYV is the number of triple-occupancy vehicles observed

FOV is the number of vehicles observed with four or more occupants.

Note: Vanpools, buses, other transit vehicles, motorcycles, and tractor semi-trailers are
not considered.

Figure 2.1: Calculation of Average Car Occupancy
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Average vehicle occupancy (AVO) can be calculated using the following formula:

1x SOV) +(2x DOV) +(3x TOV)+(41x FOV) + (10 x VAN) + (40 x PT)
SOV + DOV +TOV + FOV +VAN + PT

aro=!

where
SOV is the number of single-occupancy vehicles observed

DOV is the number of double-occupancy vehicles observed

TOV is the number of triple-occupancy vehicles observed

FOV is the number of vehicles observed with four or more occupants
VAN is the number of vanpools

PT is the number of public transit buses.

Note: Other transit vehicles, motorcycles, and tractor semi-trailers are not considered.

Figure 2.2: Calculation of Average Vehicle Occupancy

Occupancy data in this report are presented in Appendix B according to the

following characteristics:
. corridor of study
o observation site
° AM or PM peak period
o traffic flow direction

. mainline (GP or HOV) or access/egress ramp location.

Data indicate the number of vehicles that were observed by type of occupancy, the total
number of vehicles, the ACO, and the number of counts successfully conducted for each
quarter of the study. Data about mainline locations include the number of lanes so that
the average counts per lane can be estimated for comparing general purpose (GP) lanes
with HOV lane data. The figures in these tables are work-week and commute period
aggregates (thereby assuming that the daily ACO does not vary significantly).

Although the data may be disaggregated by day of the week, by hour of commute,

or by lane of traffic if desired, at some locations a sufficient number of observation
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sessions may not have been completed to make this possible. Occupancy data may also
be aggregated to determine the overall ACO for the following:
° multiple sites of a corridor

° combined GP and HOV lanes

. all access/egress ramps
. simultaneous directions of traffic flow (within the limits of the data and
aggregation program).

B¢cause loop inductance data gathered from these sites are more representative of
corridor traffic volumes, the data presented herein should only be used to generate
estimates of the distribution of vehicle mode and occupancy (e.g., proportions of SOVs).
Occupancy data presented in this rei:ort should not be used to compute traffic volumes.
During Phase I of this project, vehicle occupancy data were collected from 41
sites. Each had either mainline or access ramp locations, or a combination thereof,
amounting to 14 mainline and 26 access/egress ramp locations. During Phase II, data
collection was expanded to include sites in Tacoma, Everett, and Issaquah for a total of
53 sites with 10 new mainline and two access/egress ramp locations. ACO data
collection during Phase III has been severely limited because of budget constraints, with
the number of sites reduced by roughly a third. The data, shown in Appendix B, are
available beginning with the third Quarter of 1992 and ending with the second quarter of
1997 (see Table 1.1 ‘for the quarters and their calendar equivalents). In Appendix B, the
data for each site are preceded by a diagram of all the sites in a given corﬁdor, followed
- by a lane diagram of the site that indicates the traffic flow direction and type (mainline or
rémp). Comments made by observers while they were collecting occupancy data can be
found in Appendix C. These comments pertain to the weather and traffic conditions in

which the data were collected.
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OCCUPANCY DATA AVAILABILITY

A minimum of ten 30-minute counts per typel of lane per quarter per site for each
peak commute period are necessary to provide statistically significant data (2). Under
optimum conditions, five to six counts are conducted per 3-hour session. Although
collection was designed with this requirement in mind, the significance of resulté is
affected by the availability of the data collected, as well as by thé variation of each site’s
peak period. The availability of data for these sites depends on the number of observation
sessions scheduled and on the number of counts successfully performed for a given
quarter. (For a description of factors likely to render data unusable, please refer to HOV
- Monitoring and Evaluation Tool.) These conditions are affected, in turn, by a number of
factors, including the direction of traffic flow, the weather, geographic characteristics of
the site location, and the success of scheduling efforts. Because of the large number of
locations involved, éounts have been prioritized in favor of sites that are expected to
capture more typical traffic patterns. Additional locations have been scouted and
scheduled as the project has progressed. Scheduling is also affected by the availability of
transportation for observers.

Because of these variables, data for some tables are incomplete. In the majority of
cases in which data are insufficient, it is because no counts had been scheduled during
that time. In other cases, only one or two counts were completed, and the available data
files were not usable (see HOV Monitoring and Evaluation Tool for a discussion of
causes (1)). In addition, data may be unavailable for specific lanes of traffic at certain
mainline locations because the number of lanes exceed the number of counts conducted at

those sites.

‘Scheduling

Determining which sites to use is a process that has developed over time, partially

as a result of learning which locations are better for observations, as well in response to
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WSDOT requests for new information. During the first two quarters of data collection,
emphasis was placed on scheduling observations according to expected commute
patterns: e.g., inbound Seattle central business district (CBD) traffic during the morning
commute and outbound traffic during the evening commute. In areas where this pattern
was less clear, such as the CBD traffic on the downtown I-5 corridor and the suburb-to-
suburb traffic on the I-405 corridor, collection efforts were expanded to include less
obvious reverse traffic flows as well. Although most sites had been identified by the
summer of 1992, months of observation were needed to discern these counter-traffic
patterns and to schedule observations accordingly. Scheduling success is also affected by
whether student observers have transportation; because more than one observer typically
relies on a single vehicle, if that vehicle is not available, the counts for the affected

observers are canceled. Whenever possible, canceled observations are rescheduled.

Visibility

The ability to see into passing vehicles--and thus to observe the number of
occupants accurately--is affected by the positions of the observer, the traffic, and the light
source (1). Because visibility can be greatly affected by weather conditions, the
usefulness of sites typically remains unknown until the weather and light conditions
change. Overpasses are generally undesirable because the farther away an observer sits
from traffic, the more difficult it is to see into passing vehicles. However, overpasses do
provide the best conibination of visibility and safety in comparison to street level sites,
which do not allow observers to see all lanes of traffic. As weather and light availability
changes, a site on an overpass that provides a good view into the interiors of vehicles in
the summer may become useless in the winter because streetlights are absent or provide
insufficient light to see into passing vehicles. Under such circumstances, data collection
may be limited to daylight hours. The result is that, for a number of locations, data.

during the fall and winter quarters (e.g., Q4/92 and Q1/93, respectively) are not available.
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Darkness during the winter months has forced morning counts to begin after 7:30 AM
and evening counts to end before 5:00 PM--an hour to an hour-and-a-half later (or earlier)
than scheduled. Therefore, instead of the expected five to six counts per session, only
three to four counts per session may have been successfully performed during the fall and
winter quarters, if at all. Now that baseline data collection for most of the data sites has
been completed, ACO observation will be conducted during the lighter spring and
summer months, whereas HOVTT data will be collected during the darker fall and winter
months. Another issue that affects observer performance is whether traffic is approaching

or going away from observers. (4)

Mainline Observations

Mainline data include both HOV and GP observations; these are collected by
. observing a different lane for each 30-minute count. Ramp data are collécted by
observing the same ramp throughout the session. The number of lanes at each mainline
location is shown in the site diagram and displayed under the location heading ("GP
lanes" or "HOV lanes") (see Appendix B). Although the observers collect data separately
for each individual lane, the analysis program distinguishes only between HOV and GP
lanes (thereby combining the data for individual GP lanes). As a result, the number of
counts performed for GP lanes effectively outnumbers those for HOV lahes, which makes
a direct comparison between the two types of lanes difficult.

In an effort to make the samples of HOV and GP lanes more comparable, a type
of rotation counting was adopted in the fourth quarter of 1994. Observers now begin
their sessions with the HOV lane, proceed to a GP lane for their second count, then return
to observing the HOV lane for their next count. By repeating this order, sample sizes of
HOV and GP lanes will be fairly uniform for each quarter. For ACO data collected
before Q4/94, the number of HOV and GP lanes must be taken into consideration to

compare HOV lane with GP lane observations. This can be done by dividing the number
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of quarterly counts by thé number of each type of lane to obtain the average number of
counts per lane.

Data availability for mainline locations is affected by a number of factors.
Although mainline data are preferable to data collected at access/egress ramps, they are
more difficult to obtain. They require the use of ‘ overpasses, which are more difficult to
locate because overpasses occur less frequently than access/egress ramps, and those with
characteristics favorable for observing vehicles (such as adequate lighting and lower
height (1)) are even rarer. During the winter months, observations have been scheduled
to obtain mainline data from at least one overpass per corridor; access ramp data have
been collected to supplement them. As aresult, daté tend to be more readily available
from ramp locations during the winter months.

Data also may be unavailable for individual lanes of certain mainline locations
because the number of lanes is greater than the number of possible counts per session.
During a three-hour session, observers are able to conduct up to six half-hour counts.
When observers are faced with more lanes of traffic than the conditions of the session
allow, at least éne lane may be missed for any given session; during the fall and winter
quarters, this number rises to include at least two lanes. This limitation has been
counteracted by specifying the lane at which a session is to begin and then rotating the

order of the lanes so that each lane will be observed at least once per quarter.

Ramp Observations

There are almost twice as many ramp sites as there are mainline sites. Because
access/egress ramps are more numerous and typically have better lighting than
overpasses, they were ideal locations for observing vehicle occupancy. An important
feature of access/egress ramps (particularly on-ramps) is that data were likely to vary
greatly. This is due to the lower volume of vehicles they carry, which means that there

was a greater chance for random variation. Ramp locations were therefore studied to
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supplement mainline data, as well as to determine whether some of their data could be
used as "proxies" for data gathered on the mainlines. A result is that some locations were
only counted during the winter months. Both on- and off-ramps were used. In places
where ramps had metered GP and HOV bypass lanes, vehicles were recorded regardless
of the lane, thereby combining the data for these locations. Ramp observations were
discontinued at the end of the second quarter of 1995 because of budget cuts, and no

plans to renew collection efforts are under consideration.
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AVERAGE CAR OCCUPANCY SITES

I-5 North Corridor (Fig. B1)

The I-5 North corridor is 9.4 kilometers long, beginning at NE Northgate Way
(north of SR 520) and continuing to 236th Street SW. Four evenly spaced sites have been
used with well-lighted locations: 236th Avenue SW, N 175th Street, N 145th Street, and
NE Northgate Way. For all sites, ﬁoMg southbound and evening northbound traffic
has been measured from on- and off- ramp locations, respectively. Of these, only N
145th Street has been used for mainline data collection. Data are unavailable for 236th
Street SW for the AM northbound flows during the second quarter of 1993 (Q2/93) and
for the PM southbound flows during the third and fourth quarters of 1993. ‘No data have
been collected for 236th Street SW, N 175th Street, or any ramp observaﬁon sites since
Q2/95.

I-5S Downtown Corridor (Fig. B6)

This corridor begins at S 144th Street and ends at Roanoke Street, a distance of
18.9 kilometers, including i-90 and ending at the I-5/SR 520 interchange. Conducting
observations in this corridor has been difficult because both directions of traffic have to
be examined for each commute period (there is no obvious directional flow).
Additionally, because of the irregular layout of the access/egress ramps, it is impossible
to conduct observations in the same manner as is possible at suburban locations with
traditional cloverleaf or diamond patterns. Because no single set of locations can satisfy
collection requirements, a greater number of sites have to be used. Six ACO sites--
Lakeview Boulevard E , Roanoke Street, S Holgate Street, Albro Place, Madison Street,
and S 144th Street--have been used for mainline observations. Eight sites--Lakeview
Boulevard E, Corson Avenue S,‘ Stewart Street, S Michigan Street, Olive Street, Madison

'Street, and Howell/Yale Sts.--have been used for ramp data collection.
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The majority of observations have been conducted around three clusters of ramps:
one set north of the downtown central business district (CBD), a second set at the CBD,
and third set south of the CBD. North of the CBD, observations were conducted at
Lakeview Boulevard E, but the site was then replaced by Roanoke Street (which was
found to be better because it was closer to street level) during the first quarter of 1993
(Q1/93). However, data are unavailable for Roanoke until Q2/93 because the retrieval
program cénnot distinguish between the two sites for Q1/93.

Within the CBD, locations at Olive Way (northbound, evening on-ramp) and
Howell/Yale Sts. (southbound, evening on-ramp) have provided for "outbound" traffic;
Madison (northbound, morning off-ramp) and Stewart Street (southbound, morning off-
ramp) have provided for "inbound" traffic data. Morning counts at Olive Street and
Howell/Yale Sts., northbound, did not begin until later in 1992. Mainline data
collection at Madison Street was a special study begun at the request of WSDOT District
1 during the Q2/93. Ramp data collection began in the fourth quarter of 1992 (Q4/92) for
AM counts and in the fourth quarter of 1993 (Q4/93) for PM counts. Stewart Street was
not added until Q4/92 for AM counts and until Q4/93 for PM counts. Data are
unavailable for Olive Way AM counts during Q3/93, Howell/Yale Sts. counts AM during
Q3/93, and Madison AM counts during Q4/93 because observations were not scheduled.

| South of the CBD, counting at S Holgate Street was changed to counting at Albro
Place because of the unfavorable characteristics of the site. (There was a sidewalk on only
one side of the overpass, and at the time, the HOV lane ended about 200 yards before the
overpass, making it difficult to determine vehicle occupancies in that lane.) Observations
were suspended because of construction at the following sites: S Holgate Street and
Corson Avenue S, beginning Q1/93, and S Michigan Street, beginning Q2/93. Mainline
~ evening counts were discontinued at S 144th. Street. Site #25 (Albro Place) is the only

location where ACO data have been collected along this corridor since Q2/95.
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I-5 South Corridor (Fig. B18)

The corridor begins south of the I-405 interchange, at S 188th Street, and
continues south to S 272nd Street, for a distance of 8.9 kilometers. Data collected during
the morning commutes have been for northbound traffic (on-ramps only); afternoon data
have been collected from only southbound traffic (off-ramps only). Of the seven
occupancy collection sites, one (S 216th Street) has been used exclusively for mainline
observations; the remainder (S 188th Street, S 200th Street, SR 516--Kent/DesMoines
Road, SR 516--Kent ramp, SR 516--DesMoines ramp, and S 272nd Street) have been
used to collect ré.mp data. The ramp locations at SR 516 have been treated as if they were
three different sites. |

An instance of observations missing where sessions were conducted is the HOV
lane of S 216th Street in the morning nbrthbound lanes (Q4/92). The data from the two
counts completed for that lane were found to be unusable. No observations were |
scheduled at the SR 516--DesMoines on-ramp AM northbound for Q2/93, the S 188th St.
off-ramp PM southbound for Q2/94, ahd the S 272nd St. on-ramp AM northbound for
Qi/94 and off-ramp PM southbound for Q4/93. Site #34 (S. 216th St.) is the only

location where ACO data have been collected along this corridor since Q2/95.

SR 520 Corridor (Fig. B24)

 This corridor is 7.9 kilometers long from the Hunt's Point pedestrian bridge to the
148th Avenue overpass. Of seven ACO sites, two have been used exclusively for
mainline observations (Yarrow Point and 148th Avenue); the rest have been used for
ramp data collection (Hunt's Point, SR 908, 124th Avenue, and 148th Avenue--Bellevue
and 148th Avenue--Redmond ramps). These sites are all located east of Lake
Washington; to date, data have not been collected on the Seattle side of the lake. Like SR

516 on the I-5 South corridor, 148th Avenue NE has been treated as if it were three
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separate sites. Data have been collected for morning westbound (on-ramps) and evening
eastbound (off-ramps) traffic only.

Data collected for this corridor were not usable or available for the following
locations: the Hunt's Point on-ramp AM westbound for Q4/92 and Q2/93; the 124th
Avenue NE on-ramp AM westbound for Ql/93 and off-ramp PM eastbound for Q2/93;
148th Avenue NE mainline AM westbound for Q4/92 and eastbound for Q1/93; and the |
148th Avenue -Redmond ramp, Q1/93. Sites #42 (Yarrow Point) and #45 (148™ Avenue
- NE) have been the only active locations along this corridor sinqe Q2/95. In Q2/97,

counterflow observations were started at the Yarrow Point site. .

1-90 Corridor (Fig. B30)

This corridor spans Lake Washington from 23rd Avenue S in Seattle to Front St.
in Issaquah (between I-5 and SR 18), for a total of 23 kilometers. This corridor consists
of nine ACO sites. Island Crest Way and Newport Way have been used for both mainline
and ramp observations, whereas 60th Avenue SE, E Mercer Way, Bellevue Way SE, and
Front St. have been ramp sites only. The site aléng the I-90 reversible lanes was added in
Q3/94 for mainline ACO data, but no data have been collected since Q3/95. Sites at
142nd Avenue and SR 900 were only considered during the initial testing period and
have not been used since that time.

Island Crest Way was reported to be a poor vantage point in the mornings because
of water sprinklers, landscaping, and the elevation of the overpass (4). Morning counts at
this location were temporarily postponed during Q4/92 and Q1/93 because of the freeway
landscaping project that was under way (which turned the location into a "sea of mud"
following rain storms (4)). Data collected at the Island Crest Way on-ramp were not
usable for Q1/93.

Observations at the E Mercer Way on-ramp were not scheduled for Q2/93 and

~ Q3/93; observations at the off-ramp were not begun until Q1/93 because of construction;
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and data for Q3/93 were not useable or were absent. Again, observations were scheduled
for morning westbound traffic and evening eastbound traffic only. Observations were
suspended in Q4/94 to free up resources for renewed observation at the Front St. site.
Data for Bellevue Way are not available for the afternoon off-ramp eastbound site for
Q3/93. Newport Way and Front Street in Issaquah were added during the third quarter of
1993 (Q3/93), and those data are included in this report with the exception of thé
following: Newport Way ACO data for Q4/93 and Front St. ramp ACO data between _
Q4/93 and Q3/94. ACO data are available for mainline sites at Newport Way (#57) and
Island Crest Way (#54) only since Q2/97. In Q2/97, counterflow observations were

started at the Island Crest Way site.

1-405 Corridor (Fig. B35 and Fig. B40)

This corridor is unique in a number of ways. Before it was partitioned for data
collection in the third quarter of 1993, it stretched from Tukwila Parkway (at
Southcenter) to SR 908 (north of SR 520, by Kirkland) for a total of 27.9 kilometers, and
it had more sites than any other cdn‘idor (except the I-5 Downtown corridor, which has
nine sites). The corridor was in a number of "activity zones," which meant that morning
and evening data on both northbound and southbound traffic had to be collected.
Although a large amount of data were obtained, there were so many locations that
observations were not performed as often as desired. As a result, bad data affected a
larger proportion of the observation quarters. To improve collection efforts, and in
anticipation of more sites along this corridor, I-405 was divided into three sections, as

described below.

1-405 South Corridor (Fig. B35)
This section begins at Tukwila Parkway and ends at 112th Avenue SE (Lake

Washington Boulevard), for a total of 13.7 kilometers. It is the most complex section
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because it runs through the suburban centers of Tukwila (where it merges with I-5),
Renton, and Bellevue. Traffic here flows in multiple directions, traveling to and from
both I-5 and I-90 towards Seattle, Tukwila, Renton, and Bellevue in the morning and
returning in the évem'ng. Although there are only four sites in this corridor, observations
have been conducted to measure both morning northbound and southbound, and evening
southbound and northbound traffic (similar to the I-5 Downtown corridor). Two sites
(Tukwila Parkway and 112th Avenue SE) have been used solely for mainline
observations during the period covered in this report. Three sites (SR 167, S Park Dr. and
112th Avenue SE) have been used for ramp data collection (as of Q2/93, ramp data
collection from il?th Avenue SE was suspended).

Data collected at Tukwila Parkway are unavailable for the morning northbound
commute of Q3/92, and for the evening northbound commute between Q3/92 and Q1/93
because of bad data and the low number of counts performed. Counter-flow traffic data
(morning southbound and evening northbound) were not collected during the winter
months because of generally poor visibility and because they were not a high priority.

Ramp data for SR 167 were unusable for the evening northbound commute of
Q4/92. For all other quarters in which data are missing, the reason is that counts were not
scheduled. This ramp is not a healthy counting location because vehicle exhaust tends to
accumulate here.

S Park Drive provides access to the Renton Boeing Plant, and so traffic patterns
tend to be different here; peak periods run from 6:00-7:30 AM and from 2:00-4:00 PM;
traffic is gone by 5:00 PM (4). Data for the northbound on-ramp traffic were not usable
for the morning commute during Q4/92 and Q1/93 or for the evening commute during
Q3/92 and Q4/92. Nor were they usable for the evening southbound commute during
Q3/92 and Q4/92. During the period covered by this study, ramp improvement

construction occurred at S Park Drive, which may have restricted the number of counts.
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Data collection at all S Park Drive ramp sites was suspended in Q3/95. The reason that
data are missing from any other quarters is thét no sessions were scheduled.

At 112th Avenue SE, Q4/92 data.were not usable for the GP lanes during the
morning northbound commute and data were not usable for either the GP or HOV lanes
of the morning southbound commute during Q3/92 to Q4/92. Both the evening
northbound and morning southbound locations were counter-flow commutes, and thus
observations were not begun until 1993. At all other locations for which data are absent,

observations were not scheduled.

1-405 Central Corridor (Fig. B40)

This 2.2-kilometer section of I-405 centers around downtown Bellevue from SE
8th Street to NE 12th Street, between I-90 and SR 520. With the completion of a new
outside HOV lane, observations at this site were relocated to NE 4th, which provides a
better viewpoint. Of the two active ACO sites, NE 4th Street has been used for mainline
observations, and ramp observations have been conducted at SE 8th Street.

Data for SE 8th Street were not usable for the northbound commute of Q3/92 or
for the morning on-ramp commute during Q4/92 to Q2/93. Both sets of data were from
counter-flow commutes. Traffic for the morning southbound commute was so light (as
demonstrated by Q3/92 data) that on-ramp observations here were discontinued until
Q3/93. At all other locations for which data are absent, observations were not scheduled.

Observations at NE 8th Street were abandoned after a few trial counts during the
third quarter of 1992, although additional counts were performed during the first quarter
of 1993. NE 8th Street was a poor site for observations because thé northbound on-rarhp
- was too far away, and the traffic there moved too fast for observers to determine |
occupancy reliably. Although the southbound off-ramp was well-lighted, two lanes of

traffic exited at the same time and moved too fast to count (4).
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During the winter months, it was generally too dark to see the number of
occupants when mainline observations were conducted at NE 12th Street because the
lightiﬁg was inadequate (4). Morning northbound and southbound commutes were not
scheduled until Q2/93; data collected for the evening northbound commute during the
two.counts of Q1/93 were not usable. Data collection over Q2/97 was restricted to site

#73b (NE 4" Street).

1-405 North Corridor (Fig. B40)
At present, there is only one site in this corridor at SR 908, 6.4 kilometers north of NE

12th Street. Mainline counts did not begin until Q3/93; consequently, they are not
displayed. Both ramp and mainline counts have been primarily conducted from the
pedestrian bridge located here. Winter observations are difficult at the overpass because
of poor lighting on the pedestrian bridge; better-lighted ramp locations at this site (such
as the southbound on-ramp, which does not have a Jersey barrier) are not safe for
observétions (4). No observations were scheduled for the AM southbound on-ramp
commute during Q2/93 and Q4/93 or for the PM northbound off-ramp commute during
Q2/94. Between Q2/95 and Q4/95, a new outside HOV lane was added to the

northbound and southbound freeway lanes.

Outlying I.ocations

Starting in the third quarter of 1993, several new observation sites outside the
original corridors were added to the scheduling log. These sites were chosen to provide
baseline data for the areas surrounding Tacoma, Everett, Kent/Auburn, and Issaquah.
These sites are
e North I-5 at 112th SE in Everett (SB and NB, AM and PM) (Observations at this site

were suspended in Q4/95 because of budget constraints.)

e South I-5 at 70th E in Fife (SB and NB, AM and PM)
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e South I-5 at the Tacoma Mall (SB and NB, AM and PM) (Data for Q3/93 are abéent
’because of problems with the quality.)
e SR 16at thé Narrows Bridge in Tacoma (WB and EB, AM and PM)
e SR 410 at East Valley Avenue in Sumner (WB and EB, AM and PM)
e SR 512 at Ainsworth Ave./ Steele in Parkland (WB and EB, AM and PM)
e SR 167 at 37th NW in Auburn (SB and NB, AM and PM) (Observations were not
scheduled until Q4/93 for AM SB and NB, and PM NB.)
e SR 167 at S 208th in Kent (SB and NB, AM and PM) (Data sessions were not
scheduled for the following: PM NB in Q3/93, AM SB in Q4/93, and PM SB
between Q3/93 and Q4/93.)

Only mainline ACO data have been collected at these sites.

CONCLUSIONS AND RECOMMENDATIONS

Occupancy data have been successfully collected from most of the study sites.
Where data are unavailable, it is because an insufficient number of counts were scheduled

- or successfully completed. This happened for a number of reasons, including inclement

weather, poor visibility, more sites than observers, and the discontinuation of data
collection at some sites. The impact of having too few successful counts per quarter was
that when bad déta rendered the counts unusable, data for the entire quarter were possibly
lost. During the first two years of the project, obéervation sessions were consistently
more numerous for ramp than for mainline locations. This was because of the greater
number of ramp locations and the better visibility they offered. There were also
proportionally more successful observations for GP lanes as a whole than for HOV lanes
as a whole. This situation was corrected du;‘ing the fpuﬂh quarter of 1994 with the
adoption of a new counting procedure that involved rotating the lane to be observed
between HOV and GP lanes. This procedure will provide sample sizes that are more

comparable and enhance the validity of any comparison between HOV and GP lanes.
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However, in the third quarter of 1995, the total number of observations was reduced to
ten count sessions per week because of a reduction in the funds allocated to the project.
Funding for the ‘97-°99 biennium is sufficient enough to expand obsérvations beyond the
project’s current observation area to include new or previously deactivated sites. At
present, only mainline counts are being scheduled.

Factors not directly explored in this chapter include observer performance, and
observer and data management; these are treated in greater detail elsewhere (1). Because
observers are unsupervised in the field, they are trﬁsted to begin and end observations on
time and to observe and record vehicle occupancies accurately. Data quality is verified
by checking individual files for "gross errors", such as misnamed files and repeated
entries, and verified statistically by comparing current site data with site data collected
from previous observations (see HOV Monitoring and Evaluation Tool (1)). As this
project progresses, data will become increasingly accurate because of this method and
will result in the emergence of a stable average as the volume of data increases. With this

in mind, the following changes are recommended:

1. Continue to prioritize observations at locations that ensure the best use of

resources. Safe locations that provide the best visibility over varying
coﬁditions, as well as ease of access and scheduling, are obviously
preferred. Therefore, a directory of sites that includes site diagrams and a
matrix of characteristics that affect data collection should be maintained.
The question of whether counter-flow traffic patt'erﬁs should be continued
or eliminated at existing locations, or expanded at additional locations,

should be explored, as well as whether to maintain ramp data collection.

2. Evaluate the appropriateness of collecting vehicle occupancy data on the I-5
express lanes. Because express lanes contain both HOV and GP lanes, "before"
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data for this corridor may be useful in areas where express lane expansion is

planned and would allow planners to monitor the express lanes' performance.

The occupancy data presented in this report provide valuable information in two
areas: (1) the operation and performance of HOV lanes in comparison to GP lanes and (2)
commuter mode choice in the greater Seattle area. Additionally, as the HOV lane system
expands, areas where "before" data are now being collected will serve as baseline
reference points in assessing the impact of HOV facilities on commuter mode choice.
However, a caveat is in order: because loop data are more representative of traffic
volumes in these corridors, the data included in this report should be used only to indicate
the percentages of mode and vehicle occupancy in the corridors studied. The following
chapter, "Average Car Occupancy Data Analysis," provides a treatment of these raw data

and potential sampling bias.
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CHAPTER THREE: AVERAGE CAR OCCUPANCY DATA ANALYSIS

The average car occupancy (ACO) data presented in this report are raw numbers.
They are based on actual observations conducted between July 1992 and June 1996; they
are not corrected for sample bias. The process for sampling time of the year, day of the
week, time of day, lanes (or ramps), and locations, was designed to provide overall ACO
figures that can be compared from year to year. The sample size is large enough that
statistical variation is small, which allows for fairly accurate determination of the ACO at
one location for a particular peak period il:} a given quarter. However, because ACO
varies by time of the year, day of the week, time of day, lane (or ramp), and location,
comparisons involving small subsamples (such as one location for a particular time
period in a given quarter) must take these variations into account.

An example will illustrate the variations that must be considered. For instance, if
one were interested in determining changes in the evening peak ACO in the northbound
general purpose lénes at 145th NE on I-5 from the last quarter of 1992 to the first quarter
of 1993, one would have to take into account the number of observations in each of the
following categories:

. day of the week

o time period during the evening peak

o the particular general purpose lane in which vehicles were observed.

If ACO turned out to be always higher on Fridays (because of families or other groups
traveling out of town together for the weekend, for example), a larger sample of Friday
observations in the second quarter could point to the misleading conclusion that ACO
was increasing. Despite controls in the sampling methodology, it is not always pbssible
to sample in a way that will prevent all potential misinterpretations of the raw data.

This section of the report deals with this issue. The data from Phase I and Phase

II of the study were analyzed to determine differences by time of year, day of week, time
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of day, lane (or ramp), and location. Awareness of these differences may be helpful in

adjusting for sampling bias (see Appendix D for an explanation and examples).

ANALYSIS METHODOLOGY

Statistical Package for the Social Sciences (SPSS) was used to convert ACO
observation data for the éntire year to a new format for analysis. ACO was calculated for
each 15-minute period at each location for each lane (or ramp) during each quarter. Each
ACO was then stored in a data file with its associated location, quarter, lane (or ramp),
and time period identifiers. The SPSS data file contained 34,796 entries: 21,816 for
observations in lanes and 12,980 for observations on ramps. Next, two separate files
were created: one for freeway lanes and one for ramps. ACO figures based on fewer than
50 observations were deleted, and locations with fewer than 50 observations were also
deleted. This reduction in the number>of cases eliminated anomalous ﬁgures and reduced
variability, but it maintained enough observations to conduct the analysis.

Following this reduction, 17,502 observations remained in the lane data file, and
10,755 observations remained in the ramp data file. Multiple regression was the general
method for determining the influence of various factors on ACO. ACO was treated as the
dependent variable, and various combinations of other information were used to
determine the influence of factors such as location, time of day, day of the week, lane (or
ramp), and time of year. The regression coefficients indicated the streﬁgth and direction
of the influence of the factors of interest.

For instance, if the lane in which an observation was made was indicated by a
dummy variable taking the value of 0 or 1 (depending on whether the observation was or
was not in the lane), the regression coefficient for that dummy variable could be used to
assess that lane's influence on its ACO. For example, if the coefficient for a dummy

variable indicating lane 2 was .07, and the coefficient for lane 3 was .12, we could
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conclude that the ACO was .05 higher in lane 3 than in lane 2 for the sample included in
the regression. Furthermore, we could assess whether this difference was universal or
was true only at some locations by comparing the regression coefficients for the total
sample with the regression coefficients at each location. The differences in patterns of
coefficients would indicate how locations varied. The regression coefficients for the
overall analysis are shown in Table D1.

Differences in time of the year, day of the week, time of day, and lane (or ramp),

were analyzed. Results are described in the following section.

TIME OF THE YEAR

Multiple regression was performed on all data using location, lane (or ramp), day
of the week, and time of day, as well as dummy variables indicating the quarter in which
an observation was made. By separating out the influences of all relevant variables, the
independent influence of time of year could be assessed.

By using the summer quarter data as a baséline, the relative influence of the other
quarters can be seen (see Table D1). These data revealed that the summer ACOs (third
quarter) were higher than those from the rest of the year. The coefficients for the
remaining quarters did not differ significantly with one exception. The ramp coefficient
for the second quarter was significantly higher than that of the Q4 and Q1. The general
pattern is that ACO is lowest in the fall and winter, rises somewhat in spring, and reaches
its highest level during the summer. One explanation is the increasing number of non-

commute trips that people take during the spring and summer.

LANE ANALYSIS
Lanes were classified by type: (1) HOV, (2) outer, (3) center, and (4) inner. The
ACO in HOV lanes is obviously different from that in general purpose lanes;
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consequently, the analysis concentrated on detecting differeﬁces among the general
purpose lanes. The coefficient for the HOV lane is about 1.00 standard units higher than
that in other lanes. This means that on average there was one more person in vehicles in
the HOV lanes than in vehicles in the general purpose lanes.

The coefficients for inner and outer lanes did not differ significantly. Howevér,
the coefficient for the center lane was significantly lower than that for each of the two

other lane types

TIME OF DAY

ACO is clearly higher during the evening peak than during the moming peak.
ACO data were analyzed separately for each peak period; this analysis concentrates on
the variations within each peak period.

An overall multiple regression was performed using dummy variables for each
15-minute period in separate analyses for each peak period. (Figures D1 through D4 show
the adjustment factors (based on the regression) for each 15-minute interval for each peak
period.) Ramps and lanes were analyzed separately. In addition, a regression was
performed on the adjustment factors to determine the general patterns.

Data for the morning peak (for both ramps and lanes) indicated a tendency for ~
ACO to rise during the entire peak period, with a slight tendency for ACO to be higher in
the very early part of the morning peak. The rise was statistically significant for both

ramps and lanes. The most likely explanations for this rise are as follow:

o Commuters who want to drive by themselves tend to leave earliest to
avoid traffic.

J Commuting carpoolers can leave later and still take advantage of HOV
facilities.
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'3 Toward the end of the morning peak period, non;work trips begin to
influence ACO.
There is a general tendency for ACO to fall during the evening peak. However, the
evening peak pattern is clearly U-shaped, and this "U" is statistically significant. During
the entire evening peak, non-commuters (who tend to travel in higher occupancy
vehicles) are prevalent (in comparison to the morning peak). However, during the peak

of the peak, commuters (primarily in SOVs) reduce non-commuters' influence on ACO.

DAY OF THE WEEK

ACO is lowest on Monday and increases throughout the week. The coefficient
for Friday is significantly higher than that of all other days of the week. The rising trend
during the week was found to be statistically significant. (Table D1 shows overall

differences in ACO by day of the week.)

YEARLY CHANGES

When all factors were accounted for, yearly changes could be detected. Between
the 92-93 period and the 93-94 period, there was a significant, but small, increase (.014)
in the ACO with respect to lane data. However, there was a significant decrease in ACO
(.011) from the 93-94 year to the 94-95 year. Ramp data revealed a similar pattern (A

.006 increase, followed by a .02 decrease).

CONCLUSIONS
Many factors affect ACO. Therefore, it is important to design a sampling frame
that reduces the influence of these factors. However, because it is impossible to perfectly

sample all time periods, days of the week, lanes, and ramps at each location for the whole
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year, it is important to consider these factors when changes in ACO are analyzed. After
six years of data collection, we are confident in our understanding of these differences,
but additional data will be important in confirming the analyses presented herein.

Caution should be exercised in applying these correction factors. However, in conducting
such detailed analysis, it is better to apply them than to use the raw data without

adjustments.
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CHAPTER FOUR: TRAVEL TIME DATA

' Travel time data measure the time savings that HOV lanes provide over GP lanes.
One commonly accepted standard for HOV lanes is that they must offer a time savings of
at least 1 minute per mile. Another policy in Washington state guides decisions about
occupancy requirements. Acqording to the Washington State Freeway HOV System
Policy, "HOV lane vehicles should maintain or exceed an average speed of 45 mph or
greater at least 90% of the times they use that lane during the peak hour (measured for a
six-month period)" (3). Travel time data collected in this project provide a variety of
statistical information that will allow others to analyze time saving criteria when
comparing HOV and GP lanes, and to apply lane performance criteria when evaluating
HOV lanes.

Travel time data were collected using one of two methods outlined in the below.

In the initial phases of this project the Baseline Travel Time method was used, but it
proved too demanding on project resources to maintain. This gave birth to the Floating
Car method [HOVTT (fcm)] which provided similar, but less reliable, travel time data.
Both collection methods (and their findings) are discussed below, with brief explanations
provided on their structure and methodology. Community Transit Automatic Vehicle
Identification (AVI) travel times are also included as a supplement to the HOVTT (fcm)

data.

BASELINE TRAVEL TIMES

Study sections for this collection method were specifically chosen to bound the
HOV lanes' beginning and end points along given corridors. For the average traffic speed
of GP lanes, vehicles traveling in the fast (leftmost general purpose) lane were observed,
and their license plates numbers were tracked. To determine HOV lanes' average traffic

speed, the identification numbers of Metro buses traveling in the HOV lane were
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recorded. Average vehicle speeds were calculated from the time differences between
matches of these identification numbers recorded at the beginning and end points of given
study sections. (See HOV Monitoring and Evaluation Tool for a complete explanation.)

While observations on all of the corridors were scheduled to capture regular
commute traffic flows, observations on the downtown I-5 and 1-405 corridors captured
reverse commute traffic flows as well.

Travel time data were organized along the following parameters:

o corridor of study

o beginning and end site (study section)
o morning or evening peak period

. traffic flow direction.

The data (see Appendix E) were arranged to indicate, in 15-minute intervals, the average
vehicle speed observed in HOV and GP lanes during the moring and evening peak
periods by quarter (in miles per hour). Because GP lane traffic speeds were drawn from
fast lane observations, they sometimes exceeded the speed limit (because of the lane's use
as a passing lane). Because their number varied over the length of each study section, the
number of GP lanes was not included.

From July 1992 to July 1993, travel time data were collected from 21 sites
(mainly overpasses), organized into 26 study sections. Of these, only two locations, S
260th on I-5 South and 35th Avenue S on I-90, were at street level. Data were available
from Q3/92 through Q2/93. In Appendix E, corridor diagrams that indicate the study
sections precede the data; these are followed by diagrams for each site. Comments made
by observers as they collected travel time data refer to aspects of data collection, traffic,

and weather conditions; they are contained in Appendix H.
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Data Availability
As indicated in the HOV Monitoring and Evaluation Tool final report, travel time

data are difficult to obtain and expensive to produce for a number of reasons. Reliable
data collection is hampered by a slow learning curve and the high amount of coordination
required to schedule observations and ensure that collection periods match. In addition,
factors associated with traffic patterns (such as vehicles changing lanes) can greatly
reduce reliable data collection. Although a large number of travel time sessions were
conducted in all of the corridors, it was difficult to obtain license plate matches during all
peak-period times for all quarters. Consequently, quarterly average vehicle speeds are
not consistently available for all given peak-period intervals.

In addition to the same weather-related problems that affect ACO data collection,
travel time data are highly dependent on the number of successful license piate matches,
which in turn is affected by several critical factors. First, gathering travel time data
requires greater accuracy and faster reaction time than is required for gathering
occupancy data. Therefore, this process is even more sensitive to conditions that reduce
visibility. Second, gathering travel time data requires a "startup” period of at least 15 to
30 minutes, during which the vehicles observed at the beginning data point of a study
section must travel to the specified end point before they can be observed and recorded.
Third, the same license plates of passing vehicles must be recorded at each end of the
study section, and for the same lane of traffic. Because vehicles rarely stay in the same
lane, the likelihood that a vehicle has changed lanes or exited the freeway increases with
the length of the study section. Fourth, observers cannot end and begin a session every
half hour as they can when collecting ACO data; the breaks observers take add to the
likelihood that a vehicle recorded by one observer will not be recorded by the other

Finally, average vehicle speeds can vary greatly from quarter to quarter.
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Visibility

Rather than viewing and recording the number of persons in a vehicle with a
single digit, as is done in the case of occupancy data collection, observers must be able to
discern and record strings of license plate characters. Each character is smaller than the
size of a business card (7 cm high by 2.5 cm wide), and vehicles can be traveling
anywhere from 24 to 105 kilometers per hour. | Complicating this is the fact that the
license plate numbers are usually read from overpasses, which place the observer from 6
to 11 meters above the traffic flow. Poor visibility because of weather and lighting only
compouﬁds the problem by restricting the length of the sessions. Additionally, some
observers find that they perform the task best when traffic is approaching them, whereas
others collect data best from vehicles moving away from them. Where these observers
are limited by sites to record license plates from traffic that is moving the wrong

-direction, less than optimal observer performance occurs.

Observation Session Length

Data are typically unavailable for the beginning period of the count because of the
fact that the vehicles observed at the point of origin are not recorded at the end point until
at least 15 minutes later, assuming that the observers even begin at the same time. This
assumption is often not the case. Because two or more observers normally rely on a
single vehicle for transportation to and from the sites, one observer has to drop off the
other(s) before continuing on to the end site. Depending on the length of the corridor,
this can add approximately 15 to 45 minutes to the start time of the session before
matches can be expected (this is also true for session end times). If, as in the cases of I-5
and I-405, multiple travel time sessions are performed over long distances, the start-up

time is greater.
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Study Section Length

Successful matches depend upon the plates of the same vehicles being recorded in
the same lanes at both ends of a study section. The distance from the beginning to the
end site of a study section, therefore, directly influences the number of successful
matches because vehicles rarely remain in the samé lane. As the distance between
observation sites increases, the likelihood that the same vehicle will be recorded
decreases because the driver is more likely to have changed lanes or to have exited the
corridor altogether, depending on the availability of access/egress ramps. Furthermore,
because GP vehicle speeds are derived from fast lane observations, the number of
successful matches may be reduced because of the fast lane's use as a passing lane. (For a

list of the study sections and their respective lengths, see Table E2).

BASELINE TRAVEL TIME SITES

I-5 North Corridor (Fig. E1)

The I-5 North corridor is 8.2 kilometers long. It has three observation sites and
consists of twd study sections from which data were collected:

o 236th Street SW to NE 117th Street for morning inbound traffic

o NE 117th Street to NE 185th Street for evening outbound traffic

236th Street SW was selected because it was the northernmost site at which HOV
lanes operated up to Q3/96; for this reason it was kept despite the fact that N 185th was
later determined to be a better location (4). Both 236th Street SW and 117th Ave. NE
had sidewalks on the north side only; consequeﬁtly, observers had to count vehicles
coming toward them in the morning and going away from them in the evening (Figures

E2 and E4).
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For 236th Street SW to 117th St. NE (Table E3), fewer data were available for the
morning commute because the study section was longer (see Table E2). Observations for
both the winter (Q4/92) and spring quarters (Q1/93) were affected by inclement weather
and a shorter daylight cycle, as indicated by the lack of data for the early morning (Table
E3) and late evening (Table E4). For Q1/93, data were unavailable because only one

count was performed for each section, and no reliable matches were made.

I-S Downtown Corridor (Fig. E5)

This is the second longest corridor at 18.8 kilometers long. It has four sites
organized into six study sections:

o between Lakeview Boulevard E and S Holgate Street

o between Lakeview Boulevard E and Albro Place

o between Lakeview Boulevard E and S 144th Street

. between S Holgate Street and Albro Place

e  Dbetween S Holgate Street and S 144th Street

. between Albro Place and S 144th Street

Lakeview Boulevard E was chosen to be the northernmost site of this corridor
because it was also being used for vehicle occupancy collection (the HOV lane actually
began further south, at Mercer). Although Lakeview Boulevard E was discontinued for
occupancy counts, it continued to be used for travel times through Q2/93 (Tables ES
through E9). S Holgate Street was a difficult site to collect data from because it was
uncomfortable for observers to sit at and had poor visibility (Figure E7). Its one sidewalk
was on the north side. The overpass, situated on a steep hill, placed the observer in an
awkward sitting position. Southbound traffic was 6 meters lower than northbound traffic,
and in the morning sun, license plates were difficult to see because of the shadow cast by

the overpass (4). Visibility was good at Albro Place in both directions, but observers
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complained of the diesel fumes that collected there (Figure E8) (4). S 144th Street was
the best location because it had wide sidewalks on both sides of the overpass (Figure E9).

Except for a few study sections where the distances between sites were short,
travel time data for this corridor were sparse. Again, data were less available for the
winter quarters, as well as for the longer study sections (such as Lakeview Boulevard E
and Albro Place). Although HOV lane observations were successfully performed for -
each of the above study sections, no reliable matches were obtained from any of the data
collected.

For the morning southbound commute from Lakeview Boulevard E to S Holgate
Street, no data were successfully collected during Q1/93 (Table E5); for the evening
southbound commute, no data were successfully collected during Q4/92 (Table E6). On
Lakeview Boulevard E and Albro Place, one count each was successfully performéd and
matched during Q3/92 and Q4/92 of the momjng southbound commute (Table E7); for
the evening southbound commute, two successful counts were reliably matched for
Q3/92, and one count for Q4/92 (Table E8) At the same study section for the morning
northbound commute, data were successfully collected and reliable matches were
obtained for only Q3/92 (Table E15 and E16). Of the one successful count performed at
Lakeviev;/ Boulevard E and S 144th Street for the evening, southbound commilte, one
match was made (Table E9); no reliable matches were found from the single count
performed for the morming northbound commute (Tables E20, E10, E11). For the
morning northbound commute at S‘ 144th Street to Lakeview Boulevard E, no reliable
matches were obtéined from the one successful count performed during Q3/92 (Table
E20).

For the S Holgate Street to Albro Place study section, data were collected
successfully for the morning southbound commute during Q3/92 and Q4/92 only (Table
E12). For S Holgate Street and S 144th Street, data were only collected and matched for
evening, southbound traffic during Q3/92 and Q4/92 (Table E14); no data were

47



successfully collected for the morning, northbound commutes (Table E21). For the Albro
to Holgate study section, no data were successfully collected for the morning northbound
commute during Q2/93 (Table E17); data were successfully collected for the evening
northbound commute only during Q2/93 (Table E18).

I-S South Corridor (Fig. E10)

The I-5 South corridor was one of the project's more successful travel time data
collection éites. This corridor is 8.9 kilometers long, had three sites, and consisted of two
study sections from which data were collected:

. S 178th Street to S 216th Street for evening oﬁtbound traffic

o S 260th Street to S 216th Street for morning inbound traffic

Although a great deal of data were collected for the morning commute at S 260th
Street to S'216th Street (Table E24), S 260th Street was a difficult and unsafe location at
which to collect data. The site was located on the median dividing the northbound and
southbound lanes, rather than on an overpass (Figure E13). To reach this site, observers
parked on the underpass and scrambled up a steep dirt hill and around a chain link fence
while carrying a folding chair and a laptop computer (4). In rain, the hill became very
muddy and slippery (4).

Summer data for S 178th Street to S 216th Street were available later in the day
than for any of the other travel time study sections. Data were collected until 7:15 PM to
take advantage of the longer period of available daylight during that period (Table E23).

Visibility for this corridor was adequate at all of the sites.
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SR 520 Corridor (Fig. E14)
The SR 520 corridor is 7.9 kilometers long, from Hunt's Point to 148th Avenue

NE, and includes SR 908. This corridor was divided into three‘study sections, and data
were collected for morning inbound and evening outbound traffic:

o Hunt's Point and SR 908

) Hunt's Point and 148th Avenue NE

. 148th Avenue NE and SR 908.

The location at Hunt's Point was a pedestrian overpass four blocks west of the
vehicle overpass (Figure E15). It was particularly good for collecting data because
observers could see well in both directions, and traffic was always ahnost stopped, which
made it easy to record license plates (4). The only distinguishing feature of 148th
Avenue NE (Figure E17) was that it carried a great deal of traffic, and observers reported
that the occupants of passing vehicles often stared at them (4).

Although the study sections on this corridor were generally better than those in
other areas, HOV lane data were very limited because the only HOV lane was an outer
lane running from SR 908 to Hunt's Point for westbound traffic (sites 41 and 43 on Figure
E14). Data on "reverse flow" traffic were briefly collected; evening sessions were
conducted on the westbound traffic from Hunt's Point to SR 908 for Q3/92 and then were
discontinued becausé of the insufficient number of matches for the HOV lane (Table
E26). Data were not collected from the 148th Avenue NE to Hunt's Point section for
morning westbound traffic until Q4/92 (Table E27). Data for evening eastbound 'trafﬁc
are missing for the winter quarters (Q4/92 and Q1/93), despite a relatively high number

of sessions that were scheduled.
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1-90 Corridor (Fig. E18)

The I-90 corridor is 7.7 kilometers long and consists of two study sections from
which data were collected:

e E Mercer Way to 35th Avenue S for morning westbound traffic

. 23rd Avenue S to E Mercer Way for evening eastbound traffic.

The neighborhood around 23rd Avenue S was not considered safe, especially in
the dark for wofnen, so male observers were preferred; this affected scheduling (4).
Furthermore, observers had to stand to see the traffic because of the 1.2-meter high wall
(Figure E19). Observers relied on either of two locations for observations at 35th Avenue
S: they sat on the retaining wall on the overpass or on the bicycle path that is on the same
level as the lanes, looking across traffic (Figure E20). Getting to this site was time-
consuming because of the winding roads on Mercer Island; consequently, counts tended
to Begin later than usual--especially if a "drop-off" was involved (4). The retaining wall
position, although less comfortable, offered better visibility. Visibility from E Mercer

| Way was adequate, although the location was heavily landscaped (observers were often
sitting in bark mulch) (Figure E21).

Travel time data collection was successful for this corridor as well, except for two
winter quarters for which data are unavailable. For 23rd Avenue S to E Mercer Way,
data are unavailable because no matches were obtained from the four sessions for Q1/93
(Table E32); the same problem occurred for E Mercer Way to 35th Avenue S during
Q4/92 (Table E33).

I-405 Corridor (Fig. E23)

This corridor is the longest of the six corridors--27.5 kilometers, with ten study

sections (also the most of any corridor). Because of the complexity of traffic patterns
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| (see Chapter 3, pp. 27-30), observations \.vvere conducted to capture both regular and
reverse traffic flows at the following locations:
o Tukwila Parkway and Benson Road S
e Tukwila Parkway and 112th Ave. SE
o Tukwila Parkway and NE 12th Street
o Tukwila Parkway and SR 908
. Benson Road S and 112th Ave. SE
o Benson Road S and NE 12th Street
o Benson Road S and SR 908
o 112th Ave. SE and NE 12th Street
. 112th Ave. SE and SR 908
. NE 12th Street and SR 908.

This was the least successful corridor for collecting travel time data for a number
of reasons. The root problem was that, unlike the corridor for the occupancy data, I-405
was not segmented into south, central, and north corridors because the study sections
spanned the corridor's entire length. First, observation sessions were spread too thin. An
average of only one to two counts wére successfully performed for each applicable
parameter (site, commute period, traffic direction). Second, most study sections were too
long to obtain matches reliably. All but one were longer than 5 kilometers (Table E2)
and had numerous access/egress ramps in between (Figure E23), thereby increasing the
likelihood that observed vehicles would have changed lanes or exited the corridor
altogether.

HOV data for the longer study sections are unavailable for similar reasons, and
because the HOV lanes were neither continuous nor remained on the same side of the
corridor. Inside HOV lanes began at Tukwila Parkway and ended at Benson Road S; yet

from NE Park Drive to 112th Avenue SE, HOV lanes were on the outside. There were no
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HOV lanes in the central and northern portions of the corridor during the time of this
study. During Q2/93, data were only collected between the shorter study sections:
Tukwila Parkway to Benson Road S (Tables E34, E35, E41 and E42); Benson Road S to
112th Ave. SE (Tables E43, E44, E50 and ES1); 112th Ave. SE to NE 12th Street (Tables
E52, E53, E60 and E61); and NE 12th Street to SR 908 (Tables E62, E63, E68 and E69).
Tukwila Parkway, 112th Avenue SE/Lake Washington, and NE 12th Street were
average sites for collecting data (Figures E24, E26 and E27, respectively). Benson Road
had good visibility and a wide sidewalk on the west--the sidewalk on the east side was
very narrow (Figure E25). Observers recording travel time data from the pedestrian
bridge at SR 908 during the winter had the same difficulties as they had experienced with

occupancy data collection efforts (Figure E28).

COMMUNITY TRANSIT AVI PROJECT

In 1992, Community Transit (CT) and WSDOT began a project to equip all of
CT’s express buses with automatic vehicle identification (AVI) systems. The system
consists of three parts: a transmitter located under the bus, the use of induction loops
embedded within the freeway as antennas, and a roadside receiver to record incoming
data. The system piggybacks a signal on a freeway induction loop containing the bus’
identification code and records the time, date, and location of the transmittal. At three-
month intervals the data are downloaded and transferred to a personal computer for
further processing:

In an effort to supplement the HOVTT travel time data, these records were
analyzed to produce travel times and travel speeds along the North I-5 corridor between
NE 120th St. and NE 185th St. for both the southbound and northbound direction. The
methodology used to process the data utilized basically the same principles as the

HOVTT analysis (“time stamps” and distance calculations) but to a higher degree of
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accuracy and precision because of the collection method. In an effort to make the AVI
data more comparable to the HOVTT data, only data within the given peak commute
periods (6:00-9:00 AM and 3:00-6:00 PM) were considered for determining travel
speeds. AVI data were not available between Q2/96 and Q2/97 because of sound wall
construction along the I-5 North corridor. The data summaries for this project are

presented at the end of Appendix F.

HOVTT (FCM) PROJECT

The collection of travel time data using the license plate matching method
required a substantial investment in personal, equipment, and time. Several alternatives
were examined to determine the most favorable collection method, given the constraints
imposed by recent financial limitations. The HOVTT (fcm) program was the result.

Data collection is facilitated by sending observers out into the peak hour commute
to record real-time spot checks of the HOV system. Observers are instructed to observe
the flow of traffic within the HOV lanes and to maintain a speed equivalent to other HOV
commuters. These sessions require two observers (three on SR 520) to satisfy the HOV
lanes’ vehicle passenger requirements: one person to drive and the other to run the data
collection progfam. The HOVTT (fcm) program records travel times through a series of
“time-stamps” entered when the observer reaches a designated point along the freeway.
During a session observers loop along a given corridor collecting travel times for each
period they traverse a section. Currently, eight corridors are under observation within the .

Puget Sound region and are defined further in Appendix F.

Determination of Travel Speed
On alweekly basis all of the HOVTT files created go through an analysis process

to convert these record “time-stamps” into useable travel speeds. This is accomplished
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by linking each “time-stamp” with the milepost of its data entry point. The milepost of
each point was determined from the State Highway Log, and final travel speeds deduced
by examining consecutive data entries within any given file to find the distance between
them aﬁd the time elapsed. The resulting travel speed is the quotieht of the distance by
the time differential.

Results are recorded in weekly reports that catalog the file’s name, the observer’s
name, the section speeds recorded, and any data errors and/or adjustments made to the
data. Occasionally errors are made when the data are entered, and adjustments are
necessary. These errors are quite evident, and all time corrections are documented on

both the weekly report and within the file itself.

Limitation of Analysis Procedure

Although this method is very efficient in a financial sense, the data’s sensitivity to
true travel times are dependent on a variety of factors. Things such as the observer’s
driving style, the exact point of data entry, weather conditions, congestion levels,
adjustment of data errors, and day of week all have an uncertain effect on travel times.
Normally, variances within the data are accounted for by obtaining a large sample size.
Since this is only the fifth quarter (Q4/95 - Q2/96, Q4/96 - Q1/97) of utilizing this
method of data collection, our sample size is relatively small. Therefore, anyone drawing
any conclusions from the data presented herein should be warned that these results can

not be considered statistically significant.

Interpretation of Data and Graphs

The tables in Appendix F represent performance summaries of all corridors under
observation between October 1, 1995, and March 31, 1997. There are several tables for
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