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1 INTRODUCTION

This Transportation Methodology Report for the West Seattle and Ballard Link Extensions
(WSBLE) Environmental Impact Statement (EIS) describes the methods that will be used to
analyze project effects on local, corridor, and regional transportation system elements. The
analysis results will be documented in the Transportation chapter of the EIS and the
Transportation Technical Report appendix.

The intent of the Transportation Technical Report is to inform the public about the potential
transportation effects of the project alternatives, provide an appropriate level of analysis to make
informed decisions, and identify areas in which mitigation might be necessary to reduce
potential project impacts. With the WSBLE, the environmental analysis will proceed in parallel to
a variety of other project development efforts, including but not limited to further refinement of
the project alternatives, including conceptual construction plans, as part of concept design;
refinement of the transit integration plans between the relevant transit agencies; and station
area planning to integrate the project within the surrounding community. These efforts provide
additional opportunities for collaboration between Sound Transit, partner agencies, and the
community.

This transportation analysis will identify and evaluate the project alternatives’ potential impacts
for the following transportation elements during both operations and construction:

e Regional transportation, including vehicle miles of travel, vehicle hours of travel, vehicle
hours of delay, and mode share

e Transit services, including regional and local services, corridor and station ridership, and
transit operations

¢ Arterial and local street system, including corridor analysis, intersection level of service
(LOS), property access and local traffic circulation

e Parking, including the loss of parking due to the alignments and potential hide-and-ride
parking impacts near stations

¢ Non-motorized facilities (bicycle and pedestrian) around stations and on major bicycle or
pedestrian trails affected by the alignment(s)

o Safety (all modes)
¢ Navigation of navigable waterways and airport airspace

e Freight (truck, rail, and water)
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2 GUIDING REGULATIONS, PLANS, AND/OR POLICIES

In addition to the relevant regulations, plans, and policies considered in all environmental
analyses, the transportation analysis will be guided by the following laws and regulations:

o Code of Federal Regulations (CFR) 23 Part 450 (implementing United States Code 23
Section 111, which requires the U.S. Secretary of Transportation to approve access
revisions to the Interstate System)

e CFR 23 Part 710 (Right-of-Way Regulations for Federally Assisted Transportation
Programs)

o City of Seattle Director’s Rules

e “Seattle Streets lllustrated,” online Right-of-Way Improvements Manual (City of Seattle
2017a)

o City of Seattle Traffic Control Manual, 2018

Analysis of local transportation impacts will also be guided by the policy direction established in
the numerous plans and policy documents adopted within the project corridor, including the
following:

e 2016 Washington State Public Transportation Plan (Washington State Department of
Transportation [WSDOT] 2016a)

e 2017 Washington State Freight System Plan (WSDOT 2017)
o The Regional Transportation Plan — 2018 (Puget Sound Regional Council [PSRC] 2018)

¢ King County Metro Strategic Plan for Public Transportation 2011-2021 (King County Metro
2015)

e 2016 King County Comprehensive Plan (2017)

o City of Seattle Comprehensive Plan: Toward a Sustainable Seattle 2015-2035 (City of
Seattle 2017b)

o Transit Master Plan (City of Seattle 2016)

o City of Seattle, Washington, 2018-2023 Proposed Capital Improvement Program (2017¢)
o Northwest Seaport Alliance Strategic Business Plan (2015)

e Port of Seattle 2018 — 2022 Long Range Plan (Port of Seattle 2017)

o Port of Seattle Container Terminal Access Study (CTAS) Throughput, Rail, and Truck
Volumes for Growth Scenarios for Sensitivity Analysis (Heffron Transportation, Inc., 2015)

o Port of Seattle Capital Investment Plan (2019-2023) (Port of Seattle 2018a)
o Terminal 91 2018 Traffic Monitoring Study (Port of Seattle 2018b)
o City of Seattle Freight Master Plan (Seattle Department of Transportation [SDOT] 2016)
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e Seattle Pedestrian Master Plan (SDOT 2017a)
e Seattle Bicycle Master Plan (SDOT 2017b)
¢ King County Metro METRO CONNECTS Plan (King County Metro 2016)
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3 DATA NEEDS AND SOURCES

A variety of data will be assembled to analyze the transportation-related effects of the project
alternatives within the study areas defined in Section 4. These data sets will include the
following:

e Existing AM and PM peak hour turning-movement counts for intersections identified per
Section 4.3, Arterials and Local Streets. Counts for the existing conditions year will be
collected from the local and state agencies (City of Seattle and King County) if available. For
locations that do not have counts available or where available data do not include the
necessary information to conduct the analysis, new counts will be taken for 2 hours during
the AM and PM peak periods. The new counts will include automobiles, trucks, buses,
pedestrians, and bicyclists. All peak hour turning-movement counts will be factored to the
existing conditions analysis year (2019) using available historical data trends. At non-
intersection areas (if any), such as mid-block U-turn locations or mid-block pedestrian
crossing locations, a short-duration vehicle count (“short-count”), which is typically 30
minutes or less, will be collected during the AM and/or PM peak periods to understand the
impacts of any proposed traffic circulation changes with the project alternatives.

o Daily traffic counts in the study area, as available, will be collected from local jurisdictions.
These counts will be factored to the existing conditions analysis year.

o Physical characteristics of the existing street system will be noted, including functional use,
lane geometry, traffic signal timing and phasing patterns, and other parameters necessary to
conduct traffic operations analysis (such as the proximity of bus stops, speed limits, transit
signal priority, other transit-supportive infrastructure such as bus-only lanes and queue
jumps, and presence of public and restricted on-street parking). Where available, these data
will be obtained from local agencies and will be field-verified as appropriate.

¢ On- and off-street public parking supply, existing parking restrictions, and weekday public
parking utilization survey data will be obtained from the City of Seattle and the Port of
Seattle, and augmented by field visits where appropriate. This will include truck parking.

e Pedestrian and bicycle volumes in the study area will be collected from local jurisdictions as
available. Where data are not available for areas of high pedestrian and bicycle activity in
the study area (including station areas, activity centers, and major non-motorized facilities
such as regional trails), AM and PM pedestrian and bicycle volumes will be collected. The
data collection effort will cover the intersections identified per Section 4.3, Arterials and
Local Streets.

e Existing and planned pedestrian and bicycle facilities in each station area will be inventoried
by either field visits or available information from agencies (such as geographic information
system [GIS] data). The pedestrian and bicycle facility assessment will be based on the
actual road and pathway networks rather than a radius buffer. This inventory will include
identification of school walk routes and any barriers (such as waterways and major arterials
and freeways with limited crossings) to pedestrian or bicycle travel within each station area.
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The general sidewalk condition immediately surrounding station areas will be qualitatively
assessed.

e Existing and planned transit route information in the study area will be obtained from the
local and regional transit agencies and compiled. This task will include information on
selected routes that serve the project corridor. The bus route information will include service
areas, hours of service (including schedule/frequency), reliability, and passenger load.
Passenger load information will be collected at selected screenline locations. Transit
reliability information will be collected for selected routes at key destinations that serve the
project corridor. Planned information includes the project Transit Integration Study, which
incorporates detailed service information along the project corridor.

¢ Collision data for the most recent 3-year period will be obtained for the study area
intersections (signalized and unsignalized). Collision data for roadway segments (between
intersections) will be collected where at-grade or elevated light rail alternatives are running
within or immediately adjacent to a roadway and will include vehicles, pedestrians, and
cyclists. These data will be collected from local and state agencies.

o Existing truck routes, over-dimension routes, and any truck restrictions will be identified.

o Existing freight rail, facilities, and operational information will be collected as available from
BNSF Railway, Union Pacific, and private businesses

¢ Navigation Impact Reports are being developed separately for the Duwamish and Salmon
Bay crossings and will be used for navigable waterways analysis.

¢ Obstruction Evaluation/Airport Airspace Analysis is being developed separately for the
Duwamish Waterway crossing.

e Local, regional, and state agency capital and/or transportation improvement plans
(CIPs/TIPs) or transportation facilities plans, and other planned improvements in proximity to
a light rail alignment or station area will be reviewed and summarized. This effort will include
identification of all “committed” improvements assumed for the No Build Alternative.

o Relevant plans and studies conducted by public agencies and private entities.
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4 STUDY AREA AND AREA OF EFFECT

The general study area for the transportation analysis is 0.5 mile from the project alternatives
except where noted in this section.

41 Regional

Analysis of systemwide traffic impacts will address the project alternatives’ regional effects
within PSRC and Sound Transit’s district boundaries and the project-specific study area
(Figures 4-1 and 4-2). The area of effect is expected to be the same as the study area.

4.2 Transit

The transit analysis will be conducted for the transit services included in the transit integration
plan developed by Sound Transit and King County Metro. The extent of this analysis would only
be within the general study area and at the project’s screenlines. For more geographically
dispersed transit measures, the study area expands to encompass the relevant regional transit
system.

4.3 Arterials and Local Streets

The arterial and local street analysis will focus on locations where traffic circulation, access, and
operations are most likely to be affected by the light rail alternatives. The specific intersections
to be studied will vary by time period and relationship to the project, as described further in this
section.

4.3.1 PM Peak Hour Analysis

A preliminary set of 94 study intersections (Figures 4-3 through 4-10 and Tables 4-1 through
4-8) have been identified for quantitative PM peak operational analysis under the existing (2019)
and future (2032 and 2042) No Build conditions based on their proximity to station areas and
other locations where the project may result in long-term changes to traffic operations.
Additional intersections may be added to the intersections identified in these figures and tables
if they meet the criteria in Table 4-9. The list of intersections to be studied will be reviewed and
finalized in consultation with partner agencies following the Sound Transit Board’s identification
of alternatives for inclusion in the Draft EIS.
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Table 4-1. West Seattle and Ballard Extensions Stud

Intersection
Identification

Intersections -- SODO Segment

Number Intersection name
2035 4th Avenue South and South Lander Street
2036 6th Avenue South and South Lander Street
2048 6th Avenue South and South Holgate Street
2071 South Holgate Street and 4th Avenue South
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1014

Table 4-2. West Seattle Extension Stud

Intersection
Identification
Number

Intersections -- Duwamish Seg

Intersection name

West Marginal Way/Chelan Avenue and Southwest Spokane Street

ment

1015

Chelan Avenue Southwest and Southwest Spokane Street

1016

Southwest Spokane Street and West Marginal Way/Terminal 5

1017

Southwest Spokane Street and 11th Avenue Southwest

2034

4th Avenue South and South Spokane Street (North)

2045

East Marginal Way and South Spokane Street

2079

4th Avenue South and South Spokane Street (South)
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West Seattle and Ballard Link Extensions

1007

Table 4-3. West Seattle Extension Stud

Intersection
Identification
Number

Intersection name

Southwest Dakota Street and Delridge Way Southwest

Intersections -- Delridge Segment

1028

Southwest Genesee Street and Delridge Way Southwest

1029

Delridge Way Southwest and Southwest Andover Street

1039

Delridge Way Southeast and 23rd Avenue Southeast
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West Seattle and Ballard Link Extensions

Table 4-4. West Seattle Extension Stud

Intersection
Identification

Intersections — West Seattle Junction Seg

ment

Number Intersection name
1001 44th Avenue Southwest and Southwest Alaska Street
1002 42nd Avenue Southwest and Southwest Alaska Street
1003 42nd Avenue Southwest and Southwest Oregon Street
1004 Southwest Avalon Way and Fauntleroy Way Southwest
1005 35th Avenue Southwest and Southwest Avalon Way
1013 Fauntleroy Way Southwest and 35th Avenue Southwest
1020 Fauntleroy Way Southwest and Southwest Alaska Street
1022 Southwest Avalon Way and Southwest Genesee Street
1026 Southwest Alaska Street and California Avenue Southwest
1027 41st Avenue Southwest and Southwest Alaska Street
1009 California Avenue Southeast and Southwest Edmunds Street
1012 Fauntleroy Way Southwest and Southwest Oregon Street
1031 42nd Avenue Southwest and Southwest Edmunds Street
1032 41st Avenue Southwest and Southwest Edmunds Street
1035 Southwest Alaska Street and 38th Avenue Southwest
1036 Fauntleroy Way Southwest and 38th Avenue Southwest
1037 40th Avenue Southwest and Southwest Oregon Street
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West Seattle and Ballard Link Extensions

Table 4-5. Ballard Extension Stud

Intersection
Identification

Intersections -- CID Segment

Number Intersection name
2037 4th Avenue South and South Royal Brougham Way
2039 Seattle Boulevard South and 4th Avenue South
2040 5th Avenue South Midblock Crossing south of South Weller Street
2041 4th Avenue South at Weller Street Bridge
2042 South Weller Street and 5th Avenue South
2043 South King Street and 5th Avenue South
2044 South Jackson Street and 5th Avenue South
2069 Edgar Martinez Dr and 4th Avenue South
2072 South Jackson Street and 4th Avenue South
2059 5th Avenue and South Dearborn Street
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West Seattle and Ballard Link Extensions

3081

Table 4-6. Ballard Extension Stud

Intersection
Identification
Number

Intersection name

6th Avenue North and Harrison Street

Intersections -- Downtown Seg

ment

3082

Westlake Avenue and Thomas Street

3083

Terry Avenue North and John Street

3084

Westlake Avenue North and John Street

3091

Taylor Avenue North and Mercer Street

3092

1st Avenue North and Mercer Street

3093

Dexter Avenue North and Republican Street

3094

1st Avenue North and Republican Street

3095

Terry Avenue North and Denny Way

3096

9th Avenue North and Denny Way

3097

Westlake Avenue and Blanchard Street

3098

5th Avenue and Olive Way

3099

6th Avenue and Olive Way

3100

6th Avenue and Pine Street

3101

5th Avenue and Pine Street

3102

6th Avenue and Pike Street

3103

5th Avenue and Pike Street

3104

6th Avenue and Spring Street

3105

5th Avenue and Spring Street

3106

5th Avenue and Madison Street

3107

4th Avenue and Madison Street

3108

5th Avenue and Marion Street

3109

4th Avenue and Marion Street

3111

5th Avenue North and Mercer Street

3112

Queen Anne Avenue North and West Mercer Street

3113

Queen Anne Avenue North and West Republican Street

3115

Aurora Avenue North and Harrison Street

3116

Westlake Avenue North and Denny Way

3118

5th Avenue and Columbia Street
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Intersection

Identification
Number

Intersection name

3122

6th Avenue and Seneca Street

3123

5th Avenue and Seneca Street

3126

6th Avenue and Columbia Street

3130

4th Avenue and Pine Street

3136

8th Avenue and Blanchard Street

3143

6th Avenue North and Thomas Street

3146

Taylor Avenue North and Roy Street

3148

Warren Avenue North and Mercer Street

3151

Warren Avenue North and Roy Street

3152

SR 99 and Thomas Street

Page 4-16 | AE 0036-17 | Transportation Technical Analysis Methodology

October 2020



3/23/2020 | South Interbay | LOSStudyArea_SouthinterbaySegment.aprx

= Interbay ) \
w Station
<
= Interbay
5 Athletic | /nterbay/Ballard Segment| W BARRETT ST
Complex
Magnolia W FULTON ST
V4 N Prospect Street Station/15th Avenue
- ARMOUR ST (81B-2)
S
'g =
w
g 2
8 ] E
o =
° ¥ Interbay w E
c > g
g ! Golf Center = =
= 1 4 =
| m K
. i | T
= =
I W WHEELER ST \ o U
=3 <
=z i E g £ =
™
. 5 S MCGRAW ST w
s T = T —
= 2. & bk w 5 I
£ Ty v T z 3 7
~ /9 w
z S, E 2 W BOSTON ST
I %/z 8 = = = E
5 %, E 5 %u £/ W CROCKETT sT
w T T |:E
5 K ©
WN N
|} Prospect Street Station/Central Interbay Queen Anne
(SIB-3) W HOWE ST
= i
Y WBLAINE ST B
< w
Z ES
Magnolia Bridge g 2
W GARFIELD ST o
=
. L (o4
Sm‘It) io"e Smith Cove
Cruise Terminal | WGALERST
‘ > Q .
W GALER 413100 Smith nj: E W LEE ST Prospect Stree(tSS"t;t;nMSth Avenue
T g0y \ ¥, Cove ok
%, ~ \V, Station K@; 2 W COMSTOCK ST
E W HIGHLAND DR
Smith Cove >
o W PROSPECT ST
e
o]
Elliott Bay W KINNEAR PL
Park \ W ALQHA ST
— v‘g W OLYMPIC PL Lower
AN A Queen Anne
S e, Counterbal
Galler Street Station/Central Interbay &3 ... qefictoaance
(SIB-1) \ 10y
& \g =
A ) s P
%, R 3E 5l
. >, & @D 1% ]
Elliott Bay »@\ afeeofs .
3 W REPUBLICAN
%
Source: City of Seattle
Alternatives FIGURE 4-9
=== Preferred Alternative Trail Intersection Level of Service
Preferred Alternative ——— Railroad AnaIYSiS Study Area
with Third-party Funding mmm Segment Line R .
s Other Alternative Ballard Link Extension -
. . Seattle Center
Alternative Profile South |nterbay Segment
Park
= = Elevated ¢ ¢ Tunnel
=== At-Grade =» » Retained Cut Analvsis | . We.St Seattle .and
Station nalysis Intersection Ballard Link Extensions
T New

0 800 1,600 N
| 1 | 1 | Feet A




West Seattle and Ballard Link Extensions

4130

Table 4-7. Ballard Extension Stud

Intersection
Identification
Number

Intersection name

Alaskan Way West and West Galer Street Flyover

Intersections — South Interbay Seg

ment

4131

Elliott Avenue West and West Galer Street Flyover

4132

Elliott Avenue North and West Mercer Place

4133

Elliott Avenue West and West Prospect Street

4149

Elliott Avenue and West Galer Street
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West Seattle and Ballard Link Extensions

4121

Table 4-8. Ballard Extension Stud

Intersection
Identification
Number

Intersections — Interbay/Ballard Segment

Intersection name

14th Avenue Northwest and Northwest Market Street

4122

15th Avenue Northwest and Northwest Market Street

4123

17th Avenue Northwest and Northwest Market Street

4124

15th Avenue Northwest and Northwest 54th Street

4125

15th Avenue Northwest - Northbound Ramps and Northwest Leary Way

4126

15th Avenue West and West Bertona Street

4127

15th Avenue West Northbound Ramps and West Dravus Street

4128

15th Avenue West Southbound Ramps and West Dravus Street

4129

17th Avenue West and West Dravus Street

4148

15th Avenue Northwest - Southbound Ramps and Northwest Leary Way
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Table 4-9. Intersection Analysis Screening Process
Parameter ‘ Threshold Value ‘ Description

Critical Volumes

5%

Travel forecasting indicates that the total volume
for any movement between the build alternatives
and the No Build condition would exceed the
threshold value.

Change in
Nonmotorized
Volumes

A 100% increase or
greater at intersections
with less than 100 total
pedestrians in the peak
hour and with total
pedestrian volumes
greater than 5% of the
total entering vehicle
volumes at the
intersection

The pedestrian and bicycle volume increase over
the No Build conditions where it is likely the
number of activated pedestrian phases would
noticeably increase or have additional conflicts
with turning traffic. Intersections with over 100
pedestrians during the peak hour are likely to
already exhibit pedestrian walk phases during
most, if not all, signal phases and have conflicts
with turning traffic. Additional pedestrian activity
would have less impact on the existing conditions.
Intersections with pedestrian volumes less than
5% of the total entering vehicular volume during
the peak hour typically serve all signal phases and
would not incur additional delay with more
pedestrian activations.

Change in Intersection
Geometry

Changes in the number
of lanes (and/or

Changes in intersection geometry resulting in the
addition or deletion of a lane in any approach

Control

installation/modification

designation) would change the capacity of the intersection and
could affect LOS.
Change in Intersection | Traffic signal The addition of a traffic control device, such as a

signal, or signal phasing that would affect the
capacity for some traffic movements and could
change the overall LOS.

Crosswalk Lengths

Increased crossing
distance

Green traffic signal time would be extended, and
pedestrian clearances would be longer.

Intersection Level of
Service

Intersection operates at
or below LOS E or within
10% of LOS E

Locations meeting the threshold criterion with the
No Build Alternative would be analyzed in the
build condition.
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4.3.2 AM Traffic Analysis

Quantitative analysis for the AM period will also be conducted at intersections within the study
area for the existing and No-Build conditions. The AM analysis will only be conducted for the
2032 and 2042 build conditions in the following situations:

a) The AM LOS is LOS D or worse and either the intersection delay or the total intersection
volumes are higher in the AM peak hour than in the PM peak hour, and

b) Any one of the criteria in Table 4-9 are met.

In other words, if the AM peak has lower volumes and delay than the PM peak and operates at
LOS C or better, then the PM analysis will present an adequately conservative assessment of
project impacts and an AM quantitative analysis will not be performed for the build conditions.

Final confirmation of intersections to be studied will be documented in updates to this report and
coordinated with agencies.

4.3.3 Construction Period Traffic Analysis

Roadways and intersections within the project study area that are likely to be substantially
affected by construction-related operational changes will also be analyzed quantitatively for the
PM peak hour to represent potential traffic conditions during construction. In cases where the
roadway construction impact mainly affects a particular travel direction, an AM peak hour
analysis could be conducted, as agreed to between Sound Transit and relevant local
jurisdictions.

Traffic forecasts will be prepared for minor arterials or greater that have long-term (1-year or
longer) lane closures to determine potential traffic diversion from the project impact, including
construction-related truck traffic. Intersections coincident with principal or minor arterial roadway
segments will be analyzed further using Synchro software to determine the degree of impact to
LOS if they are forecasted to have the following:

a) A volume to capacity (v/c) ratio of 0.9 or higher under the construction condition, and
b) v/c ratio increase of 10% or more from the construction impact

In areas where this screening process results in potential redundancies, such as multiple
construction phases or closely-spaced intersections, the construction phase or intersection with
the potential for highest impact will be selected for analysis. Locations will be reviewed and
finalized in consultation with partner agencies.

In addition to the construction period traffic analysis, construction impacts will be identified for all
other modes and elements included in this report. That information is described further in
Section 7. Potential economic impacts will be addressed in Draft EIS Section 4.3, Economics.

4.4 Parking

The study area and area of effect for parking will generally be limited to one block on either side
of the above-grade light rail alignment and within 0.25-mile walking distance of stations where
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unrestricted parking exists that could accommodate hide-and-ride use. Parking utilization will
not be studied for station areas in the downtown and urban centers where all parking has time
restrictions; however, changes to parking supply will be documented wherever they occur.
Within the affected areas, on- and off-street public parking supply, existing parking restrictions,
and weekday parking utilization survey data will be collected. Off-street public parking is defined
as parking that is for public use but not privately owned (i.e., pay lots by private companies will
not be inventoried). In addition, parking within designated industrial areas where truck parking
can be legally accommodated will be identified.

Data will be collected by parking type (e.g., time-limited parking, free parking, loading zone, or
private) and location (e.g., block face). Where available, data from local agencies will be used to
populate data inventories near the light rail alignments and station locations. Where data are not
available from local agencies, data will be collected through field surveys. Data will include a
space occupancy count by block face or lot taken once during weekday mid-morning or mid-
afternoon hours. This time period represents typical conditions for peak commute-oriented
parking demand.

4.5 Non-motorized

The study area and area of effect for non-motorized facilities will be within 0.5 mile of each
station for pedestrian facilities and within 1.5 miles of each station for bicycle facilities as
measured along the network. Pedestrian facilities include sidewalks, trails, and other pedestrian
facilities such as grade-separated crossings. Bicycle facilities include bicycle lanes and shared
use paths.

4.6 Safety

The safety study area is defined as an approximately one-block radius around the alignment
and stations (equivalent to a 100-meter buffer).

4.7 Navigation

The study area for navigable waterways will be based on the study area established for the
Navigation Impact Report. The area of effect is expected to be from the Ballard Locks to Lake
Washington for Salmon Bay and from Elliott Bay to mile 5 of the Duwamish Waterway for the
Duwamish Waterway.

The study area for airspace navigation impacts will be defined by the requirements of the
Federal Aviation Administration Obstruction Evaluation/Airport Airspace Analysis.

4.8 Freight

The study area for truck freight will be the same or similar to that for regional and local
roadways, with the focus on major and minor truck streets, intermodal highway and seaport
connectors, and first/last mile connectors where necessary. A selection of intersections along
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these facilities will be identified for detailed operational analysis depending on the level of
impact from the project alternatives; these intersections will be identified using the methodology
described in Section 4.3.

The study area for rail freight will include tracks, yards, access points, and associated rail freight
infrastructure affected by the alignments within the general 0.5-mile study area buffer. The study
area for water-based freight will be similar to or the same as that for navigable waterways,
including terminals, marinas, and associated water freight infrastructure. The area of effect is
expected to be the same as the study area.
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5 ANALYSIS ASSUMPTIONS AND TOOLS

5.1 Transportation Analysis Years and Period

Based on the project’s schedule and available traffic forecasting data, the transportation
analysis will focus on four distinct years:

e Existing conditions. Reflects land use, roadway, and transit network conditions for the year
2019.

o Construction period — 2032. This is the proposed construction analysis year to account for
the West Seattle to Downtown Seattle project (construction through year 2032) and the
Downtown Seattle Transit Tunnel to Ballard project (year 2032). This year is near the end of
the construction period for the West Seattle to Downtown Seattle project and an
approximate mid-point of the Downtown Seattle Transit Tunnel to Ballard project
construction period. For the Downtown Seattle Transit Tunnel to Ballard project, the
construction analysis assumes West Seattle to Downtown Seattle is in operation.
Quantitative analysis will be completed under the conditions described in Section 4.3.3.

e Interim Build condition — 2032. This condition will analyze light rail service between West
Seattle and an interim terminus in the South of Downtown (SODO) area. This interim
terminus Build condition will only be performed for the West Seattle to Downtown Seattle
project. This condition will be based upon PSRC’s 2030 land use and roadway network
assumptions, and a ridership forecast with the West Seattle Link Extension in service.

e Future horizon year — 2042. This is the proposed horizon analysis year consistent with
regional planning. This horizon year is consistent with Sound Transit long-range planning
and assumes the full build of Sound Transit’'s ST3 system, which is planned for completion
by 2041. This horizon year would use the PSRC 2040 land uses factored to 2042 and
roadway network assumptions.

In the two future analysis years, the PM peak period (4 to 6 PM) will be evaluated and the
analysis will focus on the peak hour within that period. This period is considered the timeframe
when traffic impacts are the highest; therefore, the analysis will be of the worst-case traffic
conditions. The AM peak hour (hour with highest volume between 7 and 9 AM) will be analyzed
for the existing and future years under certain conditions (see Section 4.3.2).

5.2 EIS Analysis Conditions

5.2.1 Analysis Conditions

The EIS analysis will be developed for the conditions listed in Table 5-1. The existing and No
Build conditions will provide a point of comparison against the build (project alternatives) and
construction conditions. This comparison determines project benefits and impacts based on the
measures described in Section 7 of this report.
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Table 5-1. EIS Evaluated Conditions

Future Year
Existing Interim

Year Construction Year Horizon
Condition 2019 Year? 2032 Year 2042

Includes land use, roadway, and
Existing X transit network conditions for the
year 2019.

Based on travel demand forecasts
and an assumed list of
constructed background projects
and transit service modifications.

No Build X X X

A quantitative and qualitative
construction year analysis will be
Construction X conducted based on an estimate
of when construction would occur
in the future.

Reflects the interim terminus
condition in which the West

Build (Interim X Seattle line will end in SODO

Terminus) while construction of the new
downtown tunnel is completed.
Build The horizon year condition
(Project X assumes the full-length project is
Alternatives) constructed and operating.

@The construction analysis year is assumed to be 2032 for both West Seattle to Downtown Seattle and
Downtown Seattle to Ballard Link Extension, including the new tunnel. The 2032 construction analysis
year for the Downtown Seattle to Ballard Link Extension assumes West Seattle to Downtown Seattle
light rail transit service is in operation.

5.2.2 Background Project Identification

The future year conditions will include state, regional, and local agency projects that are
reasonably foreseeable, are in an officially adopted plan, and have either completed
environmental review or are funded or permitted. These projects are assumed to be built and in-
place before the WSBLE project is completed. This list of background projects provides valuable
insight into how the transportation system within and surrounding the project’s study area will
change from existing conditions. These projects may directly affect transportation conditions,
such as by altering travel patterns, affecting roadway operations and safety, and influencing
non-motorized access and connections. The assumed background project list is included in
Appendix A of this report. The sources for developing the background project list include the
following:
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e WSDOT Connecting Washington Package and Washington State Highway System Plan
(WSDOT 2018)

e 2017 Washington State Freight System Plan (WSDOT 2017)

e PSRC Regional Transportation Plan 2018 (PSRC 2018)

e Seattle Department of Transportation Move Seattle Strategic Plan

o Sound Transit Sound Transit 2 (ST2) and ST3 Programs (Sound Transit 2008, 2016)

¢ King County Metro METRO CONNECTS Plan (King County Metro 2016)

¢ WSBLE Transit Service Integration Technical Memorandum (Sound Transit in progress)
o Relevant local agency CIPs/TIPs

o Port of Seattle Long-Range Plan (Port of Seattle 2017)

o Seattle Pedestrian Master Plan (Seattle Department of Transportation [SDOT] 2017a) and
Bicycle Master Plan (SDOT 2017b)

o Port of Seattle Container Terminal Access Study (CTAS) Throughput, Rail, and Truck
Volumes for Growth Scenarios for Sensitivity Analysis (Heffron Transportation, Inc., 2015)

o Port of Seattle Terminal 5 Environmental Impact Statement (2016)
o Port of Seattle Duwamish Overnight Truck Parking Study (2018c)
o City of Seattle Freight Master Plan (2016)

Appendix B, Sound Transit 3 Modeling: Background Bus Network, documents the initial network
assumptions for the regional transit system that formed the basis of the WSBLE ridership
forecasting. Refinements to these assumptions are being made by King County Metro and
Sound Transit, and will be documented as part of the WSBLE Transit Service Integration
technical memorandum (Sound Transit in progress).

5.3 Analysis Tools and Processes

This section describes the analysis tools and modeling process that will be used to conduct the
transportation analysis for the EIS.

5.3.1 Travel Demand Forecasting Models and Process

The transportation analysis will use the following regional travel demand models to support the
assessment of future conditions:

a) The Sound Transit Incremental Ridership Model, to produce transit ridership forecasts

b) A PSRC-based regional travel demand model, to calculate regional and project area
traffic volume growth and other associated traffic metrics
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These models provide data included in the regional measures, transit system and local and
arterial traffic operations analysis, as well as for a variety of other environmental analyses.

While the transit ridership and travel demand models will be run independently of one another,
they use many of the same data sources, including land use, costs and transit networks. Figure
5-1 illustrates the relationship between the two demand models. The Sound Transit Incremental
Ridership Model and the PSRC-based regional model formulation and refinements are
discussed in more detail in Appendices C and D, respectively.

5.3.1.1 Sound Transit Incremental Ridership Model

The current version of the Sound Transit Incremental Ridership Model uses analytical ridership
forecasting procedures developed over three decades of incremental methods applications.
During this period, the methods have been subjected to substantial external review, including
three independent expert review panels and four cycles of review by the FTA over the course of
New Starts grant applications for Link light rail projects (FTA 2013). As previously noted, the
Sound Transit and PSRC modeling procedures are the foundation of the transportation
technical analysis and are interrelated and complementary. The Sound Transit ridership model
uses data from the PSRC modeling process to establish measures of change in external
factors, including population and economic growth, and highway congestion. For more detailed
information about the Sound Transit Incremental Ridership Model, see Appendix D, Sound
Transit’s Transit Ridership Forecasting Methodology Report.

The current model version is 2016-based, using new land use data (LUV.2) consistent with the
version implemented in the current PSRC planning activities, along with ORCA card tap and
passenger count data within the general incremental modeling framework. The version of the
model being used was updated using service levels and average weekday ridership counts from
late September 2016 to late March 2017, reflecting data after the opening of the University Link
(U-link) extension. The Sound Transit model will be used to produce rail and bus ridership
forecasts for use in the EIS and will be part of a post-processing step to provide adjustments to
the regional traffic model.
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Adopted PSRC Regional
Land Use Forecasts'

Model Integration:

Change in roadway
congestion and
vehicle/bus speeds

ST Ridership Change in transit Regional PSRC Based
Forecasting Model trips Travel Demand Model

I

Local Traffic Regional and
Operations Corridor
(Synchro, HCS) Performance

Ridership
Forecasts ¢ *

e Screenline

Intersection volumes
Level of Service * Mode shares
e VMT, VHT,
VHD

" This model will be updated to reflect the latest adopted PSRC land use forecasts available at the
beginning of the EIS process. It is assumed this will be PSRC’s “Land Use Vision version 2” land use
scenario released in 2017.

Figure 5-1. Sound Transit Ridership Forecasting Model and PSRC Based Regional
Model Relationship

Transit Ridership Forecasting Process

The Sound Transit Incremental Ridership Model will be used to perform the transit ridership
(bus and rail) forecasts for the future interim and horizon years of 2032 and 2042, respectively.
The transit ridership output from this model is used to analyze transit impacts as well as provide
information used to analyze the regional system, traffic and roadway conditions, station areas
and non-motorized system.

The existing transit system and future transit system, which includes the planned ST system
and a reasonably foreseeable future bus network, is documented as part of the WSBLE Transit
Service Integration technical memorandum (in progress) developed by King County Metro and
Sound Transit. This technical memorandum is the basis for coding the foreseeable transit
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services and networks for the No Build and build alternatives in the ridership model. The Sound
Transit ridership model will then be run for the No Build and build alternatives to prepare transit
forecasts for analysis in the EIS.

For the 2042 horizon year, the Sound Transit ridership model is run to reflect low, base and high
future ridership scenarios reflecting varying levels of land use growth and per-mile auto pricing,
while maintaining a consistent transit network between the three scenarios. This is similar to
how the ridership forecasts were prepared for Sound Transit 3 — The Regional Transit System
Plan, where forecasts were presented as ranges rather than a single number (Sound Transit
2016). Specifically, the assumptions are as follows:

e Low transit forecast scenario:

— Land use change between 2016 and 2035.

e Base transit forecast scenario:

— Land use changes between 2016 and 2040. The Year 2040 land use forecast was used
as an approximate of 2042.

e High transit forecast scenario:

— Land use changes between 2016 and 2045 (based on extrapolating 2016 to 2040
growth factors for 5 years).

— Per-mile pricing (7 cents per mile for peak and 2 cents per mile for off-peak) added to
base 19-cent-per-mile auto operating costs (Sound Transit 2018).
Automobile operating costs used in the Sound Transit ridership model take into account relevant
tolls, driving costs and parking costs. The high forecast scenario includes an additional per-mile
driving fee similar to the assumptions in the PSRC travel demand model used for PSRC’s
ongoing long-term planning work regarding congestion pricing.

For the 2032 interim build year, the Sound Transit ridership model will produce one ridership
forecast reflecting assumed land use changes between 2016 and 2030, with no additional per-
mile pricing assumptions.

5.3.1.2 PSRC-Based Four-County Regional Travel Demand Model

The regional traffic model that will be used in this analysis has been developed specifically for
the four-county PSRC area as a refinement of the PSRC trip-based travel demand model. The
model is rooted in the latest PSRC 4k model (v4.1.0, summer 2018) and includes
enhancements to the roadway network to reflect conditions within the project corridor. Details
related to these enhancements can be found in Appendix C of this report.

The land use inputs used in the regional model, consistent with those used for the Sound
Transit ridership model, are based on the PSRC 2017 Land Use Vision, Version 2 (LUV.2). The
LUV.2 forecasts are used as control totals for all land use estimates within the region but land
use distribution modifications have been made in the regional model based on specific data
provided by the City of Seattle. In addition, the traffic forecasts will be reviewed with recent
agency development projects, such as the Port of Seattle environmental documents listed in
Section 5.2.2, to ensure the forecasts are reasonable.
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Regional Travel Demand Model Process

Future No Build (Baseline) Travel Demand Conditions

For the future No Build conditions, the regional traffic demand model will be run and trip tables
assigned to networks by time of day. Differences in traffic volumes from the model assignments
will be applied to the observed traffic volume counts to develop estimated future PM peak hour
and daily traffic forecasts. In addition, volumes will be post-processed in the vicinity of major
planned development and redevelopment projects to ensure traffic effects of these
developments are adequately represented.

Future Build Travel Demand Conditions

The regional traffic demand model will be used to generate traffic volumes for the build
conditions based on the integration of transit ridership forecasts developed for the project
alternatives from the Sound Transit Incremental Ridership Model. The projected changes to
transit demand associated with the project alternatives will be incorporated into the regional
traffic demand model. This is accomplished by adjusting the vehicle trip demand matrices from
the regional model and reassigning those trips to reflect changes in travel patterns and volumes.
This process is illustrated on Figure 5-1. This process will only be used to produce traffic
volumes for the build condition at the regional and corridor and sub-area system levels (e.g.,
vehicle miles of travel [VMT], vehicle hours of travel [VHT], vehicle hours of delay [VHD], and
screenline data).

To develop traffic volumes for the build condition used in the arterial and local level analysis
(i.e., intersection analysis near stations), the traffic volumes developed for the No Build
condition will be used as a base, with additional volumes added to reflect the vehicle traffic
anticipated to be generated by the project. This is explained further in Section 7.

5.3.1.3 Station Area Trip Generation

Park-and-rides are not proposed at light rail transit stations for this project. However, trip
generation at transit stations and other Sound Transit facilities will be developed for various
modes of travel, including the following:

e Auto trips — Drop-off/pick-up, and transportation network company trips (e.g., taxis and ride-
sharing companies)

e Transit trips — Number of buses serving a station
o Walk/bike trips — Bus transfers and walk to transit/bike to transit trips

The trip generation estimates will be based on several sources. One consideration is the Sound
Transit mode of access survey for the U-link light rail extension to be collected in spring 2019.
The mode of access survey will collect data for the full length of the light rail line from University
of Washington Station to Angle Lake Station. In addition, national data from such sources as the
Bay Area Rapid Transit (BART) Station Profile Study (BART 2015) will be considered. The
BART study is a comprehensive mode of access and egress survey of BART rail users in the
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San Francisco Bay area. Available research and data related to transportation network
company trips to and from transit stations will also be considered.

Information on bus service for each station will be developed by Sound Transit and King County
service planners as part of the project’s transit service integration plan, which relies on the
METRO CONNECTS service vision, modified as needed to reflect the characteristics of each
alternative. This plan includes changes in local transit circulation to and from the station area,
which will be incorporated into the overall trip generation.

The vehicle and non-motorized (pedestrian and bicycle) trips associated with the light rail station
ridership forecasts for the alternative with the highest ridership at that station will be used for
evaluating the station area effects. Exceptions may be made at locations where there are
substantial differences between alternatives (e.g., one has bus transfer opportunities and one
does not); in these cases, two different trip-generation scenarios may be developed at these
locations. Trips will be assigned to the non-motorized and vehicular networks around the station
locations based on existing and anticipated future circulation patterns.

5.3.1.4 Construction Condition

The effects of construction will be assessed both quantitatively and qualitatively (see

Sections 7.2 through 7.11). Estimates of future roadway volumes under the construction period
condition for the quantitative analyses will be estimated using the 2032 travel demand forecasts
(see Section 5.2). The travel demand model roadway network will be modified to reflect
construction period conditions, including reroutes and capacity-reducing rechannelizations with
durations of greater than 1 year. See Section 4.3.3 for more details about the construction study
area.

5.3.2 Traffic Operations Analysis Tools

The study area intersections listed in Section 4.3 will be assessed using Synchro software
(version 10). Synchro is a traffic modeling program designed for analyzing intersection traffic
operations and optimizing traffic signal timings. Synchro reports average vehicle delay, allowing
calculation of LOS consistent with the Highway Capacity Manual (HCM) (Transportation
Research Board 2016) definitions. Synchro also estimates average and 95th percentile queue
lengths.

5.3.3 Other Tools

Mode-of-access tools including GIS-based software will be used to define the study areas
described in Section 4. As existing travel behaviors continue to change and travel behaviors
emerge that provide mobility options and choices for travelers, such as rideshare vehicles,
additional analysis software and/or tools may be developed to provide support for evaluation
measures related to these behaviors. Depending on the nature of project impacts, VISSIM could
also be used to further understand traffic operations in future project phases as agreed to by
Sound Transit and relevant agencies.
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6 AFFECTED ENVIRONMENT

The affected environment for transportation will document existing conditions in year 2019 for
each element of the transportation system evaluated within the study area. These elements
include Regional and Corridor Traffic, Transit, Arterials and Local Streets, Parking, Non-
motorized Facilities and Modes, Safety, Navigation, and Freight. Particular focus for these
modes will be on transportation facilities in the vicinity of proposed transit stations because
these will be the primary site-specific traffic generators.

The detailed means for documenting the existing conditions for these transportation elements
are discussed in the Environmental Impact section because the methods and measures to
assess the existing conditions, No Build alternative, and project alternatives are largely the
same. Existing conditions information will be both quantitative and qualitative and will be
displayed both graphically and in a tabular format as appropriate.
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7 TRANSPORTATION RESOURCE ANALYSIS AND
MEASURES

This section discusses the transportation analysis and measures that will be documented in the
EIS to understand the Affected Environment and the direct impacts of the No Build and build
alternatives. Direct impacts include measures to assess the long-term impacts as well as short-
term impacts during construction. This section also includes the analysis and measures used to
determine Indirect and Cumulative Impacts on the transportation system.

7.1 Assessment Methods and Analysis Thresholds

The analysis and measures in this section are presented by the specific transportation resource
that will be documented in the Transportation chapter and Transportation Technical Report of
the EIS. The transportation analysis presented in these documents will be performed at three
assessment levels, depending on resource: regional, corridor and sub-area, and local.

Regional measures are defined as within the project area and beyond and are considered
region-wide (e.g., King County or beyond). Measures at the corridor and sub-area level are
intended to provide information for the project area or a specific segment within it. Measures at
the local level would provide information specific to a certain location, transit route or
transportation facility. Table 7-1 summarizes the transportation analysis measures; the following
sections of provide more detail on individual modes.

Table 7-1. Transportation Measures by Transportation Resource
Transportation

Assessment Level Measures

Resource

Regional and Corridor Regional Growth rate, VMT, VHT, VHD
Traffic

Growth rate, vehicle volumes, v/c ratio/LOS, person

Corridor and sub-area .
trips, mode share

Transit System-wide annual and daily transit trips and
Regional boardings, total annual and daily light rail boardings,
transit travel-shed

Project boardings, station and station area

Corridor and sub-area boardings and alightings

Coverage, frequency, span, passenger load,
Local reliability, stop and layover modifications, transfers,
route performance
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Transportation
Resource

Arterials and Local Streets

Parking

Non-motorized Facilities
and Modes

Safety

Local

Navigation

Freight

Construction

‘ Assessment Level ‘

Measures

Access and local circulation, intersection LOS, and
queue lengths

Parking impact near stations and elevated and at-
grade guideways. Includes spaces removed, current
parking supply and restrictions, estimated parking
demand, and assessment of drop-off/pick-up areas
needs based on estimated forecasts

Pedestrian and bicycle access, circulation and
facility gaps surrounding stations, barriers,
Americans with Disabilities Act accessibility, school
walk route impacts, pedestrian LOS and bicycle
parking at stations

Historical intersection and roadway collision type
and frequency; safety assessment of project effects
on all modes

Impact to waterway navigation and an Obstruction
Evaluation/Airport Airspace Analysis

Impact to navigable airspace for nearby airports

Impact of the alignment on freight terminals, access,
delays, routing, marine waterways, rail facilities,
business loading zones and access, and truck
parking

Quantitative and qualitative assessment of impacts
to traffic operations, circulation and access, transit
operations, property access, non-motorized travel,
parking supply, freight, and marine navigation (if
applicable) associated with transportation facility
closures; include estimation of construction-related
traffic, truck routes, and staging areas

Measures for assessing these transportation elements, discussed in the following sections, will
be both quantitative and qualitative, and results will be displayed both graphically and in tabular

format as appropriate.

7.2 Regional and Corridor Traffic

7.2.1 Operations
7.2.1.1 Regional Traffic

Evaluation Measures

Information from the regional model developed for this study will be the key data source for this
analysis. The following types of data will be produced for interim year 2032 and horizon year
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2042 to analyze the effect of project alternatives on regional or system-wide traffic
characteristics:

e Growth rate — the annual growth rate for vehicle traffic in the region
o VMT - Total average daily vehicle miles traveled on the regional roadway system
o VHT — Total average daily vehicle hours traveled on the regional roadway system

o VHD - Total average daily vehicle hours of delay on the regional roadway system, which
indicates the total level of congestion

Evaluation Approach

Information from the regional model will be used to generate the long-term-condition VMT, VHT,
and VHD data for the No Build Alternative and build alternative(s). This model will be run in an
iterative process with the Sound Transit Incremental Ridership Model, with roadway traffic
volumes reflecting changes in transit ridership as described in Section 5.3.1. Matrices of vehicle
trips and travel times on an origin-destination pair level from the model will be used to quantify
estimated VHT, and matrices of vehicle trips and hours of delay per trip will be used to quantify
the impact of project alternatives on VHD.

Short-term changes in regional traffic during construction will not be assessed unless there are
direct construction impacts on a regional facility, such as state highways.

7.2.1.2 Corridor Traffic

Evaluation Measures

¢ Growth rate — Vehicle traffic demand within the WSBLE project area will be forecasted and
presented as an annual growth rate.

Additional measures used to evaluate effects within a corridor and/or sub-area of the study area
will be based on a screenline-level analysis for the PM peak hour. Screenlines are imaginary
lines drawn across one or more roadways to compare aggregate changes in traffic conditions.
The following data will be included for each screenline:

e Vehicle volumes
e Vehicle v/c ratio/LOS
e Person trips — The number of person trips across screenlines

¢ Mode share — The proportion of vehicle and person trips at screenlines taken by transit (bus
and rail) versus personal auto

Evaluation Approach

The analysis of traffic impacts in various segments of the corridor will involve comparing traffic
conditions on the highway and local street system at selected screenlines for each alternative,
with the exception of the growth rate measure, which is an area measure based on
transportation analysis zones (TAZs) within the study area.
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The screenline comparisons will provide a snapshot of traffic operations along each corridor. A
map and table will be used to present data at five screenline locations, as shown in Figures 4-1
and 4-2:

o West Seattle Bridge (north-south)

o North of South Lander Street (east-west)
o South of South Main Street (east-west)
e North of Denny Way (east-west)

¢ Ballard Bridge (east-west)

Information for each screenline will be generated from the project’s regional model and Sound
Transit’s ridership model and will include PM peak hour and daily values. The v/c ratio at the
screenlines may be expressed as a generalized facility-based LOS.

7.2.2 Construction

Construction impacts will be qualitatively and quantitatively assessed to determine if the
project’s construction would have any impact on the regional and corridor traffic measures.

7.3 Transit

7.3.1 Operations
7.3.1.1 Regional Transit
Evaluation Measures

The following measures will be considered for assessing effects of the project on system-wide
bus and rail transit for interim and horizon years 2032 and 2042:

o Annual transit ridership (linked trips)
e Daily transit ridership (linked trips)

¢ Annual Link light rail boardings

o Daily Link light rail boardings

e Transit travel-shed

Evaluation Approach

The Sound Transit ridership model will be used to produce system-wide linked trip and
boardings estimates. The network will be coded to reflect the No Build and build alternatives,
and then the model will be run to produce transit forecasts for each alternative. Ridership
forecast results will be provided as direct outputs from the ridership model. See Appendix A for
a list of projects assumed for the No Build conditions.

Transit travel-shed will estimate the distance that a rider can travel from one or more points
along the project alignment in a given length of time (e.g., 30 minutes). It may be accompanied
by demographic data such as estimated housing and employment within that area served.
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7.3.1.2 Corridor Transit

This section describes the corridor and sub-area analyses that will evaluate projected changes
to transit services (light rail and bus) by the build alternatives.

Evaluation Measures

The following evaluation measures will be considered to understand the corridor and sub-area
effects on transit service for interim year 2032 and horizon year 2042:

e Project boardings (daily, AM peak, PM peak)
e Station and station area boardings and alightings (daily, AM peak, PM peak)

Evaluation Approach

The Sound Transit incremental ridership model will be used to produce ridership data (in
boardings) for the project. Ridership will be estimated for the AM peak, PM peak and daily
periods. Corridor daily bus ridership will be estimated to represent the No Build conditions.

AM peak, PM peak, and daily station boardings and alightings by alternative will be produced
from the Sound Transit incremental ridership model. Each alternative will have a specific transit
integration plan and parking capacity for drop-off/pick-up developed along with transit travel
times (light rail and bus) within the WSBLE corridor and other key areas.

7.3.1.3 Local Transit

The transit quality of service assessment will analyze the expected project effects on the
existing and future bus and light rail services within the WSBLE study area using both
qualitative and quantitative information. The approach will follow the methodology and
guidelines presented in the Transit Capacity and Quality of Service Manual (Transportation
Research Board 2013), and supplemented with the King County Metro service standards and
guidelines, where appropriate. Transit quality of service information will either be reported at the
screenlines, or at station areas within the WSBLE study area.

Evaluation Measures

The evaluation will document the transit service effects for existing conditions and No Build and
build alternatives. This will include:

e Service coverage/circulation and facilities
e Transit LOS for:

— Frequency

— Span (daily hours of service)
— Passenger load

— Reliability

¢ Temporary or permanent closures or relocations of stops and layover spaces
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e Transfer conditions (i.e., bus/rail, rail/rail)

¢ Route performance, for key routes near affected station areas and where the alignments
impact street operations

Evaluation Approach

Expected changes in transit service and routing with the build alternatives will be identified and
compared to the transit service and routing under No Build conditions. These changes will also
identify temporary or permanent changes to transit facilities and equipment (e.g., stops and
stations, overhead catenary system (OCS), layover, and similar) and will be developed in
conjunction with King County and Sound Transit service planners as part of the Transit Service
Integration technical memorandum (Sound Transit in progress).

The comparison will focus on changes in transit coverage within the project study area and
potential effects on speed and reliability (based on existing reliability information from the transit
agencies, traffic operations results, and/or other traffic analysis data). Frequency will be
reported at screenlines for the AM and PM peak hours. Span will be reported for transit lines
crossing screenlines and serving proposed stations, for the weekday and weekend. Reliability
will be reported by transit line, at screenlines, for the AM and PM peak hours. Passenger load
data will be provided from the Sound Transit incremental ridership model and will be reported
for the AM and PM peak hours, at screenlines (see Figures 4-1 and 4-2). Where applicable,
results will be presented along with the LOS thresholds from King County Metro and the Transit
Capacity and Quality of Service Manual to understand the changes with the project.

7.3.2 Construction

This analysis will evaluate the potential short-term impacts to regional, corridor and local transit
together. Transit impacts during construction will be coordinated with Sections 7.2, Regional
and Corridor Traffic; 7.4, Arterial and Local Street Traffic; and 7.6, Non-motorized Facilities and
Modes. Construction impacts to transit will consider both the transit service and transit rider.
This assessment will evaluate the potential modifications to roadway capacity and operations
during construction on transit service and the ability to access the system during construction.
This would include construction activities that could require closure or relocation of transit stops,
and impacts to the OCS.

7.4 Arterial and Local Street Traffic

7.4.1 Operations
7.4.1.1 Property Access and Local Circulation

This evaluation will assess permanent local area traffic circulation impacts including access to
properties affected by the build alternatives. Refer to Section 7.4.2 for construction impacts to
property access and local circulation.
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Evaluation Measures

The evaluation will document any physical change to the traffic patterns and movements along
with changes in property access. This will evaluate only vehicle movements; refer to Section
7.3, Transit, and Section 7.6, Non-motorized Facilities and Modes, for how those modes will be
evaluated for the project.

Evaluation Approach

This assessment will include such factors as:

o Effect of potential street closures on localized traffic movement
e Loss of access (such as left turns) to and from driveways
o Changes in property access

7.4.1.2 Intersection Operations (including Station Area Traffic Analysis)
Evaluation Measures

Effects on intersection operations will be evaluated between the No Build and the project
conditions based on the analysis years identified in Table 5-1. LOS measures the quality of
traffic operations at an intersection. As described in Table 7-2, LOS ratings range from A to F.
LOS A represents the lowest amount of delay and LOS F the highest amount of delay. Queue
lengths will be reported at intersections that operate below (failing) the agency’s LOS threshold.

Agency transportation goals and LOS standards are developed as part of each agency’s
comprehensive planning efforts. Although agencies accept different levels of congestion, a
delay-based intersection LOS analysis is typically conducted for impacts analyses and is
proposed for this project. Delay is expressed in terms of average delay (in seconds) per vehicle
as a result of the intersection operations.

In the absence of an adopted City of Seattle LOS threshold policy for intersection operations,
LOS E will be used as a guide to determine when coordination with the City of Seattle is
required to discuss project-related impacts on intersections. This threshold was selected in
coordination with City of Seattle.

Table 7-2. Level of Service Definitions for Signalized and Unsignalized Intersections
Average Control Delay

(seconds per vehicle)

Signalized Unsignalized

Intersections Intersections Traffic Flow Characteristics
A <10 <10 Virtually free flow; completely unimpeded.
B >10and <20 > 10 and < 15 | Stable flow with slight delays; less freedom to maneuver.
C >20and <35 > 15 and < 25 | Stable flow with delays; less freedom to maneuver.
D > 35 and <55 > 25 and < 35 | High density but stable flow.
E >55and <80 > 35 and < 50 | Operating conditions at or near capacity; unstable flow.
F >80 > 50 Forced flow; breakdown conditions.

Source: Transportation Research Board (2016).
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Evaluation Approach

Synchro (version 10.0) software will be used to determine the projected peak hour LOS for the
analysis years identified in Table 5-1 at the intersections identified in Section 4.3. The HCM
report from the Synchro software will be used to summarize average intersection delay, LOS,
and v/c ratios (HCM 2010 6th Edition will be used unless unavailable for the configuration under
study, in which case HCM 2000 will be used). The signalized intersections’ LOS will be defined
in terms of average intersection delay. The LOS at an unsignalized intersection is also defined
in terms of delay, but only for the worst operating movement, which is typically on the minor
street (i.e., stop) approaches. For unsignalized intersections that are stop-controlled on each
approach, the average intersection delay is reported. Vehicle queue lengths will be reported
from Synchro for intersections not meeting agency LOS standards or with direct physical project
impacts, as agreed to with the relevant jurisdictions, to understand if the Build alternatives
impact vehicle queues beyond the storage length. The impacts of special events would be
described qualitatively, with descriptions of when and how frequently they would occur and
assessments of congestion levels during those periods.

Default assumption values for the analysis will be developed for intersections where actual
values are not available. These will include assumptions with respect to saturation flow rates,
geometry, traffic, and signalization conditions. Table 7-3 provides assumptions for existing and
future year (No Build and build alternatives) input values and assumptions when data are not

available.

Arterial

Table 7-3. Default Synchro Parameters and Assumptions

Intersection
Parameter Existing Year 2019 Future Analysis Years
Peak Hour From count and for entire intersection; Use 0.95 for all intersections except
Factor otherwise: where existing peak hour factor (PHF)
If total entering vehicles 1000, 0.92. is greater than 0.95 or less than 0.70.
) ) Use existing PHF in cases where the
If total entering vehicles <1000, 0.90. PHF is greater than 0.95.
If existing PHF is less than 0.70, then
increase factor by 0.20.
Conflicting From traffic count, otherwise assume 10 For the No Build Alternative, apply
Pedestrians per | pedestrians in both AM and PM periods. growth rate calculated from ridership
Hour model.
For the build condition, add the
number of pedestrians based on the
station ridership and mode of access
forecasts.
Area Type Capacity adjusting inputs will be based on field | Same as existing.
data to account for reduce roadway capacities
in urban areas. “CBD” used in some CID areas
if the Ideal Saturation Flow rate was set at
1,750.
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Arterial
Intersection
Parameter

Existing Year 2019

Future Analysis Years

Ideal Saturation
Flow (for all
movements)

Varies by project segment. 1,200 in Downtown
Seattle and 1,400 in South Lake Union and
Chinatown/ International District (CID) area;
1,200 for main West Seattle corridors,
otherwise 1,750.

Same as existing.

Lane Utilization

Default software assumptions unless
data/engineering judgment suggests
otherwise.

Same as existing.

Lane Width

Existing lane widths. Assume 11 feet if no
information available.

Same as existing, unless
improvements proposed; then use
agency standards/plans.

Percent Heavy
Vehicles

From count, otherwise 3%.

Same as existing. Except at locations
where Heavy Vehicles are added due
to background projects.

Percent Grade

From field/elevation data

OR

Flat approach = 0%.

Moderate Grade on approach = 3%.
Steep grade on approach = 6%

Same as existing.

Parking
Maneuvers per
Hour

Assume 15 maneuvers per hour wherever
street parking exists.

Same as existing.

Bus Blockages

From count, otherwise headway information
provided by transit agencies.

Same as existing unless there is a
noticeable change in number of peak
hour buses (based on future KCM/ST
bus networks developed for project).

Intersection
Signal Phasing
and
Coordination

From agency signal phasing sheets or their
existing analysis files.

Signal co-ordination for existing
signals: same as existing (optimized
offsets).

Signal phasing for existing signals:
Optimized based on LOS and
access/geometry.

Signal timings for intersections
constructed due to the project: ITE
methodology.

Left turn adjustments: Left turns, if
permitted in existing, will be examined
for a protected phase based on LOS,
access/geometry, safety, and agency
guidance.

For build: Any left-turn conflict with at-
grade light rail will include a separate
lane and have protected phasing. Left
turns will be restricted (or protected
with a gate or similar treatment) at
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Arterial
Intersection
Parameter Existing Year 2019 Future Analysis Years

unsignalized intersections. For
elevated light rail, mid-block left turns
will be restricted.

Transit Queue From agency signal-phasing sheets. Same as existing.

Jumps

Intersection Not applicable. Between 60 and maximum of 180

Signal Timing seconds.

Optimization

Limits

Minimum Green | Per signal timing cards. Existing signals: Same as existing.

Time New signals: Based on pedestrian
times (minimum of 7 seconds walk
time and 3.5 feet per second for
flashing don’t walk clearance). If no
crosswalk: 10 seconds.

Yellow and All Per signal timing cards. Existing Signals: Same as existing.

Red Time New signals: Yellow = 4 seconds, and
All Red = 1 second.

High-occupancy | Lane Utilization Method. ® Same as existing.

Vehicle (HOV)

Lanes

Right Turn on Allow (unless signed otherwise). No right turn Same as existing.

Red on red in downtown Seattle, based on

observed peak hour congestion levels and
number of pedestrian crossings.
Right Turn Per signal timing cards. Identify if used.
Overlaps

Note: Delay-based LOS results will be reported from Synchro’s HCM 6th Edition or HCM 2000 Reports.
@ Percent grade assumed for at-grade intersections only.

b This methodology assumes intersection lane designations will be coded exactly as shown in the field.
Shared through (HOV) and right turn lanes will be coded as a general-purpose traffic lane because Synchro
does not have a special method for HOV lane analysis. To account for lower HOV lane volumes, the lane
utilization factors will be adjusted to reflect this condition.

7.4.2 Construction

The assessment of construction-related transportation impacts on local and arterial streets will
focus primarily on corridors near the light rail alignment or on streets that could be substantially
affected by construction with any of the build alternatives. For the purposes of impact
assessment on local and arterial streets, the construction phase considered to be most
disruptive to traffic operations in the corridor will be the one assessed in the most detail. This
phase will be identified in coordination with Sound Transit staff and staff from local jurisdictions,
as appropriate. Depending on the agreement with local jurisdictions, a limited traffic analysis
during the construction periods within the WSBLE study area would be considered based upon
the thresholds described in Section 4.3.3.
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The construction analysis on local and arterial streets will consider the following:

¢ Changes in roadway capacity, including potential lane closures, roadway modifications,
areas of construction activity adjacent to travel lanes, or other reductions to capacity as a
result of project construction activity

o Identification of access and impacts from potential construction staging areas on roadway
operations

o Assessment of potential for traffic diversion related to road closures, and options for traffic
detours

o Estimation of construction truck traffic along potential haul routes

e Impacts on emergency services

The analysis will be summarized in a tabular format to identify the following:
e Impact location(s).

e Street characteristics.

e Type of construction activity, including likely duration of impact to roadways (characterized
as full or partial closures for short-term or long-term periods) on local and arterial roadways.

e Level of construction traffic (characterized as high, moderate, or low); high truck traffic is
generally associated with major fill, excavation, and concrete work.

¢ Availability and identification of potential detour routes including ability to accommodate
oversize loads if needed.

o Potential for detoured traffic to affect a residential neighborhood. (This is characterized as
high, medium, or low and is related to both potential for road closures and options for traffic
detour.)

e Loss of on- and off-street public parking. (This may be characterized as “yes” for parking
loss and “no” for no parking loss, including loading zones.)

7.5 Parking

Demand for parking by transit riders will likely vary depending on location throughout the study
area, with relatively high demand at major stations near the northern and southern ends of the
alignment (such as Alaska Junction, Avalon, Delridge, Ballard, and Interbay), with lower
demand in the other areas of the project with limited parking supply (i.e., Downtown Seattle).
While park-and-ride lots are not planned with this project, an assessment of drop-off/pick-up
activity and informal parking near station areas will be conducted through analysis of existing
mode-of-access survey information and data from Sound Transit for similar station areas. These
data will be used to estimate the impact of driving and/or parking for stations along the corridor.
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7.5.1 Operations
7.5.1.1 Evaluation Measure

Analysis of the impacts of the project on existing on- and off-street public parking will consider
roads where permanent facilities would be in the right of way and roadways around stations.
The analysis will consider the loss of existing public on- and off-street parking supply and the
potential for hide-and-ride parking.

7.5.1.2 Evaluation Approach

The evaluation of parking impacts will include an inventory of parking supply, types of
restrictions, and utilization in locations where parking is anticipated to be affected by the project.
The information will be compared to the changes the build alternatives would make in the
parking supply and the potential for hide-and-ride parking. Survey data from Sound Transit
related to station access via auto modes will be used to assess the impact these modes will
have in and around station areas along the alignment.

Along the alignment, the assessment of parking loss will be based on review of the inventory of
parking supply and demand coupled with an evaluation of the conceptual drawings for each
build alternative. Comparison between existing demand and the supply remaining after
construction of each build alternative will form the basis for identifying parking loss associated
with each alternative. This comparison will also consider that loss in relation to parking
utilization and will facilitate the identification of possible mitigation strategies. The potential loss
of existing parking spaces will be presented by both location and type. Off-street parking lots will
be considered as additional supply for the loss of on-street parking in the analysis. The
propensity of station areas to attract hide-and-ride parking will be analyzed based on ridership
forecasts, parking restrictions, and potential walkshed to available on-street parking.

7.5.2 Construction

The assessment of construction-related parking impacts will consider the following:
o Changes in roadway parking restrictions
e Impacts to on- and off-street public parking supply, including truck parking

¢ Potential additional temporary loss of off-street parking due to construction staging, as well
as construction worker parking

7.6 Non-motorized Facilities and Modes

7.6.1 Operations
7.6.1.1 Evaluation Measures

The non-motorized facility and modes will evaluate pedestrian and bicycle access, circulation
and facility gaps surrounding stations, barriers, Americans with Disabilities Act accessibility, and

Page 7-12 | AE 0036-17 | Transportation Technical Analysis Methodology October 2020



West Seattle and Ballard Link Extensions

school walk route impacts. The assessment of future non-motorized (pedestrian and bicycle)
facilities will address the following issues:

e Pedestrian access and circulation within 0.5 miles of the proposed station in relation to the
forecasted ridership.

o Direct (physical) effects on pedestrian and bicycle facilities along the alignment of each
alternative. This would include identifying any barriers the build alternatives might create to
non-motorized movements.

¢ Identification of existing physical barriers for non-motorized (pedestrian and bicycle)
movements accessing proposed stations, such as topography, waterways, and major
arterials with limited crossings.

¢ Identification of currently missing and funded new sidewalk sections for city arterials within
the study area.

¢ Qualitatively describe, where appropriate, special event non-motorized conditions at
stations.

e Impacts on designated school walk routes.

¢ Identification of deficiencies in the existing and funded regional bicycle paths and routes
within 1.0 mile of proposed station locations, and a general quantification of how major
multi-use trails/paths are used (i.e., by commuters or recreational users).

e Bicycle parking needs
7.6.1.2 Evaluation Approach

The evaluation of non-motorized facilities and modes will be conducted through an inventory of
the existing and planned future non-motorized facilities surrounding each proposed station as
identified in the evaluation measures (planned future facilities will be limited to those
reasonably-foreseeable projects that have funding or are otherwise committed). This will identify
existing and future gaps in the non-motorized network, and other barriers as applicable (e.g.,
topography). In coordination with the regional travel demand and transit ridership forecasts,
future estimated non-motorized volumes will be generated for each station and assigned to the
non-motorized facilities within the station non-motorized study area. This will be conducted for
both No-Build and Build alternatives. This assignment of the pedestrian and bicycle forecasts
will identify any physical barriers limited access to the stations.

A quantitative pedestrian LOS analysis will also be conducted for sidewalks and intersection
corners and crossings within one block (approximately 300 feet) of each proposed station
entrance (the study area may exceed one block or 300 feet from the station depending on the
location of transfer points or nearby pedestrian generators). The Transit Capacity and Quality of
Service Manual (Transportation Research Board 2017) and HCM methodology for determining
sidewalk LOS will be used for this analysis. This methodology produces a score that indicates
the pedestrian’s perception of the travel experience and is based on the average pedestrian
space and average flow rate.
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7.6.2 Construction

Non-motorized construction analysis will be coordinated with Section 7.4, Arterial and Local
Street Traffic, considering the potential pedestrian or bicycle facility impacts on roadways or
non-motorized facilities as a result of project construction activity that could close or modify
these facilities. This analysis will summarize the impact location, type of facility and construction
activity, including likely duration of impact (i.e., short-term versus long-term).

7.7 Safety

Potential effects of the project on safety will be assessed qualitatively and, where appropriate,
quantitatively, for all modes within the study area, including general traffic, transit, freight,
bicycle, pedestrian and waterway vessel modes.

7.7.1 Operations
7.7.1.1 Evaluation Measures

Evaluation measures will include the following:

¢ Intersection and roadway collision histories (type, severity, and frequency)
¢ Qualitative effects on general-purpose traffic, transit, freight, and non-motorized safety

7.7.1.2 Evaluation Approach

A safety analysis will assess historical collisions/crashes within the project limits in terms of
type, severity, and frequency. Collision data from the latest 3 years will be compiled and
summarized to identify any current safety deficiencies. Unique collision patterns (e.g., high
frequency of a specific pattern) will be noted. The collision data will be collected for any directly
affected local intersections and roadways.

A safety assessment of the intersection and roadway design will be conducted only where the
build alternatives are proposed to be within the roadway right of way, substantially increase
traffic volumes, or result in a physical change to the roadway geometrics or channelization. To
minimize conflicts during operations, the project does not include light rail within active road
right of way. Along these streets, a qualitative discussion of how the project may directly affect
the existing collision type and frequency will be developed and documented.

Safety effects on general vehicle traffic and truck freight travel due to station trip activities will be
qualitatively assessed based on projected changes in traffic volumes and queue lengths, modal
conflicts, and proposed roadway design.

Safety effects on bicycle and pedestrian travel will also be qualitatively assessed based on
changes in the number of conflicts with motorized modes, as well as changes in facilities
provided for their travel. This assessment will consider school walk routes and school bus
zones.

Page 7-14 | AE 0036-17 | Transportation Technical Analysis Methodology October 2020



West Seattle and Ballard Link Extensions

7.7.2 Construction

Construction impacts will be qualitatively assessed to determine if the project’s construction
would have any impact on the safety of the transportation system. This will include assessing
the safety of transit riders, general purpose traffic, non-motorized modes (pedestrians and
bicyclists) and freight travel.

7.8 Navigation

Navigation Impact Reports will be prepared for the Duwamish Waterway and Salmon Bay, and
the findings will be summarized in the Transportation Technical Report. The Navigation Impact
Reports will be based on information from agency coordination, waterway user interviews and
surveys, historical navigation patterns, and additional economic or freight cargo research if
needed. The reports will document existing and future navigational needs as well as potential
impacts to navigation from each alternative, including effects on navigation channels and
navigation to and from the shoreline where applicable.

An Obstruction Evaluation/Airport Airspace Analysis will be developed per Federal Aviation
Administration requirements.

This assessment of potential impacts will include direct long-term impacts during operations as
well as impacts during construction on marine and air transportation and navigation.

7.9 Freight

7.9.1 Operations
7.9.1.1 Evaluation Measures

Evaluation measures will include the following:

e Truck operations — Changes in congestion levels and/or intersection delay along potentially
impacted facilities (see Section 4.8).

e Truck access — Physical impacts on truck routes, loading zones, parking, and access to Port
terminals and local businesses

e Freight rail impact — Physical impacts to freight rail corridors or port intermodal facilities, and
other impacts that may affect rail operations

o Water-based freight — Physical impacts on water-based freight-related properties, both
upland and in-water (when applicable), and other impacts that may affect water-based
freight operations. The nature and degree of those impacts will be addressed primarily in the
Navigation Impact Reports (see Section 7.8).
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7.9.2 Evaluation Approach

Traffic impacts of the build alternatives on facilities in the freight study area (see Section 4.8) will
be quantitatively assessed per the methodology described in Section 4.3.3 Other aspects of
freight operations will be qualitatively assessed. This assessment will focus on truck movement
and truck routing impacts as well as the potential impact to freight rail corridors and facilities,
port terminals and marine freight traffic.

The assessment of freight mobility will focus on designated major truck routes and truck service
areas, access to these freight terminals, loss of on-street loading zones or truck parking, and/or
modifications of truck access to local businesses.

The assessment of freight rail impacts will focus on physical changes proposed within, above or
below railroad right of way.

The assessment of water-based freight will be coordinated with the information in Section 7.8,
Navigation.

7.9.3 Construction

The assessment of freight impact during construction will include analysis of freight trucks,
freight rail, and water-based freight. The construction impacts will consider the impacts on
intermodal and port terminal facilities, including access and circulation. This assessment will be
coordinated with the construction impacts identified in Sections 7.4, Arterial and Local Street
Traffic, and 7.8, Navigation. See Section 4.3.1 for more details on the construction condition
roadway analysis.

7.10 Indirect Effects

Indirect effects are those project effects that occur later in time or some distance from the
project. Typical indirect transportation effects are those associated with changes in land use
development over time. The land use changes are described in the EIS Land Use chapter. The
associated potential impacts to transportation will be discussed qualitatively.

7.11 Cumulative Effects

The cumulative transportation effects of the project are already generally analyzed through
traffic modeling and ridership modeling that incorporates past and reasonably foreseeable future
actions and projected growth.

A qualitative assessment will address additional cumulative transportation effects for specific
reasonably foreseeable future plans or proposals that have not completed environmental review
or are not fully funded for construction (and therefore are not directly accounted for in the
modeling), but could foreseeably be built by the horizon year. These may include, but are not
limited to, consideration of effects from actions such as the following:
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e Highway/lane management, such as from the implementation of tolls on state and/or local
facilities, that could further alter travel behavior in the corridor

¢ Construction activities from other transportation projects that could affect or be influenced by
the project construction activities

e Local developments and public infrastructure projects that could contribute to cumulative
traffic delays on local arterial streets over the construction period
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8 MITIGATION MEASURES

The development of potential mitigation measures options will be coordinated with the relevant
federal, state and local agencies and jurisdictions to identify strategies that may already be
under consideration but that could benefit the project.

8.1 Regional

Mitigation would be determined if any substantial impacts were identified to the measures
evaluated within Section 7.2, Regional and Corridor Traffic. A substantial impact is defined as
an increase of 10 percent or greater.’

8.2 Transit

The performance of the transit system will be assessed under the build, No Build, and
construction conditions using analysis results and LOS standards as stated in Section 7.3.

The objective of the transit service integration plan collaboratively developed between King
County Metro and Sound Transit is to be revenue neutral or positive, therefore potential
mitigation for transit service hours or fleet is not expected with the project. Project-related
operational delays, facility impacts, and mitigation identified as part of the traffic analysis
conducted near the station areas and alignments will be reviewed to determine if there are
needed transit improvements to maintain transit speed and reliability through these impacted
locations (see Section 8.3).

At these locations, impacts will be reviewed and potential mitigation, design changes, and/or
service revisions will be determined collaboratively by King County Metro and Sound Transit.

8.3 Arterials and Local Streets

Potential mitigation to property access and local circulation will be developed to address
impacts to the roadway system and individual properties caused by the project. This could
include project impacts that create substantial out-of-direction travel or that would substantially
limit access to areas or properties through road closures or direct barriers created by the
project.

For intersection operations, if the intersection LOS is D or higher under the build condition, then
that intersection is considered to meet City of Seattle best practices guidance. If traffic changes
associated with the build condition cause an intersection to degrade from LOS D or higher to

LOS E or F, Sound Transit will coordinate with the City of Seattle on potential improvements, if

" Threshold is based on model calibration guidance from the Federal Highway Administration. Variations of up
to 10 percent from observed volumes are considered typical for an appropriately calibrated model. An increase
of greater than 10 percent would exceed this threshold and would therefore be considered an effect of the
project.
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feasible, that could be implemented as potential mitigation. If the intersection already operates
at LOS E or worse in the No Build Alternative, then Sound Transit would coordinate with the City
of Seattle on potential improvements, if feasible, if the overall intersection delay and/or LOS
noticeably degrades (i.e., greater than 10 percent increase in the delay) with the build
alternative. In these situations, if mitigation is agreed to by the relevant agencies, then the
project is only obligated to bring the operating condition back to the overall intersection delay
levels in the No Build condition.

In addition, depending on the agreement with the relevant jurisdictions, potential mitigation may
be determined if the project extends queue lengths further than in the No Build Alternative and
beyond the storage provided. Potential mitigation might include operational changes to signal
phasing or timing, use of intelligent transportation systems or upgraded signal infrastructure,
turn movement modifications, transit improvements, or physical modification such as restriping,
extending or adding turn lanes.

Mitigation measures will be developed to address construction impacts on the local and arterial
roadway system with respect to property access and circulation, arterial and local roadway
operations, and on- and off-street public parking. The limitation of impacts to special events will
be a consideration in the development of the conceptual construction plan.

8.4 Parking

Potential parking mitigation will be identified where the project permanently or temporarily (e.g.,
during construction) removes public parking, including loading zones, and where there is the
potential for hide-and-ride parking activity in neighborhoods surrounding the stations. Areas with
a high potential for hide-and-ride activity will be identified, with potential mitigation strategies to
reduce the likelihood of this activity. Parking loss for private parking will be addressed as a
property acquisition impact.

8.5 Non-motorized

Potential improvements will be identified to mitigate potential direct (long-term and construction)
impacts from the build alternatives on the non-motorized system. This will consider degradation
or lack of pedestrian and bicycle conditions surrounding station areas and direct impacts to the
pedestrian and bicycle facilities such as the loss or restriction of bikeways and Americans with
Disabilities Act-accessible pedestrian routes.

8.6 Safety

Potential improvements will be identified to mitigate potential direct (long term and construction)
impacts from the build alternatives on the safety of the transportation system. This will consider
degradation of safety to transit riders, arterial and local streets, non-motorized modes
(pedestrians and bicyclists) and freight travel
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8.7 Navigation

Any mitigation measures identified in the Navigation Impact Report or the Obstruction
Evaluation/Airport Airspace Analysis necessary to address impacts to navigation during
operations or construction will be identified.

8.8 Freight

Potential improvements will be identified to mitigate potential direct (long-term and construction)
impacts from the build alternatives on freight. This will consider impacts to freight operations,
including access and circulation along affected roadways, commercial load zones, rail and
intermodal facilities, Port terminals, and waterways.
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9 PROPOSED FIGURES, MAPS OR OTHER DATA

Potential figures include the following, but are not limited to, the following:

e Study area(s)

e Screenlines

e Freight infrastructure including routes, facilities, yards, and rail lines
e Transit routes and services

e Intersection level-of-service

o Walk, bike, and transit-sheds

e Existing and future non-motorized facilities

Potential tables and graphs include the following, but are not limited to, the following:

e Screenline information, such as v/c ratio
e Station mode of access

e Station ridership

e Pedestrian LOS
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10 DOCUMENTATION

For the WSBLE EIS, the transportation discipline will develop the following documentation:

e EIS chapter
e Transportation Technical Report
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11 DATA DEVELOPED FOR USE BY OTHER DISCIPLINES

Specific types of transportation data will also be developed for use in analyzing project impacts
on other environmental resources.

11.1.1 Air Quality Analysis Data

To support the air quality impact analysis, the following types of data will be produced:

e Daily VMT estimates by speeds for two areas: WSBLE study area and regional system.
These estimates will be provided in a tabular format for greenhouse gas analyses.

The above information will be provided for existing conditions (2019) and the horizon year
(2042)

11.1.2 Noise Analysis Data

To support the noise impact analysis, the following types of data will be produced:

e Existing (2019) and horizon year (2042) PM peak hour Synchro model files and general
system-wide vehicle classification information (i.e., heavy vehicle percentage)

11.1.3 Energy Analysis Data

To determine operational energy impacts, the following types of data for year 2042 will be
produced:

e Daily regional VMT and VHT
e Daily light rail transit VMT

11.1.4 Economics

To support the economics analysis, the following information will be provided:

e Changes in business access

e Parking and loading zone impacts

e Construction detour routes

e Long-term effects on general and freight mobility
e Changes in freight navigation

11.1.5 Environmental Justice and Social Impact Analysis Data

To support the environmental justice and social impact analysis, a variety of data will be
produced, including the following:
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o Estimated travelsheds, derived from the travel demand model, to assist in the identification
of study areas for the environmental justice and social impact analyses

o Estimated travel times to selected destinations (e.g., Seattle-Tacoma International Airport,
Seattle central business district, University of Washington, Northgate, Lynnwood, Redmond
and Bellevue) for use in the analysis of access to employment centers, educational
institutions and medical services for environmental justice populations

¢ Analysis of relevant temporary and permanent impacts, such as relocation of disabled
parking spaces or designated parking at social services

¢ Permanent and temporary changes in transit and traffic operations, circulation, and access
on corridor roadways and potential mitigation
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Appendix A

Description

‘ 2032 ‘ 2042

Sponsor

SDOT

Project ID
TC-367200

Project Title

Fauntleroy Way SW Boulevard
Project

¢ Fauntleroy Way between 35th Ave SW and SW
Alaska St

¢ Maintains two lanes of traffic in each direction on
Fauntleroy Way

e New sidewalks, crosswalks, and shortened
crossings at side streets, created by realigning
skewed intersections

¢ One-way protected bike lane on either side of the
street (0.29-mile), connecting to the existing bike
network at Avalon Way and Alaska St

SDOT

RapidRide H Line

Delridge Way SW is one of seven new corridors where SDOT
is partnering with King County Metro to upgrade existing bus
routes to Metro RapidRide service and improve connections
for people walking and biking (Upgrading Metro Route 120
into the RapidRide H Line). As part of this project:

o Sidewalks, street crossings, and paths for getting to
stop will be improved for pedestrians and bikes, and
for those with limited mobility.

e SDOT plans to improve access to transit along
Delridge Way SW and is including bicycle and
pedestrian improvements as part of the project.
These may include upgraded crosswalks and
intersections, new crosswalks, better connection to
nearby greenways, and a possible protected bike
lane on Delridge Way SW.

SDOT

SEA-213

RapidRide Rainier Line

SDOT will build a new bus rapid transit
(BRT)/RapidRide corridor along Rainier Ave S. Key
features of the project include a series of roadway
improvements that are expected to improve transit
travel times by approximately 22%: business access
and transit (BAT) lanes or exclusive transit-only lanes,
signal modifications, channelization changes, and
transit signal priority (TSP). The scope of work will also
include transit stop amenities and supporting bicycle
and pedestrian infrastructure that improve the customer
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Sponsor Project ID Project Title Description ‘ 2032 ‘ 2042

experience for all users and help draw choice riders to
transit: real-time arrival information, lighting,
wayfinding, off-board fare payment options, sidewalks,
and bicycle facilities, payment options, sidewalks, and
bicycle facilities.

SDOT Center City Bike Network The Center City Bike Network supports a vibrant X X
Seattle by designing a safer, more predictable traveling
experience for people walking, biking and driving
downtown. SDOT is studying and prioritizing locations
for a protected bicycle lane network in downtown
Seattle. This work builds on outreach and data
collected as part of Seattle's 2014 Bicycle Master Plan.
This includes two-way protected bicycle lane on 4th
Ave from Main St to Vine St, and 2nd Ave protected
bike lane extension to Dearborn.

SDOT SEA-215 Roosevelt RapidRide A new bus rapid transit(BRT)/RapidRide corridor along | x X
Roosevelt Way, Eastlake Ave, and Fairview Ave: This
project will expand King County Metro's RapidRide
brand. The project includes key features such as
business access and transit (BAT) lanes or exclusive
transit-only lanes, signal modifications, channelization
changes, bus stop consolidation, parking changes, bus
bulbs, transit signal priority (TSP), bicycle and
pedestrian access improvements, and protected bike
lanes and/or parallel neighborhood greenways.
Improvements will also include transit stop amenities
such as real-time arrival information, lighting,
wayfinding, off-board fare payment options, and bicycle
and pedestrian access, lighting, wayfinding, off-board
fare payment options, and bicycle and pedestrian
access improvements.

SDOT SW Avalon Way & 35th Ave SW | Redesign SW Avalon Way (SW Spokane St - X X
Fauntleroy Way SW) to add protected bike lanes,
remove the center turn lane, maintain the transit lane,
remove 12 parking spaces, add time restrictions to 23
parking spaces, pedestrian improvements and other
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Sponsor

Project ID

Project Title

Description

infrastructure upgrades on all streets including
accessible curb ramps and sidewalks, and upgraded
street crossings.

‘ 2032 ‘ 2042

SDOT

East Marginal Way Corridor
Improvement Project

¢ North Segment (S Atlantic St to S Spokane St): 2-
way protected bike lane on the east side of the
street between S Atlantic St and S Horton St, Multi-
use path on the west side of the street between S
Horton St and S Spokane St

e Central Segment (S Spokane St and S Nevada St,
where the SR-99 structure returns to the surface):
TBD

e South Segment (Duwamish Ave S to 1 Ave S-itis
part of SR 99): A new multi-use path on the west
side of the street from north of Duwamish Ave S to
Diagonal Ave S, Pedestrian improvements at each
existing traffic signal, constructing missing sidewalks
on the east side of the street, Transit stop
improvements

SDOT

SEA-203

Lander St Bridge

From 1st Ave S and 4th Ave S: Build an east-west
bridge over the north-south BNSF mainline railroad,
including a bridge structure with 4 vehicle travel lanes
(2 in each direction), pedestrian and bicycle facilities,
intersection improvements, ITS elements to improve
signal operations, and other infrastructure
enhancements.

SDOT

23rd Ave E Vision Zero Project

23rd/24th Ave E between E John St and E Roanoke St:
¢ two southbound travel lanes
e center turn lane

¢ two northbound lanes reduced to one northbound
lane

SDOT

SEA-222

Bell St Protected Bike Lane

The project includes construction of a protected bike
lane (PBL) on Bell St from 5th Ave to Denny Way, and
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Sponsor

Project ID

Project Title

Description

‘ 2032 ‘ 2042

traffic calming features to support 2-way bicycle travel
in Bell Street Park from 5th Ave to 2nd Ave.

SDOT

NW Market St 2020 Paving

32nd Ave NW / NW 54th St/ NW Market St between
32nd Ave NW / NW Market St and 24th Ave NW- (06-
mile)-BL (will be coordinated with project Burke Gilman
Trail Missing Link)

SDOT

Burke Gilman Trail Missing Link

Burke-Gilman Trail between 11th Ave NW / NW 45th St
and NW Market St /NW 54th St- 1.42-mile TRL

SDOT

TC367810

Delridge Multimodal Corridor

This project improves pavement conditions, enhances
safety, and improves traffic operation for all modes.
The project will add transit lanes and improve transit
speed and reliability. It includes protected bike lanes,
sidewalk improvements, and amenities for walkers and
transit riders along the corridor. It will streamline traffic
operations and improve multimodal connections
between transit, freight, pedestrians, and general-
purpose vehicles.

SDOT

SEA-205

Center City Connector

The Center City Connector will link two existing
streetcar lines: The First Hill and South Lake Union
Streetcars. The project includes the purchase of 10
new streetcar vehicles as well as new streetcar tracks,
sidewalk upgrades, and various streetscape
improvements. Project scope includes deployment of
new zero-emission vehicles, roadway re-channelization
to provide exclusive streetcar right-of-way, and new
transit stations to enhance connections to existing and
planned transit corridors. Construction in this project is
a multiyear phase.
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Appendix A

Sponsor Project ID Project Title Description ‘ 2032 ‘ 2042
SDOT SEA-168 First Hill Streetcar - Implement the First Hill Streetcar Line segment | x X
Broadway Extension from Denny Way north to E Aloha St and

extend the protected bike lane on east side of
street. Streetcar service will provide
connections to Pioneer Square, China
Town/International District, First Hill, Link Light
Rail, and Capitol Hill. The project phase from
S Jackson St to Denny Way is in operation.

SDOT SEA-200 Madison Corridor Bus Construct a high-capacity transit project from X X
Rapid Transit the Downtown and First Hill-Capitol Hill
regional urban centers to Madison Valley,
including

dedicated transit lanes, level-boarding stations,
left-door boarding, off-board fare payment, and
real-time arrival information. Project scope

includes transit signal priority, deployment of
new zero-emission vehicles, and
pedestrian/bicycle infrastructure improvements
including protected

bike lanes as well as sidewalk repairs and
upgrades. In addition to the termini on Madison
from 1st Avenue to Martin Luther King Jr Way,
the

project route also runs from 1st Avenue at
Madison to 1st Avenue at Spring Street, Spring
Street from 1st Avenue to 9th Avenue, and
Spring

Street at 9th Avenue to Madison at 9th Avenue
(from 1st Ave to Martin Luther King Jr Way).

SDOT SEA-195 N 34th Street Protected | N 34th St: Design and build a protected bicycle | x X
Bicycle Lanes and facility for 0.34 miles on N 34th St, comprised
Protected Intersections | of protected bicycle lanes for the full extent and
protected intersections at Stone Way N and
Troll Avenue N.
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SDOT SEA-202 Melrose Avenue E From University St to Harvard Ave E: Design X X
Protected Bicycle Lanes | and build a continuous bicycle facility
and Neighborhood approximately 2 miles along Minor Avenue,
Greenway Melrose Avenue E, and Lakeview Boulevard E.

The facility will be comprised of a protected
bicycle lane on Minor and Melrose Avenues
between University Street and E Denny Way, a
neighborhood greenway on Melrose Avenue E
between E Denny Way and E Roy Street, an
upgraded trail between E Roy Street and
Lakeview Boulevard E, and upgraded bicycle
lanes on Lakeview Boulevard E between the
Melrose Trail and Harvard Avenue E. The
project will upgrade existing facilities between
E Roy Street and Harvard Avenue E and
extend these bicycle facilities south through the
Capitol Hill and First Hill neighborhoods. The
project will be phased; the current construction
funding completes the protected bicycle lane
on Minor and Melrose Avenues between
University St and E Denny Way and the
neighborhood greenway on Melrose Ave E
between E Denny Way and E Roy St.

WSDOT WDNW- [-405/NE 132nd Street Construct half-diamond interchange with X X
1140 Interchange - New pedestrian and bicycle improvements and with
Interchange ramps to and from the north at NE 132nd
Street.
WSDOT WDNW- [-405/Renton to This project continues the widening of the 1-405 | x X
1114 Bellevue - Corridor corridor between Renton and Bellevue,
Widening & Express Toll | including the implementation of Express Toll
Lanes (Stage 2) Lanes (ETL) and rebuilding impacted

interchanges. Project improvements include
the following: - The I-405 Renton to Bellevue
ETL project will create a dual lane express toll
lane system between SR 167 and NE 6th
Street in Bellevue. The project will add one
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lane in both directions from the SR 167
interchange to the 1-90 interchange and add a
northbound lane from the 1-90 interchange to
NE 6th Street. This new lane will be paired with
the existing HOV lane to create the dual-lane
express toll lane system. - Construct a
transit/HOV direct access ramp at NE. 44th
Street in Renton (MP 8.00) in coordination with
Sound Transit. - Improve four interchanges:
NE Park Drive, NE 44th Street, 112th Avenue
SE, and Main Street. - Replace four bridges: I-
405 over May Creek, NE 44th, 112th Avenue
SE, and Main Street. - Construct one new
bridge: southbound 1-405 over Coal Creek
Parkway. - Widen three existing bridges:
Sunset Boulevard NE, NE Park Drive, and SE
8th Street. - Improve fish passage crossing
barriers as identified through the environmental
process; potentially two at Gypsy Creek, and at
two unnamed streams near 1-405 MP 7.80. -
Construct a new pedestrian/bicycle path in
areas where the existing Lake Washington
Loop trail will be impacted. - This project will
modify local roadways and pedestrian and
bicycle facilities related to the interchange
improvements and [-405 widening, install sign
bridges, install ITS, install a toll system, install
and/or replace noise walls, and construct storm
water management facilities.

WSDOT WDNW- [-5/Everett to SR 528 - NB I-5 between Everett and Marysville X X
1138 Peak Use Shoulder experiences severe congestion during peak
Lane & Interchange travel periods. Widening the outside shoulder
Improvements (right shoulder) by 1' and re-striping NB I-5 to

create a peak use shoulder lane and installing
an Active Traffic Management system will
improve mobility and increase highway
capacity by allowing motorists to use the
outside shoulder for driving during peak traffic
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Sponsor

Project ID

Project Title

Description

‘ 2032 ‘ 2042

hours. This project will also complete the half-
interchange at SR 529 by constructing a new
NB I-5 Off-ramp to SR 529 and a new SB on-
ramp from SR 529 to I-5.
WSDOT WDNW- [-90/SR 18 Interchange | The I-90/SR 18 interchange experiences X X
2006 to Deep Creek - severe congestion during peak traffic periods
Widening & Interchange | at the existing ramp terminal locations. This
Improvements project constructs improvements to the I-90/SR
18 interchange and widens SR 18 to four lanes
between 1-90 and Deep Creek with pedestrian
and bicycle improvements.
WSDOT WD520-3 SR 520/1-5 to Floating SR 520 from I-5 to Lake Washington: The X X
Bridge - Bridge project will reconstruct the SR 520 corridor
Replacement and HOV | from I-5 to the new Evergreen Point Floating
Bridge, resulting in a 6-lane corridor including
two HOV lanes and a new, second bascule
bridge across the Montlake Cut. This is a
multiyear project and the programming reflects
the funds available within the span of the
regional TIP.
WSDOT SR 518 Des Moines WSDOT is working with the city of Burien to X X
Interchange add a new two-lane off-ramp (pdf 135 kb) from
Improvement eastbound SR 518 to Des Moines Memorial
Drive
WSDOT SR 167/SR 509 Puget The SR 167 and SR 509 extensions will X X
Sound Gateway complete the missing highway system links to
I-5 that offer commuter and freight mobility
benefits through added capacity and improved
connectivity.
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The transportation modeling and analysis is based on the most current version of the Puget
Sound Regional Council Regional Transportation Plan (2018). The project list for the Regional
Transportation Plan — 2018 includes local, regional and State projects in the Puget Sound
Region.

For this analysis the project assumed as part of the No-Build (background) condition only
include projects in PSRC'’s financial “constrained” plan. These background projects are
considered to be reasonably foreseeable in the future and are either approved, conditionally
approved, or candidate projects. The full list can be found at the following location:
https://www.psrc.org/sites/default/files/rtp-appendixg-regionalcapacityprojectlist.pdf.
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Sponsor

Sound Transit

Project
ID

E01-02

Project Title

Link LRT: Seattle to Downtown
Bellevue/Overlake
Hospital/Redmond Terminal
Station

Description

This project extends light rail from International
District/Chinatown Station in downtown Seattle to Redmond
Technology Center. The project includes ten new stations at I-
90/Rainier (Judkins Park), Mercer Island P&R, South Bellevue
P&R, East Main Street, Bellevue Transit Center, N.E. 8th Street
(Wilburton), Spring District/120th, Bel-Red/130th, Overlake
Village P&R and Overlake Transit Center (Redmond Technology
Center). Project includes new parking facility at Bel-Red/130th
Station (+/- 300 spaces) and expanded parking at South Bellevue
and Redmond Technology Center stations (totaling +/- 1500 and
+/- 300 spaces respectively).

2032 | 2042

Sound Transit

NO6

Link LRT - Extension from
University of Washington to
Northgate (Seattle)

This project extends light rail from University of Washington
Station to Northgate in Seattle, with new stations at University
District, Roosevelt and Northgate Transit Center. Expanded
parking is included at Northgate Station.

Sound Transit

N39

Link LRT: Northgate to Lynnwood
TC

This project extends light rail from Northgate Station to Lynnwood
Transit Center. The project includes four new stations at N.

145th Street, N. 185th Street, Mountlake Terrace Transit Center
and Lynnwood Transit Center. A new parking facility is included
at N. 185th (+/- 500 spaces), and expanded parking is included at
N. 145th and Lynnwood stations (by +/- 500 spaces at each).

Sound Transit

S28

Link LRT: Extension from South
200th to Kent-Des Moines Road
via SR 99

Construct an approximately 2.3-mile extension of the Central Link
light rail system from S. 200th Street to a new station near Kent-
Des Moines Road (S. 240th St). The project will include all
necessary components such as infrastructure, systems, and
stations. For prototypical cost estimating purposes, the alignment
is assumed to be aerial structure primarily along SR-99. The
Kent-Des Moines Station will include a new 500 stall regional
park-and-ride. The final alignment and station location will be
determined through project level design and environmental
review.
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Sponsor ID Project Title Description 2032 | 2042
Sound Transit | S29A Link LRT: Extension from Kent- Continue extension of the Central Link light rail system for 2.5 X X
Des Moines Road to S 272nd miles from Kent-Des Moines Station (S. 240th St) to S. 272nd
Street via SR 99 2 Street (at existing Redondo Heights Park-and-Ride lot), including

a new station at S. 272nd Street. The project will include all
necessary components such as infrastructure, systems, and
stations. For prototypical costing purposes, the alignment is
assumed to be aerial along SR 99. The S. 272"¢ St Station will
include a new 500 stall garage (within Redondo Heights Park-
and-Ride). The final alignment and station locations will be
determined through project level design and environmental

review.
Sound Transit | S7b Link LRT: Extension of Tacoma This project will more than double the length of Tacoma Link, X X
Link to Tacoma General Hospital starting with a relocated Theater District station, and adding six
with Tacoma Link Technology new stations. These will connect to popular destinations such as

(Hilltop Tacoma Link Extension) Old City Hall, the Stadium District, Wright Park and major medical
facilities before reaching its new Hilltop neighborhood terminus.
Tracks will run in existing road lanes and will be compatible with
on-street parking and existing bicycle facilities. Platforms will be
located in the center roadway. The project also includes
expansion of the Operations and Maintenance Facility located on
East 25th Street to accommodate storage of five new light rail
vehicles.

Sound Transit | S18b Sounder - Auburn Station Access Station/transit center access improvements. Make new X X
improvements or modifications at or adjacent to the station/transit
center that improve access for transit users. Potential
improvements include pedestrian and bicycle support facilities,
parking management and capacity expansion (up to 500 spaces),
facilities and systems that enhance operation and access to the
station/transit center by bus and other public transport systems,
and information and wayfinding systems.

Sound Transit | S109 Sounder - Kent Station Access Station/transit center access improvements. Make new X X
improvements or modifications at or adjacent to the station/transit
center that improve access for transit users. Potential
improvements include pedestrian and bicycle support facilities,
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Sponsor ID Project Title Description 2032 | 2042

parking management and capacity expansion (up to 450 spaces),
facilities and systems that enhance operation and access to the
station/transit center by bus and other public transport systems,
and information and wayfinding systems.

Sound Transit S. 200th Park and Ride 630 new stalls X X

Sound Transit | S21 Puyallup Station improvements Station/transit center access improvements. Make new X X
improvements or modifications at or adjacent to the station/transit
center that improve access for transit users. Potential
improvements include pedestrian and bicycle support facilities,
parking management and capacity expansion (up to 600 spaces),
facilities and systems that enhance operation and access to the
station/transit center by bus and other public transport systems,
and information and wayfinding systems.

Sound Transit | S22 South Tacoma Station Station/transit center access improvements. Make new X X
improvements improvements or modifications at or adjacent to the station/transit
center that improve access for transit users. Potential
improvements include pedestrian and bicycle support facilities,
parking management and capacity expansion (up to 400 spaces),
facilities and systems that enhance operation and access to the
station/transit center by bus and other public transport systems,
and information and wayfinding systems.

Sound Transit | S23b Lakewood Station improvements Station/transit center access improvements. Make new X X
improvements or modifications at or adjacent to the station/transit
center that improve access for transit users. Potential
improvements include pedestrian and bicycle support facilities,
parking management and capacity expansion (up to 600 spaces),
facilities and systems that enhance operation and access to the
station/transit center by bus and other public transport systems,
and information and wayfinding systems.

Sound Transit | S20 Sumner Station improvements Station/transit center access improvements. Make new X X
improvements or modifications at or adjacent to the station/transit
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center that improve access for transit users. Potential
improvements include pedestrian and bicycle support facilities,
parking management and capacity expansion (up to 400 spaces),
facilities and systems that enhance operation and access to the
station/transit center by bus and other public transport systems,
and information and wayfinding systems.
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Sponsor ID Project Title Description 2032 | 2042
Sound Transit | 5681 Infill Light Rail Station: South This project builds a new infill station on the Link light rail line in X
Boeing Access Road the vicinity of South Boeing Access Road and I-5.
Sound Transit | 5680 Infill Light Rail Station: South This project builds a new infill station on the Link light rail line in X
Graham Street the vicinity of South Graham Street.
Sound Transit | 2524 Redmond Technology Center This project extends East Link to downtown Redmond, as X
Station to Downtown Redmond described in Sound Transit Board Resolution R2013-09 and the
Light Rail FTA and FHWA Record of Decision. The project would include
two new stations, one with parking at southeast Redmond and a
second in downtown Redmond.
Sound Transit | 2529 South Kirkland to Issaquah Light Rail | ppis nrgiect builds light rail from south Kirkland to Issaquah with X
four new stations at south Kirkland, the Richards Road area,
Eastgate near Bellevue College, and central Issaquah, with one
provisional station in the Lakemont area. This provisional station
would require identification of additional funding not currently
included in the ST3 System Plan in order to be built.
Sound Transit | 2519 Lynnwood to Everett Light Rail This project extends light rail from the Lynnwood Transit Center X
to Everett Station via the Southwest Everett Industrial Center
with both elevated and at-grade sections. The project includes
six new stations at West Alderwood Mall, Ash Way, 128th
/Mariner, Southwest Everett Industrial Center, SR 526/Evergreen
and Everett Station. The project also includes one provisional
station, at SR 99/Airport Road. This provisional station would
require identification of additional funding not currently included
in the ST3 System Plan in order to be built.
Sound Transit | 5679 Infill Light Rail Station: Northeast | This project builds a new infill station at I-5 and NE 130th Street X
130th Street along the Lynnwood Link Extension.
Sound Transit Kent/Des Moines to Federal Way | This project extends light rail south from Kent/Des Moines to X
Transit Center Light Rail Federal Way, with stations serving South 272nd Street and the
Federal Way Transit Center. The scheduled opening from Angle
Lake to Kent/Des Moines has been adjusted to open at the same
time as the extension to Federal Way.
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Sponsor

Project
ID

Project Title

Description

2032 | 2042

Sound Transit

Federal Way Transit Center to
Tacoma Dome Light Rail

This project extends light rail from the Federal Way Transit
Center to Tacoma via I-5 with four new stations in the south
Federal Way, Fife and east Tacoma areas, and at the Tacoma
Dome Station.

Sound Transit

4075

Tacoma Link Extension to
Tacoma Community College

This project extends Tacoma Link from downtown Tacoma to
Tacoma Community College with six new stations.

Sound Transit

Sounder North Parking

This project would provide an early deliverable within the ST3
System Plan by providing additional parking at Mukilteo and
Edmonds Sounder Stations.

Sound Transit

4087

Sounder South Capital
Improvements Program

This project establishes a program of capital elements that would
be used to meet growing demand for Sounder South. Access
elements could include improvements for pedestrians, bicyclists,
buses, and private vehicles, prioritized per Sound Transit’s
Access Policy. Additional program elements include extending
platforms to accommodate trains up to 10 cars in length, track
and signal upgrades, and other related infrastructure to facilitate
additional capacity.

Sound Transit

2533

Sounder Expansion to DuPont

This project extends Sounder commuter rail service from
Lakewood to DuPont with two new stations at Tillicum and
DuPont.

Sound Transit

2527

[-405 Bus Rapid Transit

This project establishes Bus Rapid Transit (BRT) from the
Lynnwood Transit Center to the Burien Transit Center via |-405
and SR 518. The project relies on the 1-405 express toll system
where available, and Business Access Transit (BAT) lanes on
SR 518 from Tukwila to Burien. Project elements include
parking, station access improvements, and ten stations,
including a new transit center in South Renton and new stations
at Northeast 85th Street with BAT lanes extending toward
Downtown Kirkland and at Northeast 44th Street in Renton.

Sound Transit

5359

Northeast 145th Street and SR
522 Bus Rapid Transit

This project establishes Bus Rapid Transit (BRT) from the Link
station at I-5 and Northeast 145th Street to UW Bothell, with
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Sponsor ID

Project Title

Description

service continuing at lower frequencies to Woodinville. On
Northeast 145th Street, this project includes transit priority spot
treatments to facilitate BRT movement through corridor
bottlenecks. On SR 522 the majority of the corridor through Lake
Forest Park, Kenmore and Bothell will feature Business Access
Transit (BAT) lanes, with transit-supportive enhancements on
arterials from downtown Bothell to UW Bothell. This project
includes nine pairs of stations with additional parking at Lake
Forest Park, Kenmore and Bothell and an expanded transit
center at UW Bothell.

2032 | 2042

North Sammamish Park-and-
Ride

Sound Transit

This project builds a surface park-and-ride in north Sammamish.
The site for the park-and-ride will be determined in coordination
with the City of Sammamish.

Sound Transit King County Metro Rapid Ride C
and D and Madison Street

Capital Improvements Bus

This project provides a capped contribution to help design and
implement transit priority improvements along King County
Metro’s Rapid Ride C and D lines that provide BRT service to
Ballard and West Seattle as early deliverables to provide
improved speed and reliability in advance of light rail starting
operations to these areas. The project also includes a
contribution to funding for Madison Street BRT in Seattle.

Sound Transit Proposed Bus on Shoulder
Program: Opportunities along I-5,

[-405, 1-90, SR 518, and SR 167

This program provides opportunities for buses to use shoulders
on freeway and state route facilities during periods of congestion
in general traffic and/or HOV lanes. This program will require
coordination and further study with transit partners, WSDOT,
and Federal Highway Administration in order to determine
locations that may be feasible.

Sound Transit Bus Capital Enhancements for
Speed, Reliability and
Convenience along Pacific

Avenue (Tacoma)

This project provides a capital contribution to Pierce Transit for
bus capital enhancements for speed, reliability, and
convenience along Pacific Avenue in Tacoma.

Sound Transit ST Express Bus Service

This project funds operations for ST Express regional bus
service maintaining interim express bus service in future High
Capacity Transit (HCT) corridors, with an emphasis on long-haul
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ID

Project Title

Description

2032 | 2042

connections between population and employment centers and
providing riders with access to rail hubs. Frequent service
between Lakewood and Tacoma Dome Station is included.
Sound Transit Capital Enhancements to This project provides capital improvements to facilitate the X X
Improve Bus Speed and efficient flow of new and expanded bus connections to Sumner
Reliability between East Pierce Station.
County Cities and Sumner
Sounder Station
Sound Transit Bus Operations and Maintenance | This project would construct a new bus operations and X X
Facility maintenance facility to accommodate a portion of the existing
and future bus fleet required for ST3 BRT and ST Express bus
service. The facility would be located in the vicinity of the |-
405/SR 522 corridors.
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Sponsor LRP Route ID Description

‘ 2030 ‘ 2040

King County RR 40 To Lake City/ From Seattle CBD/ Via Ballard. Upgrade Route 40 to RapidRide line. X
Metro
King County 1012 To Ballard/ From Children’s Hospital/ Via Wallingford. Upgrade Route 44 to RapidRide X
Metro line.
King County RR 120 To Burien TC/ From Seattle CBD/ Via Westwood Village. Upgrade Route 120 to X
Metro RapidRide line.
King County 1059 To Madison Valley/ From Seattle CBD/ Via E Madison St. Madison Street RapidRide line. X
Metro
King County 1071 To SLU/ From Mount baker/ Via Seattle CBD. New RapidRide route. X
Metro
King County C Line To SLU/ From Westwood/ Via West Seattle. Route revisions and improvements. X
Metro
King County D Line To Northgate/ From Seattle CBD/ Via Ballard. Route revisions and improvements. X
Metro
King County E Line To Shoreline/ From Seattle CBD/ Via SR 99. Route revisions and improvements. X
Metro
King County 1010 (D Line) To Fremont/ From Lake City/ Via Ballard. Route revisions and improvements. X
Metro
King County 1012 To Ballard/ From Children's Hospital/ Via Wallingford. Route revisions and improvements. X
Metro
King County 1043 (C Line) To Alki/ From Burien/ Via West Seattle. Route revisions and improvements. X
Metro
King County 1059 To Madison Valley/ From Seattle CBD/ Via E Madison St. Route revisions and X
Metro improvements.
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Sponsor LRP Route ID Description ‘ 2030 ‘ 2040
King County 1061 To Uptown/ From Madison park/ Via Capitol Hill. Upgrade route to RapidRide. X
Metro
King County 1202 To Seattle CBD/ From Sand Point/ Via Green Lake. Upgrade route to RapidRide X
Metro
King County 1993 (Route 40) To Northgate/ From Seattle CBD/ Via Ballard. Upgrade route to RapidRide. X
Metro
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Sponsor

SDOT

Project ID
TC367070

Project Title

Cheshiahud Lake Union Trail
Project

Description

This project completes Fairview trail improvements and
establishes the History Trail. The project addresses the
challenges presented along the Fairview Avenues N and E
corridors. This may include implementing a new separated
bike/pedestrian path along Fairview Avenue N to the south of
the old steam plant to Lake Union Park and improving the
shared route along Fairview Avenue E to the University
Bridge. This will substantially complete the needed physical
improvements along the trail. Three street-end parks will be
improved through volunteer efforts. The Museum of History
and Industry (MOHAI) and the Center for Wooden Boats
(CWB) will implement interpretive elements for the History
Trail. A cycle track will be constructed on Westlake Avenue
North.

‘ 2032 ‘ 2042

SDOT

TC367640

Columbia Two-Way Street
Improvements

his project consists of reconstructing Columbia between 1st &
3rd to a two-way roadway. Elements of the design and
construction project will include, but is not limited to, pavement
reconstruction/overlay, striping, signals, curb, sidewalk,
drainage and other elements necessary to deliver a two-way
roadway for transit

SDOT

TC367110

Mercer Corridor Project West
Phase

This project converts Mercer Street to a two-way street
between Dexter Ave and Elliott Ave West. The Mercer
underpass at Aurora Ave will be widened to allow for six travel
lanes and a bicycle/pedestrian shared use path between
Dexter Ave and 5™ Ave North. Roy Street, between Fifth Ave N
and Queen Anne Ave, will also be converted to a two-way
street with on-road bicycle lanes.

SDOT

TC366050)

Alaskan Way Viaduct
Replacement/Waterfront
Rebuild

This project designs and constructs the rebuilt Alaskan
Way/Elliott Way surface streets and the adjoining pedestrian
promenade along the Seattle waterfront following the
demolition of the Alaskan Way Viaduct. The project also
includes replacement of and improvements to four key
connections impacted by the Viaduct removal, namely Seneca
Street, Columbia Street, and the Marion Street and Lenora
pedestrian bridges.
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Sponsor Project ID Project Title Description ‘ 2032 ‘ 2042

Seattle’s waterfront following the removal of the Alaskan Way
Viaduct A 2-way protected bike lane from S King St to Pine St

SDOT TC367630 Overlook Walk and East-West Removing the Alaskan Way Viaduct provides the opportunity X X
Connections Project for the City to improve key connections between the downtown
core and the waterfront. The specific east/west streets
targeted for improving connections include: Bell Street, Union
Street, Pike Street, Pine Street, Main Street, Washington
Street, and Railroad Way. In addition to these east/west street
connections, the waterfront improvement program also
includes Overlook Walk, which would provide a pedestrian
oriented connection between the waterfront, the Aquarium and
Pike Place Market with ADA access, views, and public open
spaces. This project is part of the overall waterfront
improvement program.
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AT IHER Project Title Description
Type

Ped Various locations Various pedestrian enhancements city-wide. Pedestrian X
improvements within the WSBLE study area will be included in
project assumptions.

Bike Pike-Pine Mobility Improvements o from 8th Ave to Broadway (2021) X
¢ All bike facilities are on the left-hand side of the street to reduce

conflicts with transit and general traffic
Bike Chinatown / International District- Judkins | S King St/ 7th Ave (N-S connection to S Dearborn St) between 5th X
Park Neighborhood Greenway Ave S and 20th Pl S- NGW (1.25-mile)

Bike Valley Street PBL Valley St between 9th Ave N and Fairview Ave N- PBL (0.25-mile) X

Bike SoDo Trail Extension SoDo Trail / E3 Busway between S Forest St and S Spokane St - X
TRL (0.42-mile)

Bike West Seattle Neighborhood Green Way 34th Ave SW between SW Roxbury St and S Edmunds St- NGW X
(3.61-mile)

Bike 12th Ave S PBL 12th Ave S between E Yesler Way and S Charles St -PBL (0.53- X
mile)
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Sound Transit 3 Modeling

Background Bus Network

Draft | Updated: 07 April 2016

Summary

For the System Plan model update, the background bus network has been updated to reflect:

e ST3 Sound Transit Express bus network
e 2025 King County Metro (KCM) Long-Range Plan concept network
e 2040 King County Metro (KCM) Long-Range Plan concept network

The ST3 Sound Transit Express bus networks for Baseline and Build are similar to the existing bus
network, though reflecting changes due to light rail extensions. Corridors with rail extensions generally
have reductions in service with reinvestments going to non-rail corridors, as shown in the ST3 Baseline
network in Figure 1. In both the north and south, most all ST Express routes would no longer duplicate
rail service to downtown Seattle. Further detail is provided later in this document.

The 2040 long-range plan network from KCM is substantially different than what is operated today,
though fewer changes are planned for 2025.

e The 2025 KCM network is here: https://platform.getremix.com/map/08fd047
e The 2040 KCM network is available here: https://platform.getremix.com/map/aaedf09

The routes that make up the 2040 frequent network are presented in Figure 2 at the end of this
document. This network assumes the light rail spine extending to Tacoma, Everett, and Redmond in
addition to light rail to Ballard and West Seattle; the 2025 network only assumes the spine. The KCM LRP
also assumes a 20-30% increase in service hours above what is provided by KCM today. Because of the
scale of the changes to the network and the desire to understand the effect of the network changes,
only selected elements were brought into the ST3 Baseline and Build networks, as described below. The
net effect is that in areas with ST3 projects, the modeled network will reflect the KCM LRP.

For Community Transit and Pierce Transit, the updated background network for the updated model are
the same as the Baseline and Build networks used in generating results for the templates (presented to
the board on December 4).

ST3 Baseline Network

The Baseline background network reflects completion of the ST2 light rail network to Lynnwood, Kent-
Des Moines, and Redmond Technology Center.

The ST Express network was updated to reflect some key changes from the previous ST3 Baseline:

e Truncation of ST Express services from Tacoma at Kent-Des Moines Station, except for ST 595.
e Higher service investments between Issaquah & Bellevue, Redmond & the U District, and
Bothell/Woodinville & North Seattle.



Relative to the earlier Baseline network, this network reflects some KCM-related changes. The 2025
network from KCM was used to identify changes for their services in the Baseline network. Key changes
included:

Updated central and northeast Seattle networks, reflecting the adopted University Link
integration bus routes while and changes associated with the Northgate and Lynnwood Link
Extensions (with an emphasis on the frequent network).
Modest headway changes to bus routes in the Kirkland area, reducing SR 520 bus volumes (KCM
252, 255, 257) and increasing local service from Kirkland to Bellevue (KCM 234, 235), Kirkland to
Redmond (KCM 245), Bellevue to UW (KCM LRP route 2004), and Kirkland to UW (KCM LRP
route 2516).
Improved south King service with a new frequent route connecting Auburn to Renton via Kent
and a route from KDM to Kent East Hill, though with some reductions to existing parallel
duplicative routes.
Changes related to the seven RapidRide+ routes included in the Move Seattle levy, including
Madison BRT, such as improved headways and realignments. The includes the realignment of
routes proposed by Seattle and shown in the KCM networks, including:

o connecting the 67, 70, and 7N via downtown

o connecting the 7S with the 48S via 23™ Ave

o connecting the 36 and 49 via 12" Ave and Broadway

ST3 Build Network

The Build network adds onto the ST3 Baseline network described above, with network changes based on
light rail and bus rapid transit investments.

For ST Express, the Build network removes all bus service between Tacoma and Kent-Des Moines
(except for ST 595), between Everett and Lynnwood, and between Bellevue and Burien/Lynnwood; each
of these bus service reductions is dependent on replacement HCT service. This allows for a reallocation
of bus service hours to corridors not directly served by rail or bus rapid transit, such as Lakewood to
Tacoma, Issaquah to Bellevue, and Everett to Bellevue.

KCM bus changes were focused on three key areas, targeting modified and new frequent routes that
provide local connections while also serving light rail stations:

Ballard. Existing services between northwest Seattle and downtown were reduced or eliminated
to provide frequent connections on several routes within Ballard and to Greenwood and
Magnolia.

West Seattle. Existing services between West Seattle and downtown were reduced or
eliminated to provide frequent connections on several routes within West Seattle and to Burien
and the Duwamish industrial area.

Federal Way. Some express service was reduced and reinvested in a few more-frequent local
connections in the Federal Way and Auburn area.

Kirkland. Reduction in parallel service with a corresponding increase in connecting bus service.



Figure 1: ST Express Network for ST3 Baseline
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Appendix C

APPENDIX C
REGIONAL MODEL DETAILS

The following information provides additional details related to the use of the regional model that
has been developed for projects in the Seattle area for the West Seattle and Ballard Link
Extensions Project (WSBLE).

C.1 List of Projects that Utilized Regional Model

The regional model has been used in several regional and local jurisdictional analyses since
2015 including the following projects:

e 1-405 Tolling Corridor Analysis

¢ SR 509 and SR 167 completion projects

¢ Washington State Department of Transportation (WSDOT) Gateway project
e FastTrack (or new name) grant application

In addition, the regional model has recently been used to provide multi-modal travel forecasts to
support the following studies:

e Seattle Comprehensive Transportation Plan

e SR 99 Toll and Revenue Study

e Alaskan Way Viaduct Replacement Project

e |-90/Front Street Interchange Justification Report (Issaquah)

C.2 Land Use, Highway, and Modeling Assumptions

The regional model base year for this project will be 2019. The City of Seattle has created year
2015 and 2035 socioeconomic land use estimates for various planning activities, including their
Comprehensive Plan, mandatory housing affordability analysis, and the Key Arena
environmental impact statement. The year 2019 assumptions for land use will combine the
latest land use estimates developed by the City of Seattle with the Puget Sound Regional
Council (PSRC) LUV.2 forecasts for the rest of the four-county region (King, Pierce, Snohomish,
and Kitsap Counties). The regional 2019 forecast analysis zone land use distribution may be
modified to be consistent with jurisdictional assumptions on smaller area (transportation
analysis zone [TAZ]) land use distribution.

The base and future year regional model will be modified for the WSBLE analysis to reflect the
unique characteristics of the study area and the inputs to the model that represent these
characteristics. The TAZ system will be refined/expanded to provide enhanced network detail
for traffic forecasts and analysis, including estimation of active transportation trips and extraction
of turning movement forecasts at the key intersections to be analyzed.

The underlying regional model includes 1,293 TAZs overall, with 218 TAZs within the city of
Seattle. The number of TAZs within Seattle has been expanded to 260 TAZs for this study, each
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of which includes boundaries that will allow for easy incorporation of the latest City of Seattle
current and future land use estimates.

Detail in the network will be added to reflect the 260 TAZs in Seattle. In addition to TAZs and
connectors that provide for the assignment of trips onto the network, expanded network detail
will include Seattle’s Vision Zero Plan refinements that reduce speed limits to enhance street
safety and mobility. Network modifications will include reducing the speed limit on all residential
streets from 25 to 20 miles per hour, and on streets in the center city from 30 to 25 miles per
hour.

C.3 Highway Model Calibration and Validation

The examination of the existing highway conditions will be based on the observed travel data
collected for this study during the fall of 2018 and spring of 2019. The data to be collected are
described in Section 3, Data Needs and Sources.

The base year data will also be used to support the regional model’s validation effort. The base
year auto volume estimates from the regional model will be validated using the 2018-2019
counts in the study area. The validation will be done across several screenlines in the study
area. Potential vehicle and person trip screenlines for highway validation, which are different
than those used for project evaluation purposes, are:

o Lake Washington bridges

e Ship Canal

¢ N and NW 85th Street

o Madison Street

o Spokane Street/West Seattle Bridge
e South of Cloverdale

C.4 Future No Build (Baseline) and Build Highway Conditions

The future year highway conditions will be the same for both the build and no build
assumptions. Table C-1 provides a high-level look at some of the key project assumptions in
2032 and 2042 networks. The project list (Appendix A) includes state, regional, and local
projects that are anticipated to be funded within the 2040 timeframe, as well as other projects
that are part of PSRC’s Regional Transportation Plan — 2018 (adopted May 31, 2018). Some of
the projects are not currently funded but have been reviewed through an environmental process
and would not likely influence the travel patterns and operations along the study corridors. The
WSDOT Gateway Program is a major infrastructure improvement that is not fully funded but that
is included in the network.

The regional 2042 future year full build assumptions for transit include the following:

e Lightrail: 5 lines, 116 miles, with 80+ stations (Sound Transit)

o Commuter rail: 2 lines, 89 miles, with 15 stations (Sound Transit)

e Passenger-only ferry: 8 routes (King County Department of Transportation and Kitsap
Transit)
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o Bus rapid transit: 42 lines (Sound Transit and King County Metro)

e Streetcar: 3 lines (Seattle Department of Transportation)
Table C-1. Build Alternative Regional Network Components

Horizon Years

2030 2040
Projects/Programs (Construction) (Build) Comments

Roadway

User fees (PSRC The financial strategy includes road usage

policy) charge system combined with express toll
lanes and other pricing mechanisms.
The Regional Transportation Plan - 2018
(PSRC, 2018)

SR 520-1-5 X X Montlake Blvd. to I-5 (2029).

[-405 express toll X X (pending tolling authorization)

lanes

Puget Sound Xa Xb SR 167, SR 509, and I-5.

Gateway program

Local Agencies

Seattle: South X X Grade separation.

Lander Street

Capital X X Typically, 6-year (or near-term) funding

Improvement commitments.

Programs/Transport

ation Facilities

Plans

Comprehensive/Tra X X Typically, 15- to 20-year list of funded and

nsportation Plans unfunded projects. Funded projects

included as part of capital improvement
plan/transportation facilities plan lists.

Puget Sound Regional Council

Regional X X See project list in Appendix A.
Transportation Plan
2018

Transit

Sound Transit:

ST3 Program X X Approved November 2016.
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Table C-1. Build Alternative Regional Network Components

Horizon Years

2030
Projects/Programs (Construction) Comments
ST2 Program X X Approved November 2008.
King County Metro:
6-year Service X X
Implementation
Plans
METRO X X
CONNECTS
(2025/2040) ©

@ Phase 1 of Gateway Program.
b Completion of Gateway program.

¢ Metro CONNECTS components to be included in future scenarios will be identified in collaboration
with King County Metro
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1 Introduction

This report summarizes the methods used in the current Sound Transit (ST) incremental model to
produce ridership forecasts in support of the ongoing project planning and development activities. It
describes reliance on the new and emerging data that were not previously available. This includes data
from the ORCA smart cards, recent surveys, actual point-to-point speeds? and detailed ridership counts.
The current model benefited profoundly from the new data - particularly, from the ORCA data which:

e Isrich and internally consistent with a statistically acceptable 30% representation of transit
travel at origin-to-destination level and by time of day;

e Provides realistic transit trip length distribution as well as transfer rates for each time period;
and

e s asignificantly improved alignment of the transit travel patterns (represented by the seed
matrix) to the actual counts data that results in a more accurate Base Year transit demand.

The current (2017) version of the ST ridership model was developed using analytical ridership
forecasting procedures refined over three decades of incremental methods applications. Over this time
period, the methods have been subjected to substantial external review, including three independent
Expert Review Panels, and four cycles of review by the Federal Transit Administration (FTA) over the
course of New Starts grant applications for Link light rail projects. The fourth review cycle is still ongoing,
in support of the proposed New Starts grant for the Federal Way Link Extension.

These reviews have included comments FTA provided with respect to the ST incremental modeling
procedures and assumptions described in earlier versions of this report. This report incorporates
changes reflecting all of FTA’s comments. The following presents a brief history of ST transit ridership
forecasting.

1.1 History of transit forecasting at Sound Transit

The history of transit forecasting analysis at ST began at Seattle Metro (now King County Metro) in 1986.
Work by Brand and Benham? led to Metro’s consideration of “a quick-responsive incremental travel
demand forecasting method,” based on the concept of staged forecasting analysis. In 1986, Metro
developed and applied “logit mode-choice equations for pivot-point analysis”* (as described by Ben-
Akiva and Atherton;> Koppelman;® Nickesen, Meyburg and Turnquist;” and many others) on EMME
software. In 1988, Metro staff highlighted the relationship® between Metro’s transit forecasting
methods and the Puget Sound Council of Governments regional model.

The Regional Transit Project, incorporated as Sound Transit in 1993, further developed forecasting
analysis procedures using incremental methods in the early 1990s, prior to the November 1996 voter

1 ORCA smart card is the primary fare medium for all transit operators in the Puget Sound region.

2 Actual Vehicle Locator (AVL) provides point-to-point actual speed data.

3Brand, D., and J.L.. Benham, “Elasticity-Based Method for Forecasting Travel on Current Urban Transportation Alternatives,” Transportation
Research Record No. 895, 1982.

4+ Harvey, R., “Pivot-Point Analysis of Transit Demand Using EMME/2,” an Internal Paper, Municipality of Metropolitan Seattle, May 1986.
5Ben-Akiva, M., and T. Atherton, “Methodology for Short-Range Travel Demand Predictions,” Transportation Economics and Policy, v.7, 1977.
¢ Koppelman, F., “Predicting Transit Ridership in Response to Transit Service Changes,” ASCE 109, 1983.

"Nickesen A., A. Meyburg, and M. Turnquist, “Ridership Estimation for Short-Range Transit Planning,” Transportation Research B, v.17B, 1983.
8 Harvey, R., “Comparison of Metro and PSCOG Modeling,” a Memorandum to File, March 7, 1988.
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approval of Sound Move: The Ten-Year Regional Transit Plan. An Expert Review Panel—formed in 1990
under the auspices of the Legislative Transportation Committee, the Secretary of Transportation, and
the Governor—oversaw development of the first generation of the ST incremental model. This model is
described in the November 1993 Travel Forecasting Methodology Report published by the Regional
Transit Project.

The ST model was updated in the late 1990s in support of the Central Link Light Rail Transit Project
Environmental Impact Statement (EIS) and the North Link Light Rail Transit Project Supplementary EIS,
including respective Full Funding Grant Agreements with FTA. The underlying ST model procedures used
to perform transit ridership forecasting analysis in support of the North Link Light Rail Projects were
documented in the Transit Ridership Forecasting Technical Report, issued in November 2003 by ST. The
ST model was further updated in the mid-2000s in support of the ST2 transit system expansion program
and subsequently in 2012 for the EIS phases of the Lynnwood Link Extension and in 2014 for the ST3
system planning work.

The ST model has now been updated again in 2017 in support of the ST3 project planning and
development activities and this report describes this latest update. Table 1-1 illustrates more clearly the
historical development of the current model, showing refinements in both data sources and structure
over the past two decades.

1.2 Report organization

This report contains three chapters and four appendixes. Chapter 1 summarizes the methods used to
produce ridership forecasts for ST and discusses important methodological considerations. Chapter 2
describes the individual methods used for each step of the ridership forecasting process. Chapter 3
describes validation of the ST model to 2016 conditions. The current model validation exercise has two
purposes: (1) to highlight problems with past forecasting process that might have otherwise been
overlooked and (2) to incorporate changes that could improve the forecasting results.

1.3 Sound Transit incremental transit model

The ST incremental model has been updated to a new base year (2016). Development of the base-year
transit-trip tables involved a rigorous analysis of actual ridership volumes along each transit route and a
realistic simulation of observed transit service characteristics for peak and off-peak periods.

For future year forecasts, external changes in demographics, highway travel time, and costs are
distinctly incorporated into the process in stages, prior to estimating the impacts of incremental changes
in transit service. In the first stage of ridership forecasting analysis, only changes in Puget Sound
Regional Council (PSRC) land use forecasts are considered. In the second stage, other external non-
transit changes, such as highway travel time (congestion) and costs (including parking costs) are taken
into consideration. For forecasts of external changes, the ST model relies on the version of the PSRC
regional model in current use by the Washington State Department of Transportation (WSDOT) on
major highway projects. The first two stages of ridership forecasting analysis result in a forecast of
future year zone-to-zone transit trips within the Regional Transit Authority (RTA) district boundaries,
absent any changes in the transit system itself. For current year analyses, these first two stages are not
necessary.

[’S]
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Table 1-1. Sound Transit incremental models history

Survey based model
(1992 to 2004)

Data Sources

= 1992 on-board surveys, collected
by bus drivers on all transit lines

— Lumpy 36% one-day sample of
inbound trips (mostly AM), or
about 18% of daily trips

— Peak and off-peak line
boardings control totals for
survey expansion

1990 U.S. Census Journey-to-
Work (JTW) used for base transit
shares

No reliable data for transfer rates,
checked against 1992 surveys

Sparse on-board survey data used
for auto-access shares

After 2000: 1992 survey demand
adjusted with about 100 screen-
line segment 1999 ridership
counts on select locations around
the region

Counts based model
(2005 to 2011)

= 1,700 line-segment ridership
counts for each time period for all
lines, mostly collected by
validated Automatic Passenger
Count (APC) systems (2004
average weekday)

2000 U.S. Census JTW for base
transit shares

2004 ST on-board surveys
PSRC modeled transit trip
distribution to open additional
non-zero cells

Little reliable data for transfer
rates, checked against 1992 and
2004 surveys

= Sparse on-board survey data for
peak auto-access shares

Counts based model Counts based model
(2012 to 2016) (2017 to present)

= 1,800 line-segment ridership
counts for each time period for
most routes, collected by most
transit agencies by validated APC
systems (2011 average weekday)

Washington Commute Trip
Reduction Surveys (CTR) 2007 to
2014 data and American
Communities Survey (ACS) 2010
data used for base transit shares
2009, 2011, and 2012 ST on-board
surveys added to base year matrix
development

2007 to 2014 CTR Survey transit
trip patterns added to base year
matrix development

= Transfer rate estimates validated
against PSRC Travel Diary Survey
(2006) and ST on-board surveys
(2004-2012)

Relied on segment counts near
park-and-ride lots for peak auto-
access shares

= 2,400 bus line-segment ridership
counts for combined time periods
and for all lines, collected by all
transit agencies by validated APC
systems (2016 average weekday)

Stop-level boarding and alighting
ridership counts for each period
and for Link, Sounder and high
ridership bus routes collected by
all transit agencies by validated
APC systems (2016 average
weekday)

2016 ORCA smart card database
data was primarily used to create
peak and off-peak seed matrices.
2011-2016 ST on-board and CTR
surveys were incrementally added
to open new cells.

2011-2016 CTR Surveys data and
most recent available American
Communities Survey (ACS) data
used for base transit shares

2016 ORCA smart card database
provided actual transfer rates

Relied on segment counts near
park-and-ride lots for peak auto-
access shares

Actual Vehicle Locator (AVL)
database was used to develop
base year (2016 actual transit
speed on each link for peak and
off-peak

March 2018 3



Transit Ridership Forecasting Methodology Report

Table 1-1. Sound Transit incremental models history (continued)

Survey based model
(1992 to 2004)

Structure

= 737 zones

= FAZ demographics from 2002
PSRC model DRAM/EMPAL +
negotiation with locals

Highway skims via blind
adoption of PSRC matrices
created with erroneous cost
coefficient

structural error

Use of eight transit trip classes
forced very thin demand
matrices (not technically a
structural error, but generally a
poor practice)

— PM time periods: 3-hour peak
and % day off-peak

— Trip purpose: commute and
non-commute

— Mode of access: walk and auto
for peak and off-peak

Transit Trip Tables

— Base year demand derived
directly from on-board surveys

— Non-zero cells only 0.05% to
2% across the eight trip tables

— After 2000: single-step Matrix
Adjustment on non-zero cells
of 0.5% to 3% for eight trip
tables

Fares in 2nd stage with auto-
mode equation

Counts based model
(2005 to 2011)

780 zones (splits near rail stations)
FAZ demographics from 2006 PSRC
model DRAM/EMPAL

Highway skims prepared directly
by project team using a current
PSRC model

— Used a validated model that has
been refined in major WSDOT
projects

— Aligned transit service levels in
the PSRC model with those
assumed in the ST model

— Rigorous convergence criteria
Use of only three transit trip

classes allowed very robust
demand matrices

— Time periods: 6-hour peak and
18-hour off-peak with 24-hour
daily counts as control totals

— Mode of access: walk and auto
for peak-period and walk only for
off-peak

Transit Trip Tables

— Base year demand derived
directly from detailed ridership
counts by route segment, time-
period, and direction

— Single-step Matrix Estimation on
non-zero cells of 15% for peak
and 17% for off-peak

Fares in 2nd stage with non-

transit-mode equation

Counts based model
(2012 to 2016)

= 785 zones (splits for Ballard study)

= FAZ demographics from PSRC 2013
Land Use Targets and 2016 Vision |
Forecasts

Highway skims prepared directly
by project team using a current
PSRC model

Used a recent model version
refined and validated for major
WSDOT projects

Aligned transit service levels in the
PSRC model with those assumed in
the ST model

Rigorous convergence criteria

Use of only three transit trip
classes allowed very robust
demand matrices

= Time periods: 6-hour peak and 18-
hour off-peak with 24-hour daily
counts as control totals

Mode of access: walk and auto for
peak-period and walk only for off-
peak

Transit Trip Tables

Base year demand derived directly
from detailed ridership counts by
route segment, time-period, and
direction

= Five-step Matrix Estimation

Fares in 3rd stage with transit-mode
equation

In transit assignment, used logit
function on connectors to improve
distribution of zone access.

Counts based model
(2017 to present)

= 807 zones (splits near Capitol Hill, SW
Everett, Federal Way, Fife, Issaquah)
FAZ demographics from PSRC 2017
Land Use Vision Il Forecast

Highway skims prepared directly by

project team using a current PSRC

trip-based model

— Used a recent model version
refined and validated for major
WSDOT projects

— Aligned transit service levels in the
PSRC model with those assumed in
the ST model

— Rigorous convergence criteria

Use of only three transit trip classes
allowed very robust demand matrices

— Time periods: 7-hour peak and 17-
hour off-peak with 24-hour daily
counts as control totals

— Mode of access: walk and auto for
peak-period and walk only for off-
peak

Transit Trip Tables

— Base year demand derived directly
from detailed ridership counts by
route segment, time-period, and
direction, plus stop-level boardings
and alightings for major routes.

— Six-step Matrix Estimation

Fares in 3rd stage with transit-mode
equation

= |n transit assignment, used logit
function on all connectors to improve
distribution of zone access.
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In the third and final stage, incremental changes in the transit level of service (e.g., access, wait, and ride
travel times) and user costs (i.e., fares) are considered, resulting in final transit demand estimates for
each transit network alternative under consideration.

Like all travel forecasting models, the ST model has some limitations. Because it uses average daily
ridership, it is not particularly strong at assessing the effects of weekend special events, such as sporting
events or major festivals. Furthermore, the ST model is ill-suited for analyzing structural changes in
regional land use beyond those already included in PSRC demographic forecasts or for forecasting in
outlying areas of the three-county region where there is minimal existing transit service.

1.4 Important considerations and constraints

This section discusses six important considerations and constraints in travel forecasting methods. Most
of these are derived from many years of FTA guidelines on transit project planning that culminated in
the current policy guidance.® The following considerations reemphasize the use of best professional
practice:

e Careful standards for validation

e Consistent application of policy assumptions across alternatives

e Use of identical land use plans and constant overall travel demand patterns across alternatives
e Generic attributes of modes

e Analysis of service levels and travel forecasts for reasonableness

e Maximum possible reliance on detailed data rather than output from other models

1.4.1 Careful standards for validation

Validation is a vital component of any travel forecasting effort. It demonstrates that the forecasting
procedures can replicate observed travel patterns in a region to support reliable forecasts of future
travel patterns. The ST model primarily relies on the ORCA fare card data and detailed ridership counts
to establish current transit travel patterns. In project planning, travel forecasting methods are expected
to predict changes in travel patterns that are caused by general changes between the base year and a
forecast year and by specific transit service changes introduced by each alternative.

1.4.2 Consistent policy assumptions across alternatives

A large number of inputs to the travel forecasting process are at least partially subject to the policy
decisions of local and state agencies. To isolate the differences generated by a specific proposed project
(e.g., a fixed guideway rail transit system), all conditions that are not directly attributable to the
proposed project must be held constant. It is therefore required that the forecasts hold the policy
setting constant across all alternatives evaluated. These policies include:

e Fare level and structure

e Levels of service provided by the background transit system
e Zoning policies

e Parking policies and prices

° Final Interim Policy Guidance—FTA Capital Investment Grant Program (June 2016).
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This constraint means that forecasts prepared for FTA evaluation and EIS documentation should only
contain differences between alternatives that are primarily caused by the transit alternatives
themselves. For example, service levels on feeder buses should reflect a general service policy and
investment level that is applied consistently across alternatives. Assumptions on all external inputs—
land use, regional income, parking costs, and other external variables—should also be held constant.

1.4.3 Constant travel patterns across alternatives

Forecasts of the overall travel demand for which transit competes can involve confounding factors. The
FTA guideline that land-use policies be consistently applied removes some sources of variability in
population and employment forecasts. In basic forecasts for modes that have differing degrees of grade
separation, it eliminates guessing about the extent to which a particular alternative might shift
residential and commercial development. Note that the forecasts provided to FTA by ST hold travel
patterns constant. Supplementary analyses external to the modeling process are used to address
potential development changes related to the various transit investment proposals.

1.4.4 Generic attributes of modes

It is widely acknowledged that perceived differences between transit technologies, independent of
travel time and cost, may contribute to choice of mode. These differences are often discussed in terms
of comfort, security, reliability, legibility, and other characteristics that are difficult to quantify. Data to
support direct inclusion of these variables in the analysis is limited. The ST model uses a conservative
assumption and, for the most part, treats transit modes generically. Current FTA guidance on methods
indicates that FTA will accept forecasts that account for measurable differences in some of these
attributes, such as reliability between modes (e.g., bus and rail).

The ST model includes small quantified mode-specific variations in the perception factors (i.e., weights)
for transit line boarding and waiting times (see Table 3-2 in Chapter 3).

1.4.5 Analysis of transit service levels and travel forecasts

The development of forecasts results in the production of a variety of additional types of information
beyond ridership volumes. Examples include ridership changes in specific subareas, changes in roadway
congestion levels, travel time savings created by new transit investments, and transit’s share of various
travel markets. All of these needs careful review for quality control purposes, as well as an
understanding of what the forecasts reveal about changes between the present and the future and
differences among the transit alternatives.

1.4.6 Reliance on data

This model version increases the reliance on detailed data by incorporating newly available data detail.
Major new sources of data include ORCA fare card boarding and alighting data, Google highway travel
time data, Automatic Vehicle Locator (AVL) data, and additional Automatic Passenger Count (APC) data
on passenger activity at major stops. All of these data source additions reduce dependence on inputs
from external models.
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2 Procedures for Travel Forecasting

This chapter describes the methods and procedures used in the ST transit forecasting model, including
the input data required by the ST model and its relationship to the PSRC model.

Section 2.1 describes the methodology used to develop transit forecasts, the data requirements, and the
data available. Section 2.2 describes the relationships between the ST and PSRC models. For instance,
this section provides an overview of the methodology used by PSRC to produce land use forecasts that
are critical to any future year ridership forecasting analysis. The transportation analysis zone system is
described in Section 2.3. The mode choice model structure, specification, and coefficients are presented
in Section 2.4. Summary descriptions of the process used to develop base-year transit-trip tables are
provided in Section 2.5. Possible changes in population and employment, highway congestion, and cost
(i.e., the application of the staged build-up forecasting analysis) are discussed in Sections 2.6 and 2.7. A
discussion on changes in transit service is included in Section 2.8.

2.1 Methodology

2.1.1 Incremental vs. synthetic methods

There are two different approaches to developing transit forecasts: synthetic methods and incremental
methods. Synthetic methods estimate existing transit travel patterns by using separate sequential
models to estimate

e An allocation of regional population and employment projections to zones

e The total number of trips to and from these zones

e The origin/destination patterns of these estimated trips

e The travel mode share likely for each estimated origin/destination pattern

e  Which specific links and lines in the highway and transit systems are used by these synthesized trips

Incremental methods are simpler and more efficient for transit ridership forecasting and analysis
because they

e Are directly based on observed (rather than estimated) baseline travel patterns of transit users

e Allow for concentrating efforts on transit network analysis, for studies whose primary goals are
answering questions about alternative transit networks

e Are more conducive to the separate and transparent evaluation of population and employment
changes, highway congestion and cost, and transit services through the three stages of the
forecasting process

e Focus on direct comparisons related to specific changes rather than on complete simulations of
travel behavior

e Are more usable for intermediate evaluation and error identification

e Eliminate the often laborious and time-consuming calibration of sub-choice models, since they do
not require replication of base-year travel patterns for these markets.
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The FTA guidelines on transit project planning have identified three strong characteristics of the
incremental approach that make it attractive for many applications. According to FTA, the incremental
method “is well grounded in the reality of baseline travel patterns; it deals only with marginal changes;
and it focuses attention on the changes in land-use and transportation that drive the evolution of travel

patterns over time.”%0

One limitation that could render incremental methods less desirable in some situations is their
weakness in estimating future transit markets in locations where there is no existing transit market from
which to build estimates. This is not an issue within the ST RTA district, since both ridership and transit
service coverage within the district are highly developed. The use of incremental methods would only
have limitations if applied to exurban or rural areas beyond the district boundary.

Incremental methods rely on data collection, not travel demand theory, to describe base-year travel
patterns. In recent years, data availability has increased dramatically, with large quantities of revealed
preference data no longer requiring expensive surveys or special counts. The ORCA smart card data,
coupled with the detailed route-level data by time-of-day from the ridership counts from each transit
agency now available, provide complete observed baseline travel patterns within the RTA district.

In the incremental model approach, the coefficients and sensitivities are the same as in the synthetic
approach. The incremental methods are mathematically derived from and parallel to the synthetic
methods and are applied at the same level of network detail that would be used in a synthetic approach.

2.1.2 Data available for Sound Transit planning
The key sources of data available for ST planning include

e PSRCland use forecasts
e PSRC regional travel model version adopted by WSDOT for major highway projects

e Service levels and detailed route-level counts from transit operators in the three-county area—
Sound Transit, King County Metro, Pierce Transit, Community Transit, and Everett Transit

e ORCA smart card database

e Automated Vehicle Locator (AVL) speed data

e Location-to-location highway travel time from the Google Distance Matrix database
e Sound Transit Surveys (2011-2016)

e Commute Trip Reduction surveys (2011-2016)

e Most recent available American Community Surveys

e The National Transit Database (2016)

e State and local agencies

10 Procedures and Technical Methods for Transit Project Planning, Federal Transit Administration, 2004.
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PSRC'’s land use forecasts are key input to the modeling effort for future years. The ST model uses the
most current land use forecasts available from PSRC at the start of a project. The PSRC regional
forecasting model, the version used by WSDOT for travel forecasting in support of major capital projects
and tolling analysis, provides changes in highway travel times for past and future years. This WSDOT
highway model also provides changes in traffic volumes on regional highway facilities for traffic impact
analysis, and local jurisdictions provide traffic counts on local arterials for station impact analysis, as
required.

The following sections discuss how these various databases were developed and include more detail on
how they are being used.

2.2 Relationship to PSRC modeling

2.2.1 Summary comparisons of the PSRC travel demand model and the ST transit ridership model
PSRC maintains a four-step conventional synthetic travel-demand modeling system consisting of trip
generation, trip distribution, mode choice, and trip assignment models.'! Zonal trip ends are estimated
using a set of trip rates classified by home-based work, home-based college, home-based shop, home-
based other, home-based school, non-home-based work, non-home-based other, and three truck types.
Trip distributions are estimated using a traditional “gravity” model. The PSRC mode-choice model
structure is a logit-based model comprised of two transit modes, three auto modes, and two non-vehicle
modes.

The ST and PSRC modeling procedures are closely inter-related and highly complementary. The ST model
uses measures of regional change in travel demand and highway congestion derived from the PSRC
model. Summary comparisons and interrelationships of the PSRC and ST modeling procedures are
highlighted below:

e The PSRC model is a four-county synthetic modeling system comprising land use, trip generation,
trip distribution, modal split, and assignment models. It also includes several feedback loops based
on intra-regional accessibility.

e The ST model is a three-county, three-stage, fully incremental system purposely designed for
detailed corridor-level transit planning and transit ridership forecasting.

e PSRC's regional population and employment forecasts are used to predict travel demand growth for
future years.

e ST uses an incremental mode choice procedure that is consistent with PSRC’s multinomial logit
mode choice model.

e The current PSRC model version used by WSDOT for travel and toll forecasting in support of major
highway projects is adopted for interface with the ST model. This highway model has been recently
refined and validated for use on several WSDOT tolling analyses. Figure 2-1 highlights the
relationship between the PSRC and ST models.

11 Puget Sound Regional Council, 4K Travel Model Documentation, June 2015.
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Changes
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Figure 2-1. ST incremental transit ridership and PSRC regional models relationship

2.2.2 Preparation of demographic forecasts

This section summarizes the procedures used by PSRC to forecast regional population and employment.
The current demographic forecasts are referred to as Land Use Vision (LUV). The development of
demographic forecasts process is described by PSRC in the Land Use Vision (LUV) Dataset Metadata
Documentation (May 2017).

10 \ March 2018



Transit Ridership Forecasting Methodology Report

Land Use Vision Development Process

The LUV projects growth for places in the Central Puget Sound region in 5-year increments, 2015-2040.
The process includes four general steps (Figure 2-2). The regional totals for population, households, and
jobs come from the PSRC Regional Macroeconomic Forecast. PSRC has used numeric policy guidance
from the VISION 2040 Regional Growth Strategy and adopted local growth targets to apportion the
Regional Forecast to cities and unincorporated areas to create annual control totals. Resulting control
totals are then used in the PSRC’s land use simulation model, UrbanSim, to distribute projected growth
on developable land.

Vision

Macro Control Vision
Forecast Totals Product
Region Jurisdiction Parcel Jurisdiction,
(by Jurisdiction) Tract, FAZ

Figure 2-2. Land use vision development process

The UrbanSim model results are reported at different geographies, including at the forecasting analysis
zone (FAZ) level for review and consultation feedback by local jurisdictions. These forecasts are also
circulated for review by a wide variety of public and private organizations. After the review process is
completed, these forecasts and allocations are widely used by the state as well as by local governments,
public agencies, and private organizations.

2.3 Development of zone and district systems

The ST travel forecasts are produced for an 807-zone system of Alternatives Analysis Zones (AAZ)
developed specifically for the ST model but based directly upon PSRC’s current zonal system. Summaries
of inputs and forecasts are prepared using 26 summary districts or other levels of aggregation (e.g., by
corridor or by county) as needed. Zone and district maps are shown in Appendix A.

2.3.1 Forecast analysis zone and traffic analysis zone systems

PSRC’s FAZ structure is the basic land-use zone structure and consists of 219 FAZs that cover all the land
area within the four-county region. It is usually at this level of detail that local jurisdictions, through
PSRC, agree upon allocations of future population and employment throughout the region.

2.3.2 Alternatives analysis zone system

The AAZ system used to produce the ST travel forecasts is based on the zones maintained by PSRC for
regional forecasts of travel demand within the four-county central Puget Sound region. The ST zone
system differs from PSRC's system in two aspects.

Most importantly, the ST system does not have the same geographic boundary as the PSRC system.
Whereas PSRC includes a four-county region (Snohomish, King, Kitsap, and Pierce Counties), the 1993
state-established RTA excludes the largely rural areas of North and Northeast Snohomish, South and
Southeast Pierce, and East King Counties, as well as all of Kitsap County, Vashon Island, and the Gig
Harbor peninsula. Areas outside the RTA district are external to the ST model. The 807-zone system
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includes smaller zones within transit corridors of interest, especially around potential station locations,
as well as 17 external zones to represent highway connections outside the RTA boundaries.

Keeping the PSRC and ST zone structures as similar as possible reduces the level of data manipulation
required for interface between the two models.

Summary districts were created from the AAZ system in order to

e Provide a consistent basis for aggregation of certain model inputs, when such aggregation is
appropriate

e Calculate the modal shares required in the model validation and application phases

e Prepare summary reports on trip tables and travel time skims

These districts were carefully constructed to provide distinctive summary travel patterns by
geographical area and corridor.

24 Sound Transit mode choice model methodology

2.4.1 Model structure
The ST mode-choice model structure, which is an incremental logit model, uses a pivot approach in the
development of forecasts and uses the PSRC regional mode choice coefficients.

Incremental logit model

The incremental approach predicts changes in travel behavior based on existing travel behavior and
changes in level of service. The incremental form of the logit model is derived from the standard logit
formulation, which is?

_ exp (Vi)
@) LT suMy™ [exp(V))]

Where

Vi = utility of mode iin choice set m (j=1,2,3, .., i, ..m)
Contains measurable components of transportation systems such
as travel time and cost as well as socio-economic attributes of trip
makers.

Si = share of demand using mode i

12 Domenich, T., and D. McFadden, “Urban Travel Demand—A Behavioral Analysis,” North Holland, Amsterdam, 1975.

12 | March 2018



Transit Ridership Forecasting Methodology Report

Ben-Akiva and Lerman indicate that “using elasticities is one way to predict changes due to
modifications in the independent variables. For the linear-parameters multinomial logit model, there is a
convenient form known as the incremental logit model which can be used to predict changes in
behavior on the basis of the existing choice probabilities of the alternatives plus changes in the
independent variables.” The incremental form of the logit model is*®

2) S.f _ Si x exp(DIFF Vj)
! SUM;™ [S; x exp(DIFF Vj)]
where
Si = base-year observed probability of using mode i from choice set m
Sf = newshare (i.e., forecast year) of using mode i (interzonal average)
DIFFV; = change in utility of mode i (interzonal average)
= V=V, = (DIFF CONST;) + By x ( DIFF VAR;)
and
DIFF CONST; = difference (future vs. base) in mode-specific constant for
mode i,
Bx = coefficient for attribute k
DIFF VAR;,x = difference in numeric variable VAR k of alternative i
f = variable with superscript “f” represents value in forecast
year.

All transportation models, including the PSRC synthetic model, assume that the difference between the
unmeasured attributes (e.g., comfort and image) between transportation systems in the base year and
future years is negligible. As a result, the term representing the difference in mode-specific constants
(i.e., DIFF CONST;) falls out of the computations. The only terms remaining in Equation 2 pertain to those
attributes (e.g., travel times and costs) for which a measured change might occur, as well as Equation 3:

(3) DIFF Vi = Bk x DIFF VAR«

The mode-specific constants in a synthetic model theoretically represent the effects of unmeasured
attributes and often account for over half of the explanatory power in synthetic mode choice models. In
practice, these constants are quite large and compensate for all types of errors in synthetic models,
even network coding idiosyncrasies. They are used as overall adjustment factors to move the base year
model results closer to targeted base year totals. Mode-specific constants are not present in
incremental logit equations.

13 Ben-Akiva, M., and S.R. Lerman, ‘Discrete Choice Analysis Theory and Application to Travel Demand,” The MIT Press, Cambridge, MA, 1985.

March 2018 | 13



Transit Ridership Forecasting Methodology Report

Nested logit model

According to the independence from irrelevant alternatives (l1A) assumption, logit models require that
all of the modes defined in the choice set m (for travelers) be independent of one another. However, the
IIA requirement is usually difficult to maintain in a simultaneous structure. In practice, a sequential (or
nested) logit model that is less restrictive than the simultaneous form is often used. The nested logit
model groups appropriate submodes under the primary modes (i.e., transit), as shown in Figure 2-3. For
peak trips, the transit mode in the ST model, the sub-choice is between access to transit by walking or
by automobile. Suggestions from FTA on the appropriateness of nesting can be found in the FTA
presentation by Jim Ryan at the January 2004 Transportation Research Board Annual Meeting.*

In-Vehicle PM Peak Trips

Y Y

Transit ’ Non-Transit' I

v v

‘ Walk-Access I ‘ Auto-Access I

In-Vehicle Off-Peak Trips

Y Y

‘ Transit I ’ Non-Transit! I

U Non-transit includes all travel in vebicles other than public transit buses and trains.

Figure 2-3. Incremental mode choice model structure

14 Travel Forecasting for New Starts Projects, Transportation Research Board 83 Annual Meeting, Session 501, January 13, 2004.
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The natural logarithm of the denominator of a logit model (Equation 1) is a single “inclusive” index /,,*®
indicating the desirability of the main mode m and taking into account the attributes of access modes.
This index is often called “LogSum” and calculated from

(4) LogSum = Ln {SUM;™ [exp(V;)]}

where

Vjwas defined before for Equation (1)

McFadden®® has identified the coefficients K for the LogSum variable as indices of similarity among the
sub-mode choices comprising the overall price or cost.

For the transit, lower level, the composite disutility of the sub-modes (walk- and auto-access) represents
transit to the upper level choice. For transit mode t, the LogSum is

(5) LogSum® = Ln [exp(Vwaik) + €xp(Vauto)]

where

Va uto
Vwalk

utility of the auto-access mode

utility of the walk-access mode

The structure for PM peak period shown in Figure 2-3 is fully incremental’’ because it uses the
incremental logit model at both the lower-level and upper level nests. The incremental form is highly
desirable because it relies on observed data that describes current conditions, rather than using models
to estimate these current conditions.

Derivation of changes in LogSum variable

In the fully incremental ST mode choice model, the changes in ridership between future and base-year
conditions are calculated based on the incremental logit formulation (Equation 2) both at the primary
level of hierarchy (i.e., transit vs. non-transit) and at the lower level (i.e., mode of access).

Because the incremental model requires the difference in the values of LogSum variable (i.e., DIFF
LogSum' for the mode of access), the underlying components of this difference need to be spelled out
first within the context of standard logit formulation (Equation 1). The derivation process starts by using
the definition of difference in the LogSum values and ends up with a simple formula consisting of the
logarithmic summation of the exponential difference in the utility of each mode (i.e., future minus base
year), weighted by the respective base year observed share. The mathematical derivation is presented
below.

15 McFadden,E., A. Talvities and Associates, “Demand Model Estimation and Validation, Urban Travel Demand Forecasting Project (UTDFP) Final
Report,” Vol. V, University of California, Berkeley, CA, 1977.

16 McFadden,E., A. Talvities and Associates, “Demand Model Estimation and Validation, Urban Travel Demand Forecasting Project (UTDFP) Final
Report,” Vol. V, University of California, Berkeley, CA, 1977.

17 Dehghani, Y., and R. Harvey, “A Fully Incremental Model for Transit Forecasting: Seattle Experience,” Transportation Research Board, Record
#1452, 1994.
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Incremental change in LogSum® of Equation 5 can be represented by

(6) DIFF LogSum®= Ln[exp(Viwai)+ exp(Viauo) 1 = Ln[exp(VPwaik) + exp(VPauto)]

Incremental change in LogSum for mode m (i.e., transit or auto), representing the upper-level of the
nested logit structure, can be written as

(7) DIFF LogSum™ = Ln {Sum";[exp(Vi+DIFF V;)]}—Ln {Sum"; [exp(Vi)]}
or

Sum'} [exp(V;+ DIFF V;)] 1
Sum? [exp(Vj)]

=Ln|

Sum' [exp(V;) X exp(DIFF Vj)]
Sumf [exp(Vj)] ]

=Ln|

=Ln [Sumri1 (Si X exp(DIFF V;))]
where

DIFF LogSum' = difference in LogSum term for transit mode t
(future—base year)
Vialk, Viase = the utility of walk and auto access modes in future
VPalo VPaue =  the utility of walk and auto access modes in the base year
DIFF LogSum™ =  difference in LogSum term for mode m (e.g., auto or transit)
in the upper level of the nested structure (future—base year)
Vi = the utility of submode i (e.g., walk or drive access attributes)
under nest n (e.g., transit)
Si = base-year observed share of using submode (e.g., walk or
drive access) under nest n
DIFFV; = difference in the utility (e.g., travel time) of submode i under
nest n (future—base year).

The coefficients of variables (e.g., travel time) included in the utility of a sub-mode i are equal to
comparable mode-choice coefficients from the upper-level nest for the same variables (e.g., travel
time), scaled by the corresponding LogSum coefficient (K').

Values for DIFF LogSum variables resulting from Equation 7 are used in the incremental logit formulation
(Equation 2) to estimate new interzonal modal shares. Nesting coefficients vary between 0.0 and 1.0 and
measure the degree of similarity and dissimilarity of a group of sub-modes from other modes in the
upper-level nest. For example, a nesting coefficient (K) of 1.0 on the transit nest of Figure 2-3 would
indicate that auto- and walk-access sub-modes are dissimilar (independent) from each other, implying
that they should have been structured simultaneously instead of within a nested form. In the absence of
any information to inform the selection of a nesting coefficient, an assumption of 0.50 is neutral. This
nesting coefficient of 0.50 is used for the PM peak mode-of-access nest in the ST model.
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2.4.2 Model specification and coefficients

As indicated in the previous section, since the mode-choice model structure is fully incremental, the
mode-specific constants fall out of the computations. Therefore, it is not necessary to estimate values
for modal constants. The model includes

e Travel time and cost variables in the utilities of the transit sub-modes, walk and drive access
(e.g., in-vehicle, out-of-vehicle times, transit fares)

e Travel time and cost variables in the utility of non-transit mode representing all travel in vehicles
other than public transit buses and trains.

The travel time and cost coefficients used in the ST model include the following:

e -0.025 for in-vehicle travel time (which falls within the FTA’s recommended range of -0.02 to -0.03
and is also used in the PSRC mode choice model) with a relative ratio of 1.5 for out-of-vehicle over
in-vehicle transit travel times, as derived from the base year (2016) model validation analysis.

e -0.00075 for travel cost (in 2016 dollars).

These coefficients imply a value of in-vehicle time of $20 (in 2016 dollars), which is about two-thirds of
average hourly wage rate for the Puget Sound Region. This value of travel time is also compatible with

values used over the last decade for tolling analysis on major WSDOT projects such as SR 520,%8 SR 99,

and Puget Sound Gateway.

2.4.3 Base year mode shares

Equation 2 illustrates the need for a reasonable estimate of S; (the existing shares for transit relative to
alternative modes), including existing mode-of-access shares. Development of these base shares, used in
the ST incremental model, is described below.

Transit shares
For the 2017 ST model version, a combination of data from the Washington Commute Trip Reduction

(CTR) Act surveys and the American Communities Survey (ACS) is used to establish base year transit
shares.

The State of Washington passed the CTR Law in 1991 to encourage commuters to consider
transportation alternatives to driving alone. Under this law, employers with 100 or more employees are
required to conduct a survey once every two years to record the commute options used by their
employees. The ACS is conducted on an on-going basis in order to provide up-to-date information for
planning. Further information about the CTR surveys and the ACS is provided in Appendix B.

The CTR (2011-2016) surveys provide transit shares at the zonal level with some limitations. These
limitations include an over-representation of transit users, related to employer size because the sample
excludes small employers.

The ACS data also has some limitations as it represents a sample of residences—only about 1 in 40
households annually. The Census Bureau produces three ACS data series: one-year, three-year, and

18 SR 520 Bridge Investment Grade—Traffic and Revenue Study Report, August 29, 2011.
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five-year estimates. Five-year estimates of ACS home-to-work flow by mode are currently available at
the County or Census Place geographies. To address the ACS data limitations, transit shares were
aggregated at the 6-district level for maintaining statistical confidence in the share values.

A 6-district level summary comparison of transit shares in the ST service area indicated that

e As expected, CTR transit shares are higher than those obtained from the ACS

e Most recent available ACS shares are slightly higher than those obtained from the 2000 U.S. JTW
data

Based on the findings from the above analysis, it is reasonable to adjust CTR transit shares relative to
ACS shares in the following manner in order to retain the CTR geographic detail:

e Aggregate CTR 2011-2016 surveys to the 26 districts at the work ends and 26 districts at the home
end and calculate transit shares accordingly. Calculating the shares at this level (i.e., 26-district to
26-district) preserves the variation in current mode-choice behavior for PM peak and, therefore, the
elasticities in the incremental logit model.

Adjust 26-district-to-district base transit shares based on using the 6-district-to-6-district transit shares
calculated from the most recent ACS five-year estimates as follows:

e Since the aggregated CTR shares are higher than the ACS shares at the 6-by-6-district level, reduce
the CTR shares proportionately using the ratio of the ACS share to the aggregated CTR share.

For calculating off-peak base shares, a procedure similar to the one described above was used with the
following exceptions:

o Aggregate CTR surveys at 26-district-to-26-district level and calculate shares accordingly
e Adjust CTR shares based on using 6-district level ACS shares similar to the method for peak shares.
e Balance the resulting 26-district-to-26-district share matrix by adding its transpose and dividing by 2

e Apply a factor of 0.5 to reflect the difference in base off-peak transit share relative to peak—this
factor was calculated based on recent ST 2011 through 2016 small-sample transit on-board survey
data.

Access shares

The 2017 ST model version relies on a matrix estimation process for the development of base-year trip
tables that is based on using a seed matrix with a high number of non-zero cells. The process includes
posting of ridership counts on appropriate segments and stops to capture existing demand at each park-
and-ride facility. These considerations, together with the fact that existing park-and-ride facilities are
adequately represented throughout the region provide a good database from which to calculate access
shares. Steps used to estimate access shares are summarized below:

e Perform a select segment analysis on segments representing potential PM peak demand to park-
and-ride facilities

e Aggregate the resulting demand matrix for PM peak auto-access trips and the total PM peak transit
trip table at 26 districts (work ends) and 165 FAZs (home ends)
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e Divide the aggregated trip tables to provide existing auto-access shares at a 26-district-to-165-FAZ
aggregation level.

2.4.4 Discussion of staged build-up analysis application

For future year forecasts, the ST incremental ridership forecasting modeling procedures are applied in
three distinct stages as highlighted in Figure 2-4. This application method explicitly recognizes a build-up
approach to the ridership forecasts and encourages the analysis of intermediate results in the process as
well as the checking of intermediate results for reasonableness. Specific contributions to changes in
ridership at each stage are calculated and analyzed separately as they build on each other. The three
stages are:

e Overall growth in travel related to population and employment growth
e Changes in ridership related to changes in highway congestion and costs
e Changes in ridership related to transit service changes, including transit fare changes, if any

By applying forecasting analysis in stages, the method also ensures that only those changes that are
important to the study transit alternatives will be considered. For example, it is common in ridership
forecasting (and preferred by the FTA) that only the changes in transit service be considered in the
future year comparisons of transit ridership. Therefore, all demographics, such as land use, trip
distributions, and gas and parking prices, are effectively held constant when comparing ridership on

transit alternatives.

FTA now considers transit benefits measures related to economic development effects and to land use
entirely separately from the ridership estimating process. Furthermore, by requiring current year
ridership estimates, with future years optional, FTA is de-emphasizing future year forecasts in favor of
simple network-based comparisons. As the FTA Policy Guidance points out, “Use of current year data
increases the reliability of the projected future performance of the proposed project by avoiding

reliance on future population, employment, and transit service levels that are themselves forecasts.”*®

Staging the forecasts in an incremental model explicitly isolates sources of error, makes consistencies in
the non-transit assumptions transparent, and reduces superfluous calculations. When only variations in
the transit service are under consideration, Stage 3 of the incremental model is the only step needed to
evaluate each proposed variation in transit service. This method does not preclude varying inputs other
than the transit service (i.e., for sensitivity testing) but allows such variation to be addressed simply and
specifically, rather than as a hidden piece of a very large and complex model.

2.5 Base-trip table development

The essential basis for incremental mode choice modeling analysis is the reliance on actual transit travel
patterns. Capturing existing travel patterns is achieved in the ST model by using available, pertinent data
that provide a complementary balance between origin-destination (O-D) data and detailed route-level
transit ridership information by direction and time-of-day for the base year. Chapter 3 includes a
detailed discussion of the process used to develop base year (2016) peak and off-peak transit-trip tables.

19 Final Interim Policy Guidance—FTA Capital Investment Grant Program (June 2016).
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FTA now considers transit benefits measures related to economic development effects and to land use
entirely separately from the ridership estimating process. Furthermore, by requiring current year
ridership estimates, with future years optional, FTA is de-emphasizing future year forecasts in favor of
simple network-based comparisons. As the FTA Policy Guidance points out, “Use of current year data
increases the reliability of the projected future performance of the proposed project by avoiding

reliance on future population, employment, and transit service levels that are themselves forecasts.”?

Staging the forecasts in an incremental model explicitly isolates sources of error, makes consistencies in
the non-transit assumptions transparent, and reduces superfluous calculations. When only variations in
the transit service are under consideration, Stage 3 of the incremental model is the only step needed to
evaluate each proposed variation in transit service. This method does not preclude varying inputs other
than the transit service (i.e., for sensitivity testing) but allows such variation to be addressed simply and
specifically, rather than as a hidden piece of a very large and complex model.

2.6 Stage 1—Changes in demographics

2.6.1 Formulation of Stage 1 forecasting analysis

The ST ridership forecasting analysis depends on PSRC model databases for the overall growth in travel
demand when performing future year forecasts. Growth estimates could either be derived from PSRC
model trip distribution results or directly based on forecasts of demographics. Travel growth factors for
the ST model are derived from published PSRC forecasts of households and employment growth.

Growth in total households and employment between 2016 and a future year is calculated at a FAZ level
and applied to the base year (2016) transit-trip tables using a two-dimensional matrix balancing method
(i.e., similar to a Fratar calculation). The results of the Stage 1 analysis are the estimated transit trips for
a future year. The secondary impacts of growth on transit demand (e.g., increased highway congestion
or costs) are not yet accounted for at the end of Stage 1.

A combination of households and employment is used in establishing the zonal growth factors applied at
the origin and destination end of the base year (2016) trip tables.

e Forthe PM peak period, a combination of 20 percent households and 80 percent of employment is
used to calculate the growth in PM peak transit origins and the reverse is used to calculate growth in
PM peak transit destinations.

e For the off-peak period, a combination of 50 percent households and 50 percent employment is
used to calculate growth for both origins and destinations.

e These factors are derived from ST on-board surveys conducted over the years 2011 through 2016.

20 Final Interim Policy Guidance—FTA Capital Investment Grant Program (June 2016).
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Because of earlier concerns about a supposed tendency of two-dimensional balancing to artificially

increase trip lengths, an examination is performed to determine any alteration in average trip length for

every application of the Stage 1 process. As highlighted in Figure 2-5, the balancing method has only

slightly changed the underlying average trip length frequency distribution exhibited in the base year

(2016) transit trip table. In fact, the average trip length and the standard deviation of the trip lengths
increase slightly upon application of the two-dimensional balancing. While this check on trip lengths is
performed for each new application of the Stage 1 balancing, the results of the checks have consistently

shown the process to be neutral for trip lengths.

Frequency
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Future Year PM PK Stage 1 Forecasts

Base Year PM Peak Period
Average Trip Length: 9.14
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Average Trip Length: 9.47
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Figure 2-5. Average trip length frequency distribution comparison
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2.7 Stage 2—Changes in highway congestion and cost

2.7.1 Formulation of Stage 2 forecasting analysis
Stage 2 considers how changes in highway congestion and auto costs (including parking, operating, and
insurance) will influence mode choice.

The ST ridership forecasts use the PSRC model version, as adopted by WSDOT for travel forecasting in
support of major highway projects, to estimate highway travel times. This highway model has been
refined and validated in recent years for use on the SR 99 Alaskan Way Viaduct & Seawall Replacement
project, the 1-90 tolling analysis, Puget Sound Gateway project, the Lynnwood Link and Federal Way Link
Extensions (see Appendix C). Base year (2016) zone-to-zone highway travel times are obtained directly
from Google travel time data (see Appendix B). Rate of change in highway travel times is obtained using
the PSRC model and applied to actual base year highway travel times to establish future year zone-to-
zone highway travel times. This incremental process is executed on the FAZ-to-FAZ highway travel times.

When a transit alternative significantly affects the highway system (e.g., taking freeway lanes for transit
facilities), additional analysis of future highway networks and congestion using the PSRC highway model
is required. Likewise, when a Build alternative has significantly higher ridership in a corridor than the No
Build alternative, an additional highway model application may be necessary to account for slightly
higher highway volumes in a No Build alternative.

In the Puget Sound region, transit fares and auto costs (except parking costs) are usually assumed to
increase only at the rate of overall inflation; therefore, they are usually immaterial to the ST model. The
ST model, however, includes these variables for use in sensitivity tests that are not directly part of
project planning ridership forecasts.

Stage 2 transit trip forecasts are calculated using the following incremental logit equation:

Stgl1Trn
St+ (1— S¢ )X[exp(K xDIFF LogSumyp,)]

(8) Stg2Trn =

where
Stg2Trn =  Stage 2 transit trip forecasts
StglTrn = Stage 1 transit trip forecasts
St = the base year observed transit shares
K = nesting coefficient on the auto nest
DIFF LogSumy, = Difference in the LogSum values due to changes in highway

congestion and auto costs (future vs. base year).

Data from the ACS and CTR surveys (for the baseline share),
highway skims, and auto costs are used in Equation 8 to
estimate the DIFF LogSumy, on the auto side.

Stage 2 transit-share forecasts (Stg2Shr) are also calculated as follows:

Stg2Trn X S

9) Stg2Shr = StgITmn
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Resulting from the Stage 2 forecasting analysis are the transit trips for a future year, having accounted
for factors external to the transit service itself. These results then serve as a platform for analysis of
ridership on alternative transit networks. Note that bus speed degradations are used in the Stage 3
forecasting analysis. They are, however, based on changes in the level of highway congestion estimated
using the Stage 2 PSRC model runs.

Note also that the final distance skim matrices from Stage 2 are saved for subsequent calculation of
vehicle-miles traveled when estimating the environmental effects of various transit alternatives. This
simple multiplication of a vehicle miles’ matrix by a New Riders matrix is now incorporated in the FTA's
Final Policy Guidance for estimating the environmental effects for New and Small Starts evaluations.?

In most project planning ridership forecasting, Stages 1 and 2 need not be calculated as often as Stage 3.
It is only when a transit alternative is presumed to have a strong effect on external factors, such as the
regional highway network, that the entire process would have to be cycled through. However, for the
New Starts project rating purposes, FTA discourages forecasts that are based on different externalities
for different alternatives.?

2.7.2 Estimation of parking costs

For the purpose of representing daily and hourly parking costs more accurately, a survey of parking costs
scattered around the parts of the region that have paid parking was conducted in 2017. Based on the
findings from this survey, base year daily parking costs were updated. This update compared target daily
values with observed hourly parking rates, showing that the ratio of hourly-to-daily parking averaged
around 25 to 30 percent, with a range from 10 percent in South Lake Union to 42 percent in downtown
Seattle and around Seattle Center.

According to the limited historic information available, real parking costs have averaged an annual
growth of approximately 1.5 percent since 1960. This is primarily attributable to changes in employment
density, which has averaged similar growth over the last five decades. Forecast increases in employment
density at the FAZ-level are used to estimate future year changes in real parking costs. This results in
parking cost increases around the region varying between 0.5 and 2.0 percent per year between 2016
and 2040. The average for all zones for which there are parking cost increases is around 1.0 percent
annually, with the weighted average being considerably lower.

2.7.3 Estimation of other costs and median income

Because auto operating costs in the Puget Sound region are usually assumed to increase only at the rate
of overall inflation, they are less significant to ST models. Base-year (2016) and future auto operating
costs are estimated at about $0.19 per mile (in 2016 dollars). Auto operating costs also include any
relevant tolls or driving fees. The ST model assumes a conservative 0.5-percent annual (real) growth in
income.

2! Final Interim Policy Guidance—FTA Capital Investment Grant Program (June 2016).
22 Final Interim Policy Guidance—FTA Capital Investment Grant Program (June 2016).
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2.8 Stage 3—Changes in transit service

2.8.1 Formulation of Stage 3 forecasting analysis

In the third and final stage of the forecasting analysis, the incremental changes in the transit level of
service, including transit fares, are considered. This change (as indicated in Section 2.4.1) is reflected in
the resulting relative values of the LogSum; variable using the base-year and future transit networks.

The Stage 3 transit shares and ridership forecasts are calculated as follows:

Pac X LOS,¢

10 P'ac =
( ) Pac X LOSac+ (1— Pac)x LOSyk

and

Stg2Trn x[exp(K xDIFF LogSumy)]
Stg2Shr x[exp(K XDIFF LogSumy)]+ [1—Stg2Shr]

(112) Stg3Trn =

where
LOS,. = Difference in (future vs. base year) utility of the park-and-
ride access submode
LOSwk = Difference in (future vs. base year) utility of the walk-access
submode
ac = Forecasted Stage 3 shares for the auto-access mode
P.. = Base-year observed shares for the auto-access mode,
derived from the base year trip table development process
reflecting actual counts on park-and-ride facilities.
K = Nesting coefficient
DIFF LogSum; = Difference in the LogSum values due to changes in transit

level-of service (future vs. base year)

Transit service that is taken into consideration in the ST model Stage 3 forecasting analysis is
represented by means of a coded network. Details on transit network preparation are included in
Appendix D. Treatment of bus speeds in the ST model includes the degradation of bus speeds due to
roadway congestion, estimated by the PSRC model in a manner developed in consultation with the
FTA.Z Bus speed degradation is considered in Stage 3 forecasting analysis and held constant among
alternatives. It is applied only to bus run time in mixed traffic (excluding high-occupancy vehicle lanes)
and not to dwell and lay-over time components.

2.8.2 Transit fares

Any changes in transit fares are considered in Stage 3 of the ST model, along with changes in transit
service. However, fares are always held constant among alternatives. Transit fare matrices were
developed for the ST model and were assumed to be:

e The zone-to-zone averages in effect in 2016 (for the base year)
e The zone-to-zone averages in effect at the start of a project (for all future years)

2 Billen, D., Sound Transit, “Updated Treatment of Bus Speeds in the Sound Transit Model,” Memorandum to Eric Pihl of FTA, dated August 1,
2002. A copy of this memorandum is included in Appendix D.
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e Independent of transit path choices

Independence from path choice is a reasonable approach to fares with the RTA District. The path-
independent approach to transit fares also aligns with FTA’s guidance to keep any fare-related utility
differences between alternatives to a minimum. Upon the introduction of the ORCA smart card as the
primary fare medium for all transit operators in the District, zonal fares are more appropriate than path-
based fares. For most trips within the District, the fare implications of path choice and transfers have
become less critical for forecasting. This is due to the very high market penetration of the regional
employer pass programs, to the wide use of ORCA smart cards and to the refined agreements among
the transit operators for assigning cash value to trips involving more than one transit vehicle or more
than one transit agency.
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3 Base Year Transit Trip Table Development and Validation

Before a model can be used for transit travel analysis, it must be validated. The process of validation
involves comparing the performance of the model to the most recent observed data sources available to
confirm that the model is accurately replicating current transit travel patterns.

An incremental approach, which is used in the ST model, generally reduces the need for validation
because it relies not on travel behavior theory, but on current data. However, it is still useful to check
the overall performance of the model against current known conditions.

This model version represents a departure from previous versions, primarily because of a significant
increase in the amount of data available in the Puget Sound Region for describing current transit travel.
The most significant of these is the availability of ORCA fare card transaction data, which removes the
need for an ad hoc assembly of disparate seed matrix sources.

The availability of detailed and accurate system-wide peak and off-peak transit speed data from AVL
systems enables a complete revision to previous methods for posting transit speeds. Of further
significance, has been the increased detail and improved sample rates for the APC data, including stop-
to-stop volumes and boarding and alighting details by stop.

This chapter is organized into three sections. Section 3.1 describes the data preparation, including
network data, ridership count data, and seed matrix data. Section 3.2 describes the base year matrix
estimation process. Section 3.3 describes the base year (2016) validation results and the final transit
demand matrices.

3.1 Data preparation

3.1.1 Transit network

To facilitate translation of speeds and other geographic data to and from the model networks, all model
networks are now converted to the XY coordinate base used in most local GIS and transportation
applications (i.e., Washington State Plane North coordinates). Documentation of this shift of the
coordinate system is provided in Appendix D.

Transit operating speeds are no longer estimated from posted schedules and spot data from terminus-
to-terminus reliability reports, but directly from AVL systems managed by the transit operators. Thus,
average speeds for every stop-to-stop segment within the RTA district boundaries are posted from the
measured average speeds directly to the ST Model transit network. Documentation of this direct
translation of operating data to model speeds is also provided in Appendix D.

Regional transit agencies currently implement two service changes each year, in late September and late
March.

e This model version is constructed on a transit network base covering the winter 2016-2017 service
levels (late September 2016 to late March 2017). We refer to this network as the 2016 Base Year
network even though it spans six months over portions of two calendar years.
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e The Base Year transit network thus includes the two recently opened Link light rail extensions—
north to the University of Washington in March 2016 and south to Angle Lake in September 2016.

e The Base Year transit network also includes associated King County Metro (KCM) bus service
changes implemented in response to those Link extensions.

e The Base Year transit network reflects all bus service as operated by all operators throughout the ST
District for this winter 2016-2017 Base Year service period.

e Bus and rail headways are still obtained from agency posted schedules.

e Headway management data is now available stop-by-stop only for rail lines but are not available for
bus lines. Such data may be useful in the future for adjusting model headways to data-driven
perceived headways.

e All fixed-route fixed-schedule public transit services within the ST District are included, except for
lines with fewer than six scheduled trips per weekday.

o Demand-response services, dial-a-ride services, employer provided services, and ferry services are
omitted from the transit network.

3.1.2 Passenger counts data

Current passenger counting techniques have improved greatly, both in their accuracy and their level of
available detail. This may be especially true here in the Puget Sound Region, although the technologies
used are now widely available. The sampling rate for counts in this region is now over 25 percent on
local bus lines, 30 percent on Link light rail, 50 percent on bus rapid transit lines, and 100 percent on
commuter rail lines. Likewise, the detail available includes all stops, all segments, and all times of day by
direction and vehicle trip.

The resulting data, averaged over a half year or over a quarter, should be considered perfectly reliable
as a precise snapshot of current transit travel. Use of this level of existing detail resolves a significant
portion of potential Base Year error. Detailed ridership counts were obtained from all transit operators
within the RTA district boundaries. For the winter 2016-2017 service period described above, these
operators are

e King County Metro
e Pierce Transit

e Community Transit
e Everett Transit

e Sound Transit

All the above operators supply complete ridership data from on-board APC systems. This data includes
boardings and alightings by stop or station, by line, by direction, by trip, and by time of day. For use in
the ST Model, the counts data is consolidated into segment volumes by line and by direction for peak
and daily volumes and peak and daily boardings and alightings by stop or station. Off-peak counts are
calculated from daily counts so that the daily counts remain control totals for all APC data. The
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consolidated counts data is processed directly into various stages of the matrix estimation process as
described in Section 3.2.

e The PM peak period is defined as 3:00 p.m. to 6:30 p.m. for the partitioning and consolidation of the
counts. This time-period allows specification of the peak-only services and peak-specific train and
bus frequencies.

e For the ST model, an AM peak period is not defined or used directly in the model.

e Daily counts are consolidated into 24-hour totals for an average weekday within the six-month
period described above.

e The daily counts always represent control totals for the boarding, alighting, and segment volume
counts.

e Off-peak counts for use in the off-peak matrix estimation process are calculated as daily counts
minus the PM peak counts minus the inverse of the PM counts, then balanced by direction.

e Detailed boarding and alighting counts by stop or station, line, direction, and time-period are
retained for use in Matrix Estimation Quality Control (QC) exercises.

e QC methods include both machine error trapping and direct inspection of results on the model
network.

e Further QC efforts are undertaken during the matrix estimation process as issues and
inconsistencies arise in transit demand assignments produced over many iterations of matrix
estimation.

The number of counts posted and the precise locations of the postings changes somewhat during the
iterative matrix estimation process in response to issues arising in the QC process. Therefore, the
number and types of posted counts are described in Section 3.2.

3.1.3 Data for seed matrices

Because of the difficulties inherent in attempting to accurately estimate or synthesize the shape of
travel demand O-D matrices, the ST Model now uses primarily ORCA fare card data to construct the
shape of the Base Year transit trip tables. This source substantially replaces the sparse and outdated
rider O-D data from on-board surveys used in previous model versions.

e The widespread use of regional fare cards provides a very large sample of transit travel patterns
(over 60 percent regionally and over 75 percent on ST rail and bus services). Not all of this ORCA
data is directly usable for the seed matrices for a variety of reasons related to fare collection
anomalies. However, the usable data sample remained very large, about 50 percent.

e Additional transit rider data from recent Washington CTR peak commute surveys and recent ST on-
board rider surveys are also used, to the extent that they open new cells in the seed matrices.

The ORCA data has some specific advantages compared to sources of O-D patterns used in previous
model versions. These include
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e The data contains all types of transit trips, regardless of trip purpose, and is not skewed toward
commute trips or long trips.

e The trip sample is so large that the potential response bias is minimal, compared to the sparse
surveys used by ST over many years.

e The data is very detailed regarding time-of-day.

o The data is the first reliable large-sample information on transfer rates and transfer locations, now
using a consistent regional definition of transfers.

e Because of its detailed information on transfer behavior, ORCA data provide data-driven rather than
model-estimated totals of observed linked-trips for peak, off-peak, and daily transit travel, now
using a consistent definition of what constitutes a linked-trip.

Data analysis and trip table preparation is a cooperative effort between ST and the Washington State
Transportation Center (TRAC) at the University of Washington. Details of the ORCA data processing and
geocoding to the ST Model 807-zone system are provided in Appendix B.

Some relevant basic information on the ORCA data details presented in Appendix B would include
e ORCA data is obtained for all transit operators on all lines operating within the ST District.

e The data chosen covers weekdays over a 9-week period from March 26, 2016, through May 28,
2016, after the University Link extension opened but prior to the Angle Lake station opening.

e Trips included in the resulting seed matrices account for 20.4 million weekday boardings, of which
4.9 million boardings involve transfers. This translates into an average weekday transfer rate of 1.32.

e The ORCA data comprises 97 percent of all trips in the two resulting (PM peak and off-peak) seed
matrices and accounts for 90 percent of the O-D open cells. Total open cells amount to 29 percent of
the available cells in the two 807-by-807 seed matrices.

3.2 Matrix estimation

Matrix Estimation (ME) in the ST transit model creates Base Year transit demand matrices, which
replicate measured existing average weekday transit flows.?* The methodology requires well-validated
networks, precise ridership counts, and seed matrices of peak and off-peak transit demand in a zone
structure tailored to the transit networks. The method uses an iterative gradient-reduction approach to
minimize the differences between estimated and observed ridership counts posted at designated
locations on the network.

The objectives of the ME process are to achieve a close match between estimated and actual peak and
daily

e Transit volumes
e Boardings and alightings at all stations and at major BRT and high ridership bus stops

24'The updated ST model was implemented in the current EMME Software (version 4.3.3). The Matrix Estimation process in the current EMME
Software was used to develop base year (2016) demand matrices.
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e Boardings by line
e Average trip length by operating agency and mode and by line for rail lines and BRT lines

3.2.1 Stepwise matrix estimation

It is possible to run ME in a single process which considers all routes at once and to achieve reasonable
R-squared, slope, and intercept results for the major transit lines at their high-volume locations. The
gradient-reduction measures with this method may indicate relative closure after about 25 iterations
showing an apparent equilibrium between the lines and the matrices.

This apparent equilibrium is deceptive because closer examination of results of a single-step approach
reveals that low-volume and medium volume lines and some low-volume segments on high-ridership
lines may show serious mismatches in the resulting volumes. In the type of detailed analysis ST requires
from this model, such relatively minor errors in the Base Year validation and in forecasting situations can
seriously detract from the usefulness of the model.

Therefore, the ME is performed in a sequential and cumulative manner. Performing the ME in this
manner mitigates the dominance of high-volume routes and allows better alignment of the counts data
within subareas and within service types. The specification of the matrix estimation process in steps is
shown in Table 3-1.

Table 3-1. Specification of matrix adjustment in steps

Step
No. Count Posting Type Routes Considered
Step 1 Segments Include segment counts from Pierce Transit, Everett Transit, Community Transit
(excluding SWIFT line), and KCM 900 routes
Boardings/Alightings | Bus boardings/alightings on RapidRides A/C/D, ST express bus, and KCM mid-town mid-
range routes
Step 2 Segments Step 1 + KCM local routes and street car + ST routes 541/556/566/596
Boardings/Alightings | Same as Step 1
Step 3 Segments Step 2 + KCM mid-town, mid-range routes
Boardings/Alightings | Same as Step 1
Step 4 Segments Step 3 + CT SWIFT + all ST and KCM routes excluding C/D/E/545/550/Sounder/Light Rail
Boardings/Alightings | Same as Step 1
Step 5 Segments Step 4 + RapidRides C/D/E + ST routes 545/550
Boardings/Alightings | Step 4 + boardings/alightings for Sounder
Step 6 Segments Same as step 5
Boardings/Alightings | Step 5 + boardings/alightings for Light Rail

The segment counts are first grouped based on the markets and the service type. Then, the matrix
adjustment is performed on each group by cumulatively including the segment loads from all the
previous groups and using the previous result matrix as a new seed matrix. Such a step-wise matrix
estimation process allows adjusting the transit-trip table for low volume segments before including the
next level of higher volume segments. This allows the ME adjustment method an opportunity to adjust
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segments or stops with low volumes as well as segments with high volumes. The adjustments to low-
volume segments or stops are not greatly modified as the higher-volume segments are brought in, so
low-volume information is retained.

3.2.2 Calibration of path parameters

The approach to ME outlined above is complemented by an extensive and rigorous path analysis effort.
This effort involves comparisons over many runs of ME against all available data, including agency data
on line boarding and alighting locations, average trip lengths, route segment volumes, and other data
available for the Base Year.

The parameters used in path-building are of critical importance in estimating path changes between an
existing network and a proposed network, whether the proposed network postulates minor or major
changes. These parameters include walking speeds, “escalator” link lengths, auto-access parking lot walk
link lengths, boarding penalties, and weights or perception factors applied to the various components of
out-of-vehicle time.

Previous ST model versions used a variety of weakly-calibrated assumptions, often postulated from
external sources. The wealth of detail available for this model calibration enabled the first serious check
of those postulated parameters. Since the parameters should be held constant through Matrix
Estimation, Base Year assignments, mode choice skims, and final assignments, they are calibrated during
the ME process.

The calibration involves many iterations through ME and final assignments. This requires constant
checks against aggregate data, such as actual transfer rates, and detailed data, such as route-level and
bus-stop-level boardings and alightings. An extensive analysis of outlier routes using scatterplots of
estimated vs. actual boardings/route and average trip lengths is particularly productive in parameter
calibration. These checks also provide as a byproduct, extensive QC checks on minor errors in the counts
data and minor network coding errors. Table 3-2 shows the more important resulting path-building
parameters.

The iterative check of assignment result details also includes review of important transfer locations, with
emphasis on locations of existing rail transfers, and bus transfer activity at likely future rail transfer
locations. Virtually all likely future rail transfer locations are on existing BRT or ST Express Bus lines.

Finally, the iterative ME calibration process allows adjustment of the count data posting locations,
including moving or adding segment count locations to capture minor variations in the market profile
along individual routes. For this model version, it allows posting boarding and alighting data at all rail
stations and the major BRT and ST Express Bus stops. The final PM peak ME relied on posted actual
ridership values at 1140 line segments and 180 stations or stops. The off-peak ME used about

80 percent of these, reduced by the presence of some having no off-peak service, e.g., Sounder
Commuter Rail.
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Table 3-2. Boarding penalty, wait time factor, and escalator
link parameters

Regular Bus Stops

Boarding penalty 4.0 minutes
Wait time factor 0.60
Escalator link NA

Transit Centers®

Boarding penalty 3.0 minutes
Wait time factor 0.50
Escalator link NA

Downtown Bus Tunnel

Boarding penalty 3.0 minutes
Wait time factor 0.50
Escalator link 1.4 minutes

Rail Stations (surface)

Boarding penalty 1.5 minutes
Wait time factor 0.50
Escalator link 1.2 minutes

Rail Stations (tunnel or elevated, excluding Downtown Seattle
Transit Tunnel stations under joint operations)

Boarding penalty 1.5 minutes
Wait time factor 0.50
Escalator link 1.4-2.4 minutes

! List of Major Transit Centers (TC):

1) Bellevue TC 13) Lakewood TC

2) Federal Way TC 14) Everett Station

3) Northgate 15) Tacoma Community College
4) Burien TC 16) Tacoma Commerce St

5) Kent Station TC 17) Tukwila International Boulevard
6) Auburn Station TC 18) Tukwila Station

7) Kirkland v 19) Lakewood Station

8) Overlake TC 20) Sumner Station

9) Aurora Village TC 21) Puyallup Station

10) Renton TC 22) Issaquah TC

11) Lynnwood TC 23) West Seattle

12) Tacoma Dome Station 24) Ballard
Related Assumptions:
- Walk speed = 2.5 mph
- Weight factor on out-of-vehicle travel times = 1.5
- Weight factor on the auxiliary walk times on 1st, 2nd, 3rd and 4th Avenues in
downtown Seattle leading to King Street Station = 1.0

March 2018 | 33



Transit Ridership Forecasting Methodology Report

3.2.3 Sensitivity test using ST3 build network

Understanding the performance of this model version compared to the previous version, i.e., the 2014
Base Year version used for the ST3 planning work, suggests applying a Current Year sensitivity test using
the ST3 Build network. This requires a Current Year forecast using the new model version for
comparison with the previous Current Year forecast for ST3 performed using the 2014 model version.
Not only does this provide additional QC opportunities, especially on the network specifications, but it
enables several checks on the model application to future networks, which include significant expansion
of the rail system and realignment of the bus systems.

This is particularly important for understanding the relevance of unassigned trips. These trips are short
trips which are in the seed matrix and therefore known to have occurred on transit, but which are
assigned as walk-only paths. The trips therefore never appear as transit boardings or segment volumes.

The change in the transit path times between the Base Year network and a future network, such as the
ST3 Plan network, results in some of these short trips having efficient paths using rail segments in the
future network, even though they were erroneously assigned as walk-only trips in the Base Year
network. Identification and analysis of unassigned trips is necessary to minimize discrepancies between
the trip tables and the resulting transit network values.

3.2.4 Identification and removal of unassigned trips

Unassigned trips are analyzed by network analysis of the assignment results, especially network analysis
of those trips assigned by themselves. Because EMME transit assignments are multi-path, unassigned
trips in the ST model tend to be unassigned portions of trip values within certain O-D pairs, in particular
closely adjacent zones.

Careful examination of the transit paths and fine-tuning of network elements in areas of dense transit
demand and dense network structure enables the reduction of the total unassigned trips from 14,000 to
6,700, when correcting path elements on the Base Year network. In the application of the sensitivity test
described above as a Current Year forecast on the ST3 Build network, the unassigned trips are reduced
to 3,800. This includes the removal of 2,000 ferry trips double-counted upon the introduction of ORCA
data as the primary source for transit travel patterns.

The final effect of the matrix estimation on the travel patterns in the initial seed matrix is summarized in
the trip length frequency distribution comparison shown in Figure 3-1. This comparison is between the
seed matrices at the start of ME and the resulting final Base Year demand matrices. Trip lengths in this
figure are for entire zone-to-zone linked-trips. For consistency, the transit trip lengths for this
comparison are based on a common neutral highway distance between zones.

As shown, the ME process has not impacted original shape exhibited in the seed matrix. It has only
reduced the number of transit trips longer than 6 miles and increased the number of trips shorter than
6 miles. It has correspondingly reduced average transit trip length to 8.36 miles from almost 10 miles in
earlier model versions.
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Figure 3-1. Average weekday (2016) trip length frequency distribution comparison: Seed matrix vs. matrix-
estimated trip table

The validation analysis results for Base Year (2016) transit-trip table development are discussed below.

3.3 Base Year (2016) validation results

The validation analysis focuses on evaluating both the transit trip tables from the matrix estimation
process and the accuracy of the assignment results. These are reflected in

e System-wide linked and unlinked trips and the system-wide transfer rate
e Transit boardings comparison by agency and mode

e Rail station boardings comparison for all existing stations

e Transit ridership volumes in locations relevant to major ST3 projects

e Average transit trip length comparison by operator

e Peak and daily boardings by transit line
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Table 3-3 presents system-wide linked transit trips and unlinked transit trips by operator and mode. The
estimated trips closely match the actual trips in all cases, reflecting the breadth and quality of the
network inputs, the counts, and the seed matrix travel patterns from ORCA data.

Table 3-3. Systemwide 2016 linked and unlinked transit trips comparison: PM peak period and average weekday

PM Peak Period (3:00-6:30 PM) Average Weekday

Actual® Estimated Est/Act Actual® Estimated Est/Act

Linked transit trips 145,500 151,900 467,000 466,900 1.00
Total Boardings by Operator
KC Metro 119,500 122,200 1.02 397,000 384,200 0.97
Sound Transit 51,300 52,500 1.02 151,600 151,600 1.00
Pierce Transit 6,700 7,200 1.07 27,000 28,800 1.07
Community Transit 11,100 11,600 1.05 34,000 32,600 0.96
Everett Transit 2,000 1,900 0.95 7,000 7,000 1.00
Three-county total boardings 190,600 195,400 1.03 616,600 604,200 0.98
Systemwide transfer rate? 1.31 1.31 1.00 1.32 1.32 1.00
Rail and Regional Bus Boardings
Central Link Light Rail 22,100 21,800 0.99 68,400 67,700 0.99
Tacoma Link Light Rail 900 900 1.00 3,600 3,100 0.86
Commuter Rail 8,500 8,400 0.99 16,600 16,900 1.02
ST Express Bus 19,800 21,500 1.09 63,000 63,900 1.01

! Actual boardings are the actual counts for the winter 2016/2017 obtained from transit agencies.
2 Transfer rates are calculated by excluding unassigned trips.

The total estimated PM peak linked transit trips are 151,900, which is 32.5 percent of the total weekday
467,000 linked transit trips.

In this model version, the actual transfer rates of 1.32 for average weekday and 1.31 for PM peak are
known for the first time, due to the availability of ORCA fare card data, as described above in

Section 3.1.3. These observed transfer rates are also the basis of the 467,000 (for average weekday) and
145,500 (for PM peak) actual linked trips shown in the first row of Table 3-3 for the transit system. The
definition of what exactly constitutes a linked trip is now closely tied to the regional agreement on fares
and transfer policies, managed by Sound Transit and agreed upon with the other transit operators. The
primary purpose of the regional agreement is revenue sharing among the operators, for which transfer
information is an important input.

The close match between estimated and actual boardings by agency and mode is evident in Table 3-3.
Both estimated and actual boardings reflect the same model Base Year period and bus service period,
late September 2016 through late March 2017.
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Table 3-4 and Table 3-5 show station-by-station comparisons of estimated versus actual station
boardings for the same period. The closeness of the estimates to the counts at this level of detail is
explained by the introduction of boarding and alighting counts, augmenting the segment line volume
counts in the ME process.

Table 3-4. Average weekday (2016) light rail station boardings comparison

Station Name Actual Estimated Est/Actual
uw 9,400 9,400 1.00
Capitol Hill 8,000 8,000 1.00
Westlake 10,200 9,900 0.97
University Street 5,300 5,200 0.98
Pioneer Square 4,100 3,900 0.95
International District 5,600 5,500 0.98
Stadium 1,300 1,400 1.08
SODO 1,900 2,000 1.05
Beacon Hill 2,900 2,900 1.00
Mount Baker 2,300 2,200 0.96
Columbia City 2,400 2,500 1.04
Othello 2,400 2,500 1.04
Rainier Beach 1,900 1,900 1.00
Tukwila International Blvd 2,900 2,800 0.97
Sea-Tac Airport 5,000 4,900 0.98
Angle Lake 2,900 2,700 0.93
Total Station Boardings 68,500 67,700 0.99

Table 3-5. Average weekday (2016) commuter rail station boardings comparison

Station Name Actual Estimated Est/Actual
Everett 300 300 1.00
Mukilteo 200 200 1.00
Edmonds 400 400 1.00
King Street 6,800 7,000 1.03
Tukwila 1,000 1,000 1.00
Kent 1,900 2,000 1.05
Auburn 1,500 1,600 1.07
Sumner 1,200 1,200 1.00
Puyallup 1,500 1,500 1.00
Tacoma Dome 1,200 1,200 1.00
South Tacoma 200 200 1.00
Lakewood 400 300 0.75
Total Station Boardings 16,600 16,900 1.02

March 2018 | 37



Transit Ridership Forecasting Methodology Report

Table 3-6 compares estimated and actual bus ridership volumes at eight locations in major transit
corridors. These locations are chosen for their relevance to major rail and BRT projects in the ST3
System Plan. The comparison illustrates that the existing base year volumes are closely approximated by
the Base Year model in corridors which will be of interest over the term of this model version.

Table 3-6. Comparison of 2016 estimated and actual average weekday volumes—Ilocations relevant to major ST3
Projects

ST3 Projects Actual Estimated
Link Extensions

Everett Extension: Routes 510/512/513/532 & Sounder, north of Ashway 4,700 4,400
Tacoma Extension: Routes 574/586/590/592/594/595 & Sounder, at county line 14,600 14,600
Ballard: RapidRide D at Magnolia Bridge 6,700 7,100
West Seattle: RapidRide C at West Seattle Bridge 7,000 7,100
1-405/SR 522 BRT Projects

1-405 BRT: Routes 532/535, at county line 2,500 2,500
1-405 BRT: Routes 560/566/567, at Coal Creek 2,300 2,200
1-405 BRT: Route 560 at Tukwila 900 800
SR 522 BRT: Route 522 at Kenmore 2,400 2,400

Table 3-7 and Table 3-8 contain summaries of the Base Year PM peak and daily trip tables at 10 x 10
districts. A map of the 10 districts is shown in Figure 3-2. Note that the totals for each of these matrices
are the same as the totals presented in Table 3-3. These tables are the result of the matrix estimation
process, representing a snapshot of the Base Year transit demand within the 3-county ST district. The
matrices are the platform for subsequent work using the staged incremental transit demand model as
described in Chapter 2.

Estimated and actual base year average in-vehicle trip lengths are compared in Table 3-9. Actual trip
lengths shown are for the length of travel in each transit vehicle, derived from agency-reported total
passenger-miles and boardings by mode. Thus, these trip lengths are not directly related to the overall
zone-to-zone linked-trip lengths shown in Figure 3-1. The shorter average trip lengths on ST Express bus
lines (8 percent low) are indicative of matrix estimation process estimating greater than actual rider
turnover on some of the longer of these lines. The directional volumes on segments along these lines
match the volume counts very closely.
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Table 3-7. 10-district base year (2016) PM peak period transit trip table

2 Q 9
o =] [=] =
- © oM ©
< Q o ]
2 wn o iz
= £ B £
(] = ®© S
w [=] Q o
(=] 4 (7] (%]

Origin totals
Origin shares

- 500 1,500 100 200 100 100 100 - - - 2,600 1.7%
m- 100 200 200 400 100 100 100 - - - 1,200 0.8%
- 200 1,500 1,200 11,700 2,200 4,600 1,600 900 300 200 24,400 16.1%
- 900 4,000 1,200 10,200 2,100 17,900 7,100 7,000 1,200 1,300 52,900 34.8%
- 400 1,600 600 6,400 5,300 13,800 2,300 5,200 600 1,200 37,400 24.6%
m 300 1,000 100 1,100 1,000 1,500 7,200 900 - 100 13,200 8.7%
m- - 100 - 300 900 1,800 200 7,400 400 900 12,000 7.9%
n - - - - - 100 - 200 2,600 1,100 4,000 2.6%
m - - - - - - - 100 800 900 1,800 1.2%
4,100 10,200 3,500 30,400 11,700 39,900 18,700 21,800 5,900 5,700 151,900 100.0%
2.7% 6.7% 2.3% 20.0% 7.7% 26.3% 12.3% 14.4% 3.9% 3.8% 100.0%
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Table 3-8. 10-district base year (2016) average weekday transit trip table
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South Seattle

Origin totals
Origin shares

I Seattle CBD

10,600

1,600 6,100 700 2,100 4,600 1,800 1,300 100 - - 18,300 3.9%

200 700 1,000 2,700 1,800 1,000 300 100 - - 7,800 1.7%

- 400 2,100 2,700 38,500 17,900 16,200 4,300 1,900 400 200 84,600 18.1%
- 1,100 4,600 1,800 18,000 6,600 37,000 10,300 11,500 1,500 1,600 94,000 20.1%
- 600 1,800 1,000 16,200 37,000 46,100 5,400 11,000 900 1,400 121,400 26.0%
m 400 1,300 300 4,300 10,300 5,400 22,400 1,700 - 100 46,200 9.9%
mn 100 100 100 1,900 11,500 11,000 1,700 25,900 1,100 1,300 54,700 11.7%

Tacoma - - - - 400 1,500 900 - 1,100 10,000 3,700 17,600 3.8%

- - - 200 1,600 1,400 100 1,300 3,700 3,400 11,700 2.5%
DESTGENC RIS 10,600 18,300 7,800 84,700 93,900 121,400 46,200 54,700 17,600 11,700 466,900 100.0%
Destination shares 2.3% 3.9% 1.7% 18.1% 20.1% 26.0% 9.9% 11.7% 3.8% 2.5% 100.0%
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Figure 3-2. 10-district map
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Table 3-9. Estimated and actual base year (2016) average weekday
in-vehicle trip length comparison

Transit Operator m Estimated Est/Actual

King County Metro 0.95
Sound Transit Link 6.1 6.1 0.99
Sound Transit Sounder 24.8 24.0 0.97
Sound Transit Express Bus 14.3 13.1 0.92
Pierce Transit 4.1 4.0 0.98
Community Transit 9.3 8.5 0.91
Everett Transit 3.8 4.1 1.08
Systemwide 6.2 6.0 0.97

1 Bus values are from 2016 National Transit Database; Rail values are from ST winter 2016/2017
counts

Figure 3-3a, Figure 3-3b, Figure 3-4a, Figure 3-4b and Figure 3-5 summarize comparisons of estimated to
actual line boardings for every transit line in the region. These are more rigorous validation tests than a
comparison of posted line segment volumes, since the matrix estimation process aims at precisely these
segment matches. The process consistently returns R-squared values between 0.98 and 1.00. The
comparisons of line boardings validates in greater detail the ability of the model estimates to replicate
base year ridership profiles on a line-by-line basis.

Note that this attention to line detail is particularly important when a network-based model is to be
used to estimate line volumes and station boardings for future rail line extensions. Validations against
transit screenline counts do not provide sufficient confidence for forecasts of ridership on specific lines
or line segments.

This line-by-line validation test assists the supplemental analysis of outlier bus lines, especially some
mid-range ridership lines. The outlier analysis, including stop-level review of actual line profiles, provides
strong additional QC on the networks and the counts.

Figure 3-3a and Figure 3-3b illustrates the PM peak line boardings comparisons, including and excluding
the rail lines, with R-squared values of 1.00 and 0.98, respectively. Figure 3-4a and Figure 3-4b illustrates
the average weekday line boardings comparisons, including and excluding the rail lines, with R-squared
values of 1.00 and 0.99, respectively. The comparisons excluding the rail are necessary because of the
dominance of Link ridership when it is included.

Finally, Figure 3-5 illustrates the average weekday boardings comparison for ST Express bus lines only,
with an R-squared value of 0.98 and a slope of 0.99.
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Figure 3-3a. Comparison of base year (2016) PM peak period transit line boardings (all agencies)
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Figure 3-3b. Comparison of base year (2016) PM peak period transit line boardings (all agencies, but excluding light rail and commuter rail)
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Figure 3-4a. Comparison of base year (2016) average weekday transit line boardings (all agencies)

March 2018
| 45



Transit Ridership Forecasting Methodology Report

20,000
18,000 -
y = 0.94x + 75
2=0.99
16,000

14,000

12,000

10,000

8,000

Estimated Daily Boardings

6,000

4,000

2,000

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000

Actual Daily Boardings

Figure 3-4b. Comparison of base year (2016) average weekday transit line boardings (all agencies, but excluding light rail and commuter rail)

46 \ March 2018



Transit Ridership Forecasting Methodology Report

12,000
y = 0.99x + 31 0
R2= 0.98
10,000 - o
Number of Transit Lines = 27

8,000 -
&
=
<
o)
M
B
= 6,000 A
A
o
8
£
= 4000 -

2,000 A

O - g T T T T T
0 2,000 4,000 6,000 8,000 10,000 12,000

Actual Daily Boardings

Figure 3-5. Comparison of base year (2016) average weekday transit line boardings (ST express bus only)
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Appendix B: ORCA and Surveys Data

This appendix includes a summary of the recent ORCA and surveys data used to update the 2017 version
of the Sound Transit (ST) Ridership Model. This model version represents a departure from previous
versions, primarily because of a significant increase in the amount of data available in the Puget Sound
Region for describing current transit travel. The most significant of these is the availability of ORCA fare
card transaction data used to create peak and off-peak seed matrices and provide a realistic estimate of
transfer rates. ORCA data is now the primary source of shaping transit travel patterns. It constitutes
opening 26 percent of (zone-to-zone) cells in the seed matrices with non-zero values. Commute trip
reduction (CTR) and ST surveys open, respectively, an additional 3.0 and 0.3 percent of the cells.

B.1 ORCA Data

The ORCA card is a smart card technology to allow transit users to easily pay fares by tapping the card
against an electronic card reader. The card enables seamless transfers between transit systems thanks
to revenue-sharing agreements between transit agencies in the region. Transit users are incentivized to
use the card instead of cash since they receive free or discounted transfers between agencies only if
they use an ORCA card. The ORCA card allows for enhanced data collection as well, since the particular
route, time of boarding, and transfers are logged; additionally, for rail, both the boarding and alighting
locations are logged.

The ORCA data used to update the ST model is an outcome of previous work performed by the
Washington State Transportation Center (TRAC) office at the University of Washington, designed to
demonstrate the value of using ORCA transaction data for planning and operational purposes. The
project is funded jointly by TRAC and Sound Transit, with staff support from the Puget Sound Regional
Council.

The origin-destination data provided to Sound Transit and their consultants are developed from nine
weeks of ORCA transaction data from March 26, 2016, to May 28, 2016, containing about 23 million
boardings. On an average weekday during this period, 453,000 boardings were paid with ORCA cards.
The number of true transfers, excluding round trips paid as transfers, was 109,600, yielding about
353,000 average weekday linked trips. This results in a transfer rate of 1.32. For the PM peak period,
148,200 boardings were paid for with ORCA cards. The number of true transfers, excluding round trips
paid as transfers, was 35,400, yielding about 112,800 PM peak period linked trips. This results in a PM
peak transfer rate of 1.31.

Trips on Kitsap Transit, Everett Transit, and Washington State Ferries were not geocoded and thus were
not used in the estimation of the transfer rate.

Note that origins and destinations are assigned to specific transit stops and do not indicate the actual
geographic origin (land use parcel or alternative analysis zone) or destination of that trip. An additional
analysis used to allocate trips to zones for the matrix estimation seed matrix is described below.

B.1.1 ORCA data processing
The ORCA system supplies ORCA fare transaction records in two basic forms: on-board bus transactions
(which include the date and time, bus number, route, and operating agency) and off-board transactions
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from rail and BRT services (which include the date and time, location of the card reader and, in some
cases, where the rider exited the rail system).

The initial pre-processing step of the origin-destination process links the automatic vehicle location
(AVL) records of each agency to the on-board ORCA fare transaction records. This allows the analysis
process to geolocate a very high percentage of the ORCA transit boarding records. Next, a look-up table
is used to identify the location of each off-board rail and BRT payment location. This allows the
geolocation of the BRT and rail trips. For BRT trips, the vehicle location files are then used to identify
which bus the rider boarded based on routes serving the indicated stationary card reader. Sometimes
multiple tap records occur to account for fare reloads or covering additional required fare; therefore,
these taps are removed from the dataset, as they are not records of boardings or alightings. The product
of these basic pre-processing steps is the geolocated ORCA transactions file indicating when, where (bus
stop or rail station), and which vehicle each rider boards.

B.1.2 Origin-destination processing

The input to the origin-destination estimation process is the geolocated transactions file described
above. This file is sorted by hashed ORCA card number and then by date and time. Data processing then
occurs for one hashed card ID at a time. (That is, all ORCA cards with a hashed card ID of “abc123” are
processed together, and that processing occurs in date/time order, with the “oldest” record processed
first.) While the process described below aims to determine origins and destinations, it focuses on
destinations for transit trips that do not involve transfers; transfer processing is discussed in a later
section.

Destination Estimation

Starting with the first record (Record J), the geolocated boarding location (Stop J) is assigned as the
origin of the trip (Trip J). The next record (Record K) for that ORCA card ID is then examined. If Record K
is a transfer,! then transfer processing (see the next major section) is performed. If Record K does not
describe a transfer boarding, then the location of boarding for Record K is used as a potential indicator
of the destination of Trip J.

A 1/3-mile circle is drawn around the boarding location described for Record K. If the transit route
boarded for Record J (Route J) has a bus stop that falls within the 1/3-mile circle around the boarding
location for Record K, then the stop closest to the boarding location shown for Record K (Stop K) that is
served by Route J (Exitstop J) is assumed to be the destination for the trip with a defined origin at the
boarding location for record J. The process then produces a record indicating the origin (Stop J) and
destination (Exitstop J). An illustration of this process is shown in Figure B-1. If Route J does not pass
within 1/3-mile of Stop K, then no destination can be assigned for Trip J and the trip is discarded for O-D
purposes, as illustrated in Figure B-2. For rail trips where the person did “tap off,” this tap-off location is
used as the destination, unless there is a transfer, in which case the process in the section below applies.

! ORCA records contain an indicator variable which indicates if the current boarding has occurred within 2 hours of a non-transfer boarding. If this
boarding occurs within 2 hours of a non-transfer boarding, it is considered a transfer by ORCA.
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Boarding location, Record J
—

Exitstop J
1/3 mile
look up circle

\f
S

Boarding location
Record K

bY

Figure B-1. The destination identification process

/ Boarding location, Record J

Actual Exit Stop

s Unknown to ORCA
1/3 mile

look up circle

If Boarding Location
K is here
No Destination /

' Exitstop Unknown
.- K is not within 1/3 mile of Route J

Figure B-2. The destination identification process, with no destination found
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Transfer Handling

When a transfer is indicated by an ORCA record, the following steps are taken in place of the destination
discovery steps described above. First, if the Route being boarded (i.e., the Route in Record K) is the
same as the route being transferred from (Route J), then an activity is assumed to be taking place
between the first boarding and the second boarding because no one gets off a bus to simply get right
back on that bus. Consequently, if Route K = Route J, boarding stop K is the identifier of the logical
destination for Trip J. Therefore, a 1/3-mile look-up is performed. Note that it is allowed to have
boarding stop K as the destination for Trip J. This would be what is a termed a “pit stop”: the rider gets
off at a bus stop, does an activity, and then re-boards that same route, going in the same direction, at
the same stop. Alternatively, the rider may be involved in an “end point” transfer: where exit stop, J is
essentially across the street from boarding stop K, and s/he is likely returning to the origin for Trip J,
having completed an activity near exit stop J and boarding stop K.

If Route J is not equal to Route K, then the 1/3-mile check is created around the new boarding location
(Stop K). If that look-up fails (the two routes are not close to each other), then it is assumed that some
trip occurred between the first and second transit trips and, therefore, no destination can be found for
Trip J and the trip is discarded for O-D purposes.

If the 1/3-mile look-up finds a stop, then the transfer is assumed to be valid. Route K is then used as the
route for which a destination must be found. The next record (Record L) for this ORCA card number is
then examined. If it is also a transfer, then the transfer process is repeated. If Record L is not a transfer,
then the destination search process described above seeks a destination for Route K.

Rail Transfers

If Trip J occurs on a rail vehicle (Sounder or Link), an exit tap is made and a transfer occurs, then the
validity of the transfer boarding is verified by checking the location of the transfer boarding (Stop K)
against the exit station for the rail portion of the trip. If the new boarding is not within 1/3 mile of the
exit rail station, then it is assumed that some trip occurred between the first and second transit trip, and
the trip destination is assumed to be the rail station exit point. If the rider does not “tap off,” then the
1/3-mile computation takes into consideration the entire rail line in order both to determine the validity
of the transfer and to identify the rail station that served as the exit point from the rail portion of the
trip.

B.1.3 Apportioning ORCA flows to ST model zones

This data needs to be aggregated to the zonal level for use in the Sound Transit model. A naive approach
could be used where trips to or from a given stop are assigned entirely to the zone where the bus stop is
located. However, this results in a number of issues:

e Stops along streets that are zone boundaries will have significant imbalances in daily flows
e Zones which have no stops will show no activity even if there are nearby stops

This document describes the process used to allocate flows from stop-to-stop to zone-to-zone.

Method for apportionment
Since the processed ORCA origin-destination flows represent linked trips (including transfers), the
primary modes of access or egress from each stop are walking and biking, with auto access (drop off and
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parking) at park-and-ride locations. For walk/bike access, spreading trips over a reasonable access area
was deemed appropriate. Historically, a 0.25-mile walk distance for bus and 0.5-mile for rail was
considered typical. However, recent research, including the Sound Transit Before/After study for Initial
Segment/Airport Link, indicated a willingness to walk longer distances, but extending the distance too
far can result in unreasonably long access distances, given the large size of some zones. Table B-1 shows
the distances used. For short trips, smaller distances were used to spread the flows since it makes sense
that people will not walk as far for a short trip. For longer trips, 50 percent of trips were assigned to the
area within half the walk access distance and the remaining 50 percent assigned to the outer ring of the
distance as shown in Figure B-3. Whether for short trips or longer trips, the number of trips allocated to
each zone is proportional to the area of the circle over each zone. Note that these distances were not
used for the Downtown Seattle Transit Tunnel stations; for those stations, unique travelsheds were
manually developed, reflecting station access, topography, zonal coverage, and likely use of each of the
stations.

Table B-1. Walk access distances by stop type
Total Trip Length > Total Trip Length <=

Stop Type 2 miles 2 miles
Link, Bus, & Streetcar 0.4 miles 0.2 miles
Sounder 0.6 miles 0.3 miles
Sounder at King Street 0.8 miles N/A
Station

ORCA Allocation Area

i 0.2 mile
B :‘L] 0.4 mile
0 025 05 i = / [ ] sT807zone System [
f I B [ I I L

Figure B-3. Allocation area for walk/bike access at Capitol Hill Station

For stops at park-and-rides, the method above was used for walk access trips. However, for auto access,
patterns of access tend to originate farther away from the destination (e.g., nobody drives from Mercer

w
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Island to Bellevue to take a bus to Seattle). To apportion auto-access trips, park-and-ride-specific
networks for automobiles to and from zones were used to apportion flows from an AM origin or PM
destination stop (that serves commuter routes) over the zones this network connects to. These park-
and-ride networks are reflective of the likely primary travelshed of auto access to each park-and-ride.
The relative proportion of households was used to allocate between zones (e.g., zones with more
households received a larger share of the flows from a stop). Finally, each stop was characterized as high
(75 percent), medium (50 percent), or low (25 percent) auto access, representing the percent of trips
that arrive/depart as auto access rather than walk or bike. This categorization of high, medium, and low
recognizes that certain park-and-ride locations have much better walk accessibility for transit trip origins
and destinations (e.g., Northgate).This results in smaller percentage of total boardings at that location to
be allocated to auto-access than for other park-and-ride locations (e.g., Lakewood Station).

B.2 Surveys

In addition to ORCA data, relevant information from a number of recent surveys was also used in the ST
model update. This included ST transit on-board surveys (2011-2016), CTR surveys (2011-2016), and
American Community Survey. The ST and CTR surveys were used to open additional cells in the seed
matrices. The American Community Survey was used to scale Base Year transit share matrix produced
from the CTR survey. This was to neutralize the large-employer sample bias in the CTR data.

B.3 Google Travel Time Data

The Google Distance Matrix API (https://developers.google.com/maps/documentation/distance-

matrix/) was used to establish Base Year non-transit travel times between each zone pair. The Distance
Matrix API provides the network-based travel distance associated with the fastest travel time between
two given points at a specified start time. Using a future date results in travel time estimates that
represent typical travel times for that day of the week, including any recurring congestion, but without
any delay from specific incidents that would result from using historical data. Representative points for
each zone were selected by starting with the zone centroid, then adjusting the representative point as
needed to reflect the center of travel activity for that zone. Representative points for some external
ferry zones were chosen at the ferry terminal, meaning these travel times do not include ferry wait or
travel times.

Travel times between points representing every zone pair (except intra-zonal pairs) for the following trip
start times:

e Wednesday, June 7, 2017, at 12:15 p.m.
e Wednesday, June 7, 2017, at 5:15 p.m.

Collecting travel times between all zones for two start times resulted in over 1.3 million requests. The
Google API limits the total number of requests to 100,000 per day per API key, the process was run the
last week of May and first week of June, using the June 7 date for all travel time requests. The 12:15
p.m. time represents an off-peak hour, while 5:15 p.m. reflects the PM peak hour. Change in travel
times from the ST highway model will be applied to the Google-based Base Year non-transit travel times
to produce corresponding future year travel time inputs required in the ST model Stage 2 forecasting
step.
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Appendix C: Highway Model

The Puget Sound Regional Council’s (PSRC) 4K trip-based regional travel forecasting model® provides key
inputs into the ST incremental transit ridership model. These include estimates of changes in (a)
demographic growth, (b) non-transit travel times, and (c) bus speed degradation estimates. For the
purpose of level-of-service and traffic design/mitigation analyses, it also provides estimates of changes
in (a) performance measures (such as vehicle miles traveled) and (b) vehicular traffic as highlighted in
Figure C-1. This figure shows the relationship between the ST incremental transit ridership model and
the PSRC regional travel forecasting model, along with other related processes.

As illustrated in Figure C-1, the PSRC regional model is not meant to provide facility-specific traffic
estimates at a level of detail adequate for use in analysis of impacts. It can only provide an overall
estimate of generic growth factors when needed. Other locally detailed subarea traffic models,
mesoscopic models, or micro-simulation models should be used for level-of-service and traffic
design/mitigation analyses.

This appendix discusses the background of this highway model and highlights efforts to improve the
results from the model to best reflect observed conditions and provide quality inputs into the ST model.
This includes presentation of some Base Year model results.

(o Overview

The PSRC regional model used to support the ST incremental ridership model has benefited from the
culmination of over two decades of experience from the application of PSRC regional model to major
WSDOT projects, such as the SR 520, I-5 to Medina: Bridge Replacement and HOV Project, Alaskan Way
Viaduct and Seawall Replacement Program, and Puget Sound Gateway Program. The observations and
data regarding the operation of facilities in the ST area have provided insight to guide enhancements to
the ST highway model.

As part of the analysis for the SR 99 tunnel toll traffic and revenue analysis, a Dynamic Traffic
Assignment (DTA) model was created to analyze traffic and revenue that would be affected by tolling of
the new tunnel. The mesoscopic DTA model provides a level of detail between a demand model and
operational models, while still using the zonal system from the City of Seattle model. Likewise, a DTA
model has been used to support evaluation of conceptual design scenarios for the Gateway project. For
the purpose of preserving all the previous network changes and refinements, the original 1K zone
system was adopted in conjunction with the current PSRC 4K model procedures.

Using the above model background information, the PSRC regional model incorporated network
attributes and model procedures that would provide the best representation of travel conditions within
the ST area. In addition to knowledge provided from these models, additional review of network
attributes and existing roadway conditions was performed to provide additional updates that might not
necessarily have been included in the focus of other recent modeling efforts.

! Puget Sound Regional Council, 4K Travel Model Documentation, June 2015.
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Base Year and Future Year travel times from the PSRC regional model are not used in the ST transit
model. Peak and off-peak non-transit travel times are taken directly from measured Google highway

times, as described above in Appendix B, Section B.3. The PSRC regional model is used to estimate
incremental changes in the measured non-transit times for use in Future Year transit ridership forecasts

only.

¢ Change in

PSRC

ST Demographic
INCREMENTAL Horecast REGIONAL -
¢ Change in * Change in Highway
TRANSIT Non-Transit TRAVEL Performance
avel Ti M (VMT, etc.
RIDERSHIP Travel Time FORECASTING casures ete)
¢ Change in Bus
MODEL Speed MODEL!

* Coefficients

* New Riders

Forecast

* Estimate of Traffic
Growth

Transit Ridership

Forecasts

* Traffic Counts f

* Speed Measurements ‘

Facility-

Specific
’ * Local Models i
T'raffic - Networks |
Simulation - Estimate of Traffic |
Growth |
Models |

" The regional model used to interface
with the Sonnd Transit model is based
* Level-of-Service an the curvent PSRC regional model
used for major WSDOT projects

Changes
* Traffic Design/ (e.z., Puget Sound Gateway Program),
Mitigations with additional network refinements.

Figure C-1. ST incremental transit ridership and PSRC regional models relationship

Likewise, output from this model is not used to estimate Current Year or Future Year project-related
changes in vehicle miles travelled. For vehicle-miles-travelled changes related to transit projects, the FTA

preferred method, as described in recent FTA guidelines for the New Starts Capital Investment Grant
Program, is used. This method requires only the transit new riders’ estimates for Current Year and

Future Year plus a generic highway distance matrix for the region.

C.2 Networks

C.2.1 Base Year
The Base Year (2016) highway network reflects existing conditions. To better reflect existing roadway

configurations, the model link attributes were compared to actual conditions. Appropriate adjustments
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to speed, capacities, and congestion factors were made accordingly. The Base Year transit network in
the ST ridership model was used as a guide to update the base transit network in the PSRC regional
model. The path-builder parameters are similar to those used in the current ST incremental model.

C.2.2 Future baseline

Highway projects

The future baseline for the highway model includes several major and minor highway projects that were
defined in PSRC’s Transportation 2040 Preferred Alternative (Constrained) network. This network,
therefore, includes some projects that are planned but not funded. A single baseline network is used for
the transit no-build and build alternatives since none of the build alternatives significantly affect the
design of any roadways.

Transit projects

Transit changes significant enough to affect regional highway demand levels are also included in the
2040 PSRC regional model. The 2040 PSRC regional model assumes that the ST Link light rail network
extends from Federal Way south to Lynnwood in the north and to Downtown Redmond in the east.
Background transit assumptions for the PSRC model always include only transit projects with a Record of
Decision and full funding. Bus routes and frequencies are adjusted to reflect updated connections to
light rail service as well as King County’s RapidRide arterial BRT service and Community Transit’s Swift
arterial BRT service.

Demographic forecasts
The PSRC regional model uses the Land Use Vision (LUV.2).

C3 Bus speeds

Historically, the ST transit ridership model has used estimates of long-term speed degradation from the
PSRC regional model in order to slightly reduce future bus speeds. This degradation typically has been in
the 7- to 9-percent range per decade, depending on the location and type of highway segment used by
the bus route. The historical justification for this approach included review of actual bus operating
speeds over the four decades from about 1960 to 2016; long-term degradation of about 9 percent per
decade was observed.

There is no reason to change this procedure in current applications of the ST transit model. After a
period of very modest bus speed degradation from 2008 to 2013, there has been a steep decline in bus
speeds from 2014 to 2017. The average decline over the past decade (i.e., combined for 2008-2017) has,
in fact, been about 10 percent.

BRT routes, where freeway or arterial route segments are barrier-separated or grade-separated, are
treated identically to rail lines in the ST transit model. That is, the speeds are entered directly on the
links, with the addition of reasonable times for deceleration/dwell/acceleration at proposed stops.
However, bus speed degradation is applied to routes that operate in congested high-occupancy vehicle
lanes and which often require interaction with adjacent lanes, since recent history of measured bus
speeds in these lanes exhibits continuing bus speed degradation in all major corridors.
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A wide variety of existing BRT-type stop-spacing situations are available within the existing regional bus
network for inference of new BRT travel times. While there is always a risk of over-optimism in the
modeling of BRT operations for ridership estimation, careful reference to existing situational experience
with actual bus speeds and station-to-station times reduces this risk.

c4 PSRC regional model results

Although the primary purpose of this model is to provide estimates of future changes in non-transit
travel times, a comparison of estimated and observed vehicle volumes at key screenlines provides a
reasonableness check on model performance. Model-estimated vehicle volumes are compared to recent
observed traffic counts on arterials and highways across a number of screenlines. The screenlines used
are shown on the map in Figure C-2. As seen in Table C-1 through Table C-3 the estimated screenline
total volumes are mostly within 10 percent of observed volumes during the peak hours and over the
entire day.
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Figure C-2. Highway screenlines map
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Table C-1. Base Year (2016) screenline total vehicle volume comparison (AM peak hour)

_ Actual Volumes Estimated Volumes

NB/EB SB/WB Total NB/EB SB/WB Total Est/Obs

Screenline 1 - North of 112th St SW

Freeways 5,600 6,870 12,470 3,800 6,630 10,500 0.84

Arterials 3,840 5,040 8,880 4,230 4,510 8,800 0.99
Screenline Total 9,440 11,910 21,350 8,030 11,140 19,300 0.90

Screenline 2 - South of N 145th Street

Freeways 5,010 8,070 13,080 4,870 7,980 12,900 0.99

Arterials 4,320 6,670 10,990 3,070 6,170 9,100 0.83
Screenline Total 9,330 14,740 24,070 7,940 14,150 22,000 0.91

Screenline 3 - Ship Canal

Freeways 5,910 11,770 17,680 6,340 11,220 17,600 1.00

Arterials 3,880 5,670 9,550 3,670 4,920 8,700 0.91
Screenline Total 9,790 17,440 27,230 10,010 16,140 26,300 0.97

Screenline 4 - Midlake

Freeways 8,720 10,700 19,420 8,010 8,170 16,300 0.84
Screenline Total 8,720 10,700 19,420 8,010 8,170 16,300 0.84

Screenline 5 - West of 140th Ave E

Freeways 9,640 11,090 20,730 8,290 9,000 17,290 0.83
Screenline Total 9,640 11,090 20,730 8,290 9,000 17,290 0.83

Screenline 6 - South of SR 518/1-405

Freeways 15,070 10,270 25,340 12,990 6,960 19,950 0.79

Arterials 3,610 4,800 8,410 3,390 3,590 7,000 0.83
Screenline Total 18,680 15,070 33,750 16,380 10,550 26,990 0.80

Screenline 7 - King/Pierce County Line

Freeways 7,410 6,860 14,270 9,120 5,610 14,730 1.03

Arterials 5,100 3,250 8,350 5,480 3,250 8,700 1.04
Screenline Total 12,510 10,110 22,620 14,600 8,860 23,350 1.03

Screenline 8 - East of Port of Tacoma Rd

Freeways 7,980 7,040 15,020 8,880 6,420 15,300 1.02

Arterials 2,230 3,360 5,590 1,760 2,010 3,700 0.66
Screenline Total 10,210 10,400 20,610 10,640 8,430 19,050 0.92

Point Locations- A & B

I-405, South of Coal Creek Pkwy -- A 6,040 4,250 10,290 5,750 3,510 9,260 0.90

I-405, North of SR 520 -- B 4,980 7,960 12,940 4,680 7,430 12,110 0.94
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Table C-2: Base Year (2016) screenline total vehicle volume comparison (PM peak hour)

_ Actual Volumes Estimated Volumes

NB/EB SB/WB Total NB/EB SB/WB Total Est/Obs

Screenline 1 - North of 112th St SW

Freeways 7,240 6,290 13,530 7,800 4,400 12,200 0.90

Arterials 5,890 6,100 11,990 6,000 5,000 11,000 0.92
Screenline Total 13,130 12,390 25,520 13,800 9,400 23,200 0.91

Screenline 2 - South of N 145th Street

Freeways 7,440 5,070 12,510 8,500 5,000 13,500 1.08

Arterials 7,990 7,190 15,180 9,200 5,600 14,800 0.97
Screenline Total 15,430 12,260 27,690 17,700 10,600 28,300 1.02

Screenline 3 - Ship Canal

Freeways 10,560 4,660 15,220 11,900 6,900 18,800 1.24

Arterials 6,260 5,080 11,340 6,700 6,200 12,900 1.14
Screenline Total 16,820 9,740 26,560 18,600 13,100 31,700 1.19

Screenline 4 - Midlake

Freeways 10,310 8,720 19,030 10,700 9,300 20,000 1.05
Screenline Total 10,310 8,720 19,030 10,700 9,300 20,000 1.05

Screenline 5 - West of 140th Ave E

Freeways 11,140 8,580 19,720 11,500 9,400 20,900 1.06
Screenline Total 11,140 8,580 19,720 11,500 9,400 20,900 1.06

Screenline 6 - South of SR 518/1-405

Freeways 12,590 15,080 27,670 9,500 16,300 25,800 0.93

Arterials 4,470 4,780 9,250 4,100 5,500 9,600 1.04
Screenline Total 17,060 19,860 36,920 13,600 21,800 35,400 0.96

Screenline 7 - King/Pierce County Line

Freeways 7,090 8,200 15,290 6,800 12,000 18,800 1.23

Arterials 4,020 5,130 9,150 4,100 7,100 11,200 1.22
Screenline Total 11,110 13,330 24,440 10,900 19,100 30,000 1.23

Screenline 8 - East of Port of Tacoma Rd

Freeways 8,010 8,580 16,590 7,200 10,100 17,300 1.04

Arterials 3,620 3,430 7,050 2,600 4,300 6,900 0.98
Screenline Total 11,630 12,010 23,640 9,800 14,400 24,200 1.02

Point Locations - A & B

I-405, South of Coal Creek Pkwy -- A 4,970 4,820 9,790 4,300 6,200 10,500 1.07

I-405, North of SR 520 -- B 7,940 5,910 13,850 8,600 6,000 14,600 1.05
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Table C-3: Base Year (2016) screenline total vehicle volume comparison (average weekday)

_ Actual Volumes Estimated Volumes

NB/EB SB/WB Total NB/EB SB/WB Total Est/Obs

Screenline 1 - North of 112th St SW

Freeways 104,100 | 105,200 | 209,300 85,400 82,300 | 167,700 0.80

Arterials 69,100 76,900 173,300 88,900 86,600 175,500 1.01
Screenline Total 173,200 | 182,100 | 382,600 | 174,300 | 168,900 | 343,200 0.90

Screenline 2 - South of N 145th Street

Freeways 101,300 | 102,300 | 203,600 | 110,400 | 107,300 | 217,700 1.07

Arterials 76,000 72,300 | 148,300 85,500 84,300 | 169,800 1.14
Screenline Total 177,300 174,600 351,900 195,900 191,600 387,500 1.10

Screenline 3 - Ship Canal

Freeways 133,900 122,000 255,900 146,700 138,500 285,200 1.11

Arterials 62,100 63,500 | 269,300 | 155,400 | 159,800 | 315,200 1.17
Screenline Total 196,000 | 185,500 | 525,200 | 302,100 | 298,300 | 600,400 1.14

Screenline 4 - Midlake

Freeways 120,400 | 120,000 | 240,400 | 135,600 | 126,400 | 262,000 1.09

Arterials 29,600 29,600 59,100 26,400 25,800 52,200 0.88
Screenline Total 150,000 | 149,600 | 299,500 | 162,000 | 152,200 | 314,200 1.05

Screenline 5 - West of 140th Ave E

Freeways 136,600 | 132,700 | 269,300 | 147,800 | 136,000 | 283,800 1.05

Arterials 51,700 51,700 | 103,300 49,600 52,000 | 101,600 0.98
Screenline Total 188,300 | 184,400 | 372,600 | 197,400 | 188,000 | 385,400 1.03

Screenline 6 - South of SR 518/1-405

Freeways 220,400 204,000 424,400 182,600 180,400 363,000 0.86

Arterials 76,100 81,300 | 157,400 61,300 70,900 | 132,200 0.84
Screenline Total 296,500 285,300 581,800 243,900 251,300 495,200 0.85

Screenline 7 - King/Pierce County Line

Freeways 155,300 145,300 300,600 152,100 150,600 302,700 1.01

Arterials 41,800 45,200 87,000 52,000 55,300 [ 107,300 1.23
Screenline Total 197,100 | 190,500 | 387,600 | 204,100 | 205,900 | 410,000 1.06

Screenline 8 - East of Port of Tacoma Rd

Freeways 122,900 | 120,000 | 242,900 | 128,400 | 124,500 | 252,900 1.04

Arterials 41,600 47,200 88,800 34,300 40,300 74,600 0.84
Screenline Total 164,500 | 167,200 | 331,700 | 162,700 | 164,800 | 327,500 0.99

Point Locations - A & B

1-405, South of Coal Creek Pkwy -- A 85,300 79,400 164,700 81,600 74,800 156,400 0.95

I-405, North of SR 520 -- B 105,200 99,600 204,800 100,400 99,800 200,200 0.98
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Appendix D: Procedures for Transit Network Preparation

Actual transit service is represented in a transit ridership forecasting model by means of a coded
network. This service representation actually consists of two elements:

e A highway network, or “base network,” is coded to create a computerized representation of existing
and planned roads, busways, and tracks in the study region.

e Transit service assumptions are overlaid on this base highway network.

Significantly, for Sound Transit (ST) studies, the base network does not vary among alternatives. A single
base network is used for all alternatives—meaning that for each alternative, elements of the base
network may exist on which no transit service is coded. For example, rail rights-of-way are coded in
every network although rail service may not yet exist on many of these rights-of-way.

ST decided to construct a single base network for several reasons. One advantage of keeping the base
network constant is that it eliminates spurious errors caused by roads or walkways which could
accidentally be coded differently in different alternatives. A second reason for maintaining a single base
network is that it minimizes differences in results due to accidental differences in access coding. Because
a major aim of any forecasting effort is to capture differences among various alternatives, it is important
that these differences are attributable to actual differences among the alternatives, rather than to
coding inconsistencies.

In contrast to the base network, the transit service that operates on this network does vary, both by
forecast year and by alternative. The transit service network created for each alternative is represented
by a set of bus and rail transit routes operated by local transit agencies.

D.1 Development of the base network

The base network is coded within the ST boundary and consists of links and nodes that represent the
road system on which transit and automobiles travel. As mentioned, exclusive rights-of-way for transit
(e.g., busways and rail tracks) are also coded, although they may not be used in every alternative. Park-
and-ride lots are also coded, although some of these may not be served by transit in every alternative.

Each of the links coded in the base network has a set of attributes consisting of the length, type, modes
allowed, lanes, and speed. More detail on link attributes is presented below.

The network outside the study area is not coded, although the major roads leaving the study area are
coded by means of external links. These links serve as a method of accounting for travel into the study
area from areas beyond the study area boundaries.
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D.1.1 Transit mode types

The following seven modes are specified on links within the base network:

Symbol ‘ Mode represented
b Bus
t Trolley Bus
r Rail (including streetcar)
a Auto access/egress (directional link)
w Walk access/egress (directional link)
p General pedestrian link
X Park-and-ride lot connection (directional link)

” u

The access modes (i.e., modes “a,” “w,” “p,” and “x”) are an important aspect of the base network. Note
that in a PM peak transit network, the conventional terms “auto access” and “walk access” would be
more properly described as “auto egress” and “walk egress”. There is a minor variation in the way these
access modes are used in the PM-peak and off-peak networks. In the peak networks, both auto access
and walk access modes are allowed at the destination end of the transit trip, while in the off-peak, only
walk access is allowed. At the origin end of the trip, the “p” mode enables all trips access to the network

from an origin zone.

Walk-access links are coded with a speed of 2.5 miles per hour (mph). The “w” mode allows walking
from the base network to a destination zone centroid. The specification of a “w” mode enables the
analysis of auto-access-only paths by disallowing this mode for peak auto-access assignments. The “p”
mode accommodates all other walking, including zonal walk access, sidewalks and pedestrian paths, and
station escalators, elevators, and transfer paths.

The other two access modes (modes “a” and “x”) are associated with the use of park-and-ride lots to
access transit. Mode “a” allows auto trips between park-and-ride lots and zone centroids, and mode “x”
represents walking between platform and car.

Figures D-1a and D-1b illustrate this coding convention. For ease of understanding, only modes used in
the path building at the destination end are shown. The network as used for the PM-peak path-building
and calculations is shown in Figure D-1a. The network as used for the off-peak path-building and
calculations is shown in Figure D-1b.

There are several reasons for including the x-links to represent park-and-ride access to transit. First,
using such links allows for counting the number of trips that use park-and-ride locations to access
transit. Second, the use of such links will allow for modeling the effect of charging fees at park-and-ride
lots should this be desired. Third, there is a certain disutility associated with having to walk some
distance between a bus or train platform and a parked car. Using x-links allows for the inclusion and
variation of this disutility in the model.
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Zone Centroid

(@)

w
bp
|
bp
LEGEND
Symbol Mode Represented
a Auto Access (Directional Link)
b Bus
p General Pedestrian Link
r Rail
w Walk Access (Directional Link)
X Park and Ride Lot Connection Link

Figure D-1a. Sample mode coding on base network links (PM peak)

(@]

Zone Centroid

LEGEND
Symbol Mode Represented

b Bus

p General Pedestrian Link

r Rail

w Walk Access (Directional Link)

Figure D-1b. Sample mode coding on base network links (off-peak)
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Finally, the use of x-links allows for a more even-handed comparison of park-and-ride access to transit
between rail and non-rail alternatives. The use of x-links allows one to connect a single park-and-ride lot
to both a bus stop and a rail station. This allows use of exactly the same park-and-ride location and auto-
access by adjacent bus and rail stops.

All auxiliary transit modes have identical speeds in the peak network and the off-peak network.
However, speeds on links used by bus and rail lines may vary between the peak and off-peak networks.
Sources of bus and rail speeds are described below.

D.1.2 Development of the future transit service networks

Transit service networks are created to represent the transit service planned for each alternative and
forecast year, as well as the service operated in the base years used to validate the model. Each service
network is characterized by a unique set of routes, which includes rail lines, bus rapid transit (BRT) lines,
express bus lines, and local bus lines. Each route is described by the nodes and links over which it
travels, the travel time on each link, the locations where it stops, and its peak and off-peak headways.
The characteristics are described in detail below.

Route patterns

Each route can be described by its route alignment, or the set of nodes and links over which it travels.
The places where passengers are picked up and dropped off are coded by placing a dwell time on the
nodes that represent bus stops for each particular route. All Sound Transit, King County Metro,
Community Transit, Everett Transit, and Pierce Transit routes within the forecast study area are coded
for each alternative and forecast year, with the exception of dial-a-ride services and routes that have
less than six trips per day.

Route headways

Bus and rail headways are specified for each route in each transit service network, peak and off-peak.
The headways in the PM peak network reflect the number of trips between 3:00 and 6:30 p.m., and the
headways in the off-peak network reflect the base headways from 9:00 a.m. to 3:00 p.m. and 6:30 p.m.
to 10:00 p.m. For the Base-Year network, headways are determined directly from the published
operating schedules.

Future networks are developed according to the specific definition of alternatives as defined in
appropriate Definition of Alternatives reports for Draft EIS, Final EIS, and PE projects as well as New
Starts applications.

Rail speeds and bus speeds
For bus lines, peak and off-peak link speeds are obtained directly from AVL data as described below. For
existing rail lines, all link speeds are obtained directly from ST operating data.

For future rail lines, link speeds are developed from operating plans supported by simulations. Future
bus speeds are degraded according to the change in general roadway congestion level estimated by the
PSRC model for arterial and freeway facilities and by geographic area. This procedure was developed
and documented by ST staff in a memorandum to the FTA. A copy of this memorandum follows this
section. Speeds of buses on busways, protected lanes are not affected and remain constant into the
future.
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D.2  Coordinate system

The ST model was previously projected in a variant of the WGS 1984 UTM Zone 10N coordinate system.
This caused some network distortions that affected accurate plotting of the links and link distances.
These issues were more pronounced farther from Seattle, such as in Everett and Tacoma. The
coordinate system in the 2017 version of the ST model was updated to NAD 1983 HARN State Plane
Washington North FIPS 4601. This update significantly reduced those distortions.

The following method was applied to update the coordinate system:

e Convert the existing nodes to State Plane North.
e Manually move nodes to more accurate locations.

This method preserves existing link and node numbers, allowing for preservation of the existing ST
model transit network. The method is performed in a relatively short timeframe, and it limits possible
unintended issues within the ST model.

The model nodes, with their existing identifiers and other values, are projected into State Plane North
coordinates within ArcGIS. Then in ArcGIS, the nodes are manually moved to locations that best reflect
the intersections that they represent in the model. This is an extensive process that spans the entire
network coverage area (i.e., the RTA district boundaries).

To expedite the process and increase quality of node relocation, the nodes are typically snapped to a
non-model GIS roadway network. An example of a completed area with nodes adjusted is shown in
Figure D-2a. Additionally, the distortions in the network are greatly reduced, as exemplified by the
change in scale and link locations in Everett shown in Figure D-2b.

D.3  Busspeed from AVL data

In previous model updates, bus speeds were hand-adjusted for major facilities and subareas of interest.
This worked effectively in the past, partly because the changes to the seed matrices were modest. As
the origin-destination seed matrices for this model version are now based on ORCA data instead of
historical surveys, the actual speeds from Automatic Vehicle Locator (AVL) data should reflect the travel
conditions that correspond directly to this origin-destination data.

King County Metro (KCM), Pierce Transit (PT), and Community Transit (CT) now have AVL equipment on
their entire fleets and keep records of the AVL data. Sound Transit buses operated by these three
agencies also have AVL equipment and associated data. As this data is more complete and readily
available than for previous model updates, it is now used in the current 2017 ST model version.

The AVL data used in the ST model is received from the Washington State Transportation Center (TRAC)
at the University of Washington and covers the same 9-week period in 2016 as the ORCA data. Each
agency’s data is in a distinct format. KCM and CT provide stop-to-stop travel times, including dwell times
if applicable. PT only provides stop-to-stop times where the bus door opened, which reduces the
number of observed data points.
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Figure D-2b. Model network before (left) and after (right) the update
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AVL data processing

The process for attaching observed bus speeds to ST model links is described in this section.

In ArcGIS, each stop-to-stop travel time observation is imported as a line so that an average speed may
be calculated. Both the hour-of-day and the bus route number associated with the line are saved as an
attribute. The 11:00 a.m. and 5:00 p.m. hours are used to calculate off-peak and peak speeds,
respectively. Over 3 million speed observations were used to prepare average link-level speed values.

A midpoint of each modeled bus link is selected and a buffer created around it. Buffers are used to
account for any geometry mismatch between the observed stop-to-stop line and the model links, such
as precise bus route turn locations or roadway curvature that is not in the model.

Then for each bus route, the speeds along each observed line are averaged to the midpoint buffers of
model links that the route uses. Average speeds of each route are weighted by frequencies of those
routes. Freeway and arterial speeds are calculated separately to account for multiple observed stop-to-
stop line overlaps attributable to the typically long distances between stops along freeway routes.

After speeds are calculated for each agency and facility type, a summary table of average speeds on
each link is created. In the few cases where a link is traversed by more than one transit agency, the KCM
speed is given twice the weight of CT or PT speeds during the averaging process. Figure D-3 illustrates
schematically the consolidation of average speeds from a mix of bus routes using a common link in the
network, often with differing stopping patterns. A few examples of how AVL speeds would be attached
to the links in Figure D-3 for a given time period are provided below:

e The buffer for the midpoint of model link 1 has both observed stop-to-stop travel times for
routes A and B. At that location, the speed assigned to the link is the weighted averages of the
speeds of the two routes at that point, even though one route is a local and the other is an
express.

e For model link 2, the same calculation as link 1 applies, and the freeway route is ignored, even
though the observed stop-to-stop line passes through it.

o The buffer for the midpoint of model link 3 has only route C passing through it, so the average
stop-to-stop speed for that route at that location is attached to the link.
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Freeway

Freeway link (ST Model Network) Midpoint of link location where
Arterial link (ST Model Network) Obse“’ec‘l?‘ freeway bus speeds
@={1}=® Arterial link (ST Model Network) average

B, e Midpoint of link location where
Express bus AVL speeds observed express and local bus
s B Local bus AVL speeds speeds averaged

Figure D-3. Schematic representation of average speeds consolidation using AVL bus speeds and model link
midpoint buffers
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SOUNDTRANSIT MEMO

August 1, 2002

TO: Eric Pihl
FROM: Don Billen

SUBJECT: Updated Treatment of Bus Speeds in the Sound Transit Model

This memorandum describes the updated procedures for treating bus speeds in Sound Transit’s
incremental ridership forecasting process. This is in response to your request that Sound Transit rely on
output from the PSRC multi-modal model to estimate changes in bus speeds over time.

Sound Transit Incremental Ridership Model

Sound Transit uses an incremental model to forecast transit ridership consisting of three stages:
e Stage 1: Changes in demographics

e Stage 2: External changes in highway travel time (congestion) and costs (including parking costs),
transit fares, and household income are taken into consideration.

e Stage 3: Incremental changes in the transit level-of-service (i.e. access, wait, and ride travel times)
are taken into consideration.

The third stage of the forecasting process is where the effects of changes in bus speeds are captured.
Base year link speeds in combination with transit travel time functions are used so that they result in
network bus travel times equal to observed bus travel times. Individual transit routes are coded with
transit travel time functions that account for acceleration/deceleration time, with bus speeds equal to
the base year link speed for express portions of a route. Dwell time is similarly coded for individual
transit routes, with zero dwell time for express portions of a route.

Future year link bus speeds are degraded relative to base year link speeds and according to the
procedures described below. The transit travel time functions which account for
acceleration/deceleration time are the same in the base year and future year. Dwell time similarly
remains the same in the base and future year.

Since the model’s development in the early 1990s by the Regional Transit Project, future year link
speeds have been estimated using a constant degradation rate of seven to nine percent per decade. This
degradation rate is consistent with historic trends in bus speeds. However, FTA staff have expressed
concern about extrapolating historical trends into the future and suggested relating future bus speeds to
road speeds in the PSRC multi-modal model.
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Updated Procedure for Estimating Future Bus Speeds

Sound Transit and its ridership consultant have investigated several methods for relating road speeds in
the PSRC model to bus speeds in the Sound Transit model. After reviewing these methods with Puget
Sound Regional Council and City of Seattle modeling staff, we have arrived at the following procedure.

For arterial bus speeds, weighted average auto travel time within the PSRC model is calculated at an
intra-26-district level for the base year and forecast year in the PM peak and off-peak. The ratio
between the base year and forecast year intra-district times is calculated. This change in intra-district
auto travel times is used to estimate the change in bus speeds and is applied to the base year link speed
values in the ST model for each geographic district. Table 1 shows the resulting PM peak bus
degradation rates for each of the 26 districts for the period of 1998-2020.

Table 1. PM Peak Arterial Degradation Rates

Comparative Analysis of 1998 to 2020 Weighted Average
Intra-District Travel Times

District 1998 2020 | 2020/1998 Ratio Change Per Decade
Morth Everett 1 E.13 5.80 1.1 4 8%
South Everett 2 8.24 528 113 5. 6%
Lynrwood 3 8.04 595 1.24 10.2%
Morth Creek 4 1013 1117 1.10 4 5%
Sharelin 5 5.47 E.79 1.05 2.2%
Ballard 53 5.32 5.79 1.07 3.3%
Morth Seattle 7 B.54 7.20 1.10 4. 3%
University District | 8 4.55 552 1.21 9.2%
Clueen Anne a B.44 £.94 1.08 3.5%
Capitol Hill 10 4.86 5.07 1.04 1.9%
Seattle CBD 11 2.4 263 1.06 2B%
W Seattla 12 728 8.63 1.19 g8.1%
Rainier 13 917 992 1.08 36%
Sea-Tac 14 8.01 g.81 1.10 4 4%
Renton 15 10.00 11.68 1.16 B.9%
Federal Way 16 8.26 940 1.14 B.5%
Kent 17 9.99 11.16 1.12 5.2%
Kirkland 18 g8.7a 10.10 1.14 B.7 %
Redmond 18 8.60 11.42 1.33 13.8%
West Bellevue 20 551 568 1.03 1.4%
Bellevue 21 8.85 5 /9 1.10 4 3%
Issaguah 22 8.62 10.33 1.20 5.6%
Morth Tacoma 23 8.458 10.58 1.25 10.6%
South Tacoma 24 B.1R E.78 1.10 4 4%
Lakewood 25 8.30 972 117 7.4%
Puyallup 26 10.51 11.46 1.09 4 0%
External 27 16.97 19.70 1.16 7 0%
Destination Totals 19.33 2234 1.16 G.0%
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For freeway bus speeds, zone to zone travel times between major entry and exit points for buses along
regional freeways are calculated for the base year and future year. As with arterial times, the ratio
between the base year and forecast year times is calculated. This change in freeway auto travel times is
used to estimate the change in bus speeds and is applied to the base year link speed in the ST model for
each freeway segment. Table 2 shows the resulting bus degradation rates on two freeway segments in
the light rail study area.

Table 2. PM peak freeway degradation rates

Comparative Analysis of 1998 to 2020 Freeway Travel Times

Freeway Segment 1998 2020  2020/1998 Ratio Change Per Decade
I-5: Zeattle CED ko Marthgate '] 55|:| 1 BD? 1 . 1 F'r ?2%
ER 520 Seattle ko Overlake 2215 2512 1 13 59%

The resulting rates of degradation for both arterials and highways are somewhat lower than historic
changes in bus speeds in the Central Puget Sound Region, so may underestimate actual degradation
rates. However, the updated method offers the advantage of being sensitive to varying congestion rates
over time and across geographic areas and to changes in these rates with alternative land use or
highway network scenarios.

Alternate method investigated

Our ridership forecasting consultant originally proposed to simply average PSRC link speeds within a
cross-classification of geography and facility type for a base and future year to estimate changes in bus
speeds. (see Parsons Brinkerhoff memo of 12-2-01 from Youssef Dehghani to Don Billen).

Investigation of this method between 1998 and 2020 yielded results that varied greatly between
geographic areas and on the aggregate showed changes in road times much lower than other analyses
of PSRC model output. The average decline in speeds across all facilities was 1% per decade between
1998 and 2020 compared to previous analysis of zone-zone road skims that showed an average decline
of 8% per decade (see Parsons Brinkerhoff memo of 11-19-01 from Youssef Dehghani to Don Billen).
Furthermore, the change in arterial speeds in different geographic areas varied by factors as high as 16
to 23 times. For instance, major arterial speed degradation in the Eastside of King County was 17 times
as high as in Snohomish County, even though both are high growth areas with very limited road
expansion currently funded. (Table 3)

Upon review of these results with PSRC and City of Seattle modeling staff, we concluded that simple
averaging of link speeds is inaccurate and that it would be better to rely on zone-zone skim times than
link level times. The simple averaging of link speeds results in too much influence from low volume
roadways and too little influence from highway volume roadways. Also, using link level rather than zone-
zone travel time skims created the possibility for the results to be influenced by the density of road
networks coded in a geographic area.
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Table 3. Analysis of PM peak speed degradation in PSRC model by facility type and area type

{average change per decade from 19588 to 2020)

Area Type
Seattle Rest of King |Snohomish| Pierce Kitsap
All CBD Seattle Eastside County County County County
Facility
Type All 1.5% 0.9% 0.7% 5.6% 3.0% 0.8% 1.8% 0.2%
Freeway GP Lanes 6.3% 4.48% 8.8% 3% 14.4% 4.0% 6.1%
Freeway HOV Lanes 1.2% 1.95% 4.2% 5.56%

Major Arterials 1.4% 3.4% 0.8% 6.8% 3.0% 0.4% 1.8% 0.2%
Minor Arterials 1.8% 0.1% 0.2% 31% 2.7% 21% 0.3% 0.0%

Motes - The data shown above represents the percentage speed degradation over a period of 22 years from 1333 to 2020
- The percentage degradation in speed was obtained frorn the "slope” of the regression equation obtained from a
linear regression analysis of PM peak link travel times for a particular facility type and area type.
- The regression analysis showed an R? of greater 0.9 for all the categories.
- Major arterials include all those arterials in the PSRC model that have a speed greater than 25 mph, e.q., MLK way,
Rainier Avenue, NE Bth (in Bellevue etc.). Minor arterials are arterials with a speed less than 25 mph.

These concerns led PSRC and City of Seattle modeling staff to recommend the use of weighted average

auto travel times from zone-zone travel time skims and to Sound Transit’s development of the

procedures described at the beginning of this memo.

CC: John Witmer, FTA Region X

Larry Blaine, Puget Sound Regional Council

Eric Tweit, City of Seattle
Tracy Reed, Ron Lewis, Mike Williams, Sound Transit
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Attachment N.1B
Existing and Future Transit Routes and Levels of

Service
Table N.1B-1. Span Level of Service Thresholds
L.O.S. ‘ Hours of Service | Description
A more than 18 Night or "ow!" service provided.
B 15t0 18 Late evening service provided.
Cc 12t0 14 Early evening service provided.
D 7 to 11 Daytime service provided.
E 4106 Peak hour service only or limited midday service.
F less than 4 Very limited or no service.

Source: Adapted from Transportation Research Board 2013.
L.O.S. = level of service

Table N.1B-2. Frequency Level of Service Thresholds
Average Headways | Category | L.O.S.
less than 5 minutes Very Frequent A
5 to 10 minutes Frequent A
11 to 15 minutes Relatively Frequent B
16 to 30 minutes Checking Schedules C
31 to 59 minutes Checking Schedules D
60 minutes Hourly E
more than 60 minutes Undesirable F

Source: Adapted from Transportation Research Board 2013.
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Table N.1B-3. P.M. Peak Period Frequency and Span - Existing
Screenline Headway (minutes) Frequency L.O.S. Weekday Span (hours) Span L.O.S.
1 57 48 D 8 D
1 116 34 D 5 E
1 118 48 D 17 B
1 119 60 E 17 B
1 120 9 A 22 A
1 125 20 C 17 B
1 C Line 6 A 23 A
2 21 15 B 20 A
2 37 60 E 3 F
2 55 22 Cc 6 E
2 56 30 C 8 D
2 57 48 D 8 D
2 101 13 B 18 B
2 102 20 Cc 5 E
2 116 34 D 5 E
2 118 48 D 17 B
2 119 60 E 17 B
2 120 9 A 22 A
2 124 14 B 22 A
2 125 20 Cc 17 B
2 131 30 C 18 B
2 132 27 C 20 A
2 150 17 Cc 19 A
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Screenline Route Headway (minutes) Frequency L.O.S. Weekday Span (hours) Span L.O.S.
2 177 27 C 7 D
2 178 30 C 7 D
2 C Line 6 A 23 A
2 Link 6 A 20 A
3 1 16 Cc 19 A
3 2 13 B 20 A
3 7 11 B 23 A
3 13 15 B 20 A
3 14 17 Cc 20 A
3 15 18 Cc 4 E
3 17 30 C 5 E
3 21 15 B 20 A
3 24 22 C 18 B
3 26 20 Cc 19 A
3 33 20 Cc 18 B
3 37 60 E 3 F
3 40 6 A 20 A
3 55 22 Cc 6 E
3 56 30 Cc 8 D
3 57 48 D 8 D
3 62 11 B 20 A
3 101 13 B 18 B
3 102 20 Cc 5 E
3 116 34 D 5 E
3 118 48 D 17 B
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Existing and Future Transit Routes and Levels of Service

Screenline Route Headway (minutes) Frequency L.O.S. Weekday Span (hours) Span L.O.S.
3 119 60 E 17 B
3 120 9 A 22 A
3 124 14 B 22 A
3 125 20 Cc 17 B
3 131 30 Cc 18 B
3 132 27 C 20 A
3 150 17 C 19 A
3 177 27 C 7 D
3 178 30 Cc 7 D
3 190 34 D 4 E
3 C Line 6 A 24 A
3 E Line 6 A 24 A
3 Link 6 A 20 A
4 1 16 Cc 19 A
4 2 13 B 20 A
4 13 15 B 20 A
4 15 18 C 4 E
4 17 30 Cc 5 E
4 18 27 Cc 5 E
4 19 40 D 4 E
4 24 22 C 18 B
4 26 20 C 19 A
4 29 20 Cc 7 D
4 33 20 Cc 18 B
4 40 6 A 20 A
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Screenline Headway (minutes) Frequency L.O.S. Weekday Span (hours) Span L.O.S.
4 62 11 B 20 A
4 70 9 A 23 A
4 C Line 6 A 24 A
4 D Line 8 A 24 A
4 E Line 6 A 24 A
5 15 18 C 4 E
5 17 30 C 5 E
5 18 27 C 5 E
5 29 20 Cc 7 D
5 D Line 8 A 24 A
Source: King County Metro 2019a.
Table N.1B-4. P.M. Peak Period Frequency and Span — 2032 No Build and Build Alternatives
2032 No
2032 No 2032 No Build
Build Build 2032 Build 2032 Build Weekday 2032 No 2032 Build
Headway Frequency Headway Frequency Hours of Build Span Hours of 2032 Build
Screenline Route (minutes) L.O.S. (minutes) L.O.S. Service L.O.S. Service Span L.O.S.
1 21 15 B 15 B 14 A 14
1 37 30 C 30 C 5 F 5
1 50 20 C 20 C 19 B 19 A
1 55 12 B 12 B 7 F 7 D
1 56 15 B 15 B 8 F 8 D
1 57 30 Cc 30 Cc 5 F 5 E
1 116 17 C 17 C 7 F 7 D
1 118 30 C 30 C 18 D 18 B
1 119 65 F 65 F 15 F 15 B
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Existing and Future Transit Routes and Levels of Service

2032 No
2032 No 2032 No Build
Build Build 2032 Build 2032 Build Weekday 2032 No 2032 Build
Headway Frequency Headway Frequency Hours of Build Span Hours of 2032 Build
Screenline (minutes) L.O.S. (minutes) L.O.S. Service L.O.S. Service Span L.O.S.
1 125 20 Cc 20 Cc 18 C 18 B
1 1041 6 A 6 A 19 F 19 A
1 C Line 7 A 7 A 24 A 24 A
1 West Not Not 6 A Not Not 20 A
Seattle-to- applicable applicable applicable applicable
SODO Link
2 21 15 B 15 B 14 C 14 Cc
2 37 30 Cc 30 Cc 5 E 5 E
2 50 20 Cc 20 Cc 19 A 19 A
2 55 12 B 12 B 7 D 7 D
2 56 15 B 15 B 8 D 8 D
2 57 30 Cc 30 Cc 5 E 5 E
2 101 15 B 15 B 19 A 19 A
2 116 17 C 17 C 7 D 7 D
2 118 30 C 30 C 18 B 18 B
2 119 65 F 65 F 15 B 15 B
2 122 40 D 40 D 9 D 9 D
2 124 17 Cc 20 Cc 23 A 23 A
2 125 20 C 20 C 18 B 18 B
2 131 20 C 10 A 20 A 20 A
2 150 10 A 6 A 17 B 17 B
2 1041 6 A 7.5 A 19 A 19 A
2 2207 7.5 A 7 A 14 C 14 Cc
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Existing and Future Transit Routes and Levels of Service

2032 No
2032 No 2032 No Build
Build Build 2032 Build 2032 Build Weekday 2032 No 2032 Build
Headway Frequency Headway Frequency Hours of Build Span Hours of 2032 Build
Screenline (minutes) L.O.S. (minutes) L.O.S. Service L.O.S. Service Span L.O.S.
2 C Line 7 A 6 A 24 A 24 A
2 Link 6 A 15 B 20 A 20 A
2 West Seattle Not Not 6 A Not Not 20 A
Link applicable applicable applicable applicable
3 5 15 B 15 B 21 A 21 A
3 15 15 B 15 B 5 E 5 E
3 17 15 B 15 B 6 E 6 E
3 18 15 B 15 B 7 D 7 D
3 21 15 B 15 B 14 C 14 C
3 24 15 B 15 B 19 A 19 A
3 28 30 C 30 C 20 A 20 A
3 33 30 Cc 30 Cc 16 B 16 B
3 37 30 Cc 30 Cc 5 E 5 E
3 40 10 A 10 A 20 A 20 A
3 55 12 B 12 B 7 D 7 D
3 56 15 B 15 B 8 D 8 D
3 57 30 Cc 30 Cc 5 E 5 E
3 101 15 B 15 B 19 A 19 A
3 102 14 B 14 B 8 D 8 D
3 116 17 C 17 C 7 D 7 D
3 118 30 Cc 30 Cc 18 B 18 B
3 119 65 F 65 F 15 B 15 B
3 121 15 B 15 B 11 D 11 D
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2032 No
2032 No 2032 No Build
Build Build 2032 Build 2032 Build Weekday 2032 No 2032 Build
Headway Frequency Headway Frequency Hours of Build Span Hours of 2032 Build
Screenline (minutes) L.O.S. (minutes) L.O.S. Service L.O.S. Service Span L.O.S.
3 122 40 D 40 D 9 D 9 D
3 123 30 Cc 30 Cc 6 E 6 E
3 124 17 Cc 17 Cc 23 A 23 A
3 125 20 C 20 C 18 B 18 B
3 131 20 C 20 C 20 A 20 A
3 132 20 Cc 20 Cc 22 A 22 A
3 143 17 Cc 17 Cc 7 D 7 D
3 150 10 A 10 A 17 B 17 B
3 1041 6 A 6 A 19 A 19 A
3 1071 10 A 10 A 19 A 19 A
3 1202 10 A 7.5 A 19 A 19 A
3 1214 15 B 15 B 19 A 19 A
3 1220 10 A 10 A 19 A 19 A
3 2207 7.5 A 7.5 A 14 C 14 C
3 C Line 7 A 7 A 24 A 24 A
3 D Line 6 A 6 A 24 A 24 A
3 E Line 6 A 6 A 24 A 24 A
3 Link 6 A 6 A 20 A 20 A
4 5 15 B 15 B 21 A 5 E
4 15 15 B 15 B 5 E 6 E
4 17 15 B 15 B 6 E 7 D
4 18 15 B 15 B 7 D 19 A
4 24 15 B 15 B 19 A 20 A
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Existing and Future Transit Routes and Levels of Service

2032 No
2032 No 2032 No Build
Build Build 2032 Build 2032 Build Weekday 2032 No 2032 Build
Headway Frequency Headway Frequency Hours of Build Span Hours of 2032 Build
Screenline (minutes) L.O.S. (minutes) L.O.S. Service L.O.S. Service Span L.O.S.

4 28 30 Cc 30 Cc 20 A 16 B
4 33 30 Cc 30 Cc 16 B 20

4 40 10 A 10 A 20 A 7 D
4 116 17 C 17 C 7 D 11 D
4 121 15 B 15 B 11 D 9 D
4 122 40 D 40 D 9 D 23 A
4 131 20 Cc 20 Cc 20 A 20 A
4 132 20 Cc 20 Cc 22 A 22 A
4 143 17 C 17 C 7 D 7 D
4 1013 6 A 6 A 19 A 19 A
4 1061 10 A 10 A 19 A 19 A
4 1071 10 A 10 A 19 A 19 A
4 1074 15 B 15 B 19 A 19 A
4 1202 7.5 A 10 A 19 A 19 A
4 1213 10 A 10 A 19 A 19 A
4 1214 15 B 15 B 19 A 19 A
4 1220 10 A 10 A 19 A 19 A
4 1505 10 A 10 A 19 A 19 A
4 2515 7.5 A 7.5 A 14 C 14 C
4 3033 30 C 30 C 16 B 16 B
4 3122 30 Cc 30 Cc 16 B 16 B
4 3123 30 Cc 30 Cc 16 B 16 B
4 C Line 7 A 7 A 24 A 24 A
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Existing and Future Transit Routes and Levels of Service

2032 No
2032 No 2032 No Build
Build Build 2032 Build 2032 Build Weekday 2032 No 2032 Build
Headway Frequency Headway Frequency Hours of Build Span Hours of 2032 Build
Screenline (minutes) L.O.S. (minutes) L.O.S. Service L.O.S. Service Span L.O.S.

4 D Line 6 A 6 A 24 A 24 A
4 E Line 6 A 6 A 24 A 24
5 15 15 B 15 B 5 E 5 E
5 17 15 B 15 B 6 E 6 E
5 18 15 B 15 B 9 D 9 D
5 D Line 6 A 6 A 24 A 24 A

Source: See Attachment N.1C, Transit Service Integration Technical Memorandum.

Table N.1B-5. P.M. Peak Period Frequency and Span — 2042 No Build Alternative

2042 No Build Headway

2042 Build Weekday Hours 2042 Build Span

Screenline (minutes) 2042 No Build Frequency L.O.S. of Service L.O.S.
1 21 15 B 18 B
1 37 15 B 5 E
1 50 15 B 19 A
1 55 15 B 13 C
1 56 15 B 14 C
1 57 15 B 12 C
1 116 17 Cc 7 D
1 118 30 Cc 18 B
1 119 30 Cc 15 B
1 125 15 B 18 B
1 1041 6 A 19 A
1 C Line 6 A 24 A
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

2042 No Build Headway 2042 Build Weekday Hours | 2042 Build Span
Screenline (minutes) 2042 No Build Frequency L.O.S. of Service L.O.S.
2 21 15 B 18 B
2 37 15 B 5 E
2 50 15 B 19 A
2 55 15 B 13 C
2 56 15 B 14 C
2 57 15 B 12 C
2 101 15 B 19 A
2 102 10 A 8 D
2 116 17 Cc 7 D
2 118 30 C 18 B
2 119 30 C 15 B
2 121 30 C 11 D
2 122 30 Cc 9 D
2 123 30 Cc 6 E
2 124 12 B 23 A
2 125 15 B 18 B
2 131 20 C 20 A
2 132 20 Cc 22 A
2 150 10 A 17 B
2 1041 6 A 19 A
2 2207 7.5 A 14 C
2 C Line 6 A 24 A
2 Link 6 A 20 A
3 5 15 B 19 A
3 15 15 B 16 B
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Attachment N.1B

Existing and Future Transit Routes and Levels of Service

2042 No Build Headway

2042 Build Weekday Hours 2042 Build Span

Screenline (minutes) 2042 No Build Frequency L.O.S. of Service L.O.S.
3 17 15 B 13 Cc
3 18 30 C 13 Cc
3 21 15 B 18 B
3 24 15 B 18 B
3 28 20 Cc 20 A
3 33 15 B 19 A
3 37 15 B 5 E
3 40 6 A 20 A
3 55 15 B 13 C
3 56 15 B 14 C
3 57 15 B 12 C
3 101 15 B 19 A
3 102 10 A 8 D
3 116 17 Cc 7 D
3 118 30 C 18 B
3 119 30 C 15 B
3 121 30 C 11 D
3 122 30 Cc 9 D
3 123 30 Cc 6 E
3 124 12 B 23 A
3 125 15 B 18 B
3 131 20 C 20 A
3 132 20 Cc 22 A
3 143 20 Cc 7 D
3 150 10 A 17 B
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Existing and Future Transit Routes and Levels of Service

2042 No Build Headway

2042 Build Weekday Hours 2042 Build Span

Screenline (minutes) 2042 No Build Frequency L.O.S. of Service L.O.S.
3 1041 6 A 19 A
3 1071 10 A 19 A
3 1202 6 A 19 A
3 1214 10 A 19 A
3 1220 8 A 19 A
3 2207 7.5 A 14 C
3 C Line 6 A 24 A
3 D Line 6 A 24 A
3 E Line 5 A 24 A
3 Everett-to-Tacoma Link 6 A 20 A
4 5 15 B 19 A
4 15 15 B 16 B
4 17 15 B 13 C
4 18 30 Cc 13 C
4 24 15 B 18 B
4 28 20 C 20 A
4 33 15 B 19 A
4 101 15 B 19 A
4 102 10 A 8 D
4 121 30 C 11 D
4 122 30 C 9 D
4 123 30 C 6 E
4 124 12 B 23 A
4 131 20 Cc 20 A
4 132 20 C 22 A
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Existing and Future Transit Routes and Levels of Service

2042 No Build Headway 2042 Build Weekday Hours | 2042 Build Span
Screenline (minutes) 2042 No Build Frequency L.O.S. of Service L.O.S.
4 143 20 C 7 D
4 150 10 A 17 B
4 1071 10 A 19 A
4 1202 6 A 19 A
4 1214 10 A 19 A
4 C Line 6 A 24 A
4 D Line 6 A 24 A
4 E Line 5 A 24 A
5 15 15 B 16 B
5 17 15 B 13 Cc
5 18 30 C 13 Cc
5 33 15 B 19 A
5 1202 6 A 19 A
5 D Line 6 A 24 A

Source: See Attachment N.1C, Transit Service Integration Technical Memorandum.

Table N.1B-6. P.M. Peak Period Frequency and Span — 2042 Build Alternative

2042 Build Headway 2042 Build Frequency 2042 Build Weekday 2042 Build Weekday

Screenline (minutes) L.O.S. Span (Hours) Span L.O.S.
1 2003 15 B 15 B
1 3034 15 B 16 B
1 West Seattle-to-Everett 6 A 20 A
Link
2 1088 15 B 19
2 2003 15 B 15 B
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Existing and Future Transit Routes and Levels of Service

2042 Build Headway 2042 Build Frequency 2042 Build Weekday 2042 Build Weekday

Screenline (minutes) L.O.S. Span (Hours) Span L.O.S.
2 2016 15 B 15 B
2 2207 7.5 A 15 B
2 2614 15 B 15 B
2 Ballard-to-Tacoma Link 5 A 20 A
2 West Seattle-to-Everett 6 A 20 A

Link
3 1013 10 A 19 A
3 1202 6 A 19 A
3 1214 10 A 19 A
3 1220 8 A 19 A
3 1993 6 A 19 A
3 2003 15 B 15 B
3 2016 15 B 15 B
3 2207 7.5 A 15 B
3 2614 15 B 15 B
3 Ballard-to-Tacoma Link 5 A 20 A
3 West Seattle-to-Everett 6 A 20 A
Link
4 1001 7.5 A 19 A
4 1005 15 B 19 A
4 1013 6 A 19 A
4 1074 10 A 19 A
4 1202 6 A 19 A
4 1214 10 A 19 A
4 1220 8 A 19 A
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

2042 Build Headway 2042 Build Frequency 2042 Build Weekday 2042 Build Weekday

Screenline (minutes) L.O.S. Span (Hours) Span L.O.S.
4 1505 10 A 19 A
4 1993 6 A 19 A
4 2003 15 B 15 B
4 2515 7.5 A 15 B
4 2614 15 B 15 B
4 3033 30 C 16 B
4 Ballard-to-Tacoma Link 5 A 20 A
5 1512 10 A 19 A
5 Ballard-to-Tacoma Link 5 A 20 A
Source: See Attachment N.1C, Transit Service Integration Technical Memorandum.
Table N.1B-7. P.M. Peak Period Reliability Level of Service Thresholds (On-Time Performance)
On-Time Performance Description .0.
95.0% to 100% 1 late transit vehicle every 2 weeks (no transfer) A
90.0% to 94.9% 1 late transit vehicle every week (no transfer) B
85.0% to 89.9% 3 late transit vehicles every 2 weeks (no transfer) C
80.0% to 84.9% 2 late transit vehicles every week (no transfer) D
75.0% to 79.9% 1 late transit vehicle every day (with a transfer) E
less than 75.0% 1 late transit vehicle at least daily (with a transfer) F

Source: Adapted from Transportation Research Board 2013.
Note: “On time" is defined as an arrival 1 minute early to 5 minutes late.
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Table N.1B-8. P.M. Peak Period Reliability Level of Service Thresholds (Headway Adherence)

Headway Coefficient of Variation Passenger Experience .0.

0.00 to 0.21 Service provided like clockwork A

0.22 10 0.30 Vehicles slightly off headway B

0.31100.39 Vehicles often off headway C

0.40 to 0.52 Irregular headways with some bus bunching D

0.53t0 0.74 Frequent bus bunching E

more than or equal to 0.75 Most buses bunched F

Source: Adapted from Transportation Research Board 2013.
Note: Headway adherence L.O.S. applies only to transit routes with headways of 10 minutes or less.

Table N.1B-9. P.M. Peak Period Reliability Level of Service - Existing
On-Time
Headway Performance 2 Coefficient of Variation of
Screenline | Route Stop Name (minutes) Percentage Headway Adherance P L.O.S.°
1 21E 1st Avenue South and South Jackson Street 19 28% — F
1 37 1st Avenue South and South Jackson Street 30 27% — F
1 55 1st Avenue South and South Jackson Street 18 57% — F
1 56 1st Avenue South and South Jackson Street 32 27% — F
1 57 1st Avenue South and South Jackson Street 34 18% — F
1 120 1st Avenue South and South Jackson Street 8 — 0.51 D
1 125 1st Avenue South and South Jackson Street 21 39% — F
1 C Line 1st Avenue South and South Jackson Street 6 — 0.62 E
1 21 1st Avenue South and South Hanford Street 15 53% — F
1 116E 1st Avenue South and South Hanford Street 23 41% — F
1 118E 1st Avenue South and South Hanford Street Low Frequency ¢ 23% — F
1 119E 1st Avenue South and South Hanford Street Low Frequency ¢ 43% — F
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On-Time
Headway Performance 2 Coefficient of Variation of
Screenline | Route Stop Name (minutes) Percentage Headway Adherance P L.O.S.°
2 21E 1st Avenue South and South Jackson Street 19 28% — F
2 55 1st Avenue South and South Jackson Street 18 57% — F
2 56 1st Avenue South and South Jackson Street 32 27% — F
2 57 1st Avenue South and South Jackson Street 34 18% — F
2 120 1st Avenue South and South Jackson Street 8 — 0.51 D
2 C Line 1st Avenue South and South Jackson Street 6 — 0.62 E
2 116E 1st Avenue South and South Atlantic Street 23 75% — E
2 118E 1st Avenue South and South Atlantic Street Low Frequency ¢ 86% — C
2 119E 1st Avenue South and South Atlantic Street Low Frequency ¢ 63% — F
2 21 1st Avenue South and South Stacy Street 15 51% — F
2 124 Airport Way South and South Stacy Street 15 62% — F
2 131 4th Avenue South and South Walker Street 30 51% — F
2 132 4th Avenue South and South Walker Street 30 73% — F
2 101 SODO Busway and South Holgate Street 14 70% — F
2 102 SODO Busway and South Holgate Street 13 73% — F
2 150 SODO Busway and South Holgate Street 16 73% — F
2 177 SODO Busway and South Holgate Street 28 80% — D
2 178 SODO Busway and South Holgate Street 23 74% — F
2 190 SODO Busway and South Holgate Street 22 75% — F
3 150 2nd Avenue and James Street 16 7% — E
3 177 2nd Avenue and James Street 28 90% — C
3 178 2nd Avenue and James Street 23 82% — D
3 190 2nd Avenue and James Street 22 7% — E
3 21E 3rd Avenue and Columbia Street 19 76% — E
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On-Time
Headway Performance @ Coefficient of Variation of
Screenline | Route Stop Name (minutes) Percentage Headway Adherance P L.O.S.°
3 56 3rd Avenue and Columbia Street 32 82% — D
3 57 3rd Avenue and Columbia Street 34 84% — D
3 C Line 3rd Avenue and Columbia Street 6 — 0.58 E
3 116E 3rd Avenue and Columbia Street 23 90% -- C
3 7 3rd Avenue South and South Main Street 9 — 0.51 D
3 14 3rd Avenue South and South Main Street 16 54% — F
3 21 3rd Avenue South and South Main Street 15 51% — F
3 118E 3rd Avenue South and South Main Street Low Frequency ¢ 91% — B
3 119E 3rd Avenue South and South Main Street Low Frequency ¢ 75% — E
3 124 3rd Avenue South and South Main Street 15 68% — F
3 131 3rd Avenue South and South Main Street 30 53% — F
3 132 3rd Avenue South and South Main Street 30 54% — F
3 17E 4th Avenue South and South Jackson Street Low Frequency ¢ 91% — B
3 18E 4th Avenue South and South Jackson Street Low Frequency ¢ 89% — C
3 19 4th Avenue South and South Jackson Street 27 66% — F
3 24 4th Avenue South and South Jackson Street 20 65% — F
3 26E 4th Avenue South and South Jackson Street 19 7% — E
3 33 4th Avenue South and South Jackson Street 33 68% — F
3 40 4th Avenue South and South Jackson Street Low Frequency ¢ 91% — B
3 70 South Main Street and 3rd Avenue South 22 79% — E
3 2 South Jackson Street and 5th Avenue South Low Frequency ¢ 96% — A
3 62 South Jackson Street and 5th Avenue South Low Frequency ¢ 95% — B
3 55 1st Avenue South and South Jackson Street 18 57% — F
3 120 1st Avenue South and South Jackson Street 8 — 0.51 D
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On-Time
Headway Performance 2 Coefficient of Variation of
Screenline | Route Stop Name (minutes) Percentage Headway Adherance P L.O.S.°
3 125 1st Avenue South and South Jackson Street 21 39% — F
3 1 Prefontaine Place South and Yesler Way 15 70% — F
3 13 Prefontaine Place South and Yesler Way 47 88% — C
3 15E Prefontaine Place South and Yesler Way 16 85% — D
4 D Line 3rd Avenue and Vine Street 7 — 0.49 D
4 2 Queen Anne Avenue North and West John Street 28 87% — C
4 1 1st Avenue and Broad Street 15 63% — F
4 13 1st Avenue and Broad Street 14 74% — F
4 29 1st Avenue and Broad Street 16 72% — F
4 33 1st Avenue and Broad Street 21 63% — F
4 26E Aurora Avenue North and Denny Way 19 7% — E
4 E Line Aurora Avenue North and Denny Way 5 — 0.61 E
4 62 Dexter Avenue North and Denny Way 11 75% — E
4 70 Fairview Avenue and Denny Way 9 — 0.53 D
4 15E Denny Way and Queen Anne Avenue North 16 63% — F
4 17E Denny Way and Queen Anne Avenue North 20 72% — F
4 18E Denny Way and Queen Anne Avenue North 21 65% — F
4 19 Denny Way and Queen Anne Avenue North 27 71% — F
4 24 Denny Way and Queen Anne Avenue North 20 55% — F
4 C Line Westlake Avenue North and Harrison Street 6 — 0.51 D
4 40 Westlake Avenue and 9th Avenue 6 — 0.66 E
5 D Line 15th Avenue West and West Emerson Street 7 — 0.62 E
5 29 West Nickerson Street and West Emerson Street 16 62% — F
5 15E Elliott Avenue West and 4th Avenue West 16 63% — F
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On-Time
Headway Performance 2 Coefficient of Variation of
Screenline | Route Stop Name (minutes) Percentage Headway Adherance P L.O.S.°
5 17E Elliott Avenue West and 4th Avenue West 20 70% — F
5 18E Elliott Avenue West and 4th Avenue West 21 65% — F

Source: King County Metro 2019b.
2 Reliability is calculated based on On-Time Performance for transit routes with headways less frequent than 10 minutes.
b Reliability is calculated based on Headway Adherence for transit routes with headways of 10 minutes or less.

¢ The L.O.S. definition for transit reliability is defined in Transportation Research Board 2003, and is listed in Table A1 and A2. The screenline L.O.S. is calculated
as the weighted average of L.O.S. scores of all routes within the screenline group, weighted by the number of trips during the PM peak period. The L.O.S. score is
translated from a letter scale of A to F to a number scale of 1 to 6 in the calculation.

d"Low Frequency" is noted if a route only makes one trip during the PM peak period and the headway value is therefore uncalculatable.

Table N.1B-10. Passenger Load Level of Service Thresholds (Bus)

Passenger Load Factor | Comments ‘ L.O.S.
0.00 to 0.50 No passengers need sit next to another. A
0.511t0 0.75 Passengers can choose where to sit. B
0.76 to 1.00 All passengers can sit. C
1.01t0 1.25 Comfortable standee load for design. D
1.26 t0 1.50 Maximum schedule load. E

more than 1.5 Crush load. F

Source: Adapted from Transportation Research Board 2013.
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Table N.1B-11. Passenger Load Level of Service Thresholds (Rail)

L.O.S. | Square Feet per Passenger ‘ Comments
A more than 10.8 At most some passengers must stand.
B 8.21010.8 No Passengers need to stand next to another.
C 5.510 8.1 Passengers can choose where to stand.
D 39t054 Comfortable standee load for design.
E 22t03.8 Maximum schedule load.
F less than 2.2 Crush load.

Source: Adapted from Transportation Research Board 2013.

Table N.1B-12. P.M. Peak Period Passenger Load Level of Service — Existing (Bus)

Direction — ‘ Average Average
Screenline | Route/Line | Inbound/Outbound Load Seat | Load Factor | L.O.S.
1 C Line B Southwest Avalon Way and Southwest Yancy Street 15 48 0.31 A
1 C Line OB 1st Avenue South and South Jackson Street 55 48 1.14 D
1 21E OB 1st Avenue South and South Jackson Street 44 58 0.76 C
1 21 B Southwest Spokane Street and Chelan Avenue Southwest 9 58 0.16 A
1 21 OB 1st Avenue South and South Hanford Street 27 58 0.46 A
1 37 OB 1st Avenue South and South Jackson Street 14 39 0.37 A
1 50 B 1st Avenue South and South Hanford Street 17 27 0.62 B
1 50 OB Delridge Way Southwest and Southwest Andover Street 8 27 0.30 A
1 55 OB 1st Avenue South and South Jackson Street 31 48 0.65 B
1 56 OB 1st Avenue South and South Jackson Street 41 58 0.71 B
1 57 OB 1st Avenue South and South Jackson Street 36 58 0.63 B
1 116E OB 1st Avenue South and South Hanford Street 22 39 0.57 B
1 118E OB 1st Avenue South and South Hanford Street 23 27 0.85 C
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Direction —

‘ Average

Average

Screenline | Route/Line | Inbound/Outbound Load Seat | Load Factor | L.O.S.
1 119E OB 1st Avenue South and South Hanford Street 11 27 0.41 A
1 120 B Delridge Way Southwest and Southwest Andover Street 17 58 0.30 A
1 120 OB 1st Avenue South and South Jackson Street 46 58 0.80 C
1 125 B Delridge Way Southwest and Southwest Andover Street 8 35 0.24 A
1 125 OB 1st Avenue South and South Jackson Street 23 35 0.65 B
2 C Line B Southwest Avalon Way and Southwest Yancy Street 15 48 0.31 A
2 C Line OB 1st Avenue South and South Jackson Street 55 48 1.14 D
2 21E OB 1st Avenue South and South Jackson Street 44 58 0.76 C
2 21 1B 1st Avenue South and South Lander Street 15 58 0.25 A
2 21 OB 1st Avenue South and South Stacy Street 24 58 0.42 A
2 55 OB 1st Avenue South and South Jackson Street 31 48 0.65 B
2 56 OB 1st Avenue South and South Jackson Street 41 58 0.71 B
2 57 OB 1st Avenue South and South Jackson Street 36 58 0.63 B
2 101 B SODO Busway and South Lander Street 14 56 0.25 A
2 101 OB SODO Busway and South Holgate Street 36 56 0.65 B
2 102 OB SODO Busway and South Holgate Street 35 56 0.62 B
2 116E OB 1st Avenue South and South Atlantic Street 18 39 0.46 A
2 118E OB 1st Avenue South and South Atlantic Street 21 27 0.76 C
2 119E OB 1st Avenue South and South Atlantic Street 10 27 0.35 A
2 120 B Delridge Way Southwest and Southwest Andover Street 17 58 0.30 A
2 120 OB 1st Avenue South and South Jackson Street 46 58 0.80 C
2 124 B Airport Way South and South Lander Street 17 52 0.33 A
2 124 OB Airport Way South and South Stacy Street 22 50 0.45 A
2 125 B Delridge Way Southwest and Southwest Andover Street 8 35 0.24 A
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Direction — ‘ Average Average
Screenline | Route/Line | Inbound/Outbound Load Seat | Load Factor | L.O.S.
2 125 OB 1st Avenue South and South Jackson Street 23 35 0.65 B
2 131 B 4th Avenue South and South Lander Street 24 58 0.41 A
2 131 OB 4th Avenue South and South Walker Street 43 58 0.74 B
2 132 1B 4th Avenue South and South Lander Street 22 58 0.38 A
2 132 OB 4th Avenue South and South Walker Street 31 58 0.54 B
2 150 B SODO Busway and South Lander Street 21 56 0.38 A
2 150 OB SODO Busway and South Holgate Street 33 56 0.59 B
2 177 OB SODO Busway and South Holgate Street 25 58 0.43 A
2 178 OB SODO Busway and South Holgate Street 25 58 0.43 A
2 190 OB SODO Busway and South Holgate Street 19 39 0.48 A
3 C Line B 1st Avenue South and South Jackson Street 14 48 0.29 A
3 C Line OB 3rd Avenue and Columbia Street 53 48 1.10 D
3 1 B 3rd Avenue and Virginia Street 8 35 0.24 A
3 1 OB Prefontaine Place South and Yesler Way 13 35 0.38 A
3 2 B South Jackson Street and 5th Avenue South 4 35 0.11 A
3 7 B Prefontaine Place South and Yesler Way 13 47 0.29 A
3 7 OB 3rd Avenue South and South Main Street 27 47 0.57 B
3 13 1B 3rd Avenue South and South Main Street 1 35 0.03 A
3 13 OB Prefontaine Place South and Yesler Way 5 35 0.13 A
3 14 OB 3rd Avenue South and South Main Street 30 35 0.86 C
3 15E OB Prefontaine Place South and Yesler Way 9 58 0.16 A
3 17E OB 4th Avenue South and South Jackson Street 5 54 0.10 A
3 18E OB 4th Avenue South and South Jackson Street 6 54 0.11 A
3 19 OB 4th Avenue South and South Jackson Street 3 42 0.07 A
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Direction — ‘ Average Average
Screenline | Route/Line | Inbound/Outbound Load Seat | Load Factor | L.O.S.
3 21 B 4th Avenue South and South Royal Brougham Way 22 58 0.39 A
3 21 OB 3rd Avenue South and South Main Street 26 58 0.45 A
3 21E OB 3rd Avenue and Columbia Street 42 58 0.73 B
3 24 OB 4th Avenue South and South Jackson Street 15 52 0.30 A
3 26E OB 4th Avenue South and South Jackson Street 18 58 0.31 A
3 33 OB 3rd Avenue and James Street 13 47 0.27 A
3 33 OB 4th Avenue South and South Jackson Street 13 47 0.28 A
3 40 B 3rd Avenue South and South Main Street 0 58 0.00 A
3 40 OB 4th Avenue South and South Jackson Street 4 51 0.07 A
3 55 OB 1st Avenue South and South Jackson Street 31 48 0.65 B
3 56 OB 3rd Avenue and Columbia Street 40 58 0.70 B
3 57 OB 3rd Avenue and Columbia Street 35 58 0.60 B
3 62 B South Washington Street and 4th Avenue South 0 56 0.00 A
3 62 OB South Jackson Street and 5th Avenue South 4 51 0.07 A
3 70 1B 3rd Avenue South and South Main Street 0 48 0.00 A
3 70 OB South Main Street and 3rd Avenue South 2 48 0.03 A
3 116E OB 3rd Avenue and Columbia Street 16 39 0.40 A
3 118E OB 3rd Avenue South and South Main Street 20 27 0.76 C
3 119E OB 3rd Avenue South and South Main Street 9 27 0.33 A
3 120 B Delridge Way Southwest and Southwest Andover Street 17 58 0.30 A
3 120 OB 1st Avenue South and South Jackson Street 46 58 0.80 C
3 124 OB 3rd Avenue South and South Main Street 23 50 0.46 A
3 125 B Delridge Way Southwest and Southwest Andover Street 8 35 0.24 A
3 125 OB 1st Avenue South and South Jackson Street 23 35 0.65 B
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Direction — ‘ Average Average
Screenline | Route/Line | Inbound/Outbound Load Seat | Load Factor | L.O.S.
3 131 B 4th Avenue South and South Jackson Street 8 58 0.13 A
3 131 OB 3rd Avenue South and South Main Street 45 58 0.78 C
3 132 OB 3rd Avenue South and South Main Street 33 58 0.56 B
3 150 1B 4th Avenue South and South Jackson Street 13 56 0.22 A
3 150 OB 2nd Avenue and James Street 25 56 0.46 A
3 177 OB 2nd Avenue and James Street 22 58 0.38 A
3 178 OB 2nd Avenue and James Street 23 58 0.39 A
3 190 OB 2nd Avenue and James Street 18 39 0.47 A
4 C Line 1B Westlake Avenue and 9th Avenue 4 48 0.07 A
4 C Line OB Westlake Avenue North and Harrison Street 29 48 0.61 B
4 D Line B Queen Anne Avenue North and West John Street 30 48 0.63 B
4 D Line OB 3rd Avenue and Vine Street 53 48 1.10 D
4 26E 1B Aurora Avenue North and Denny Way 19 58 0.32 A
4 E Line B Aurora Avenue North and Denny Way 26 48 0.54 B
4 E Line OB Aurora Avenue North and Denny Way 55 48 1.15 D
4 1 B Denny Way and 2nd Avenue North 16 35 0.45 A
4 1 OB 1st Avenue and Broad Street 23 35 0.66 B
4 2 B 1st Avenue North and John Street 24 35 0.67 B
4 2 OB Queen Anne Avenue North and West John Street 18 35 0.51 B
4 13 B Denny Way and 2nd Avenue North 21 35 0.60 B
4 13 OB 1st Avenue and Broad Street 27 35 0.77 C
4 15E OB Denny Way and Queen Anne Avenue North 53 58 0.92 C
4 17E OB Denny Way and Queen Anne Avenue North 46 54 0.85 C
4 18E OB Denny Way and Queen Anne Avenue North 48 54 0.88 C
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Direction — ‘ Average Average
Screenline | Route/Line | Inbound/Outbound Load Seat | Load Factor | L.O.S.

4 19 OB Denny Way and Queen Anne Avenue North 22 42 0.52 B
4 24 1B Denny Way and 2nd Avenue North 24 50 0.49 A
4 24 OB Denny Way and Queen Anne Avenue North 35 52 0.68 B
4 26E OB Aurora Avenue North and Denny Way 43 58 0.74 B
4 29 OB 1st Avenue and Broad Street 35 47 0.74 B
4 33 B Denny Way and 2nd Avenue North 27 48 0.57 B
4 33 OB 1st Avenue and Broad Street 30 47 0.65 B
4 40 B Westlake Avenue North and Harrison Street 32 58 0.55 B
4 40 OB Westlake Avenue and 9th Avenue 37 51 0.73 B
4 62 B Dexter Avenue and Denny Way 31 56 0.55 B
4 62 OB Dexter Avenue North and Denny Way 40 51 0.79 C
4 70 B Fairview Avenue North and Thomas Street 30 48 0.62 B
4 70 OB Fairview Avenue and Denny Way 30 48 0.63 B
5 D Line B 15th Avenue Northwest and Northwest Leary Way 23 48 0.48 A
5 D Line OB 15th Avenue West and West Emerson Street 33 48 0.70 B
5 15E OB Elliott Avenue West and 4th Avenue West 55 58 0.94 C
5 17E OB Elliott Avenue West and 4th Avenue West 47 54 0.87 C
5 18E OB Elliott Avenue West and 4th Avenue West 49 54 0.91 C
5 29 OB West Nickerson Street and West Emerson Street 3 47 0.07 A

Source: King County Metro 2019c.

Notes:

IB = inbound

OB = outbound
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Table N.1B-13. P.M. Peak Period Passenger Load Level of Service - 2032 No Build Alternative (Bus)

Direction Peak Hour ‘ Average Peak Hour Passenger Load Peak Hour Passenger Load
Screenline | Route/Line | (Inbound/Outbound) Average Load Capacity Factor L.O.S.
1 C Line B 18 48 0.36 A
1 C Line OB 81 48 1.68 F
1 21 1B 34 48 0.71 B
1 21 OB 78 48 1.62 F
1 37 OB 0 48 0.00 A
1 50 B 7 48 0.14 A
1 50 OB 6 48 0.13 A
1 55 OB 26 48 0.53 B
1 56 OB 62 48 1.30 E
1 57 OB 49 48 1.03 D
1 116 OB 26 48 0.55 B
1 125 B 19 48 0.39 A
1 125 OB 25 48 0.52 B
1 1041 1B 18 48 0.37 A
1 1041 OB 63 48 1.31 E
2 C Line B 18 48 0.36 A
2 C Line OB 81 48 1.68 F
2 21 1B 34 48 0.71 B
2 21 OB 78 48 1.62 F
2 37 OB 0 48 0.00 A
2 55 OB 26 48 0.53 B
2 56 OB 62 48 1.30 E
2 57 OB 49 48 1.03 D
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Direction Peak Hour ‘ Average ‘ Peak Hour Passenger Load Peak Hour Passenger Load
Screenline | Route/Line | (Inbound/Outbound) Average Load Capacity Factor L.O.S.
2 101 1B 7 48 0.14 A
2 101 OB 35 48 0.73 B
2 102 OB 35 48 0.73 B
2 116 OB 20 48 0.42 A
2 121 B 21 48 0.45 A
2 121 OB 32 48 0.67 B
2 122 OB 30 48 0.63 B
2 123 OB 31 48 0.64 B
2 124 B 24 48 0.507 B
2 124 OB 25 48 0.511 B
2 125 1B 19 48 0.39 A
2 125 OB 25 48 0.515 B
2 131 B 4 48 0.09 A
2 131 OB 4 48 0.09 A
2 132 1B 11 48 0.22 A
2 132 OB 22 48 0.45 A
2 143 OB 30 48 0.62 B
2 150 B 5 48 0.11 A
2 150 OB 11 48 0.23 A
2 1041 1B 18 48 0.37 A
2 1041 OB 63 48 1.31 E
2 2207 1B 0 48 0.00 A
2 2207 OB 12 48 0.25 A
3 C Line B 15 48 0.30 A
3 C Line OB 68 48 1.41 E
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Direction Peak Hour ‘ Average ‘ Peak Hour Passenger Load Peak Hour Passenger Load
Screenline | Route/Line | (Inbound/Outbound) Average Load Capacity Factor L.O.S.
3 D Line 1B 7 48 0.14 A
3 D Line OB 5 48 0.10 A
3 17 OB 5 48 0.11 A
3 18 OB 5 48 0.10 A
3 21 B 16 48 0.34 A
3 21 OB 65 48 1.34 E
3 37 OB 0 48 0.00 A
3 55 OB 17 48 0.36 A
3 56 OB 55 48 1.14 D
3 57 OB 44 48 0.91 C
3 101 1B 3 48 0.06 A
3 101 OB 9 48 0.18 A
3 102 OB 9 48 0.18 A
3 116 OB 8 48 0.18 A
3 121 1B 13 48 0.27 A
3 121 OB 25 48 0.53 B
3 122 OB 24 48 0.49 A
3 123 OB 24 48 0.50 A
3 124 B 6 48 0.13 A
3 124 OB 8 48 0.17 A
3 125 1B 12 48 0.24 A
3 125 OB 16 48 0.34 A
3 131 B 1 48 0.01 A
3 131 OB 1 48 0.03 A
3 132 1B 2 48 0.05 A
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Direction Peak Hour ‘ Average ‘ Peak Hour Passenger Load Peak Hour Passenger Load
Screenline | Route/Line | (Inbound/Outbound) Average Load Capacity Factor L.O.S.
3 132 OB 13 48 0.28 A
3 143 OB 8 48 0.16 A
3 150 B 2 48 0.03 A
3 150 OB 3 48 0.06 A
3 1041 B 18 48 0.37 A
3 1041 OB 63 48 1.31 E
3 1071 1B 3 48 0.06 A
3 1071 OB 3 48 0.07 A
3 1214 B 7 48 0.15 A
3 1214 OB 12 48 0.25 A
3 1220 1B 2 48 0.04 A
3 1220 OB 4 48 0.08 A
3 2207 B 0 48 0.00 A
3 2207 OB 12 48 0.25 A
4 C Line 1B 2 48 0.04 A
4 C Line OB 28 48 0.59 B
4 D Line 1B 38 48 0.79 C
4 D Line OB 80 48 1.67 F
4 E Line B 24 48 0.50 A
4 E Line OB 59 48 1.23 D
4 5 1B 10 48 0.21 A
4 5 OB 70 48 1.45 E
4 15 B 37 48 0.76 Cc
4 15 OB 76 48 1.59 F
4 17 OB 51 48 1.07 D
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Attachment N.1B

Existing and Future Transit Routes and Levels of Service

Direction Peak Hour Average Peak Hour Passenger Load Peak Hour Passenger Load
Screenline | Route/Line | (Inbound/Outbound) Average Load Capacity Factor L.O.S.
4 18 OB 33 48 0.68 B
4 24 1B 19 48 0.39 A
4 24 OB 41 48 0.86 Cc
4 27 B 6 48 0.12 A
4 27 OB 4 48 0.09 A
4 28 1B 9 48 0.18 A
4 28 OB 58 48 1.22 D
4 33 B 20 48 0.43 A
4 33 OB 41 48 0.85 Cc
4 38 1B 9 48 0.18 A
4 38 OB 9 48 0.19 A
4 40 1B 25 48 0.51 B
4 40 OB 18 48 0.37 A
4 62 B 24 48 0.49 A
4 62 OB 60 48 1.24 D
4 1013 1B 14 48 0.29 A
4 1013 OB 17 48 0.35 A
4 1071 B 5 48 0.10 A
4 1071 OB 2 48 0.05 A
4 1214 1B 18 48 0.38 A
4 1214 OB 34 48 0.70 B
4 1220 1B 12 48 0.25 A
4 1220 OB 14 48 0.30 A
4 1505 B 29 48 0.60 B
4 1505 OB 39 48 0.80 C
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

‘ Direction Peak Hour ‘ Average ‘ Peak Hour Passenger Load Peak Hour Passenger Load
Screenline | Route/Line | (Inbound/Outbound) Average Load Capacity Factor L.O.S.

4 2515 1B 3 48 0.07 A

4 2515 OB 20 48 0.42 A

5 D Line B 20 48 0.42 A

5 D Line OB 51 48 1.07 D

5 15 B 19 48 0.40 A

5 15 OB 49 48 1.03 D

5 17 1B 55 48 1.14 D

5 18 B 34 48 0.71 B

Source: Sound Transit Ridership Model 2019.
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Table N.1B-14. P.M. Peak Period Passenger Load Level of Service - 2032 No Build Alternative (Rail)
Average Square Feet
Inbound/ Peak Hour Average Average Passenger per Standing Passenger Load
Screenline Outbound Load Standing per Car Passenger L.O.S. (Rail)
2 Everett-to-Tacoma Link B 180 0 325 A
2 Everett-to-Tacoma Link OB 719 105 3 E
3 Everett-to-Tacoma Link =] 225 0 325 A
3 Everett-to-Tacoma Link OB 747 112 3 E
3 Redmond-to-Everett Link B 190 0 325 A
3 Redmond-to-Everett Line OB 450 37 9 B

Source: Sound Transit Ridership Model 2019.

Table N.1B-15. P.M. Peak Period Passenger Load Level of Service — 2032 Build (Bus)

Direction
(Inbound/

Peak Hour Average

Peak Hour Passenger Peak Hour Passenger

Screenline | Route/Line Outbound) Load Average Capacity Load Factor Load L.O.S.
1 C Line B 8 48 0.2 A
1 C Line OB 53 48 1.1 D
1 21 IB 27 48 0.6 B
1 21 OB 72 48 1.5 E
1 37 OB 0 48 0.0 A
1 50 B 0 48 0.0 A
1 50 OB 1 48 0.0 A
1 55 OB 11 48 0.2 A
1 56 OB 60 48 1.2 D
1 57 OB 47 48 1.0 C
1 116 OB 18 48 0.4 A
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Direction
(Inbound/ Peak Hour Average Peak Hour Passenger Peak Hour Passenger
Screenline | Route/Line Outbound) Load Average Capacity Load Factor Load L.O.S.
1 125 IB 15 48 0.3 A
1 125 OB 23 48 0.5 A
1 1041 1B 15 48 0.3 A
1 1041 OB 61 48 1.3 E
2 C Line IB 8 48 0.2 A
2 C Line OB 53 48 1.1 D
2 21 B 27 48 0.6 B
2 21 OB 72 48 1.5 E
2 37 OB 0 48 0.0 A
2 55 OB 11 48 0.2 A
2 56 OB 60 48 1.2 D
2 57 OB 47 48 1.0 C
2 101 B 7 48 0.1 A
2 101 OB 36 48 0.8 B
2 102 OB 36 48 0.8 B
2 116 OB 17 48 0.3 A
2 121 B 21 48 0.4 A
2 121 OB 32 48 0.7 B
2 122 OB 30 48 0.6 B
2 123 OB 30 48 0.6 B
2 124 IB 25 48 0.5 B
2 124 OB 24 48 0.5 B
2 125 B 15 48 0.3 A
2 125 OB 23 48 0.5 A
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Direction
(Inbound/ Peak Hour Average Peak Hour Passenger Peak Hour Passenger
Screenline | Route/Line Outbound) Load Average Capacity Load Factor Load L.O.S.
2 131 IB 3 48 0.1 A
2 131 OB 4 48 0.1 A
2 132 B 10 48 0.2 A
2 132 OB 22 48 0.5 A
2 143 OB 30 48 0.6 B
2 150 IB 4 48 0.1 A
2 150 OB 12 48 0.2 A
2 1041 1B 15 48 0.3 A
2 1041 OB 61 48 1.3 E
2 2207 IB 0 48 0.0 A
2 2207 OB 12 48 0.3 A
3 C Line B 6 48 0.1 A
3 C Line OB 44 48 0.9 C
3 D Line B 7 48 0.1 A
3 D Line OB 5 48 0.1 A
3 17 OB 5 48 0.1 A
3 18 OB 4 48 0.1 A
3 21 B 15 48 0.3 A
3 21 OB 60 48 1.2 D
3 37 OB 0 48 0.0 A
3 55 OB 6 48 0.1 A
3 56 OB 53 48 1.1 D
3 57 OB 42 48 0.9 C
3 101 B 3 48 0.1 A
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Direction
(Inbound/ Peak Hour Average Peak Hour Passenger Peak Hour Passenger
Screenline | Route/Line Outbound) Load Average Capacity Load Factor Load L.O.S.
3 101 OB 9 48 0.2 A
3 102 OB 9 48 0.2 A
3 116 OB 8 48 0.2 A
3 121 B 13 48 0.3 A
3 121 OB 25 48 0.5 B
3 122 OB 24 48 0.5 A
3 123 OB 24 48 0.5 A
3 124 B 6 48 0.1 A
3 124 OB 8 48 0.2 A
3 125 IB 9 48 0.2 A
3 125 OB 15 48 0.3 A
3 131 B 1 48 0.0 A
3 131 OB 1 48 0.0 A
3 132 B 2 48 0.0 A
3 132 OB 13 48 0.3 A
3 143 OB 8 48 0.2 A
3 150 B 1 48 0.0 A
3 150 OB 3 48 0.1 A
3 1041 1B 15 48 0.3 A
3 1041 OB 61 48 1.3 E
3 1071 IB 3 48 0.1 A
3 1071 OB 3 48 0.1 A
3 1214 1B 7 48 0.1 A
3 1214 OB 12 48 0.2 A
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Direction
(Inbound/ Peak Hour Average Peak Hour Passenger Peak Hour Passenger
Screenline | Route/Line Outbound) Load Average Capacity Load Factor Load L.O.S.
3 1220 IB 2 48 0.0 A
3 1220 OB 4 48 0.1 A
3 2207 1B 0 48 0.0 A
3 2207 OB 12 48 0.3 A
4 C Line IB 2 48 0.0 A
4 C Line OB 26 48 0.5 B
4 D Line B 37 48 0.8 C
4 D Line OB 80 48 1.7 F
4 E Line B 24 48 0.5 B
4 E Line OB 59 48 1.2 D
4 5 IB 10 48 0.2 A
4 5 OB 70 48 1.4 E
4 15 B 36 48 0.8 B
4 15 OB 76 48 1.6 F
4 17 OB 51 48 1.1 D
4 18 OB 33 48 0.7 B
4 24 B 19 48 0.4 A
4 24 OB 41 48 0.9 C
4 27 B 6 48 0.1 A
4 27 OB 4 48 0.1 A
4 28 IB 9 48 0.2 A
4 28 OB 58 48 1.2 D
4 33 B 20 48 0.4 A
4 33 OB 41 48 0.9 C
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Direction
(Inbound/ Peak Hour Average Peak Hour Passenger Peak Hour Passenger
Screenline | Route/Line Outbound) Load Average Capacity Load Factor Load L.O.S.
4 38 IB 9 48 0.2 A
4 38 OB 9 48 0.2 A
4 40 B 25 48 0.5 B
4 40 OB 18 48 0.4 A
4 62 IB 24 48 0.5 A
4 62 OB 60 48 1.2 D
4 1013 1B 14 48 0.3 A
4 1013 OB 33 48 0.7 B
4 1071 1B 6 48 0.1 A
4 1071 OB 2 48 0.1 A
4 1214 IB 19 48 0.4 A
4 1214 OB 34 48 0.7 B
4 1220 1B 12 48 0.3 A
4 1220 OB 14 48 0.3 A
4 1505 IB 29 48 0.6 B
4 1505 OB 39 48 0.8 C
4 2515 1B 3 48 0.1 A
4 2515 OB 20 48 0.4 A
5 D Line B 20 48 0.4 A
5 D Line OB 51 48 1.1 D
5 15 Line IB 19 48 0.4 A
5 15 Line OB 49 48 1.0 D
5 17 Line B 55 48 1.1 D
5 18 Line B 34 48 0.7 B

Source: Sound Transit Ridership Model 2019.
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Table N.1B-16. P.M. Peak Period Passenger Load Level of Service — 2032 Build (Rail)

Average Square

Inbound/ Peak Hour Average | Average Passenger Feet per Standing Passenger Load
Screenline Outbound Load Standing per Car Passenger L.O.S.
1 West Seattle-to-SODO Link B 22 0 325 A
1 West Seattle-to-SODO Link OB 49 0 325 A
2 Lynnwood-to-Tacoma Link =] 187 0 325 A
2 Lynnwood-to-Tacoma Link OB 750 112 3 E
3 Lynnwood-to-Tacoma Link B 231 0 325 A
3 Lynnwood-to-Tacoma Link OB 771 118 3 E
3 Redmond-to-Lynnwood Link =] 189 0 325 A
3 Redmond-to-Lynnwood Link OB 449 37 9 B

Source: Sound Transit Ridership Model 2019.

Table N.1B-17. P.M. Peak Period Passenger Load Level of Service — 2042 No Build (Bus)

Peak Hour Average Peak Hour Passenger Peak Hour Passenger Load
Screenline | Route/Line | Inbound/Outbound Average Load Capacity Load L.O.S.
1 C Line 1B 9 48 0.2 A
1 C Line OB 79 48 1.3 E
1 21 1B 38 48 0.6 B
1 21 OB 84 48 1.4 E
1 37 B 3 48 0.1 A
1 37 OB 0 48 0.0 A
1 50 1B 4 48 0.1 A
1 50 OB 9 48 0.2 A
1 55 B 6 48 0.1 A
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Peak Hour Average Peak Hour Passenger Peak Hour Passenger Load
Screenline | Route/Line | Inbound/Outbound Average Load Capacity Load L.O.S.

1 56 1B 14 48 0.2

1 56 OB 62 48 1.0 D
1 57 B 9 48 0.2 A
1 57 OB 62 48 1.0 D
1 116 1B 2 48 0.0 A
1 116 OB 26 48 0.4 A
1 125 B 18 48 0.3 A
1 125 OB 26 48 0.4 A
1 1041 1B 16 48 0.3 A
1 1041 OB 59 48 1.0 Cc
2 C Line 1B 9 48 0.2 A
2 C Line OB 79 48 1.3 E
2 21 B 38 48 0.6 B
2 21 OB 84 48 1.4 E
2 37 1B 5 48 0.1 A
2 37 OB 0 48 0.0 A
2 55 B 6 48 0.1 A
2 55 OB 24 48 0.4 A
2 56 1B 14 48 0.2 A
2 56 OB 62 48 1.0 D
2 57 1B 9 48 0.2 A
2 57 OB 62 48 1.0 D
2 101 B 5 48 0.1 A
2 101 OB 35 48 0.6 B

Page N.1B-41 | AE 0036-17 | Transportation Technical Report January 2022



Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Peak Hour Average Peak Hour Passenger Peak Hour Passenger Load
Screenline | Route/Line | Inbound/Outbound Average Load Capacity Load L.O.S.
2 102 1B 1 48 0.0 A
2 102 OB 12 48 0.2 A
2 116 B 2 48 0.0 A
2 116 OB 22 48 0.4 A
2 121 B 30 48 0.5 B
2 121 OB 37 48 0.6 B
2 122 1B 23 48 0.4 A
2 122 OB 35 48 0.6 B
2 123 B 24 48 0.4 A
2 123 OB 36 48 0.6 B
2 124 1B 12 48 0.2 A
2 124 OB 22 48 0.4 A
2 125 B 18 48 0.3 A
2 125 OB 26 48 0.4 A
2 131 1B 4 48 0.1 A
2 131 OB 5 48 0.1 A
2 132 1B 9 48 0.1 A
2 132 OB 19 48 0.3 A
2 143 B 11 48 0.2 A
2 143 OB 20 48 0.3 A
2 150 1B 3 48 0.0 A
2 150 OB 5 48 0.1 A
2 1041 B 16 48 0.3 A
2 1041 OB 59 48 1.0 C
2 2207 1B 0 48 0.0 A
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Peak Hour Average Peak Hour Passenger Peak Hour Passenger Load
Screenline | Route/Line | Inbound/Outbound Average Load Capacity Load L.O.S.
2 2207 OB 1 48 0.0 A
3 C Line B 8 48 0.1 A
3 C Line OB 65 48 1.1 D
3 D Line B 7 48 0.1 A
3 D Line OB 4 48 0.1 A
3 17 1B 3 48 0.1 A
3 17 OB 4 48 0.1 A
3 18 B 3 48 0.1 A
3 18 OB 4 48 0.1 A
3 21 1B 17 48 0.3 A
3 21 OB 64 48 1.1 D
3 37 1B 1 48 0.0 A
3 37 OB 0 48 0.0 A
3 55 B 5 48 0.1 A
3 55 OB 15 48 0.3 A
3 56 1B 10 48 0.2 A
3 56 OB 53 48 0.9 Cc
3 57 B 9 48 0.2 A
3 57 OB 53 48 0.9 C
3 124 1B 2 48 0.0 A
3 124 OB 6 48 0.1 A
3 125 1B 10 48 0.2 A
3 125 OB 20 48 0.3 A
3 131 B 1 48 0.0 A
3 131 OB 2 48 0.0 A
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Peak Hour Average Peak Hour Passenger Peak Hour Passenger Load
Screenline | Route/Line | Inbound/Outbound Average Load Capacity Load L.O.S.
3 132 1B 2 48 0.0 A
3 132 OB 9 48 0.2 A
3 143 B 3 48 0.0 A
3 143 OB 6 48 0.1 A
3 150 B 1 48 0.0 A
3 150 OB 1 48 0.0 A
3 2207 1B 0 48 0.0 A
3 2207 OB 1 48 0.0 A
4 C Line B 3 48 0.1 A
4 C Line OB 28 48 0.5 A
4 D Line B 37 48 0.6 B
4 D Line OB 89 48 1.5 E
4 E Line B 7 48 0.1 A
4 E Line OB 49 48 0.8 C
4 5 1B 15 48 0.3 A
4 5 OB 89 48 1.5 E
4 15 1B 36 48 0.6 B
4 15 OB 86 48 1.4 E
4 17 B 9 48 0.2 A
4 17 OB 62 48 1.0 D
4 18 1B 10 48 0.2 A
4 18 OB 44 48 0.7 B
4 24 B 20 48 0.3 A
4 24 OB 45 48 0.7 B
4 28 1B 12 48 0.2 A
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Peak Hour Average Peak Hour Passenger Peak Hour Passenger Load
Screenline | Route/Line | Inbound/Outbound Average Load Capacity Load L.O.S.
4 28 OB 73 48 1.2 D
4 33 1B 10 48 0.2 A
4 33 OB 22 48 0.4 A
4 40 B 6 48 0.1 A
4 40 OB 13 48 0.2 A
4 1071 1B 2 48 0.0 A
4 1071 OB 3 48 0.1 A
4 1013 B 14 48 0.2 A
4 1013 OB 21 48 0.3 A
4 1074 1B 9 48 0.2 A
4 1074 OB 10 48 0.2 A
4 1202 1B 25 48 0.4 A
4 1202 OB 69 48 1.2 D
4 1214 B 22 48 0.4 A
4 1214 OB 37 48 0.6 B
4 1220 1B 20 48 0.3 A
4 1220 OB 30 48 0.5 A
4 1505 B 28 48 0.5 A
4 1505 OB 45 48 0.8 B
4 2515 1B 2 48 0.0 A
4 2515 OB 24 48 0.4 A
4 3033 1B 2 48 0.0 A
4 3033 OB 3 48 0.0 A
5 D Line OB 56 48 0.9 C
5 15 1B 19 48 0.3 A
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Peak Hour Average Peak Hour Passenger Peak Hour Passenger Load
Screenline | Route/Line | Inbound/Outbound Average Load Capacity Load L.O.S.
5 15 OB 54 48 0.9 Cc
5 17 1B 8 48 0.1 A
5 17 OB 65 48 1.1 D
5 18 B 9 48 0.1 A
5 18 OB 46 48 0.8 C

Source: Sound Transit Ridership Model 2019.
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Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Table N.1B-18. P.M. Peak Period Passenger Load Level of Service — 2042 No Build (Rail)
Average Square
Inbound/ Peak Hour Average | Average Passenger Feet per Standing Passenger Load
Screenline Outbound Load Standing per car Passenger L.O.S.
2 Redmond-to-Lynnwood Link 1B 201 0 325 A
2 Redmond-to-Lynnwood Link OB 865 141 2 F
3irt Lynnwood-to-Tacoma Link 1B 252 0 325 A
3irt Lynnwood-to-Tacoma Link OB 892 148 2 F
3irt Redmond-to-Lynnwood Link 1B 216 0 325 A
3irt Redmond-to-Lynnwood Link OB 539 60 5 D

Source: Sound Transit Ridership Model 2019.

Table N.1B-19. P.M. Peak Period Passenger Load Level of Service — 2042 Build Alternative (Bus)

Inbound/

Peak Hour Average

Peak Hour Passenger Peak Hour Passenger

Screenline | Route/Line Outbound Load Average Capacity Load Factor Load L.O.S.
1 2003 B 2 48 0.13 A
1 2003 OB 54 48 3.16 F
1 3034 B 2 48 0.11 A
1 3034 OB 2 48 0.09 A
2 2003 1B 2 48 0.13 A
2 2003 OB 54 48 3.16 F
2 2614 B 23 48 1.34 E
2 2614 OB 52 48 3.04 F
2 2016 1B 18 48 1.05 D
2 2016 OB 40 48 2.33 F
2 1088 B 11 48 0.65 B
2 1088 OB 16 48 0.94 C

Page N.1B-47 | AE 0036-17 | Transportation Technical Report

January 2022




Attachment N.1B
Existing and Future Transit Routes and Levels of Service

Inbound/ ‘ Peak Hour Average Peak Hour Passenger Peak Hour Passenger
Screenline | Route/Line Outbound Load Average Capacity Load Factor Load L.O.S.
2 2207 1B 0 48 0.00 A
2 2207 OB 2 48 0.14 A
3 1013 B 2 48 0.09 A
3 1013 OB 0 48 0.00 A
3 1214 B 3 48 0.17 A
3 1214 OB 9 48 0.55 B
3 1220 1B 1 48 0.05 A
3 1220 OB 2 48 0.14 A
3 1993 B 0 48 0.01 A
3 1993 OB 0 48 0.00 A
3 2003 1B 2 48 0.13 A
3 2003 OB 54 48 3.16 F
3 2016 B 10 48 0.57 B
3 2016 OB 36 48 2.13 F
3 2207 1B 0 48 0.00 A
3 2207 OB 2 48 0.14 A
3 2614 1B 23 48 1.34 E
3 2614 OB 52 48 3.04 F
4 1001 B 3 48 0.18 A
4 1001 OB 40 48 0.67 B
4 1005 1B 14 48 0.81 C
4 1005 OB 32 48 1.88 F
4 1013 B 11 48 0.63 B
4 1013 OB 22 48 1.27 E
4 1074 1B 2 48 0.11 A
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Inbound/ ‘ Peak Hour Average Peak Hour Passenger Peak Hour Passenger
Screenline | Route/Line Outbound Load Average Capacity Load Factor Load L.O.S.
4 1074 OB 0 48 0.00 A
4 1202 1B 16 48 0.95 C
4 1202 OB 37 48 2.19 F
4 1214 B 4 48 0.21 A
4 1214 OB 25 48 1.49 E
4 1220 1B 7 48 0.39 A
4 1220 OB 0 48 0.00 A
4 1505 B 5 48 0.27 A
4 1505 OB 28 48 1.65 F
4 1993 1B 6 48 0.33 A
4 1993 OB 5 48 0.27 A
4 2003 1B 54 48 3.16 F
4 2003 OB 2 48 0.13 A
4 2515 B 1 48 0.08 A
4 2515 OB 15 48 0.85 C
4 2614 1B 0 48 0.03 A
4 2614 OB 2 48 0.09 A
4 3033 B 4 48 0.23 A
4 3033 OB 3 48 0.16 A
5 1512 1B 2 48 0.10 A
5 1512 OB 3 48 0.16 A

Source: Sound Transit Ridership Model 2019.
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Table N.1B-20. P.M. Peak Period Passenger Load Level of Service — 2042 Build Alternative (Rail)
Average Average
Peak Hour Number of Passenger Passenger Square Feet Peak Hour
Inbound/ Average Cars per per Hour per | Standing per | per Standing Passenger
Screenline Outbound Load Hour Car Car Passenger Load L.O.S.
1 West Seattle-to-Everett Link 1B 67 40 17 0 325.0 A
1 West Seattle-to-Everett Link OB 253 40 63 0 325.0 A
2 Ballard-to-Tacoma Link 1B 158 48 40 0 325.0 A
2 Ballard-to-Tacoma Link OB 685 48 171 96 3.4 E
2 Redmond-to-Everett Link B 83 40 21 0 325.0 A
2 Redmond-to-Everett Link OB 288 40 72 0 325.0 A
3 Ballard-to-Tacoma Link 1B 191 48 48 0 325.0 A
3 Ballard-to-Tacoma Link OB 686 48 171 96 3.4 E
3 Redmond-to-Everett Link B 189 40 47 0 325.0 A
3 Redmond-to-Everett Link OB 526 40 132 57 5.7 C
3 West Seattle-to-Everett Link 1B 137 40 34 0 325.0 A
3 West Seattle-to-Everett Link OB 371 40 93 18 18.4 A
4 Ballard-to-Tacoma Link OB 420 48 105 30 10.8 B
4 Ballard-to-Tacoma-Link 1B 286 48 71 0 325.0 A
5 Ballard-to-Tacoma Link OB 228 48 57 0 325.0 A
5 Ballard-to-Tacoma Link B 57 48 14 0 325.0 A
Source: Sound Transit Ridership Model 2019.
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1 INTRODUCTION

1.1 Overview

The West Seattle and Ballard Link Extensions (WSBLE) Project would provide fast, reliable light
rail connections to dense residential and job centers throughout the region and add a new
downtown Seattle light rail tunnel to provide efficient operating capacity for the entire regional
system. The WSBLE Project is currently in the process of preparing a Draft Environmental
Impact Statement to evaluate the direct, cumulative, and construction impacts of different
alignments and station options. The Draft Environmental Impact Statement alignments were
initially based on the Sound Transit 3 Plan Representative Project that was included in the
Sound Transit 3 package that voters approved in 2016. The Sound Transit 3 Representative
Project for the extension to West Seattle would operate on a 4.7-mile elevated guideway from
downtown Seattle to West Seattle’s Alaska Junction neighborhood and include a new rail-only
fixed span across the Duwamish River. The Sound Transit 3 Representative Project for the
West Seattle extension would serve one at-grade station in the stadium area and four elevated
stations in the SODO, Delridge, Avalon and Alaska Junction areas.

The Sound Transit 3 Representative Project for the Ballard extension would operate 7.1 miles
from downtown Seattle to Ballard’s Market Street area and include a new 3.3-mile rail-only
tunnel from the Chinatown-International District to South Lake Union and Seattle
Center/Uptown. The Sound Transit 3 Representative Project would include an elevated
guideway along 15th Avenue West and Elliott Avenue West and a rail-only movable bridge over
Salmon Bay. The Sound Transit 3 Representative Project for the Ballard extension would serve
three elevated stations in Ballard, Interbay and near Smith Cove, and six tunnel stations at the
Seattle Center, South Lake Union, Denny, Westlake, midtown, and Chinatown-International
District areas.

A map of both extensions for the Sound Transit 3 Representative Project is shown on Figure
1-1 (West Seattle and Ballard Link Extensions).
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1.2 Purpose of Technical Memorandum

The purpose of the transit integration analysis is to highlight station design and transit access
issues that need to be addressed to ensure convenient bus and rail connections to the new Link
stations for the WSBLE Project. Transit integration during the Level 1 Alternatives Analysis
focused on the relative proximity of the different station options to existing and planned bus/rail
routes. The transit integration analysis for the Level 2 Alternatives Analysis focused primarily on
the features and issues identified for each of the WSBLE Project concepts relative to the King
County Metro METRO CONNECTS transit service network. Level 3 transit integration analysis
took a closer look at issues identified in Level 2 and involved additional station concept
refinements and collaboration with partner agencies to address issues and improve transit
integration.

This memorandum summarizes the Level 3 transit integration analysis and refined transit
routing and station concepts used in the Draft Environmental Impact Statement. This
memorandum also depicts transit integration network and routing concepts around the Smith
Cove and Delridge stations under a Minimum Operable Segment (M.O.S.) scenario.
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2 METHODOLOGY

This section describes the methodology used to define and evaluate the following:

e Transit transfers and passenger access
e Transit routes that serve the stations
e Active and layover active bus stops at and near the stations

e Pick-up and drop-off locations

2.1.1 Transit Transfers and Passenger Access

As part of the Level 3 station area alternative evaluations, the ease of transit transfers and
passenger access to the station was evaluated for each of the potential station locations. Transit
transfers were analyzed based on the following:

e Number of bus/rail trips at the transferring bus stops/rail platforms.

e Walking time to the transferring bus stops/rail platforms (based on a walking speed of
3.5 feet per second).

e Total delay caused by street crossings: 90 seconds to cross a 4+ lane street at a traffic
signal; 45 seconds to cross a 2- to 3-lane street at a traffic signal; 20 seconds to cross a
2-lane street at a crosswalk without a traffic signal.

A transit transfer “score” was developed by taking a trip-weighted average travel time between
the active bus stops and rail platforms for each potential station location. The scores were
categorized into a high (less than 2 minutes to transfer), medium (2 to 5 minutes to transfer), or
low (more than five minutes to transfer) range. For the full alternatives analysis, the individual
station scores were averaged together to summarize the performance of the alternative as a
whole. However, in this memorandum, individual station-level results are presented (without the
average alternative result).

Passenger access scores were also developed for each potential station location. These scores
were based on two factors: 1) whether the station is more than 100 feet vertically from the street
(aerial or underground), and 2) whether there is direct transit drop-off access for buses and
paratransit vehicles in front of the station. Stations could score high, medium or low on
passenger access. Stations rated low if they were both far (vertically) from the street and had no
direct transit drop-off access. Stations rated high if they were both relatively close to the street
and had transit drop-off access. Medium-rated stations were either close to the street or had
direct transit drop-off access, but not both.

2.1.2 Transit Service Routing Updates

As part of the Level 2 transit integration analysis, Sound Transit, working with King County
Metro and the WSBLE consultant team, refined the METRO CONNECTS transit routing to
better align with the potential station locations. Transit routing was continually refined through
the Draft Environmental Impact Statement analysis and included more detailed routing details,
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such as identifying specific intersections to make turns, signals that would need to be upgraded,
and pathways to access active bus stops and layover areas. Through this process, Sound
Transit and the consultant station planning team identified initial networks for review by King
County Metro. Following King County Metro’s review, the routes were updated to incorporate
the feedback. Ultimately, a final draft of transit routes was shared with a broader group of Sound
Transit, King County Metro, and City of Seattle staff for additional feedback.

2.1.3 Active Bus Stops and Layover Refinements

Similar to the transit service routing updates, the active bus stop and layover areas were
developed in a collaborative process with King County Metro. Sound Transit and the consultant
team updated the Level 2 configurations based on the transit routing updates described
previously. Proposed configurations for the active bus stops and layover areas were then
discussed with King County Metro and shared for additional review. A second set of refinements
was made based on King County Metro’s comments and presented to a broader set of
stakeholders that included City of Seattle staff.

2.1.4 Pick-up/Drop-off Refinements

The specific pick-up/drop-off curb space requirements for non-transit vehicles (TNCs, taxis,
private autos, private/employer shuttles) from the Level 2 analysis were validated and adjusted
through this analysis." Pick-up/drop-off locations and curb space lengths were refined based on
the more complete station design concepts. These pick-up/drop-off locations were reviewed
with King County Metro staff to solicit feedback on how buses would interact with the pick-
up/drop-off vehicles. The locations of the pick-up/drop-off areas were refined to avoid conflicts
with active bus stops, paratransit areas, and major streets.

2.1.5 Review Process

As described above, the transit service integration assumptions including transit service routing,
active bus stop/layover, and pick-up/drop-off locations were developed through an iterative
process with King County Metro and via a final review by a larger stakeholder group. Figure 2-1
(Flowchart of Review Process) summarizes the review and refinement process. The transit
integration and conceptual station layouts were presented and refined for all stations along the
alignments and for all Draft Environmental Impact Statement station locations.

' Pick-up/drop-off estimates were derived from the Draft EIS ridership forecasts at each station.
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Sound Transit and consultant station planning
team generates transit routing, bus zone, and
pick-up/drop-off assumptions for review by
other WSBLE team members

Sound Transit reviews and provides feedback
to consultant team

Consultant team incorporates
Sound Transit's comments and provides to
King County Metro for review

King County Metro provides comments to
Sound Transit and consultant team

Consultant team incorporates comments
from Metro and sends to Sound Transit
for final review

Sound Transit and consultant team present
updated transit integration assumptions and
findings to broader stakeholder group, including
King County Metro and City of Seattle staff

Figure 2-1 Flowchart of Review Process
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3 TRANSIT TRANSFER AND PASSENGER ACCESS
ANALYSIS RESULTS

Table 3-1 (Level 3 Transit Transfer Analysis Results by Station) summarizes the results of the
Level 3 transit transfer analysis that was completed for the alternatives evaluation. Note that in
the full Level 3 analysis, there were additional variations of Alternatives 2 and 3 that were
evaluated; see the Level 3 Alternatives Evaluation Matrices for additional details.

Table 3-1  Level 3 Transit Transfer Analysis Results by Station

Alternative 3:
West Seattle Tunnel/
CID 4th Ave/Downtown

Alternative 1: Alternative 2:

ST 3 West Seattle Elevated/

Representative CID 5th Ave/Downtown

District/Chinatown

Station Project 6th Ave/Ballard Elevated 5th Ave/Ballard Tunnel
Alaska Junction M L H

Avalon L L M

Delridge H H M

SODO L L L

Stadium Not Applicable —No Not Applicable —No Not Applicable — No Transfers

Transfers Transfers
International L L L

Midtown

Not analyzed

Not analyzed

Not analyzed

Westlake Not analyzed Not analyzed Not analyzed
Denny H L H
South Lake Union L L H
Seattle Center L H L
Smith Cove M H L
Interbay H L L
Ballard M H H
NOTES:

Transit transfers were not analyzed at the Stadium Station because transfers are not expected to be a major priority at this location.
Transit transfers were not analyzed at the Midtown and Westlake Stations because of the density of transit transfer opportunities in

Downtown Seattle.
LEGEND:

H: high rating with a less than two minute average travel time to transfer between transit modes; M: medium rating with an average
of two-to-five minute average travel time to transfer; L: low rating with an average of more than five minutes of average travel time to

transfer.

The results in Table 3-1 show the variation in terms of transit transfer environments between
the different stations. While the full Level 3 analysis contains additional detail, below are some
of the differences between the three alternatives at the key stations highlighted above:
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e The Alaska Junction Station transit integration results vary based on how proximate the
station is to key METRO CONNECTS routes along California Avenue Southwest. Station
options that provide more direct connections score better.

e The International District/Chinatown Station tends to have low transit integration results for
all alternatives because of the challenges connecting to the other Link light rail line and
some major bus routes.

e The South Lake Union Station alternative along Harrison Street has better connections to
major bus routes than the station alternative along Mercer Street.

e Smith Cove Station transit integration results vary based on how proximate the station is to
the RapidRide service along Elliott Avenue West with stations farther from Elliott Avenue
West having lower scores.

Table 3-2 (Level 3 Passenger Access Analysis Results by Station) summarizes the results of
the Level 3 passenger access analysis results. Figure 3-1 (Level 3 WSBLE Alternatives) shows
the three WSBLE alternatives evaluated in Level 3 analysis.

Table 3-2 Level 3 Passenger Access Analysis Results by Station

Alternative 2: Alternative 3:

Alternative 1: West Seattle Elevated/ West Seattle Tunnel/
ST 3 Representative  CID 5th Ave/Downtown CID 4th Ave/Downtown 5th
Project 6th Ave/Ballard Elevated Ave/Ballard Tunnel

Alaska Junction H H H
Avalon H H H
Delridge M M H
SODO M M M
Stadium H H H
International H H M
District/Chinatown

Midtown M M M
Westlake M M M
Denny H M M
South Lake Union M L M
Seattle Center H M M
Smith Cove H H H
Interbay H H H
Ballard H H H

LEGEND:

H: high rating where the station requires less than 100 feet of vertical circulation to reach the platform and has drop-off areas
immediately adjacent to the station; M: medium rating where the station has either more than 100 feet or vertical circulation to reach
the platform or does not have a drop-off area immediately adjacent to the station; L: low rating where the station requires more than
100 feet of vertical circulation to reach the platform and drop-off is not immediately adjacent to the station.
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The results in Table 3-2 do not show much variation between station locations for the
alternatives. Some of the notable differences, highlighted in the table for the Delridge, South
Lake Union and Seattle Center stations, include the following:

e The Delridge Station rates high under Alternative 3 because pick-up/drop-off access can be
more easily accommodated when the station is not straddling Delridge Way Southwest or
located close to the on- and off-ramps for the West Seattle Bridge.

e The South Lake Union Station rates low for Alternative 2 because of the combination of
having a deeper station than Alternative 1 and the difficulty of locating pick-up/drop-off
access for the location along Mercer Street.

e The Seattle Center Station is less deep for Alternative 1 compared to the other alternatives.
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Figure 3-1 Level 3 WSBLE Alternatives




This page is intentionally left blank.



West Seattle and Ballard Link Extensions

4 TRANSIT INTEGRATION AT STATIONS

While a transit integration analysis was performed at all stations, this chapter focuses on the
following stations that had the most complex transit integration issues stemming from the
Level 3 analysis:

e Alaska Junction

e Delridge

e SODO

e South Lake Union
e Smith Cove

e Ballard

4.1 West Seattle Link Extension Stations

Figure 4-1 (Updated West Seattle Bus Network from King County Metro) shows a potential
transit routing network for all of West Seattle that was developed by King County Metro. Figure
4-2 (Original West Seattle Bus Network from METRO CONNECTS) shows the original METRO
CONNECTS network in the same area for comparison. The network shown in Figure 4-1
represents the fifth iteration of different route structures developed collaboratively by Sound
Transit, the consultant team, and King County Metro to optimize the connections, transfers, and
route performance of the three West Seattle stations. Some notable features of the transit
routing in Figure 4-1 include a reconfiguration of RapidRide connections from the Avalon
Station to Alaska Junction (when compared to the original METRO CONNECTS network) to
better connect destinations south of Alaska Junction to the Urban Village center at Alaska
Junction. Figures 4-3 and 4-4 show the Draft Environmental Impact Statement alternatives
since they differ from the Level 3 analysis (particularly around the Delridge Station area).

The transit routing configuration in Figure 4-1 also changes the terminus of the RapidRide H
line from Downtown Seattle to the Admiral Junction area. This eliminates some duplicative
service between the WSBLE light rail connection and provides a more direct connection
between Admiral Junction and light rail. The transit routing also eliminates bus stops along
California Avenue Southwest by having all the routes that originally served that corridor instead
travel along Southwest Alaska Street, making for a more direct transfer to Link light rail.
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Figure 4-1 Updated West Seattle Bus Network from King County Metro
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Figure 4-2 Original West Seattle Bus Network from METRO CONNECTS

Appendix A (Station Area Transit Integration Station Diagrams) includes a series of station
concept plans illustrating potential active bus stops, layover, and pick-up/drop-off configurations
around the alternative station locations at all of the WSBLE stations. For each station location,
the active bus stops and paratransit access are kept as close as possible to the station
entrances. Pick-up/drop-off access is located near the station entrances, but away from active
bus stops and not along collector or local streets. Bus layover varies in location and tends to be
near existing King County Metro layover areas or relatively close to the station to reduce the
amount of nonrevenue service that has to be operated to serve the station.
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Figure 4-4 Draft Environmental Impact Statement Alternatives in Delridge
Station Area

4.1.1 Alaska Junction Station

Specific to the Alaska Junction Station options, some of the notable discussion items that
emerged from the Level 3 workshop with Sound Transit, City of Seattle, and King County Metro

staff included the following:

There is a desire to have station entrances on both sides of Southwest Alaska Street for any

[ )
of the station options to facilitate transfers to buses heading along Southwest Alaska Street.

There was a discussion of prohibiting general purpose vehicle travel on Southwest Alaska
Street near the station Tunnel 42nd Avenue Station Option. This street closure was not
considered in the Draft Environmental Impact Statement, but may be considered during later
phases of design. If advanced further, this closure would require additional environmental

review.

Some additional traffic signals at 40th Avenue Southwest or 41st Avenue Southwest may be
needed for station accessibility; some signals may require queue jumps to allow buses to
position to turn left at Fauntleroy Way Southwest.
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4.1.2 Delridge Station

Notable discussion items for the Delridge Station options included the following:
e Andover Street Station Option:

o It would be difficult for Route 1042 to serve this station option and then maneuver west
on Southwest Spokane Street.

o Sound Transit and King County Metro agreed that it may be more logical to deviate
Routes 1041 and 1042 to stop on Southwest Andover Street to directly serve the station,
rather than force passengers to cross Delridge Way Southwest; this creates more curb
space needs along Southwest Andover Street.

o Drop-off/pick-up access for this option may be challenging because of limited curb space
and multiple driveways.

e For the Dakota Street Station, King County Metro has some interest in creating a transit-only
section of Southwest Dakota Street between 25th Avenue Southwest and Delridge Way
Southwest to facilitate bus access to the station option north of Genesee. This option was
not included in the Draft Environmental Impact Statement analysis, but may be a topic
pursued in later design phases.

e Any of the Delridge Station alternatives that do not have access points on both sides of
Delridge Way Southwest would likely meet Metro’s deviation guidelines given the large
number of transferring passengers, and some bus routes could be diverted to better serve
the station. However, King County Metro and Sound Transit recognize the delay and added
operating cost of any such deviations. Appendix A (Station Area Transit Integration
Diagrams) shows several transit diversion options jointly developed by Sound Transit and
King County Metro, although some diversions may require new traffic signals or transit
signals, which would need to be approved by the City of Seattle.

4.2 SODO Station

SODO Station presents several unique challenges related to transit integration. First, the
project’s Stakeholder Advisory Group and Elected Leadership Group raised concerns about the
lack of transit service to key destinations along 1st Avenue South between South Jackson
Street and South Lander Street. Specifically, there was concern expressed that the updated bus
network identified to support the West Seattle and Ballard Link Extensions network would not
provide an adequate connection between the SODO Station and the employment center at 1st
Avenue South and South Lander Street. Second, the different station locations and various
property constraints for the station options in the Draft Environmental Impact Statement required
a distinct evaluation of transit integration for each of the three options under consideration. The
transit network and station integration findings are described further below.

4.2.1 SODO Area Bus Routing

To address concerns related to the lack of transit service along 1st Avenue South, Sound
Transit and the consultant team identified six alternative bus routing alternatives for the METRO
CONNECTS network in SODO. The objectives of the alternative bus networks were to:
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e Create a good transfer environment between buses and the SODO Station; minimize
long walks and multiple at-grade pedestrian crossings

e Create a frequent (15 minute or better) all-day connection between the employment
center at 1st Avenue South and South Lander Street and the SODO Station

¢ Improve transit frequencies along 1st Avenue South between South Jackson Street and
South Lander Street

e Maintain at least 30 minute frequency service along 4th Avenue South between South
Jackson Street and South Spokane Street

e Ensure bus routes travel along corridors with land uses that are likely to generate transit
ridership

Upon reviewing the six potential bus routing networks, Metro staff made the following
recommendation related to the SODO bus network:

e No routing changes from the West Seattle Route reconfiguration (shown in Figure 4-1)

e Reinvest service hours savings from not routing RapidRide 1041 (H Line) into Downtown
Seattle to provide 15 minute or better all-day service on Route 3034 (which connects
Alaska Junction to Mount Baker via Lander Street and SODO Station)

Metro cited the following strengths and weaknesses of this proposal:

Strengths

e Creates a strong crosstown bus route between West Seattle and the Rainier Valley,
especially along the 1st Avenue South (between South Spokane Street and South
Lander Street) and South Lander Street corridor that connects to the SODO Station

e Maintains the direct routing of Route 1088 along 4th Avenue South, which provides
frequent all-day service along the 4th Avenue South corridor and a direct connection
between Georgetown and Downtown Seattle

e Maintains as seamless as possible bus-rail integration at the SODO Station between
Routes 3040/3401, which provide service to South Park and the northern portions of
Tukwila and SeaTac

Weaknesses

¢ Does not provide frequent all-day service on 1st Avenue South between South Jackson
Street and South Lander Street
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Through this work, Metro acknowledged the remaining gap in the METRO CONNECTS network
along 1st Avenue South. However, they cited two key pieces of Metro’s Service Guidelines that
present challenges in rerouting buses along 1st Avenue South either south from Downtown
Seattle or north from areas to the south.

1. 1st Avenue South between South Jackson Street and South Lander Street is currently a
slow and unreliable bus pathway and would need improvements for Metro to consider
providing frequent all-day service. From Metro’s Service Guidelines, “Bus routes should
also be designed to avoid places where traffic congestion and delay regularly occur, if it
is possible to avoid such areas while continuing to meet riders’ needs. Bus routes should
be routed, where possible, to avoid congested intersections or interchanges unless the
alternative would be more time-consuming or would miss an important transfer point or
destination.”

2. Extending service from Downtown Seattle to SODO station along 1st Avenue South is
also a challenge per Metro’s Service Guidelines, “In some places, routes extend beyond
regional growth centers and transit activity centers to serve less dense residential
neighborhoods. Where routes operate beyond centers, ridership should be weighed
against the time spent serving neighborhood segments, to ensure that the service level
is appropriate to the level of demand. The percent of time spent serving a neighborhood
segment, which are defined as <20% of the total mileage length of a route, should be
considered in relation to the percent of riders boarding and exiting on that segment.
Percent of time spent serving neighborhood segment divided by the percent of riders
boarding/exiting on neighborhood segment <1.2.” Routes extending south from
Downtown Seattle would not meet this threshold.

In discussions with Metro staff, they acknowledged that if land uses were to substantially
change either around the SODO Station area or along the 1st Avenue South corridor, there
could be a rationale to extend frequent all-day service along the corridor (in conjunction with
transit priority treatments). For the purposes of the WSBLE Phase 2 analysis, however, Metro
does not support a major restructure of the bus network around the SODO Station. The
differences between the reconfigured bus network to support the Link extensions and the
original METRO CONNECTS routing are shown in Figure 4-5 and Figure 4-6, respectively.

4.2.2 SODO Station Transit Integration

Following discussions between Sound Transit, King County Metro, and the City of Seattle, the
following main points were discussed related to transit integration at the SODO Station:

e |tis important to make transfers between Link and Route 3034 (which serves the
employment center near 1st Avenue South and South Lander Street) as straightforward as
possible.

¢ While an important route, there is less transfer activity anticipated between Route 1088,
which travels along 4th Avenue South between Georgetown and Downtown Seattle.

e Transit transfer walking routes should avoid narrow passageways between buildings or
bridge abutments for passenger safety and comfort.

e Layover in a dedicated transit loop is desirable.
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