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The contents of this report reflect the views of the authors, who are responsible for the
facts and the accuracy of the data presented herein. The contents do not necessarily
reflect the official views or policies of the Washington State Transportation Commis-
sion, Department of Transportation, or the Federal Highway Administration. This
report does not constitute a standard, specification, or regulation.
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GP Lanes

HOV Lanes

Lane Occupancy

Peak Hour Volume

Peak Period Volume

Person Volume

General purpose freeway lanes. GP freeway lanes can be used by
any vehicle regardless of the vehicle type or the number of
occupants in the vehicle.

High occupancy vehicle freeway lanes. HOV freeway lanes can
be used by a) any vehicle with at least 2 occupants, including the
driver (3 occupants minimum on the westbound SR 520 HOV
lane west of 108th Ave NE), b) motorcycles, and c) transit
vehicles.

The percentage of time that a roadway sensor detects the
presence of a vehicle at a particular freeway location. This value
can be used to estimate different levels of traffic congestion. In
the central Puget Sound area, electronic sensors embedded in
individual freeway lanes are commonly used to collect these data.

The highest number of vehicles that pass a particular freeway
location in a one- hour period during the AM hours (midnight to
noon) or during the PM hours (noon to midnight).

The total number of vehicles that pass a particular freeway
location per peak period. In this report, unless otherwise noted
the AM peak period is defined as 6:00 AM to 9:00 AM, and the PM
peak period is 3:00 PM to 7:00 PM.

The estimated total number of persons passing a particular
freeway location over a given time period (daily, peak period, or
peak hour). Also referred to as person throughput. In this report,
person volume is computed by using a combination of vehicle
volume data (estimated number of vehicles) and vehicle occu-
pancy data (estimated number of travelers per vehicle, based on
data from transit agencies and field observations).
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Reversible Lanes

Vehicle Volume

Vplph

Freeway lanes that operate in only one direction during part of
the day, and the opposite direction during the rest of the day.
Vehicle occupancy requirements on reversible lanes (e.g., HOVs
only) vary with location and time of day. In the central Puget
Sound area, there are reversible lanes on I-5 between the Seattle
central business district and Northgate, and on [-90 between
Seattle and the east side of Mercer Island.

The estimated total number of vehicles passing a particular
freeway location over a given time period (daily, peak period, or
peak hour). In the central Puget Sound area, electronic sensors
embedded in individual freeway lanes are commonly used to
collect these data.

Also known as Vehicles Per Lane Per Hour, vplph is the estimated
vehicle volume at a particular freeway location, adjusted for the
number of lanes at that site and the time period of the measure-
ment. For example, if vehicle volume has been collected at each
of three lanes at a particular location for 5 minutes, vplph is
determined by adding together the 5-minute vehicle counts for
the three lanes, dividing that sum by the number of lanes (three),
then multiplying the result by 12 to get an equivalent hourly
volume (12 times 5 minutes = 1 hour); this produces a per-lane,
per-hour equivalent volume. Vplph allows measurements of
vehicle volume from different locations with different numbers of
lanes to be more directly compared to one another.
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Purpose of This Report

The report, which encompasses two volumes, presents an overview of the level of
usage and performance on the principal urban freeways in the central Puget Sound area
during 1999. The freeways included in this report are managed by the Washington
State Department of Transportation (WSDOT) through operation of its FLOW system, a
coordinated network of traffic monitoring, measuring, information dissemination, and
control devices that operates on urban state and interstate highways in the central
Puget Sound region. This report is a product of a WSDOT-sponsored project whose
purpose is twofold: (1) to enhance the Department’s ability to monitor and thus
improve the effects of its traffic management efforts on Seattle-area highways, and (2)
to provide useful information to the public and other decision makers about the status
of traffic performance in the region. This report is one of a planned series of periodic
evaluations of the central Puget Sound urban highway network and the WSDOT FLOW
system.

Whatls in This Report

This report summarizes general measures of facility usage (e.g., how many vehicles
are transported on the freeway network) and facility performance (e.g., how fast
they are traveling, where and how often congestion occurs). These measures are
meant to be succinct, yet provide sufficient detail to convey a sense of the complexity
of highway performance variations as a function of location, time, and other conditions.
In addition, this analysis is designed to be repeatable, i.e., the report’s contents can be
updated periodically with a consistent set of measures, so that trends can be monitored
over time.

Volume 2 of this report is a comparative analysis, looking at trends and variations in the
usage and performance of the highway network as a function of different background
conditions at selected locations. Volume 2 expands on the discussion that was formerly
included in section 5 (System Performance III: Performance Variations) of the March
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1999 edition of this report; it analyzes usage and performance trends from 1997 to
1999, weekday versus weekend performance differences, and general purpose (GP)
versus HOV freeway usage.

Volume 1 of this report provides a comprehensive overview of the freeway system’s
performance in 1999. It discusses overall use of the freeways and the locations and
frequency of congestion in the region. Volume 2 focuses on the changes that have
occurred in congestion and usage from 1997 to 1999, as well as the variations between
weekdays and weekends or GP and HOV lanes.

Geographic Scope

This report summarizes 1999 central Puget Sound area freeway usage and performance
on 5, 1-405, SR 520, SR 167, and 1-90, in an area approximately bounded by Puget
Sound to the west, Redmond and Issaquah to the east, Sea-Tac and Auburn to the
south, and Everett to the north. The results reflect the combined effects of all WSDOT
traffic management efforts in the region. This is a “state of the system” report, and as
such, it does not evaluate the individual contributions of specific traffic management
system components, although the effects of some components may be apparent in
these aggregate results.

This analysis covers sections of freeway for which 1999 data were available (Figure 1.1).

Interpreting Results

Several considerations should be kept in mind when interpreting the results in this
report. First, this is a summary report intended to provide an overview of the freeway
system’s usage and performance based on information collected at selected locations.
Generalizing to other locations in the freeway network requires caution, as perfor-
mance can vary significantly even among closely spaced sites. (Note, though, that the
data analysis procedures used for this project were designed to be general, and can be
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Figure 1.1. Instrumented Freeway Segments on Central Puget Sound Freeways

employed at locations other than those included in this report, provided that the
appropriate data have been collected.)

Second, the analysis in this report is dependent on the availability and quality of traffic
data for central Puget Sound freeways. Although the regional traffic data used for this
report were generally detailed and comprehensive, data for some locations and time
periods were occasionally unavailable or of variable quality because the measurement
process was affected by construction activity, lack of sensor installations, or equipment
problems. The analysis methods used for this report were designed to compensate for
extended segments of unavailable or incomplete data as much as was practicable;
nevertheless, some of the results are considered tentative because of the nature of the
input data upon which they are based.

Third, the measures reported in this document are usually average values based on
many days of traffic data; they do not represent a particular day of traffic performance
but rather a “typical” day of representative performance. In addition, measures such as
speed, congestion, and travel time values are estimates based on approximate formulas;
such measures are best treated as relative, rather than absolute, values, and used in a
comparative way. Further information about data quality issues and the constraints and
caveats of the analysis in this report are provided in the FLOW Evaluation Design
Technical Report.

Ahout This Project

This report is a product of a WSDOT-sponsored project, FLOW Evaluation Framework
Design. The overall objectives of this project are to 1) develop a methodology,
framework, and detailed procedures for conducting an ongoing series of evaluations of
the performance and effects of the FLOW traffic management system now in operation
on Puget Sound area freeways; 2) create tools for performing those evaluations; and 3)
use the developed framework to supplement earlier evaluation data with updated
analyses about the state of the freeway system in the central Puget Sound region. This
report reflects the results of work on the first two objectives and addresses the third
objective.

Central Puget Sound Freeway Network
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The freeway performance measures described in Volume 1 vary with conditions such as
time of day, lane type, direction of travel, location, or year. One of the benefits of the
analytical tools used in the FLOW evaluation process is their usefulness in exploring the
nature of those linkages. This volume looks in more detail at the variations in freeway
performance as a function of these various factors, beginning with a discussion of
freeway performance differences as a function of the day of the week (weekday vs.
weekend) and facility type (general purpose lanes vs. HOV lanes) at selected locations.
This is followed by a discussion of changes in traffic usage and performance trends over
the last two years on the major freeway corridors in the region.

How Freeway Performance Comparisons Were Measured

Two types of freeway performance comparisons were made. First, site-specific
freeway performance at selected locations was measured under different conditions.
The following site-specific comparisons were made:

a. The average daily vehicle volume was estimated as a function of the day of the
week (specifically, weekday or weekend). The average daily vehicle volume perfor-
mance measure for weekdays was first discussed in Volume 1, Section 2 of this report.

b. The 24-hour vehicle volume profile graph was estimated as a function of 1) the
day of the week (weekday or weekend) and 2) the lane type (general purpose or HOV).
The 24-hour weekday vehicle volume profile was first discussed in Volume 1, Section 4
of this report. Each graph provides a profile of the fluctuations in volume at a given site
in a given direction of travel on an average weekday or weekend in 1999. The volumes
are adjusted to a per-lane basis to enable more direct comparisons between sites with
different numbers of lanes; they are also scaled to a per-hour basis.

Second, facility-wide traffic volume and congestion trends from 1997 to 1999 were
analyzed for major freeway facilities in the region, including I-5, I-405, SR 520, and 1-90.
This analysis discusses in more detail the changes in freeway usage and performance
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over time, including external factors that may have contributed to those trends.
Freeway performance at locations of particular significance or interest on each facility
are highlighted.

The weekday/weekend and GP/HOV comparisons in this volume were performed on a
core set of four central freeway locations in the Seattle area “rectangle” bounded by I-5,
SR 520, I-405, and 190, and at one location on SR 167. There is one measurement site
on each major freeway in the region; while this limited number of sites is not represen-
tative of all freeway sections, they provide interesting views of the nature of perfor-
mance differences at significant locations in the freeway system. The locations are
downtown Seattle on I-5 at University Street, downtown Bellevue on 1-405 at NE 14th
Street, SR 520 just east of the bridge, 190 at Shorewood Drive (east of Island Crest Way)
on Mercer Island, and SR 167 at South 23rd Street just south of the 1-405 interchange.

The year-to-year freeway usage and performance trends were analyzed for four of the
five major freeway facilities in the central Puget Sound region: I-5, SR 520, 1-405, and I-
90. Because data collection equipment on SR 167 only began operations in 1999,
historical data upon which to base an analysis of year-to-year trends are not yet
available. Therefore, trend analyses were not performed on SR 167.

Resuits: Weekday vs. Weekend Daily Averages and 23-Hour Volume Profiles

Weekday vs. Weekend Average Daily Volumes

Table 2.1 summarizes the estimated average total daily weekday and weekend volumes
for general purpose (GP) and HOV lanes at selected freeway sites in the region in 1999.
Weekend daily traffic volumes at those sites were significant in comparison to corre-
sponding weekday averages at the same sites; in some cases, the average weekend



Table 2.1. Average Weekday and Weekend Daily Vehicle Volumes at Selected Freeway Locations

East-West Facilities

SR 520 @ 76th/84th Ave NE
Weekday

Weekend

Weekend, as % of weekday

1-90 @ Shorewood Drive
Weekday

Weekend

Weekend, as % of weekday

North-South Facilities

I-5 @ University Street
Weekday

Weekend

Weekend, as % of weekday

1-405 @ NE 4th Street
Weekday

Weekend

Weekend, as % of weekday

SR 167 @ S 23rd St
Weekday
Weekend
Weekend, as % of weekday

Site

SR 520 at 76th/84th Ave NE
1-90 at Shorewood Drive
[-5 at University Street
1-405 at NE 14th Street

SR 167 at South 23rd Street

1999
EB GP___WB GP__EB HOV__WB HOV

52,700 55,500 2,630
37,800 38,300 2,040
72% 69% 78%

70,000 70,200 6,010 2,770
43,500 49,700 8,400
62% 71% 140%

1999
NB GP___SB GP___NB HOV__SB HOV

102,500 110,100 7,800
82,000 94,200 10,000
80% 86% 128%

66,900 61,800 8,540 10,010
50,500 47,700 9,260 9,470
75% 7% 108% 95%

48,300 54,200 11,210 6,790
43,800 42,200 6,950 7,070 GP = General purpose

91% 78% 62% 104% HOV = High occupancy vehicle
indicates no HOV lane at that location in that direction

Description

East end of the bridge

Mercer Island, west of Island Crest Way (weekend HOV volume is 24 hours; weekday is 12 hours)
Downtown Seattle (reversible lanes not included)

Downtown Bellevue

SR 167 near the [-405 interchange

Central Puget Sound Freeway Network



volumes approached or exceeded the corresponding weekday volumes. On general
purpose lanes, weekend volumes ranged from approximately 60 percent to 90 percent
of average weekday daily volumes among the five sites studied. On HOV lanes at those
locations, weekend volumes ranged from approximately 60 percent to 140 percent of
average weekday daily volumes. (Note that in the latter case, weekend volume counts
were for 24 hours, while corresponding weekday counts were only 12 hours because of
differences in 190 reversible lane operation.)

Weekday vs. Weekend 24-Hour Volume Profiles

Figures 2.1 through 2.17 show 1999 weekday and weekend volume profiles over an
average 24-hour period for the sites summarized in Table 2.1. All volumes were
converted to per-lane, per-hour values to enable more direct comparisons between
sites with different numbers of lanes. Overall, weekend volumes tend to show a
gradual increase during the morning, peaking between midday to early afternoon, then
dropping the rest of the day. This weekend volume pattern reflects an absence of the
typical AM and PM peak period commute “spikes” in volume that one often sees during
the weekdays. Midday and early afternoon weekend volumes often approach, but are
generally not equal to, weekday volumes, though HOV volumes during those times are
often higher than their weekday counterparts at the selected sites.

Downtown Seattle (I-5 at University Street) (Figures 2.1-2.3). Average weekend
volumes in the GP lanes in either direction are generally substantially lower than
corresponding weekday volumes during the AM peak period, reflecting the absence of
the commute traffic on weekends. However, weekend volumes show steady growth as
the day goes on before leveling off during the afternoon; in the afternoon and evening,
weekend volumes approach the volumes generally seen during the average weekday.
During the evening hours, weekend volumes match those on weekday evenings. In the
HOV lane (southbound only at this location) average weekend volumes exceed
corresponding weekday volumes throughout much of the day, with the exception of
the times corresponding to the AM and PM peak periods, when commute trips that are
usually part of typical weekday volumes are not present.

Downtown Bellevue (I-405 at NE 14th Street) (Figures 2.4-2.7). As with the I-5
site above, during the time of day corresponding to the AM peak period, weekend
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volumes in the GP lanes in either direction are noticeably lower than the corresponding
weekday volumes. Similarly, weekend volumes rise steadily throughout the AM hours,
then level off during the afternoon and begin to drop. During the afternoon hours and
into the evening, average weekend volumes generally approach, though not quite
match, the weekday volumes. Weekend HOV lane volumes follow a similar overall
pattern of steadily increasing volumes that peak during the afternoon, then gradually
drop. In the AM peak period, weekend HOV volumes are substantially lower than the
corresponding weekday volumes; however, this pattern reverses by mid-morning, and
during the middle of the day HOV weekend volumes are noticeably higher than their
weekday counterparts. As the time period corresponding to the evening peak
approaches, weekend HOV volumes are usually no greater than, and generally lower
than, the weekday volumes that usually include commute traffic; the values reverse
once again, though, during the evening when weekend volumes are again somewhat
higher than weekday volumes.

SR 520 at 76th/84th Ave. NE (Figures 2.8-2.10). The pattern in the GP lanes on SR
520 is similar to those at the other sites, with lower weekend volumes during the peak
periods and significant weekend volumes at other times that can approach, though not
match, the level of corresponding weekday volumes. Night and early morning
weekend volumes can actually be higher than those on weekdays. The HOV lane
(westbound only at this location) follows a similar pattern, except with higher midday
volumes during the weekend than the weekday.

1-90 at Shorewood Drive (east of Island Crest Way) (Figures 2.11-2.13). This [-
90 location very clearly shows the same pattern as the other sites, with very prominent
weekday peak period volumes that are absent during the weekends. Midday volumes
can be comparable on weekdays and weekends. Note that the HOV lane is a reversible
lane at this location, operating westbound in the AM weekday hours, eastbound in the
PM weekday hours, and eastbound throughout the weekend.

SR 167 at South 23rd Street (south of I-405 interchange) (Figures 2.14-2.17).
This site also exhibits patterns similar to those at the other sites. One variation occurs
northbound during the afternoon and evening, when the weekend volumes (both GP
and HOV) are comparable to or exceed average weekday volumes.
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Estimated Volume Profile: Weekday and Weekend 1999
I-5 University St HOV SB
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Figure 2.3. 1999 Weekday vs. Weekend Estimated Volume Profile, Southbound I-
5 at University St, HOV Lanes
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Estimated Volume Profile: Weekday and Weekend 1999 Estimated Volume Profile: Weekday and Weekend 1999
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Figure 2.4. 1999 Weekday vs. Weekend Estimated Volume Profile, Northbound I+ Figure 2.5. 1999 Weekday vs. Weekend Estimated Volume Profile, Southbound I-
405 at NE 14th St, General Purpose Lanes 405 at NE 14th St, General Purpose Lanes
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Figure 2.6. 1999 Weekday vs. Weekend Estimated Volume Profile, Northbound I-  Figure 2.7. 1999 Weekday vs. Weekend Estimated Volume Profile, Southbound I-
405 at NE 14th St, HOV Lanes 405 at NE 14th St, HOV Lanes
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Estimated Volume Profile: Weekday and Weekend 1999
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Figure 2.8. 1999 Weekday vs. Weekend Estimated Volume Profile, Eastbound SR
520 at 76th Ave NE, General Purpose Lanes
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Estimated Volume Profile: Weekday and Weekend 1999
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Figure 2.10. 1999 Weekday vs. Weekend Estimated Volume Profile, Westbound
SR 520 at 84th Ave NE, HOV Lanes
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Estimated Volume Profile: Weekday and Weekend 1999
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Figure 2.9. 1999 Weekday vs. Weekend Estimated Volume Profile, Westbound
SR 520 at 76th Ave NE, General Purpose Lanes

Puget Sound Freeway Network



Estimated Volume Profile: Weekday and Weekend 1999 Estimated Volume Profile: Weekday and Weekend 1999
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Figure 2.11. 1999 Weekday vs. Weekend Estimated Volume Profile, Eastbound I Figure 2.12. 1999 Weekday vs. Weekend Estimated Volume Profile, Westbound
90 at Shorewood Dr, General Purpose Lanes 1-90 at Shorewood Dr, General Purpose Lanes

Estimated Volume Profile: Weekday and Weekend 1999
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Figure 2.13. 1999 Weekday vs. Weekend Estimated Volume Profile, I-90 at
Shorewood Dr, Reversible HOV Lanes
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Estimated Volume Profile: Weekday and Weekend 1999 Estimated Volume Profile: Weekday and Weekend 1999
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Figure 2.14. 1999 Weekday vs. Weekend Estimated Volume Profile, Northbound  Figure 2.15. 1999 Weekday vs. Weekend Estimated Volume Profile, Southbound
SR 167 at South 23rd St, General Purpose Lanes SR 167 at South 23rd St, General Purpose Lanes
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Figure 2.16. 1999 Weekday vs. Weekend Estimated Volume Profile, Northbound ~ Figure 2.17. 1999 Weekday vs. Weekend Estimated Volume Profile, Southbound
SR 167 at South 23rd St, HOV Lanes SR 167 at South 23rd St, HOV Lanes
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Results: GP vs. HOV 24-Hour Weekday Uolume Profiles

Figures 2.18 through 2.25 combine the weekday GP and HOV 24-hour volume profiles
that were shown separately in Figures 2.1 through 2.17. Overall, while per-lane HOV
volumes are usually noticeably lower than corresponding GP volumes, there are
locations and periods when HOV volumes are significant in comparison to their GP
counterparts. Furthermore, given that the HOV lane network is focused on vehicles
with higher person occupancies (e.g., carpools, vanpools, buses), it is useful to
compare not just the number of vehicles but the number of people traveling on HOV
lanes vs. GP lanes. See Volume 1, Section 5 for a further discussion of person volume
comparisons; additional information is also provided in HOV Lane Performance

Monitoring: 1998 Annual Report, a WSDOT research report available at the Washington
State Transportation Center’s Web site <depts.washington.edu/trac>.

Downtown Seattle (I-5 at University Street, southbound only) (Figure 2.18).
Per-lane weekday HOV volumes are higher during the afternoon peak period, as
vehicles travel through or away from downtown Seattle. During this time, HOV
volumes are significant, peaking at about 1,000 vehicles per hour.

Downtown Bellevue (I-405 at NE 14th Street) (Figures 2.19-2.20). Here, also,
HOV volumes are higher during the afternoon peak period. This is partly due to the
fact that many southbound carpools and buses in the AM hours must move out of the
inside HOV lane in preparation to exit the freeway at downtown Bellevue just south of
this location. As a result, they are not counted as using the HOV lane at this data
collection site. Note that the afternoon peak period southbound HOV volume is close
to the GP volume on a per-lane basis.

SR 520 at 76th/84th Ave. NE (westbound only) (Figure 2.21). The HOV
volumes are relatively low at this location; among the factors that affect usage are the
higher vehicle occupancy requirement (3+ persons per vehicle vs. 2+ persons
elsewhere in the region) and the roadway configuration (a converted shoulder). Also,
the HOV lane ends shortly after this site at the east approach to the Evergreen Point
floating bridge, so one would expect many HOVs to have merged into the GP lanes by
this point.

Usage and Performance, 1999 Update:Trends

1-90 at Shorewood Drive (east of Island Crest Way) (Figures 2.22-2.23). The
HOV volume peaks mirror those in the GP lanes, though at a substantially lower level.
Note that the HOV lane is reversible at this location, switching directions at midday.

SR 167 at South 23rd Street (south of I-405 interchange) (Figures 2.24-2.25).

Northbound HOV volumes in the AM peak period are comparable to those in the GP
lanes.
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Estimated Weekday Volume Profile: GP and HOV Lanes (1999) Estimated Weekday Volume Profile: GP and HOV Lanes (1999)
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Figure 2.18. 1999 Estimated Weekday Volume Profile, GP and HOV Lanes, Figure 2.19. 1999 Estimated Weekday Volume Profile, GP and HOV Lanes,
Southbound I-5 at University St. Northbound 1-405 at NE 14th St.
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Figure 2.20. 1999 Estimated Weekday Volume Profile, GP and HOV Lanes, Figure 2.21. 1999 Estimated Weekday Volume Profile, GP and HOV Lanes,
Soutbound I-405 at NE 14th St. Westbound SR 520 at 76th Ave NE
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Estimated Weekday Volume Profile: GP and HOV Lanes (1999) Estimated Weekday Volume Profile: GP and HOV Lanes (1999)
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Figure 2.22. 1999 Estimated Weekday Volume Profile, GP and HOV Lanes, Figure 2.23. 1999 Estimated Weekday Volume Profile, GP and HOV Lanes,
Eastbound 190 at Shorewood Dr Westbound I-90 at Shorewood Dr
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Figure 2.24. 1999 Estimated Weekday Volume Profile, GP and HOV Lanes, Figure 2.25. 1999 Estimated Weekday Volume Profile, GP and HOV Lanes,
Northbound SR 167 at S 23rd St Southbound SR 167 at S 23rd St
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