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RIDERSHIP ANALYSIS AND FORECASTING

INTRODUCTION

This appendix describes the methodology and assumptions used in the travel demand modeling that
produced the ridership figures used in the development of the Draft Long-Range Plan. Included in this
appendix is an overview of the modeling process, descriptions of the two main models used (the
PSRC Regional Model and WSF's Ferry Ridership Forecasting Model), a description of the transition
between those two models, and an overview of the level-of-service assumptions used in the ferry
model and the eventual ridership outputs of that model.

The purpose of this appendix is to provide an overview of the modeling process, describe the key
model assumptions and document the model outputs. For a more detailed and technical description
of the transportation analysis, please refer to the Attachment at the end of this appendix.

OVERVIEW OF MODELING PROCESS

The modeling process used by WSF in the development of the Long-Range Plan produces ridership
forecasts in two distinct stages.

Stage 1 takes into consideration changes in demographics between the base year of 2003 and
future years (2020, 2030) and produces expected growth rates in cross-sound trips by auto and
transit modes. This stage is necessary so that WSF's ridership forecasts reflect expected changes in
regional demographics, transportation system development and cross-sound travel patterns, especially
the dynamics of modal shifts between auto and transit. It also captures the diversions of cross-sound
trips using the Tacoma Narrows Bridge. Ridership forecasts in this stage are primarily dependent on
the PSRC Regional Model, which encompasses four of the twelve counties included in the WSF model
and approximately 60% of WSF's systemwide ridership. Growth in the other eight counties is forecast
using demographic projections from each county, prepared by the Washington State Office of
Financial Management.

Stage 2 is a more refined ferry ridership forecast analysis stage, and it uses the growth rates
calculated in Stage 1 to expand the ferry trip tables by boarding mode as observed in the 1999 WSF
Origin/Destination survey. The expanded trip tables are then distributed among ferry routes using
equilibrium traffic assignment principles. During this stage, trips are also segregated into four walk-on
modes of travel (walk-walk, walk-auto, auto-walk, and auto-auto), and two auto-boarding modes of
travel (single-occupancy vehicle and high-occupancy vehicle).

Exhibit 1 below demonstrates the relationships between the various models, stages, and inputs. It
shows that the WSF model has inputs fed from both PSRC's Regional Model (which is actually a series
of smaller models) and demographic projections for counties outside the PSRC region. The WSF
model also has inputs based on transportation networks. The Exhibit shows the feedback loop that
exists, as WSF's expected network and service levels are part of the inputs that feed into the PSRC
Regional Model, whose outputs then form the basis of the WSF Ferry Ridership Forecasting Model.
Each of these models is described in more detail below.
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Exhibit 1: Schematic Relationship Between the
WSF Model, PSRC Model, and Other Jurisdictional Databases
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PSRC REGIONAL MODEL

Regional Models

As noted above, the PSRC Regional Travel Demand Model is used in Stage 1 for King, Pierce,
Snohomish, and Kitsap Counties. The Regional Travel Demand Model is one of a number of regional
models whose inputs and outputs are interrelated to form a set of regional analytic and forecasting
tools. They include:

e Regional Forecast Model (STEP & PSE)
e Land Use Model (DRAM/EMPAL)

e Land Use Sketch Planning Tool

e Travel Demand Model

Together they encompass regional and small area forecasts of population, employment, and
households, as well as the region’s interaction with US exogenous forecasts, land use forecasts, and
travel demand.
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Regional Travel Demand Model
The Regional Travel Demand Model consists of a number of sub- models:

A trip generation model uses the outputs of the land-use model along with other inputs (such as
external productions and attractions) to generate projected trips. These trips are classified by their
purpose (such as home-based shopping trip or non-home-based work trip) and by the time of day
they take place.

A trip distribution model uses the outputs of the trip generation model along with other inputs
(like parking costs and transit fares) to distribute trips across the PSRC region. These trips have origins
and destinations; some trips begin and end in the same zone, while other trips cross zones.

A mode choice model determines which trips are assigned to highways and which trips are
assigned to transit.

A trip assignment module which distributes modal flows of trip origins and destinations to each
mode’s own transportation network by way of equilibrium principles.

Inputs
The PSRC Regional Model also has a number of inputs, such as:
e Roads and non-motorized facilities;
e Transit routes;
e Ferry fares and other tolls;
e Park-and-ride lots with capacities
e Transit walk access;
= Time transfer stations;
» Through trips and external trips; and
e Vanpool demand

Two of those inputs are supplied in part by WSF: transit routes and ferry fares. When modeling
ridership, then, WSF supplied two different input sets to the PSRC Regional Model: routes and fares
assuming currently-planned service; and routes and fares assuming Draft Plan levels of service.

Two Versions of the Model

During development of the Draft Plan, the PSRC updated its Regional Model. During Phase | of plan
development, WSF was using the bO4 version of the PSRC Regional Model, released in 2004. That
model was revised to the e05 version, which was used during Phase Il of plan development.
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TRANSITION BETWEEN MODELS

WSF developed its Ferry Model to be tied closely to the PSRC Regional Model, and there is a fairly
simple methodology that connects the two models. WSF uses outputs from the trip distribution model
of the PSRC Regional Model to calculate daily person-trips at the zone-to-zone level, for all modes of
travel. The PSRC Regional Model is also used to determine the daily vehicle trips on the Tacoma
Narrows Bridge, which are then subtracted from the pool of cross-sound trips. At that point, WSF can
calculate projected zonal growth factors within the PSRC region for 2003, 2020, and 2030. The
remaining step is to seed in growth factors for counties outside the PSRC region for those same years.
These growth factors are applied to the base year ferry trips which are based on the 1999 on-board
survey of ferry customers.

FERRY MODEL

Key Features

The model uses growth factors developed in Stage 1, using the PSRC Regional Model described
above, as well as demographic projections from non-PSRC-region counties.

The model uses data from the 1999 O/D Travel Survey (a survey of ferry passengers’ methods of
getting to and from the ferry) that reflect current ferry travel patterns.

The model also uses data on levels of service, with inputs like fares, frequencies, and capacities.
The level of service assumptions used in the development of the Draft Long-Range Plan are displayed
in the next section.

The model distributes riders into routes, boarding type (vehicle or walk-on), and choice of
access and egress modes. These distributions are based on results from a rigorous mode/route
choice statistical analysis, using data from both the 1999 O/D Travel Survey and a separate Stated
Preference Survey.

Changes in ferry service levels are reflected in the forecasting process used by the model.

The WSF Model has been implemented in EMME/2, a transportation planning software program
used by most agencies and jurisdictions in the Puget Sound region.

The WSF Model incorporates a feedback loop to the PSRC Model. For example, if system
alternatives to be tested include an extensive rail transit system, the PSRC Model will have to be
applied first to assess the overall impact on the ferry system, since such a transit system would
significantly alter transit accessibility to ferry terminal on the east side of the water. The results of
running the PSRC Model to test this regionally significant transit improvement would then be
incorporated into the WSF Model.

Level of Service Assumptions

Level of service assumptions are displayed below for 2003, and for 2020 and 2030 under both
currently-planned service assumptions and Draft Plan service assumptions. Column headings in the
tables refer to the following model variables:
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e Hway (in minutes): Average headway, or the average time between departures.

e Cap: Average vehicle capacity per sailing (with the exceptions of the PO routes, which are
average passenger capacity per sailing).

e Cap-4h: Average vehicle capacity over the 4-hour PM peak.

e Xtime (in minutes): Average crossing time.

e Pfare (in cents): A measure of the average passenger fare (constant $2005).
e Vfare (in cents): A measure of the average vehicle fare (constant $2005).

The fare assumptions are based on the assumed continuation of a fare policy framework that calls for
annual 5% general fare increases until 2009 and annual inflationary increases thereafter.

Exhibit 2: Level of Service Assumptions Under Currently-Planned Service

2003 2020 2030

Route Mwiy | Cap | Cap4n | Xtmo | Pfam | Wiam Hway | Cap | Capan| Xtme | Plam | Vhm Mway | Cap | Capan | Xieme Plare | Wiam
PD-TA 50 65 Mz 15 53 an 56 [ 73 15 151 567 56 87 373 15 151 567
[Sw-via 55 5 7 15 ] T8 50 40 192 15 151 567 50 40 192 15 151 567
[FA-VA 30 L] 720 15 o3 e L] an 624 15 15 867 3 " 624 15 5 L
[Sw-Fiy 49 61 366 k1] 141 568 a4 75 408 an 164 745 44 5 408 a 184 745
SE-SW
[SE-SW PO B 128 80 32 L] 125 &0 206 B 128 50 206
SE-VA PO & 125 5 132 8 125 30 206 B 125 30 206
SE-88. 75 1o 352 55 143 583 75 144 481 55 238 579 75 144 481 55 239 579
SE-E8 PO (] 350 ar 136
5E-&1 46 218 1937 30 130 567 51 202 951 a0 239 979 3] 202 51 30 239 979
ED-#1 40 22 1272 5 144 582 a0 185 1470 25 239 579 40 185 1470 25 239 979
ML-CL 30 130 1.040 15 “ asr 30 144 1152 15 124 564 30 144 1152 15 124 564
P-4 46 75 31 a0 163 614 90 124 331 £ 176 B2 ) 124 331 30 175 B2

5918 5,662 5662

Lopez-Anacortes 150 A6 40 216 588 150 52 40 kg 1028 150 52 40 kg 1028
Anacortes-Loper 120 43 40 rald 558 120 a7 40 07 1028 120 47 40 37 1028
Shaw-Anacortes 200 0] 72 w0z 674 200 10 72 300 1201 200 10 72 380 1201

Sy 150 ] 85 202 674 150 ] 5 300 1201 150 9 85 300 1201
Orcas-Anacoetes 200 118 B8 ne T2 200 14 &8 414 1284 200 18 ] 414 1284
Anacortes-Oreas 150 (1] ] 219 721 150 93 83 414 1284 150 53 83 414 1284
[Sanjuan-Anacortes 150 100 T 223 a 150 115 n 418 1502 150 15 ki 418 1502

I 150 T 86 223 an 150 a L1 418 1502 150 " 86 418 1502

[Shaw-Lopez 150 7 23 328 150 7 23 818 150 7 23 618
Lopez-Shaw 150 7 23 325 150 7 23 618 150 7 23 618
Orcas-Lopez 120 30 28 325 120 EL 20 618 120 38 20 618
Lope:-Orcas 120 30 20 25 120 38 29 618 120 38 29 618
Orcas-Shaw 150 9 0 328 150 9 10 618 150 9 10 618
Shiaw-Orcas. 150 ] 10 az5 150 ] 0 618 150 ] 10 618
| Sanduan-Shaw 200 8 &1 325 200 & &1 618 200 & B 818
Shaw-Sanduan 200 [ 61 328 200 & ] 818 200 [ (3] 618
[Sanjuan-Orcas 150 46 46 325 150 56 46 618 150 59 46 618
Orcas-Saniuan 150 46 46 325 150 59 46 618 150 59 46 618
SanJuan-Lopes 150 26 66 328 150 2 3 618 150 32 6 618
Lopez-Sanduan 150 26 6 325 150 32 3 618 150 32 3 618
Sidney-Sanduan 200 19 100 561 1646 200 19 100 BE6 2507 200 19 100 885 2507
Sanuan-Sidney 200 38 75 581 1646 200 39 (] B85 2507 200 ] 75 BEG 2507
Sicney-Shaw 200 20 132 1646 200 20 132 BEG 2507 200 20 132 BEG 2507
Shaw-Sidney 200 20 132 1646 200 n 132 BEG 2507 200 20 132 886 2507
Siinery-Lopes 200 20 147 1646 200 20 147 L] 287 200 20 147 L5 2897
Lopez-Siiney 200 20 1y 1646 200 20 ur BAE 2597 200 20 47 BAE 2597
[Sidney-Orcas 200 1 125 561 1646 200 15 125 886 2507 200 18 125 B 2507
Orcas-Sidney 200 15 125 561 1646 200 18 125 BEG 2507 200 18 125 BEG 2507
[Sidney-Anacortes 200 T 185 766 2415 200 e 185 1209 4012 200 o 185 1209 4012
[Anacortes-Sidney 200 77 180 768 2415 200 77 180 1209 4012 200 7 180 1209 4012
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Exhibit 3: Level of Service Assumptions Under Draft Plan Service

003 2020 2030
Route Hway | Cap | Cap4h | Xime | Ptam Viare Wway | Cap | Capdh | e Plars Viare Wway | Cop | Capdh | Xtme Viars
PO-TA 50 65 3z 15 a3 B 56 [ 73 15 151 567] 56 &7 73 15 151 547]
SW-vi 55 5 07 15 a1 a7 50 40 182 15 151 567} 50 40 162 186 151 567
Facun an ] 720 1 a3 79| a0 107 56 1" 151 67} £ 124 92 1% 151 567
Wi 40 61 6 Y] 11 569)
SE-SW 50 124 535 5 0 a7 50 188 802 s 2 79
[SE-5W PO 86 125 50 132
SE-VA PO &0 125 = 132 86 250 30 296 i 250 i 206
e 75 10 52 55 143 563 50 136 55 w0 79| 50 144 @61 55 w0 75}
SE-BR. PO &0 350 0 136
SE-BI 46 218 1437 30 139 567] 51 202 B5t 0 2 a7 51 202 951 o 23 575}
SE-KI PO 30 80 2,800 s 478 30 350 2,800 s 478
ED-KI 40 02 1472 = 144 5] > 166 1811 % a3 a7 a2 144 1571 2] =] w75
M-cL n 130 1,040 15 95 367} 20 136 1,832 15 124 564 20 144 1728 15 124 564
PT-KE 46 75 a1 30 153 614) 90 144 384 30 175 822} 50 144 384 0 175 22}
5918 0,504 10,584
[Lopez-Anacortes 150 46 40 216 50| 120 ] 40 a7 1.028) 120 42 40 357 1,028
Anacores-Lopez 120 43 40 216 598} 120 40 ar 397 1028} 120 45 ar 7 1,028
| Shav-Anacortes. 200 10 Tz e 674 150 n 10 90 1200 150 12 Ta 350 1200,
[ Anacortes-Shaw 150 ] 85 202 674 200 12 65 390 1201 200 4 [ 390 1.201
Orcas-Anacortes 200 18 68 219 721 100 ] 67 414 1.284 100 % &7 a4 1.284)
Anacortes-Oncas. 150 n 63 219 ™ 100 a7 63 414 1,284 100 o8 63 a4 1,284
[Sanuan-Anacortes 150 100 ] 223 811 120 3 4] 418 1,502} 120 104 ] 418 1,502
[ Anacortes-Sanduan 150 el a6 2 a1 120 105 72 418 1502 120 17 72 418 1502
Shaw-Lopez 150 T 2 22 150 12 18 1] 150 13 1" 618
Lopez-Shaw 150 T 23 325 150 12 18 618 150 12 18 B1E
Orcas-Lopez 120 3 20 325 120 40 o 618} 120 a ® 615
Lopez-Orcas 120 30 20 azs| 120 40 26 E18| 120 41 2% B1e|
(rcars-Shaw 150 ] 10 3251 150 10 12 618} 150 " 12 615
Shav-Orcas 150 ] 10 225 150 10 12 618} 150 " 12 616
[SanJuan-Shaw 200 [ ] 325 200 & (] 1] 200 & [ 618
[ Shaw-Sanluan 200 B 61 25| 200 L} ] &18| 00 B 68 618}
Sanjuan-Oncas 150 a6 4% 25| 150 54 4 618} 150 54 49 616
Oircs-Sanuan 150 45 46 25| 150 54 4 a1} 150 54 48 16}
Sanjuan-Lopez 150 2% [ 32| 120 0 60 618} 120 32 &0 618
Lopez-Sanduan 150 1] (13 325 120 a0 60 618} 120 12 &0 616
Sidney-Saniuan 200 19 100 561 1,646 200 % 100 636 2507 200 28 100 86 2,597
Sanduan-Sidney 200 39 75 561 1,646, 200 ] ] B8 2507 200 w0 ™ B8 2.507|
Sidney-Shaw 200 20 132 1,548 200 o 132 536 2.507) 200 20 132 B 2,507
Shawe-Sictney 200 20 132 1,646 200 20 132 686 2507 200 20 132 BEG 2,547
Sidney-Lopez 200 a0 147 1,646 200 20 147 836 2.507] 200 20 147 886 2,597
Lopez-Sidney 200 20 147 1,648 00 wn 147 686 2507 200 0 7 656 2,507
Sidney-Oreas 200 19 126 561 1,648 200 Ed] 125 636 2507 200 23 125 B&6 2507
Crcas-Sidney 200 19 125 561 1,646 200 3] 125 86 2507 200 o 125 886 2,597
Sidney-Anacortes 200 m 185 768 2415 200 104 185 1,290 4013 200 18 185 1260 403
[ Aracortes-Sidney 200 Ll 180 768 2415| 200 o1 185 1,290 4,012 200 102 185 1260 402

Model Outputs

The model provides estimates of ridership by route, method of boarding, and mode of access/egress
for the 4-hour PM peak period on a typical weekday (assumed to be a Wednesday in May). Those
outputs also correspond to daily and annual ridership. PM Peak model outputs, as well as their
corresponding daily and annual figures, are listed below for 2003, and for 2020 and 2030 under
both currently-planned service assumptions and Draft Plan service assumptions:

Exhibit 4: PM Peak Modeling Outputs, 2003

Westbound Eastbound Both Directions
PM Peak (4 Hours) PM Peak (4 Hours) PM Peak (4 Hours)

Total In-Veh Walk-On Total Total In-Veh Walk-On Total Total In-Veh Walk-On Total
Ferry Route Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders
Point Defiance - Tahlequah 258 71 58 387 143 36 35 214 401 107 93 601
Southworth - Vashon 65 4 12 81 78 25 25 128 143 29 37 209
Fauntleroy - Vashon 673 265 247 1,185 319 192 190 701] 992 457 437 1,886
Fauntleroy - Southworth 322 144 151 617] 177 69 28 274 499 213 179 891
Seattle - Southworth (direct)
Seattle - Southworth PO (transer) 190 190 4 4 194 194
Seattle - Vashon PO 223 223 36 36 259 259
Seattle - Bremerton 352 228 816 1,396 222 105 144 471 574 333 960 1,867
Seattle - Bremerton PO 703 703 159 159 862 862
Seattle - Kingston PO
Seattle - Bainbridge Island 1,280 1,071 3,045 5,396 757 336 445 1,538 2,037 1,407 3,490 6,934
Edmonds - Kingston 1,084 367 480 1,931 757 244 137 1,138 1,841 611 617 3,069
Mukilteo - Clinton 1,248 454 529 2,231 688 268 63 1,019 1,936 722 592 3,250
Port Townsend - Keystone 117 102 25 244 102 74 14 190 219 176 39 434
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Exhibit 5: PM Peak Modeling Outputs, 2020 Under Currently-Planned Service

Westbound Eastbound Both Directions
PM Peak (4 Hours) PM Peak (4 Hours) PM Peak (4 Hours)
Total In-Veh Walk-On Total Total In-Veh Walk-On Total Total In-Veh Walk-On Total
Ferry Route R R
Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders
Point Defiance - Tahlequah 282 93 130 505 140 18 69 227, 422 111 199 732
Southworth - Vashon 7 48 28 153 100 73 51 224 177 121 79 377
Fauntleroy - Vashon 770 329 460 1,559 430 296 230 956 1,200 625 690 2,515
Fauntleroy - Southworth 507 338 1,029 1,874 341 170 151 662 848 508 1,180 2,536
Seattle - Southworth (direct)
Seattle - Southworth PO (transfer)
Seattle - Vashon PO
Seattle - Bremerton 584 494 3,932 5,010 398 210 558 1,166 982 704 4,490 6,176
Seattle - Bremerton PO
Seattle - Kingston PO
Seattle - Bainbridge Island 1,646 1,034 7,248 9,928 508 324 806 1,638 2,154 1,358 8,054 11,566
Edmonds - Kingston 1,585 987 2,110 4,682 879 518 360 1,757] 2,464 1,505 2,470 6,439
Mukilteo - Clinton 1,321 660 1,356 3,337 800 521 120 1,441 2,121 1,181 1,476 4,778
Port Townsend - Keystone 127 120 57 304 113 123 34 270 240 243 91 574
Exhibit 6: PM Peak Modeling Outputs, 2030 Under Currently-Planned Service
Westbound Eastbound Both Directions
PM Peak (4 Hours) PM Peak (4 Hours) PM Peak (4 Hours)
Total In-Veh Walk-On Total Total In-Veh Walk-On Total Total In-Veh Walk-On Total
Ferry Route Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders
Point Defiance - Tahlequah 283 90 130 503 144 18 70 232] 427 108 200 735
Southworth - Vashon 87 42 29 158| 103 75 54 232 190 117 83 390
Fauntleroy - Vashon 819 363 533 1,715 454 318 238 1,010 1,273 681 771 2,725
Fauntleroy - Southworth 540 358 1,130 2,028 386 201 160 747] 926 559 1,290 2,775
Seattle - Southworth (direct)
Seattle - Southworth PO Transfer
Seattle - Vashon PO
Seattle - Bremerton 646 551 4,060 5,257 434 225 587 1,246 1,080 776 4,647 6,503
Seattle - Bremerton PO
Seattle - Kingston PO
Seattle - Bainbridge Island 1,784 1,148 8,037 10,969 519 329 845 1,693 2,303 1,477 8,882 12,662
Edmonds - Kingston 1,691 1,061 2,289 5,041 980 575 401 1,956 2,671 1,636 2,690 6,997
Mukilteo - Clinton 1,676 705 1,628 4,009 938 608 142 1,688 2,614 1,313 1,770 5,697
Port Townsend - Keystone 169 118 69 356 132 150 40 322 301 268 109 678
Exhibit 7: PM Peak Modeling Outputs, 2020 Under Draft Plan Service
Westbound Eastbound Both Directions
PM Peak (4 Hours) PM Peak (4 Hours) PM Peak (4 Hours)
Total In-Veh Walk-On Total Total In-Veh Walk-On Total Total In-Veh Walk-On Total
Ferry Route Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders
Point Defiance - Tahlequah 282 98 117 497 156 20 67 243] 438 118 184 740
Southworth - Vashon 70 40 20 130 84 20 30 134 154 60 50 264
Fauntleroy - Vashon 918 391 509 1,818 495 301 187 983| 1,413 692 696 2,801
Fauntleroy - Southworth
Seattle - Southworth (direct) 800 534 2023 3357 347 201 86 634 1,147 735 2,109 3,991
Seattle - Southworth PO (transer)
Seattle - Vashon PO
Seattle - Bremerton 1,089 818 3,150 5,057] 284 175 167 626 1,373 993 3,317 5,683
Seattle - Bremerton PO
Seattle - Kingston PO
Seattle - Bainbridge Island 1,432 881 6,537 8,850 760 276 867 1,903 2,192 1,157 7,404 10,753
Edmonds - Kingston 1,441 1,059 1,906 4,406 1,009 538 460 2,007] 2,450 1,597 2,366 6,413
Mukilteo - Clinton 1,460 602 1,286 3,348 800 521 120 1,441 2,260 1,123 1,406 4,789
Port Townsend - Keystone 138 97 52 287 113 123 34 270 251 220 86 557
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Exhibit 8: PM Peak Modeling Outputs, 2030 Under Draft Plan Service

Westbound Eastbound Both Directions
PM Peak (4 Hours) PM Peak (4 Hours) PM Peak (4 Hours)
Total In-Veh Walk-On Total Total In-Veh Walk-On Total Total In-Veh Walk-On Total
Ferry Route Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders
Point Defiance - Tahlequah 293 103 135 531 162 21 7 260 455 124 212 791
Southworth - Vashon 79 46 30 155 95 20 45 160 174 66 75 315
Fauntleroy - Vashon 979 435 566 1,980 528 335 208 1,071 1,507 770 774 3,051
Fauntleroy - Southworth
Seattle - Southworth (direct) 855 605 2247 3707 421 217 110 748 1,276 822 2,357 4,455
Seattle - Southworth PO Transfer
Seattle - Vashon PO
Seattle - Bremerton 1,374 1,029 3,625 6,028 394 230 198 822 1,768 1,259 3,823 6,850
Seattle - Bremerton PO
Seattle - Kingston PO
Seattle - Bainbridge Island 1,601 999 7,192 9,792 773 295 940 2,008 2,374 1,294 8,132 11,800
Edmonds - Kingston 1,567 1,150 2,243 4,960 1,224 468 487 2,179 2,791 1,618 2,730 7,139
Mukilteo - Clinton 1,701 890 1,790 4,381 1,125 574 156 1,855 2,826 1,464 1,946 6,236
Port Townsend - Keystone 173 154 73 400 140 110 50 300 313 264 123 700
Exhibit 9: Daily Ridership, 2003
Westbound Eastbound Both Directions
Daily Daily Daily
Total In-Veh Walk-On Total Total In-Veh Walk-On Total Total In-Veh Walk-On Total
Ferry Route Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders
Point Defiance - Tahlequah 632 205 123 960 632 205 123 960 1,264 410 246 1,920
Southworth - Vashon 217 37 89 343 217 37 89 343 434 74 178 686
Fauntleroy - Vashon 1,645 595 340 2,580 1,645 595 340 2,580 3,290 1,190 680 5,160
Fauntleroy - Southworth 744 262 227 1,233 744 262 227 1,233 1,488 524 454 2,466
Seattle - Southworth (direct)
Seattle - Southworth PO (transer) 190 190 190 190 380 380
Seattle - Vashon PO 254 254 254 254 508 508
Seattle - Bremerton 970 509 1,379 2,858 970 509 1,379 2,858 1,940 1,018 2,758 5,716
Seattle - Bremerton PO 1,190 1,190 1,190 1,190 2,380 2,380
Seattle - Kingston PO
Seattle - Bainbridge Island 3,031 2,163 4,242 9,436 3,031 2,163 4,242 9,436 6,062 4,326 8,484 18,872
Edmonds - Kingston 3,082 1,230 871 5,183 3,082 1,230 871 5,183 6,164 2,460 1,742 10,366
Mukilteo - Clinton 3,053 1,245 747 5,045 3,053 1,245 747 5,045 6,106 2,490 1,494 10,090
Port Townsend - Keystone 427 275 72 774 427 275 72 774 854 550 144 1,548
Anacortes-San Juans 947 486 128 1,560 947 486 128 1,560 1,893 972 255 3,120
San Juans Interisland 151 92 66 308 151 92 66 308| 301 183 132 616
Sidney, BC Routes 40 69 8 116 40 69 8 116 79 138 15 232
System Total 14,938 7,168 9,925 32,030 14,938 7,168 9,925 32,030 29,875 14,335 19,850 64,060

Exhibit

10: Daily Ridership, 2020 Under Currently-Planned Service

Westbound Eastbound Both Directions
Daily Daily Daily
Ferry Route Total In-Veh Walk-On Total Total In-Veh Walk-On Total Total In-Veh Walk-On Total
Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders
Point Defiance - Tahlequah 665 214 231 1,110 665 214 231 1,110 1,330 428 461 2,220
Southworth - Vashon 269 131 143 543 269 131 143 543 537 262 287 1,086
Fauntleroy - Vashon 1,990 792 690 3,472 1,990 792 690 3,472 3,980 1,584 1,380 6,944
Fauntleroy - Southworth 1,195 559 1,262 3,015 1,334 624 1,262 3,219 2,529 1,183 2,523 6,234
Seattle - Southworth (direct)
Seattle - Southworth PO (transfer)
Seattle - Vashon PO
Seattle - Bremerton 1,407 942 5,412 7,760 1,718 1,150 5,412 8,280 3,125 2,092 10,823 16,040
Seattle - Bremerton PO
Seattle - Kingston PO
Seattle - Bainbridge Island 3,379 2,079 9,145 14,604 3,475 2,138 9,145 14,757 6,854 4,217 18,290 29,361
Edmonds - Kingston 3,849 2,320 2,714 8,884 3,991 2,406 2,714 9,112 7,840 4,727 5,428 17,995
Mukilteo - Clinton 3,537 1,720 1,587 6,844 3,591 1,747 1,587 6,924 7,128 3,467 3,174 13,769
Port Townsend - Keystone 487 332 124 943 492 335 124 950 979 667 248 1,893
Anacortes-San Juans 1,182 802 220 2,204 1,182 802 220 2,204 2,364 1,604 440 4,407
San Juans Interisland 189 138 106 433 189 138 106 433 377 277 211 866
Sidney, BC Routes 57 122 16 195 57 122 16 195 115 243 32 389
System Total 18,206 10,152 21,649 50,006 18,952 10,598 21,649 51,198 37,158 20,750 43,297 101,205
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APPENDIX A: RIDERSHIP
ANALYSIS AND FORECASTING

Exhibit 11: Daily Ridership, 2030 Under Currently-Planned Service

Westbound Eastbound Both Directions
Daily Daily Daily
Total In-Veh Walk-On Total Total In-Veh Walk-On Total Total In-Veh Walk-On Total
Ferry Route Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders
Point Defiance - Tahlequah 673 212 232 1,117 673 212 232 1,117 1,346 425 464 2,235
Southworth - Vashon 288 128 152 568 288 128 152 568 577 255 304 1,136
Fauntleroy - Vashon 2,111 858 771 3,740 2,111 858 771 3,740 4,222 1,716 1,542 7,480
Fauntleroy - Southworth 1,305 614 1,379 3,298 1,456 686 1,379 3,521 2,761 1,300 2,758 6,819
Seattle - Southworth (direct)
Seattle - Southworth PO Transfer
Seattle - Vashon PO
Seattle - Bremerton 1,547 1,038 5,661 8,245 1,889 1,267 5,661 8,817 3,436 2,305 11,321 17,062
Seattle - Bremerton PO
Seattle - Kingston PO
Seattle - Bainbridge Island 3,613 2,248 10,049 15,909 3,715 2,311 10,049 16,075 7,328 4,559 20,097 31,984
Edmonds - Kingston 4,172 2,520 2,955 9,647, 4,327 2,613 2,955 9,894 8,499 5,133 5,909 19,541
Mukilteo - Clinton 4,091 2,004 1,979 8,074 4,153 2,034 1,979 8,167 8,244 4,038 3,959 16,241
Port Townsend - Keystone 584 402 154 1,141 590 406 154 1,150 1,174 808 309 2,291
Anacortes-San Juans 1,347 1,076 303 2,727 1,347 1,076 303 2,727, 2,694 2,153 606 5,453
San Juans Interisland 216 177 140 532] 216 177 140 532] 431 353 279 1,063
Sidney, BC Routes 72 170 25 266 72 170 25 266 143 339 49 531
System Total 20,019 11,446 23,799 55,264 20,836 11,937 23,799 56,572 40,855 23,384 47,597 111,836

Exhibit 12: Daily Ridership, 2020 Under Draft Plan Service

Westbound Eastbound Both Directions
Daily Daily Daily
Total In-Veh Walk-On Total Total In-Veh Walk-On Total Total In-Veh Walk-On Total
Ferry Route Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders
Point Defiance - Tahlequah 690 225 217 1,132 690 225 217 1,132 1,381 450 434 2,264
Southworth - Vashon 234 69 106 408 234 69 106 408 467 137 212 816
Fauntleroy - Vashon 2,343 889 696 3,928 2,343 889 696 3,928 4,686 1,777 1,392 7,855
Fauntleroy - Southworth
Seattle - Southworth (direct) 1,825 1,135 2,285 5,244 1,825 1,135 2,285 5,244 3,650 2,269 4,570 10,489
Seattle - Southworth PO (transer)
Seattle - Vashon PO
Seattle - Bremerton 1,967 1,325 4,606 7,898 2,402 1,618 4,606 8,625 4,369 2,943 9,211 16,523
Seattle - Bremerton PO
Seattle - Kingston PO
Seattle - Bainbridge Island 3,439 1,894 8,514 13,847 3,536 1,947 8,514 13,998 6,975 3,841 17,029 27,845
Edmonds - Kingston 3,827 2,406 2,609 8,842 3,969 2,495 2,609 9,072 7,796 4,901 5,218 17,914
Mukilteo - Clinton 3,537 1,720 1,587 6,844 3,591 1,747 1,587 6,924 7,128 3,467 3,174 13,769
Port Townsend - Keystone 487 332 124 943 492 335 124 950 979 667 248 1,893
Anacortes-San Juans 1,255 851 234 2,340 1,255 851 234 2,340 2,510 1,703 467 4,680
San Juans Interisland 200 147 112 460 200 147 112 460 401 294 225 919
Sidney, BC Routes 61 129 17 207| 61 129 17 207| 122 258 34 413
System Total 19,866 11,122 21,106 52,093 20,597 11,586 21,106 53,289 40,462 22,707 42,211 105,381

Exhibit 13: Daily Ridership, 2030 Under Draft Plan Service

Westbound Eastbound Both Directions
Daily Daily Daily
Total In-Veh Walk-On Total Total In-Veh Walk-On Total Total In-Veh Walk-On Total
Ferry Route Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders
Point Defiance - Tahlequah 717 235 246 1,198 717 235 246 1,198 1,434 470 492 2,397
Southworth - Vashon 264 76 138 478 264 76 138 478 528 151 277 956
Fauntleroy - Vashon 2,499 980 774 4,253 2,499 980 774 4,253 4,998 1,959 1,548 8,505
Fauntleroy - Southworth
Seattle - Southworth (direct) 2,030 1,267 2,553 5,849 2,030 1,267 2,553 5,849 4,060 2,533 5,105 11,699
Seattle - Southworth PO Transfer
Seattle - Vashon PO
Seattle - Bremerton 2,533 1,688 5,482 9,704 3,093 2,062 5,482 10,637 5,626 3,750 10,965 20,340
Seattle - Bremerton PO
Seattle - Kingston PO
Seattle - Bainbridge Island 3,724 2,092 9,335 15,151 3,829 2,151 9,335 15,315 7,554 4,242 18,669 30,465
Edmonds - Kingston 4,360 2,543 3,007 9,910 4,521 2,637 3,007 10,165 8,881 5,181 6,013 20,075
Mukilteo - Clinton 4,423 2,211 2,172 8,806 4,490 2,244 2,172 8,907 8,913 4,455 4,345 17,712
Port Townsend - Keystone 608 404 170 1,181 613 407 170 1,191 1,221 811 340 2,372
Anacortes-San Juans 1,482 1,184 333 2,999 1,482 1,184 333 2,999 2,963 2,368 667 5,998
San Juans Interisland 237 194 153 585 237 194 153 585 474 388 307 1,169
Sidney, BC Routes 79 186 27 292 79 186 27 292 157 373 54 584
System Total 22,955 13,059 24,391 60,405 23,854 13,623 24,391 61,867 46,809 26,682 48,781 122,273
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WASHINGTON STATE FERRIES

Exhibit 14: Annual Ridership, 2003

Westbound Eastbound Both Directions
Annual Annual Annual
Total In-Veh Walk-On Total Total In-Veh Walk-On Total Total In-Veh Walk-On Total
Ferry Route Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders
Point Defiance - Tahlequah 214,789 110,849 47,515 373,153] 214,789 110,849 47,515 373,153] 429,578 221,698 95,030 746,306
Southworth - Vashon 63,678 16,855 26,059 106,592 63,678 16,855 26,059 106,592 127,356 33,709 52,119 213,184
Fauntleroy - Vashon 561,103 303,139 115,367 979,609 561,103 303,139 115,367 979,609 1,122,205 606,277 230,735 1,959,217
Fauntleroy - Southworth 250,963 117,269 66,836 435,068, 250,963 117,269 66,836 435,068, 501,926 234,538 133,672 870,136
Seattle - Southworth (direct)
Seattle - Southworth PO (transer) 50,440 50,440 50,440 50,440 100,880 100,880
Seattle - Vashon PO 67,340 67,340 67,340 67,340 134,680 134,680
Seattle - Bremerton* 331,368 243,881 780,240 1,355,488 331,368 243,881 780,240 1,355,488 662,735 487,762 1,560,480 2,710,977
Seattle - Bremerton PO
Seattle - Kingston PO
Seattle - Bainbridge Island 1,175,951 924,047 1,413,534 3,513,531 1,175,951 924,047 1,413,534 3,513,531 2,351,901 1,848,093 2,827,067 7,027,062
Edmonds - Kingston 1,062,801 663,374 264,343 1,990,518] 1,062,801 663,374 264,343 1,990,518] 2,125,602 1,326,748 528,686 3,981,036
Mukilteo - Clinton 1,098,746 665,589 249,764  2,014,100] 1,098,746 665,589 249,764  2,014,1000 2,197,492 1,331,178 499,529 4,028,199
Port Townsend - Keystone 185,571 159,072 51,248 395,890 185,571 159,072 51,248 395,890 371,141 318,144 102,495 791,780
Anacortes-San Juans 382,534 314,236 159,039 855,809 382,534 314,236 159,039 855,809 765,068 628,472 318,078 1,711,618
San Juans Interisland 52,691 62,586 31,812 147,089 52,691 62,586 31,812 147,089 105,382 125,172 63,624 294,178
Sidney, BC Routes 17,112 25,621 7,401 50,134 17,112 25,621 7,401 50,134 34,225 51,241 14,802 100,268
System Total 5,397,305 3,606,517 3,330,938 12,334,760} 5,397,305 3,606,517 3,330,938 12,334,760 10,794,611 7,213,034 6,661,876 24,669,521

*Seattle-Bremerton includes Seattle-Bremerton PO ridership

Exhibit 15: Annual Ridership, 2020 Under Currently-P

lanned Service

Westbound Eastbound Both Directions
Annual Annual Annual
Ferry Route Total In-Veh Walk-On Total Total In-Veh Walk-On Total Total In-Veh Walk-On Total
Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders
Point Defiance - Tahlequah 226,037 116,237 76,297 418,571 226,037 116,237 76,297 418,571 452,075 232,474 152,594 837,143
Southworth - Vashon 78,818 42,989 40,888 162,696 78,818 42,989 40,888 162,696 157,636 85,979 81,776 325,391
Fauntleroy - Vashon 678,753 385,466 181,514 1,245,733 678,753 385,466 181,514 1,245,733 1,357,506 770,932 363,028 2,491,466
Fauntleroy - Southworth 403,095 224,241 341,291 968,627, 449,878 250,267 341,291 1,041,435 852,972 474,508 682,582 2,010,063
Seattle - Southworth (direct)
Seattle - Southworth PO (transfer)
Seattle - Vashon PO
Seattle - Bremerton 510,489 407,155 1,691,795 2,609,439 623,319 497,146 1,691,795  2,812,260] 1,133,808 904,301 3,383,589 5,421,699
Seattle - Bremerton PO
Seattle - Kingston PO
Seattle - Bainbridge Island 1,226,210 930,257 2,629,245 4,785,712 1,260,778 956,482 2,629,245  4,846,505] 2,486,988 1,886,739 5,258,489 9,632,217
Edmonds - Kingston 1,396,623 1,047,174 781,291 3,225,087 1,448,289 1,085,913 781,291  3,315,493] 2,844,912 2,133,086 1,562,582 6,540,580
Mukilteo - Clinton 1,272,950 843,411 477,444 2,593,806 1,292,304 856,235 477,444  2,625,983] 2,565,254 1,699,646 954,889 5,219,789
Port Townsend - Keystone 211,729 186,228 69,474 467,431 213,642 187,910 69,474 471,027, 425,372 374,138 138,948 938,458
Anacortes-San Juans 477,704 392,415 274,311 1,144,429 477,704 392,415 274,311 1,144,429 955,408 784,829 548,621 2,288,859
San Juans Interisland 66,055 78,459 50,961 195,475 66,055 78,459 50,961 195,475 132,109 156,918 101,922 390,950
Sidney, BC Routes 24,864 37,226 15,595 77,685 24,864 37,226 15,595 77,685 49,728 74,453 31,189 155,370
System Total 6,573,327 4,691,259 6,630,106 17,894,691] 6,840,442 4,886,746 6,630,106 18,357,293] 13,413,769 9,578,005 13,260,211 36,251,984

Exhibit 16: Annual Ridership, 2030 Under Currently-P

lanned Service

Westbound Eastbound Both Directions
Annual Annual Annual
Total In-Veh Walk-On Total Total In-Veh Walk-On Total Total In-Veh Walk-On Total
Ferry Route Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders
Point Defiance - Tahlequah 228,715 116,492 76,848 422,056 228,715 116,492 76,848 422,056 457,431 232,985 153,696 844,112
Southworth - Vashon 84,607 42,796 43,422 170,826 84,607 42,796 43,422 170,826 169,214 85,592 86,845 341,651
Fauntleroy - Vashon 720,044 413,590 202,702 1,336,336 720,044 413,590 202,702 1,336,336 1,440,088 827,180 405,405 2,672,672
Fauntleroy - Southworth 440,172 245,917 373,064 1,059,153 491,258 274,459 373,064 1,138,780 931,430 520,376 746,127 2,197,933
Seattle - Southworth (direct)
Seattle - Southworth PO Transfer
Seattle - Vashon PO
Seattle - Bremerton 561,434 448,196 1,784,947 2,794,577 685,524 547,258 1,784,947 3,017,729 1,246,958 995,454 3,569,895 5,812,307
Seattle - Bremerton PO
Seattle - Kingston PO
Seattle - Bainbridge Island 1,311,031 1,001,032 2,881,547 5,193,610] 1,347,991 1,029,252 2,881,547 5,258,790 2,659,022 2,030,284 5,763,093 10,452,400
Edmonds - Kingston 1,513,952 1,136,312 850,176 3,500,441 1,569,959 1,178,349 850,176  3,598,484] 3,083,912 2,314,660 1,700,352 7,098,925
Mukilteo - Clinton 1,472,341 979,158 589,610 3,041,109 1,494,727 994,046 589,610 3,078,382 2,967,068 1,973,204 1,179,219 6,119,492
Port Townsend - Keystone 253,906 224,405 84,839 563,151 256,201 226,433 84,839 567,473 510,107 450,838 169,679 1,130,624
Anacortes-San Juans 544,399 447,202 378,008 1,369,609 544,399 447,202 378,008 1,369,609 1,088,797 894,404 756,017 2,739,218
San Juans Interisland 75,448 89,616 67,239 232,303 75,448 89,616 67,239 232,303] 150,896 179,233 134,478 464,607
Sidney, BC Routes 30,976 46,377 24,176 101,528 30,976 46,377 24,176 101,528 61,951 92,753 48,352 203,056
System Total 7,237,026 5,191,095 7,356,579 19,784,700 7,529,849 5,405,870 7,356,579 20,292,298] 14,766,874 10,596,964 14,713,158 40,076,997
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APPENDIX A: RIDERSHIP
ANALYSIS AND FORECASTING

Exhibit 17: Annual Ridership, 2020 Under Draft Plan Service

Westbound Eastbound Both Directions
Annual Annual Annual
Total In-Veh Walk-On Total Total In-Veh Walk-On Total Total In-Veh Walk-On Total
Ferry Route Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders
Point Defiance - Tahlequah 234,607 121,370 73,328 429,306 234,607 121,370 73,328 429,306 469,215 242,740 146,656 858,611
Southworth - Vashon 68,540 25,626 30,695 124,861 68,540 25,626 30,695 124,861 137,081 51,252 61,389 249,722
Fauntleroy - Vashon 799,232 442,462 183,449 1,425,143| 799,232 442,462 183,449  1,425,143] 1,598,463 884,925 366,898 2,850,286
Fauntleroy - Southworth
Seattle - Southworth (direct) 662,158 505,428 623,519 1,791,104 662,158 505,428 623,519  1,791,104] 1,324,316 1,010,856 1,247,038 3,582,209
Seattle - Southworth PO (transer)
Seattle - Vashon PO
Seattle - Bremerton 713,749 571,306 1,595,611 2,880,666 871,504 697,578 1,595,611 3,164,693 1,585,253 1,268,883 3,191,223 6,045,359
Seattle - Bremerton PO
Seattle - Kingston PO
Seattle - Bainbridge Island 1,247,842 888,992 2,469,687 4,606,521 1,283,021 914,054 2,469,687  4,666,761] 2,530,863 1,803,047 4,939,373 9,273,283
Edmonds - Kingston 1,388,687 1,066,892 753,461  3,209,040] 1,440,060 1,106,361 753,461 3,299,882 2,828,747 2,173,253 1,506,922 6,508,922
Mukilteo - Clinton 1,272,950 843,411 477,444 2,593,806 1,292,304 856,235 477,444  2,625,983] 2,565,254 1,699,646 954,889 5,219,789
Port Townsend - Keystone 211,729 186,228 69,474 467,431 213,642 187,910 69,474 471,027, 425,372 374,138 138,948 938,458
Anacortes-San Juans 507,249 416,684 291,276 1,215,209 507,249 416,684 291,276 1,215,209 1,014,497 833,369 582,552 2,430,418
San Juans Interisland 70,140 83,312 54,113 207,564 70,140 83,312 54,113 207,564 140,280 166,623 108,226 415,129
Sidney, BC Routes 26,402 39,529 16,559 82,490 26,402 39,529 16,559 82,490 52,804 79,057 33,118 164,979
System Total 7,203,285 5,191,241 6,638,616 19,033,142 7,468,859 5,396,549 6,638,616 19,504,024] 14,672,144 10,587,790 13,277,232 38,537,166

Exhi

bit 18: Annual Ridersh

ip, 2030 Under Draft P

lan Service

Westbound Eastbound Both Directions
Annual Annual Annual
Total In-Veh Walk-On Total Total In-Veh Walk-On Total Total In-Veh Walk-On Total
Ferry Route Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders Veh. Pass. Pass. Riders
Point Defiance - Tahlequah 243,713 126,450 81,597 451,761 243,713 126,450 81,597 451,761 487,426 252,900 163,195 903,521
Southworth - Vashon 77,482 28,494 39,503 145,479 77,482 28,494 39,503 145,479 154,965 56,988 79,006 290,959
Fauntleroy - Vashon 852,401 480,208 203,895 1,536,503 852,401 480,208 203,895  1,536,503| 1,704,801 960,416 407,789 3,073,007
Fauntleroy - Southworth
Seattle - Southworth (direct) 736,629 563,400 696,454 1,996,482 736,629 563,400 696,454 1,996,482 1,473,258 1,126,799 1,392,908 3,992,965
Seattle - Southworth PO Transfer
Seattle - Vashon PO
Seattle - Bremerton 919,088 731,058 1,938,104 3,588,250 1,122,228 892,640 1,938,104 3,952,972] 2,041,316 1,623,698 3,876,208 7,541,222
Seattle - Bremerton PO
Seattle - Kingston PO
Seattle - Bainbridge Island 1,351,450 973,300 2,704,188  5,028,938] 1,389,549 1,000,739 2,704,188  5,094,475] 2,740,998 1,974,039 5,408,376 10,123,413
Edmonds - Kingston 1,581,970 1,164,005 867,350  3,613,325] 1,640,493 1,207,066 867,350  3,714,909] 3,222,463 2,371,071 1,734,700 7,328,234
Mukilteo - Clinton 1,591,751 1,070,056 645,865 3,307,672 1,615,952 1,086,325 645,865  3,348,142] 3,207,703 2,156,382 1,291,730 6,655,814
Port Townsend - Keystone 264,029 229,551 90,732 584,312 266,415 231,625 90,732 588,772, 530,444 461,176 181,464 1,173,084
Anacortes-San Juans 598,838 491,922 415,810 1,506,570 598,838 491,922 415,810 1,506,570} 1,197,677 983,844 831,619 3,013,141
San Juans Interisland 82,993 98,578 73,963 255,534 82,993 98,578 73,963 255,534 165,985 197,156 147,926 511,067
Sidney, BC Routes 34,073 51,014 26,594 111,681 34,073 51,014 26,594 111,681 68,146 102,028 53,187 223,362
System Total 8,334,416 6,008,036 7,784,054 22,126,507 8,660,766 6,258,461 7,784,054 22,703,281| 16,995,183 12,266,497 15,568,108 44,829,788
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Table 3.1a
Comparison Between Actual and Estimated 1999 PM Peak (Weekday) Auto Boarding Vehicles
(Highway Assignment Results)

Actual Survey Period Vehicles Estimated (Modeled) Vehicles Estimated/Actual

Ferry Routes EB WB Total EB WB Total EB WB Total
Point Defiance-Tahlequah 167 302 469 146 280 426 0.87 0.93 0.91
Vashon-Southworth 87 73 160 94 81 175 1.08 1.11 1.09
Fauntleroy-Vashon 350 737 1,087 414 755 1,169 1.18 1.02 1.08
Fauntleroy-Southworth 190 346 536 171 332 503 0.90 0.96 0.94
Seattle-Bremerton 223 354 577 234 349 583 1.05 0.99 1.01
Seattle-Bainbridge 829 1,401 2,230 825 1,320 2,145 1.00 0.94 0.96
Edmonds-Kingston 745 1,067 1,812 674 1,149 1,823 0.90 1.08 1.01
Mukilteo-Clinton 706 1,280 1,986 680 1,304 1,984 0.96 1.02 1.00
Port Townsend-Keystone 95 109 204 102 119 221 1.07 1.09 1.08
Subtotal 3,392 5,669 9,061 3,340 5,689 9,029 0.98 1.00 1.00
Anacortes-San Juan Islands

All vessels to/from Anacortes 923 934 1,857 931 943 1,874 1.01 1.01 1.01
Inter-Island Vessel Only 126 169 295 122 159 281 0.97 0.94 0.95
Anacortes/San Juans-Sidney, B.C. 49 43 92 57 43 100 1.16 1.00 1.09
Grand Total 4,490 6,815 11,305 4,450 6,834 11,284 0.99 1.00 1.00
Washington State Ferries 125 WSF Travel Forecasting Model

Methodology Report



Table 3.1b
Comparison Between Actual and Estimated 1999 PM Peak (Weekday) Total Auto Boarding Passengers
(Highway Assignment Results)

Actual Survey Period Passengers Estimated (Modeled) Passengers Estimated/Actual

Ferry Routes EB WB Total EB WB Total EB WB Total
Point Defiance-Tahlequah 202 371 573 159 344 503 0.79 0.93 0.88
Vashon-Southworth 171 117 288 179 126 305 1.05 1.08 1.06
Fauntleroy-Vashon 526 966 1,492 685 990 1,675 1.30 1.02 1.12
Fauntleroy-Southworth 274 499 773 213 469 682 0.78 0.94 0.88
Seattle-Bremerton 320 541 861 292 503 795 0.91 0.93 0.92
Seattle-Bainbridge 1,081 2,001 3,172 1,108 1,972 3,080 1.02 0.94 0.97
Edmonds-Kingston 1,075 1,572 2,647 962 1,740 2,702 0.89 111 1.02
Mukilteo-Clinton 989 1,731 2,720 959 1,802 2,761 0.97 1.04 1.02
Port Townsend-Keystone 172 214 386 153 210 363 0.89 0.98 0.94
Subtotal 4,810 8,102 12,912 4,710 8,156 12,866 0.98 1.01 1.00
Anacortes-San Juan Islands

All vessels to/from Anacortes 1,425 1,507 2,932 1,442 1,525 2,967 1.01 1.01 1.01
Inter-Island Vessel Only 191 305 496 191 295 486 1.00 0.97 0.98
Anacortes/San Juans-Sidney, B.C. 141 126 267 155 126 281 1.10 1.00 1.05
Grand Total 6,567 10,040 16,607 6,498 10,102 16,600 0.99 1.01 1.00
Washington State Ferries 126 WSF Travel Forecasting Model

Methodology Report



Table 3.1c
Comparison Between Actual and Estimated 1999 PM Peak (Weekday) SOV Auto Boarding Passengers
(Highway Assignment Results)

Actual Survey Period Passengers Estimated (Modeled) Passengers Estimated/Actual

Ferry Routes EB WB Total EB WB Total EB WB Total
Point Defiance-Tahlequah 138 253 391 129 235 364 0.93 0.93 0.93
Vashon-Southworth 60 54 114 67 58 125 1.12 1.07 1.10
Fauntleroy-Vashon 264 588 852 293 602 895 111 1.02 1.05
Fauntleroy-Southworth 147 284 431 127 269 396 0.86 0.95 0.92
Seattle-Bremerton 159 265 424 181 284 465 1.14 1.07 1.10
Seattle-Bainbridge 474 1,016 1,490 505 959 1,464 1.07 0.94 0.98
Edmonds-Kingston 547 727 1,274 473 770 1,243 0.86 1.06 0.98
Mukilteo-Clinton 443 928 1,371 431 930 1,361 0.97 1.00 0.99
Port Townsend-Keystone 58 55 113 65 66 131 1.12 1.20 1.16
Subtotal 2,290 4,170 6,460 2,271 4,173 6,444 0.99 1.00 1.00
Anacortes-San Juan Islands

All vessels to/from Anacortes 507 451 958 510 451 961 1.01 1.00 1.00
Inter-Island Vessel Only 84 98 182 84 98 182 1.00 1.00 1.00
Anacortes/San Juans-Sidney, B.C. 7 6 13 10 6 16 1.43 1.00 1.23
Grand Total 2,888 4,725 7,613 2,875 4,728 7,603 1.00 1.00 1.00
Washington State Ferries 127 WSF Travel Forecasting Model

Methodology Report



Table 3.1d
Comparison Between Actual and Estimated 1999 PM Peak (Weekday) HOV (2+) Auto Boarding Passengers
(Highway Assignment Results)

Actual Survey Period Passengers Estimated (Modeled) Passengers Estimated/Actual

Ferry Routes EB WB Total EB WB Total EB WB Total
Point Defiance-Tahlequah 64 119 183 30 109 139 0.47 0.92 0.76
Vashon-Southworth 111 63 174 112 68 180 1.01 1.08 1.03
Fauntleroy-Vashon 262 378 640 392 388 780 1.50 1.03 1.22
Fauntleroy-Southworth 127 215 342 86 200 286 0.68 0.93 0.84
Seattle-Bremerton 161 276 437 111 219 330 0.69 0.79 0.76
Seattle-Bainbridge 607 1,075 1,682 603 1013 1,616 0.99 0.94 0.96
Edmonds-Kingston 528 845 1,373 489 970 1,459 0.93 1.15 1.06
Mukilteo-Clinton 546 803 1,349 528 872 1,400 0.97 1.09 1.04
Port Townsend-Keystone 114 159 273 88 144 232 0.77 0.91 0.85
Subtotal 2,520 3,933 6,453 2,439 3,983 6,422 0.97 1.01 1.00
Anacortes-San Juan Islands

All vessels to/from Anacortes 918 1,056 1,974 932 1074 2,006 1.02 1.02 1.02
Inter-Island Vessel Only 107 206 313 107 197 304 1.00 0.96 0.97
Anacortes/San Juans-Sidney, B.C. 135 120 255 145 120 265 1.07 1.00 1.04
Grand Total 3,680 5,315 8,995 3,623 5,374 8,997 0.98 1.01 1.00
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Table 3.1e

Comparison Between Actual and Estimated 1999 PM Peak (Weekday) Walk-On Passengers
(Transit Assignment Results for TOTAL WALK-ONS)

Actual Survey Period Walk-Ons Estimated (Modeled) Walk-Ons Estimated/Actual

Ferry Routes EB wWB Total EB WB Total EB WB Total
Point Defiance-Tahlequah 42 69 111 52 65 117 1.24 0.94 1.05
Vashon-Southworth 54 25 79 54 25 79 1.00 1.00 1.00
Fauntleroy-Vashon 200 260 460 220 243 463 1.10 0.93 1.01
Fauntleroy-Southworth 38 203 241 45 161 206 1.18 0.79 0.85
Seattle-Vashon/Vashon-Southworth P.O. 7 296 303 5 301 306 0.71 1.02 1.01
Seattle-Vashon Passenger Only 44 276 320 21 296 317 0.48 1.07 0.99
Seattle-Bremerton 151 857 1,008 155 814 969 1.03 0.95 0.96
Seattle-Bremerton Passenger Only 236 1,041 1,277 196 1,014 1,210 0.83 0.97 0.95
Seattle-Bainbridge 510 3,492 4,002 511 3,591 4,102 1.00 1.03 1.02
Edmonds-Kingston 140 490 630 172 491 663 1.23 1.00 1.05
Mukilteo-Clinton 70 588 658 73 589 662 1.04 1.00 1.01
Port Townsend-Keystone 13 24 37 11 29 40 0.85 1.21 1.08
Subtotal 1,505 7,621 9,126 1,515 7,619 9,134 1.01 1.00 1.00
Anacortes-San Juan Islands

All vessels to/from Anacortes 128 136 264 126 136 262 0.98 1.00 0.99
Inter-Island Vessel Only 72 64 136 71 64 135 0.99 1.00 0.99
Anacortes/San Juans-Sidney, B.C. 10 5 15 10 5 15 1.00 1.00 1.00
Grand Total 1,715 7,826 9,541 1,722 7,824 9,546 1.00 1.00 1.00
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Table 3.1f
Comparison Between Actual and Estimated 1999 PM Peak (Weekday) Walk-On Passengers
(Transit Assignment Results for Auto/Walk-Bus)

Actual Survey Period Walk-Ons Estimated (Modeled) Walk-Ons Estimated/Actual

Ferry Routes EB wWB Total EB WB Total EB WB Total
Point Defiance-Tahlequah 13 19 32 11 16 27 0.85 0.84 0.84
Vashon-Southworth 25 4 29 25 4 29 1.00 1.00 1.00
Fauntleroy-Vashon 5 29 34 19 26 45 3.80 0.90 1.32
Fauntleroy-Southworth 8 9 17 6 9 15 0.75 1.00 0.88
Seattle-Vashon/Vashon-Southworth P.O. 3 16 19 3 13 16 1.00 0.81 0.84
Seattle-Vashon Passenger Only 12 10 22 6 16 22 0.50 1.60 1.00
Seattle-Bremerton 20 24 44 31 42 73 1.55 1.75 1.66
Seattle-Bremerton Passenger Only 50 55 105 41 40 81 0.82 0.73 0.77
Seattle-Bainbridge 238 259 497 235 271 506 0.99 1.05 1.02
Edmonds-Kingston 23 57 80 24 44 68 1.04 0.77 0.85
Mukilteo-Clinton 15 104 119 15 104 119 1.00 1.00 1.00
Port Townsend-Keystone 3 6 9 3 9 12 1.00 1.50 1.33
Subtotal 415 592 1,007 419 594 1,013 1.01 1.00 1.01
Anacortes-San Juan Islands

All vessels to/from Anacortes 11 25 36 11 25 36 1.00 1.00 1.00
Inter-Island Vessel Only 0 16 16 0 16 16 n/a 1.00 1.00
Anacortes/San Juans-Sidney, B.C. 2 2 4 2 2 4 1.00 1.00 1.00
Grand Total 428 635 1,063 432 637 1,069 1.01 1.00 1.01
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Table 3.1g
Comparison Between Actual and Estimated 1999 PM Peak (Weekday) Walk-On Passengers
(Transit Assignment Results for Walk-Bus/Auto)

Actual Survey Period Walk-Ons Estimated (Modeled) Walk-Ons Estimated/Actual

Ferry Routes EB wWB Total EB WB Total EB WB Total
Point Defiance-Tahlequah 13 19 32 16 19 35 1.23 1.00 1.09
Vashon-Southworth 3 7 10 3 7 10 1.00 1.00 1.00
Fauntleroy-Vashon 52 66 118 a7 79 126 0.90 1.20 1.07
Fauntleroy-Southworth 4 88 92 7 61 68 1.75 0.69 0.74
Seattle-Vashon/Vashon-Southworth P.O. 0 141 141 0 138 138 n/a 0.98 0.98
Seattle-Vashon Passenger Only 0 124 124 3 111 114 n/a 0.90 0.92
Seattle-Bremerton 27 272 299 42 275 317 1.56 1.01 1.06
Seattle-Bremerton Passenger Only 55 405 460 42 364 406 0.76 0.90 0.88
Seattle-Bainbridge 41 1,024 1,065 40 1,064 1,104 0.98 1.04 1.04
Edmonds-Kingston 28 91 119 25 119 144 0.89 1.31 1.21
Mukilteo-Clinton 5 104 109 5 104 109 1.00 1.00 1.00
Port Townsend-Keystone 0 2 2 0 2 2 n/a 1.00 1.00
Subtotal 228 2,343 2,571 230 2,343 2,573 1.01 1.00 1.00
Anacortes-San Juan Islands

All vessels to/from Anacortes 5 4 9 5 4 9 1.00 1.00 1.00
Inter-Island Vessel Only 26 0 26 26 0 26 1.00 n/a 1.00
Anacortes/San Juans-Sidney, B.C. 0 0 0 0 0 0 n/a n/a n/a
Grand Total 259 2,347 2,606 261 2,347 2,608 1.01 1.00 1.00
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Table 3.1h
Comparison Between Actual and Estimated 1999 PM Peak (Weekday) Walk-On Passengers
(Transit Assignment Results for Walk-Bus/Walk-Bus)

Actual Survey Period Walk-Ons Estimated (Modeled) Walk-Ons Estimated/Actual
Ferry Routes EB wWB Total EB WB Total EB WB Total
Point Defiance-Tahlequah 0 5 5 0 5 5 n/a 1.00 1.00
Vashon-Southworth 8 5 13 8 5 13 1.00 1.00 1.00
Fauntleroy-Vashon 29 107 136 43 99 142 1.48 0.93 1.04
Fauntleroy-Southworth 13 43 56 11 46 57 0.85 1.07 1.02
Seattle-Vashon/Vashon-Southworth P.O. 2 103 105 0 111 111 0.00 1.08 1.06
Seattle-Vashon Passenger Only 22 129 151 8 137 145 0.36 1.06 0.96
Seattle-Bremerton 84 429 513 61 372 433 0.73 0.87 0.84
Seattle-Bremerton Passenger Only 87 452 539 86 492 578 0.99 1.09 1.07
Seattle-Bainbridge 105 1,709 1,814 109 1,703 1,812 1.04 1.00 1.00
Edmonds-Kingston 19 40 59 38 48 86 2.00 1.20 1.46
Mukilteo-Clinton 20 244 264 20 244 264 1.00 1.00 1.00
Port Townsend-Keystone 0 3 3 6 3 9 n/a 1.00 3.00
Subtotal 389 3,269 3,658 390 3,265 3,655 1.00 1.00 1.00
Anacortes-San Juan Islands
All vessels to/from Anacortes 5 20 25 5 20 25 1.00 1.00 1.00
Inter-Island Vessel Only 5 16 21 5 16 21 1.00 1.00 1.00
Anacortes/San Juans-Sidney, B.C. 2 0 2 2 0 2 1.00 n/a 1.00
Grand Total 401 3,305 3,706 402 3,301 3,703 1.00 1.00 1.00
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Table 3.1i
Comparison Between Actual and Estimated 1999 PM Peak (Weekday) Walk-On Passengers
(Transit Assignment Results for Auto/Auto)

Actual Survey Period Walk-Ons Estimated (Modeled) Walk-Ons Estimated/Actual

Ferry Routes EB WB Total EB WB Total EB WB Total
Point Defiance-Tahlequah 16 26 42 25 25 50 1.56 0.96 1.19
Vashon-Southworth 18 9 27 18 9 27 1.00 1.00 1.00
Fauntleroy-Vashon 114 58 172 111 39 150 0.97 0.67 0.87
Fauntleroy-Southworth 13 63 76 21 45 66 1.62 0.71 0.87
Seattle-Vashon/Vashon-Southworth P.O. 2 36 38 2 39 41 1.00 1.08 1.08
Seattle-Vashon Passenger Only 10 13 23 4 32 36 0.40 2.46 1.57
Seattle-Bremerton 20 132 152 21 125 146 1.05 0.95 0.96
Seattle-Bremerton Passenger Only 44 129 173 27 118 145 0.61 0.91 0.84
Seattle-Bainbridge 126 500 626 127 553 680 1.01 1.11 1.09
Edmonds-Kingston 70 302 372 85 280 365 1.21 0.93 0.98
Mukilteo-Clinton 30 136 166 33 137 170 1.10 1.01 1.02
Port Townsend-Keystone 10 13 23 2 15 17 0.20 1.15 0.74
Subtotal 473 1,417 1,890 476 1,417 1,893 1.01 1.00 1.00
Anacortes-San Juan Islands

All vessels to/from Anacortes 107 87 194 105 87 192 0.98 1.00 0.99
Inter-Island Vessel Only 41 32 73 40 32 72 0.98 1.00 0.99
Anacortes/San Juans-Sidney, B.C. 6 3 9 6 3 9 1.00 1.00 1.00
Grand Total 627 1,539 2,166 627 1,539 2,166 1.00 1.00 1.00
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3.2 UPDATED MODEL RESULTS - BASE YEAR 1999 TO 1993

An attempt was made to examine the performance of the updated WSF Model to predict
route-level ridership in 1993. As indicated previously, the base year in the original WSF
Model was 1993, when the ferry travel O/D survey was collected. For the purpose of doing
this exercise, all input data required by the updated WSF Model had to be prepared
conforming to the updated WSF Model zone system. The primary difficulty was producing
zone-to-zone travel times for 1993 that conformed to the updated WSF Model zonal
system. The updated WSF Model zone system conforms to the updated zone system in
the PSRC Model, and is now more refined than previously for the outlying counties. The
process of converting zonal data from the 1993- to 1999-based zonal system required
some assumptions that could have introduced some aggregation error in the resulting
zone-to-zone travel times for certain zone pairs.

Summary model estimates are presented in Tables 3.2a and 3.2b for total auto-board and
walk-board passengers. The route-level model estimates are compared with actual 1993
PM peak ridership volumes for auto-board and walk-on passengers. Despite the
incompatibility of the zonal data between 1999 and 1993, the updated WSF Model seems
to have performed reasonably. The estimated ridership for most routes are within 5 to 10
percentage points of their 1993 actual ridership volumes on each route.
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Table 3.2a
Comparison Between Actual and Estimated 1993 PM Peak (Weekday) Total Auto Boarding Passengers
(Highway Assignment Results)

Actual Survey Period Estimated (Modeled) Walk-Ons Estimated/Actual

Ferry Routes EB WB Total EB WB Total EB WB Total
Point Defiance-Tahlequah 177 377 553 161 362 523 0.91 0.96 0.95
Fauntleroy-Vashon 328 1,107 1,434 350 1,063 1,413 1.07 0.96 0.99
Fauntleroy-Southworth 299 369 668 439 389 828 1.47 1.05 1.24
Vashon-Southworth 119 166 285 136 191 327 1.14 1.15 1.15
Seattle-Bremerton 461 459 920 560 456 1,016 1.22 0.99 1.10
Seattle-Bainbridge 1,152 1,962 3,115 1,405 1,777 3,182 1.22 0.91 1.02
Edmonds-Kingston 1,385 1,314 2,699 1,225 1,282 2,507 0.88 0.98 0.93
Mukilteo-Clinton 1,112 1,726 2,838 1,237 1,650 2,887 1.11 0.96 1.02
Port Townsend-Keystone 285 179 464 154 192 346 0.54 1.08 0.75
Subtotal 5,316 7,659 12,975 5,667 7,362 13,029 1.07 0.96 1.00
Anacortes-San Juan Islands

All vessels to/from Anacortes 365 696 1,061 619 811 1,430 1.70 1.17 1.35
Inter-Island Vessel Only 129 85 214 122 100 222 0.95 1.18 1.04
Anacortes/San Juans-Sidney, B.C. 164 200 364 136 134 270 0.83 0.67 0.74
Grand Total 6,010 8,754 14,764 6,558 8,441 14,999 1.09 0.96 1.02
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Table 3.2b
Comparison Between Actual and Estimated 1993 PM Peak (Weekday) Walk-On Passengers
(Transit Assignment Results for TOTAL WALK-ONS)

Actual Survey Period Walk-Ons Estimated (Modeled) Walk-Ons Estimated/Actual

Ferry Routes EB WB Total EB WB Total EB WB Total
Point Defiance-Tahlequah 31 65 96 42 71 113 1.35 1.09 1.18
Fauntleroy-Vashon 84 286 370 108 273 381 1.29 0.95 1.03
Fauntleroy-Southworth 69 163 232 76 162 238 1.10 0.99 1.03
Vashon-Southworth 54 38 92 49 39 88 0.91 1.03 0.96
Seattle-Vashon Passenger Only 35 265 300 25 289 314 0.71 1.09 1.05
Seattle-Vashon/Vashon-Southworth P.O. 14 157 171 22 178 200 1.57 1.13 1.17
Seattle-Bremerton 504 739 1,243 365 792 1,157 0.72 1.07 0.93
Seattle-Bremerton Passenger Only 133 311 444 139 300 439 1.05 0.96 0.99
Seattle-Bainbridge 1,032 2,889 3,921 774 3,077 3,851 0.75 1.07 0.98
Edmonds-Kingston 303 417 720 275 459 734 0.91 1.10 1.02
Mukilteo-Clinton 210 541 751 137 591 728 0.65 1.09 0.97
Port Townsend-Keystone 35 21 56 35 17 52 1.00 0.81 0.93
Subtotal 2,504 5,892 8,396 2,047 6,248 8,295 0.82 1.06 0.99
Anacortes-San Juan Islands

All vessels to/from Anacortes 48 127 175 40 60 100 0.83 0.47 0.57
Inter-Island Vessel Only 56 42 98 16 22 38 0.29 0.52 0.39
Anacortes/San Juans-Sidney, B.C. 18 10 28 13 2 15 0.72 0.20 0.54
Grand Total 2,626 6,071 8,697 2,116 6,332 8,448 0.81 1.04 0.97
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4.0 PROCEDURES USED IN THE
FINAL WSF MODEL

4.1 FINAL WSF MODE CHOICE MODEL STRUCTURE

After careful evaluation of the pertinent results obtained from the statistical estimation
analysis and consideration of other relevant factors, a fully incremental modeling system
was chosen. This updated WSF mode choice model structure is shown in Figure 4.1
and includes:

< Anincremental model for method of boarding between walk-ons and auto boardings
e A subchoice incremental model for walk-ons
e A subchoice incremental model for auto boardings

Mathematical equations pertaining to each incremental model are presented in this
section. Further descriptions of the incremental logit model formulation and LogSum
variable are presented in section 2.7. Matrices representing level of service related
variables used in utilities of the auto-board and walk-board mode of access and egress
choices were generated from the “Matrix Convolutions” process, as described in detail in
Chapter 2.

4.1.1 Incremental Subchoice Model for Walk-Ons

The subchoice incremental model for walk-ons forms a nest comprising four
access/egress choice combinations (i.e., Auto/Walk-Bus, Walk-Bus/Auto, Walk-
Bus/Walk-Bus, and Auto/Auto) to and from ferry terminals (see Figure 4.1). An
incremental subchoice model estimates future year shares for these four modes of
access and egress, for a given change in service levels. The incremental logit model
formulation for estimating future year shares is:

S%ix expl A(BSx Vi

(4-1) st =
J
> Shx exp[A(BY5x V)]

Where:

st = Estimate of zone-to-zone future shares for submode i
(e.q., Auto/Walk-Bus)

S5 = Base-year (1999) “observed” zone-to-zone shares for submode i
(e.g., Auto/Walk-Bus)

,Bki = The coefficient for the kth variable (e.qg., travel costs or travel
time) in the utility function of submode i. These coefficients
were statistically estimated for each submode i, as shown in
Table 2.8.

A(B%xV) = The difference in utility of mode i between future year and base
year [ 8% x (VFi - V?)]
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Figure 4.1
Final WSF Mode Choice Model Structure —Fully Incremental
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ESTIMATION OF LOGSUM VARIABLE FOR WALK-ONS

The LogSum variable representing walk-ons is derived from Equation (4-1). The mode
of access/egress choice model for walk-on trips includes four submodes, as indicated
previously. The formula for calculation of the LogSum" variable for the

walk-on nest is consistent with the incremental logit model formulation. The
zone-to-zone values of the LogSum™ variable is calculated as:

(4-2) LogSum" = 8% x Ln [ijl S%x exp[A (BYx V)]

Where 8% is the nesting coefficient on the nest representing walk-on submodes.

4.1.2 Incremental Subchoice Model for Auto Boardings

The subchoice incremental model for auto boardings forms a nest comprising two
submodes (i.e., SOVs and HOVs as shown in Figure 4.1). An incremental subchoice
model similar to the one described above for walk-on passengers is used to estimate
future year shares for these two submodes, for a given change in service levels. The
incremental logit model formulation for estimating future year shares is:

SPsov X exp[ A(y Kx Vsov)]

(4'3) SFsov =
SBSOV X eXp[ A (y K X Vsov)] + SBHOV X eXp[ A (y k X VHOV)]
Where:
SFsov = Estimate of zone-to-zone future shares for SOVs
SF oy = Estimate of zone-to-zone future shares for HOVs, i.e., 1.0 - STsov
SBoov = Base-year (1999) “observed” zone-to-zone shares for SOVs
SBhov = Base-year (1999) “observed” zone-to-zone shares for HOVSs,
i.e., 1.0 - SPsov
A (y*xVsov) = Difference in utility of SOVs between future year and base-year
[y “x (Vsov - VPsov)]
A (y X Vyhov) = Difference in utility of HOVs between future year and base-year
[V % (Vhov - VPhov)]
yk = Coefficient for the kth variable (e.g., travel costs or travel time)
in the utility functions of SOVs and HOVs. These coefficients
were statistically estimated, as shown in Table 2-7.
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ESTIMATION OF LOGSUM VARIABLE FOR AUTO BOARDINGS

The “LogSum” variable representing auto boardings is derived from Equation (4-3). The
subchoice model for auto boardings includes two submodes, as indicated before. The
formula for calculation of the LogSum® variable for the auto boarding nest is consistent
with the incremental logit model formulation. The zone-to-zone values of the LogSum®
variable are calculated as:

(4-4) LogSumA = HA X Ln {SBSOV X eXp[ A (y k X Vsov)]+SBHOV X eXp[ A (y K X VHOV)]}
Where 8 = The nesting coefficient on the nest representing auto boarding submodes

Note that the nesting coefficients for walk-ons, @Y, and auto boardings, @* , were set to
1.0 to be consistent with the mode and route choice statistical analysis results shown in
Table 2-7. The nesting coefficient in the WSF Model, however, can be easily changed
when new information becomes available and/or when PSRC adopts a nested mode
choice model structure.

4.1.3 Incremental Model for Method of Boarding

The key components required for implementation of the incremental logit model at the
primary level of choice hierarchy between walk-ons and auto boardings (see Figure 4.1)
are the resulting LogSum" and LogSum” variables from Equations (4-2) and (4-4). The
incremental logit equation is used to estimate future year modal shares for walk-ons and
auto boardings, as follows:

SBw x  exp(LogSumV¥)

(4-5) SFw =

SBw x exp(LogSumW) + S84 x exp(LogSum®)
Where:
Stw = Estimate of zone-to-zone future year shares for walk-ons
SFa = Estimate of zone-to-zone future year shares for auto boardings

i.e., 1.0 - STy

S®w = Base-year (1999) “observed” zone-to-zone shares for walk-ons
S = Base-year (1999) “observed” zone-to-zone shares for auto

boardings, i.e., 1.0 - S&
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4.2 OVERALL WSF MODELING SYSTEM

The overall WSF Model is schematically shown in Figure 4.2. This flowchart highlights
key components of the WSF Model and their interrelationship with one another. The
modeling system is indeed complex, and consists of two distinct stages for conducting
ridership forecasting analysis. In the first stage (Stage 1), change in cross-sound travel
growth is introduced, reflecting change in demographic variables and ground-side
service levels. In the second stage (Stage 2), change in ferry service levels is modeled.
The entire WSF modeling system has been implemented on an EMME/2 platform.

4.2.1 Feedback Loop to PSRC Model

The WSF Model is compatible with the PSRC Model in many respects, as described in
Section 2.2.1. The WSF Model relies on key output from the PSRC Model for producing
ferry ridership forecasts. This key output is the forecasts of growth in regional travel
patterns, including that for cross-sound travel. As shown in Figure 4.2, a feedback loop
exists between the WSF and PSRC Models. If deemed necessary, updates on
estimates of growth in regional travel patterns will be used in the WSF Model to produce
compatible ferry ridership forecasts. Such circumstances may arise on a number of
occasions, including:

e When the ferry system long-range plan is finalized. This plan will be used as
input into the PSRC Model to generate a new set of matrices on growth in
regional travel patterns. These forecasts of regional travel patterns will be then
input into the WSF Model for updating ferry ridership forecasts; and/or

 When an evaluation of a major transportation element (e.g., light rail extension)
becomes necessary. The PSRC Model will be used to include this facility. The
resulting matrices on growth in regional travel patterns will be input into the WSF
Model for updating ferry ridership forecasts.

The outputs for the PSRC Model may also be used to update the Stage 1 forecasts, for
areas where surveyed trips in the base-year (1999) ferry trip tables do not exist. As
indicated before, a shortcoming of the incremental method has been its limitations in
forecasting ridership for new markets which are not represented in base-year conditions.
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Stage 1 Forecasting
Analysis (Changes in

Demographics)

Stage 2 Forecasting Analysis (Changes in Ferry Service Levels)

Figure 4.2
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5.0 PROCEDURES OF STAGED RIDERSHIP
FORECASTING ANALYSIS

The updated WSF Model produces forecasts of ferry riders in two distinct stages. In the first
stage, changes in demographics between the base year (1999) and future year (e.g., 2030) are
taken into consideration. In the second stage, mode choice modeling analysis is performed to
distribute the Stage 1 forecasts between walk-on and auto boarding submodes. These two
stages are described in this chapter.

5.1 STAGE 1 FORECASTING ANALYSIS:
CHANGES IN DEMOGRAPHICS

In the first stage of ferry ridership forecasting analysis, changes in regional and cross-sound
travel patterns are taken into consideration. The WSF ridership forecasts are primarily
dependent on the new PSRC Model for estimation of growth in total person travel demand. The
base-year and future-year person trip tables generated by PSRC were used to develop
cross-sound growth factors. The Stage 1 forecasting analysis applied for the WSF Model had
two special considerations during implementation of this process:

e Trips using the Tacoma Narrows Bridge were excluded from the analysis to ensure that
the cross-sound growth rates pertained only to ferry trips; and

» Growth rates were calculated at a Forecast Analysis Zone (FAZ) level to allow sufficient
aggregation of trips, to avoid problems arising from using zero or fractional trips at the
Transportation Analysis Zone (TAZ) level as the divisor.

These person trip tables will be compatible with the adopted 2030 Metropolitan Transportation
Plan (MTP). The WSF Model also depends on forecasts of population and employment from
other counties that are not included in the PSRC Model. The best demographic forecasts
available from the outer (non-PSRC) counties will be used to develop growth in travel to/from
these counties.

The WSF Model uses the zone-to-zone growth factors to change the surveyed ferry travel
demand from a base year, PKFTRP® to a forecast year, PKFTRP". The calculation is:

PTRIPSF
(5-1) PKFTRPF;, = PKFTRP® X -------eeeeeeee-
PTRIPS®
Where:
PKFTRPF, = Future-year Stage 1 ferry ridership forecasts (trip table) for the PM peak
period
PKFTRP® = Base-year (1999) surveyed total ferry trip table for the PM peak period
PTRIPS® = Base-year daily person trip table generated by the PSRC Model, excluding

Tacoma Narrows Bridge trips

PTRIPS™ = MTP-compatible future-year daily person trip table generated by the PSRC
Model, excluding Tacoma Narrows Bridge trips
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Note that Equation (5-1) will be applied for both work and non-work ferry trip tables. The
resulting trip tables will be added to produce PKFTRPF,, representing all trip purposes. For trips
to/from non-PSRC jurisdictions, growth factors are developed based on the best available
demographic forecasts.

5.2 STAGE 2 FORECASTING ANALYSIS:
CHANGES IN FERRY SERVICE LEVELS

In the second and final stage of ferry ridership forecasting analysis, changes in ferry service
levels are taken into consideration. Changes in service level will be incorporated into the mode
choice procedures (as described in Section 4) for estimation of new (future) shares by each
primary mode and submode. Note that the total ferry ridership forecasts produced at Stage 1
will remain unchanged for a given growth scenario. Future-year estimates of the zone-to-zone
shares for the primary (walk-on and auto boarding) modes and their submodes will be applied to
Stage 1 forecasts, to produce respective trip tables for each mode and submode. This process
constitutes the Stage 2 forecasting analysis using the WSF Model.

5.2.1 Estimation of Ridership for Primary Walk-On
and Auto Boarding Modes

Estimation of modal shares and trips start from the primary level-of-choice hierarchy. The
walk-on and auto boarding shares estimated by Equation (4-5) are multiplied by the baseline
(i.e., Stage 1 forecasts for a future-year) trip table, representing total ferry riders during the PM
peak period (PKFTRPF,). This produces walk-on (TRIPF,) and auto boarding (TRIPF,) future-
year forecasts of trip tables for these two primary modes.

(5-2) TRIPF = Sfw x PKFTRPF;
and
(5-3) TRIPF, = STA x PKFTRP,
5.2.2 Estimation of Ridership for SOV and HOV Submodes

The estimated single-occupancy vehicle (SOV) and high-occupancy vehicle (HOV) share
matrices (i.e., STsov and SFov) from Equation (4-3) will be applied to estimate future-year trip
table for auto boardings, TRIP"4, to produce respective trip tables for SOVs (TRIP soy) and
HOVs (TRIP hov):

(5-4) TRIP 5oy = Ssov X TRIPF,
and
(5-5) TRIP hov = SFhov X TRIPF,

The total person trip table, TRIPF,, estimated for auto boarding will be converted into a vehicle
trip table, using zone-to-zone average auto occupancy factors produced from the 1999 weekday
O/D Travel Survey for the PM peak period. The procedures presented in Section 2.6.1.1 will be
used to assign an auto boarding vehicle trip table to future-year highway network(s). Ferry
ridership vehicle volumes will be obtained for each ferry route accordingly.
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5.2.3 Estimation of Ridership
for Access/Egress Walk-On Submodes

Equation (4-1) produces future-year shares for walk-on submodes i=1,4: Auto/Walk-Bus,
Walk-Bus/Auto, Walk-Bus/Walk-Bus and Auto/Auto. The resulting share matrices from Equation
(4-1) will be applied to estimate the future-year trip table for walk-ons (TRIP") which will produce
the trip table (TRIPAEF) for walk-ons for each access/egress submode i, as follows:

5-6 TRIPAE" =SF x TRIPF,
] ]

The procedures described in Section 2.5 for modeling the choice of terminal will be applied to
the estimated zone-to-zone walk-on trip table (TRIPAEF) for each access/egress submode.

The resulting trip tables will be assigned to highway and transit networks for respective auto and
transit access and egress modes, using the assignment procedures presented in Sections
2.6.1.1 and 2.6.2.1. The total number of walk-on ferry passengers for each access/egress
mode combination will be obtained for each ferry route accordingly.

5.2.4 Estimation of Daily and Weekend Ridership

As indicated previously, the WSF Model produces forecasts representative of a typical weekday
PM peak period. A post-modeling process was used to develop PM peak to daily and annual
expansion factors. This process involved two steps:

e Step 1. Factors were developed for expanding the PM peak survey period (modeled)
ridership to observed daily levels on the survey day, aggregating across directions on
each route; and

« Inthe second step, Step 2. the observed daily ridership by route and boarding method
was compared to the data provided by WSF, aggregated to an annual weekday average
for each route. Appropriate adjustments were made, as necessary, to make sure that
the daily expansion factors calculated in the first step yielded figures for a typical
weekday (rather than merely the particular weekday in May 1999 that was surveyed).

These procedures were implemented in a spreadsheet, to facilitate estimation of seasonal
ridership after PM Peak ridership becomes available from each WSF Model run. The daily and
annual expansion factors were also developed using ridership data obtained in 2003.

Washington State Ferries 149 WSF Travel Forecasting Model
Methodology Report





